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Uutela, Anneli, 1989. Age and dispersal of sedimentary erratics on the co ast of 
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The material studied compri ses a total of 2244 erratics of Palaeozoic sedimentary 
rocks from the coast of southwestem Finland. They are distributed unevenly along the 
coast, being fairly common between Luvia and Kustavi, rare in the area between Kustavi 
and Kemiä and more frequent again in the Bromarv - Hanko area. 

The sedimentary rocks were dated by reference to the acritarchs and chitinozoans 
contained in 26 out of the 62 specimens examined. The species identified were typical 
ofthe Palaeozoic in the Baltic area, differing from the material from Sweden and Estonia 
only in that the range of the spec ies was somewhat wider, 01' e lse the material was 
redepos ited , and the individuals were smaller in size. 

The 98 spec ies of acritarchs belong to the genera Aremoricanium, Axisphaeridium, 
Baltisphaeridium, Buedingiisphaeridium. Comasphaeridium, Cymaliosphaera. 
Dicommopalla, Dictyosphaeridium, Dictyotidium, Goniosphaeridium , Hapsidopalla. 
Helosphaeridium, Leinfusa. Leinsphaeridia. Leiovalia, Lnphnsphaeridil/m . 
Micrh ystridium, M ultiplicisphaeridium , Nanocyclopio. Orthosphaeridium, 
Peteinosphaeridium. Pheoclosterium, Pirea, Polyancistrodort/s , Priscogalea, 
Pterospermopsis. Rhopaliophora, StelliJeridium , Tasmanites. Timofeevia , Tranvikium 
and Veryhachium. Three new genera of acritarchs are reported here, Kl/ndasphaera , 
Nodusosphaeridium and Raplasphaera, and six new species: Axisphaeridium 
trieoll/mnelare, Comasphaeridium l'arispinosum. Kundasphaera lael/nosa. 
Nodusosphaeridium ruhus , Peteinosphaeridium parvispinosum and Priseogalea per!orato 
and one new forma, Leiofusa granulaeutis quincurlx. 

The 19 spec ies of chitinozoans belong to the genera COl/ochirina, Cyathochitina, 
Desmochitina. Eisel/achitina. Lagel/ochitil/a and Rhahdochitina. No new genera or 
spec ies are reponed. 

The species composition of the sampies is indicative of sedimentation in shallow 
water under variable condi tions and in a generally turbulent environment. The difference 
between the specimens, assessed in term of spec ies composition. genera or the most 
common species, were so slight that they may represent no more than random variation . 

The greenish grey mari was dated to the Kunda to Kukruse of the Estonian regional 
stages, the LowerfMiddle to Middle Ordovician, the grey mari to the Ascri - Lasnamägi 
transition to the Nabala regional stage of the Middlc to Middle/Upper Ordovician and the 
yellowish grey ca lci lutite/calca reniti c calc ilutite of the Baltic limeslOne to the Kunda to 
Pirgu regional stages of the LowerfMiddle to Upper Ordovician. 

The reddish grey calci lutite/calcarenitic calci lutite did not contain any organic 
microfossils. 

The sources of the erratics are discussed in the light of theories of short-distance 
and long--distance glacial transport. 
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Ordovician , southwestem Finland 
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INTRODUCTION 

The ex istence of Paleozoic sedimentary rock 
formati ons on the bottom of the Bothnian sea has 
been verified first by studying glacial erratics. Thus 
Kulling ( 1926) di scovered a limestone outcrop in 
the Lumpam basin following observations of errati cs 
recorded by Wiik ( 1878), de Geer ( 188 1) and Wiman 
(1905), and in the same way the Palaeozo ic 
sedimentary rocks of the Bothnian Sea were first 
described from erratics (Gripenberg 1934; Backlund 
1937; Rudberg 1954; Veltheim 1962) and only later 
by means of echosoundings (Winterhalter 1967, 
1972: Kukkonen 1969; Axberg 1980). 

Borings have now be made through thi s depos it 
in the sea area off Sweden (Thorslund & Axberg 
1979; Tjemvik & Johanson 1980). No Palaeozo ic 
sedimentary roc ks in situ have been di scovered on 
land in south westem Finland , even though erratics 
of sedimentary limestone (Gylling 189 1; Sederholm 
19 10; Martinsson 1955 , 1956a, b; Kärkkäinen 1983; 
Alvio la 1988) and Cambrian sandstone have been 
found (Ede lman 1951 ; Marmo & Laitakari 1952; 
Lonka & Papunen 1968; Niemelä et al. 1985). 

Sin ce radi o metri c da tin g proced ures are 
applicable to Palaeozo ic sedimentary rocks onl y in 
excepti onal cases (Kunk & Sutter 1984), better 
opportunities for dating are offe red by the 
macrofoss il s contained in the roc k and the 
micro foss il s, the use of which has increased 
markedl y. Among the latter, the acritarchs form the 
subjec t of a fo ur-vo lume catalogue published by 
the pioneer of microfoss il studies , A. Eisenack, 
together with Cramer and Diez ( 1973 , 1976. 1979a, 

b). Fo llowing thi s work , a number of signifi cant 
pieces of research have been published, and these 
are di scussed in connection with the individual 
spec ies descriptions. Eisenack had al so begun 
studying the Chitinozoa in the 1930 's, and the 
periods of occurrence of the spec ies described to 
date were publi shed by Jenkins and Legault ( 1979). 
Complementary data have subsequentl y appeared 
on thi s group , and these are also di scussed in more 
detail in connec ti on with the species desc riptions. 

The aim of the present work was to undertake a 
systematic search for Palaeozoic sedimentary rocks 
in southwestern Finland and fill out the materi al on 
thi s topic which had acc umulated in the course of 
earlier investi gations. It has been suggested that the 
isolated errat ics that have been found originate from 
the known depos its in the Bothnian Sea (Hell aakoski 
1930; Martinsson 1955 , 1956a, b; Lonka & Papunen 
1968; Lehtovaara 1982) , but certa in facts emerged 
in the course of the present investi gati on which cast 
doubt on thi s ass umption, and thus so me di scuss ion 
is entered into regarding poss ible alternative sources 
in the light of ex isting theories of glacial transport. 

Since the sampies were dated by re ference to the 
acritarchs and Chitinozoa that they contained, it 
was also poss ible at the same time to test the 
applicability of the g lobal li fe-spans reported for 
these to the dating of depos its in the Baltic bas in . 
Important comparative materi al for thi s purpose is 
provided by the Rapla core from Estonia (Uutela & 
Tynni ; olvak, in preparati on). 

THE AREA STUDIED 

In view of the concentrati on of earlier reli able and Pori , 59°30'- 6 1 °50' , 2 1 °00'- 23°30 'E (Fig. 
observati ons of Palaeozoic sedimentary roc ks I ). the present investi gation was focused on this 
exclusive ly in a strip of the coast of southwestem area. 
Finland about 50 km wide between Tammisaari 
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General geological environment 

Bedrock 

Bedrock maps of the area to a scale of 1:400 000 
have been published by Sederholm ( 1903) and 
Härme ( 1958), but no detailed bedrock map is 
avai lable of the adjacent sea area apart from the 
accounl of the Bothnian Sea deposits provided by 
Winterhalter (1972). 

The bedrock ofthe mainland area studied and Ihe 
adjacent sea area is composed of rapaki vi and other 
granites, schists and basic vulcanites. The on1y 
sedimentary rock known to exi sl in the area is the 
lotnian sandSlone of Satakunta, whil e both this and 
the Lailila rapakivi granite are penetrated by a 
YOUIlger diabase (Härme 1958. 1960) . Palaeozoic 
sedimenlary deposits are 10 be found in the Bothnian 



Sea, however (Winterhalter 1972, Axberg 1980), at 
a minimum distance of over 80 km from the coast 
and at a distance of over 110 km in the predominant 
direction of ice movement, northwestem. Pa1aeozoic 
sedimentary rocks have been identified on the 
main1and of southem Fin1and on1y from the 
Cambrian, at Söderfjärden south of Vaasa (Lau ren 
et al. 1978; Tynni 1978, 1982a), whiIe the 
Lauhavuori sandstone would seem to be either Early 
Cambrian or Late Precambian (Simonen & Kouvo 
1955; Tynni & Hokkanen 1982). Erratics have been 
found at Karstu1a in Central Finland wh ich point to 
a deposit of Cambrian age, but the deposit itself has 
not yet been located (Sauramo 1916; Simonen & 
Kouvo 1955), and there is evidently a similar 
occurrence southwest of Hiittinen (Edelman 1951). 

In the course of the present work information 
was received on the existence of some sandstone 
veins in the limestone quarry of Oy Partek Ab at 
Vampula (R.Harinen, pers. comm. ) which did not 
contain any microfossils but were probably of 
Cambrian origin. Cambrian sandstone veins have 
been encountered on the coast at the Parainen 
limes tone quarry (Hausen 1934), at Vestanfjärden 
on the is1and of Kemiö (Eskola 1913), on Sejsan off 
Hiittinen (Edelman 1956) and on Skarvkyrkan 
(Sederholm 1913), Ören and Morgonlandet 
(Martinsson 1956b) off the Hanko peninsula. 

Fracture lines and zones 

The Ba1tic Shield was worn down by Precambrian 
erosion to a flat peneplain , in which fractures of 
varying severity developed as a result of tectonic 
movements (Hausen 1968). As a consequence of 
this, the area studied here has a detai leel network of 
cracks, faults and fracture zones of various orelers 
(Hänne 1961; Tuominen et al. 1973; Vuorela 1982). 
The most common and most pronounced direction 
of fracturing is NE-SW, the more minor directions 
represented being NW-SE and N-S. The faults are 
not absolutely I'inear but are composed of short 
sequences running in broaelly the same direction, 
which have then been gouged out by erosion. Some 
of the faults and fractures originate from before the 
Palaeozoic Era (Eelelman 1949, 1985; Hänne 1961), 
whereas the 40- 60 m dcep graben :11 Gulkrona 
postelates the Subcambrian and may even be 
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Tertiary, and the N-S faults around Dragsfjärd are 
post-Cambrian (Edel man 1949). 

The floor of the graben in which the Satakunta 
sandstone occurs lies about 20 m below its 
surroundings. Accoreling to Laitakari (1925) the 
sink ing took place after deposition of the sandstone 
bed, and the fonnation was once covered by younger 
deposits as weIl. The boundaries of the most 
common lithological units of different ages run 
parallel to the prevai1ing fault elirections both on 
the mainland anel on the sea bed (Härme 1961; 
Tuominen et al. 1973; Axberg 1980). The general 
orientation of the Subcambrian veins in the Aland 
archipelago is N-S or ENE-WSW (Bergman & 
Lindberg 1979; Bergman 1982) and veins in the 
Lumparn basin N-S and WNW-ESE (Winterhalter 
1982). 

The Cambrian veins on the islanels south of the 
Hanko peninsula have orientations of N-S , NNW­
SSE, WNW -ESE, ENE-WSW and W -E (MaJtinsson 
1956b). Correspondingly , the main rlirections of 
Precambrian fractures in Central Sweden are NNE­
SSW, WNW-ESE and N-S, in addition to which 
post-Orelovician cracking has then taken place along 
these older fractures and in E-Wand NE-SW 
directions (Fromm 1971 a, 1972; Gorbatschev 1976; 
Karis & Magnusson 1972, 1973; Bruun & Dahlman 
1980; Bruun 1985). 

The fracture elepth data presented in Fig. 2 are 
only estimates , and with the exception of a few 
measurements extending into the bedrock, represent 
minimum depths for the fractures in question 
(Edelman 1949, 1960, 1985; Järvimäki 1968; 
Gardemeister 1973; Matisto 1973, Lindroos 1977; 
Tikkanen 1977, 1981 ; Häkk:nen 1982; Hämäläinen 
1985; Niemelä et al. 1987; Nautic charts I: 50000, 
Hanko--Paraistenportti, Turunmaan saaristo, 
Selkämeri; coring and seismic sounding data from 
the archives of the Departments of Geophysics , 
Exploration anel Quaternary Geology, Geological 
Survey of Finland). 

In Sweden, Palaeozoic sedimentary rocks have 
been preserveel from glacial erosion in graben 
fonnations in Siljan , Närke and Östergötland, while 
the hills of Fallbyden, Kinnekulle and Hunneberg 
have been protecteel by the presence of dolerite. 
The grabens in Närke anel Östergötland have their 
floors at levels of - 150 - - 10 m relative to sea 
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level , the mean level being -30 - -10 m (Fromm 
1971 b; Magnusson I 972a,b; Dahlman 1977). 

Quaternary deposits 

The area has characteristically thin Quaternary 
deposits with large numbers of bedrock outcrops, 
while the highly broken up nature of the bedrock 
means that the fracture basins which are encountered 
in places may be filled with extremely deep fine-

grained sediments (Lindroos et al. 1983; Perttunel 
et al. 1984). The thickest coverings of loose deposit. 
are to be found in the Satakunta sandstone area i.( 
approx. 100 m (Lindroos 1977; Tikkanen 1981 
Lindroos et al. 1983; Hämäläinen 1986). 

Glacial erosion and direction of ice movement 

The bedrock topography has not been greatl) 
altered by glacial erosion, wh ich has mainly had th~ 
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Fig. 3. Orientations of stri ae in southwestern Finland (Geological Survey of Finland, Department of Quate rn ary Geology 1986). 

effect of lowering the bedrock surface by anything 
up to ten metres. The most pronounced erosion 
evidently occurred in the fracture zones running 
parallel to the direction of ice movement, these 
having been deepened considerably, while those 
running transverse to the movement of the ice tended 
to be filled in. 

The oldest direction of ice movement in the 
Rauma-Kokemäki area was from the north (350°-
360°), the next powerful active phase from the NNW 
(320°-340°), the following active phase from the 
NW (290°- 310°) and the youngest, representing 
the melting and glacial retreat phase, from the WNW 
(260°-310°) (Lindroos e t al. 1983) . 
Correspondingly , the principal direction of 
movement in the Uusikaupunki-Yläne area was 
from the NW (305°-320°), that around Kustavi 
from the NNW (315°- 335°) and that east of 
Taivassalo 335°-345°. The oldest orientation of 
striae at Mynämäki was a westerly one (275°) 
(perttunen er al. 1984). 

The most westerly of the younger directions of 
ice movement, WNW (305°- 310°) is encountered 
at Rymättylä, while in the district around Parainen 
and Turku the direction is from the NNW (320°-
340°), as also in the Sauvo--Salo area (320°-
330°) and around Tammisaari (310°-320°) and 
Hanko (330°) (Niemelä et al. 1987; Kielosto & 
Kukkonen , in prep.). Edelman (1951) also describes 
older westerly directions of glacial movement in 
the Rymättylä- Nauvo area. On the mainland such 
orientations of striae have been observed at 
Hälsnaistenniemi (275 °) and Storhällsnäs (260°) 
(map sheet 2014 12, unpublished field maps of the 
Department of Quaternary Geology, Geological 
Survey ofFinland). The principal glacial movement 
in the area of Loimaa and Somero was from a 
direction 300°- 310° (Haavisto et al. 1980). 
Orientations of striae in southwestem Finland 
(Geological Survey of Finland, Department of 
Quatemary Geology 1986) are presented in Fig­
ure 3. 
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METHo n s 

Field methods 

Examples of Palaeozoic sedimentary rocks were 
searched for in thc field amongst shore boulders, in 
road cuttings and gravel pits, amongst the stones 
piled up at thc edges 01' fields and on the shores of 
ri vers and lakes that had been dredgcd. The sites 
werc chosen by random sampling, on account of 
thc ex tent of thc total arca involved. and all the 
specimcns were recovered from surface positions, 
no pits being dug for sampling purposcs. 

Stone count s were al so pcrformed at 3 I randonil y 
se lcctcd sites. one for each 40 km 2 01' the area 
studi cd, locatcd in gravcl or till cUllings or boulder 
fi elds on the shore. 100 stones in the sizc range 2-
20 cm were counted at cach site. The rock typc 
classifi cati on cmployed for thi s purposc compri sed 
plutonic rocks. mctamorphic rocks and sedimentary 

rock s, of which the first are represented by granites, 
diorite, gabbro and peridotite, the second by 
gneisses, phyllite, leptite and quartzite and the last­
mentioned by l otnian sandstone, i.e. the Satakunta 
sandstone, and the palaeozoic sedimentary rocks, 
i.e. Cambrian sandstone and Ordovician limestone. 
A s thc research advanced it was found to be 
imposs ible to calculate half-distances for the rocks 
represcnted at the stone-count sites in the absence 
of more detailed bedrock maps, and thus the work 
was based on the results of earlier research 
performed in southwcstern Finland by Hellaakoski 
( 1930) and Salonen ( 1986). Reference was made 
for compari son purposes to work on the glacial 
transport of mincral material in the Häme region 
(V irkkala 1958; Perilunen 1977; Kinnunen 1979). 

Laboratory methods 

Slides for thc study of microfoss il s werc made 
from a selec tion of 62 errati cs , whi ch were then 
used to cJ ass ify the remaining finds on the basi s 01' 
their cx ternal properties. Thc prcparation method~ 

arc explained in de tail by Tynni ( 198 1). A bout 25 g 
of sam pIe was treated first with 10 o/c HCI to dissoh'e 
out thc ca lcite and then with 40-45 o/c HF for two 
hours to separate the microfoss il s from the mineral 
materi al. Following thi s. the sampIe was boiled in 
10 Cf HCI, changing the so lution from time to time 
until it remained clear in appearance. Bcfore heavy 
liquid treatment the water was rcmoved w ith 
isopropanol. The heavy liquid used was a mixture 
of bromoform and isopropanol , spec i fi c grav ity 2.0. 
Thi s causcd enrichment of both acrit archs and 
Chitinozoa upon centri f ugation at low speeds. The 
sam pie was then rin sed several times in isopropanol 
in order to remove the bromoform . and finally in 
ioni zed water. A similar C1 0phenharpi x medium 
was employed in the slides for light microscopy as 
was used by Tynni ( 1975, 1982b), although thi s 
proved in the course of the examinations to have 
been a bad choice on account of it s index of 
refraction , which made it difficult to di stinguish the 

thinner-walled microfoss il s. No attempt wa made 
at that stagc to change the medium. however, as the 
works of Tynni wcre being used as thc principal 
re fercnce materi al. 

In ordcr to eliminate elTors and examine the 
species range in greater detail. lO slides were 
prepared for elec lI'on microscopy usi ng the same 
techniquc but performing the last rinsc w ith di stilled 
water and coating the bronze stub with gold to 
enhance its clectrica l conducti v ity. 

A max imum of 200 acritarchs per slide were 
countcd (a ll thc acrit archs i f less than thi s number 
were present). and their percentage distributi ons by 
species were ca lculated. All thc Chitinozoa were 
counted. but no percentages determincd because of 
the small numbers of indi viduals invo lved. Si ze 
measurcments werc made with respect to the 
di stingui shing charactcri sti cs of the vari ous spec ies. 
e.g. ves iclc diameter and lengths. breadths and 
number of the processes in the case of the acritarchs 
and length and breadth of the chamber. breadth 01' 
the apert ure and lengths of any processes in the 
Chitinozoa. 

Light microscopy was perfornled on a Leitz 



Wetzlar Orthoplan research microscope and 
photographs taken on Kodak Panatomic-X 32 film 
using a Leica camera. The electron microscope was 
a JEOL Superprobe 733, using Polaroid type 55 
film and Kodak TMAX 400 cine film. 

It has become apparent through later research 
that the preparation methods employed here are 
unsuitable for Chitinozoa, since the heavy liquid 
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caused enrichment only of the smallest and lightest 
species and individuals. Also, the identification of 
Chitinozoa by light microscopy is an uncertain 
procedure since it is impossible to distinguish their 
surface texture 01' to turn the individuals under the 
microscope to facilitate examination of their 
characteristic features (Nolvak, pers. comm.). 

RESULTS 

The search described above yielded a total of 
671 specimens of Ordovician sedimentary limestone 
from 38 locations in the area (Appendix I.). These 
were complemented with 163 specimens obtained 
by the Geological Survey of Finland from amateur 
sampIers over the years 1949- 1986 or collected 
by N. Kärkkäinen, geologist in the Exploration 
Department of the Geological Survey, in 1983, or 
by K. Hokkanen, research assistant with the 
Quaternary Department, in 1981-1984. Informa­
tion on a further 26 finds was obtained from Oy 
Partek Ab. The author had found 473 examples of 
her own in the course of the years 1984-1985. In 
addition, 9 sampies of Palaeozoic sedimentary 
limestone had been discovered earlier in connection 
with mapping of the bedrock and Quaternary 
deposits. A total of 1573 Cambrian sandstone 
specimens were obtained. 

The specimens varied in size from a few 
centimetres across to 1.0 metre. It is impossible to 
depict the percentage distribution of the sedimentary 
limestone sampies in a statistical sense on a map as 
their frequency of occurrence was usually below 
1.0 %. Perhaps a sufficiently descriptive account of 
their incidence would be the statement that on 
average one erratic was found in every strip of land 
one kilometre long and 10 metres wide , ex ce pt in 
the surrounding areas of the towns of Rauma and 
Uusikaupunki . 

Sources of error: It is possible that some of the 
calcareous rocks may have been brought to the 
Finnish coast as ballast in the holds of sailing ships, 

for Uusikaupunki , Rauma and Luvia are all old 
trading ports . All possible secondary material, 
including flintstones , was taken into account in the 
survey, but such anomalous examples still comprise 
an tiny fraction of the total material and are 
inconsequential as far as the wh oie is concerned, 
especially when it seems that if a number of sampies 
of differing age originate from the same site the 
only one to differ in nature from the deposits of the 
Bothnian Sea itself is the flintstone. According to 
the findings of Kinnunen ef 01. (1985) flintstones 
have been found on the islands of Iso-Vehanen off 
Uusikaupunki and Reposaari off Pori , but no 
Ordovician chert has been encountered. Inland, 
flintstones have been found in association with 
prehistoric dwelling sites (Vuorinen 1982), but none 
were found in the inland area in connection with the 
present survey. 

Some flintstone thought to have served as ballast 
in sailing ships has also been discovered at 
Tulliniemi on the Hanko peninsula (Hokkanen, pers. 
comm.) , but none on the islands south of Hanko, 
only closer to the coast at Lapväärtti. 

Since the carbon dioxide in sea water and ground­
water dissol ves calcareous rock, examples are 
usually to be found only from depths of about 0.5 m 
downwards (Gripenberg 1934; Gillberg 1965; 
19natius ef 01. 1980). 

A further problem is that limestone used to be 
used in the coastal area for calcination, so that some 
potential sampies will have been lost in the course 
oftime. 
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Fig. 4. The classificalion of lhe sedimenlary rocks. A. Cambrian sands lone. B. Reddish brown and greeni sh grey marI. C. Grey 
marI. D. Yel lowish grcy caJc ilulile / caJcarenilic caJci lulile of lhe Bahic limeslonc. E and F. Redd ish grey caJc ilulile / caJcarenilic 
caJc ilulilc of lhe Bahic limeslone (PhOIOS by Jari Vääläinen). 

Classification of the sedimentary rocks 

Since the terrninology for sed imentary limestones 
is not yet firrnly establi shed, it is used here purely 
in a descriptive sense. The class ification employed 
is based on the assumption that the various types 

will have been laid down in different sedimentary 
environments and will be or differing ages. 

The Cambrian sandstone is light-grey, greenish 
grey or brownish in colour (Fig. 4a). Its medium 



coarse or coarse mineral grains are chiefly quartz , 
with small amounts of feldspar , mica, carbonate 
and g lauconite. The grains are usually highly 
rounded. It is clastic in structure (Kärkkäinen 1983) 
and usually contains no organ ic microfossils. 

The reddish brown or greenish grey mari (Fig. 
4b; PO or VO in the Appendix I.) is an earthy 
calcilutite which frequent ly contains fragments of 
fossils with calcareous shel ls. Its principal mineral 
is calci um carbonate, the greenish type also 
contain ing a little g laucon ite and possibly some 
quartz grains (Lindström 1963, 1979; Kärkkäinen 
1983). The colour of the reddish variety is derived 
from haematite, and in this case the organic 
microfossils have been destroyed by oxidation. This 
type is also known as orthoceratite limestone and 
dates from the Arenigian stage of the Lower Ordovi­
cian (Lindström 1963, 1979; Männil (966). 

The grey mari (Fig. 4c; C in the Appendix I .) 
contains clay minerals in addit ion to calcium 
carbonate. Wiman ( 1893) referred to this type as 
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Chasmops limestone after the trilobites to be fo und 
in it. It was deposited during the Caradocian stage 
of the Middle Ordovician in the Bothnian Sea area 
(Axberg 1980) and the Kukruse regional stage 
(L1andeili an) in Estonia (Orviku 1929). 

The older part of the Baltic limestone complex 
consists of a yellowish grey calci lutite or calcarenitic 
calc ilutite (Fig. 4d; S in the Appendi x I. ) This is 
composed of calc ium carbonate and according to 
Merrill ( 1979) was deposited on Aland during the 
L1anvirnian stage of the Middle Ordovician. The 
younger part is a reddish grey calci lutite or 
calcarenitic calci lutite (Figs . 4e and f; L in the 
Appendix I.) which contains haematite in addition 
to the calcium carbonate, and sometimes also 
dolomite (Kärkkäi nen 1983). Merrill ( 1979) has 
shown by means of conodont datings that thi s was 
deposited during the Caradocian stage ofthe Middle 
Ordovician . Remains of calcareous fossil shells are 
frequent ly found in both of these types of Baltic 
limestone. 

Distribution of the Palaeozoic sedimentary rocks 

The d istribution of sed imentary rocks , classified 
in the manner set out just previously , is depicted in 
Figures 5-9, where the black circles denote positive 
identifications for each type and the adjacent 
numbers the places in wh ich they were discovered , 
the keys to which are to be fo und in the Appendix 
I. The small open circles indicate negative findings. 
The appendix list both the names of the places and 
also the map sheet and coordinates for each site, a 
code letter for the limestone type. Some of the 
sampies handed in by amateur sam piers and some 
finds arising from early surveys are omitted from 
the maps and tables on account of the incomplete 
data available, as also are the observations of 
Martinsson (1955, 1956a) made off the coast of 
Hanko because the rock types indicated by him 
cannot be associated with corresponding types 
recognized here with any degree of certainty. 0 

separate list of locations is drawn up for the 
Cambri an sandstone finds, as the total of 1573 was 
suffic ient to a llow percentage distributions to be 
calcu lated for them (Fig. 5). The distribution of 

Cambrian sandstones is discussed in connection 
with the stone counts. 

Finds of reddish brown or greenish grey mari are 
rare, and comprise here only smalI, isolated boulders 
fo und principally on or close to the coast. This type 
accounts for 2 .9 % of a ll finds of ca lcareous rocks 
(Fig. 6) . The grey mari erratics were concentrated 
in the area around Hanko, with only a few found 
elsewhere on the coast. This type accounted for 3.6 
% of a ll the limestone finds (Fig. 7.). 

A difference in distribution between the yellowish 
grey and reddish grey calcilutites of the Baltic 
limestone emerges only in the Hanko area, where 
on ly two specimens of the reddish grey variety 
were found in add ition to one at Morgonlandet in 
the commune of Dragsfjärd , whereas 8 1.8 % of the 
calcareou erratics in the Hanko area were of the 
yellowish grey variety. Over the whole area studied 
here, yellow grey calci lutite accounted for 50.7 % 
of the limestone rock sampies and reddish grey 
calcilutite for 49.3 % (Figs. 8-9). 

The stratigraphy of the Rapla core used for 
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comparison purposes contains altemating layers of 
grey mari and yellowish grey calcilutite of the Baltic 
limestone extending from the Kunda regional stage 
of the Lower Ordovician to the Pirgu regional stage 
of the Upper Ordovician, while the Central Balto­
Scandian confacies in the Gotska Sandön core 
features a sharp boundary between the grey marI 
and yellowish grey calcilutite at the transition from 
the Middle to the Upper Ordovician (Geology 
Department of Uppsala University, Sweden). The 
Rapla core has no reddish grey calcilutite, which is 
uppermost in the Lumpam stratigraphy, nor any 
orthoceratite mari as found at the base of this 
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stratigraphy both at Lumpam (Tynni 1982b) and on 
Finngrundet in the Bothnian Sea (Tjemvik & 
Johansson 1980). 

One striking feature about the distribution of the 
sedimentary rocks is its irregularity. There are 
numerous observations from the coast between 
Luvia and Kustavi , just occasional instances between 
Kustavi and Kemiö, and large numbers again 
between Bromarv and Hanko. Thus the Gullkrona 
problem in the distribution of plants is evident in 
geological and not only phytogeographical terms 
(Eklund 1934, 1946a,b, 1948). 

Stone counts 

A generalized impression of the bedrock of 
southwestem Finland and the Bothnian Sea is given 
in Figs. 10 and 11, and the results of the stone 
counts in Fig. 12. 

The proportion of plutonic rocks is higher than 
that of metamorphic rocks throughout, presumably 
due both to the nature of the bedrock and to the 
greater resistance to erosion of the former (Erdmann 
1897). Greater attention should nevertheless be paid 
to the sedimentary rocks in these counts , i.e. the 
Jotnian sandstone , Cambrian sandstone and 
limestone. High proportions of 10tnian sandstone 
are to be found in the areas of Eura and Pori , 30.0-
70.0 % (stone counts 20 and 2), which lie on the 
Satakunta sandstone deposit, and unusually high 
numbers of 11.0- 20.0 % are also recorded in 
Ku stavi (stone count (7), Bromarv (stone count 
21), Halikko (stone count 26) and Salo (stone count 
29 ). Kustavi lies about at a distance of 60 km from 
the Bothnian Sea and Bromarv 160 km, while 
Halikko and Salo are situated 60- 75 km from the 
distal side of the Satakunta sandstone area and 
Bromarv abollt 100 km , in addition to which 
transport would have presupposed a glacial 
movement from the nonh. Leskelä and iemelä 
(1972) and Niemelä er 01. (1987 ) also describe high 
10tnian sandstone concentrations (15.0- 36.0 %) 
in the area around Salo. 

The proportions of Cambrian sandstone at the 
sites studied were estimated by cOllnting 100 

randomly collected stones at each site, without 
attempting to identify the other rocks to type . The 
results of the fieldwork and stone counts as regards 
the distribution of Cambrian sands tone are presented 
in Fig. 5. It OCCllrs in greatest abundance right on 
the coast between Luvia and Uusikaupunki , the 
highest percentages , around 10.0 %, being 
encountered at Pietinaro in the commune of Laitila 
and Petäs near Raurna . Its proportion declines 
between Turku and Parainen, and the numbers 
further east among the islands are 1.0 % in Kemiö 
(fieldwork observations), 2.0 % in Dragsfjärd (stone 
count 16) and 5.0 % in Bromarv (stone count 21). 
On the mainland the proportions are usually below 
1.0 %, with the exception of Paimio, where a number 
of 4.0 % was recorded (stone count 28). The islands 
south of Hanko had only occasional Cambrian 
sandstone erratics, and the area of Pyhäjärvi, Loimaa 
and the Somero basin none at all. Hanko lies some 
240 km away from the distalmargin ofthe Cambrian 
sandstone deposit beneath the Bothnian Sea and the 
Pyhäjärvi district 160- 200 km away. 

Edelman (1951) suggests that there may be an in 
situ Cambrian sandstone deposit in adepression 
ciose to the northeastem side of Örö in view of the 
high amounts of erratics found there. 

Palaeozoic sedimentary limestones were ident­
ified in the stone counts in the areas of Eurajoki, 
2.0 % (stone count 6) , Uusikaupllnki, 1.0 % (stone 
count 9), and Bromarv somewhat further east, 
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1.0 % (stone count 21). Eurajoki and Uusikaupunki 
are situated some 180 km from the di stal margin of 
the limes tone deposits beneath the Bothnian Sea 
and 90 km from the proximal margin, and Bromarv 
300 km from the distal margin and 230 km from the 
proximal margin. The proportion of sedimentary 
limestone in the older till at Vampula is 6.0 % 
(Nenonen , pers. comm.), thi s s ite being 240 km 
from the distal margin of the Bothnian Sea deposits 
in the direction of glacial movement and 160 km 
from the proximal margin. 

Few examples of Palaeozoic sedimentary rocks 
were found at the randomly selected stone count 

sites, a fact which may help to explain the scarcity 
of earlier observations in Finland . 

Reasons for the infrequent occurrence of 
sedimentary rocks among erratics may include the 
smaJl size of the parent formation or its location in 
a depression, fault or dyke, in which case it can be 
expected to be poorly indicated (Virkkala 1958; 
Persson 1973; Puranen 1988). Also this material 
breaks down more easily in transport processes than 
e.g. granite (Erdmann 1879, GiJlberg 1967). It may 
also be that calcareous sedimentary rocks are not to 
be found anywhere on the mainland of Finland. 

Microfossils 

Comparative material for th e s pecie s 
identifications made here was obtained from the as 
yet unpubli shed acritarch and Chitinozoa analyses 
of the Rapla core from the northern Estonian S.S.R. 
(U utela & Tynni; Nolvak) , but which has been 
dated by reference to the sheJly fossils contained in 
it (Pölma 1972). The concept of the Baltic area 
employed below when di scuss ing the species 
distributions concerns the marine sedimentation 
basin as it ex isted in the Cambrian and Ordovician , 
and is broader than the present-day geographicaJ 
definition. 

Acritarchs 

Genus AREMORICANI UM DEUNFF 1955 
Type species: A. ri/iaudae DEUNFF 1955. p. 228. 
Fig. I-3. 

Aremoricallillnl sp. 
PI. 1:1 

Description: The thin outer she ll is angula r. It is eroded, 
broken and partly wrinkl ed. The surface of the cy lindrica l neck­
like ex tention is slightl y granulate anel the ves ic le wa ll is striated. 
The processes are slender and Oage llifonne. 

Dimensions: VesicJe di ameter 29 Il, process length 20 Il, base 
of processes 6 Il, length of neck-like eX le ntion 10 >t and width of 
apertlIre 8 >t. Specimens measured : I . 

Remarks: Identificat ion 01' the on ly individual is lIncertain . It 
is e roded, broken and part ly wri nkled. 

The species resembles morphologicall y Aremoricaniwll 
rigaudae DEUNFF 1955 Ü<) 53- 59 >t) and A. deOandrei HE R Y 
1969 (~42-55 >t), but these are of markedl y greater dimensions. 
Deunff ( 1958) has nevertheless recorded A. rigalldae of size 
30---55 >t and Henry ( 1969) still smaller, 10---1 1 >t- Onl y three 
of the processes are left in the spec ies recorded here. It also 
resembles Aremorical1ium sp. described by Tynni ( 1982b), 
although the latter has stronge .. processes. 

Occurrence: Rare « 0.5 %), onl y in prep. 7 12. 
Not recorded at Rap la borehole. 

Genus AXISPHA ER IDIUM EISENACK 1967 

Type spec ies: A rimojeevi EISENACK 1967. p. 398. 

Axisphaeridillm rricollimnelare 11. sp. 
PI. 1:2 

Diagnosi. : The ves icJe is spherical and its surface psilate. 
The processes are triangul ar and fonned of three thin , echinate 
ve la, tapering to a pyramid on the proximal s ide. The processes 
are solid . The pylome opens out with a co llar o r has a cover 
with irregular net s and a collar. 

Dimensions: Ves iclc diameter 30---60 Il, process length 2-6 
>t- pylome diameter about 10 >t. Spec imens measured: 18. 

Remarks : The identification to the genus Axisphaeridillm 
EIS ENACK 1967 fo llows the most important s trllc tural features 
in the original description of the genus. 

The spec imen observed he re is sma lle r in size than 
Axisphaeridillm rin/Ojeevi EIS E ACK 1967 (Iil 7 1 >t). It differs 
fro m Polyallcisrrodol'/ls co lumharijel'/ls LOEBLICH & 
TAPPA 1969 in having tri angular. ra the r than quadratic 
processes. which are also shorte r. 

Occurrence: Rare «0.5- 1.0 % ). 
Deriv ati on o f name: Tri L. three, collllnelare. L. pill ar: 

describing the nature of the processes. 
Holotypc: GFS prcp. 7 15. The spec imen is il luslrated on PI. 

1:2. Locus typicll s: Erralic from Ka lanti , SOllth-West Finland, 
Middle Ordovician. 



Di stribution in Estonia: Rapla borehole. Kukruse to Pirgu 
reg ional stages, Middle to Upper Ordovician (U utela & Tynni , 
in preparati on). 

Genus BA LTISPHAERID[UM EISENACK 1958 
Type spec ies : J. Lost hoJot ypc: B. (ex-OvlIl11-h ispidll l11) 
IOllgispillOSlI111 EISENACK 193 J, p. J J O. PI. 5: 10. 2. Neotype: 
B. IOllgispillOSUI11 (ex-jilifera) IOllgispillOSUI11 (E[SE ACK 1959) 
GORK A 1969. pp. 34-35. PI. 6:2,7: 1-5. Fig. 9. 

Ballisphaeridilll11 hrel'ijiliclIl11? KJ ELLSTRÖM 197 1 
PI. 1:3. 

Ballisphaer idi ll l11 brevifilicul11 KJ ELLSTRÖM 197 1, pp. 17-
18, PI. I: I 

Remarks: A subspherical shagri nate ves icle wi rh simple 
processes hav ing ac uminate distal tenn inations and curved 
prox ima l process contacl. Some of the spec imens are so Oaltened 
that no excystment struclUre can be recorded. It s dimensions 
are sma ll er than those described by Kj ell ström ( 197 1 a, 0 77-
86 ~) and are similar to individ uals desc ribed by Gorka (1979) 
and Tynni ( 1982b). 

Dimensions: Ves icle diameter 45-60 >L process length 10-
12 ~. process width 0.2-0.5 >L d istance between processes 5-
7 ~. Spcc imens meas ured: 4. 

Occurrence: Rare «0.5 o/c). 
Distri but ion in the Baltic area: Finland : Aland borehole. 

Ordovician (Tynni 1982b). Sweden: GOll and borehole. Viruan, 
Midd le Ordovic ian (Kje ll ström 197 1 a). Poland: Olsztyn bore­
hole . L1andei lian and Caradocian. Middle Ordovician (Gorka 
1979). 

Not recorded out side the Balt ic area. 

Ballisplweridilll11 hrel'ispilloslIl11 EIS ENAC K ( 193 1) 1958 
PI. 1:4. 

Synonyms: Oml11 hispidlll11 hre\'ispiIlOSIII11 EISENACK 193 1. 
p. 111. PI. 5:3-5. /-Irslrichosphaeridillm hrerispillOSUI11 
E[SENACK 1938. p. 12. P I. I : I O. Ballisphaeridilll11 
hrel'isl'illosllm EISENACK 1958, p. 400. 

Remarb: Dark brown, thi ck wa ll cd shag ri nate ves ic le with 
short . prox ima ll y curved processes having bulbous di stal 
tenn inatiom,. nol rccorded as bi lobate or tril oba te. Sometimes 
the vesicle is broken. The dimensions are variable. and some 
rather small ind ividuals has been identified. 

Dimens ions: Ves icle diameter 30-88 >L process length 6-
20 ~. process width 2-4 ~_ distance betwee n processes 6-
2 1 ~. Spcci mens measured: 22. 

Occurre nce: Rare to mode rate (0.5-4.0 %. commonly < 1.0 
'Ir). 

Di stribu ti on in the Baltic area: Finl and: erratic bo ul ders from 
the Bothnian Sea. Ordovician (Tynni 1975): Aland borehole 
Middle Ordovician (T )nni 1982b). Sweden: Gotl and borehole 
(Kjellström 1971 a): Väsle rgötland borehole (Kjell ström 1976) 
bOlh Lower Viruan, Middle Ordov ie ian: Linköpi ng. Ljungsbro 
subsurface. Lower Ordov ician (Fromm & Kje ll ström 1976). 
Estonia: Es toni an glauconite limestone. Volhov regional stage. 
Lower Ordovic ian (Eisenack 1958): Rapla boreho le. Volhov to 
Lasnamägi reg ional stages. Lower to Midd le Ordovic ian (Uute la 
& T ynni, in preparati on). Poland: Podborowisko borehole, 
Areni gian, Lower Ordov ician (Gork a 1969). Ord ov ic ian Baltic 
erratics (E isenack 193 1, 1938, 1959a, 1976). 
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Distribution in Europe: France: Aquit aine bas in. Ordov ic ian 
(Rauscher 1973) . 

Ballisphaeridium c/al'icillCllIm W. WETZEL 1967 
PI. 1:5 

Ball isphaeridium c1aricillClllm W. WETZEL 1967, p. 41 , PI. 
2: 14. 

Remarks: The thi ck spherica l ves icle i, dark brown and 
dense ly covered with shon. holl ow processes hav ing bu lbous 
distal te rm inati ons. 0 pylome is recorded. 

Dimensions: Ves icle di ameter 46 ~. process length 10 >L 
process width 2 ~ and distance between processes 6 >L thi ckness 
of wall 3 ~. Spec imens measured: I . 

Occurrence: Rare «0.5 %), onl y in prep. 70 1. 
Distribution in the Balti c area: Estoni a. Reval (=Tallinn ), 

Vag inaten limestone. Kunda regional stage . Lower/Middle 
Ordov ician (Wetze l 1967). 

'o t recorded ou tside the Balt ic area. 

l3all ispllC/eridillm aff. B . colIsrriclU I11 KJ ELLSTRÖM 197 1 
PI. [:6 

Ballisphaeridilll1l aff. COIISlriuul11 KJ ELLSTRÖM 1971. pp. 
22-23. PI. 1:5-7. 

Remarks: The subspherical ves icle is e lea rl y granul ate but 
not as thick as in B . colISlriulI 111 KJ ELLSTRÖM 1971. 
resembling B . a ff. colIsl riClum (Kje ll ström 197 1 a, p. 23). The 
processes are sli ghtl y granulatcd, not ps il ate as in the ori ginal 
diagnos is. The fi gures disagree with the desc riptions both in 
Kje ll ström ( 197 1 a) and in the ca ta logue of Eisenack el al. 
(1973). 

The spec ies differs frOln B. laliradiallll1l (E ISENAC K 1959) 
STAPLlN, JANSON IUS & POCOC K 1965 in hav ing a 
granulated surfaee on both the ves icle and the proce5'es. and 
frOln thc entirely granul ated B . pseudocalicispillum GORKA 
1969 in its constri cted prox imal process contact. It also di llc rs 
from B. hramkaellse GORK A 1979 in ils ra tio of ves iclc to 
processes and the fact that some of the proeesses are not as wide 
as in the latler. Aecord ing to the diagnosis of B . bramkaellse by 
Gork a ( 1979). the re is no separat ion of the processes from the 
vesicle cav ity, but in that case the genus must be d ifferen t. The 
spec ies also dillers from B. Iroph i rhapillll1 LOEBLl C H & 
TAPPA N 1978 in hav ing longer and more slender processes 
with small granu les . B . perclarum LO EBLl CH & TAPPAN 
1978 has longer processes. whic h are commonl y bifurcate or 
subsidia ril y branched and the vesic le is smooth. 

Allthe spec imens recorded here are sm aller in size than those 
of me ntioned be fore. 

Dimensions: Ves icle di ameter 40-60 >L process length 50-
80 ~ . process wid th 8-1 5 ~_ d istance between processes 20-
35 ~. Spec imens measured: 3. 

Occurrence: Rare «0.5 %). 
Di stribution in the Balt ic area: Sweden: Gotl and borehole. 

Lower Viruan. M idd le Ordov ician (K jell st röm 197 Ia). 
Not recorded o utside the Bal ti c area. 

Baltisphaeridi l/m ji'IOSIII11 KJ ELLSTRÖM 197 1 
PI. [:7 

Ballisphaeridium ji'IOSIl I11 KJ ELLSTRÖM 197 1, p. 24. PI. 
1:9. 

Remarks: The thin sphericalto subspheri ca l ves icle is densely 
covered with thin Oage llifonne processes of length about 1/3-
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1/2 of the ves icle di ameter. The processes are hollow, hence the 
di agnos is by Kjell ström ( 197 Ia) as Bal/isphaer idium. Some of 
the individuals were 50 % smaller than in the ori ginal di agnosis. 

Dimens ions: Some spec imens are much sm aller than the 
o ri ginal dimensions (0 6 1-70 x 73-84 )1). Vesicle diameter 
30-80)l, length of processes 10-40 )l, width o f processes I )l. 
90 % of the spec ies are smaller in s ize than in the o ri ginal type 
desc ription. Spec imens measured: 10. 

Occurrence: Rare « 0.5 %-2.0 %) . 
Distribution in the Baltic area: Finland: e rrati c boulders from 

the Bothnian sea, Midd le Ordov ic ian (T ynni 1975); Aland 
borehole, Middle Ordovic ian (Tynni 1982b). Swede n: Gotland 
borehole, Viruan. Middle Ordov ician (Kjell ström 197 1 a). 
Estoni a: Rapla borehole, Volhov 10 Keila regional stages, Lower 
to Middle Ordov ic ian (U utela & Tynni , in preparation). Po land: 
Olsztyn borehole, L1ande ili an, Middle Ordov ic ian (Gorka 1979). 

Not recorded outside the Ballic area. 

Bal/isphaeridi ll l1l IWl1Ia1il11l (DOWNI E 1958) KJ ELLSTRÖM 
1976 
PI. 1: 8 

Synonyms: Hys/richosphaer idill l11 hirsll lOides var. hal11a/llm 
DOWNIE 1958, p. 335 . PI. 16:2, Fig. 2 j.k. Bal/isplweridilll11 
hirSlllOidl's va r. hamalil l11 DOWNIE & SARJ EANT 1964, p. 
9 1. M icrh.l'.\'/ridill lll hal1la/1I1II DEFLAN DR E & DEFLA DRE 
1965. Fig. 2248. Bailisphaeridill l1l hirSlllOides /wma lil lll 
DOWNIE & FORD 1966. p. 3 13. Bal/isplwl'ridilllll hal1la/1I11I 
(Downie 195R) Kjell ström 1976. p. 18. 

Remarks: The spherieal ves ic le has processes of va ri able 
size . Kjell ström ( 1976) based hi s new spec ies on the natu re of 
the processes. whic h have quite a broad base. Spec ies here has 
processes of a more variab le leng th than is desc ri bed by 
Kjell ström ( 1976) and Gork a ( 1979). Different sizes and lengths 
o f proces,es may be seen in the one indi vidual. T he ves icle 
surface is psilatc. 

Dimens ions. Vesicle diamete r 22-25 )1. process Icngth :1-6 
)1. process width 1)1. d istance betwccn processes 5- 7)1. nUlll ber 
of processes 12-15 Spec imens measured: 2. 

Occurrence: Rare «0. 5 '7c). only in prep. 7 15. 
Di stribut ion in the Balli c area: Finland: Aland boreho le. 

Midd le Ordov ic ian (Tynni 1982b). Sweden: Östergötl and 
borehole. Lower Viruan. Middle Ordovic ian (Kje ll ström 1976). 
Estoni a: Rap la borehole. Lasnamäg i to Uhaku reg ional stages . 
Middle O rdovicia n (U utela & Tynni . in preparation). Po land: 
Olsztyn borehole. L1 anv irnian. Midd le Ordov ic ian (Gorka 1979). 

Distribution in Europe: Brita in: Shi ne ton Shales borehole. 
Upper Tremadoc ian. Lower Ord ov ic ian (Downie 1958): Is le of 
Man. Tremadoc ian. Lower Ordov ic ian (Downic & Ford 1966). 

Bal/isphaeridilll11 hirsll lOides (EIS E AC K 19:11) 1958 

PI. 11 :9 
Synonyms: 0\'1/111 hisp idlll1l cf. hirsllllllll (EHR E BERG) 

EIS E ACK 193 1. p. I 11. PI. 5: 19. lI.1's/richmplweridil/l1/ cf. 
hirs lI /1I111 E ISENAC K 1'938, p. 12. PI. I : I I. 
Hys/ri,hosphaeridilll1l hirsll lOides EISE lAC K 1951 . pp. 189-
190. PI. 3:8. H ys/l'ichosphaeridilll1l cf. hirslI/oides 
SANNEMA NN 1955. pp. 328-329, PI. 3:9; 5:3 . 4. Fig. I I. 
Bal/isphaer idill l11 h irsll/oides EIS E ACK 195R, p. 400. 

Remarks: The spherical ves ic le has numerous processes. 
which length does not exceed ves ic le diameter. B. hirsl lIOidl's 
compri ses a greal variely of transitional forms (Kje ll ström 
197 1 a). The thick-walled form (wa ll thi ckness 2-5 )1) is 

common in the presen! mate rial and the thin-walled form rare 
(wa ll thickness under I ).1) . The processes are variable in lenglh 
and number. The surface of the ves ic le and the processes varies 
from psil ate to granulate. 

Dimensions: Ves icle diameter 20-80 )l, process length 6--
50)l, process width 1- 6 )l, di stance between processes 8- 30 
)l, numbe r o f processes 8-22. There is no corre lation between 
thi ckness of the ves iele and number of processes, i.e. thin 
ves icles can have few or many processes, as also can thick 
ves icle. 90 % of the specimens are 20-40 )1 in size in the 
sampies where occurrence is over 7.0 %. Specimens measured: 
242 . 

Occurrence: Rare to common « 0.5 0/0-32.2 %). 
Distribution in Estoni a, Rapla borehole, Volhov to Juuru 

regional stages, Lower Ordov ic ian to Lower Silurian (U ute la & 
Tynni , in preparati on). 

Earlie r observations concern from many Lower and Middle 
Ordovician depos it s elsewhere in the Baltic area and Europe 
(Eisenac k e/ al. 1973) . 

Distri bution out side Europe: U.S.A ., Kentucky, Edenian, 
Upper Ordov ician (Jacobson 1978). 

Bal/isphaerid illm 100i rad ia lllm (EISENAC K 1959) STAPLI , 
JA SO IUS & POCOCK 1965 
PI. 11 :10 

Synonyms: 0\'11/11 hispidll l11 I0l1gisp illOSll 111 EISE ACK 193 1, 
p. 110. PI. 5: 14. 15. Hys/richosp/weridil ll1 ' IOllg ispillOSll 111 
EIS ENAC K 1938, p. 12; PI. I : 1-3. Bal/isphaeridi ll l11 
IOllgispillOSlI11I 100imdiata EIS ENACK 1959, p. 195. PI. 15 :4. 
Bal/isphaeridi/l/11 ICl/iradiallll1' STAPLl N, JANSO I S & 
POCOCK 1965. p. 189. PI. 20:3-5. 9. Fig. 13. 

Remarks : T he thi n, dark brow n, spherica l ves icle has few 
broarl processes constrictcd at the base . The ps il ate ves icle is 
broken in eve ry indi vidual recorded hcre. The ves ic le wall is 
thinner than in B . IO llg ispillOSII /11 (EIS ENACK 1959) GORKA 
1969. out not that as desc ri bed by Eisenack ( 1959a). Thc process 
wall is th inner than that of the ves icle. The ves icle is small er in 
d iamete r than in the origi nal d iag nos is (0 60-87 )1). Manin 
( 1973) describes the species as sma ll as 22 )1 in dia meter. but 
with its processes quitc thick and not so c1ea rl y separated. 

Dimens ions: Ves icle diameter 50 )1. process Icngth 50 )l. 

process wicl th 8 )1. d istance between processes 20-26 ).1. 
Spec ime ns measured: 3. 

Occurrence : Rare (0.5- 1.0 o/c). only in prep . 70 l and 7 13. 
Distri bution in the Bahic arca: Finl and: erra ti c boul de r fro m 

the Bothnian Sea. Ordovician (Tynni 1975): Aland bo rehole. 
Midd le Ord ov ic ian (Tynni 1982b). Swcden: Got land bo rehole. 
Lowcr Viruan . Middle Ord ovic ian (Kjcll ström 197Ia). Estoni a: 
Rap la bo re ho le. Kun da to Ke ila reg ional stages. Lowe r/Middle 
to Middlc Ordov ic ian (U ute la & T ynni. in pre parati on). 
Ordov ic ian Bahic erra ti cs (E isenack 1931. 1938, 1959a). 

Di ;t riblltion in Ell ropc: U.S.S. R .. Moscow syneclise. Lower 
to Midd le Ordov ic ian (Umnova 1975). Fra nce: Aq uita ine bas in . 
Ordov ic ian (Rauscher 197:1). Belgi um: Silu rian (Mani n 1973). 

Bai/isp//Oeridi/llll IOllgispillOSlI11I subsp. IOllgispillOSlI1II 
(EISE ACK 1959) GORK A 1969 
PI. 11:1 1 

Synonyms : 0\'11111 hispid/lll/ IOllgispillOSIl /11 EISENAC K 193 1. 
p. 11 0. PI. 5:5-12. I-Irs/richosp//Cleridi lllll IOllgispillosllm 

EISENAC K 1938. p. 12. PI. 1:4. 6. 7: (not: PI. I: I :). 
Bal/isphaeridi ll /11 IOllgispillos/I /11 fonna filifem EISEi'\ACK 



1959, p. 195 , PI. 15: I. Baltisphaeridillm longispinosllm 
EISENACK 1962, p. 75. Ballisphaeridium longispinosum subsp. 
lon[iispinosum GORKA 1969, pp. 34-35, PI. 6:2; 7:1-5, 
Fig.9. 

Remarks: The spherical vesic1e has numerous long processes. 
The species recorded here has a thick, granulate vesic1e and 
there differs from the diagnosis of Eisenack (1959a). The 
processes are of variable length, usually exceeding the diameter, 
although there can al so be shorter processes in the same 
individual. The species is closely related to those described by 
Gorka ( 1969). Loeblich and Tappan (1978) describe a quite 
similar species, B. aliquigranulum, with broader processes 
omamented with scattered grana. 

Dimensions: Vesicle diameter 34-60 ~ process length 36-
80 ~ process width 2---6 ~ distance between processes 13- 30 
~ number of processes 6-20. 75 % of the species are smaller 
in size than in the original type description. Specimens measured: 
27. 

Occurrence: Rare to moderate « 0.5-3.5 %). 
Distribution in Estonia, Rapla borehole, Volhov to Pirgu 

regional stages, Lower to Upper Ordovician (Uutela & Tynni , 
in preparation). 

Earlier observations also in Lower Ordovician to Upper 
Silurian deposits elsewhere in the Baltic area and Europe 
(Eisenack el al. 1973). 

Ballisphaeridillm microspinosum (EISE ACK 1954) DOWNIE 
1959 
PI. Ir: 12 

Synonyms: Hyslrichosphaeridillm microspinosllm EISE­
ACK 1954, pp. 209-210, PI. 1:8. Ballisphaeridium 

microspinosum DOWNIE 1959, p. 60, PI. 10: 10. 
Remarks: A thin-walled spherical vesic le has numerous short 

processes. Dimensions vary in the present material more than in 
the specimens described by Kjellström (197I a, 11I6 1 -76 ~) and 
Tynni ( 1975, 11160 ~). 

Dimensions: Vesicle diameter 24-74 ~ process length 2-
12 ~ process width 1-2 ~ distance between processes 2-6 ~ 
90 % of the species are smaller in size than in the original type 
description . Spec imens measured: 45 . 

Occurrence: Rare to moderate «0.5-4.9 %). 
Distribution in Estonia, Rapla borehole, Kunda to Pirgu 

regional stages , LowerlMiddle to Upper Ordovician (Uutela & 
Tynni , in preparation). 

Prev ious observations reported also in Lower Ordovician to 
Lower Silurian deposits elsewhere in the Baltic area and Lower 
Silurian deposits in Europe (Eisenack el al. 1973) . 

Ballisphaeridillm cf B. mlliliechinalllm KJELLSTRÖM ( 1971 ) 
1974 
PI. II :13 

Synonyms: Ballisphaeridium echinalum KJELLSTRÖM 
1971, pp. 23- 24, PI. 1:8. Ballisphaeridium mulriechinarum 
KJELLSTRÖM 1974, p. 2 11. 

Remarks: The thin-walled, spherical, echinate ves icle is often 
broken and eroded. The spccimens have more slender processes 
than those described by Kjellström (197 1 a), and closely resemble 
those desc ribed by Gorka (1979). 

Dimensions: Vesicle diameter 36-78 ~ process length 20-
40 ~ process width 1-3 ~ di stance between processes 14-
16 ~ Specimens measured: 9. 

Occurrence: Rare to moderate ( I ind .- 5.6 %), only in preps. 
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661 , 669 and 712. 
Distribution in the Baltic area: Finland: erratics from the 

Bothnian Sea, Ordovician (Tynni 1975). Sweden: Gotland 
borehole, Viruan, Middle Ordovician (Kjellström 1971 a). 
Estonia: Rapla borehole, Kunda to Kukruse reg ional stages, 
LowerlMiddle to Middle Ordovician (Uutela & Tynni , in 
preparation). Poland: Olsztyn borehole, Llandeilian and 
Caradocian, Middle Ordovician (Gorka 1979). 

Not recorded outside the Baltic area. 

Ballisphaeridium mulripilosum EISENACK ( 193 1) 1958 
PI. 11:14 

Synonyms: Ovum hispidum mulripilosum EISENACK 1931, 
p. 111, PI. 5:20-22. Hysrrichosphaeridium mullipilosllm 
EISENACK 1938, p. 12, PI. 1: 12- 13. Ballisphaeridium 
mullipilosum EISENACK 1958, p. 400. 

Remarks: The thick spherical ves icle has numerous short 
processes. The specimens in the present material closely resemble 
those described by Kjell ström ( 1971 a), but no pylome is 
recorded. The thickness of the spherical vesicle can be as much' 
as 5 ~ The process-Iength varies from 1/9 of the diameter in the 
sm aller specimens to 1/10 in the larger ones, and the diameter 
varies more than in the original diagnosis (111 70-86 ~) , although 
Martin (1973) and Cocchio ( 1981 ) also describes minor variation 
around a di ameter of 35 ~ 

Dimensions: Vesicle diameter 34-58 ~ process length 4-
6 ~ process width 1 ~ Specimens measured: 9. 

Occurrence: Rare «0.5 %-1.0 %). 
Distribution in Estonia, Rapla borehole, Volhov to Kukruse 

reg ional stages, Lower to Middle Ordovician (Uutela & Tyn ni , 
in preparation). 

Previous observations reported also in Lower to Middle 
Ordovician deposits elsewhere in the Baltic area and from 
Lower Ordovician to Lower Silurian deposits in Europe 
(Eisenack el al. 1973). 

Balrisphaeridium nanninum EISENACK 1965 
PI. [[ : 15 

Ballisphaeridium nanninum EISENACK 1965, p. 260, PI. 
22, Fig. 6-8. 

Remarks: The wall of the spherical ves ic le is shagrinate, and 
the processes are short , although longer than those described by 
Kjell ström ( 197 1 a) and equal to those of Kjell ström (1976). It is 
imposs ible to verify the hollowness of the processes because of 
their smallne sand thinness, but the species differs from 
Gorgonisphaeridium antiquum LOEBLICH & TAPPAN 1978, 
wh ich has longer, so lid processes with a bulbous base. 

Dimension: All the specimens are much smaller than in the 
ori ginal di agnosis (111 92- 101 ~). Vesicle diameter 50-70 ~ 
process length 1-3 ~ 

Specimen measured : 13. 
Occurrence: Rare «0.5-1.8 %). 
Distribution in the Baltic area. Finland: erratics from the 

Bothnian Sea, Ordovician (Tynni 1975); Aland borehole, Middle 
Ordovic ian (Tynni 1982b). Sweden: Gotland borehole, Viruan 
Middle Ordovician (Kjell ström 197 1 a); Dalama, Lower Silurian 
(Schulz 1967). 

Estonia: Rapla borehole, Kunda to Oandu regional stages, 
LowerlMiddle to Middle Ordovician (Uutela & Tynni, in 
preparation). Lower Silurian erratics (Eisenack 1965a, 1968, 
1969). 

Not recorded outside the Baltic area. 
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Bairisphaeridiuni pachyacallThuni EISENACK ( 1963) 1965 

PI. 11:16 
Synonyms: Hysrrichasphaeridiw l1 lonf!ispinos/lni EISENACK 

1938 . p. 12. PI. 1:8. Fig. 9. Balrisphaeridi/lnl IOl/gispillOSWl1 
fo nna roh/l.l'la EISENACK 1959, p. 195, PI. 15:3. 5. 
Balrisphaeridi/lnl roh/lsr/lnl EISENACK 1963. p. 212. PI. 19:6. 
7. Balrisphaeridi/lnl pachmcallTh/lni EISENACK 1965. p. 134. 
PI. 13:6. 7. 

Remarks: The spherical vesicle has numerous processes with 
axial threael structure in the hollow stem. The vesicle is no t as 
thick as that describeel by Kje ll ström ( 197 1 a) and T ynni ( 1975), 
but c lose ly resembles that of the species reported by Gorka 
( 1969). A axia lthreael st ructure is c1ear ly visible in the processes 
by light microscopy. 

The diameter is not always as large as in the original diagnosis 
(0 70--85 11) but Martin ( 1973). for example. desc ribes 
speci mens as sma ll as 37 J-L 

Dimensions: Ves icle diameter 55-80 J-L process length 35-
75 J-L process width 2-3 J-L number of processes 9- 15. 
Spec ime ns measureel: 7. 

Occurrence: Rare « 0.5 %). 
Distribution in the Baltic area: Fi nl and : erratics from the 

Bothnian Sea. Ordovician (T ynni 1975). Sweden: Gotland 
borehole (Kje ll ström 1971 a). and Östergötl and, Ekön borehole 
(Kjell ström 1976), all Lower Viruan. Middle Ordovician: 
Linköping, Ljungsbro subsurface, Lower Ordovician (Fromm 
& Kj ell ström 1976). Estonia: Odinshohn subsurface, Lower 
Viruan , Middle Ordovician (Bockelie & Kjell ström 1979). 
Poland: Podborowisko borehole, Arenigian; Kerrzyn borehole. 
L1andeilian: Goldap borehole , Ca radocian, Lower to Middle 
Ordovician (Go rk a 1969). Ordovician Balti c errati cs (Eisenac k 
1938. 195 I , 1959a, 1963, 1965a, 1968. 1969). 

Di str ibu tion in Europe: U.S.S .R .. Moscow synecl ise . Lower 
to Middle Ordovician (Umnova 1975). France: Aquitaine basin, 
OrLlovician (Rau scher 1973). 

Balrisphaeridi/ll1l pauci"eJTll coSllni KJ ELLSTRÖM 1971 

PI. 11: 17 
Ballisphaeridi/ll1l paucir'ermcosuni KJ ELLSTRÖM 197 1, p. 

17. Fig. 9. 
Remarks : The spherical. shagrin3tr vesic le has numerous 

verrucate processes. The three spec imens re~0rded in this 
material c lose ly resemble the ori g inal holotype. except that the 
number of processes is smaller (here 13, in holotype 22), as in 
the mate rial 01' Gorka ( 1980). 

Dimens ions: Ves ic le diameter 35--45 11, process length 35-
45 J-L process width 3--4 J-L number 01' processes 13. Spccimens 
measured: 2. 

Occurrence: Rare (0.5 %). onl y in preps. 701 and 704. 
Distribution in the Baltic area: Finland: e rrat ics from the 

Bothni an Sea. Ordovician (Tynni 1975). Sweden: Gotland. 
borehole, Viruan, Midelle Ordovician (Kj e ll ström 197 1 a). 
Estonia: Rapl a boreho le, Volho v to Rakvere reg ional stages. 
Lowe r to Midell e Ordovician (Uutela & Tynni, in preparation). 
Poland : Strabla borehole, Llanvimian. Middle Ordovician (Gorka 
1980). 

ot recorded outside the Baltic area. 

Bair isphaeridil/ni podhor{)\'i.l'censis ·) GORKA 1969 

PI. 111: 18 
Balrisphaeridil/l11 podhorO\'iscell.l'i.\· GORKA 1969, p. 45, PI. 

15:7- 10. 

Remark s: The spherical vesicle has thi ck, short processes 
with acuminate distal tenninations. All foul' spec imens are of 
the type with short , thick processes. They are also eroded anel 
damaged to a greater or Icsser ex tent , the ves ic le wall is porous. 
poss ibly secondari ly, and shagrinate. but not obviously rcticulate. 
The spec ies differs from B. hrel'ispil/os/lni EISENACK ( 193 1) 
1958 in having shorter processes without a bulbous di stal 
te rminations, although these may be eroded and broken spec ies 
of B. hrer·ispinosllnJ. which is also reeordeel in the same 
specimen. 

Dimensions: Ves ic le diameter 50--70 J-L process Iength 3-
1011, process width 2-5 11, di stance betwee n processes 15-20 
11. Specimens measured: 4. 

Occurrence: Rare «0.5 %). only in prep. 7 12. 
Distribution: Reported earlicr onl y in thc Arenigian. Lower 

Ordovician Podborowisko borehole in Po land (Gorka 1969). 

Bailisphaeridiuni IHelldocalicispin/l111 GORKA 1980 

PI. 111:19 
Balrisphoeridilll11 pseudocalicispinuni GORKA 1980. p. 266, 

PI. 32:4. 
Remarks: Thc ech inate vesic le has numerous echinate 

processes . B. colicispinae GORKA 1969 has a porous vesic le 
wa ll. 

The spec imens recorded he re differ markcd ly from B. 
parl'inogranosuni LOEBLICH & TAPPAN 1978. which has a 
larger number of processes. which are more va riable in lenoth 
and a more fine ly sculptured vesiclc and processes. " B: 
oligopsakiul11 LOEBLICH & TAPPAN 1978 has more processes. 
B. hvslrenlOs LOEBLICH & TAPPAN 1978 is quite similar to 
B. pseudocalicispil//ll11 / B. calicispinae. since both have plugging 
at thc base of the processes. Inte rna l th ickening of the vesic le 
wa ll can also be seen in the spec imen describcd by Gorka 
( 1980, PI. 3 1 ::l). witho ut bc ing mentioncd in the diagnosis. 

Dimensions: Vesicle diameter 35-50 J-L process length 20-
60 J-L number 01' processes average 10, di stance between 
processes 12--40 J-L width of processes 2- 10 J-L Specimens 
measured: 10. 

Occ urrence: Rare (0.5 %- 2 .0 %). 
Distribution in the Bahic arca (on ly those accepted by Gorka 

( 1980) are reponed): Sweden: Gotland borehole, Viruan. Middle 
Ordovician (Kjellström 197I a); Östergötl and . Ekön borehole. 
Lower Viruan, Middle Ordovician (Kje ll ström 1976): Linköping. 
LJungsbro subsu rface, Lower Ordovician (Fromm & Kjell s tröm 
1976). Estonia: Odinsholm Midd le Ordovician erratics (Bocke lie 
& Kjell ström 1979). Poland: Strabl a bore ho le. L1anvirnian. 
Middle Ordovician (Go rk a 1980). 

Recorded also at Rap la borehole. Volhov to Juuru regional 
stages. Lower Ordovician to Lower Silurian (U ute la & Tynni. 
in preparation ). 

Not reco rded outside thc Baltic area. 

Balrisphaeridillm ,'erl'l/calu l11.? KJELLSTRÖM 197 1 
PI. 111:20 

BalrisphaeridillnJ ''e/'I'l/Callll11 KJ ELLSTRÖM 197 1. pp. 4 1-
42. PI. 3:2. 

Remarks: Thc spherical . verrucate vesicJe has venucate 
processes. The dimensions of the only specimcn round here is 
smaller in size than in the original diagnosis (0 70 11). Process 
length does not excecd ves ic le diameter. dimensions disagrec 
with the desc ripti on in the original diagnosis by Kjell st;öm 
(1971 a). It is difTicultto verify the doupl e-wa ll eel vesicle. 



Dimensions: Vesicle diameter 40 Jl, the length of the processes 
30-40 Jl, the width of the processes 4 Jl, the number of the 
processes 10, distance between processes 12 \l- Specimens 
measured: I. 

Occurrence: Rare «0.5 %), only in prep. 654. 
Distribution in the Baltic area: Finland: erratics from the 

Bothnian Sea, Ordovician (Tynni 1975). Sweden; Gotland 
borehole , Viruan , Middle Ordovician (Kjellström 197Ia). 
Estonia, Rapla borehole, Kunda to Johvi regional stages, Lower/ 
Middle to Middle Ordovic ian (Uutela & Tynni, in preparation). 
Poland: Olsztyn borehole, L1andelian and Caradocian , Middle 
Ordovician (Gorka 1979). 

Not recorded ou tside the Baltic area. 

8alrisphaeridium sp. I. 

PI. 1II:21 
Desc ription : The spherical to subspherical vesicle is covered 

with numerous processes wh ich have a curved proximal contact 
but do not communicate with the interior of the vesicle. The 
surfaces of the vesicle and processes are ech inate. 

Remarks: The spec ies differs from 8alrisphaeridium 
granosum KJELLSTRÖM 1971 in having an echinate ves ic le 
and sm aller dimensions. B . anneliae KJELLSTROM ( 1971) 
BOCKELlE & KJELLSTRÖM 1976 and B . ingerae 
KJELLSTRÖM 1971 have an angular proximal process con tact 
with the ves icle and the processes are more numerous. B. 
accinClum LOEBLICH & TAPPAN 1978 has wider processes, 
also with an angular proximal contact. 

Dimensions: Vesicle diameter 20---50 Jl, process length 10---
17 Jl, ornamentation height 1.5 Jl, average number of processes 
50. Specimens measured: 51. 

Occurrence: Common (25 .5 %), but onl y in prep. 712. 
Distribution in Estonia, Rapla borehole, Volhov to Uhaku 

reg ional stages, Lower to Middle Ordovician (Uutela & Tynni, 
in preparation). 

Balrisphaeridillm sp. 2. 
PI. 1ll :22 

Desc ription: The spheri cal vesic le is granulated and covered 
with numerous small granulated processes (Iength 1/4 01' the 
ves ic le diameter) with angular proximal process contact. 

Dimens ions: Vesic le diameter 47-55 Jl, process length 17-
20 Jl. number of processes 120. Specimens measured: 2. 

Remarks: The two individuals observed differ from B. 
accillfllm LOEBLICH & TAPPAN 1978 in hav ing more slender, 
acull1inate and shorter processes. The ves icle diameter is also 
sll1all cr. Spinules are more numerous on both the vesicle and 
the processes. The spec imen diffe rs more obvious ly from.8 . 
alllleliae (KJELLSTRÖM 197 1) BOCKELlE & KJELLSTROM 
1979. wh ich has a psilate ves icle. Ionger processes, a partial 
rupture as an excystment structure and g.reater dimensions. It 
also differs from B. illgerae KJELLSTROM 1971, which has 
longe r but less numerous processes and is of greater dimensions. 

Occurrence: Rare «0.5 %). on ly in preps. 654 and 7 15. 
Distribution Estonia: Rapla borehole, Lasnamägi to Nabala 

regional stages, Middle to Midd le/Upper Ordovician (U ute la & 
Tynni. in preparat ion). 

Genu s BUEDINGIISPHAERIDJUM SCHAARSCHMIDT 
1963. emended by STAPLIN er al. 1965 and by LISTER 1970 
Type spec ies: B. permicllm SCHAARSCHMIDT 1963. p. 70. 
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Buedingiisphaeridium sp. 
PI. 111 :23 

27 

Diagnosis : The vesicle is subspherical to spherical, thin­
walled and shagrinate. It is covered with hollow pyramidal 
outgrowths, usually small and of equal size (variation 0.5 Jl), 
although in one species the variation is 1-3 \l-

Dimensions: Vesicle diameter 11-22 Jl, length of processes 
1-3 Jl, width ofprocess base 1-3 Jl, distance between processes 
2-4 \l- Spec imens measured: 7. 

Remarks: These species with outgrowths of equal size closely 
resemble the Buedingiisphaeridium sp . (0 351-!) ofTynni (1982b). 
P. 70, PI. XI:72) except that they are much sll1aller in size. They 
differ from B. pyramidale LISTER 1970 (0 27- 37 Jl) in 
having less numerous ou tgrowths and bases that are not 
coincident. Olle species with variable outgrowths inc luded in 
the same species may be interpreted as a transitional form. 

Occurrence: Rare « 0.5- 1.0 %). 
Distribution in Estoni a, Rapla borehole, Kunda to Pirgu 

regional stages, LowerlMiddle to Upper Ordovician (Uutela & 
Tynni, in preparation). 

Genus COMASPHAERIDI UM STAPLIN , JANSONIUS & 
POCOCK 1965 
Type species : C. comefes (VALENSI 1949, p. 545 , fig . 5:6) 
STAPLIN , JANSONJUS & POCOCK 1965, p. 192. 

Comasphaeridium l'arispinosum n. sp. 

PI. 1lI:24 
Diagnosis: The spherical vesicle has a dense covering of 

simple, flagelliforme, solid processes of irregularly variable 
length and width. The processes have accuminate di stal 
tenninat ions. 

Dimensions: Vesicle diameter 12-40 Jl, process length 1-
10 \l- Spec imen measured : 26. 

Remarks: The species belongs to the genus Comasphaeridium 
STAPLIN, JANSONIUS & POCOCK 1965 in that it has a 
spherical vesicle covered with solid , flage lli forme processes. 
The present study extends the diagnosi s of the genu s to concern 
the width and length of the processes, which are variable in 
size. The spec ies closel)' resembles Elekroriskos inronsus 
LOEBLICH & WICA DER 1976 in having processes of 
variable length , although Eisenack er al. (\ 976) regard the 
genus Elekroriskos as a junior synon ym of Comasphaeridilll17 . 

Occurrence: Rare to common «0.5-2.2 %). 
Not recorded at Rapla borehole. 
Derivation of name: Vari L. variable, SpilloslIm L. processes. 
Holotype: GSF prep. 715, PI. The specimen is illustrated on 

PI. lll: 24. 
Locus typicus: Erratic from Kalanti, south western Finland, 

Middle Ordovician. 

Genu s CYMA T10SPHAERA (0. WETZEL 1933 ) 
DEFLA DRE 1954 
Type spec ies: C. radiara O. WETZEL 1933. p. 27, PI. 4:8 . 

Cymariosphaera pm'imen({/ DEFLANDRE ( 1945) 1954 

PI. 111:25 
Synonyms: Micrhysrridium pm'imenrlll11 DEFLANDRE 1945. 
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p. 68. CY/J/al iosphaera pal'i/JIema DEFLANDRE 1954, p. 258 . 
Remark s: The sphcrical vesiclc has it s ex temal surface divided 

into polygonal ficlds by mcmbranes running perpendicu lar to 
the surface. There is no equatori al diffcrentation of thc fields . 
and thc polygons arc hexagonal. Thc surfaces 01' thc vcs icle and 
membranes are smooth. The spec ics di ffers from C. II/llllisepra 
DEUNFF 1955 in having less po lygons. 

Dimcnsions: Vesiclc diametcr 8-10 ~ mcmbrane height 
2 ~. Specimens mcasured: 17. 

Occurrencc: Rarc «0.5- 1.5 %). 
Distribution in Eston ia. Rapla boreholc. Kunda to Porku ni 

regional stages, Lowcr/Midd le to Uppcr Ordovician (U utela & 
Tynni. in preparati on). 

Distribution in Europe: Ordovician. Silurian and Lower 
Devonian dcposils in Western Europe (E isenack el "I . 1973). 

Cl'l1Ialiosphaera aff C. slriala EIS ENACK & COOKSO 1960 

PI. 111 :26 
CVII/alinsphaera slriala EIS ENACK & COO KS O I 1960. p. 

9. PI. 3: 10- 11. 
Remarks: Thc small sphe ri cal vcsiclc has 6--8 pentagonal 

polygons divided by siri alcd mcmbrane wa ll s. The vesic lc 
surface is echinate . 

The specimens diffe r from C. oewplalla DOW IE 1959 in 
having penlagonal fields rather Ihan rcctangular ones. The 
specimens recorded in the presen l malerial have a lower 
membrane and are distinctly smal ler than in the orig inal 
description (overal l diameier 60-76 p). 

Dimensions: Ve,icle diameier wilh membrane 20 ~l. membrane 
wall height 2-3 ~. Specimens mcasured: 2. 

Occurrencc: Rare «0.5 'kl. only in prep. 648. 
NOI recorded al Rapla bo rehole. 
Dislribution: Recordcd ea rli cr onl y in Crewccous scd imeJ1ls 

in Auslralia (E isenac k el 01. 1973). 

Ge nus DICOMMOPALLA LOEBLICH 1970 

Type spec ies: D . I/w('{/dolllii LOEBLlCI-I 1970. p. 39-40. PI. 
1:1-4: 2:5- X: 3:9- 11. 

Dieollllllopoll" II/ocadall/ii LOEBLlCI I 1970 
PI. IV:27 

Synonyms: DicolI/lI/opollo I/l(Icodoll/ii LOEBLlCI-I 1970. p. 
39-40. PI. I: 1---1. 2:5-8. 3:9- 11 . Gral/O/llorgil/ora sp. I. 
TYNNI 1975. p. 21. Fig. 18. 

Remarks: The sphe ri eal vesiclc has the pyloll1c rounded by 
the rim . The descriplion corresponds to Ihe origina l onc exccp l 
for the dimcnsions (0 58-1 00 ~). Thi s material includes somc 
small indi viduab «20 p). Thc sma llest diamcler recorded earlier 
is 30 ~ in Ihe Eden sha le. Ind iana (Colbath 1979). 

Dimensions: Vesiclc di amete r 13-53 ~. width 01' "kecl" 1-
4 ~ pylome diameier 4- 12 ~. Spccimens meas llrcd: 20. 

Occurrence: Rare 10 mode rate «0.5-4.8 'k) . 
Di stribution in the Baltie area: Finland: erra lic boulders from 

the Bothnian Sea (Tynni 1975). Estonia: Rap la borehole. Uhaku 
to Pirgu reg iona l stages . Middle to Upper Ordovician ( ulela & 
Tynni, in prcparation). 

Di stribution o Ul side Europe: U.s.A.: Indiana. Dillsboro 
Formation , Upper Ordovician (Locbli ch 1970a): Ken ili cky. 
Clays Fcrry Fonnation, Edcnian. Uppc r Ordovieian (Jacobson 

1978); Indiana. Eden shale borehole, Uppe rOrdov ieian (Colbath 
1979). Canada: Quebec, Montreal and Ollawa, Ordovieian 
(Marti n 1983). 

Ge nus DICTYOSPHAERIDIUM W . WETZEL 1952 
Type species: D . dejlal/drei W. WETZEL 1952, p. 406, PI. 
A:12 a,b. 

Diclyosphaeridil/fI1 sp. 
PI. IV:28 

Description: The spherical ves iele is covered with short , 
simple. psilate proecsscs. the bases 01' wh ich have a star-shaped 
omamcntation. while a reticulale ornamentati on is found between 
Ihe processes. The processcs have acuminate distalterminations 
and an angul ar proximal contac l. They obv iously do not 
eommunicate with the ves iclc interi or. 0 pylome is observed. 

Dimensions: Vesie lc d iameier 15 ~ process length aboul 
2 ~. Spccimens mcasurcd: 3. 

Remarks: The ornamentati on 01' thc ves icle rcsembles Ihat 01' 
the genus Slelliferidil/l/1 DEU FF. GORKA & RA USCHER 
197-1 . bUI the Iypical feature 01' a py lomc is not recorded. 

Oecurrence : Rare «0.5 'kl . on ly in prep. 648. 
Dislribulion in ESlonia. Rapla borehole. Ase ri 10 Pirgu regional 

stages. Middle to Upper Ordovician (U utc la & Tynni. in 
prepara l ion). 

Genus DICTYOTIDIUM EISENACK 1955 
cmendecl by ST A PLI N 196 I 
Type species: (Leiosphoero = ) D. dien'offll1l (EISENACK 1938). 
pp. 27-28. PI. 3:8a-c. 

Dicr.\'Olidil/l1I dien'Ol/fllI EISENACK (1938) 1958 
PI. IV :29 

Synonyms : Leiosp!wera dicr."ora EISENACK 1938. pp. 27-
2R. PI. 3:8a-c. Dicr."olidil/II/ dien'ol/II// EISENACK 1955. pp. 
179- 180.PI.4:12.13. 

Remarks: Thc vesie lc is sphe rical. the sides 01' the polygons 
are curvilinear and Ihe polygons are variable in siLe anel forn1. 
The diameier is smaller than in Ihe original descriplion (60-
100 PI. butthe same as deseribed by Martin ( 1966a. 1968). 

Dimensions: Di amete r 14-42 p. Specimens measured: 33. 
Occurrence: Rare 10 modera le «0.5-4.8 eie). 

Di stribution in Ihe Ballic area: Sweden: Gotland subsurface. 
Wenlockian. Lower Si lliri an (Eisenack 1965b ). 

Baliic erralics. Ludlovian. pper Silurian (Eisenack 1955a). 
Recorded also from Cambrian 10 Upper Silurian dcposits in 

Europe and I'rOl11 Upper Sillirian 10 Micldle Devonian deposilS 
in Ihe U.S .A. (E isenack el 01. 1979a ). 

Dicr.\'Olidil/lI/ pol."go/lil/l1I STA PLl N 1961 
PI. IV:30 

Dicr."oridil/III pol."gol/il/I// ST APLI 1961. p. -117. PI. :19: 14. 

Remarks: The spherical ves icle has an ornamental ion 01' 
polygons wh ich are Ihick-walled and smaller Ihan in the o ri ginal 
diag nos is. Some 01' Ihe polygons lack any sma ll granule i~ thc 
centre. perhaps beeause of erosion. 



Dimensions: Diameter 30 11, polygonal area about I tJ across. 
Specimcns measured: 2. 

Occurrence: Rare «0.5 %), on ly in preps. 655 and 703. 
Di stribution: Not recorded earlier ei ther in the Baltic area or 

in Europe. 
Di stributi on outside Europe: Canada: Alberta. Upper 

Devoni an (S tap lin 1961). Prev ious records also from Argentina. 
Los Espejos Fonnation, Middle Silurian and from Brazil , Bacia 
de Maranhao, Middle Devonian (Eisenack er al. 1979a, ref 
Pöthe de Baldis 1975, Brito 1969). 

Dictyoridiu/11 rericlllaw/11 EJS ENACK ( 1938) 1955 
PI. IV:31 

Synonyms: Leiosphaera rericulara EISENACK 1938, p. 27, 
PI. 3:7a, b. Leiosphaeridia rericuloro EIS ENACK 1958. p. 9. 
Dicryoridiu/11 rericularu/11 EISENACK, CRAMER & DIEZ 1979. 
pp. 167-168. 

Remarks: The spherical vesicle is covered wi th an irregular 
re ticulate and verrucate ornamentati on, which may to some 
ex tent be the resull of erosion. The vesic le is thin and single­
layered. The present spec ies confonns to the orig inal description. 

Dimens ion s: Ves ic\e d iamete r 20-90 11. Specimens 
measured: 4 . 

Occurrence: Rare « 0.5--0.5 %). 
Distribution in the Baltic area: Baltic Ordovic ian errat ics 

(Eiscnack 1938, 1959a). Also recorded in Queensland , Australia , 
Ordovic ian (E isenack er al. 1979a, ref Combaz 1965). 

Dicryoridill/11 srenodicrYII/11 EISE ACK 1965 
PI. IV:32 

Dicryoridill/11 srenodictyu/11 EIS ENACK 1965, pp. 264-265, 
PI. 22:2, 3. 

Remarks: The spherical ves ic\e has an ornamentati on of 
polygons and thorns are c\early visib le in the intersec ti ons of 
the ridges allhough some have been eroded away. Very small in 
diameter compared with the ori ginal desc ri pti on (60 11). The 
spec ies described by Martin ( 1968) is also rather sm all in 
diameter (20-35 tJ). 

Dimensions: Diameter 13 \.l- Specimens measured: I . 
Occurrence: Rare «0.5 %), only in prep. 663. 
Dist ri bution in the Ballic area: Sweden, Gotland subsurface. 

Si luria n (Eisenack 1965a). 
Distribution in Europe: Belgium: S ilurian (Martin 1966a, 

1967). 

Gen us GON IOS PH AERIDJUM EISENACK 1969 
Type spec ies: I . Holotype (lost): G. (ex-Ol'u/11 hispidum) 
polrgonole EISE ACK 193 1. p. 11 3. PI. 4: 19. 2. eotype: G. 
(ex- Balrisphaeridiu /11 ) polygonale EISENACK 1959, p. 199. 
PI. 16:8. 

Goniosphaeridiu/11 /11ochriensis (GORKA 1969) 
PI. IV :33 

Synonym: Balrisphaeridillm mochriensis GORKA 1969 pp. 
43-44. PI. 11: I: 12 :2. Fig. 15 . 

Rcmarks: The spheri ca l vesic\e has numerous processes with 
free communication to the interior of the ves icle. All the 
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specimens are referable to the type spec ies except that the 
vesic le diameter is sm all er (0 63-83 tJ in the o ri ginal 
description). 

Dimensions: Vesicle d iameter 20-6011, process length 10-
34 11, process width 1-611, dis tance between processes 6-- 30 
11, number of processes 9-16. Specimens measured : 33. 

Occurrence: Rare to common (0.5 %- 12.6 %). 
Distribution in the Ballic area: Finland; cmllic boulders from 

the Bothnian Sea, Ordovician (Tynni 1975); Aland borehole 
Middle Ordovician (T ynni 1982b). S .... eden: Gotl and borehole 
(Kjell ström 1971 b): Öland borehole (Kjcll ström 1972); 
Västergötland boreho le (Kje ll ström 1976) all Lower Viruan. 
Middle Ordovician. 

Estonia, Rapla boreho le, Kunda to Lasnamäg i regional stages. 
Lower(Middle to Middle Ordovieian (Uutela & Tynni , in 
preparation). 

Poland : Ordovician errati c boulders, and Mielnik borehole, 
Caradocian (Gorka 1969); O lztyn borehole. L1 anvirnia n to 
Caradocian (Gorka 1979); Strabla bo reho le, L1anvirnian and 
Caradocian (Gorka 1980). 

ot recorded out side the Baltic area. 

Goniosphaeridium polygonale EISENAC K ( 193 1) 1969 
PI. IV :34 

Synonyms: Ol'um hispidum polvgonale EISE ACK 193 1, p. 
113. PI. 4: 17, 19; 5: 18. Balrisphaeridium polygonale EISENACK 
1959, pp. 199-200, PI. 16:8-9. Veryhachium polygonale 
DEFLA DRE & DEFLANDRE 1964 , fiche 2061. 
Goniosphaeridium polvfiol1ale EISENACK 1969. p. 257 . 

Remarks: The th in-wall ed subspheri ca l vesicle is of variable 
size with processes having a broad base. There are many 
transitional fo rms be long ing to thi s spec ies. 

Dimens ions: Vesic le diameter 36-84 \.l- process length 10-
5011. Specimens measured: 55 . 

Occurrence: Rare to moderate « 0.5 %-7.5 %, common ly 
unde r 2.0 %). 

Distribution in Estoni a, Rapla borehole , Volhov to Pirgu 
regional stages, Lowe r to Upper Ordovician (Uutela & Tynni, 
in preparation). 

Distribution also from Lower Ordovician to Lower S ilurian 
e lsewhere in the Ballic area and Europe (Ei senack er al. 1973) . 

Goniosphaeridium polvgol1ale polyacollrhum.? EIS ENACK 
( 1931) 1965 

PI. IV: 35 
Synonyms: Ovum hispidum polygonale EISENACK 193 I, p. 

I 13, PI. 4: 16. 18, 20. Hysrrichosphaeridium polygonale 
EIS ENACK 1938. p. 12, PI. 4: 1,2. Balrisphaeridium polygol1ale 
EIS ENACK 1959, pp. 199-200, PI. 16:6. Veryhachium 
polygollale EIS ENACK 1963. p. 209. PI. 19:2. Balrisphaeridium 
polrgol1ale fonna polyacal1lha E ISENACK 1965. pp. 136-
137. PI. 13:3-4. Goniosphaeridillm UIlCinalU/11 (DOWNIE 
1958) KJELLSTRÖM 1971. pp. 27-28, Fig. 18. 

Remarks: The subspherical vesic\e has processes with broad 
base and free communication wi th the vesic\e interior. The only 
poss ible G. uncinarLlm (DOWNIE 1958) KJELLSTRÖM 1971 
in the present material is combined wi th G. polygonale 
polyacanrhu/11 (EIS ENAC K 1965). These two spec ies differ in 
the number and length of processes. The surfaces of the ves icle 
and processes of G. I1l1cillar/.//11 are echinate according to Cramer 
( 1970). Downie (1958) and Mart in ( 1966a), but the ves ic le is 
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psilate and processes echinate as in G. polygonale polyacanfum 
(EISE ACK 1965) GORKA 1969 according to Kjellström 
( 1971 b). The spec ies recorded here has a slightly echinate vesicle 
and processes and il may be a transitional form between two 
species. Maybe il is poss ible to combine these three specimens 
to G. tenuispinosl.lm n. sp. in the Rapla material. The conical 
form of the processes varies from broad to quite slim , bul il 
clearly communicales with the body cavity. The size of the 
vesicle is similar 10 G. tenuispinosum, but according to the 
original diagnosis, the species is sm aller in size than G. 
polygonale polyacanrhum (,; 50~) or G. I.Incinatum of size 30--
50 Il-

Dimens ions: Vesicle diameter 25-35 ~ iength of processes 
15-20 ~ width of base 4 ~ di stance between processes 15 ~ 
number of processes 27- 30. Spec imens measured: 3. 

Occurrence: Rare «0.5 %) , in preps. 648, 652 and 654. 
Distribution in the Baltic area: Finland, erratic boulders from 

the Bothnian Sea. Ordovician (Tynni 1975); Aland borehole 
Middle Ordovician (Tynni 1982b). Sweden: Gotland borehole, 
Lower Viruan , Middle Ordovician (Kjellström 1971 b). Estonia: 
Odinsholm subsurface, Lower Viruan, Middle Ordovician 
(Bocke lie & Kje ll ström 1979): Rapla borehole, Volhov to Keila 
regional stages, Lower to Middle Ordovician (U ute la & Tynni , 
in preparation ). 

Ordovician and Silurian Baltic erratics (Eisenack 1931, 1938, 
1959a, 1963, 1965a, 1968). Poland: Ordovician errati c boulders 
and Arenigian, Podborowisko borehole, Lower Ordovician 
(Gorka 1969). 

Goniosphaeridillm splendens (PARIS & DEUNFF 1970) 
TURNER 1984 
PI. V:36 

Synonyms: Veryhachium splendens PARIS & DEUNFF 1970, 
p. 27, PI. 1:4. Goniosphaeridium splendens TURNER 1984, pp. 
113- 114, PI. 13:1 4- 15. 

Remarks: The thin, psilate, polygonal vesic le has 10--1 8 
con ica l processes. The ves ic le and process wall s are 
undifferentiated, merging impe rceptibl y via a cu rvi ng contacl. 
No excystment structure is observed. The processes are shorter 
than the vesicle radius. 

The spec ies differs from the ori gina l descript iu\, :!1 heing 
sm aller in size and processes are shorter, notlonge r, than vesicJe 
diameter. There is some disagreement between the tex t and the 
given dimensions in the original description. Turner ( 1984) 
mentions both sm aller and larger spec imens (,; 19- 35 ~. process 
length 11 - 32 ~) and regards the spec ies as a synonym of 
Goniosphaeridium polygonale EISENACK ( 193 1) 1969. 
Eisenack ( 1976) regards G. connectum KJELLSTRÖM 197 1 
and G. conjunctum KJELLSTRÖM 1971 as synonyms of G . 
polygonale. The present author considers Veryhachium splendens 
PARIS & DEUNFF 1970 and G. splendens (PARIS & DEUNFF 
1970) T URNER 1984 to be synon yms of the G. splet/dens 
recorded here. 

Dimens ions: Ves icle diameter 12- 24 ~ process length 6-
20 i-!. Spec imens measured: 100. 

Occurrence: Rare 10 common (0.5- 19.5 % ). 
Distribution in Estonia, Rapla borehole , Volhov to Juuru 

regional stages. Lower Ordovic ian to Lower Silurian (Uutela & 
Tynni , in preparation). 

Di stribution in Europe: Britain: Shropshire, Caradoc ian , 
Middle Ordovician (Turner 1984). France: Vieux- Vy-sur­
Couesnon Lianvirnian, Middle Ordovician (Pari s & Deunff 
1970). 

Genus HAPSIDOPALLA PLAYFORD 1977 
Type spec ies: H. sallnemannii (DE UN FF 1976) PLA YFORD 
1977, p. 25 PI. 10:7- 13, Fig. 13. 

Hap sidopalla sp. 
PI. V:37 

Description: The subspherical vesicle has a reti cul ate, rosene­
like sculpture. It is covered with numerous simple and bifurcated 
processes. 

Remarks: The specimen resembles Cheleutochroa gymo­
hrachiata LOEBLICH & TAPPAN 1978, which is nevertheless 
larger in size and has only simple processes. Craterisphaeridium 
scrucegrovense (STAPLiN 1961 ) TURNER 1986 has a foveolate 
vesicle and the processes have longer and more numerou s furcas. 
The Estonian Rapla material (Uutela & Tynni , in preparation) 
includes a specimen with less ornamentation of the vesicle and 
longer processes, and also a slightl y larger vesicle di ameter. 

Dimensions: Ves ic le diameter 15 ~ process length 5 i-!. 
Specimens measured: I. 

Occurrence: Rare «0.5 %), only in prep. 715. 
Not recorded at Rapla borehole. 

Genus HELOSPHAERIDIUM LISTER 1970 
Type species: H. c/avispillosum LiSTER 1970, p. 76. 

Helosphaeridium sp. 
PI. V: 38 

Description: The smalI , spherical , shagrinate vesicJe is covered 
with shon, c1avifOJme processes of va riable size. They are 
unevenl y spaced. 

Dimensions: Vesicle diameter 12 ~ process he ight 0.4 ~. 

process diameter 0.1 -0.6 ~. Specimcn measured: I. 
Remarks: The species resembles the genus Rhopaliophora 

LOEBLICH & TAPPAN 1971 in having processes of variable 
size, but differs from R. fo liatilis in hav ing di stinctl y sm aller 
processes. The genus Lophosphaeridium TIMOFEEV 1959 is 
not recorded as having claviforme processes, whereas the genus 
Helosphaeridium LISTER 1970 does, but they are evenly -spaced 
and of equal size. All the above-mentioned genera are larger in 
size than the present species. 

Occurrence: Rare «0.5 % ), only in prep. 655. 
Di stribution in ESlonia, Rapla borehole, Uhaku 10 Pirgu 

regional stages, M iddle to Upper Ordovician (Uutela & Tynni , 
in preparation). 

Genus: KUNDASPHA ERA n. g. 
Type spec ies: K. lacul70sa UUTELA & TYNNI (in preparation) 

KUfldasphaera sp. 
PI. V: 39 

Dese ripli on: The spheri cal to subspheri ca l vesicle is divided 
into 5- 6 fi elds by striated membranes. The pol ygons are largc 
and ilTegular in shapc. The membrane is 1/5 of the ves icle 
diameter in he ight and is connected to the vesicle by tiny 
filaments. The vesicle surface is shagrinate to slightl y granulate . 
No pylomc is observed. 

Dimensions: Vesicle diameter 10-- 12 ~ membrane he ight 
2-3 ~ Specimens measured: 3. 

Remarks: Thi s genus differs from the genus Pterospermopsis 



(W. WETZEL 1952) SARJEANT 1984 in ha ving membrane­
wall all ove r the ves icle. not only equato riall y. amI the genus 
CYII/{I{insphaera W. WETZEL 1933 in having membranes 
connected to the ves ic\e by tiny filamen ts. 

mnova ( 1975 ) describes the forms with ilTegularl y placed 
membranes, not onl y equalOriall y. as be longing to the genus 
Prerospern/Opsis, but they are di stinctl y larger in size than the 
present spec ies. 

Occurrcnce: Rare «0.5 Ck). onl y in preps. 654 and 706. 
Distribution in Estoni a, Rapl a borehole. Volhov to Pirgu 

regional stages. Lower to Uppe r Ordovician (Uute la & Tyn ni. 
in prcparation). 

Genus LEIOFUSA EISENACK 1938 
Restri cled by EISENACK 1965. emended and restri c ted by 
COMBAZ. LANGE & PANSART 1967 and CRAMER 1970 
Type spec ies: L.jilsifiJr/J/is (EIS ENACK) EISENACK 1938. p. 
28. PI. 4. Fig. 10.01"//1/1 hispidlllllji,si/orlllis EISENACK 1934. 
p. 65. PI. 4. Fig. 19. 

Leiojilsa gralllllacllris LOEBLlC H 1970 
PI. V:40 

Leil!li,sa gr<llllllacllris LOEBLICH 1970, p. 723-724. PI. 
18:A-E. 

Remarks: The g ranul ated. fusifonn ves ic\e has a poinled, 
simple process at each pole. The spec ies recordecl here is 
referable to Ihe type spec ies presenled by Loeb lich ( 1970b). 
excepl Ihat Ihe dimensions are small er. 

Dimensions: Vesicle length 20-22 ~. process length 20-22 
~ . Specimens measured: 10 

Occurrence: Rare «0.5--0.5 '7c). 
Dislribulion in Ihe Baltic area: Fin land: Aland boreho le. 

Middle Ordovician (Tynni 1982b). ESlonia: Rapla boreho le, 
Uhaku to Pirgu regional slages. Midcll e to Upper Ordov ieian 
(U utela & Tynni. in preparation). 

Distribution ou tside Europe: U.S.A. : New York. Marplewood 
sha le. Middle Silurian (Loeblich 1970b): Indiana. Eden shale. 
Upper Ordovician (Co lbath 1979). 

Leil!li,sa gralllllacllris fonna qllillcllf1.r n. fo nna 

PI. V:-+I 
Diagnosis: The central bocly is fus iform with a long hollow 

process al each pole. surface o rnamented by numerous sm all 
scall ered grana with a reg ul arl y quincucia l pattern. 

Dimensions: Ves ic le length 12 ~. process length 17 ~. 

Spec imens measured: 2. 
Remarks: The ronn d iffers rrom L. grwllllacllris LOEBLI C H 

1970 in hav ing a regularly quincucial grana pattern in it s surface 
ol11amentati on. Also the dimensions are sma lle r. 

Occu rrence: Rare «0.5 Ck ). onl y in prcps. 652 and 7 15. 
Dis tribution in ESlOni a. Rapla borehole. Vormsi to Pirgu 

reg ional stages. Upper Ordovic ian (U ule la & Tynni . in 
pre paration). 

Genus LEIOSPHAERID IA EISENACK 1958 emended by 
DOWNIE & SARJEANT 1963 
Type spec ies: L. balrica E ISENACK 1958. p. 8. PI. 2. Fi g. 5. 
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Leiosplweridia sp. I. 

PI. V:42 

3 1 

Desc ripti on: The subspherical ves icie is wrinkled so that they 
fo rm four 10 seven polygonal areas wirh irregul ar shape. The 
surfacc 01' the ves ic le is shagrin ate to slightl y g ranulal e. 

Dimcns io ns: Vesic le diameier 16-30 ~ . Specimens 
measured: 20. 

Remark s: Fromm and Kj c ll s tröm ( 1976) dcsc ri bes 
Leiosplraeridia sp. similarly wrinkl ed from the Lower Ordovician 
deposits of Lj ungsbro. Cenlra l Sweden. 

Occurrence: Common ( 10.0 '7c ). but onl y in prep. 663. abscnt 
elsewhere . 

Leinsphaeridia spp. 
PI. V:43 

Remarks: Specimens assignab le 10 thi s ge nus are moderate to 
common in a ll the pm iti ve sampies. Diameter varies from 6 to 
180 ~. The genus Leiosphaeridia is treated co llecli vcly here 
without identiricalion to species becausc it is of no importance 
as a daling spec ies. For the same reason it is nOI incl uded in Ihe 
pcrccntagc rat ios. 

Ordovician Leiosplweridia hairicci EISENACK 1958 has not 
been recorded in Ihe presenl material. 

Specimens measured: 3557. 

Genus LEIOVALlA EISENACK 1965 
Type species: (Leiofusa=) L. o\'(/lis (EIS E AC K 1938. pp. 
28-29. PI. -+:9). 

LeiOl',dia IImlis EISENACK ( 1938) 1965 
PI. V:44 

Synonym: Leio/usa o\"{llis EISENACK 1938. pp. 28-29. PI. 
4:9. 

Remarks: The thin psi laie. ova l ves ic le has rounded poles 
and is more c ircular in fo rm Ihan LeiOl'alia similis EIS ENACK 
1965. The length -width ralio va ri es 1.7-1. 8: 1 and is a linie 
larger Ihan in Ihe ori g inal desc ri pl ion. The dimensions are also 
more va ri ab le . 

Dimens ions: Length 36--100 p. width 12-55 ~. Specimens 
measured : 11 . 

Occurrence: Rare «0.5 '7rl in preps. 663. 695 and 697. 
Dislribution in the Baltic area: Poland: Podborowisko 

borehole, Upper Tremadocian. Lower Ordovician (Gorka 1969). 
Baltie errali cs. Lower 10 Midd le Ordov ician (Eisenack 1938. 
1959a. 1968). 

Leim'alia silllilis EISENACK 1965 

PI. VI:-+5 
Leim'alia silllilis EISE ACK 1965. pp. 139- 140. PI. 12:5. 

6. 
Remarks : The thin. ova l vesicle has rounded poles. Thc 

lengt h-width ratio vari es 2.0-3.0: I (2.2-2.5: I in the o rig inal 
di agnos is). 

Dimensions : Length 32- 125 p. width 15-55 .1. Specimens 
measured: 62. 

Occurrcnce: Rare to modera le «0.5 '7c-8.5 %, usuall y under 
2.0 'k). 

Dislribulion in Ihe Balli c area: Finland. errat ics from Ihe 
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Bothnian Sea, Ordovician (T ynni 1975); Aland borehole Middle 
Ordov ician (Tynni 1982b). Estonia: Rap la borehole , Volhov to 
Juuru regional stages, Lower Ordovician to Lower Silurian 
(U utela & Tynni , in preparation). Ordovic ian Baltic erratics 
(Eisenack 1965a). 

Distribution outside Europe: U.S.A.: Kcntuck y, Clays FelTY 
Fomlation , Upper Ordovic ian (Jacobson 1978). 

Genus LOPHOSPHAERIDIUM TIMOFEEV 1959 emended 
by LlSTER 1970 
Typc species (des ignated by DOW IE 1963): L. ramm 
TIMOFEEV 1959, p. 29. PI. 2:5 . 

Lophosphaeridillm cilrillipe/tallim CRAMER & DI EZ 1972 
PI. VI :46 

Lophosphaeridillm cilrillipe/la/1I111 CRAMER & DIEZ 1972, 
pp. 166- 167, PI. 35:58,59. 

Rcmarks: The light yellow spherical or subspherical vesic le 
is cove red with small tubercles without any de finit e pattern. 
The vesicle wall is thin and oft en folded . The dimensions vary 
more than in the original desc ription (13 30-50 11), larger 
spec imcns a lso be ing found here. 

Dime ns ions: Vesicle diameter 30-96 11. Specimens 
measured: 30. 

Occurrencc: Rare to moderate (0.5 %-3.5 %). 
Distribution in the Ballic area: Finland: Ordovician errati c 

boulders from the Bothnian Sca (Tyn ni 1975): Aland borehole, 
Middle Ordovician (T ynni 1982b). Estonia: Rap la borehole, 
Volhov to Juuru rcgional stages. Lower Ordovic ian to Lower 
Silurian (U utela & Tynni. in preparation) . 

Di st ribution outs ide Europe: U.S .A. and Canada. Silurian 
(Crame r & Diez 1972). 

LOp/lOsp/weridillni papil/mlll1l (STAPLIN 1961) DOWNIE 1963 
PI. VI :47 

Synonyms: ProlO/eiosphaeridillllll'apil/a/1I111 STAPLI N 1961. 
pp. 406-407. PI. 48: 10. I I. LOl'hos/,haeridilllll cf. P. papil/alitnl 
DOWNI E 1963. pp. 629-631. PI. 92: 12. Leiosphaeridia 
papillala DOWNIE & SARJ EANT 1964. p. 125. 
LOp/lOsphaeridilllll papil/alitl1l BAIN & DOUB INGER 1965. p. 
18, PI. 1:4. 5. 

Remark s: The sphe ri ca l to subspherical vesicJe is covered 
with blunt tu bercles of variab le size and withou l any definite 
pattern . The vesicle diameter is very much sma ller than in the 
original diagnos is (0 27-38 11) . but Rau scher ( 1973) has also 
recorded smaller individual s (0 15-30 11). In contras\. Gorka 
( 1979) has described di stinetl y larger ind ivid ua ls (44-64 11). 

Dime nsions: Vesicle diameter 7-28 11. maximum heigth of 
pap illae 0.2 11. Specimens measured: 73. 

Oecurrencc: Rare to moderate «0.5 ck-4.8 'k). 
Distribution in the Ballic area: Estonia. Rapla borehole. 

Volhov 10 Pirgu regional stages. Lower to Upper Ordovician 
(Uu tela & Tynni. in preparation ). Poland : Ol,ztyn borehole. 
L1anvirnian to L1andeilian. Middle Ordovician (Gorka 1979). 
Distribution in Europe: Britain: Lower Silurian (Downie 1963). 
Belgium: Silurian (Martin 1966a. 1967. 1968 ). France: Silurian 
(Moreau- Benoit 1974); Montag ne Noire and May-sur-Orne. 
Middle Ordovician (Rauscher 1973). 

Di stributi on outside Europe: Canada: Albe rt a. Uppe r 
Devon ian (S taplin 1961 ). 

Lophosphaer idium pi/osum DOWNIE 1963 
PI. VI:48 

Lophosphaeridium pi/osum DOWNIE 1963, p. 631 , PI. 92:2. 
Remarks : The spherical vesicle is covered with closely spaced 

solid spines. 
Dimensions: Ves icle diameter 24-40 J..l, spine length 2,5-

4 J..l, Spec imens measured: 25. 
Occ urrence: Rare to moderate (0.5-2.0 %). 
Distribution in Estonia, Rapla borehole, Volhov to Pirgu 

regional stages, Lower to Upper Ordovician (U utel a & Tynni , 
in preparation). 

Distribution in Europe: U.S. S .R.: Moscow synec li se, 
Ordovician (Umnova 1975). Britain : Wenlock, Wenlockian , 
Silurian (Downie 1963). France: Anjou, Siegenian and Emsian , 
Devonian (Moreau-Benoit 1967). Czechoslovakia, Klabava 
shales, Arenigian, Lower Ordovician (Vavrdova 1972). 

Genus MICRHYSTRIDIUM (DEFLANDR E 1937) DOWNIE 
& SARJEANT 1963 

Type spec ies: M . illCOIISpicuul11 DEFLANDRE 1937, p. 79, = 
Hyslrichosp/wera illcollspicua DEFLANDRE 1935, p. 233, PI. 
9. fi gs. 11 , 12. 

MicrhYSlridill111 hellryi PARIS & DEUNFF 1970 
PI. VI:49 

M icrhysrridillll7 hellryi PARIS & DEUNFF 1970, pp. 31-
32. PI. 2:2,10,14, 15 . 18; 3:7. 

Remarks: The smalI. spheri ca l is covered wit h sm all processes. 
lt differs from M . lIallllacolllhllln DEFLA DRE 1942 in having 
longer proccsses wi th wider bases. Remarkably common in the 
present material and in Estonia, Rapla borehole in view of the 
fact that it has not been recorded ea rli er in the Baltic area. 

Dimens ions: Ves icle diameter 8-20 11. only one individual 
as small as 4 11. length of processes 2-5 J..l, base of processes 
2-3 11. Specimens measu red: 258. 

Occurrence: Rare to common (0.7 %-19.5 o/c). 
Distribution in Estonia. Rapla borehole. Kunda to Juuru 

regional stages. Lower/Middle Ordovician to Lower Silllrian 
(U utela & Tynni. in preparati on). 

Distribution in Europe: France: Brittany. Llanvirnian (Paris 
& Deunff 1970): May-sur-Orne. L1anvimian, Middle Ordovician 
(Raucher 1973). 

MicrhrSlridill11l illCOIISpiclIlIII7 areniMicall ll 1ll PARIS & 
DEUNFF 1970 
PI. VI:50 

Micrhr.Hridilllll illCOIISpicllll11l aremoricallllm PARIS & 
DE NFF 1970 p. 32. PI. 2:20 

Remarks: The small. spherical vesicle has numero ll s conical. 
short processes. Accord ing to the original diagnosis the 
maximum length of the processes is a half of the vesicle d iameter, 
but the length is 1/2-2/3 of the diameter in this material. 
Thirt y processes of variable size can be seen distinctly in the 
optical seetion. some bifurcated. but most simple. All the 
specimens have collapsed inwards. 

Dimensions: Ves icle diameter 10-15 11. length of processes 
5-8 11. Specimens measured: 3. 

Occurrence: Rare «0.5 %). 
Di stribution in Estoni a. Rapla borehole. Uhaku to Ke il a 
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regional stages, Middle Ordovician (U ute la & Tynni , in 
preparation). 

Distribution in Europe: France: Brillany, L1anvimian, Middle 
Ordovician (Paris & Deunff 1970). 

Micrhyslridil/m nalll1acanrhum DEFLANDRE 1942 
PI. VJ:51 

Micrhyslridil/m nanllacanlhum DEFLANDRE 1942, p. 476, 
Fig. 13. 

Remarks: The smalI, spherical vesicle is covered with tiny 
spines. In the present material a median split is a common 
feature, its length sometimes exceeding 2/3 of the vesicle 
diameter. Dimensions are more variable than in the original 
diagnosis (!Il 10-14 ~). 

Dimensions: Vesicle diameter 6-20 ~ length of processes 
about I ~ Spec imens measured: 2193. 

Occurrence: Rare to dominant (0.7-76.0 %). 
Distribution in the Baltic area: Finland, erratics from the 

Bothnian Sea, Ordovician (Tynni 1975); Aland borehole, Middle 
Ordovician (Tynni I 982b). Estonia: Rapla borehole, Volhov to 
Juuru regional stages (Uutela & Tynni . in preparation). 

Also reported in many Ordovician to Silurian deposits in 
Europe (Eisenack el al. 1979a). 

M icrhyslridil/m robl/srum DOWNfE 1958 
PI. VI:52 

Micrhyslridilll11 robllsfllm DOWNIE 1958. p. 344. PI. 17:5. 
Figs. 3 a. b. 

Remarks: The spherical vesicle is granulated and covered 
with hollow, psilate processes of length is 1/3 to 1/1 of the 
vesicle diameter and numbering 22 in an optical section . The 
spec ies differs from the original diagnosis on having some 
branched processes. 

The species differs from Chelel/lOchroa gymnobrachiara 
LOEBLICH & TAPPAN 1978, wh ich is larger in size and has 
simple processes . Percullisphaera sliphospinala L1STER 1970 
has short er and si immer processes, and Mulliplicisphaeridiul11 
areolalul11 gralllllosl/111 JARDI E. COMBAZ, MAGLOIRE. 
PENIQ UEL & VACHEY 1974 has a basal constriction in each 
process, as docs Micrhyslridium pel/irum MARTIN 1975. 

Dimensions: Ves icle diameter 15-20 ~ process length 10-
15 ~. Specimens measured: 3. 

Occurrence: Rare «0.5 %). only in preps. 652, 654 and 7 15 . 
Di stributi o n in Europe: Be lgi um: Tre madoc ian and 

Ordovic ian/Silurian deposit s (Martin 1966b, 1968. 1973). 
Britain : Shineton shales. Lower Tremadocian , Lower Orclov ician 
(Downie 1958). France: Montagne Noire, Arenigian, Lower 
Ordovic ian (Rauscher 1973). 

MicrhYSlridiul11 slellalul11 DEFLANDRE 1942 
PI. VI :53 

Micrhyslridiul11 slellalul11 DEFLANDRE 1942. p. 476. Fig. 
7, 8. 

Remarks : The spherical ves icle has numerous conical 
processes. The desc ripti on conforrns to the origina l di agnosis, 
except that the wall is dark ye llow in colour and on ly 
exceptionally brownish and the spines are the same colou r and 
neve r almost black. The dimensions are more variab le than in 
the o ri ginal diagnosis (~ 11-16 ~). Martin ( 1966a. b, 1968) 
also describes sm aller fonns (!Il 9-20 ~) but wi th longer 
processes ( 1.5 x vesic le diameter). 
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Dimensions: Ves icle diameter 8-20 ~ Icngth of processes 
6-15 ~ width of processes 1--4 ~ distance between processes 
2-6 ~ number of processes 6-28. Specimcns measured: 589. 

Occurrence: Rare to dominant ( 1.0 %-61.8 %, usually under 
10.0%). 

Distribution in the Baltic area: Finland: Ordovician errati cs 
from the Bothnian Sca (Tynni 1975); Aland borehole, Middle 
Ordovician (Tynni 1982b). Estonia: Rapla borehole , Kunda to 
Juuru regional stages, Lower/Middle Ordovician to Lower 
Silurian (Uu tela & Tynni , in preparation). 

Also reported in many Ordovician to Silurian deposits in 
Europe (Eisenack el al. 1979a). 

Genus MUl.TIPLlCISPHAERIDIUM STAPLIN 1961 
Type spec ics: M . ramispinoslIl11 STAPLIN 1961 , p. 41 I , PI. 48 , 
Fig. 24, Tex t-Fig. 9 (g-h). 

Mulliplicisphaeridiul11 alloi leaui DEUNFF 1955 
PI. VII:54 

Synonyms: Micrhyslridiul11 alloreaui DEUNFF 1955, p. 148, 
PI. 4:3. Micrhyslridiul11 cf. alloileaui DEUNFF 1958, p. 32. PI. 
7:67; 10:94, 95. Ballisphaeridiul11 alloilealli DOWNIE & 
SARJEANT 1963, p. 89. Micrhyslridium raspa MARTIN 1965, 
p. 7, Fig. 5. Hyslrichosphaeridil/l11. MicrhySlridium cf. al/oilealli 
LISTER, COCKS & RUSHTON 1969, p. 602 . (A I11I11Ollidil/m 
=) Mulliplicisphaeridiul11 rigidiIlm Illdlol'ensis L1STER 1970, 
p. 50. PI. I, Figs. 6.12-14. 

Remarks: The small spherical vesicle is cove red wi th 
numerous small bifurcated or trifurcated processes. The ves icle 
wall is thick and possesses an excystment structure in the ronn 
of a partial rupture. 

The present spec ies differs from M. palmilella (CRAMER & 
DIEZ 1972) in having less numerous processes with trifurcatecl 
di stal terrninations. It resembles M . saharic llll1 L1STER 1970, 
but has more numerous processes with furcatcd di stal 
terrninations. M . waldrollel/sis TAPPAN & LOEBLICH 1971 
has longer ancl less numerous processes with six small branches. 
The species differs from all previously mentioned species, being 
smaller in size. since thc diameter of M . alloleaui is in range 
25-30 ~ accorcl ing to the original description . 

Dimensions: Ves icle diameter 8-28 ~ length of processes 
2-6 ~ width of processes 1-2 ~. Spec imens measured: 34. 

Occurrence: Rare to moderate «0.5 %-3.0 %. usually under 
1.0 %). 

Distribution in the Baltic area: Finlancl: Orclovic ian erratic 
boulders from the Bothnian Sea (T yn ni 1975): Aland borehole. 
Midclle Ordov ic ian (Tynni 1982b). Sweden: Östergötland , Ekön 
borehole, Lower Viruan. Middle Ordovic ian (Kjell ström 1976). 
Estonia: Rapla borehole. Volhov to Pirgu reg ional stages, Lower 
to Upper Ordovic ian (U utcla & Tynni , in preparation). 

Di stribution elsew here in Europe: Belgium: Ko rtrijk 
Ordovician (Martin I 966a, 1968). Britain: Kent , Caradocian 
(L ister el. al 1969). 

Recorded also in Middle Devonian deposits in Canada (Deunff 
1955 ). 

Mulliplicisphaeridiul11 hijurcallll11 STAPLIN. JANSO IUS & 
POCOCK 1965 
PI. Vll: 55 

Mulliplicisphaeridium bi!lIrcarul11 STAPLIN , JANSONIUS 
& POCOCK 1965. p. 182, PI. 18: 13. 
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Remarks: The spherical to subspheriea l vesi cJe has numerous 
bi fureated processes. The spee ies reeorded here has proeesses 
shorter than a half of the di ameter. Bifurcati on of the pocesses 
is irregular ancl the branches are vari able in length . Some very 
small indiv iduals are also recorded. 

Thusu ( 1973) also describes a spec ies Mll i riplicisphaer idilim 
bi(lIrcarllll1 (ex-Filisphaeridium bijllrcarul11 ). the genus has been 
ehanged by Eisenaek el al. ( 1976, p. 449, may be by mi stake), 
with rat her short proeesses and it is diffe rcnt fro m the spee ies of 
Stap lin el al. ( 1965 ). 

Dimensions: Yes icJe diameter 8-30 ~ length of proeesses 
4--20 ~ d istanee between processes 4-- 14 J.l.. Spec imens 
measurcd: 95. 

Oecurrence: Rare « 0.5-1.5 %). 
Distri bution in the Balti e area: Finland: errati cs from the 

Bothn ian Sea. Ordov ieian (T ynni 1975): Aland borcho le, Midd le 
Ordov ic ian (Tynni 1982b). Estoni a: Rapla borehole, Kunda to 
Juuru regional stages. Lower/Middle Ordovie ian to Lower 
Silurian (Uutela & Tynni , in preparation). 

Distribution outside Europe: Canada: Ant icosti Island , 
subsurface, Midd le Ordovie ian (Staplin eI. al 1965); Quebec, 
Caradoc and Ashgill (Martin 1980). U.5. A.: Ccntral No rth 
America, Middle and Upper Ordovician (Loe bl ieh & Tappan 
1978). 

M ll il iplicisphaeridillm irreglilare ST APLI , JANSO IUS & 
POCOCK 1965 
PI. YlI :56 

Mullip l icisphaeridill l11 irreglilare ST APLI . JANSO IUS 
& POCOCK 1965, p. 183, PI. 18: 17. 18. 

Remarks: Thc subspherieal ves ic lc has nu merous irreg ul arl y 
furcatcd proccsses. The processes in some ind ivid uals are a 
lin ie fi rmer in the present materi al than in the o ri ginal di agnos is. 

Dimensions: Diameter 15-20 J.l., length 01' proeesses 10--
20 ~ number of processes 5- 10. Speci mens measured: 6. 

Occurrencc: Rare to moderate « 0.5- 11.0 0,0). 

Distribution in the Balti c area: Finland : erra ti cs from the 
Bothnian Sea, Ordov ician (Tynni 1975). Eston ia: Rapla boreho le. 
Kunda 10 Juuru regional stages, Lower/Middle Ordov ician to 
Lower S ilurian (U ute la & Tynni , in preparation). 

Di stri bution in Europe: U.S.S. R.: M 0SCOW synee li se. 
Caradoc ian, Middle Ordovician (Umnova 1975). ßdgium: 
Silurian (Mart in 1968). 

Distributi on out side Europe: Canada: Anti eosti Island , 
subsurfacc, Middle Ordov ic ian (Staplin el. al 1965); Quebcc. 
Caradoc and As hgill (Martin 1980). U.S.A.: Central North 
Amcrica, Middle and Upper Ordov ie ian (Loeblich & Tappan 
1978). 

Mll i liplicisphaeridillm radicoswlI LOEBLl Cl j 1970 

PI. YII :57 
M ll flip licisphaeridill l11 radicosll l11 Loebli ch 1970, p. 730. Figs . 

23 A-E. 
Remarks: The ves ic le is subeirc ul ar, thi n-wallcd and wrinklcd, 

with the procc,scs commu nieating with the vesiele cav ity. T he 
processes have bifu reatcd or trifurcated, usuall y blun t, someti mes 
ac uminate. d ista l terminati ons. Accordin g tn the ca talogue 0 1' 
Eisenack el al. ( 1973) it is a junior synonym 01' M . coral/inll l1l 
EISE ACK 1959. bu t thc presen t writ er is inc lincd to di sagrce 
becausc of the different nature 0 1' the processes. 

The spee ies recordcd he re diffe rs ('rom M . dig ilarl/fli 
EIS ENAC K 1938. wh ich has more c1 ea rl y scparatcd proecsscs 

with longer, acuminate branches. M. coral/inul11 EISENACK 
1959 has long processcs which are more branched. It bea rs a 
greater resemblanee to M . \'isbyense EIS ENACK 1959. but the 
processes separate more c learly rrom the ves ic le. M . \'ishvellse 
is of conside rab le size. 

Dimens ions: Yesic lc diameter 40--70 J.l., Icngth of processes 
9-24 J.l.. Total di ameter in 100 J.l.. Spec ime ns meas urcd : 6. 

Occurrence: Moderate (6.3 %). but onl y in prep. 7 18, 
elsewhere absen t. 

Di stri but ion in Estoni a, Rapla boreho le. Ke il a and Yormsi 
reg ional stages. Middle and Upper Ordovic ian (Uu te la & Tynni , 
in preparation). 

Distri bu ti on outside Europe: U.S.A.: Ok lahoma. Sy lvan Shalc, 
Upper Ordovician (Loeb lieh 1970b). Canada: Montrea l and 
Quebce. Ordovie ian (Marti n 1983). 

M lllriplicisp!wer idill l11 ramllsCll loSll 111 ramll .l'Cll loSlI 111 (CRAM ER 
& DI EZ 1972) 
PI. YII :58 

Synonym : Balr isplweridi ll l11 ramllSC Ll lo.l'Wl1 ramllscliloSlI1I'I 
Cramer & Dicz 1972. pp. 156- 157. PI. 35:41. fi g. 8. 

Remarks: Thc spheri ea l ves ic le has clea rl y d ilTcrenti ated ancl 
irreg ul arl y branc hed processes. The number of processes seen 
in an optieal scction is I I . All the spec imens rccorded are 
sm all er than in the orig inal dese ri pt ion (" 40--55 J.l. ), and not all 
of the processes exceed the ves ic le d iameter. 

Dimensions: Yesic le diameter 15 ~ proeess Ic ngth 8-20 J.l.. 
Specimens meas ured: 3. 
Oce urrenee: Rare «0.5 %). onl y in preps. 652 and 654. 
Distribution outside Europe: U.5. A.: Ohio, Kentucky. Indiana, 

Mai ne and Canada: Quebec. a ll L1 andoverian. Lowcr Silurian 
(E isenack er ul. 1973). 

Mll iriplici.l'phaer idill lll raspa CRAMER 1964 
PI. YII :59 

Synonyms: Baflisplweridilll l1 raspa C RAMER 1964, PI. 
2: 16- 19. M icrhv,\' lridiLlI71 raspa D EF L A DR E & 
DEFLA DR E 1965. fiches 2488.2489. 

Remarks: The sphc rieal vesiele has numerous coniea l 
proce,ses which may furcate to thc second or th ird order. Thc 
individ ua ls reco rded are similar to those 01' Crame r ( 1964 ) and 
the dese ription confo nns to the o ri gina l d iagnos is. 

Dimensions: Yesicle di ameter 10-12 J.l.. length of processcs 
2--4 J.l.. Spec imens meas ured: 3. 

Occ urrenee: Rare «0.5--0.5 '1c), in pr"ps. 654, 663 and 704. 
Di stribution of the Baltic arca: Finland : Aland borehole, 

Middle Orclov ic ian (Tynni 1982 b). Estoni a: Rapla boreho le, 
Kunda to Pirgu reg ional stages. LowerfMidd le to Uppcr 
Ordov ic ian (U utc la & Tynni , in preparati on). 

Distribution in Europe: Spain : Leon, Devonian (Cramer 1964). 
Bclg ium : Ordov ician and Silurian (Mart in 1966a. b. 1968). 
Franee: Montagne No ire. Arenigian. Lower Ordov ic ian 
(Rauscher 1973). 

Dis tribu ti on ou tside Europe: U.5.A.: Indiana. Eden Shalc 
borehole, Uppcr Ordovicia n (Colbal h 1979). 

Mlliriplicisphal'ridilllll .\P I . 
PI. YII :60 

Desc ri ption: The thi ck spheri cal ves ic lc is denscly cove recl 
with short proccsse:-.. of ave rage Icngth 1/ I 0 0 1' thc ves ic le 



diameter. The processes are slightly branched palmately at their 
di stal point. The surface of the vesicie is irregularly verrucate, 
visible only by the electron microscope, and the processes are 
psilate. The processes do not communicate with the interior of 
the vesicie. The excystment structure form s a median splil. 

Dimensions: Vesicle diameter 25-38 ~ process length 2-
3 ~ wall thickness 0.5 ~. Specimens measured: 22. 

Remarks: The species found in the present material has the 
same kind of processes as M . got/andicum (EISENACK 1954) 
EISENACK, CRAMER & DIEZ 1973, but differs in having 
more of them, and al so a granulated surface, and being smaller 
in size. Peteinosphaeridium breviradiatum EISENACK ( 1959) 
1969 has less obviously furcated processes and a round pylome, 
with no median splil. 

Occurrence: Rare to common (0.5- 12.0 %), only in preps. 
648 and 654. 

Distribution in Estonia, Rapla borehole, Kunda to Nabala 
regional stages , Middle to Upper Ordovician (Uutela & Tynni , 
in preparation). 

Mu/tip/icisphaeridium sp . 2. 
PI. VII :61 

Description : The smalI , spherical vesicic is covered with 
numerous, small regularly palmatcly branched processes wh ich 
communicate freely with the interior of the vesicie. The vesicie 
surface and processes are psilate. 

Dimensions: Vesicie diameter 9- 12 ~ length of processes 
1.5-2.0 ~ width of processes 0.3---0.5 ~ distance between 
processes 1-2 ~ number of processes visible in equatori al 
sect ion 40---100. Specimens measured: 2. 

Re marks : Th e species c lose ly resembles Mu/ti ­
p/icisphaeridium pa/mitella CRAMER & DIEZ 1972, but 
furcation of the processes is regularl y palmate, forming six 
small branches as in M . wa/drollensis TAPPA & LOEBLICH 
1971 , but differing from the laller in having a greater number of 
processes wh ich nearl y join together. lt also resembles M . 
carraSCUnl CRAMER 1967, but its processes are not regularl y 
furcated and it is still larger in size . The spec ies recognized here 
is distinctly smaller size than those mentioned befo re. 

Occurrence: Rare «0.5 %). Specimens are so smallthatthey 
can be di scemed only in the SEM image. They may thus be 
more common than indicated he re. 

Distribution in Estonia . Rapla borehole. Kunda to Pirgu 
regional stages, Lower/M iddle to Upper Ordovician (U utela & 
Tynni. in preparation). 

Genu s NANOCYCLOPIA LOEBLICH & WICANDER 1976 
Type spec ies: N. aspirati/is LOEBLICH & WICANDER 1976, 
pp. 18-1 9, PI. 6:4-7. 

Nallocyclopia sp . 
PI. VII:62 

Desc ription : The sphericalto subspheri cal vcsicie has a den se 
omamentation oftiny nubs 01' protensions. There is an operculum 
with a thicker, slightly e levated area, but a smalI , round pylome 
opening is al so recorded. The vesic\e wall is thick. 

Dimensions: Ves ic\e diameter 26-80 ~. wall thi ckness 2-
6 ~ operculum diameter 10---22 ~, pylome di ameter 3-5 ~. 
Spec imens measured: 13. 

Remarks: The spec ies resembles the genus Nallocyc/opia 
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LOEBLICH & WICANDER 1976, but it is impossible to verify 
by electron microscopy whether a fimbriate margin exists as is 
seen by light microscopy. Some of the specimens in the present 
material also have a smalI , round pylome in addition to the 
thicker, s lightly elevated area of the operculum. The 
omamentation of the vesicie al so resembles that of the genus 
Lophosphaeridium TIMOFEEV 1959, but covers it more 
densely. 

Occurrence: Rare (0.5- 1.5 %). 
Distribution in Estonia, Rapla borehole, Volhov to Pirgu 

regional stages , Lower to Upper Odovician (Uute la & Tynni , in 
preparation). 

Genus NODUSOSPHAERIDIUM n.g. 
Type species; N . rubus n. sp., here designated. 

Nodusosphaeridium ruhus 11 . sp . 
PI. VIII:63 

Diagnosis: The subspherical vesicle has a large pylome, equal 
on average to a half of the vesic\e diameter. The vesicie is 
covered with numerous out ward swellings of variable size, 
which carry smalI , thin , bifurcated processes wh ich do not 
communicate with the swelling. The vesicie surface is psilate. 

Dimensions: Vesicle diameter 40 ~ pylome diameter 23 ~ 
swelling diameter 3-5 ~, process length 3.5 f.i- Specimens 
measured: I. 

Remarks: The genus Stelliferidium DEUNFF, GORKA & 
RAUSCHER 1974 has a large pylome but its ornamentation 
has a striated pattern . The genus Cymatioga/ea DEUNFF 1961 
also has a large pylome, but the processes fonn a polygonal 
pattern on the vesic\e surface. Mu/tiplicisphaeridium mutahi/e 
(SANNEMAN 1955) EISENACK, CRAMER & DIEZ 1973 
and Vu/canisphaera (=ex-Ba/tisphaeridium) tuherata (DOWNIE 
1958) EIS ENACK, CRAMER & DIEZ 1973 have larger 
outward swellings with a communicating process and no pylome. 

Occurance: Rare « 0.5 %), only in prep. 7 12. 
ot recorded at Rapla borehole. 

Derivation of name: Nodlls L. a rounded swelling, sphaeridillm 
L. spherical, ruhus L.raspberry. 

Holotype: GSF prep. 712. The spec imen is illustrated on PI. 
VIII:63 

Locus typicus: Erratic boulder from Kalanti , OTR-21 -NKK, 
Middle Orcovician. 

Genus ORTHOSPHAERIDIUM EISENACK 1968 emended 
by KJELLSTRÖM 1971 
T ype spec ies: O . (ex- Ba/tisphaeridium ) rectangu/are 
EIS ENACK 1963, P. 211, PL 20: I. 

Orthosphaeridium densiverrucosum KJELLSTRÖM 1971 PI. 
VIII:64 

Orthosphaeridium densil'errucosum KJELLSTRÖM 1971, 
p. 30, Fig. 20. 

Remarks: The vesic\e is slight ly angular and almost divided 
in half by a partial rupture. lt is covered with strong spinules, 
and the processed by sm all er ones. The constricted proximal 
process junction has solid plugs at the base with the vesicle. 
The vesicle wall is thinner and the 6 processes are slimmer than 
those described by Kjellström ( 1971 a) and Gorka ( 1980). 
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Loeblieh and Tappan ( 197 1) note the strong ornamentaiion 
and less numerous processes on the genus Onhosphaeridi llm as 
a typical feature in the lower part 01' the Middle Ordovie ian. 
whereas number 01' proeesses inereases in younger depos its. 
Thi s pattern does not hold good in the Baltie area . 

Dimensions: Yes ic\e diame ier 40 x 50-50 x 60 /J. length of 
proeesses 20----40 ~, width 0 1' proeesses 5 ~l. Specime ns 
measured : 2. 

Oee urranee: Rare « 0.5 %), onl y in preps. 648 and 652. 
Distribution in Ihe Balti c area: Sweden: Gotland boreho le. 

Lower Viruan. Midd le Ordov ic ian (Kje ll strölll 197 1 b). ESlOnia: 
Rapla boreho le Aseri to Oandu regional stages, Middle 
Ord ov ic ian (U utela & Tynni , in preparati on). Po land : Strabala 
borehole. L1 anv irnian. Midd le ordov ie ian (Gorka 1980). 

o t reeorded out side the Baltic area. 

OnllOsphaeridilll ll i llSC ll lplil1l1 LO EBLICH 1970 
PI. VIII :65 

On!Josplllleridill lll i ll sclllprlll1l LOEBLI CH 1970. pp. 734-
735. PI. 30:A-E. 

Rcmarks : The subquadralic ves icle has e iglh di stall y whip­
likc processes and is ornamcnted with grana. Thc ploecsses are 
sli ghtl y granulated. with ps i laie dislaI lelmi na lions and seem to 
be equal in lengt h hUI o[ va ryi ng widlh . 

Dimensions: Ves ie le di ameie r 50 ~. le nglh 01' processes 55-
80 ~, width o[ processes 8 p. num ber o [ proecsses 8. Specimens 
measurcd: 3. 

Oec urrence: Rare «0.5 eie). only in preps. 652 and 654. 
Distrihution in Estonia : Kapla borehole. Ascri to Pi rgu reg iona l 

stages. Midd le 10 Uppcr Ordov ician (Utllcla & Tynni . in 
pre paration). 

Distri htlli on outs ide Europe: U.S.A.: Sy lva n shale . Upper 
Ordov ic ian (Loehli ch 1970b). Canada: Quebeck. Caradocian 
and Ashgilli an. Midd le and Upper Ordovic ian (Marti n 1980). 

Onhosphaeridilllll \'ihrissi/"rlllII LOEBLI C H & TA PPAN 1971 
PI. VIII: 66 

Onhosl lhaeridilll1l \'ibrissi/"r11111 LOEB LlC II & TAPPAN 
1971. pp. 186- 188, ri g. 7- 12. 

Remark s: Thc subquadrati c ves icle has fo ur long processes. 
Thc ves ie le and proeesses arc granul alcd from Ihe ba sc to the 
middle. but the orn amenlalion is not so pronounced as in the 
individua" descri hed by Loeblich and Tappan ( 1971). The 
processes exceed the ves ic\e diameier. 

Dimensions: Ves icle d iameier 45-60 p. lenglh 01' processes 
50-80 p. widlh o[ processes 7- 10 p. nu mbe r 01' processes 4 (5 
in one speci men). Spccimc ns measu red: 3. 

Occurrence: Rare «0. 5 'Ir). only in prep'. 648. 654 and 70 1. 
Dis lribution in Ihe Balli c area: Estonia: Rapla borehole. Ase ri 

10 Pirgu regional stages. Middle to Uppcr Ordov ician (U utc la & 
Tynni. in prcparat ion). Poland: Olszlyn borehole. Caradoc ian. 
Middle Ordov ie ian (Go rk a 1979). 

Distribut ion ou tside Europe: U.S.A.: Ok lahoma. Bromide 
Fonnati on. Midd le Ordovie ian (Loeblich & Tappan 197 1). 

Genus PETEINOSPHAERID IUM STAPLI N. JANSO NIUS & 
POCOCK 1965 emended EISENACK 1969 
Type spee ies: P. rrijll rcarllm (e.r-hergsrrölllii) STAPLI N. 
JANSONI US & POCOC K 1965. p. 194, PI. 20: 13. 

Pereillosphaeridium hereromorphicllm KJ ELLSTRÖM 1971 
PI. VIII :67 

Pereinosphaeridium hereromorph iclIm KJELLSTRÖM 197 1, 
p. 53. PI. 4:2. 

Remark s: The spheriea l ves iele has two different lypes o[ 
processes, whieh do nOl eommunieate wilh the interi or of the 
ves icle. Proeess length varies more than in the spee ies described 
by Kjell ström ( 197 Ia), some indi viduals be ing as sma ll as 30 p 
in diameter (67-76 ~ in the original di agnos is). 

Dimens ions: Yes iele d iamcter 30-60 ~, le ngth o[ proeesses 
8-30 /J. width of proeesses 2-6 ~, distance be tween proeesses 
7-20 /J. nu mber o[ processes 9-2 1. Spec imens measured : 17. 

Oeeurrenee: Rare to moderale «0.5 %-3.5 %. usually under 
1.0%). 

Distribution in the Baltie area: Fi nl and : erratie boulders from 
Ihe Bothnian Sea . Ordovic ian (Tyn ni 1975); Aland boreho le, 
Ordovician (Tynni 1982b). Sweden: Gotl and boreho le. Lower 
Viruan. Middle Ordov ieian (Kjell ström 197 1 a) . Estoni a: Rapla 
boreho le. Ase ri to Pirgu reg ional slages. Middle to Upper 
Orelov ician (U ute la & T ynn i, in preparation). 

Pf!reillOSphaeridi ll lll l1IiCralll lll ll11 (EISE ACK 1959) 
PI. VII I:68 

Synonym: Balrisplwf!ridill ll1 l1I;crallrhlll1l EISENAC K 1959, 
p. ~03, PI. 17: 13. 

Kemarks: Thc sphe rical ves iele wa ll is Ihiek and dense ly 
eovered with shon . slender processes with fureated di slaI 
te rmina ti ons. A c ireular py lome is o rten recorded. The spee ies 
d ifl'ers fro m A.risphaeridi ll l1l rricolllllllleiare 11. sp. in hav ing 
proeesses 01' d i[[e ren l kinds. they may be triangled or quad ratie­
shapeel in the same ind ividual and have broad or [ureated d istal 
te rmi nati ons. T he py lome is large. 

Dimensions: Vesic le diamCler 40-80 ~ . lenglh of processes 
2-6 ~. py lome e1i ameter 20 p. Spec ime ns measured: 5. 

Occu rrc ncc: Rare (0.5- 1.0 'k). 
Distri btllion in Ihe Balti e arca: Fi nland: Ordov ic ian errati es 

[rom Ihe Bothni an Sca (T ynn i 1975). Estonia: Reval (=Tallinn ). 
Mega laspis limestone. B". Lower Ordovicia n (E isenaek 1959a); 
Rapla horcho Ie. Kunda 10 Johvi reg iona l stages . LowerfMidclle 
to Mi del le Ordovieia n (U tue la & Tynni. in preparalion). 

PNeillosplweridilll// /W//Ojill"Cl1fI1l1l KJ ELLSTRÖ M 197 1 
PI. VIII :69 

Pf.'rf!iIlOSpllOf!ridilllll /1O/1O(lIrcorlllll KJ ELLSTRÖM 1971. p. 
55. PI. 4:5. 

Remark s: The spherical ves iele has nu merous sma lI . bi fu rcated 
proeesses wilh bu lbous dislaI te nn inalions. Dcseription eon[onns 
to Ihe origi nal one except that the processes are a liltl e longer. 
1/1001' Ihe vcsic\e diametcr. 

Dimens ions: The on ly spec imen is small er than in the o ri g ina l 
dese ripl ion (0 60-7 1 ~). ves ic le c1 iame lcr 54 p. length o f 
processes 5 p. width 01' processes I p. dis tance belwcen proeesses 
5 ~ . Speei mens measured: 2. 

Occ urrence : Rare «0.5-0.7 Ck). on ly in preps. 7 12 and 7 15. 
Distribulion in Ihc Bal tie area: Sweden: Gotl and borehole. 

Lowcr Vi ruan. Middle Ordov ie ian (Kjellström 197 1 a). Estonia: 
Od ins ho ll11 subsurface. Lower Viruan. Midd le Ordov ic ian 
(Bockeli e & Kjell ström 1979): Rap la borehole. Kukruse regional 
stage. Midd le Ordov ician (U ulcla & Tynni. in prepa rati on). 

NOI recordcd ou tside lhe Ball ie area. 



Pe/eillosphaeridillm I1Udllm (EISENACK 1959) 1969 
PI. VIII:70 

Synonyms: Ba//isphaeridium /ri[urea/um nudum EISENACK 
1959, p. 203, PI. 17:4---6. Ba//isphaeridium /rifurcatum fonna 
IIlIda DOWNIE & SARJEANT 1963, p. 90. Ba//isphaeridium 
/rifllrcatum subsp. l1udum DOWNIE & SARJEANT 1964. p. 
98. Ba//isphaeridium IIlldum STAPLIN, JANSONIUS & 
POCOCK 1965. pp. 190---191, PI. 20:2, 6-8. fig . 12. 
Peleinasphaeridillm /lIldum EISENACK 1969, p. 25. 
OrdOl'iciul1l e/egan/u/wl1 TAPPA & LOEBLICH 1971 , pp. 
398-400, PI. 7: 1-7. 

Remarks : The spherical vesicle of the present species has 
both a psilate and a granulate surface. The species OrdOl'icilll1l 
e/egal1lu/um TAPPAN & LOEBLICH 1971 and P. I1l1dum 
EISENACK (1959) 1969 are combined here becallse the 
granulation of Ihe vesic le and processes is too slight 10 enable 
idcnlification as O. e/egol11u/um. The granu les are dislinctly 
smaller than in the species described by Tappan and Loeblich 
( 197 1). P . I1Udllm has slimmer processes Ihan O. e/egal1lu/um, 
bUI no difference in the width of Ihe processes exists here 
between the granulaled and psilate fonns. No inconsislency in 
dating arises from Ihe decision 10 combine these two spec ies. 
Martin (1973) describes some slill smaller individuals (iil 22-
45 ~) than in the present study. 

Dimensions: Vesic\e diameter 33-68 J.I, length of processes 
4--30 J.I, width of processes 2-4 J.I, distance between processes 
6-26 J.I, nllmber of processes 7-24. 97 % of the spccies are 
sma ll eI' Ihan 60 ~ in size. Specimens measurcd: 38. 

Occurrence: Rare to moderate (0.5 %-4.5 %). 
Distribution in Ihe Baltic area: Finland: erratic boulders from 

the Bothnian Sea, Ordovician (Tynni 1975); Äland borehole, 
Middle Ordovician (Tynni 1982b). Sweden: GOIland borehole 
(Kjell ström 1971 a); Öland borehole (Kjellström 1972); 
Vüslergötland borehole (Kjellström 1976), all Lower Viruan, 
Middlc Ordovician. Estonia: Odinsholm subsurface, Lower 
Viruan, Middle Ordovician (Bockelie & Kjell ström 1979); Rapla 
borehole, Lasnamägi 10 Pirgu regional stages, Middle to Upper 
Ordovician (Uulela & Tynni, in preparalion). Estonia and Latvia. 
Middle Ordovician (Umnova 1975). Poland : Zebrac borehole, 
L1andeilian and Mielnik borehole. Caradocian (Gorka 1969); 
Olszlyn borehole, L1anvimian 10 Caradocian (Gorka 1979): 
Sirabala borehole, L1anvirnian, all Middle Ordovician (Gorka 
1980). 

Distribution in Europe: France: Montagne oire. Arcnigian 
(Rauscher 1973). Belgium: Deerlijk. Ordovician and Silurian 
(Martin 1973). Bulgaria: Iskar Gorge. Caradocian. Middle 
Ordovician (Kalvacheva 1986). 

Peleil1osphaeridilll1l pan'ispillosul1l 11. sp. 

PI. VIII:71 

Diagnosis: The spherical vesiclc has a dense covering of 
nllmerous short. Ihin. trifurcated processes which do nOI 
communicale with Ihe interior of Ihe vesicle. No pylome is 
observed. 

Dimensions: Vesicle diameter 25-40 ~~ process lenglh 4-
5 J.I, furca length 0.5-1 J.I, wall whickness 0.5 ~. Spccimens 
measured: 4. 

Remarks: The species resembles P. hysrrichorericlI/a/llm 
(E ISENACK 1938) EISENACK, CRAMER & DIEZ 1973 in 
having small hairy processes, but differs in the absence of 
reticlilate areas on Ihe vesic\e. lt also differs from P. 
brel'iradiaTIII1l EISE ACK ( 1959) 1969 in having thinner and 
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more nllmerous processes. Ba/lisphaeridilll1l I1II1/ripi/oSIII?1 
EISE ACK (1931) 1958 has simple processes. nOI Irifurcated. 

Occurrence: Rare «0.5 %), in preps. 648, 654 and 7 15 . 
Not recorded al Rapla borehole. 
Derivalion of name: Par"i L. smal\. SpilloslIm L. process. 
Holotype: GSF prep. 648. Thc specimen is illuSlraled on PI. 

VIII:7\. 
Locus typicus: Erralie from Ihe island of Spikarna. Hanko, 

southwestern Finland, Middle Ordovieian. 

Peleinosphaeridillm pallciji,rCaTlim (EISENACK 1959) 
PI. IX:72 

Synonyms: Ba//isphaeridillm /rifurcoTllIll form a pallci­
[ urea/um EISENACK 1959, p. 203. PI. 17:8- 10. fig. 10. 
Ba//isphoeridium biji,rcaTlim pOllcijilrco/llm STOCKMANS & 
WILLIERE 1960, p. 5. Pereillosphaeridillm pallciji,rcaTlim 
EISE ACK e/ a/. 1973. p. 919. 

Remarks: The spherical, ralher thiek. shagrinale vesic\e has 
s lender, psilate processes, smal ler Ihan Ihe ves ic\e diameier. 
The processes are less numeroll s than in P . /riji lrcaTlim rypicum 
(EISENACK 1959) GORKA 1969, and Ihe furcalions are shorter 
and lack the pCleinos found in P. /rijill'Calll/1l /ollgiradia/um 
(EISENACK 1959). No pylome observed. 

Dimensions: Vesicle diameter 50---60 J.I, process length 20---
40 ~. Specimens measured: 2. 

Ocellrrence: Rare «0.5 %), on ly in preps. 648 and 7 15. 
Distribution in the Ballic area: Finland: Ordovician erralics 

I'rom the Bothnian Sea (Tynni 1975). Estonia: Rapla borehole, 
Idavere regional stage. Middle Ordovician (UlIlcla & Tynni, in 
preparation). Estonia; erralics. Latorp regional slage. Lower 
Ordovieian (Eisenack 1959a). 

Dislribution in Europe: U.S.S.R.: Moseow syneclise. Lower 
to Midd le Ordovician (Umnova 1975). 

Pereillosphaeridilll1l tn!lIrCOTllm? EISENACK (193 1) 1969 
PI. IX:73 

Synonyms: O"UIll hispidlllll /rifllrCaTllm EISENACK 1931 , 
p. 231. Hys/richosphaeridilllll rrifllrcalLll1'l EISENACK 1938, p. 
8. Ba//isphaeridillm /rijill'CoIl1/11 f. rypica EISENACK 1959, p. 
202. Pereil/osphaeridiw1'I bergs/romii STAPLlN, JANSONIUS 
& POCOCK 1965, p. 194. Pe/eillosphaeridiul17 rrijurcarum 
EISENACK 1969, pp. 254-255. 

Remarks: The spherical vesiele has seven to nine slender and 
distally furcaling processes , whose length does nOI exceed the 
vesicle diameter. Proeesses has no peteinos and therefore 
identification is unslIre. The sllrface 01' Ihe vesicle is shagrinale 
10 microgranulale and processes are psilaie. No pylome observed. 

Dimensions: Vesiele diameter 30-50 J.I, process \cnglh 12-
30 ~. Specimens measured: 6. 

Occurrence: Rare to moderate (0.5-2.7 %), only in preps. 
70 1 and 7 18. 

Dislribution in Estonia, Rapla borehole. Uhaku regional stage, 
Middle Ordovician (Uutela & Tynni, in preparation). 

Also reported in many Ordovieian 10 Silurian dcposits in 
Europe (Eisenack er a/. 1979a). 

Pereil10sphaeridillm /riflirCaTliIll /ollgiradiarlll?1 (EISENACK 
1959) 
PI. IX:74 

Synonym: Ba//isphaeridilll17 ,riji,rCaTllm fonna /ollgiradiata 
EISENACK 1959, p. 202. 
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Remark s: The spherical vesicle has numerous long and 
trifurcated processes. The description confonTIs to the original 
one. The process wall is thinner than that of the central body. 
No pylome is usua ll y recorded. 

Dimensions: Vesicle diameter 30--40 ~ length of processes 
20 ~ width of processes I ~ number of processes 10--14 (40 
in the original description). Specimens measured: 3. 

Occurrence: Rare «0.5 %), in prep. 696. 
Distribution in the Balli c area: Estonia: Rapla borehole, 

Lasnamägi to aba la regional stages, Midd le to Middle/Upper 
Ordovic ian (Uute la & Tynni , in preparation). Baltic Ordovician 
erratics (Eisenack 1965a). 

Not recorded outside the Baltic area. 

Genus PHEOCLOSTERIUM TAPPAN & LOEBLICH 1971 
Type species: P.jLlsinLllaegerLim TAPPAN & LOEBLlCH 1971, 
p. 400, PI. 6:1-7. 

PheoclosreriLim sp. I. 

PI. IX :75 
Description: The ovoid vesicle is covered with numerous 

short , c1aviform processes wh ich are distributed more densely 
at the narrower point . The processes do not communicate with 
the interior of the vesicle. The surface of the vesicle is shagrinate 
to slight ly granu late. 

Dimensions: Vesicle diameter 25 x 35-30 x 45 ~ process 
length 4-5 ~ Specimens mcasured: 2. 

Remarks: The genus PheoclosreriLim TAPPAN & LOEBLICH 
1971 has processes which communicate wi th the interior of the 
vesicle interior. According to Cramer & Diez (1979, p. 114), 
some genera can include forms with and without the 
communieation , so that thi s should not be taken as a taxonomie 
criterion by as a ehronologieal, regional or environmental odd ity. 
These two speeimens are therefore both identi fied to the genus 
PheoclosreriLim. 

The speeies differs from P. jLlsinLllaegemm TAPPAN & 
LOEBLICH 1971 in hav ing claviform proeesses whieh are 
more numerous of the narrower point , and from Pirea omara 
(BURMAN 1970) VAVRDOVA 1972 in having no apical 
horn . 

Occurrence: Rare «0.5 %) , in preps. 648 and 654. 
Not recorded at Rapla borehole. 

PheoclosreriLim sp. 2. 

PI. IX:76 
Desc ription : The ovate ves icle is covered with numerous 

simple, eapitate processes with e lavate distal terminations and 
of a length corresponding on average to 1/10 of the vesicle 
wid th. The processes, which are distributed more dense ly at 
both poles, do not eommunicatc with the interior of the ves ic le . 
The ves ie le surfaee is microgranulate. 

Dimensions: Vesicle length 32-36 ~ vesicle width 22-
27 ~ proeess length 2-2.7 11. Specimens mcasured: 2. 

Remarks: The speeies differs from Pheoc/osreriLi/11 
jLlscinLllaegemm TAPPAN & LOEBLICH 1971 in having 
capitate processes, which are distributed more densely at the 
both poles. lt differs from Pheoc/osreriLim sp . I. in that the 
ovate ves icle has its proeesses more densely dist riblltcd at the 
poles. 

Occurrence: Rare «0.5 %) , on ly in prep. 654. 

Distribution in Estonia, Rapla borehole, Kunda regional stage, 
LowerfMiddle Ordovician (Uutela & Tynni , in preparation). 

Genus PIREA VA VRDOVA 1972 
Type speeies: P. dLibia VA VRDOV A 1972, p. 83. 

Pirea sp . 

PI. IX :77 
Description; The bottle-shaped vesicle is ornamented with 

small spines, which are getting smaller on the ap ieal horn. 
Dimensions: Length of ves icle (without proeess) 25-30 ~ 

width of vesicle 20 ~ length of process 8 ~ width of process 
5 ~ height of ornamentat ion up to I ~ Specimens measured: 3. 

Remarks: The description eonforms to Pirea sp. A by Playford 
and Martin ( 1984) more than P. ornarissima CRAM ER & Dl EZ 
1977. 

Oecurrence: Rare «0.5 % ), in prep. 654. 
Not recorded at Rapla borehole. 

Genus POLYANCISTRODORUS LOEBLICH & TAPPAN 
1969 
Type speeies: P. colLimbariJerus LOEBLI CH & TAPPA 1969, 
p. 52, PI. 2: 1-5. 

PolyancisrrodorLis cf P. colLimbariJerus LOEBLICH & 
TAPPAN 1969 
PI. IX:78 

PolyancisrrodorLis columbariJerus LOEBLICH & TAPPA 
1969, p. 52, PI. 2: 1-5. 

Remarks: The spherica l vesicle is psilate and covered with 
numerous short, solid processes, quadrate in cross-seetion and 
quadrifureated distall y. The pylome is small and eireular, with a 
eol lar. 

The speeies differs from P. colllmbariJerLis TAPPAN & 
LOEBLICH 1969 in havi ng distinctly shorter proeesses with 
shorter furcations, and more obviously from Pereinosphaeridium 
breviradiarLim EISENACK ( 1959) 1969 and Axisphaeridillm 
rimojee\'i EISENACK 1967 in hav ing solid , quadrate processes. 

Dimens ions: Vesicle diameter 55-65 ~ process length 0.5 11 
and width 0.25 ~ pylome diameter 10 ~ Speeimens measured: 
17. 

Occurrence: Rare to moderate (0.5-8 .5 %). Only in preps. 
652, 696 and 7 15. 

Di stribution in Estonia, Rapla borehole , Lasnamäg i to Pirgu 
reg ional stages. Middle to Upper Ordovieian (Uutela & Tynni , 
in preparation) . 

Distribution outside Europe: U.s.A.: Oklahoma, Bromide 
Fomlation, Middle Ordovician (Loebl ich & Tappan 1969). 

Polyancisrrodorus illfricarLis COLBA TH 1979 
PI. IX :79 

Polyancisrrodorus inrricarLis COLBA TH 1979, pp. 24-25, 
PI. 10:1--4. 

Remarks: The spherical vesicle has numerous thin and fureated 
processes. Most of the spheri cal specimens have processes 
smaller than the 1/2 of the vesic1e di ameter. The vesicle wall is 
microgranulate and process marg ins are serrated. A round 
pylome has a co ll ar. 



Dimensions: Yes icle diameter 32-60 ~ process length 15-
30 ~ process wid th 5-8 Jl. pylome diameter 15-25 Jl. 
Spec imens measured 4. 

Occurre nce: Rare «0.5 %-0.5 %). 
Distribution in Estoni a, Rapla borehole , Kunda to Pirgu 

regional stages , LowerlMiddle to Upper Ordovician (Uutela & 
Tynni , in preparation). 

Distribution ou tside Europe: U.S.A.: Indiana , Eden Shale. 
Ashgillian , Uppe r Ordovic ian (Colbath 1979). 

Genus PRJSCOGALEA DEUNFF 196 1 
Type species: P. (= Mulriplicisphaeridium ) barbara DEUNFF 
1961 . p. 41. PI. 1:7. 

Priscogalea pel!nrara 11. sp. 
PI. IX :80 

Di agnosis: The small, spherical vesicle is covered with 
numerous simple processes of length equal on average to a half 
01' the ves icle diamete r. The pylome is about 1/3 01' the vesiele 
diameter and is eovered with tongue-shaped parts some 0 1' 
whieh ea rry a proeess. The surface 01' the ves icle is denti eulate, 
with a quineuc ial pattern. The processes are echinate with an 
acuminate di stal te rmination and an angu lar proximal process 
contact. The processes on the cover 01' the pylome are smaller 
than on the vesic le. 

Dimensions: Yes iele diameter 10 Jl, process length 5 Jl, 
pylome diameter 4 Jl. Specimens measured: I. 

Remarks : The speeies differs from the genus Cvmariogalea 
DE NFF 1961 in having no polygonal fjelds on the vesicle and 
a cover on the pylome. The genus Srelliferidium DEUN FF. 
GORKA & RAUSCHER 1974 has a striated ornamentation on 
the ves icle and a lat·ger. open pylome. The species is so sma ll 
that it s features are visib le only by e leetron microscopy. 

Occurrence: Rare «0.5 Ck) . only in prep. 654. 
Dist ribution in Estoni a. Rapla borehole, Kunda to Ke il a 

reg ional stages . LowerfMiddle to Middle Ordovician (U utela & 
Tyn ni. in prepa ration). 

Derivation 01' name: Pelfora L. bore. pierce . 
I-Iolotype . GSF prep. 654. Thc spee imen is illustrated on PI. 

IX:80. 
Loe us typie us: Emllic from Yitfagelskär, Dragsfjä rd. 

south weste rn Finland. Middle Ordovician. 

Genus PTEROSPERMOPSIS W. WETZEL 1952. emend . 
SARJEANT 1984 
Type spee ies: P. dallh'a W. WETZEL 1952. emend. SA RJ EANT 
1984. pp. 145- 146. PI. 8:1-2. 5. Figs. 14- 15. 

Prerospermopsis sp. 
PI. X:81 

Description : The small. thin. spheri ca l vcs icle has a thin. 
rad iall y folded margin. 01' a width equal to almost a hal f 01' the 
ves icle diamete r. Both the cen tral body and the margin are 
tran sparent. 

Dimensions: Total diameter 8-20 Jl. Spccimells mcasured: 
37. 

Remarks: Most 0 1' the Prerosperlllopsis (ex- Prerosperlllella) 
(SA RJEANT 1984) spec ies are large in size. Thc smallest ones 
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(12i 20-25 Jl) such as P. iJemardillae CRAMER 1964 and P. 
guapira CRAMER 1964 have no transparent eentral body. The 
desc ription of P. rimofee\'i DEU FF 1966 makes no mention 01' 
the charaeter of the central body. All these spee ies are 01' Silurian 
age or yo unger. 

Oeeurrenee: Rare to modera te « 0.5-6.5 %). 
Distribution in Estonia. Rapla borehole , Kukruse to Pirgu 

regional stages, Middle to Upper Ordovieian (U utc la & Tynni. 
in preparation). 

Genus: RAPLASPHAERA n. g. 
Type spee ies: R. ulldasa UUTELA & TYN I (in preparation ) 

Raplasphaera sp. 

PI. X:82 
Desc ription: The psilate, subhemispherieal ves icle has a 

equalOrial membrane whieh eons ists 01' seven funnel-shaped 
"proeesses" connected to eaeh other at the base and top. The 
proecsses seem to be open and are orn amented wi th lines 01' 
granules. They are connec ted to the ves iele by small !'ibres. The 
pylome opening is also situated equatoriall y. 

Dimens ions: Yesicle diameter 6 Jl. proeess length 3.5 Jl. 
pylome opening diameter 2 Jl. Spee imens measured: I . 

Remark s: The genus CY/J/ariagalea DE UNFF 1961 has a 
large pylome. but the processes are not si tuated equatnriall y. 
whil e the gen us DI/I'ernaysphaera STAPLIN 1961 has an 
equatorial membrane wi th radial thickenings. although these 
are different from the open funnels and there is no pylome. 
The genus U/JIiJellasphaeridium JARDI NE, CO MBA Z. 
MAGLOIRE. PENIGUEL & YAC HEY 1972 has funnel-shaped 
processes. but they are not connected equatori a ll y. ami aga in no 
pylome is observed. 

Occ urrence: Rare « 0.5 %), only in prep. 654. 
Distribution in Estonia. Rap la borehoic. Lasnamügi to Pirgu 

regional stages, Middle to Upper Ordovie ian (U utela & Tynni. 
in pre paration ). 

Genus RI-IOPALlOPI-IORA TAPPAN & LOEBLlCI-I 197 1 
Type spec ies: R.foliarilis TAPPAN & LOEBLI C H 1971. pp. 
404-405. PI. 9:1-6. 

Rhopalioplwrafoliarilis TAPPA & LOEBLl CII 1971 

PI. X:83 
Rhopaliophorafoliarilis TAPPAN & LOEBLICH 197 1. pp. 

404-405. PI. 9: 1-6. 
Remarks: The vesiele is spherieal to subsphe ri eal and the 

processes hollow and variable in size and form. bcing large ly 
shon and stout. No pylome is observed. 

The processes are more numcrous ami the diameter smaller 
than in the spec ies described by Tappan and Loeb li eh ( 197 1). 

Dimens ions: Yes icle diameter 25 ~ proeess he ig th 2-3 Jl. 
proecss diameter 1.5-3 p .. Specimens mcasurcd: I. 

Oceurrenee: Rare «0.5 'lc) . onl y in prep. 654. 
Distribution in Estonia. Rapla boreholc. Nabala reg ional 

stages. MiddlefUppcr Ordovician (U ute la & T yn ni . in 
pre paration ). 

Di stribution outside Europe: U.S.A.: Indiana. Eden Fonnati on, 
Up pe r Ordovician (Tap pan & Loeblich 197 1). 



40 Geological Survey of Finland, Bulletin 349 

Rhopaliopltora palmata (COMBAZ & PENIGUEL 1972) 
PLA YFORD & MARTTN 1984 

PI. X:84 
Synonyms: Peteillosphaeridium palmat//m COMBAZ & 

PENIGUEL 1972, p. 136. RhopaliopllOra palmata PLA YFORD 
& MARTIN 1984, pp. 210-212. 

Remarks: The spherical vesicle has numcrous thin -wa ll ed 
and hollow processes with rounded distal tenninations and 
constricted proximal base. The processes are psilate and the 
vesic\e surface is irregularl y granulate . 

Dimensions: Yesicle di ameter 42 11, process length 5 Il­
Specimens measured: I . 

Occurrence: Rare «0.5 %) onl y in prep. 654. 
Distribution in Estonia, Rapla borehole, Aseri to Rakvere 

regional stages, Middle Ordovician (U utela & Tynni, in 
preparation). 

Distribution outs ide Europe: Australia: Canning basin. Lower 
to Middle Ordovician (Combaz & Peniguel 1972. Playford & 
Manin 1984). 

Rhopaliophora pilara (COMBAZ & PENIG UEL 1972) 
PLA YFORD & MARTIN 1984 
PI. X:85 

Synonyms: Peteillospltaeridillm pilat//11I COMBAZ & 
PENIG UEL 1972. pp. 136-137. Rhopaliophora pilara 
PLAYFORD & MARTlN 1984, pp. 2 12-214. 

Remarks: The smalI , spherical to subspherical ves icle is 
covered wi th numerous shon. broad, hollow processes wh ich 
are often flallened. The processes do not communicate wi th the 
interior of the vesic\e. The pylome is small and round . 

Dimensions: Yesicle diameter 20-45 J.l, process length 2-5 
11. process width 2--4 J.L pylome diameter 5 Il- wall thickness 
0.5-1 Il- Specimens measured: 4. 

Occurrence: Rare «0.5 %). onl y in preps. 648, 654 and 663. 
Distribution in Estonia , Rapla borehole, Kunda to Yormsi 

regional stages. Middle to Upper Ordovician (Uutela & Tynni , 
in preparation). 

Distribution outside Europe: Australia: Canning Basin. Lower 
to Middle Ordovician (Combaz & Peniguel 1972. Playford & 
Mani n (984). 

Genus STELLlFER IDI UM DEUNFF. GORKA & RAUSCHER 
1974 

Type species: S. striat//I//1I1 (Y A YRDOYA 1966) DEUNFF. 
GORKA & RAUSCHER 1974 

Stelliferidiltl1l modesta (GORKA 1967) DEUNFF. GORKA & 
RAUSCHER 1974 
PI. X:86 

Synonym: CVl1Iatiogalea l/1odesta GORKA 1967 , pp. 3--4, 
PI. 1:7- 9. 

Remarks: The spherica l vcs ic le is covered wi th sma ll tubercles 
whieh are connec tcd radiall y by low erests. a typical fea ture of 
th is genus. The large pylome, another typieal feature. is not 
recorded in the one specimen found here. The spee imen is 
smaller in size than has been reeorded earlier (0 32.5 11). Tl is 
difficull to distinguish these small fonns from Micrltystridillm 
nOllllocallthum by li ght microscopy. as the low rad ial crests are 
visible only by scanning microscopy. 

Dimens ions: Yesie le diameter 15 Il- verrueae height 0.5 Il­
Specimens measured: I. 

Occurrence: Rare « 0.5 %), only in prep. 652. 
Distribution in the Ballic area: Estonia: Rapla borehole, Kunda 

regional stage. Lower/Middle Ordovician (U utela & Tynni , in 
preparation). Poland : Tremadocian, Lower Ordovician deposits 
at Wysoczki and Zalesie (Gorka 1969) . 

Genus TASMANlTES NEWTON 1875 

Type species: T. pUllctallls NEWTON 1875, p. 339. 

Tasmanites (f T. l'errucos // s EISENACK 1962 
PI. X:87 

Tasmallites verrucosltS EISENACK 1962, p. 62--63. PI. 2:5; 
3:4-6. 

Remarks: The spherical, thick ves icle has a pseudopylome­
li ke thi ckening without rim, or in some cases a pylome with 
rim, orten also with a median splir. The SEM images show a 
su rfaee which is not exactl y ve rrucate (tenn used by Kje ll ström 
1971a, pp. 11 - 13). but something between shagrinate and 
granulate depending on the degree of corrosion. Under light 
microscopy it doe; appear to be verrucate . however. and 
resembles the individuals described by Eisenack (1962c, PI. 
2:5, PI. 3:4-6; 1968a, PI. 25:7). Eisenack also describes some 
less verrucate fonns ( 1965a, PI. 12:2) as does Tynni ( 1982b, 
Figs 17 A-D). 

Dimensions: Yesicle diameter 14-8011, thickness of vesic le 
2--6 11, pylome diameter 8-22 Il- Speeimens measured: 24. 

Occurrence: Rare to moderate (0.5-3.5 %). only in preps. 
652 and 723. 

Distribution in the Ballic area: Sweden, Gotland, Porkuni 
regiona l stage, Upper Ordovician (Eisenack 1968). Estonia: 
Rapla borehole , Kukruse to Porkuni regional stages, Midd le to 
Upper Ordovician (Uutela & Tynni. in preparation). 

Not recorded outs ide the Baltic area. 

Tasmollites spp. 
Remarks: The spheri cal ves ic\e is thick and more or less 

pOl·OUS. Most of the Tasmanites spee ies are large in size, in the 
present matcrial d iameter varies 10-3011. Thc identification 
was impossible because of erosion and therefore it is trcated 
collectivcly. It is includcd in presentage rat ios. however, for 
later investi gations. 

Specimens measured: I I I. 

Genus: TIMOFEEYIA YANGUESTAINE 1978 
Type species: T. (= MlIltiplicisplweridillll1) IOllcorae CRAMER 
& DIEZ 1972. p. 42. PI. I : 1--4, 6. 8. 

Til1lqfeel'ia sp. 
PI. X:88 

Dcscription: The subspherical vesic le is covered with 
po lygons , the corners of which have psilate. sim ple , 
homomorphie, hollow processes with a broad base. The wa ll s 
of the polygons are formed by sutures. Thc vesicle surfaee is 
shagrinat e. 

Dimensions: Ycs ic lc di ameter 11 - 1211, process length 2 11, 
area 01' polygons 2 x 4 11. Specimens measured: 2. 



Remarks: This species differs from T. phosphoririca 
V ANGUEST AINE 1978 in having shorter, homomorphic 
processes and a lower suture. ft s dimensions are also sm aller 
( 18-30 J..l). 

Occurrence: Rare «0.5-0.5 %), in preps. 648, 652 and 654. 
Distribution in Estonia, Rapla borehole, Lasnamägi to Kukruse 

regional stages, Middle Ordovician (Uutela & Tynni , in 
preparation). 

Timojeevia sp. 2 
PI. X:89 

Description: The spherical vesicle is covered with polygons, 
the corners of wh ich have simple, homomorphic, hollow 
processes with a broad base and echinate distal terminations. 
These polygons, formed by sutures, are variable in size and 
form. 

Dimensions: Ves icle diameter 13- 15 J..l, process length 2 J..l, 

area of polygon 2 x 4--3 x 6 J..l Specimens measured: 17. 
Remarks: This species differs from Timojeevia sp. I. in having 

more clearly separated and slender processes with spines at 
their distal terminations. 

Occurrence: Rare «0.5 %), only in preps. 648 and 654. 
Distribution in Estonia, Rapla borehole, Lasnamägi to Uhaku 

regional stages, Middle Ordovician (Uutela & Tynni , in 
preparation). 

Genus TRANVIKIUM TYNNI 1982 
Type species: T. polygonale TYNNf 1982, p. 81, PI. XVI: 122 

Tranvikillm polygonale TYNNI 1982 
PI. XI:90 

Tranvikillm polygonale TYNNI 1982, s. 8 1, Fig. 19, PI. 
XV:112- 121 , XVI:122, XVlI:130, 131 , XIX:160. 

Remarks: The bell-shaped vesicle is often dark brown and 
the description follows that given originally, although the 
dimensions vary a little more (~35-70 11). 

Dimensions: Equatorial vesicle diameter 30---86 J..l, aperture 
diameter of bottom 6---34 J..l, aperture diameter of spherical 
surface 2-24 J..l Specimens measured: 4. 

Occurrence: Rare (0.5-1.0 %), only in preps. 648 and 654. 
Distribution in the Baltic area: Fin land : Aland borehole, 

Middle Ordovician (Tynni 1982b). Estonia: Rapla borehole, 
Kunda to Aseri regional stages, LowerlMiddle to Middle 
Ordovician (Uutela & Tynni , in preparation). 

Not recorded outside the Baltic area. 

Genus VERYHACHIUM DEUNFF (1954) 1958 
emended by DOWNIE & SARJEANT 1963 
Type species: V. (= Hysrrichosphaeridillm ) rrisulcum DEUNFF 
(1951), 1959, p. 27 , PI. I, figs. 4, 13; fixed by DOWNIE 1959, 
p.62. 

Veryhachillm geomerricllm (DEFLANDRE 1945) DEUNFF 
1954 
PI. XI:91 

Synonyms: Hysrrichosphaeridillm geomerriclIm DEF­
LANDRE 1945 , pp. 64-65 , PI. 2:2-5. Veryhachillm 
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geomerricum DEUNFF 1954. p. 306. 
Remarks: The triangul ar vesic1e has a slronge nerve on the 

surface of the vesicle lowards lhe horns. The ves ic le wall is thin 
and psi late. The species conforms to the original eliagnos is, but 
is a linIe larger in size. 

Dimensions: Central body diameter 20 J..l, horn length 20---30 
J..l Specimens measured: 2. 

Occurrence: Rare «0.5 %), onl y preps. 654 and 70 1. 
Distribution in the Baltic area: Sweden: Gotland, Llanvirnian, 

Middle Orelovician (Gorka 1987). Estonia: Rapla borehole, 
Lasnamägi 10 Johvi regional slages, Middle Ordovician (Uutela 
& Tynni , in preparalion). 

Di s tribution in Europe: Be lg ium : Kortrijk . Silurian 
(Stockmans & Williere 1963). France: Montagne Noire, Silurian 
(Deflandre 1945, Rauscher 1973). 

Veryhachium irrorarum LOEBLICH & TAPPAN 1969 
PI. XI:92 

Veryhachium irrorarum LOEBLICH & TAPPAN 1969, Pr>. 
56---57, PI. 3: 1-9; 4: 1--4. 

Remarks: The lriangular vesicle has three c learl y different­
iated, hollow processes. The specimens in the present material 
are referable to the original description. 

Dimensions: Ves icle diameter 20 J..l, length of processes 20 J..l 
Specimens measured : I. 

Occurrence: Rare «0.5 %), in prep. 648. 
Distribution in ESlonia, Rap la borehole, ldave re 10 Pirgu 

regional stages, Midelle 10 Upper Ordovician (Uutela & Tynni , 
in preparation). 

Dislribution outside Europe: U.S.A.: Oklahoma. Bromide 
Formation, Middle Ordovician (Loeblich & Tappan 1969); Ohio, 
grapt. z. 18-22, Silurian. Africa: Libya: Dieffara Formalion, 
Caradocian, Middle Ordovician (Eisenack er al. 1979b). 

Veryhachium lairdi DEUNFF 1958 
PI. XI:93 

Veryhachium lairdi DEU FF 1958, pp. 28-29, PI. 8:75-
79. 

Remarks: The quad rali c vesicle has four processes in the 
each corner anel they communicate freely wilh the vesicle 
interior. The surface of the vesicle is slighll y robust. The length 
of the processes does nOl exceed the vesicle diameter. 

Dimensions: Vesicle diameter 35 J..l, process length 20 J..l 
Specimens measured: I. 

Occurrence: Rare (0.5 %), only in prep. 685 . 
Dislribution in ESlonia, Rapla borehole, Kunda 10 Pirgu 

regional stages, LowerfMiddle to Upper Ordovician (Uutela & 
Tynni, in preparation). 

Recorded also from the Ordovician to the Permi an deposi ts 
in Europe (Eisenack er al. 1979b). 

Veryhachium oklahomense LOEBLICH 1970 
PI. XI:94 

Veryhachium oklahomense LOEBLICH 1970, pp. 742-743. 
Remarks: The ves icle form is nearly quadralic and il has four 

long and flexible processes in the each corner. The vesic1e 
surface and processes are psi late. The process length exceeds 
lhe vesic1e diameier. 

Dimensions : Vesicle diameter 8-10 11, process length 10---
15 11. Specimens measured: 2. 
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Occurrence: Rare (0 .5 %). only in preps. 663 and 689. 
Di stribution in Estonia, Rapla borehole, Kunda to Pirgu 

regional stages, Lower/Middle to Uppe r Ordovician (Uutela & 
Tynni, in preparation). 

Distribution in Europe: Britain: Middle Ordovician (Tumer 
1984). 

Distribution outs ide Europe: U.5.A.: Oklahoma, Upper 
Ordovician (Loeb li ch 1970b). 

lIeryhaehium oligospil/osum (E lSENACK 1934) GORKA 1969 

PI. XJ: 95 
Non-synonym: Goniosphaeridilll1l oligospinosum (ElS E­

ACK 1934. p. 64, PI. 4 : 15- 18). 
Synonyms: lIeryhaehillm oligospil/osllm (Gorka 1969, pp. 

55-56, PI. XV : II , Fig. 2 1. \I. oligospil/oslIm (Tynni 1975, p. 
38, Fig. 41c; Tynni 1982b, pp. 83-84, PI. XVII: 134). 

Remark s: The vesic le is quadratic with s ix processes, one in 
each comer and one in the middle of each side. The ves icle 
surface is shagrinate and browni sh in co lollr. The processes are 
shorter than the side 01" the square. As in the mate rial of Gorka 
( 1969) and Tyn ni ( 1975, 1982b), the spec ies recorded here is 
combined with the gen us lIeryhaehium because it resembles \I. 
lairdi (DEFLANDRE 1935) DEU FF 1959, alLhough the latter 
has on ly four processes. Goniosphaeridium oligospil1osum 
(EIS ENACK 1934) 1963 is distinctly larger. 

Dimensions: Side 01" square 40 J.!, process length 30 11. 
Specimens mcasured: I . 

Occurrence: Rare (0.5 %). onl y in prep. 706. 
Di stribution in the BalLic area: Fi nl and : Ordovic ian erra tics 

from the Baltic Sea (Tynni 1975); Aland borehole, Middle 
Ordovic ian (Tynni 1982b). Estonia: Rapla borchole, Keila to 
Pirgu reg ional stages. Middlc to pper Ordovician (U utela & 
Tynni , in preparation). 

lIeryhachillm reelllctlll1l DEUNFF 1958 

PI. Xi:96 
Synonyms: lIeryhachium trisulellm var. reelllctum DEUNFF 

1958, p. 27. lIeryhachium reell/ell/m DE JEKHOWSKY 1961 , 
pp. 2 10-212. 

Remarks: The triangular ves ic le has sides and processes of 
the equal length , and its surface is sligh t! y granular. 

Dimensions: Lcngth of side 12- 20 11, process Icngth 12-
20 Il. Specimens measllred: 4 . 

Occurrence: Rare « 0.5 %). in preps. 654 and 701. 
Distribution in Estoni a, Rapla borehole, Uhaku to Keila 

regional stages, Middle Ordovic ian (U utc la & Tynni , in 
preparation). 

Rccorded from many Ordovician to PClmian deposits in 
Europe and e lsewhere in the world (Eisenack et al. I 979b). 

lIeryhachium rhomhispinosum TYNNI 1982 

PI. XI :97 
lIeryhaehium rhomhispil/osllm TYN I 1982. p. 84, PI. 

XV11 : 135. 
Remarks: The polygona l vesicle has s ix processes Iying in 

two levels. Desc ription corresponds to thc o ri g inal one. 
Dimens ions: Ves ic le diameter 25-28 J.!, length of processcs 

20-2511. Spec imens measured : 9. 
Occurrencc: Rare to common (0.5- 12.0 %). 
Di stribution in the Baltic area: Finland: Aland borehole. 

Middlc Ordovician (Tynni 1982b). Es toni a: Rap la borchole, 

Volhov to Pirgu reg ional stages, Lower to Upper Ordovic ian 
(U utela & Tynni , in preparation). 

Veryhaehium trispil/osum (EIS ENACK 1938) DEUNFF 1954 
PI. XI:98 

Synonyms: Hystriehosphaerielium trispinosum E1SENACK 
1938. pp. 14-- 16. Veryhachium trispinosum DEUNFF 1954, p. 
307 . 

Remarks: The tri angle vesicle is very thin and has a process 
in the each corner. The sides of the ves ic le are concave. The 
ves icle su rface and the processes are psilate. 

Dimcns ions: Ves icle diameter 12-30 J.!, process length 12-
26 J.!, Specimens measured: 8. 

Occurrence: Rare «0.5-1.5 %). only in preps. 70 1 and 704. 
Di stri but ion in Es tonia, Rapla borehole. Kund a to Pirgu 

regional stages, Lower/Middlc to Uppe r Ordovic ian (Uutela & 
Tynr.i . in prepa ration ). 

Recorded also in many Ordov ic ian to Devonian deposi ts in 
Europe (Eisenack et al. 1979b). 

lIeryhaehillm triSl/lcl/m DEUNFF ( 195 1) 1958 

PI. XI:99 
Synonyms: Hystriehosphaeridium rrislllclIm DEU FF 1951, 

pp. 322-323, Fig. 3. (nomen nudum ). Veryhaehium trisuleum 
DEUNFF 1954. p. 306 (nomen nudum). V. trisllleLim DEUNFF 
1958. p. 27, PI. 1:4-- 13. 

Remarks: The thin tri angle vesic le has a process in the each 
corner. Processes are slender and fl ex ible. Thc sides of the 
vesic le are convex . The ves icle surface and the processcs are 
psilatc. 

Dimensions: Ves icle diametcr 25 J.!, process length 40 J.!, 
Speci mens measu red: 2. 

Occurrence: Rare «0.5 %), only in prep. 70 1. 
Distribution in Eston ia. Rapla borehole , Uhak u to Ke ila 

regional stages. Middle Ordovic ian (U utcla & T ynni . in 
preparat ion). 

Recorded al so from the Lower Ordovician to the Lower 
Devonian deposits in Europe (E isenac k et al. 1979b). 

Chitinozoa 

Gen us CONOCH1TINA EISENACK 193 1, restri cted 1955 
Type spcc ies: C. c/al'ijormis 193 1, p. 84. PI. I: 17. 

COl/ochitilla caeracea EISENACK 1937 
PI. XII:IOO 

Synonyms: COl/oehitil/a caeracea EIS ENACK 1937. p. 222-
223. PI. 15 , Figs. 11 - 15. C. hirSllra LAUFELDT 1967, pp. 
304--305 , Fig. 12. 

Remarks: The conica l body has a rounded basal edge and a 
cylindrical neck which widens slightl y towards a fine ly fimbriate 
apenure. The body is covered with spines of vari ab le size 
bccoming smaller in an oral directi on. All the spines are simple, 
and the maximum height of the ornamentation is a lillie greater 
than in the fonns described by Grahn ( 1981 a, 1982a). 

Dimens ions: Total length 110-200 11. width 01" base 70-



100 I-\, width of aperture 30---70 I-\, height of ornamentation 8-
20 !L 

Occurrence: 12 ind., max in one sampie 4 ind. 
Distribution in the Baltic area: Finland: erratics from the 

Bothnian Sea, Ordovician (Tynni 1975). Sweden; Dalarna 
boreholes (Laufeid 1967); Öland, Middle Caradocian erratics 
(Grahn 1981 a); Gotland borehole, Caradocian, Middle 
Ordovician (Grahn I 982a). Estonia: Rapla borehole, Lasnamägi 
to Nabala regional stages, Middle to Upper Ordovician (Nolvak, 
in preparation). Baltic Ordovician erratics (Eisenack 1937 , 
1959b, I 962a, 1965a). 

Also reported in the U.S.A.: Oklahoma, Sylvan Shale, Lower 
Ashgillian (Jenkins 1970). Canada: Quebec and Ontario, Trenton 
Group and Utica Formation, Caradocian (c. aff. cacracea, Martin 
1975). 

Conochitina co/lulu s EISENACK 1955 
PI. XII:IOI 

Synonyms: Conochitina conulus EISENACK 1955, p. 312, 
PI. I: 1-3. Euconochitina conulus RAUSCHER & DOU­
BINGER 1967, p. 478, PI. 3:3. 

Remarks: The conical body has a convex base with a few 
smalI, simple spines. The cylindrical neck widens at a fringed 
aperture. Ornamentation is something between the forms in 
Figs 31-J and 3K-L of Grahn (1981 b). 

Dimensions: Total length 50---300 I-\, width of base 20---120 
I-\, width of apertu re 16-80 iJ. 

Occurrence: 137 ind. , max. in one sam pie 32 ind. 
Distribution in the Baltic area: Finland: erratics from the 

Bothnian Sea, Ordovician (Tynni 1975). Sweden: Öland 
borehole, Upper Llanvirnian to Middle Caradocian (Grahn 
198 1 a); Västergötland borehole, from Lower Llandeilian to 
Middle Caradocian, Middle Ordovician (Grahn 1981 b). Estonia: 
from Aseri tO Uhaku regional stages, Middle Ordovician 
(Eisenack 1955b); Tallinn area: Lasnamägi regional stage, 
Middle Ordovician (Grahn 1984); Rapla borehole, Lasnamägi 
to Kukruse regional stages, Middle Ordovician ( olvak, in 
preparation). Distribution in Europe: France: Normandy, 
Llanvirnian Middle Ordovician (Rauscher & Doubinger 1967). 

Conochitina cllcumis GRAHN 1984 
PI.XlI:102 

Conochitina CllClll1lis GRAH 1984, p. 13, PI. I, J- L. 
Remarks : The subcylindrical body has a rounded basal cd gc 

and a basal process. The aperture is straight. The only species 
recorded here differs from the form s described by Grahn ( 1984) 
in havi ng a more distinct neck and si immer vesicle. 

Dimensions: Total length 230 I-\, wid th 30 I-\, width of aperture 
25 ~. 

Occurrence: Only one. in prep. 711. 
Distribution in Estonia: Tallinn-area, Volhov regional stage, 

Lower Ordovician (Grahn 1984); Rapla borehole, Volhov to 
Kunda regional stages, Lower Lower/Middle Ordovician 
(Nolvak , in preparation). 

COllochitilla elegalls EISENACK 1931 
PI. Xll:103 

Synonyms: COllochitina elegalls EISE ACK 193 1, p. 87. PI. 
2:4. Rhahdochitina conocephala EISENACK 1934, pp. 61-
62, Fig. 32, PI. 4: 10---12. 

Remarks: The body is conical , slender and elongated with a 
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rounded basal edge. The cylindrical neck widens slightly at a 
straight aperture. The length of the neck is about a half of that of 
the vesicle. The size is variable (cf. Jenkins 1970). 

Dimensions: Total length 70---400 I-\, width of base 16-60 
I-\, width of aperture 10---48 !L 

Occurrence: 13 ind., max . in one sampie 3 ind. 
Distribution in Estonia: Rapla borehole, Kunda to Keila 

regional stages, Lower/Middle to Middle Ordovician (Nolvak, 
in preparation). Recorded earlier from many Llandeiliao to 
Ashgillian , Middle to Upper Ordovician deposi ts elsewhere in 
the Baltic area (Grahn 1982a, 1984), Caradocian, Middle 
Ordovician deposits in Europe (Jenkins 1967) and Caradocian 
to Ashgillian, Middle to Upper Ordovician deposits in the U.S.A. 
and Canada (Jenkins 1970, Martin 1975 , Grahn & Miller 1986). 

Conochitina michracantha EISE ACK 1931 
PI.X II: I04 

Synonyms: Conochitilla michracantha EISENACK 1931, 
p. 84-85, PI. I: 19-2 1; 2:20-22 , 4: 15. Conochitina 
michracantha ssp. michracantha EISENACK 1959, p. 7, PI. 
1:5. Ellconochitina michraca/ltha (EISENACK) TAU­
GOURDEAU 1966, p. 39. Belonechitina michracantha PARIS 
1981 , pp. 202-203 . 

Remarks: The conical body has a rounded base and a long, 
subcyli ndrical neck which widens slightly at the straight aperture. 
The whole vesicle is covered with spines of variable size but 
genera ll y tall er on the base. The specimens recorded here have 
ornamentation covering the whole vesicle, as typical of the 
western Baltic spec imens in the Ontikan stage, Lower/Middle 
Ordovician (Grahn 1980). 

Dimensions: Total length I 10---400 I-\, width of base 29-
100 I-\, width of aperture 26-80 ~. 

Occurrence: 80 ind. , max. in one sam pie 21 ind. 
Distribution: The spec ies is cosmopolitan and with a long 

range, and of little biostratigraphic value (Grahn 1984). 
Distribution in Estonia: Rapla borehole, Uhaku to Pirgu 

regional steges, Middle to Upper Ordovician ( olvak, in 
preparation). Recorded from Upper Arenigian to Upper 
Ashgillian, Lower to Upper Ordovician elsewhere in the Baltic 
area (Grahn 1982a), Llandeilian to Lower Ashgillian in Europe 
(Laufeldt 1971 , Cramer & Diez 1972, Paris 1979) and in the 
U.s.A. (Jenkins 1969, Grahn & Bergström 1984, Grahn & 
Miller 1986). 

Conochitina minnesotensis (STAUFFER 1933) EISENACK 
1962 
PI. XII:I05 

Synonyms: Rhahdochiti/la? millllesotensis STAUFFER 1933, 
p. 1209, PI. 60:39. COllochitilla mi/lllesotensis EISENACK 1962, 
pp. 353-354, Figs. 1-6. 

Remarks: The elongated, graduall y narrowing vesicle has a 
rounded basal edge and st raight aperture. The copula is not weil 
developed in thi s material , and the individuals are often broken 
or nattened. All the spec ies recorded here are sma ll er than the 
largest ones recorded earlier (ove r 1300 ~ by Grahn 1980, 
1981 ab, 1982a. over 1500 ~ by Jenkins 1969, and over 2000 ~ 
by Eisenack 1968a). 

Dimensions: Total length 32- 1160 ~, width of base 12-
220!L width of aperture 1 0---150 ~. 

Occurrence: 18 ind. , max. in one sam pie 5 ind. 
Distribution: The spec ies is cosmopolitan, with a long range, 

and of little biostratigraphic value . 
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Distribution in Estonia: Rapla borehole. Aseri to Pirgu regional 
stages, Middle to Upper Ordovic ian (No lvak , in preparation ). 
Recorded from Upper Arenigian to Upper Ashgillian. Lower to 
Uppe r Ordovic ian deposits elsewhere in the Balti c area (Grahn 
I 982a), from Caradocian , Middle Ordovic ian depos its in Eu rope 
and Canada and in L1anvimian to Caradoc ian deposit s in the 
U.S.A. (Martin 1975, 1983, Jenkins & Legault 1979). and 
Arenigian to L1 andcilian , Lower to Middle Ordovie ian depos it s 
in Australia (Combaz & Penigue l 1972). 

COl/ochiri l/a prilll i ril 'a EISE ACK 1939 
PI. XII : 106 

Synon yms: COl/ochiril/a pri l11iri\ 'a EIS E ACK 1939, pp. 139, 
140. 142. PI. B:7-8. Ellcol/ochiri l/a primiri \'({ RAUSCHER 
1970 , p. 122, PI. 1: 11 - 12. 

Remarks: The conical body. with a rounded base, has no 
ornamentation. The neck is not c learl y separated and in the 
present material the individual s are often badly eroded . The 
apert ure is straight. 

Dimensions: Total length 50-250 ~, width of base 20--
120 ~, width 0 1' ape rt ure I 0-80 ~. 

Occurrence: 47 ind .. ma x. in one sam pie 12 ind. 
Di stribut ion in Estoni a: Rapla borehole. Ku nda to Keila 

regional stages. LowerfMiddle to Middle Ordovic ian ( olvak. 
in preparati on). Recorded earli er frolll many Upper Arenigian 
10 Upper Caradoe ian , Lower to Middle Ordovie ian depos it s 
elsewhere in the Baltie area (Grahn 1982a. 1984) and Upper 
Arenigian to Caradoe ian , Lower to Middle Ordov ic ian depos it s 
in Europe (Paris 198 1). Reeorded also from Arenig ian. Lower 
Ordovic ian deposi ts in Morocco (Elaoshad-Debbaj 1984) and 
Caradoe ian. Middle Ordovic ian depos it s in Canada (Martin 
1983). 

COl/ochiril/a \\'esel/ hergmsis EISENAC K 1959 
PI. XII :107 

Synonyms: COl/ochir i l/a lII icraco l/ rlw EIS E AC K 193 1. pp. 
84-85. PI. 2 :2 1- 22 . COl/ ochiri l/a micracolllha subsp. 
wcscl/hcrgel/sis EISENACK 1959. p. 10. PI. I: I I. PI. 3:8. 
COl/ochiri l/a l1 'cse l/hergellsis subsp. Im' \·i.l' EISE AC K 1972. 
p. 125, PI. 34:25- 28. PI. 37:2- 3. 

Remarks: The conieal body has a ro unded basa l edge. and the 
neck widens sli ghtl y at the aperture. The body is covered with 
s imple spines 0 1' diffe rent si7.e. be ing longe r on the base . The 
spee ies differs from C. l11icracallflw in ha ving a less eoneave 
body and fringed aperture . On the basis 01' the ratio 01' Icngth to 
width all the spee ies recorded here belong to the fnnna brevi s 01' 
Ei senaek ( 1965a). 

Dimensions: Total length 80--400 ~. width 0 1' base 20-
150 Il. width 0 1' ape rture 12-90 ~. height o f ornamentati on 4--
10 Il-

Occurrenee: 6 1 ind ., max. in one sampie 18 ind. 
Distribution: The species is cosmopolitan with a long range. 

and of littl e biostratigraphieal value. 
Distribution in Estonia: Rapla borehole . Rakve re to Pirgu 

regional stages, Middle to Upper Ordov ic ian (Nolvak. in 
preparation ). 

Recorded in many Arenigian to A hgilli an. Lower to Upper 
Ordovic ian depos its elsewhere in the Baltie area (Grahn 1982a, 
1984), and in Europe (Um nova 1969, Laufeid 197 1). Rccorded 
outside Europe in L1anvimian to Caradoc ian, Middle Ordovic ian 
deposits in the U.S.A. (Jenkins 1969. Grahn & Bergström 1984, 
Grahn & Mille r 1986), and Canada (Martin 1983). 

Genus CYATHOCHITINA EISENACK 1955 
Type species: C. (= Conochirina) campanulae/ormis (EISE­

ACK 1931 , p. 86, PI. 2: 1-2; 4:1, 11 - 14). 

CYOIltochirina campanulae/ormis (E1SENACK 193 1) 1955 
PI. XII:108 

Synonym: COllochirina campanulae/ormis (E1SENACK 193 1, 
p. 86. PI. 2:1 --2; 4:1 , 11 - 14). 

Remarks: The bell -shaped conieal body has a sharp basal 
edge with a carina. The aperture is straight. Longitudinal 
thickenings of f1 exure are di scussed by Grahn ( 1980, 198 1 ab) 
and also reeorded by Nolvak ( 1980), but are not vi sible here by 
light mieroscopy. The ratio of length to width varies 1.8-
2.2 : I , as is nonnal in Baltic speeimens (Eisenaek 1962c, Grahn 
1980), but not in the Welsh ones (Jenkins 1967). 

Dimensions: Total length 90-180 Il. width 01' the base 40-
100~, width of aperture 22--40 Il-

Occurrence: 4 ind ., 1-2 ind . in preps. 652, 654 and 655. 
Distribution : The spec ies is cosmopolitan with a long range, 

and 01' littic biostratigraphical value. 
Distribution in Estoni a: Rapla borehole , Lasnamägi to Vonnsi 

regional stages, Middic to Upper Ordovician ( olvak , in 
preparati on). Recorded also in many Lowe r Ordovieian to Lower 
Silurian deposit s in the Baltie area (Grahn 1982a, 1984) and 
Europe (Moreall -Beno it 1974, Jenkins & Legault 1979). 

Distribution outside Europe: Afriea. Sahara: Arenigian , Lower 
Ordovic ian (Benoit & Taugourdeau 1961 ), U.S.A .: New York , 
Lower Silurian (Miller & Eames 1982); Alabama. Middle 
Ordovician (Grahn & Bergström 1984). Australia: Canning 
bas in . Middle Ordoc ivian (Combaz & Peniquel 1972). 

Cyarhocltiri lla kl/ckersialla (EISENACK 1934) 1962 
PI. XII :109 

Synonyms: COl/()clt i ri lla kl/ckersialla EIS ENAC K 1934, pp. 
62-63, Figs. 30-3 1. PI. 4: 14. C\'Olhochi ril/o kllckersiana 
EIS ENACK 1962. pp. 298-300, Fig. 4. PI. 14:8. 

Remarks : The conieal body has a sharp basal edge with a 
membranous tlange. The apert ure is straight. The ratio length : 
width va ri es 1.47-1.60: I in the present mate ri al. Long itudinal 
ribbing is seen on the sholilder and neck, as dese ribed by Grahn 
( 198 1 b. Fig. 5 1) and Jenkins ( 1967. fonna 11re\·is). 

Dimensions: Total length 200-240 ~. width of base 130-
150 Il- width of apertllre 50-70~. width ofcarina 1 0-30~. 

Occurrcnce: 3 ind .. 1-2 ind . in preps. 648 and 654. 
Di stribution: The spee ies is eosmopolitan . with a long range , 

and 01' littic biostratigraphical value. 
Distribution in Estonia: Rapla borehole. Rakvere to Vonnsi 

reg ional stages . Middle to Upper Ordov ie ian (Nolvak. in 
preparati on). Reeorded in many Upper L1anvirnian to Ashgillian, 
Middle to Upper Ordovieian depos it s elsewhere in the Balt ic 
area (Grahn 1982a). L1 anvimian to Lower Ashg illian, Middle 
to Upper Ordovic ian depos its in Europe (Doubinge r 1963, 
Rauscher & DOlIbinger 1967, Laufe1c1t 197 1. Cramer & Diez 
1972 ) and L1anvirnian to Lower Ashg illian. Middle to Upper 
Ordov ieian depos it s out side Europe (Jenkins 1969. Martin 1975 , 
Achab 1977 . 1978 . Grahn & Bergström 1984 ). 

C\'Orhochirilla lal iparag illll/ (JE KI S 1969) GRAHN 1981 
PI. XIIl:IIO 

Synon yms: Cyarh ochiri llo kl/ cker sia l/a forma hre\'is 
EISENACK 1962, pp. 298-300, Fig. 5. PI. 14:9; 1968, p. 89; 



Cyathoehitina kuekersiana subsp.latipatagium JENKI S 1969, 
pp. 19-20, PI. 4:6-8, 10. Cyathochitina lalipatagium GRAHN 
1981 a, pp. 32-33, Fig. I 11. 

Remarks: The conical body has a sharp basal edge wi th a 
membranous flange. C. latipatagium differs from C. kuckersiana 
in having a ratio of length : width of about I: I , as first described 
by Eisenack (I962c) forma brevis. Stratigraphically it is of 
more signifi cance to separate these two forms than to combinc 
them. 

Dimensions: Total length 220---240 !l, max. width 220 !l, 
width of aperture 30 !l, width of carina 30 1-1. 

Occurrence: 4 ind. , only in prep. 696. 
Di stribution in the Balti c area: Finland: Ordovician erratics 

from the Bothnian Sea (Tynni 1975). Sweden: Öland , 
Folkeslunda, Upper L1anvimian to Lower L1ande ili an and Dalby 
limestone; Upper L1andeilian and Lower Macrourus Siltstone, 
Middle Caradocian, errati cs in Öland (Grahn 1981 a); Gotland , 
Borkholmer, Porkuni regional stage, Upper Ashgillian (Eisenack 
I 962c). Estonia: Johvi to Oandu regional stages, Middle 
Ordovician (Eisenack I 962a); Rapla borehole, Johvi to Rakvere 
regional stages, Middle Ordovician (Nolvak, in pre paration). 

Distribution in Europe: Britain: Shropshire, Coston Beds to 
Onnia Beds, Caradocian (Jenkins 1967). France: Normandy, 
Calymene shale, L1anvirnian (Rauscher & Doubinger 1967); 
Normandy, Caradocian (Robardet et al. 1972). Portugal: Serra 
de Bucaco, Louredo Fonnation, Caradocian (Pari s 1979). 

Distribution outside Europe: U.S.A.: Oklahoma, Viola 
Limestone, Caradocian (Jenkins 1969). Canada: Ontario, Trenton 
Group to Utica Formation, Caradocian (Martin 1975); Anticosti 
Islands, Macasty Formation to Ellis Bay Formation, Upper 
Caradocian to Upper Ashgillian (Achab 1977, 1978); Quebec, 
Montreal and Ottawa, Caradocian to Ashgillian (Martin 1980. 
1983). 

Genus DESMOCHITI A EISENACK 193 1 
Type spec ies : D. nodosa EISENACK 193 1, p. 92, PI. 3:2-4; 
4:7- 10. 

Desmochitina amphorea EISENACK ( 1931 ) 1962 

PI. XIII : 111 
Synonym: Desmochitina millor f. amphorea EISENACK 

1962 , p. 304, PI. 17:5- 7. 
Remarks : The vesicle is ellipsoidal and longitudinal ax is 

gentl y curved. The onl y specimen recorded here is sI immer 
than those described by Tynni ( 1975), Grahn ( 198 Iab , 1984) 
and Eisenack ( 1962a, 1965a). The basal edge is not so rounded 
as previously recorded, but the gentl y curved longi tudinal axi s 
identifies it as D. amphorea rat her than D. OI'ulum EISENACK 
1962. 

Dimensions: Vesic le length 180 IJ.. width 140 !l, width of 
apert ure 40 1-1. Specimens measllred: I. 

Occurrence: Only one specimen. recorded in prep. 652. 
Distribution in the Baltic area: Finland: Ordovician erratics 

from the Baltic sea (Tynni 1975 ) and in South -West Finland 
(Eisenack I 965a). Sweden: Västergötland borehole, Upper Dalby 
Limestone (Grahn 198 1 b): Öland borehole, Seby to Folkeslunda 
and Persnäs to Dalby Limestone (Grahn 1981 a), all Virllan, 
Middle Ordovician. Estonia: Aseri to Oandu regional stages, 
Middle Ordovic ian (Eisenack 1962a); Lasnamägi subsurface, 
Lasnamägi to Uhaku regional stages, Middle Ordovician; 
Sojamägi subsurface , ldavere to Johvi reg ional stages, Middle 
Ordovician (Grahn 1984); Rapla borehole, Idavere to Oandu 
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regional stages, Middle Ordovician ( olvak, in preparation). 
Ordovic ian Baltic erratics (Eisenack 193 I). 

Desmoehitina coeea EISENACK 193 1 
PI. XIII: 112 

Synonyms: Desmochitina eoeea EISENACK 193 1, p. 94, PI. 
3: 14-15. Desmoehitina millor r. coeca (Jenkins 1967, p. 460). 
Pseudodesmoehitilla minor r. eoeea (Paris 198 1, p. 120). 

Remarks: The subspherical ves ic\e, with a rounded basal 
edge, has a short collar with a straight aperture. The ves ic\e is 
smooth or slightly verrucate. The material also contains sm aller 
specimens than have been recorded earli er. Only single 
spec imens were recorded, and no clusters, as by Grahn (1982a), 
or chains, as by Jenkins ( 1967). 

Dimensions: Totallength 36- 120!l, max. width 28- 120!l, 
width of aperture 24-70 IJ.. 

Occurrence : 17 ind. , max. in one sampIe 8 ind. 
Distribuiion in the Baltic area: Sweden: Öland boreholes. 

Upper Langevoja to Lower Val aste, Upper Arenigian to Lower 
L1anvirnian and Upper Alnoja, Lower L1anvirnian and Seby to 
Dalby Limestones; Öland : Upper L1anvirnian to Upper 
L1andeili an and Caradoc ian errati cs (Grahn 1981 a, 1982a). 
Estonia: Aseri to Kukruse reg iona l stages, Middlc Ordovician 
(Eisenack 1931 , 1962); Rapla borehole, La namäg i to Kukruse 
regional stages, Middle Ordovician (Nolvak, in preparation). 

Distribution in Europe: U.S.S.R.: Moscow synecli se. C" Upper 
L1anvirnian to Lower L1ande ilian (Umnova 1969). Britai n: 
Shropshire, Glenburre l Beds, Lower Caradocian (Jenkins 1967). 
Belgium ; Deerlijk, Ashgillian (Martin 1973). France: Ve ryhach, 
Ordovician (Deunff 1958); Menez- Belair, Upper Arenigian to 
L1 andei li an (Pari s 198 1). Portugal: Bucaco, L1 ande ian to 
Caradocian (Pari s 1979, 198 1). 

Desmoehitina minor EISENACK 1931 
PI. XliI:I 13 

Synon yms: Desmochitilla minor EISENACK 193 1, p. 93, PI. 
3: 10--- 1 I. Desmochitina minor f. typica EISENACK 1958, p. 
398, PI. 2:29. 

Remarks: The spherical to subspheri cal ves icle, with a rounded 
basal edge, has sp inose ornamentation. The collar is vari able 
but distinct. The aperture is stra ight. It often forms chains and 
c lusters, but none are recorded in the prcsent material. 

Dimensions: Totallength 80---170!l, max. width 80---130!l, 
wid th of aperture 50 1-1. 

Occurrence: 14 ind ., only in prep. 648. 
Distribution: The spec ies is cosmopolitan , with a long range, 

and of linie biostratigraphic va lue (Grahn & Miller 1986). 
Distribution in Estonia : Rapla borehole, Aseri to ldavere regional 
stages, Middle Ordovician ( olvak, in preparation). Recorded 
earlier from many Upper Areni gian to Upper Ashgillian Lower 
to Upper Ordovician deposits elsewhere in the Baltic area (Grahn 
1982a), Caradocian to Lower Ashgillian , Middle to Upper 
Ordovic ian deposi ts in Europe and in the U.s.A. (Jenkins & 
Legault 1979) and Caradocian, Middle Ordovician depos its in 
Canada (Martin 1983). 

Dl'smoehitina cf. D. ovulum EISENACK 1962 
PI. XII I: 114 

Synonym: Desmochitina minor f. ovulum EISENACK 1962, 
p. 305, PI. 17:8-9. 

Remarks: The vesicle is e llipsoidal to ovoid, with a rounded 
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basal edge. A collar is variable in size. sometimes weil developed. 
The apenure is straight and the vesicle surface smooth. 

Dimensions: Totallength 80-150 ~ max. width 60-120 ~ 
width of aperture 30-70 ~ 

Occurrence: 46 ind., max. in one sampie 43. ind. 
Distribution in the Ballic area: Finland: Ordovician erratics 

from the Bothnian Sea (Tynni 1975, D. minor f. ovulum). 
Sweden: Öland boreholes, Upper Langevoja to Lower Valaste, 
Upper Arenigian to Lower L1anvimian (Eisenack 1976, Grahn 
1981 a, 1982b) and Seby to Dalby Limestones, Upper L1anvimian 
to Upper L1andeilian (Grahn 1981 a). Estonia; Aseri to Kukruse 
regional stages Middle Ordovician (Eisenack I 962a); Rapla 
borehole, Lasnamägi to Keila regional stages, Middle Ordovician 
(Nolvak , in preparation). Distribution in Europe: U.S.S.R.; 
Moscow Syneclise, Volhov regional stage, Upper Arenigian 
(Umnova 1969). Portugal Serra de Bucaco; Louredo Formation, 
Caradocian (Pari s 1979). 

Desmochirina papilla? GRAHN 1984 

PI.XIlI:115 
Desmochirina papilla GRAHN 1984, p. 21 , PI. 1II I-J. 
Remarks: The ellipsoidal vesicle has a slightl y convex base. 

The basal process is not c1early visible, and consequently 
identification is uncertain. The neck is short, with a subcylindrical 
coll ar, and is not so distinct as in the species described by Grahn 
( 1984). 

Dimensions: Total length 80 ~ width 29 ~ width of aperture 
20 ~ 

Occurrence: Only one, in prep. 648. 
Distribution in Estonia: Tallinn-area, Volhov regional stage, 

Lower Ordovician (Grahn 1984); Rapla borehole, Volhov 
regional stage, Lower Ordovician (Nolvak, in preparation). 

Genus EISENACHITINA JANSONIUS 1964 
Type species: E. casror JANSONIUS 1964, p. 912 

Eisenachirina oelandica (EISENACK 1955) 1972 
PI. XIII: I 16 

Synonyms: Conochirina oelandica EISENACK 1955, p. 3 12, 
PI. 1:4-6. Bursachirina oelandica RAUCHER & DOUBINGER 
1967, p. 310, PI. 1:11. Eisenachirina oelandica EISENACK 
1972, p. 123 , PI. 33:22-29. 

Remarks: The subspherica l body is short , with a short, 
cylindrical neck. The convex base has a rounded basal edge. 
The neck widens at the straight apenure. 

Dimensions: Total length 110-120 ~ width of base 65-
75 ~ width of apenure 40-60 ~ 

Occurrence: 3 ind. , only in prep. 654. 
Distribution in the Baltic area: Sweden: Öland, Chasmops 

series Lower Caradocian (E isenack 1955b) and uppermost 
Folkesunda to Furudal and Persnäs to Dalby Limestone, Upper 
L1anvimian to Upper L1andeilian (Grahn 1981 a). North Estonia: 
base of the Caradoc ian (Männil 1971, C. oelandica); Tallinn 
area: Kukruse regional stage , Middle Ordovician (Grahn 1984). 
Not recorded at Rapla borehole. 

Distribution in Europe: France: Normandy. Calymene shale 
to Marrolithus shale , L1anvirnian 10 L1andeilian, Middle 
Ordovician (Rauscher & Doubinger 1967). 

Genus LAGENOCHITINA EISE ACK 1931 
Type species: L. ha/riea EISENACK 1931 , p. 80-8 1, PI. 
1:1-3. 

Lagenoehirina halriea EISENACK 1931 
PI. XIII: 117 

Lagenochirina ha/ri('(l EISENACK 193 1, p. 80-81, PI. 
1:1-3. 

Remarks: The ovoid ves icle has a cylindrical neck about 1/3 
of the total length. The basal edge and the Oanks are broadly 
rounded. The aperture is straight. 

Dimensions: Total length 80-250 ~ max. width 40-70 ~ 
width of aperture 22--40 ~ 

Occurrence: 4 ind. , 1-2 ind. in preps. 654, 696 and 701. 
Distribution in Estonia: Rapla borehole, Nabala to Pirgu 

regional stages , MiddlefUpper to Upper Ordovician (Nolvak, in 
preparalion). 

Recorded in many Middle Caradocian to Lower Ashgillian, 
Middle to Upper Ordovician deposits elsewhere in the Ballic 
area (Grahn 1982a) , Caradocian to Lower Ashgillian, Middle to 
Upper Ordovician deposits in Europe, L1anvirnian to L1andeilian, 
Middle Ordovician deposits in the U.S.A. and Ashgillian, Upper 
Ordovician deposits in Canada (Jenkins & Legault 1979, Grahn 
& Bergslröm 1984). Reported also in Arenigian, Lower 
Ordovician deposits in the Sahara, Africa (Benoit & Taugourdeau 
1961). 

Genus RHABDOCHTTINA EI3ENACK 1931 
Type species: Rh. magna EISENACK 1931, p. 90-91, Figs. 
3-5, PI. 3:16-18. 

Rhahdochirina graci/is EISE ACK 1962 
PI. XliI:I 18 

Rhahdochirina graci/is EISENACK 1962, pp. 307-308, Fig. 
6, PI. 14:2; 15:1. 

Remarks: The long subcylindrica l vesicle has a convex base 
with a rounded basal edge and straight aperture. Tynni (1975) 
al so has observed smaller forms. 

Dimensions: Total lenglh 50-780 ~ width of base 12-
80 ~ width 01' aperture 10-100 ~ 

Occurrence: 131 ind. , max . in one sampie 37 ind. 
Distribution in Ihe Baltic area: Finland: Ordovician erratics 

from Ihe BOlhnian Sea (Tynni 1975). Sweden: Öland boreholes, 
Upper Langevojan to Lower Valastean and Seby to Lower 
Dalby Limestones, Upper Arenigian to Lower Caradocian 
(Grahn 1980, 1981a, 1982b) and Vaginalenkalk, Lower 
L1anvirnian (Eisenack 1976); Dalarna: Hupderumian, Arenigianl 
L1anvirnian (Eisenack 1962a): Väslergölland borehole, Dalby 
10 Bestorp, Caradocian to Lower Ashgillian (Grahn 1981 b); 
Scania boreholes, Dalmatina Beds, Upper Ashgillian (Grahn 
1978). Estonia: Kunda to Kukruse regional stages. LowerfMiddle 
to Midd!e Ordovician (Eisenack 1962a), Kunda 10 Uhaku 
regional stages, Lower/Middle to Middle Ordovician (Eisenack 
1968); Tallinn area, Kunda to Uhaku regional stages. Lowerl 
Middle to Middle Ordovician (Grahn 1984): Rapla borehole, 
Kunda to Pirgu regional stages, Lower/Middle to Upper 
Ordovician (Nolvak, in preparalion). Poland: Northern boreholes, 
Lowcr Caradocian. Middlc Ordovician (Podhalanska 1979). 

Ballic Ordovician erratics (Eiscnack 1968a. Grahn 1981 a). 
Distribution in Europe: France; Normandie, May-sur-Orne, 
L1anvirnian 10 Caradocian (Rauscher 1973); Orne and Mayonne, 
Arenigian to L1anvirnian (Paris 1981). 



The percentages of the acritarch species in the 
sampies examined are listed in Table 1, with the 
absolute figures for sampIes 661 and 707 in brackets 
on account of the small numbers involved. The 
occurrence of Chitinozoa is likewise denoted in 
absolute numbers. 

The species identified here represent a typical 
Early Palaeozoic (Ordov ician-Silurian) for the Baltic 
basin. The most significant difference with respect 
to the findings from Rapla (Uutela & Tynni , in 
preparation) and Odinsholm (Bockelie & Kjellström 
1979) in Estonia and from Gotland and Östergötland 
in Sweden (Kjell ström 1971 a,b, 1976) lies in the 
abundance of small -sized species in southwestern 
Finland, species which are absent from the Gotland 
material entirely and are rare in the Rapla core. 
Similarly the species typical of the Baltic basin are 
smaller in size in thi s material than they are further 
south . It is interesting in thi s respect that so me 
increase in size in the specimens of certain species 
is detectable in the younger sediments in the Rapla 
core. 

Species to be found in this material which had 
previously been encountered only in post-Ordovician 
sed iments are Cymariosphaera cf. C. striara, 
Dictyotidium polygonium, D. stenodictyotum and 
Multiplicisphaeridium ramuscu losum ramusculo­
sumo New species identified were Axisphaeridium 
tricolumnelare, Kunda sphaera la cunosa and 
Priscogalea pelj"orara and one new forma Leiofusa 
gran ulacutis f. quincul1.x which were also found in 
the Rapla formation, but not Comasphaeridium 
l'Qrispinosum, Nodll sosphaeridium ruhus and 
Peteinosphaeridillm pan'ispinosum. Three new 
genera identi fied were: Kundasphaera . Nodus­
osphaeridillfl7. Raplasphaera. 

Living environments of the acritarchs and 
Chitinozoa 

Investigators differ in their opinions on the 
significance of ac ritarchs and Chitinozoa as 
indicators of sedimentary environments. Rauscher 
( 1973) claims that no such thing as an acritarch or 
Chitinozoa facics ex ists and that they are to be 
found in sediments of all kinds, although he adds 
that their abundance tends to be a function of the 
calmness of the sedimentm'y environment. the 
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microfossils being preserved better in still water 
than in flowing water. Wall ( 1965), on the other 
hand, suggests that the acritarchs can be classified 
into shallow, deep-water and indifferent species, 
and Grahn (1982b) makes the same claim for the 
Chitinozoa. 

In connection with the present research the 
differences between the rock types were determined 
precisely with reference to the living environments 
of these microfossils. Table 2. represents an 
application of the environmental model proposed 
by Wall ( 1965) to the spec ies identified in the present 
material. The predom inant species in sampies 
representing shallow-water conditions in bays or 
close to shores are the small acanthomorphs, usually 
of the genus Michrystridium , of which those with a 
longer process favour calm water, while those with 
a shorter process also occurr in sediments laid down 
under turbulent flow conditions. The sphaeromorphs 
are encountered in both shallow and deep water, 
but tcnd to be more numerous in deep water areas. 
The acanthomorphs with asiender process occur in 
low numbers of a broad area close to the shore, 
while the polyhedric species and those with a thick 
process are found further away from the shore and 
only in calm water. The classification employed in 
the tablc is rather subjective , since the echinate 
acanthomorphs with slender processcs, for instance, 
differ fro m their smooth-surfaced counterparts in 
their floatational properties. Similarly the number 
of processes affects floatation , but since the number 
can vary markedly even between individuals of the 
same species , this aspect is not taken into account 
separate ly in the present classification. 

The definition of the living environments of the 
species employed in the first part of Table 2 are 
adapted from features mentioned by Wall (op.cit.) 
and the species categorizations of Grahn (op.cit.), 
while the following part describes the occurrence 
of the spec ies in the various limestone types on the 
basis first of the present results and finally of the 
Rapla borehole. 

Microfossils in the sedimentary rocks 

Microfoss ils in the Cambrian sandstones 

The Cambrian sands tone specimens studied here 
did not contain any microfossils. This rock type 
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T a ble I . Numbers o f acritarchs and C hitinozoa in the sam pies studied. 
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Table 2. Living environments of the acrit archs and Chi tinozoa after Wal1 (1965) and Grahn ( 1982b) and their occurrence in d ifferent 
caJcareous rock types in the present mate ri a l and in the Rapla core . 

Aremoricanium sp. 
Axisphae ridium tricolumnelare n. sp. 
Baltisphaeridium brevifilicum 
B. brevispinosum 
B. c lavicinctu m 
B. cf. B. constrictum 
B. fi losum 
B. hamatum 
B. hirsutoides 
B. latiradiatum 
B. longispinosum longispinosum 
B. microsp inos um 
B. cf. B. multiechinatum 
B. multipilosum 
B. nanninum 
B. pachyacanthum 
B. pauciverrucosum 
B. podboroviscensis? 
B. pseudocalicispinum 
B. verrucatum? 
B. sp. I 
B. sp. 2. 
Buedingiisphaeridium sp. 
Comasphaeridium varispinosum n. sp. 
Cymati osphaera pavimenta 
C. c r. C. stri ata 
Dicommopall a macadamii 
Dictyosphaeridium sp. 
Dictyotidium dictyotum 
D. polygonium 
D. reticulatum 
D. stenod ictum 
Goniosphae ri dium mochtiensis 
G. polygonale 
G. cf. G. polygonale polyacanthum 
G. sp lendens 
Hapsidopal1a sp . 
Helosphaeridium sp. 
Kundasphaera sp. 
Leiofusa g ranul ac uti s 
L. granulac uti s f. quincunx 
Leiosphaeridia sp. 
Leiosphaeridia spp. 
Leiovalis ovalis 
L. simili s 
Lophosphaeridium citrinipeltatum 
L. papillatum 
L. pilosum 
Micrhystridium henry i 
M. inconsp icuum aremori canium 
M. nannacanthum 
M. robustum 
M. ste l1 atum 
Mu ltipli c isphaerid ium al loteaui 
M. bifurcatul11 
M. irregul are 
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Tablc 2. cont. 

Wall 1965 & Grahn 1982b SW-Finland Rapla, Estonia 

2 3 VO C S Jl 1lI 

M. rad icosum + + + 
M. ramusculosum ramusculosum + + 
M. raspa + + + + + 
M. sp. I. + + + + 
M. sp. 2. + + + + + 

anocyclopia sp. + + + + + 
Nodusosphaeridium rubus n. sp. + + 
Onhosphaeridium densiverrucosum + + + + 
O. insculptum + + + + 
O. vibrissiferum + + + + 
Pete inosphaeridium heteromorphicum + + + + + 
P. micranthum + + + + + 
P. nanofurcatum + + + 
P. nudum + + + + + 
P. parv ispinosum + + + 
P. paucifurcatull1 + + 
P. trifurcatum? + + + + + 
P. trifurcatum longiradiatum + + + + 
Pheoclosterium sp. I. + + 
Ph. sp. 2. + + + 
Pirea sp. I. + + 
Polyancistrodorus cf. P. 
columbariferus + + + + + 
P. intricatus + + + + 
Priscogalea perforata n. sp. + + + + 
Pterospermops is sp. + + + + + 
Raplasphaera sp. + + + 
Rhopa li ophora foliatilis + + + + 
Rh . palmata + + + + 
Rh. pilata + + + + 
Stelliferidium modesta + + + 
Tasmanites cf. T. verrucosus + + + + 
Tasmanites spp. 
Timofeevia sp. I. + + + 
T. sp. 2. + + + 
Tranvikium polygonale + + + + 
Veryhachium geometricum + + + + 
V. irroratum + + + + 
V.lairdi + + + + 
V. oklahomense + + + + 
V. oligospinosum + + + + 
V. reductum + + + + 
V. rhombispinosum + + + + + + 
V. trispinosum + + + + + 
V. tri sulcum + + + + 
Conochitina cac tacea n.d. + + + + 
C. conulus n.d. + + + 
C. cucumis + + + + + 
C. elegans + + + + + + + 
C. michracantha + + + + + + + 
C. minnesotensis + + + + + + + 
C. primitiva + + + + + + + 
C. wesenbergensis + + + + + 
Cyathochitina campanulaeformis + + + + + + + 
C. kuckersiana + + + + + + + 
C. latipalagium n.d. + + + 
Desmoch itina amphorea n.d. + + 
D. cocca n.d. + + + 
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Table 2. cont. 

Wall 1965 & Grahn 1982b SW-Finland Rapla , Estonia 

D. minor 
D. cf. D. ovulum 
D. papilla? 
Ei senachitina oelandica 
Lagenochitina baltica 
Rhabdochitina gracili s 

Legend to Table 2. 
Wall 1965 & Grahn 1982b: 

I = shallow, turbulent water 
2 = near shore environment 
3 = calm water 

SW-Finland : VO = greenish grey mari 
C = grey mari 
S = yellow grey calcilutite 

Rapla, Estoni a (Polma 1972) 

+ 

[ = Limestone with silty fracti ons 

2 

n.d . 
n.d. 
n.d. 
n.d. 
n.d. 

+ 

3 VO C S II 1II 

+ + + 
+ + + + 
+ + 
+ 
+ + + + 

+ + + + + 

[[ = argillaceous limestone with marly interbeddings 
III = crypto- and microcrystalline limestone 

may be identified to the Lower Cambrian on the 
basis of the literature (Lindsträm 1963). 

Microfossils in the greenish grey mari 

The characteristic feature of the specimens of 
greenish grey mari was the low incidence of 
acritarchs in terms of both the number of individuals 
and number of species. Of the 98 species identified 
in the total material, 29 are present in this rock type, 
6- 23 per preparation. No Chitinozoa were found . 
An exceptionally large number of species of the 
genus Baltisphaeridium are to be found in these 
rocks, principally B. hirsutoides (21.0- 32,0 %). 
Although B. hrevispinosum, B. longispinosum and 
B. microspinosum were slightly more frequent here 
than in the other rock types, they still accounted for 
only a few percent each. Aremoricanium sp ., 
Baltisphaeridium cf. B. multiechinatum , B. 
podhoroviscensis ? and B. sp. I. were exclusive to 
this rock type. 

Microfoss ils in the grey mari 

The grey mari specimens contained large nllmbers 
of acritarchs , representing a wide variety of species. 

Altogether 70 out of the 98 species occurred, with 
between 22 and 54 species per preparation. The 
percentages for the individual species were low in 
general , with the exception of Micrhystridium 
nannacanthum, which reached figures of 29.5-
74.5 % in this rock type and was similarly dominant 
in the total material. It is only in the grey mari that 
the large-sized acanthomorphs of the genus 
Orthosphaeridium, with their thick processes , were 
found, and also Goniosphaeridium polygonale 
polyacanthum among the polygonomorphs, their 
proportions remaining below 1.5 % throughout, 
however. Other species restricted to this rock type 
were Baltisphaeridium clavicinctum, B. verru­
catum ?, Diclyosphaeridium sp ., Pirea sp. , 
Rhopaliophora foliatilis, R. palmata , R. pilata, 
Stellileridium modesta, Timofeevia sp. 2. and 
Tranvikium polygonale , all of which had incidence 
numbers of less than 1.0 % and may welt be 
accidental. Of the Chitinozoa, Desmochitina 
amphorea occurred only in this rock type. 

Microfossils in the yeltowish grey caicillltite 

The material representing the yellowish grey 
calcilutite of the Baltic limestone is heterogeneous 



as far as its acritarch species are concerned and may 
fall into a number of distinct subtypes. 67 out of the 
98 species were identified, with each preparation 
containing between 12 and 39 species. Their 
proportions varied markedly , however, so that it 
was more difficult to pick out any common features 
than for the greenish grey and grey marls. Even 
Micrhyslridium nannacanlhum and M. henryi were 
not dominant in all the specimens, their proportions 
varying from 26.0 to 78.5 %. The only consistent 
feature would seem to be the low proportion or 
complete absence of the acanthomorphs with thick 
processes. Species restricted only to this rock type 
were Ballisphaeridium laliradiatum , Diclyolidium 
polygonalum , D. reliculatum , D. slenodiclyolum, 
Hapsidopalla sp., Leio va lia ovalis and 
Peleinosphaeridium paucifurcalum, but none of 
these exceeded 1.0 % of the total. The spec imen 
718 contained 6.3 % Mullipli cisphaeridium 
radicosum. Among the Chitinozoa, Conochilina 
cucumis was found only in this rock type. 

Microfoss il s in the reddish grey calcilutite 

The oxidizing conditions prevailing in the reddish 
grey calci lutite ofthe Baltic limestone had destroyed 
all the organic microfossils. Deposition of this 
rocktype has been dated from conodont evidence to 
the Naba la regional stage (F,) of the Late 
Caradocian , on the border between the Middle and 
Upper Ordovician (Merrill 1979). 

Classification of sedimentary limestones by 
reference to acritarch genera 

In order to elucidate an)' differences between the 
limestones in terms of sedimentary env ironment, 
histograms were constructed to represent the 
occurrence of the genera Ballisphaeridium, 
Cymaliosphaera, Goniosphaeridillm , Micr­
hyslridilll11 , MlIlliplicisphaeridium , Ouho­
sphaeridium, Pereinosphaeridium and Veryhachium 
in each samp ie. in add iti on to which the 
sphaeromorphs Dicomopa lla , Diclyolidium, 
Lophosphaeridilll11 , Nanocyclopia , Noduso­
sphaeridiul11 , Plerospermopsis, Slelliferidium , 
Tasl11anileS and Tran\'ikium were combined to fOlm 
a single column in the diagram. The 'varia ' class 
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was then taken to include the genera Aremoricanilll11, 
Axi sphaerid i UI11 , B uedi ng i i sphaeridi um , 
Hapsidopalla , Helosphaeridium , Klindasphaera, 
Leiofusa, Pheocloslerium , Pirea , Polyancislrodorus. 
Priscogalea, Raplasphaera , Rhopaliophora and 
Timofeevia, which although said by Wall (1965) to 
represent different sedimentary environmen ts. 
Frequencies usuallY occur of less than 1.0 % in the 
present material, so that they are of little 
consequence for the overall result, the one exception 
to this is the 8.5 % frequency of Polyancislrodorus 
in sam pie 652 (Fig. 13). 

The highest proportion of individuals usually 
belong to the genus Micrhyslridiul11, with the 
except ion of sampie 712, the next most frequent 
genera being Ballisphaeridillm. Goniosphaeridium 
and Mulliplicisphaeridiul11 , the order of abundance 
of which varies from one sam pie to another. The 
sphaeromorphs and varia normally occupied third 
to sixth place in the order of abundance . 

The differences in species distribution between 
the rock types were sm all and possibly represen t 
random variation, and thus no generalization can be 
made from these hi stograms. The grey marls tended 
to be more heterogeneous in the genera represented 
than did the yellowish grey calcilutites , fo r example 
(compare sampies 648, 652, 654 and sampies 655, 
663,689), but the si tuati on could also be the reverse 
(compare sampies 685 , 696 with 704 and 718). 

Classification of sedimentary limestones by 
reference to acritarch species 

A scheme was constructed for elucidating the 
differences between the limestones in terms of the 
species distributions of the acritarchs based on 
calcu lati on of the most common spec ies, seconel 
most common species, etc. in each sam pie (Fig. 
14). For this purpose it was necessary to combi ne 
certain morpholog ica lly similaI' species, principally 
Micrhyslridium slellalul11 and Goniosphaeridium 
splendens , anel in the same way Ballisphaeridium 
hirsuloides, B. cf. B. mulliechinatum anel B. sp . J. 

At level 1 the samp\cs coulel be elivieleel into three 
principal species groups. Group A: Micrhyslridium 
slellatum, Group B: Ballisphaeridium hirsuloides 
+ B. sp. J. + B. cf. B. mulliechinalul11 , anel Group 
C: Micrhyslridillm nal1nacanthum. 
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Fig. 13. Division of rock types by genera of ac ritarchs present. Legend: 1 = Baltisphaeridium , 2 = Cymatiosphaera, 3 = 
Goniosphaeridium, 4 = Micrhystridium, 5 = Multiplicisphaeridium, 6 = Orthosphaeridium. 7 = Peteinosphaeridium, 8 = Veryhachium. 
9 = sphaeromorphs, 10= class 'varia' .Fig. 13. Division of rock types by genera of acritarchs present. Legend: 1 = Baltisphaeridium . 
2 = Cymatiosphaera. 3 = Goniosphaeridium, 4 = Micrhystridium. 5 = Mulliplicisphaeridium. 6 = Orthosphaeridium. 7 = 
Peteinosphaeridium , 8 = Veryhachium, 9 = sphaeromorphs, 10 = class 'varia'. 
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Fig. 14. Division of rock lypes by species of acritarchs presenl. 

The only subdivision required at the level of the 
next most common species, level 2, concerned 
Group C: M. nannacanthum, to distinguish Group 
CI : M. henryi , Group C2: M. stellatum + G. 
splendens, Group C3: Balrisphaeridium hirsuiroides, 
Group C4: Mulriplicisphaeridium irregulare, and 
as aseparate unit Group CS: a compendium of 
species all accounting for sm all percentages of the 
total. 

At level 3 the groups comprising a number of 
sampies were divided into subgroups on the basi s 
of the third most common acritarch species. This 

Legend: o greenish grey mari 

D greymarl o yellowgrey calcilutilC 

meant that three subgroups were distinguished 
within the Micrhysrridium henryi group, Subgroup 
CI a: M . stellarum + G. splendens, Subgroup CI b: 
Mulriplicisphaeridium sp. 1, and Subgroup C Ic: 
Tasmanites spp. Similarly the Micrhysrridium 
srellarum + Goniosphaeridium splendens, Group 
C2 was divided into Subgroup C2a: M. henryi and 
Subgroup C2b: Leiovalia similis. The heterogeneolls 
Group C3: B. hirsuiroides then comprised Subgroup 
C3a: M. srellarum + G. splendens, and Subgroup 
C3b: Mulriplicisphaeridium radicosum and Sub­
group C3c: Baltisphaeridium cf. B. mulriechinatum. 
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It is impossible to define the levels in terms of 
precise percentages as these vary so widely between 
the groups. The proportion of Micrhystridium 
stellatum at the first level varies in the range 44.5-
61.8 %, while that of Baltisphaeridium hirsuitoides 
+ B. cf. B. multiechinatum + B. sp. I. is 63.1 % and 
those of Micrhystridium nannacanthum vary within 
the limits 29.5-76.0 %. 

At level 2 the proportions of most of the species 
vary in the range 10.0- 25 .0 %, the exceptions 
being sampie 723, in which M. stellatum and 
Goniosphaeridium splendens account for 35.5 % 
and sampies 689 (M. henryi group), 663 and 717 
(M. stellatumlG. splendens group) , 701 (B . 
hirsuitoides group and the multi-species sampies 
654 and 696, where the proportions remained below 
10.0 %. 

By the third level the majority of the percentages 
were under 10.0 %, although again with so me 

exceptions: sampie 685 (M. stellatum + G. 
splendens) , sampies 652 and 684 (M . henryi) and 
sampies 711,713 and 718 (B. hirsuitoides), in wh ich 
the figures varied between 10.5 % and 15.1 %. 

The various limestone types were then marked 
with codes of their own. In terms of the classification 
of Wall (1965), the sampies in Group A must have 
been laid down in calm, shallow water, those in 
Group C possible also in areas of turbulent water, 
and those of Group B somewhat further away from 
the shore although not yet under true open sea 
conditions. This classification does not suffice to 
point to the differences in sedimentary environment 
between the limestone types in the present material, 
however. In other words it is still not possible to 
state on the basis of the present material that the 
calcilutites were laid down in deeper water and 
further away from the shore than the marls, for 
instance. 

Dating of the specimens 

Based on the acritarchs (Uutela & Tynni , in 
preparation) and Chitinozoa (Nolvak, in preparation) 
identified in the Rapla core and as the principal 
comparative material , a dating schellic was drawn 
up to cover all the present sam pies containing 
acritarchs or chitinozoans. The results are 
represented by solid lines in the diagrams. 
Consequently the body of comparative material was 
extended at this point to include the works of 
Bockelie and Kjellström (1979) and Eisenack 
(I 962c) in Estonia and Kjellström in Sweden 
(1971 a,b, 1972, 1976) on the acritarchs and those 
of Grahn ( 1984) in the area of Tallinn and ( 1981 a,b, 
1982a) in Sweden on the Chitinozoa. These dates 
and records further away the Baltic area are indicated 
in the diagrams by broken line. 

The thickness of the line is proportional to the 
frequency of occurrence of the species , represented 
in cJasses with the following boundary values: < 
2.0 % = rare, 2.0-10.0 % = moderate, 10.1-50.0 
% = common, and > 50.0 % = dominant. 

Specimen no. 648, Hanko, Spikarna 
Fig.15. 

Among the Ordovician-Silurian species , the 
acritarchs which are restricted to the lower part of 
the Middle Ordovician, i.e. the Volhov-Kukruse 
regional stages in the Rapla material, are 
Ballisphaeridium hrevispinosum, Timofeevia sp. 
J. , T. sp . 2. and Tranvikium polygonale, while of 
the total of 93 chitinozoans present , one 
Desmochitina papilla ? also falls into this category. 

Preliminary examination of the Rapla core suggest 
that Peteinosphaeridium nudum (3.0 %) appears in 
the Lasnamägi regional stage. 

The sampie was dated to the Aseri - Lasnamägi 
transition , although Pterospermopsis sp. (1.5 %) 
appears at the Kukruse regional stage at Rapla 
borehole. 

Also present in this sam pie are Comasphaeridium 
varispinosum n. sp. (2.0 %)and Peteinosphaeridium 
parvispinosum n. sp . «0.5 %). 
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Fig. 15. Dating of the specimen no. 648: Hanko, Spikama. 

B. filosum 
B. hirsutoides 
B. longispinosum longispinosum 
B. microspinosum 
B. pseudocalicispinosum 
Cymatiosphaera pavimeina 
Dictyosphaeridium sp. 
Goniosphaeridium mochtiensis 
G. cf. G. polygonale polyacanthum 
G. splendens 
Leiovalia similis 
Lophosphaeridium citrinipeltarum 
L. papillarum 
L. pilosum 
Micrhystridium henryi 
M. nannacanthum 
M. stellatum 
Multiplicisphaeridium alloteaui 
M. bifurcatum 
M. sp. l. 
M. sp. 2. 
Nanocyclopia sp. 
Orthosphaeridium densiverrucosum 
O. vibrissiferum 
Peteinosphaeridium heteromorphicum 
P. micranthum 
P. nudum 
P. paucifurcatum 
Polyancisrrodorus intricarus 
Pterospennopsis sp. 
Rhopaliophora pilata 
Timofeevia sp. 1. 
T. sp . 2. 
Tranvikium polygonale 
Veryhachium irrorarum 
Conochitina conulus 
C. michracantha 
Cvathochitina kuckersiana 
~smochitina cocca 
D. minor 
D. cf. D. ovulum 
D. papilla? 
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Specimen no. 65 1: Uusikaupunki , Valkiameri 12/ 
KH/80 

Specimen no. 652: Hanko, Stora Stenskär 9a1/ 
KH/80 Fig. 16. 

No microfossils were found. The species present here are rather heterogeneous 
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as far as dating is concemed. Those restricted to the 
lower part of the Middle Ordovician are 
Baltisphaeridium brevispinosum, and Timofeevia 
sp. I ., but their total abundance remains 1.0 %. 
Stelliferidium modesta (frequency < 0.5 %) is known 
on ly from the Lower Ordovician, the Kunda regional 
stage at Rapla and the Arenigian in Poland (Gorka 
1969). Of the Chitinozoa, Conoehitina eonulus (26 
ind. present) lived during the Aseri and Keila 
regional stages. 

Of the 52 chitinozoans identified , Desmoehitina 
amphorea ( I ind. ) has be found in the Idavere and 
Oandu reg ional stages at Rapla ( olvak, in prep.) 
but in Idavere and Vormsi deposits at Tallinn (Grahn 
1984). ft evidently occurred earlier, in the Aseri 
and Uhaku regional stages, elsewhere in theBaltic 
(Eisenack 1962b). 

Species restricted to the Upper Ordovician is 
Leiofusa granulaeutis f. quincunx n. f « 0.5 %). 
Micrhystridium robustum is reco rded from the 
Lower Ordovician and the Ordovic ian Silurian 
transition , but not from the Middle Ordovician 
(Martin 1966a, 1968, 1972). Multipticisphaeridium 
ramuscllloSllm ramusculosum is recorded previously 
in the Lower Silurian (Cramer & Diez 1972). 

This specimen evidently contains two bodies of 
material of differing age. One set of species may be 
dated to the Kukruse reg ional stage and Stelti­
fe ridium modesta would be reworked material. The 
second set of species apparently originates from the 
VOlmsi to Pirgu reg iona l stages. Although thi s 
consigns nine species to the redeposited group , these 
ca ses amount to 3.0 % in frequency terms. 

The species list also includes Comasphaeridium 
varispinosum n. sp. «0.5 %). 

In the view of the high amount of Conochitilla 
conlllus present , an eventual dating to older than 
the Keila, i. e. the Kukruse regional stage, was 
pre ferred. This dating must be regarded as 
inconclusive, however, on account of the occurrence 
of the spec ies Stelliferidillm modesta and Leiofllsa 
granulacUlisf quincunx l1.f 

Specimen no. 653: Kiukainen , Vaaniinkangas 2/ 
KH/83 

No microfossil s were found . 

Specimen no. 654: Dragsfjärd, Vitfägelskär 
8.7.80/KH 

Fig.17. 

The species li st is almost as heterogeneous as in 
the previous case. Baltisphaeridium brevispinosum , 
Pheoclosterium sp. 2., Timofeevia sp. J., T. sp. 2., 
and Tran vikium polygonale, together accounting 
for 1.5 % of the total , are all species of the lower 
part of the Middle Ordovician. Veryhaehium 
reduetum «0.5 %) is known on ly from the Uhaku 
to the Keil a reg ional stages and V. geometrie um, 
which is generally found only in Silurian deposits, 
occurs in the Lasnamägi and Johvi regional stages 
at Rapla and is also present in the lower part of the 
Middle Ordovician on Gotland according to Gorka 
(1987). Rhopaliophora foliatitis « 0.5 %) is 
restricted to the Nabala regional stage at Rapla, and 
to the Upper Ordovician in U.S.A. (Tappan & 
Loeblich 1971 ). Multiptieisphaeridium ramu­
seulosum ramusculosum «0.5 %) is recorded 
only in the Lower Silurian depos its (Cramer & 
Diez 1972). 

The spec ies li st also includes Comasphaeridium 
I'C/rispil1osllm n. sp. (0.5 %) and Peteinosphaeridium 
parvispinosum n. sp . « 0.5 %). 

This species li st compri ses elements of two ages, 
the Aseri-Lasnamägi transition and the Nabala 
regional stage, the former interpretation being 
preferred here on account of the greater number of 
spec ies wi th allow the sampie to be traced to the 
lower part of the Middle Ordovician . Some 
uncertai nty is nevertheless introduced by the 
pre se nce of Rh opa li oph ora fo liatili s and 
Multiplicisphaeridium ramusculosum ramusculo­
sumo 

Spec imen no . 655: Dragsfjärd , Morgonlandet 
Fig. 18. 

This heterogeneous li st of species includes 
Pterospermopsis sp. (0 .5 %), which appears in the 
Kukru se reg ional stage and Baltisphaeridium 
nal1l1il1l1m (0.5 %), which " 3appears in the Oandu 
reg iona l stage at Rapla , whil e among the 23 
Chitinozoa, Conochitina eonulus ( I ind. ) ex isted in 
the Aseri to Keil a reg ional stages. 

Dietyotidillm polygonium has not been found at 
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Axisphaeridium tricolumnelare n. sp. 
Baltisphaeridium brevispinosum 
B. cf. B. constrictum 
B. filosum 
13. hirsutoides 
B. longispinosum longispinosum 
B. microspinosum 
B. nanninum 
B. pseudocalicispinosum 
13uedingiisphaeridium sp. 
Cymatiosphaera pavimenta 
Dicommopalla macadamü 
Dictyotidium dictyotum 
Goniosphaeridium mochtiensis 
G. polygonale 
G. cf. G. polygonale polyacanthum 
G. splendens 
Leiofusa granulacutis 
L. granulacutis quincunx n. f. 
Leiovalia similis 
Lophosphaeridium c itrinipeltatum 
L. papillatum 
L. pilosum 
Micrhystridium henryi 
M. nannacanthum 
M. robustum 
M. stellaturn 
Mulriplicisphaeridium alloleaui 
M. bifurcatum 
M. irregulare 
M. ramusculosum ramusculosum 
M. sp. 2. 
Nanocyclopia sp. 
Onhosphaeridium densiverrucosum 
O. insculptum 
Peleinosphaeridium heteromorphicum 
P. nudum 
Polyancistrodorus cf. P. columbariferus 
P. intricatus 
Stelliferidium modesla 
Tasmanites cf. T. vemlCosus 
Timofeevia sp. 1. 
Veryhachium rhombi spinosum 
Conochirina caClacea 
C. conulus 
C. michracanlha 
C. minnesotensis 
C. primitiva 
C. wesenbergensis 
Cyalhochitina campanulaeforrnis 
Desmochitina amphorea 
D. cocca 
Rh abdochitina gracilis 
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Fig. 16. Dating of the specimen no . 652: Hanko. Stora Stenskär 9a I (KH/80 . 

Rapla, but has recorded previously in Middle 
Si lurian deposits. The species list also includes 
Comasphaeridium varispinosum 11. sp . «0.5 %). 

The spec imen was dated to the Middle Ordovician 
(Kukruse- Keila regional stages). 
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Fig. 17 . Dating of the specimen no. 654: Drags fjärd , Vitfägelskär 8.7.80/KH . 
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No 654, DRAGSFJÄRD, VITFAGELSKÄR 

Baitisphaeridium brevispi nosum 
B. cf. B. constrictum 
B. filosum 
B. hirsutoides 
B. longispinosum longispinosum 
13. microspinosum 
B. multipilosum 
B. nanninum 
B. pachyacanthum 
B. pseudocalicispinosum 
B. verrucatum? 
B. sp. 2. 
Buedingiisphaeridium sp. 
Cymatiosphaera pavi men ta 
Dictyotidium dictyotum 
Goniosphaeridi um mochtiensis 
G. cf. G. polygonale polyacanthum 
G. splendens 
Kundasphaera sp. 
Leiovalia similis 
Lophosphaeridium citrinipeitatum 
L. papillalUm 
L. pilosum 
Micrhystridium henryi 
M. nannacanthum 
M. robustum 
M. stellatum 
Multiplicisphaeridium alloteaui 
M. bifurcatum 
M. irregulare 
M. ramusculosum ramw;culosum 
M. raspa 
M . sp. I. 
Onhosphaeridium insculptum 
O. vibrissiferum 
Peteinosphaeridium heteromorphicum 
P. micranthum 
P. nudum 
Pheoclosterium sp. 2. 
Polyancistrodorus intricatus 
Priscogalea perforata n. sp. 
Kaplasphaera sp. 
Rhopaliophora fol iaLilis 
Rh . palmata 
Rh. pilata 
Timofeevia sp. I. 
T. sp. 2. 
Tranvikium polygonale 
Veryhachium geometricum 
V. reductum 
V. rhombispinosum 
Conochitina conulus 
C. elegans 
C. michracantha 
C. minnesotensis 
C. primitiva 
C. wesenbergensis 
Cyathochitina campanulaefonni s 
C. kuckersiana 
Desmochinna cf. D. ovulum 
Eisenackium oclandica 
Rhabdochirina gracilis 
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No 655, DRi\GSFJÄRD, MORGONLANDET 

Bailisphaeridium hirsu toides 
B. microspinosum 
B. nanninum 
B. pseudocalicispinosum 
Buedingiisphaeridillm sp. 
Dicommopalla macadamii 
Dictyotidillm dictyotum 
D. polygonium 
D. reticulatum 
Goniosphaeridium polygonale 
G. splendens 
Hclosphaeridium sp. 
Leiofusa granu lacutis 
Leiovalia simi lis 
Lophosphaeridium papillarum 
L. pilosum 
Micrhystridium henryi 
M . inconspicuum aremoricanium 
M. nannacanthum 
M. stellatum 
Multiplicisphaeridium alloteaui 
\1 . bifllrcatum 
M. sp. 2. 
Pterospennopsis sp. 
Conochitina conulus 
C. e legans 
C. michracantha 
C. minnesotensis 
C. primitiva 
Cyathochitina campanulaefomlis 
DcslTIochitina cocca 
Lagenochitina balt ica 
Rhabdochitina gracilis 

Fig. 18. Dating of the specimen no. 655: Dragsfjärd. Morgonlande!. 

Specimen no . 656: Kustavi , Tjusgrund M.O. 81 

No microfossils were found. 

Specimen no. 657: Kustavi, P.J . 82a 

No microfossi ls were found. 

Specimen no. 658: Kustavi. P.J. 82b 

No microfossils were found . 

Specimen no . 660: Mynämäki , Lem i S.M. 

No microfoss il s were found. 

Specimen no. 661: Kustavi , Krokholmi 8IKH/81 
Fig.19. 

The low total number of individual s. on ly 13, 
compriscs large ly ones of longer duration within 
the Ordovician and Silurian, the only one wh ich is 
restricted to the lower Middle Ordovician being 
Baltisphaeridium hrel'ispinosum. Baltisphaeridium 
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No 661 , KUSTAVI, KROKHOLMl 

Baltisphaeridium brevispinosum 
B. hirsUloides 
B. longispinosum longispinosum 
B. cf. B. mulriechinatum 
Goniosphaeridium mochtiensis 
Lophosphaeridium citrinipeltatum 

Fig. 19. Dating of the specimen no. 661: Kustavi. Krokhohni SIKH/81. 

cf. B. multiechinalum is found in the Kunda to 
Kukruse regional stages at Rapla, but it also present 
in the upper part of the Middle Ordovician elsewhere 
in the Baltic. 

Reference CO the Rapla material suggests that this 
specimen dates from the Kunda to the Lasnamägi 
regional stages, although in view of the data 
presented by Kjellström (1976) the date could be 
extended to cover the Kunda and Kukruse. Some 
uncertainty is introduced by the low number of 
species present. 

Specimen no . 662: Kustavi , Nootholma 2/KH/8l 

No microfossils were found . 

Specimen no. 663: Hanko, Lastankobben 10.7.80/ 
KH 

Fig.20. 

This predominantly long-teml species list includes 
Baltisphaeridium hre,'ispinosum (0.5 %), which is 
restricted to the Volhov to Kukruse regional stages. 
and B. nanninllm (0.5 %), restricted to the Kunda to 
Oandu . Dicommopalla macadamii and Leio.t'usa 
granulacutis (both <0.5 %) make their appearance 
in the LJhaku regional stage, while Mlllti ­
plicisphaeridium inconspicuum aremoricanillm 
«0.5 %) and Plerospermopsis sp. (0.5 %) from the 
Kukruse regional stage onwards. 

Dictyotidium stenodictyotum is recorded earlier 
only in the Silurian deposits in Europe (Eisenack 

1965a, Maltin 1966a, 1967). 
The species list also includes Comasphaeridium 

varispinosum n. sp. (0.5 %), but there are no 
chitinozoans. 

The specimen was dated to the Kukruse regional 
stage. 

Specimen no . 664: Kustavi, ootholma 4/KH/8l 

No microfossils were found. 

Spec imen no. 681 : Lappi TL, Kariniemi V.L. 

No microfossils were found. 

Specimen no. 682: Hanko, Stora Stenskär 9b/ 
KH/80 

No microfossils were dound. 

Specimens no . 683: Lappi TL , Männi stö V.L. 

No microfossils were found. 

Specimen no. 684 : Eurajoki. Rannankulma 
Fig.21. 

In addition to species of a broad temporal scope, 
one is found which is restricted to the lower Middle 
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Balrisphaeridium brevispinosum 
B. filosum 
B. hirsutoides 
B. microspinosum 
B. mullipilosum 
B. nanninum 
Buedingiisphaeridium sp. 
Dicornmopalla macadamii 
Dicryoridium reticulatum 
D. stenodicryum 
Goniosphaeridium polygonale 
G. splendens 
Leiofusa granulacutis 
Leiovalia ovalis 
L. similis 
Lophosphaeridillm papillatum 
L. pilosum 
Micrhystridium henryi 
M. inconspicuum aremoricanium 
M. nannacanthum 
M. stell at um 
Multiplicisphaeridium alloteaui 
M. bifurcatum 

. . ... - . - M. irregulare 
M. raspa 
M . sp . 2. 
Peteinosphaeridillm heteromorphicum 
P. nudum 
Pterospennopsis sp . 
Rhopaliophora pilata 
Ycryhachium oklahomense 
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Fig. 20. Dating of the specimen no. 663: Hanko. Lastankobben 10.7.80/ KH . 

Ordovician, Balfisphaeridium bre\'ispinosum (0.7 
%). Dicommopalla macadamii (4.8 %) make its 
appearance in the Uhaku regional stage and 
Pferospermopsis sp. (1.5 %) in the Kukruse regional 
stage at Rapla. 

The specimen may be dated to the Kukruse 
regional stage. Middle Ordovician. 

Specimen no. 685: Hanko. Sälbädan 8/KH/80 
Fig.22. 

The Middle and Upper Ordovician species list 
may be dated more precisely by reference to 
Balfisphaeridium brel'ispinosum (0 .5 %), found in 
the Vol hov to Kukruse regional stages and 

Axisphaeridium rricolumnelare n. sp. (0.5 %) in the 
Kukruse to Pirgu regional stages. The list also 
includes Comasphaeridium varispinosum n. sp. (0.5 
%). 

The Chitinozoa (13 ind.) are all species typical 
of (he who le Ordovician, although Conochifina 
primiri\'(/ (2 ind.) disappears by the Nabala. 

The specimen was dated to the Kukruse regional 
stage. 

Specimen no. 689: Hanko, Hauensuoli 9.7.80/ 
KH 

Fig.23. 

The spec ies present are all indifferent, occurring 
throughout the Ordovician. 
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No 684, EURAJOKI, RANNANKULMA 

Baltisphaeridilllll brevispinoslIl1l 
Dicornrnopalla macadamii 
Dicryotidium dicryotum 
Goniosphaeridium mochtiel1sis 
G. polygonale 
G. splendens 
Leiovalia similis 
Lophosphaeridiul1l papillalUm 
L pilosum 
Micrhysuidi um henryi 
M. nannacanthul1l 
M. stellatul11 
Multiplicisphaeridiulll allotealli 
M. bifurcawl1l 
Nanocyclopia sp. 
Pterospermopsis sp. 
Conochitina conulus 
Rhabdochitina gracilis 

Fig. 21. Dating of the spec imen no. 684: Eurajoki, Ral1l1ankulma. 
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SIIIIIIII\N No 685. HANKO, SÄLBÄDAN 

Axisphaeridiul1l rricolul1lnelare n. sp. 
Baltisphaeridiul1l brevifilicum 
B. brevispinosum 
B. hirsutoides 
B. microspinosum 
B. pseudocalicispinosul1l 
DiclYotidium diclYOlUm 
D. n;ticularum . 
Goniosphaeridium polygonale 
G. sp lendens 
Leiovalia similis 
Lophosphaeridium papillarum 
L pilosum 
M icrhysrridi um henryi 
M. nannacanthum 
M. stellatum 
Multiplicisphaeridium bifurcarum 
Peteinosphaeridium nudum 
Vervhachium lairdi 
V. rhombispinosum 
Conochitina michracantha 
C. primitiva 
Rhabdochitina gracilis 

Fig. 22. Dating 01' the spec il1len 110. 685: Hanko , Sälbädan S/KH/80. 

One unusual feature about this specimen is the 
absence of the genera Baltisphaeridium and 
Peteinosphaeridium, which are typical of the Baltic 

area. The same feature is recorded in the Rakvere 
regional stage at Rapla, where small acanthomorphs 
are predominant, as here. 
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No 689, HANKO, HAUENSUOLI 

Cymatiosphaera pavimenta 
Dictyotidium dictyotum 
Goniosphaeridium splendens 
Leiovalia similis 
Lophosphacridium papillatum 
L. pilosum 
Micrhystridium henry i 
M. nannacanthum 
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~----~------------~--~------~----~ 

M. stellatum 
Multiplicisphaeridium alloteaui 
Veryhachium okJahomense 

Fig. 23. Dating of the specimen no. 689: Hanko, Hauensuoli 9 .7.80/KH. 

The specimen was dated to the Kunda to Pirgu 
regional stages, probably the Rakvere regional stage. 

Specimen no. 690: Turku H.S.I. 

No microfossils were found. 

Specimen no. 691.: Turku H.S .2. 

o microfossils were found . 

Specimen no. 692: Uusikaupunki, Valkiameri 
OTR-3 

No microfossils were found. 

Specimen no. 693: Taivassalo , M.J. 

No microfossils were found . 

Specimen no. 694: Uusikaupunki , Valkiameri 
OTR-I 

No microfossils were found . 

Specimen no. 695: Kalanti, OTR-14- 83 
Fig. 24. 

Of the general Ordovician- Silurian species list, 
one species which restriets the specimen to the 
Lower and Middle Ordovician is Peteinos­
phaeridium micranthum , (1.0 %), which was present 
in Volkhov to Johvi regional stages. Pefeinos­
phaeridium heferomorphicum (1.0 %) occurred for 
the first time in the Aseri regional stage, 
Dicommopalla macadamii (0.5 %) in the Uhaku 
regional stage and Pterospermopsis sp. (0.5 %) in 
the Kukruse regional stage. 

Of the 40 Chitinozoans identified, the 6 
individuals of Conochifina conulus represent a 
specifically Aseri and Keila species. 

The specimen was dated to the Kukruse to Johvi 
regional stages. 

Specimen no. 696: Hanko, Furuholm 2a/KH/80 
Fig.25. 

All the acritarch species in this sampie were in 
existence during the Lasnamägi regional stage with 
the exception of Dicommopal/a macadamii (2 .5 
%), which is found in the Uhaku to Pirgu regional 
stages at Rapla. Balfisphaeridium aff. B. constric fum 
(0.5 %) is recorded in the Aseri to Kukruse regional 
stages in Sweden (Kjellström 1971 a) . 

The 13 chitinozoans found here include one 
Lagenochifina halfica, which was restricted to the 
Nabala and Pirgu regional stages at Rapla, although 
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1"0695, H ANKO, FURUI IOLM 2a/K H/X I 

Ball isphaeridillm hlrsllloides 
13. lllicrosp inoSlIl1l 
Cymaliosphaera pavi meota 
DicommopalJa tnacad,unii 
DiclYO\ldillm diclyolum 
Goniosphaeridillm l110chliensis 
G. polygonale 
G. splendens 
Leiovalia ovalis 
L. similis 
Lophosphaeridilll11 eirnnipcllatlIl11 
L. papilJalllm 
~licrhyslridilll11 henry i 
M. nannacanlhllll1 
M. slellalllll1 
~ lul li pl icisphaerid illm allolealll 
M. bifurealul11 
PCleinosphaeridiul11 hCleromorphlculll 
1'.l11icranlhllm 
Pterospermopsis sp. 
Cooochitina eaelacea 
C. conulus 
C. minnesolensis 
C. primltiva 
C. wesenbergensis 
Dcsl110chilina cocea 
RhatxJochirina graeilis 

~----~------------~--~------~----~ 
Fig. 24. Daling 01' Ihe 'pccil11cn no. 695: Kalan li . OTR-14-X.l. 

it mayaiso have existed in the upper part of thc 
Mieldlc Ordovieian clsewhcrc in thc Baltie. 

The speeimcn was assigncel to thc Kukruse­
lelave re transition. 

Speeimen 697: Hanko. Furuholm 2b/KH/80 
Fig.26. 

Thc preelominantly Ordovieian- Silurian speeies 
list eontains Dico/1//1/opalla /lllIcadalllii (0.5 7c) anel 
Leiqfilsa grallll/acllris (0.5 7c) . which link it with 
thc Uhak u anel Pirgu regional stages . 01' the three 
ehitinozoans. COl1och ifillO C(J IIII/IIS (2 ind.) is from 
the A~eri to Keila and C. prillliril'O ( I ind. ) fromthe 
Kunda to Nabala. The speeies list also ineluelcs 
Axisphaeridill/1/ rrico/unllle!orc 11. S/J. (Kukruse to 
Pirgu regional stages. <0.5 o/c) and CO!1wsphac­

ridiu/1/ \'(Jrispillosum I1.Sp. (0.5 9'r) . 

Thc 'iample i~ dateel to the Kukru'ie- Keila 
regional ,tages. 

Spccimen no. 09R: Uusikallpunk.i. Valkiameri 
OTR-R3- L7 

No mierofossils were found. 

Spccimcn no. 099: Kalanti OTR-20a- 83 
Fig. n. 

One ~peeics fOlll1(! here \",hieh is partiCLtlar to the 
lower Middle Ordovieian is Ba/risp//(/('ridilllll 

hrc,·i.\pi Il OS IlIll (-LO 7c) . Thc proportion 01' 
Ba/risp/wcridilll7l hirsllroidcs. whieh occur~ in largc 
amount~ at Rapla in thc Volkhov- KlIncla, 
Kukruse-Idave re and Kei la regional stages. is 
execptionally high (21 .5 7c). The others are long 
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No 696, lIANKO, FURUHOLM 2a/ KII/HO 

Baltisphaeridiul11 cf. ß. constnClll111 
13_ hirsutoides 
13_ longispinoslltn 10ngispinoslII11 
ß . microspinos lll11 
13_ pselidocalic ispinoSlIl11 
Dicommopalla l11acadal11ii 
Dictyotidiul11 dic tyotllm 
Goniosphacridiul11 splendc ns 
Lclovalia simili s 
Lophosphaeridiul11 citrinipeltallll11 
L papillatum 
L. pilos um 
Micrhystridium henry i 
M. nannacanthul11 
M. stellatul11 
Multiplicisphaeridiul11 allotcalli 
M. bifurcatum 
M. irregulare 
Nanocyclopia sp_ 
Peteinosphaeridium nudul11 
P_ trifurcalum longiradiatum 
Polyancistrodonls columbariferus 
P_ intricalus 
Conochitina elegans 
C. michracantha 
C. minnesotensis 
C. primitiva 
Cyathochitina latipatagium 
Desmochitina cf. D. ovulum 
Lagenochitina baltica 
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Fig. 25. Duting of the specimcn no. 696: Hanko. Furuholm 2a/KH/80. 

duration species which make their appearance at 
the beginning of the Volhov regional stage. The 
specimen would seem from the Rapla core evidence 
to originate from the Kunda to Lasnamägi regional 
stages. although the date should perhaps be extended 
to include the Kunda and Kukruse. 

Specimen no. 700: Kalanti. Petis 68 

No microfossils were found. 

Specimen no. 70 I: Kalanti OTR- 8- 83 
Fig.28. 

With the exception of one Ba/tisphaeridiul11 
clGI-icillctll111 , which is recorded in the Kunda in 

Estonia (Wetzel 1967). the acritarch ~pecies 

recovered all lived during the Uhaku- Kukrllse 
regional stages. 

Of the 34 Chitinozoa present, the 2 individuals of 
Lagenochitina ha/tim, represen t a species wh ich 
appears only in the Nabala at Rapla, but have existed 
earlier, in the Middle Caradocian, elsewhere in the 
Baltic (Grahn 1982a). 

The species list contains large nllmbers of 
individllals of the genus Veryhachium (12.0 %) 

and Ba/tisphaeridillm hirsutoides (9.0 %). 
Comasphaeridium \'arispinosum, 11. sp. ( 1.0 %) is 
a lso present. 

The specimen was dated Lo the Kukruse-Ida­
vere tran sit ion. althollgh the occurrence of 
Ba/tisphaeridium c!c/l'icinctum renders this results 
less reliable. 
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'0 697, H ANKO, FURUHOLM 2bIKH/80 

Axisphaeridium tricolllmnelare n. sp. 
ßaltisphaeridillm multipilosllm 
ß . nanninum 
Cymatiosphaera pavimenta 
Dicommopalla macadamii 
Dictyotidium dictyotum 
Goniosphaeridium polygonale 
G. splendens 
Leiofusa granulacuris 
Leiovalia ovalis 
L. similis 
Lophosphaeridillm papillatllm 
M icrhysrridi um henryi 
M. nannacanthum 
M. stellatum 
Multiplicisphaeridillm alloteaui 
M. bifurcatum 
Peteinosphaeridillm hetcromorphicllm 
P. nud um 
Conochitina conulus 
C. primitiva 

~----~----------------~--~~-------+----~ 
Fig. 26. Dating of the spec imen no. 697 : Hanko, Furuholm 2b/KH/80. 
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Baltisphaeridium brevispinosum 
B. hi rsutoides 
B. longispinosum longi spinosum 
B. microspinosum 
B. cf. B. multiechinatum 
B. pseudocalicispinosum 
Goniosphaeridium mochtiensis 
G. polygonale 
G. sp\endens 
Leiovalia similis 
Lophosphaeridium cirrinipeltarum 
L. papillaturn 
Micrh ysrridium nannacanthum 
M. stellatum 
Multipliclsphaeridium alloteaui 
I><anocyclopia sp. 

Fig. 27. Dating of the specimen no. 699: Kalanti , OTR-20a-83. 

Specimen no. 703: Vehmaa 7/78 
Fig.29. 

Among the Ordovi cian-Silu rian spec ies, 
Dicommopalla macadamii (0.5 %) is restricted to 

the Uhaku and Pirgu reg ional stages, and 
Pterospermopsis sp. (6.5 %) in the Kukruse to Pirgu 
regional stages. Dictyotidium polygonium has not 
previously been encountered in the Baltic region or 
elsewhere in Europe, and has been recovered only 
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NO 701. KALANTJ OTR-8-83 

Balrisphaericlium brevifilicum 
B. brevispinosum 
B. clavicincrum 
B. hirsutoides 
B. latiradJalum 
B. 10ngispinosum 10ngispinosum 
B. microspinosum 
B. nanninum 
B. pauciverrucosum 
B. pseudocalicispinosum 
Goniosphaericlium mochtiensi s 
G. splendens 
Leiofusa granulacuris 
Leiovalia similis 
Lophosphaeridium cininipeltarum 
L. papillaIUm 
Micrh ysnidium henryi 
M. nannacanthum 
Muloplictsphaericlium a110teaui 
M. bifurcatum 
Orthosphaericlium vibrissiferum 
Peteinosphaeridium heteromorphicum 
P. nudum 
P. nifurcalUm 0 

Veryhachium geomenicum 
V. reducrum 
V. rhombispinosum 
V. ni spinosum 
V. rri sulcum 
Conochinna conulus 
C. michracantha 
C. primiriva 
C. wesenbergensis 
Desmochirina cocca 
Lagenochirina balrica 
Rhabdochirina gracilis 
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Fig. 28. Dating of the spccimen no. 70 I: Kalanti. OTR-8-83. 

from Silurian and Devonian sediments. 
Of the Chitinozoa (9 ind.) , Conochitina conlilus 

(I ind.) lived during the Aseri to Keila regional 
stages. and C. pril11itiva (I ind.) during the Kunda 
to abala. 

Comasphaeridi/ll11 varispinoslIl11 11. sp. (1.5 %) 
also appears in the species list. 

The sampIe was dated to the Kukruse to Keila 
regional stages. 

Specimen no. 704: Kustav i IKK 1/83 
Fig.30. 

One spec ies limited to the lower Middle 
Ordovician is Baltisphaeridiul11 hre\'ispinosul11 (0.5 
%). Pterosperl11opsis sp. (0.5 %) appears in the 
Kukruse regional stage , as weil as A.risphaeridiul11 
lricolumnelare n. sp . (0 .5 %). The proportion of 
Ballisphaeridillm hirslIloides is exceptionally high 
(8.0 %). 

The spec imen was dated to the Kukruse reg ional 

stage. 

Specimen no. 705: Säkylä, Pyhäjärvi, Sieravuori 

No microfossils werc fou nd. 
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Fig. 29. Dating 01' the specimen no. 703: Vehmaa 7178. 

Specimen no. 706: Kalanti , Kii ski NKK-3-83 
Fig.31. 

Thc predominantly long-term Ordovician ~pccie~ 
li st includes \' eryhachilll1l oligospilloides (0.5 Ck) . 
which lived at Rap la in thc Keila to Pirgu regional 
stage~ , upper Middle Ordovician to Upper 
Ordovician. Ofthe Chitinozoa (23 ind.). COllochir/lla 
primilil 'a (3 ind.) existed in the Kunda and Nabala 
regional stages. C. elegal1s (I ind .) and C. 
wesenherRel1sis ( 12 ind.) are cosmopolitan spccie~ 
of little dating value. 

One unusual feature was the exceptionally high 
proportion of L eim'alia similis (8.5 Oft). as seen in 
the Uhaku regional stage at Rapl a. The specic~ 

identified also include COI11C1sphaeridilll1l 
l'arispil7oSlIl11 11 . sp. (0.5 %) . 

The specimen was dated to the Keila to Nabala 
regional stages. 

Haltisphaeridillm hirsutoide, 
ß . microspinosum 
ß . pseudocalicispinosum 
Buedingiisphaeridium sp. 
Dicommopalla macadamii 
Diclyotidium dielyotum 
D. polygonium 
Goniosphaeridium potygonale 
G. splende ns 
Leiovalia similis 
Lophosphaeridium papillall1m 
Micrhystridillm henryi 
M. nannacan thum 
M. stellatum 
Multiplicisphaeridium allotcaui 
M. bifurcatum 
Pterospermopsis sp. 
Conochitina cactacea 
C. conulus 
C. prirnitiva 
C. wesenbergensis 
Rhabdochirina gracilis 

Specimen no. 707: Dragsfjärd. Trehällskäret 
8.7 .80 

Fig.32. 

The total IlLtmbcr of acritarch individual s. onl)' 
24, comprises ones of longcr duration within the 
Ordovician. The OCC UITence of Micrhyslridilll11 
slellallll7l ( I ind.) among acritarehs und COl1ochiril1a 
elegal1S ( I ind.) and D esmochilil1a cf D . ol'llium ( I 
ind. ) among the Chitinozoa all ow the spec imen to 
bc dated to the Kunda-K cil a regional stages. 
although thi s must be tentati ve on accounl 01' 
uneertainty rcgarding thc indcntifieation of D. 
01'11111111. An cxceptionally high proportion of 
COII/asphaeridillili I'C/rispil1oS1111I 11. sp. is prescnt (6 
ind.). 

Specimcn no. 709: Uusikaupunki 11 /79 

o microfoss il s were found. 
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Fig. 30. Oating of the spccimcn no. 704: Kustavi NKK 1/83. 

Specimen no. 710: Taivassalo 61 E 

No microfossil s were found. 

Specimen 711: Pyhämaa, Kammela NKK-­
L7-83 

Fig.33. 

A typical Ordovician spec ies list con tain 
Pereinosphaeridiurn nudl/rn (4.5 %). wh ich appears 
in the Lasnamägi regional stage and Ba/ri­
sphaeridiurn nanninum (l.I %), wh ich extincts in 

Axisphaeridiul11 IricoJumnelarc 11 . sp. 
Balrisphaeridillnl brevisplnosu l11 
B. hirsUloides 
B. longispi nosum longl spinosu m 
B. multipilosum 
B. pachyacanlhum 
B. paucivemlcosum 
Buedingii sphaeridiul11 sp. 
Cymatiosphaera pavi men ta 
Oictyoridium dictyOlum 
O. rericulatum 
Goniosphaeridium mochlicnsls 
G. polygonale 
G. splendens 
Leiofusa granulacutis 
Leiovalia similis 
Lophosphaeridium ci rrinipeltatum 
L. papillatum 
Micrhystridium hen ry i 
M. nannacanthllm 
M. slellatul11 
Multiplic isphaeridilll11 alloteaui 
M. bifurcatul11 
M. irreguJare 
M. raspa 
M. sp. 2. 
Nanocyclopia sp. 
Peteinosphaeridiul11 hetcromorphicum 
P. nudum 
Pterospermopsis sp . 
Veryhachium rhombi spinosum 
V. tri spinosum 
Conochitina conuJus 
C. primitiva 
C. wesenbergensis 

the Oandu regional stage. The proportion of 
Ba/risphaeridium hirsuroides is exceptionally high 
(21.8 %). Comasphaeridium I'arispinosum n. sp. is 
also present (2.2 %). 

The 6 Chitinozoa include individual of 
COl7ochirina cucumis , which has been recorded only 
in the Volkhov and Kunda regional stages. 
Conochirina conulus ( I ind.) is restricted to the 
Lasnamägi and Kukruse reg ional stages at Rapla. 
but also the Aseri and Keila reg ional stages 
elsewhere in the Baltic area. The specimen was 
dated to the Aseri-Lasnamägi transition , although 
the occurrence of COl7ochirina cucumis. 
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Baltisphaeridium brevifilicurn 
ß. hirsuloides 
ß. longispinosurn longispinosul11 
ß. rnicrospinosum 
ß. pachyacanthum 
Cymaliosphaera pavimenta 
Dicommopalla macadanlii 
Goniosphaeridium polygonale 
G. splendens 
Kundasphaera sp. 
Leiovalia similis 
Lophosphaeridium papillatllm 
Micrhyslridium henryi 
M. nan nacan thllm 
M. slellalum 
Mulriplicisphaeridium a1loleaui 
M. bifurcalUm 
Ycryhachium oligospinoides 
Conochitina elegans 
C. prirnitiva 
C. wcsenbergensis 
Rhabdochirina gracilis 

Fig. 3 1. Dating of the specimen no. 706: Kalanti. Kiiski KK-3-83. 
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No 707. DRAGSFJÄF,D, TREHALLSKÄRET 

DiclYOtidium dictyolum 
Goniosphaeridium mochtiensis 
G. polygonale 
G. splendens 
Lophosphaeridium pilosum 
Micrhysoidium nannacanthum 
M. slellalum 
Veryhachium rhombispinosum 
Conochitina elegans 
C. rnichracantha 
C. prirniriva 
Desmochitina cf. D. ovulum 
Rhabdochirina gracilis 

Fig. 32. Dating of the spec imen no. 707: Dragsfjärd , TrehAllskäret 8.7.80. 

Specimen no . 712: Kal anti , OTR-20b-83 
Fig.34. 

This generally long duration spec ies list includes 
Baltisphaer idium hrevispinosum , B . cf. B . 

multiechinatum, B. Sp. J. and Goniosphaeridium 
mochtiensis (accounting together for 45.1 % of the 
sampie), wh ich are markers of 10wer the Middle 
Ordovician at Rapla. Baltisphaeridium pod­
horoviscensis? « 0.5 %) is known only from the 
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No 711 . PYHÄMAA, KAMMELA 

Baltisphaeridium hirsutoides 
B. microspinosum 
B. nanninum 
B. pachyacanthum 
Dicrvotidium dicrvotum 
Goniosphaeridium polygonale 
G. splendens 
Lophosphaeridium cirrinipeltatum 
Micrhysrridi um henryi 
M. nannacanthum 
M. stellatum 
Multiplicisphaeridium bifurcatum 
Peteinosphaeridium nudum 
Conochitina conulus 
C. cucumis 
Rhabdochitina gracilis 
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Fig. 34. Dating of the spec imen no. 712: Kalanti , OTR-20b-83. 

ßaltisphaeridium brevispinoslIm 
ß. fi losum 
B. hirsutoides 
ß. longispinosllm 10ngispinoslIm 
B. microspinosum 
ß. cf. B. multiechinatum 
B. podboroviscensis? 
B. sp. 1. 
Cymatiosphaera pavimenra 
Dictyotidium dicryotum 
Goniosphaeridium mochtiensis 
G. polygonale 
G. sp lendens 
Micrhystridium henry i 
M. inconspicuum aremoricanium 
M. nannacanthum 
Multiplicisphaeridium alloteaui 
M. bifurcatum 
Nanocyclopia sp. 
Peteinosphaeridium micranthum 
P. nanofurcatum 
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Arenigian deposits in Poland (Gorka 1969) and its 
identification is unsure in the present material 
because it is poorly preserved , so that it could also 
represent broken or eroded examples of B. 

hre\'ispinosum . The species list also contains one 
Pereinosphaeridium nanojurcarum , which is found 
at Rapla only in the Kukruse regional stage, and is 
also recorded in the Uhaku (Kjellström 1971a, 
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NO 7 13, KALAl\TTI, KlI SKI 

Axisphaeridium rricolurnnelare n. sp. 
BalnsphaeridlUm hrrsUloides 
B. lariradiarum 
B. longl spinosum longispinosum 
B. mlcrospinosum 
B. multipilosum 
B. nanninum 
B. pseudocal icispinosum 
Dicommopalla macadamii 
Goniosphaeridium polygonale 
G. splendens 
Lophosphaeridium cirrinipeltarum 
Mlcrhvsrridi um henrvi 
M. narmacanthum -
M. stellatum 
Multiplicisphaeridium alloteaUi 
PelemosphaeridlUm heteromoIfJhicum 
P. nudum 
Conochinna cactacea 
C. conulus 
C. michracantha 

1\0714. KA LA I\"Tf K70/83L 

ßal nsphaeridium h,rsulOides 
Bued rn giisphaerid ium sr 
Dlc tvoudlUm ruCtvotU I11 
LelO'vaha slmil" -
Loohosohaerid lUl11 Ci01nIoeltarum 
L. papi fla lu m 
Mlcrhvsrndium henrvi 
M. narinacanthum -
M. sIellaIUm 

Bocke li e & Kjellström 1979). A typ ical long duration Ordovician ~pecies li st 
includes the marker species Ba!tisp!weridill !11 
!ariradiarlll1l ( 1.0 7r ). which i ~ restr icted to the 
Kunda and Keil a reg ional stages. The proporti on 01" 
B. hirsll toidcs is exccpti onally high ( 12.5 % ). 

Axisphaeridill /17 trico!lIl11ne!are 11 . sp. ( 1.0 O/C). which 
appcars in thc Kukruse at Rapla , is also present. 8 
out of thc 23 chitinizoan s represent COllochilina 

The speci men wa~ dated to the Uhaku regional 
stage. 

Spcc imen no. 7 13: Kalanti , Kii ski, NKK -LH-83 
Fig.35. 
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AxisphaeridlUm tricolumnelare n. sp . 
Balnsphaeridium brevifilicum 
B. brevisplnosum 
B. cr. B. cons01ctum 
B. hamatum 
B. hirsutoides 
B. longispinosum 10ngispll1osum 
B. microspinosum 
B. pachyacanthum 
B. pseudocalicispinosum 
B. sp. 2. 
Dicornmopalla macadamii 
Dicryotidium dicl)'otum 
GoniosphaeridJum mochtiensis 
G. polygonale 
G. splendens 
Leiofusa granulacutis quincunx n. r. 
Leiovalia similis 
Lophosphaeridium citrinipeltatum 
Micrhystridium henryi 
M. inconspicuum aremoricanium 
M. nannacanthum 
M. robusrum 
M. stellaIUm 
Multiplicisphaeridium bifurcatum 
Nanocyclopia sp. 
Petell10sphaeridium nanofurcarum 
P. nudum 
P. paucifurcatull1 
Polyancisrrodorus cr. P. columbariferus 
Veryhachium rhombispinosum 
Conochitina cactacea 
C. conulus 
C. elegans 
C. michracantha 
C. minnesotensi s 
C. pnmltiva 
C. wesenbergensis 
Desmochiona cocca 
Rhabdochitina gracilis 

Fig. 37. Dating of the spccimen no. 715: Kalanti , OTR-16-R3. 

conti/uso which lived during thc Aseri-Keil a, and 
one C. cactacea. from the Lasnamägi and Nabala. 

The specimen was dated lO the Kukruse to Keila 
regional stages. 

Specimen no. 7 14: Kalanti K70/83L 
Fig.36. 

The number of spec ies is low and the spec ies 
present are alt indi fferent. There are no Chitinozoa 

at all . 
No more precise date can be given than that thc 

spec imen is from some ti me in the Lower to Upper 
Ordov ician. 

Specimen no. 715: Kalanti, OTR-16-83 
Fig.37. 

The spec ies list here is highl y heterogeneous as 
far as dating is concerned, and can be interpreted by 
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.1 . . 
Balti sphaeridium microspinosum 
B. multipilosum 
Cymaliosphaera pavimenta 
Diclyolidium dictyomm 
Goniosphaeridium splendens 
Leiova li a similis 
Lophosphacridium papillatum 
Micrhyslridium henry i 
M. nannacanlhum 
M. stellalUn1 
Pele inosphaeridium nudum 
Conochilina michrac3 mha 
C. primi liva 
Rhabdochilina gracil is 

Fig . 38. Dating of the specimen no. 717: Hanko. Stora Stenskär 9a3/KH/80. 

assuming either a high proportion of redeposited 
taxa or a high number of species with a longer life 
than previously recorded. or both. Axisphaeri­
dium tricolumnelare n. sp. , Baltisphaeridium 
brevispinosum, B. hamatum and Peteinosphaeridium 
nano/urcatum (all <0.5 %) wou ld date the specimen 
to the Uhaku- Kukruse transition. 

Leio/usa granulacutisf quincunx n.f «0.5 %) 
appears at Rapla in the Vormsi regional stage. Of 
the Chitinozoa (81 ind.), Conochitina conulus (31 
ind.) points to the lower part of the Middle 
Ordovician. 

The species list also includes Comasphaeridium 
varispinosum n. sp. «0.5 % ) and Peteino­
sphaeridium parvispinosum 17. sp. «0.5 %). The 
specimen was dated to the Uhaku- Kukruse 
transition, although the presence of Leio/usa 
granulacutisf quincunx n.f lends some uncertainty 
to the decision. 

Specimen no. 716: Uusikaupunki OTR- 17/83 

No microfossils were found. 

Specimen no. 717 : Hanko, Stora Stenskär 9a3/ 
KH/80 

Fig.38. 

This generally indifferent Ordovician- Silurian 
material possesses certain exceptional features such 
as the absence of Baltisphaeridium hirsutoides. 
Peteinosphaeridium l7üdum (1.0 %) appears at 
Lasnamägi regional stage. Two out of the four 
Chitinozoa represent COl7ochitina primitiva, from 
the Kunda to Keila. The species list also includes 
Comasphaeridium varispinosum n. sp. (0.5 %). The 
sampie is Middle Ordovician. 

Specimen no. 718: Hanko, Kummelskär 10.7.80 
Fig.39. 

The long duration sam pIe includes Balti­
sphaeridium l7anl7inum ( 1.8 %). which is par­
ticu lar to the Kunda and Oandu regional stages. 
Peteinosphaeridium trifurcatum? (2.7 %) is present 
at Rapla only during the Uhaku regional stage, but 
is recorded from the Middle Ordovician to the Lower 
Silurian elsewhere in the Baltic area. 

This is the only specimen to contain 
Multiplicisphaeridium radicosum (6.3 % ), wh ich is 
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Baltisphaeridium filosum 
B. hirsutoides 
B. microspinosum 
B. nanninum 

. . .. Dictyotidium dictyorum 
Goniosphaeridium polygonale 
G . splendens 
Lophosphaeridium papillarum 
Micrhystridium henryi 
M. nannacanthum 
M. stellaturn 
Multiplicisphaeridium irregulare 
M. radicosum 
Peteinosphaeridium trifurcatum ' 
Conochitina minnesotensis 
Desmochirina cocca 
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Fig. 39. Dating of the specimen no. 7 18: Hanko, Kummelskär 10.7.80. 

found in the Vormsi regional stage of the Upper 
Ordovician at Rapla. and a smaller form also in the 
Keila. It occurs as an Upper Ordovician taxon only 
in the U.S .A. (Loeblich 1970b), but the Rapla 
evidence would suggest that a number of species 
occur in the Baltic region earlier than they do outside 
Europe. 

The proportion of Balrisphaeridium hirsuroides 
is exceptionally high (16.2 %). 

The specimen was dated to the Keila regional 
stage. 

Specimen no. 719: Rymältylä, E.S. 80 

No microfossils were found. 

Specimen no. 720: Raisio, Ihala J.Y . 

o microfossils were found . 

Specimen no. 721: Pyhäranta, Nro 2 H.P. 

No microfossils were found. 

Specimen no. 722: Uusikaupunki, Valkiameri 
OTR-4 

o microfossils were found. 

Specimen no. 723: Dragsfjärd, Morgonlandet 
- 80 

Fig. 40. 

Among speeies predominantly of long duration 
one finds Balrisphaeridium filosum (1.0 %) . whieh 
is restricted to the Yolhov to abala regional stages. 
The speeies list also features Tasmanites ef. T. 
I'errucosus (0.5 %), which oeeurs from the Kukruse 
to the Porkuni. Most of the 50 Chitinozoa are 
eosmopolitan speeies of little stratigraphie value, 
only Conochirina primiriva and Desmochitina cocca 
being speeifieally Middle Ordovieian speeies in the 
Baltic. 

The specimen was dated to the Kukruse to Nabala 
regional stages. 

Fig. 41. which shows the sedimentation dates of 
the specimens in which the mierofossil evidence 
gave a positive result, indieates that 12 out of 26 
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No 723. DRAGSFJÄRD, MORGONLAI\COET 

Baltisphaeridium filosum 
B. hirsutoides 
B. mlerospinosum 
Goniosphaeridium polygonale 
G. sDlendens 
Leiovaba similis 
Lophosphaeridium cirrinipeltarum 
L. papillarum 
Mlcrhvsrridium henrvi 
M. nannacanthum ' 
M . sIellatum 
Muhipliclsphaeridium bifurcalUm 
Polvanclsrrodorus inrricarus 
Tas'manlles cf. T. verrucosus 
Veryhachium rhombispinosum 
Conochitina eleeans 
C. michracanlha 
C. minnesOlensis 
C. pnmitiva 
Desmochitina cocca 
Rhabdochitina gracilis 

Fig. 40. Datillg 01' the 'pccimcn no. 723: Drag'ljiird. Morgonlandct - 80. 

such specimens may be traced to the lower Middle 
Ordovician. two to the upper Middle Ordovician 
and nine to the transition of the lower ancl upper 
Middle Ordovician. while three could not be traced 
any more exactly than to Ihe Middle or Upper 
Ordovician. 

The greenish grey mari wa~ dated to Ihe Kunda 
to Kukruse regional stages of the Lower/Middle 10 

Middle Ordovician, the grey mari to Ihe Aseri­
LasnamUgi transition 10 Ihe Nabala regiona l slage 
of the Middle to Middle/Upper Ordovician and the 
yellowish grey ca lcilutite/calcarenitic calcilulite of 
the Bal tic limestone to Ihe Kunda to Pirgu regional 
stages of the Lower/Middle 10 Upper Ordovician. 

There were neverlhele~s 100 few ~pecimen s 

giving a positive microfossil finding to cnable any 
relationship to be posiled belween Ihe numbers of 
specimens and Ihe extents of the marine phases. 
The lithological composi tions 01' the specimens do 
not allow them to be datcd any more accurately 
than to Ihe Ordovician. 

In the case of many specimens, the critical species 
for dating purposes proved to be one that was rare 
in ib occurrence. anel was usually rare in the Rapla 
borehole as weil. 

Leir)/i/sa gr(//ll//acl/tisf (1 I/ incl/l/.\' 1I.f was founel 
only in the Vormsi to Pirgu at Rapla. and being a 
small species with its typical quincucial structure 
visible only by electron microscopy. it may have 
given rise to errors of identification both in the 
Rapla core and in those of the present specimens 
for which 'icanning eleclI'on microscopy was not 
performed. L. grall l//acl/lis f ql/illcl/l/.\' 1I . .f. was 
observcel only in specimcns 652 anel 7 15 in the 
presenl series. ones wh ich were dateel to the lower 
part of the Middle Ordovician by rerercnce top the 
other species. Leio/i/sa grall l//acl/tis. which occurs 
from the Uhaku to the Pirgu at Rapla. occurred in 
~pecimens 652, 655. 633. 697, 70 I anel 704, of 
which onl y speci men 697 was not examined by 
elec tron microscopy. 

Of the new species found here wh ich were not 
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e = grey mari ancl s = yellowish grey ca leilutite/ealcarenitic ca lcilutite of the Baltic limestone. 

contained in the Rapla core, Comasphaeridium 
\'arispinosum n. sp. must have lived from the Aseri­
Lasnamägi transition onwards. It in fact occurs over 
a relatively long period, comprising the lower part 
of the Middle Ordovician from the Lasnamägi up to 

the Nabala regional stage. It is usually rare in the 
spec imens, with the exception of specimen 715, 
where it occupies 4.5 % of 200 items from the 
Uhaku-Kukruse transition. 

Peleinosphaeridium parvispinosum 11. sp. was 
found only in specimens 648 and 654 from the 
Aseri-Lasnamägi transition , and 715, from the 
Uhaku-Kukruse transition, so that its lifetime was 
probably restricted to the lower part of the Middle 
Ordovician. The same is also true of Pirea sp. in 
specimen 654 and Pheoc!osterium sp . j. in 
spec imens 648 and 654. 

Aremoricaniul11 sp. and Nodusosphaeridium 
ru bus n. sp. occurred only in specimen 712, which 
was dated to the Kukruse regional stage, where 
they were accompanied by the typical species of 

the Lower Ordovieian and lower part 01' the Middle 
Ordovician Balfisphaeridium brel'ispinosum, B. sp . 
I. and Peteinosphaeridium nano!urcatum. 

Hapsidopalla sp. is eonfined to speeimen 7 15 , 
dated to the Uhaku- Kukruse transition by referenee 
to Baltisphaeridiul11 hamatum and Peteillo ­
sphaeridium nano!urcatum. 

Mulriplicisphaeridium sp. 1. (M. parl'ispinosum 
n. sp. at Rapla) was eneounteredy in the Kunda to 

abala regional stages at Rapla. 
Analysis of the Rapla core is still in progress , 

and it may weil be that onee that work has been 
eompleted the speeies diseussed above will no longer 
pose problems as far as dating is eoneerned. 

The cosmopolitan ehitinozoan speeies are oflittle 
stratigraphieal s ignificanee and their role is not 
diseussed in eonnection with all the speeimens. 
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DISCUSSION 

History of the Baltic basin from the Cambrian to the Silurian 

Many attempts have been made to identify the 
marine phases of the Palaeozoic in the Baltic area 
from cores and echo soundings, but the results as 
far as the Bothnian Sea is concerned are 
inconclusive. and are likely to remain so until cores 
can be obtained which tell us more about the 
sedimentary conditions prevailing during that time. 

The Cambrian 

The Baltic sedimentation basin during the Lower 
Cambrian bordered onto a bedrock which had been 
eroded down to a flat peneplain. The transgression 
at the end of the Lower Cambrian extended at its 
maximum as far as the Bothnian Bay , covering 
most 01' western and southern Finland (Fig. 42a). 
The Karstula sandstone in central Finland, the most 
easterly observation of its kind in the country, is 
taken by Simonen and Kouvo (1955) to represent 
the eastern margin 01' this Early Palaeozoic 
transgression . 

During the regression that began in the Middle 
Cambrian the Baltic area was dry land as far south 
as the Gotland basin, and as the regression continued 
into the Lower Ordovician the dry land came to 
extend even as far as the Kattegat (Fig. 42b; Öpik 
1956: Röömusoks 1960; ThOt slund 1960; 
Martinsson 1974). In the opinion of Jaeger (1984), 
however, the sea reached Aland at the end of the 
Middle Cambrian (Fig. 42c). The brachiopod 
Ceratreto tonneri (Metzger 1922) found at 
Längbergsöda-Öjen, Aland, indicates Late 
Cambrian age (Martinsson 1968) . The sediments of 
the Lumparn basin have a hiatus after the Lower 
Cambrian until the Lower Ordovician (Tynni 
1982b), so that these cannot be used to reconcile 
the two views. The most recent research shows thc 
deposits in the Söderfjärden basin to be of Middle 
Cambrian origin (Hagenfeldt 1988) rather than 
Lower Cambrian (Tynni 1978), so that the regression 
must have proceeded more slowly than had 
previously been thought. 

The maximum thickness of the Lower Cambrian 

sediments in the Bothnian Bay is 90 m (Floden et 

01. 1980), and that in the Bothnian Sea 165 m, on a 
line Hudiksvall- Pori , dimini shing rapidly in an 
east-west direction to 40.95 m at ÖSlra Banken and 
33.29 m at Västra Banken. The decrease is less 
pronounced towards the north , however, for 
thicknesses of 100- 105 mare sti II recorded at 
Härnösand (Axberg 1980). 

By Aland only a thin Lower Cambrian stratum is 
left, at a depth of 65 m (Tynni 1982b), while in 
central Sweden its thickness varies in the range 2-
18 m at Närke and 22- 25 m in Östergötland 
(Fromm 1971 b; Kari s & Magnusson 1972, 1973). 

The thickest Lower Cambrian sediments in the 
southern Baltic. 300 m, are to be found south of 
Gotland. Major variations in thickness occur in the 
area, however. with a thickness of 141 m recorded 
for Grötlingbo in central Gotland, 157 m at File 
Haidar to the north of the island. 105 m on Gotska 
Sandön and 72.5 m on Hamnudden. The 
corresponding stratum at Tallinn is 49 m thick, that 
on the Latvian coast 142 m and that at Vilnius 92 m 
(Korkutis 1981 ). A thickness of 78 m is reported 
for Böda Hamn on Öland (Hessland 1955), and 120 
m in Skäne (Lindström & Staude 1971 ). 

According to Hagenfeldt (1988). the Middle 
Cambrian sediments at Söderfjärden, south of Vaasa, 
are 68 m in thickness (Lauren et 01. 1978). Their 
thickness at Närke, on the other hand , varies from 
0.3 m to 20 m, and that at Östergötland from 19 m 
to 32 m (Fromm 197 I b; Karis & Magnusson 1972, 
1973). [n western Estonia they are approx. 100 m 
thick, decreasing 10 70 m towards the southeast 
(Kaljo 1984). As far as the southern Baltic is 
concerned, the corresponding thickness at Böda 
Hamn on Öland is approx. 62 m, that at Segerstad 
105 m and that at Pavilosta in Latvia 106 m 
(Hessland 1955; Floden 1980). Echo soundings 
indicate that there are no Middle or Upper Cambrian 
sediments beneath the Bothnian Sea (Winterhalter 
1972; Axberg 1980). 

Upper Cambrian sediments occupY some 12-
15 m in the stratigraphy at Närke in central Sweden 



and 5- 14 m in Östergötland. At är 
on Gotland they are only 2 m thick, but 
further south, at Ottenby on Öland, they 
again reach 13m (Floden 1980). The 
Upper Cambrian sediments of northern 
Estonia amount to 17m and those of 
northeast Estonia to 12 m (Kaljo 1984). 

Cambrian sedimentation in Estonia 
is said to have taken place in shallow, 
flowing water (Kaljo 1984), and the 
rate of deposition of the Upper 
Cambrian black schists in Sweden is 
similarly estimated at only 1 mm/IOOO 
yrs (Lindström 1963). 

During the Lower Cambrian, 
Scandinavia is thought to have been 
located between 60° and 400 S latitude, 
or perhaps even further south, and had 
a cold c1imate characterized by strong 
northwesternly winds. By the Middle 
Cambrian, however, its position had 
changed to 400 - 25°S lat. and the 
winds had declined in strength, but the 
c1imate was still subject to the cooling 
effect of an ocean current which ran 
along the coast (Jeppson 1980). 
According to Korkutis et al. ( 1972) the 
c1imate in the Lower Cambrian was 
relatively mild. The Cambrian 
sediments consist of sandstones. 
si ltstone, c1aystones and various schists. 
Recent datings suggest that the 
Cambrian lasted from 570 Ma to 500 
Ma (v an Eysinga 1975). 
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Fig. 42. Extents 01" (a) the Lower Cambrian 
m;rine phase, aft er Öpik ( 1956), Thors lund 
( 1960) and Jaeger ( 1984). (b) the Middle 
Cambrian marine phase. afte r Thorslund ( 1960), 
(c) the Middle Cambrian marine phase . after 
Jaeger (1984). and (d) the Lower Ordov ician 
Pakerort marine phase (Earl y Tremadocian ). 
after Thorslund ( 1960) and Männil ( 1966), (e) the Latorp (Billingen) regiona l stage of the Lower Ordovician , after Thorslund 
( 1960), (f) deposits preserved from the Arenigian stage of the Lower Ordovician ( I ) and possible carbonate production areas (2), 
after Lindström (1979). 
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The Ordovician 

The sediment!> which were depositcd in the 
Ordovician are weil preserved and weil known in 
the area south of the Gulf of Finland. i.e. in Estonia 
and the Leningrad region. Sediments of thi~ age 
play a major part in the classic scheme for the 
division ofthe Lower Palaeozoic devised by Schmidt 
( 1881 ). which served as the starting point for the 
present -day division into stage~ A-F with their 
various regional stages. The discussion below is 
based on selected pieces 01' recent research. the 
investigators ' opinions on the extents 01' sea and 
dry land in the area being indicated in the 
accompanying palaeogeographical maps. 

The transgression which began during the 
Pakeron regional stage of the Lower Ordovician 
(All' Tremadocian) extended from Estonia to Öland 
and the coast 01' southwestern Finland (Fig. 42d). 
The deposits dating from this stage are thin . since a 
ncw regress ion sct in towards the end. lasting until 
the beginning of the Latorp regional stage (AllIBI' 
Arenigian). Thc transgression which ensued from 
that point onwards covered virtually thc wholc 01' 
Scandinavia with the exception of thc northeastern 
corner 01' Finland (Fig. 42e. after Thorslund 1960). 

According to Lindström ( 1979). it ought to be 
possible to find orthoceratite limestone laid down 
during the Arenigian in central and eastern Finland 
(Fig. 420, but so far onl) one sampie has been 
discovered, at Haukivuori. halfway betwcen Mikkeli 
and Pieksämäki . although admittedly no particularly 
precise research has yet been carri ed out in the area 
(Hokkanen. pers. comm.). 

Röömusoks ( 1960). Jaanusson ( 1963) and Männil 
( 1966) pro pose narrower boundaries 1'01' the 
transgression , and suggest that a lobe of dry land 
may have extended from the coast 01' western Finland 
via Gotland to Hiiunmaa in Estonia (Fig. 43a). The 
transgression during the Volkov regional stage (B 11' 

Arenigian) must have extended from the coast 01' 
southeastern Finland via the northern part 01' Gotland 
to the Aland islands and the Bothnian Sea (Fig. 
43b). 

The Middle Ordovician transgression was the 
most extensive in the geological history of the world 
(Fairbridge 1964). It reaehed the archipelago 01' 
southwestem Finland in the first instance and 

spreading still further during the Aseri regional stage 
(Cla, Llanvirnian) (Fig. 43c). During the Uhaku, 
Kukruse and Idavere regional stages (Llandeilian­
Caradocian) the sea reached the Gulf of Finland 
and the Bothnian Sea eoast (Fig . 43d). but thi s was 
followed in the Keila and Oandu regional stages 
(Oll' Dil l' Caradocian) by agentie regress ion. wh ich 
allowed the lobc 01' dry land to extend from 
southwestem Finland via Aland to a point close to 
Gotland. Transgressive conditions were resumed 
during the Rakvere regional stage (E. Caradocian), 
and extended still funher during the abala (Fla). 
on the borderline between the Middle and Upper 
Ordovieian. by which point the water covered a 
broad strip on the coast 01' southern Finland and the 
Bothnian Sea (Fig. 43e). 

Marine conditions in the VonTIsi regional stage 
01' thc Upper Ordovician (Flb. Ashgillian) were again 
regressive. but they reverted to transgressive in the 
subsequent Pirgu (FIC) so that the sea regained the 
ex tent it had occupied during the Nabala. At the 
end 01' the Upper Ordovic ian. during the Porkuni 
(FII). a regression set in which continued into the 
Silurian. The area of Finland and the Bothnian Sea 
was dry land from thi s point onwards up to the 
Quaternary (Sources: Röömusok s 1960: Jaanusson 
1963: MHnnil 1966). 

The Lower Ordovician deposits in the Bothnian 
Sea area are 95- 100 m in thickness (Axberg 1980). 
whereas figures reported in Närke. central Sweden. 
are in thc range OA- 28.3 m. that obtained in 
northern Estonia 9.5 m and that observed on Öland 
16 m (ßruun & Oahlman 1980: Floden 1980: Kaljo 
1984). The combined thi c knc~s 01' the Lower and 
Middle Ordovician sediment, on Aland \'arie~ 
between 32 m and 43 m (Tynni 1982b). while thc 
Middlc Ordovician stratum in the Bothnian Sea is 
60- 65 m thick (Axberg 1980) . compared with a 
figure 01' 67.55 111 in Öqergötland. Central Sweden. 
23 m on Öland and 29- 31 mon Gotland (Bruun & 
Oahlman 1980: Floden 1980). and 74.25 m in 
northern Estonia (Pölma 1972). The thickness of 
the Upper Ordovician sediment~ in the Bothnian 
Sea is 25-30 m (Axberg 1980). compared with 
23.28 m in Östergötland (Bruun & Oahlman 1980) 
and 76.55 in northern Estonia (Pölma 1972). 

The maximum recorded combincd thickness of 
Ordovician sediments in the Bothnian Sea is 230 m. 



that for the Baltic Proper 130 m and 
that for northem Estonia 160 m (Pölma 
1972: Axberg 1980; Floden 1980). 
According to Jaanusson (1972), the 
mean rate of sedimentation during the 
Ordovician was 4-5 mm/lOOO yrs. It 
would seem, in fact , that the rate was 
more of this order in the Bothnian Sea 
but less further south in the Baltic. 01' 

else erosion in that area was more 
pronounced. 

Sedimentation conditions were 
evidently more favourable in the 
Bothnian Sea than in the Baltic Proper. 
Calcium carbonate is precipitated in 
greater amounts in shallow, warm 
waler. where the epeiric sea is less than 
30 m in depth (Blatt 1982). On the 
other hand, wave-influenced movemenl 
of water masses is capable of 
preventing sedimentation 01' even 
causing erosion down to depths of 50 
metres (Winterhalter 1972). Calcarenite 
is an indicator of warmer conditions 
than calcilutite, while clayey marls are 
precipitated in colder, deeper water 
(Spjeldnaes 1960; J aanusson 1972). 
Männil (1966) and Jaanusson ( 1976) 
divide the Baltic of the Middle 
Ordovician into confacies. with both 
(he Bothnian Sea area and Rapla falling 
into the North Estonian Confacies, 
where lithologically the sediments are 
composed chiefly of calcarenites, while 
Gotland , Öland and Central Sweden 
belong to the Central Balto-Scandian 
confacies. Spjeldnaes (1960), for hi s 
part , divides Europe into zone!> by 
reference to the macrofauna, taking the 

Fig. 43. Extents of (a) the Latorp regional stage 
01' the Lower Ordovielan. after Röömusoks 
(1960). Jaa nusson (1963) and Männil ( 1966). 
(b) the Volkhov (Late Arenigian) regional stage. 
after Röömusoks (1960). Jaanu sson ( 1963) and 
Männil (1966). (e) the Aseri regional stage 01' 
the Middle Ordovician (Early Llanvimian), after 
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Röömusoks (1960) and Männil (1966), (d) the Uhaku regional stage 01' the Middle Ordovieian (Late Llanvimian), and (e) the 
Nabala regional stage 01' the Upper Ordovician (Caradoeian/A rgillian transition ), after Röömusoks (1960), Jaanusson (1963) and 
Männil ( 1966). 
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Balto-Scandian area to represent a shallow water 
limestone facies and to form part of the Anglo­
Scandian zone together with Eire, Wales, England 
and Belgium. 

Scandinavia was located between 35° and 25 °S 
lat. at the beginning of the Ordovician and c\oser to 
the Equator, around 200 S, by the end. Rainfall and 
runoff were least around the Tropic and increased 
towards the Equator. An ocean current from the 
south served to reduce water temperatures below 
those of the air in the southern parts of the area, 
while towards the Equator temperatures were higher. 
There were strong southeasterly winds (Jeppson 
1980). 

Most of the sedimentary rocks that accumulated 
during the Ordovician, wh ich lasted from 500 Ma 
to 435 Ma (van Eys inga 1975), were limestones. 

The Silurian 

The area covered by the Bothnian Sea and south­
western Finland was dry land from the Silurian up 
to the Quaternary, and was thus subject to erosional 
forces of all kinds. The Silurian deposits in 
Östergötland, central Sweden, are 10--65 m in 
thickness and those on Gotland 400 m at their 
maximum (Manten 1971; Bruun & Dahlman 1980; 
Floden 1980). The same sediments reach a thickness 
of approx. 420 m on Saarenmaa in central Estonia 
(Kaljo 1984). Scandinavia was located around the 
Equator during the Silurian (Jeppson 1980). 

The Silurian was again characterized by the 
deposition of calcareous sediments, and lasted from 
435 Ma to 395 Ma (van Eysinga 1975). 

Dating of the sedimentary rocks 

In dating terms, the present material contains a 
typical range of Palaeozoic acritarch and Chitinozoa 
species , being principally of a long duration 
Ordovician- Silurian nature, and thus any more 
specific dating must rely on the sm all number of 
species with a shorter lifetime. Some of the species 
occur only within a very short span of time in the 
Rapla material , whereas they seem to be of longer 
duration in the present sampies maybe because of a 
higher presentage of redepositiofl . Some degree of 
uncertainty arises from the fact that these species 
were evidently rare in the Baltic area, Estonia and 
Gotland, and also in the Bothnian Sea, but the 
reliability of their interpretation is enhanced by the 
availability of the Rapla core as a source of reference 
material (Uutela & Tynni , in preparation) and it is 
also dated from the occurrence of different fossils 
(Pölma 1972). Use of the Rapla material for 
reference was in fact absolutely essential , as in this 
way it became evident that the dating will be 
distorted if the lifetimes of the species are assessed 
on agiobaI scale. The Chitinozoa and conodonts, 
which in themselves require to be studied in larger 
rock specimens, proved useful for the purpose of 
testing the dates obtained. 

The set of sampIes dated here by reference to the 
microfossils was too small to enable any far-reaching 

conc\usions to be drawn regarding the dates or 
extents of the marine phases, for the twelve from 
the 26 of them could be traced to the same lower 
portion of the Middle Ordovician, the Aseri to 
Kukruse regional stages (Fig. 41 ). Of these marine 
stages defined by Männil (1966), the Lasnamägi 
and Uhaku extended as far as the coast of Finland. 
Further research would be needed to determine 
whether the duration of sedimentation of the strata 
from which the specimens are derived is restricted 
only to these regional stages. The Early Palaeozoic 
sea covered only southwestern Finland during the 
ldavere regional stage. Similarly the Gulf of Finland 
coast was subaquatic during the Johvi , Keila and 
Oandu regional stages, one sampIe of that age has 
been recovered from Hanko. The coast of 
southeastem Finland is still entirely unexplored. 
During the Rakvere stage the sea extended weIl 
into western and southern Finland, and yet only one 
of the three longduration Ordovician specimen, 
possibly from the Rakvere regional stage, 
representing this period has come to light. Large 
amounts of reddish grey calcilutite have been found , 
however, which can be dated on conodont evidence 
to the Nabala regional stage (Merrill 1979), during 
which the sea extended over a large area of southern 
Finland. During the Nabala-Pirgu regional stages , 



the sea reached both the Bothnian Sea area and the 
Gulf of Finland co ast, as also du ring the Pirgu , 
which is not represented by any sampie in the present 
material. 
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More exact datings could be obta ined from 
drillcores from the Bothnian Sea. After that the 
correlation between the marine phases and the 
specimens would be possible. 

Depositional environment of the sedimentary rocks 

The entire species list obtained here conforms to 
a shallow, turbulent depositional env ironment in 
the sense described by Wall (1965). The principal 
indicator of this is the high proportion accounted 
for by the genus Micrhystridium. The acritarch and 
Chitinozoa species lists for the grey mari and the 
yellowish grey calcilutite of the Baltic limestone 
are very similar, that for the fonner being slightly 
more homogeneous and containing slightly more 
acanthomorphs and polygonomorphs with thick 
processes. In the terms of Wall (1965), this wou ld 
suggest calm water sedimentation conditions 
somewhat further away from the shore, although no 
categorical statement can be made on this from the 
present material , as the proportion of calm water 
species varies from 1/20 to 1/4. 

The acritarch and Chitinozoa species lists for the 
yellowish grey calcilutite are highly heterogeneous , 
varying greatly from one specimen to another, and 

apparently representing a wider variety of 
sedimentation environments and times that in the 
case of the other rock types. Calm water types 
accounted for between 1/20 and 2/3 of the species 
recorded. Only the greenish grey mari stands out 
clearly from the other rock types in terms of the 
microfossil species recognized, but the number of 
sampies is so small that no very far-reaching 
conclusions can be drawn. 

The distributions of the material by species and 
genus vary just as much or as little between the 
sam pIes within one type as they do between different 
types of sampIe. In other words, no generalizations 
can be made from the spec ies li sts for particular 
sampie types . The differences may be random on es 
and attributable to flow or transport conditions, or 
else the sedimentation env ironments really were 
very much the same throughout. 

Source areas for the sedimentary erratics 

Glacial transport material 

The frequency of a rock type moved by glacial 
transport decreases with increasing transport 
distance. Cambrian and Silurian sedimentary rocks 
break easily, and boulders of over 20 cm in diameter 
tend to remain close to their original site, as also 
does material of a grain size smalleI' than gravel. lt 
is the material of stone size, 2-20 cm; that best 
fo llows the direction of glacial flow, spreading out 
to give the fan distributions commonly used to study 
ice movements (G illberg 1965). According to 
Fromm (1972), orthoceratite limestone and alum 
schist occur in grain sizes of 2-·20 cm only in local 
material, accompan ied by as much as 50 % 
sands tone. Corresponding ly, the Cambrian 

sandstone fractions of over 2.0 mm were better 
indicators in the material of Persson (1973) than 
were the finer fractions. 

The laboratory experiments of Erdmann (1879) 
showed that a one kilogramme slab of argillaceous 
schist could be transported 30 km before it was 
completely crushed, a corresponding s lab of 
orthoceratite limestone 60 km and the same-sized 
piece of granite 150 km. Cambrian sandstones 
survive transport best of all sedimentary rocks, 
fo llowed by Silurian limestones and finall y 
Ordovician limestones. When calcium carbonate 
disappears from these depos its they sti ll retain 1-2 
% sands tone (Gi llberg 1965). 

In the opinion of Gillberg (1965), basal till and 
drumlins are the most reliable indicators of 10cal 
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material, whereas surface till tends to contain some 
proportion of long-distance transport material. 
Salonen ( 1986) points out, however. that the material 
making up Rogen moraines and hummocky 
moraines can have been transponed still shorter 
distance than that contained in drumlins. The till 
deposits in Lapland have been shown to contain 
large quantities of short-range local material (Hirvas 
el al. 1977). 

Esker material is also usually of local origin 
(Gillberg 1968: Hellaakoski 1930; Königsson 1976). 
although Persson (1973) admittedly reports finding 
limestone fragments in such a formation about 20 
km away from their source. In general. however. 
the C0

1 
in the water dissolves limestone out of 

esker material. as is does out of sea bed material 
(Buch 1932; Gripenberg 1934). 

Gillberg (1965. 1967) emphasizes the importance 
of the bedrock topography in determining the 
distance over wh ich transport may take place, while 
Virkkala (1958) points out the influence of this 
same feature on the incidence of indicator boulders. 
rock types located in depressions being less weIl 
represented than those located on hills. 

Persson (1973) claims that veins of Cambrian 
sandstone leave no indicators in Quaternary 
sediments, while Puranen (1988). having modelled 
veins of non-sedimentm'y rocks, maintains that 
indicators of these are to be found close lO the distal 
contact of the vein, a broad vein being bell er 
represented than a narrow one. 

The material of Veltheim (1962) from the 
Bothnian Sea supports the theory that Palaeozoic 
material accumulates close to its area of origin. the 
distances measured from present-day limestone 
deposits to the sites 01' ernllics being 30- 50 km 
(frequency 12.0- 20.0 %). while only a few grains 
are to be found at a distance of approx. 60 km. He 
allributes the high incidence of such rocks at his 
site L 154.66.0 %, to the location of the site directly 
on top of an in siru Palaeozoic sediment. while the 
numbers 01' 1.0-10.0 % obtained in an area 
northeast of Aland may be due to a source Iying 
between the sites concerned and the above­
mentioned site L 154. 

The grab-sampler employed by Veltheim (1962) 
takes material only from the surface of the deposits, 
and certainly not from as far down as hai fa metre, 

as would be necessary to eliminate the solution of 
the C02 in the water. Thus distribution maps 
obtained using more modern equipment are likely 
to be somewhat different. On the other hand , many 
of the specimens studied here are also surface 
sampies. from boulder fields on shores and from 
arable land. where the air and groundwater effect in 
dissolving calcareous solids would similarly be feIt. 

Hicock (1987), in his work on englacial transport 
of Palaeozoic sediments in Canada, explains that 
bottom friction in the glacier increases as it passes 
from an area of porous sedimentary rocks to a hard 
bedrock area, with the result that the sedimentary 
boulders are absorbed into the body of the glacier 
and can be transported for anything up to 150 
kilometres. Examples of such long-distance glacial 
transport may be the dolomite from southwestern 
Finland found in Estonia (Öpik 1931) as weil as 
crystalline erratics from Aland and southwestem 
Finland (Donner 1989) and the Aland rapakivi and 
porphyrite found in Latvia (Eskola 1933), Lithuania 
(Tarvydas 1960) and Holland (Overweel 1977: 
Zandstra 1983). Likewise Gaigalas (1970) reports 
on porphyrites discovered in Estonia which may 
originate from the Bothnian Sea. In all the above 
works the incidence figures are calculated as 
percentages of total transported material, excluding 
local material. so that it is impossible to form a true 
picture of the frequency of such long-distance 
transport. 

The Palaeozoic erratics reported by Eisenack 
( 1930. 1931. 1932. 1934, 1955a.b, 1965a) and Gorka 
( 1969) are said to be derived from the Baltic. 0 

more exact location is given, but it may be assumed 
that they mean the southem part of the Baltic Sea. 
the Baltic Proper. 

The deposition 01' calcareous rocks from the 
Bothnian Sea onto the shore of southwestern Finland 
bya raft transport mechanism has also been touched 
upon by some authors (Hellaakoski 1930: 
Martinsson 1956b) and this theory undoubtedly 
holds good to some extent. De Geer (1919, 1932) 
had already proposed a similar mechanislll in 
Sweden. One characteristic of material carried by 
ice rafts is that it is found in a transitional horizon 
between varved clay and homogeneous clay (de 
Geer 1932). A deep bdsin developed in the Baltic 
during the deglaciation. probably with considerable 



glacial oscillation (Martinsson 1956a), but the 
Coriolis effect would have meant that the ice rafts 
moved southwestwards rather than southeastwards. 

Short-distance transport: effect of bedrock 
topography on transport distance 

The effect of topography on transport distance 
has been studied by Gillberg (1965, 1967). As a 
body of ice moves from a low-lying substrate to a 
high er area the material contained in it tends to 
accumulate at the first topographicaJ barrier. Deep, 
broad valleys, especially those broadening out in 
the direction of glacial flow, present very few such 
barriers , and the indicator boulders tend to travel 
further. The res istance of the various rock types to 
comminution during transport will also affect this 
accumulation, for small rock fragments will load 
the ice, causing plasticity. increasing the friction 
and reducing its mobility, with the result that 
deposition will increase. Fine material will be 
deposited first, followed by gravel and eventually 
stones. 

The bedrock of the area studied here is broken up 
by innumerable fracture lines and zones, with the 
deeper fracture basins usually filled with thick water­
laid sediments whereas the Quaternary deposits are 
otherwise fairly thin . There is !ittle basal till in the 
area and few drumlins. The principal glaciofluvial 
formations are the eskers at Laitila and Säkylä, in 
addition to wh ich there are so me smaller, 
discontinuous eskers in places. The dominant 
orientation of the bedrock fractures is W -SE. 
coinciding with the main direction of glacial 
movement, and these fractures, where they occur 
singly, tend to be steep-sided and 0.5-2.0 km in 
width . Their depth as such is about 10 m. but where 
frac tures running in different directions form 
complexes the resulting formations tend to be both 
deeper and broader. The fractures running in a 
trans verse direction with respect to the ice flow are 
narrower, 100-500 m, and would see m to be similar 
in depth to those running parallel to the direction of 
ice movement, although no generalizations can be 
made on this in the absence of accurate depth data. 

The broadest basins are to be found on the coast, 
the Lapinjoki basin in the commune of Eurajoki 
and the Valkiameri basin in Kalanti. The Satakunta 
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sandstone basin extends from Pori to Pyhäjärvi . but 
the bedrock depression in which it is situated 
continues as far as Loimaa. These depress ions 
evidently guided the flow of ice to a considerablc 
extent. 

In Sweden Gillberg ( 1967) calculates for a till ­
covered terrain with a topography characterized by 
an alternation between low hills and depression~ 
giving X

1
/
2 
= 5.3 km. The transport distance in the 

archipelago will be somewhat greater, 9.4 km and 
that in depressions running in the direction of g lacial 
flow greater still , 10.0 km, since there will be less 
barriers to the movement of the ice. Transport 
distances for till are usuall y less than 10 km,.and 
similar conclusions are reached by Perttunen ( 1977), 
Kinnunen ( 1979), Salonen (1986) and Puranen 
( 1988). 

The transport distance for glacial gravel in the 
Laitila esker is approx. 5 km (Hellaakoski 1930). 
while Gillberg (1968) quotes values of x

1
(.! = 5.4 km 

for limes tone and 7.5 km for Cambrian sandstone. 
Salonen ( 1986) esti mates that 61.4 % of the material 
in the Laitila esker has been transported over a 
distance of less that 7 km, although he interprets 
one boulder of Cambrian sandstone as having 
travelled more than 150 km. 

Such small percentages of PaJaeozoic sedimentary 
limestone, as max. under 2.0 %, were found at the 
sites studied here that it is impossible to determine 
their source. The theory of short-range transport 
presupposes that they would have accumulated at 
the first topographical barrier that happened to be 
in their path . This would imply that the erratics 
originate from the fracture basins, close to which 
the majority of the examples are found (Fig. 44). 
Further research would be required to assess whether 
this is mere chance or whether the fracture basins in 
question actually contained, or possibly still do 
contain, Palaeozoic sediments. If they had, then the 
glacier could weil have removed so me of the rock 
and deposited it at the first topographical barrier. 
The fractures running parallel to the direction of 
glacial flow would have been eroded deeper and 
the material would have been transported further, 
while the material from the transverse fractures 
would have accumulated in the close vicinity of 
these. The present data do not allow any greater 
importance to be assigned to the depth of the 
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fractures in this process than to their orientation, 
but the acquisition of more complete depth data 
may alter this picture. 

The Exploration Department of the Geological 
Survey of Finland has carried out borings and echo 
soundings in the c1ay basin of Valkiameri in the 
districts of Uusikaupunki and Kalanti , a basin wh ich 
is about 15 m deep and runs in the direction of ice 
f1ow, but has failed to find any evidence of in situ 
sedimentary rocks, even though this area is one of 
the richest in terms of erratics (Alviola 1988). If, 
according to Gillberg ( 1965) , Palaeozoic 
sedimentary rocks are transported a maximum of 
30 km and any finds further away from the source 
than this must be random or isolated ones, then the 
specimens obtained from this area must be 
interpreted as accidental or isolated cases , especially 
since 6.0 % from Vampula (Nenonen, pers . comm.). 
Calcareous sedimentary rocks are to be found in the 
stone counts only at Kuivalahti in Eurajoki, Lepäinen 
in Uusikaupunki and Padva in Bromarv. The 
consentration of 1.0-2.0 % of sedimentary rock 
specimens here by comparison with other parts of 
the area studied is nevertheless striking, and further 
research is called for to establish whether they can 
really be regarded as accidental or not. 

Long-distance transport from the sedimentary 
basin to the Precambrian shield 

The question of englacial transport of sedimentary 
rocks is discussed by Hicock (1987) in Hemlo area, 
Canada. 

The uppermost rock type in the sedimentary 
deposits of the Bothnian Sea is the reddish grey 
calcilutite type of Baltic limestone, below which 
are the yellowish grey calcilutite type and the grey 
marI , evidently altemating, as at Rapla in Estonia. 
The lowermost of the Ordovician deposits consists 
of the greenish grey or reddish brown marI , byneath 
which lie the Cambrian and 10tnian sandstones. 
The Palaeozoic sediments of the Bothnian Sea are 
located in adepression and are broken up by various 
fracture Iines and zones. 

A simplified model of the border area may be 
proposed in which the glacier loosened first the 
reddi sh grey calcilutite type of Baltic limestone and 
so on, the last to be disturbed being the Cambrian 
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and 10tnian sandstones. As the ice reached the 
bedrock area, at least some of these calcareous 
boulders will have been crushed into smaller pieces, 
the Cambrian and 10tnian sandstones , the last to be 
carried away, being affected the least. With the 
increased glacial bed friction due to the bedrock 
substrate, some of the material will have been 
deposited and some taken up into the body of the 
glacier. The sands tones , which were the last to be 
loosened from their site of origin , will then have 
become enriched in the base of the glacier and will 
have accumulated in the greatest numbers at the 
contact between the sedimentary rocks and the 
bedrock. 

While numbers of 10.0-18.0 % and 2.0-3.0 % 
respectively are quoted for the proportions of 10tnian 
and Cambrian sandstones on the sea bed near the 
coast (Veltheim 1962), the present stone counts 
give 4.0---40.0 % 10tnian sandstone on the coast 
outside the area of the formation itself and 30.0-
74.0 % on top of the formation , and 0- 10.0 % 
Cambrian sandstone. The next most frequent should 
be the greenish grey or reddish brown mari and the 
least frequent the reddish grey calcilutite. 

This is not in fact the case in the field , however 
(Figs. 5- 9). The Bothnian Sea sedimentary deposits 
were evidently arranged in a more complex manner, 
the strata being of different thicknesses and differing 
in extent, so me or all of them even being absent in 
places . These calcareous rocks also differ in their 
resistance to erosion during transport, the marls 
being less resilient than the lutites. 

The Bothnian Sea 10tnian sandstone bed is located 
some 20-180 km from the coast of southwestem 
Finland, while the Satakunta sandstone area on the 
mainland forms a lobe stretching inland from Pori 
to Pyhäjärvi. Correspondingly, the Cambrian 
sandstone bed in the Bothnian Sea lies between 60 
km and 220 km away from the area studied here, 
and the limestone deposit 80-250 km measured in 
the main direction of glacial movement. If we 
assurne that the sedimentary erratics observed here 
were derived from the bed of the Bothnian Sea in 
accordance with the model of Hicock (1987), then 
certain questions remain to be answered: 

- Why have only sm all numbers of erratics from 
the Lower Ordovician sediments reached the 
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coast when large numbers from the Cambrian 
sandslone Iying below it havc done so (Figs. 5 
and 6)? 
Why is the yellowish grey calcilutite so frequent 
in the Hanko area but the reddish grey variety 
rare? 1I is possible that the reddish grey type 
was eroded from the sea bed earlier, 01' that 
Hanko belonged to the area covered by the orth 
Estonian Confacies. in which the reddish grey 
type was absent. 
Why are Cambrian sandstone ernllics distributed 
in'egularly over the area. with large numbers 
between U usikaupunki and Luvi a. only 
occasional occurrences between Kustavi. Turku 
and Parainen. but more in Sauvo (4.0 CJc) and 
~tillmore s ignificant finds in BromaI'v (4.0 o/c at 

one s ite and 1.0 % at four others)? The same is 
also true of the distribution of limestone erratics 
(Figs. 5-9). 
Is the occurrence of Palaeozoic sedimentary 
rocks close to bedrock fractures only a random 
feature. or did the glacial dynamics become 
predisposed towards deposition at such points? 

The reason for the uneven distribution of 
sed imentary boulders may be that large boulders 
were broken up while being transported 01' deposited 
by g lacial action. This is highly probable in cases 
where all the examples found in one place are of the 
same type. This fragmentation may take place in 
connection with either short 01' long distance 
transportation . 

SUMMARY 

The material studied here comprised 671 e rratics 
representing Palaeozoic sedimentat·y ca lcareous 
rocks and 1573 of Cambrian sanelstone from the 
coast of southwestern Finland. The Cambrian 
sanelstone erratics were concentrateel on the coast 
between Uusikaupunki anel Luvia. with smaller 
accumulations in Sauvo anel the eastern parts of 
Bromarv. There was linie reddish brown or greenish 
grey marI. i.e. orthceratic limestone. in the area. 
only in Kustavi. Eurajoki and Luvia. while the 
largest amounts of grey marI. or Chasmops 
limestone. were founel m'ounel Hanko. only isolateel 
boulelers being present elsewhere. The older type of 
the Baltic limestone, yellowish grey calcilutite 01' 

calcarenite. was founel in the g reatest amounts 
between Kustavi anel Luvia and at Hanko. The 
reelelish grey calcilutite of the Baltic limestone occurs 
in the same pi aces as the ye llowish grey t) pe except 
that its proportion is extremely low arounel Hanko. 
The Palaeozoic sedimentm'y rocks are e1istributed 
very unevenly along the coast. erratics being fairly 
common between Luvia and Kustavi while the area 
between Kustavi anel Kemiö is very pOOl' in this 
type and it reappears in the Bromarv - Hanko 
area. 

Stone counts were maele at 31 ~ ites . one per 40 
km 2

• in order to test whether Palaeozoic seelimentary 
rocks coulel be e1iscovereel by ranelom sampling. 
Positive results were obtaineel for Cambrian 
sanelstones in the area from Kustavi to Luvia and at 
Paimio anel Bromarv. but seelimentm'y limestones 
were e1iscovereel less orten. only at'ounel Eurajoki. 
Uusikaupunki and Bromarv. areas in which finds of 
such roch tended to be concentrated in any case. 

o in silil deposits have been e1iscovered to date. 
The sedimentary rocks were dated by reference 

to the acritarchs and Chitinozoa contained in 26 out 
of the 62 specimens examined. The greenish grey 
mari. of which 3 specimens were investigated. was 
laiel down during the Kunela to Kukruse reg ional 
stages of the Lower/ Middle to Middle Ordovician. 
while the grey mari e1ates back to aperiod ex tending 
from the Aseri-Lasnamägi transition to the abala 
regional stage. Middle to Mielelle/Upper Ordovician 
five out of the 8 specimens being from the lower 
part of the Middle Ordovician anel two from 
transition of lower and the upper part and one is 
longer e1uration. i.e. from the Kukruse to Nabala 
regional stage~. The 15 specimens of yellowish 
grey calcilutitic type of the Baltic limestone were 



more difficult to interpret in terms 01' age than the 
marls. -+ of the specimens being from the lower part 
or the Middle Orelovician. 6 from the mielelle part. I 
from the upper part anel 4 specimens yielded only 
species or a longer eluration, so that no more precise 
elate coulel be given than the Ordovician as a whole. 
No microfos. ils were founel in either the Cambrian 
sanelstone or the reelelish grey calcilutite. 

The \pecies of acritarchs anel ChitinoLOa ielentifieel 
were tYPlcal or the Palaeozoic in the Baltic basin. 
dirrering rrom previous material only in that the 
range of species was somewhat wieler anel the 
inelividuals ~maller in size than in Gotlanel or 
Estonia. Companltive material was obtaineel rrom 
the stratigraphy of the Rapla core in Estonia. which 
has been dateel accurately from its ~helly fossils. 
The acritarchs anel Chitinozoa or this core are now 
being examined by a joint Finnish anel Estonian 
team or investigators. 

The 98 species or acritarch belong to the genera 
Aremoricallilllll. Arisphaeridilllll. Ba/tis/Jlweridilll11. 

B lIellillg i isplweridi 11111. C o/7/asphaeridi 11/7/. Cy-

11/(/liosplwera. Dicoml11opalla. Dictyosphae­

ridi 11111. D icryotid i 11/1/. C 011 io.lplweridi 11/11. 

Hapsidopal/a. H elosphaeridill/JI. Leiojil.w. 

Leiosplweridia. Leiol'C//ia, Lophosphaeridilll1l, 

M icrhyslridilll11 , MII/tiplicisphaeridill/11 , Na-

IIOCI'c!opio, Orrhosphaeridill/1/ , Peleillo-

splweridilllll, P heoc!oslerill/7/, Pirea, Po/\'-

ollcirrrodorlls. Priscoga/ea. Plerosper/7/opsis. 

R hopCl Ii opl/O/'(/. SIe 1/ ife rid i 11/7/, Tas/1/CI 11 i le s, 

Ti/'llofee\ 'io. Trall\'ikill/1/ anel Verr/wchilll7l. The 19 
species or Chitinozoan belong to the genera 
C OIlOC h i li lIa, Cya {hoc h i I i lIa , Des 1II0C hit i 110, 

Eisellochilillo, Lagellochililla anel Rlwhdochitina. 

Three new genera are reported here, KlIl1da­

splwera. Nodllsosphaeridill/11 and Raplasphaero anel 
six new speeies. Axisplweridill/11 trico/llmlle/are, 

C ol1lllsphoeridill/1/ \'orispiIlOSIl/1/, Kllildasphaera 

/OCIIIIOSC/. Nodllsosphoeridill/7/ rllhlls, 

P(!{eillOSplweridilllll pan'ispillOSIlI11 anel PriscogaleC/ 

peljcJ/ma, anel one newfor/1w, Lei()fim/ grolllllaclltis 

f cllillCIIIIX. The speeies composition 01' the sam pIes 
is inelieative or seelimentation in shallow water under 
variable eoastal conelitions anel in a generally 
turbulent environment. The elifferences between the 
various types were so slight that they eoulel weil 
represent no more than ranelom variation. The grey 
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mari eliel contain the genus Orrhosplweridill/1/, 
however. which is an inelieator 01' a ealm elepositional 
environment. anelthis fineling is probably attributable 
to the eonelitions prevailing at the time. 

The elifferences between the specimens. assesseel 
in terms 01' the pereentages of the aeritareh genera. 
were only minor on es anel were probably of a ran­
elom nature with the exception 01' the genus 
OrrllOsplweridilllll in the grey marI. Species 
elifferenees ealeulateel on the prineiple or the most 
common species. seconel most common, third mo. t 
eommon. ete. faileel to reveal any elifferences 
between the limestüne types. 

The speeimens were also groupeel aeeording to 
their lithologieal eomposition and grain size. but no 
major dirferenees in this respeet emerged between 
the speeimens of <;imi lar speeies eomposition among 
those that contained mierofossils. The speeimens or 
grey mari and yellow grey ea\cilutite cannot be 
dated any more exaetly on lithological grounds than 
to the Ordovieian. 

The sources of the ernllics are eonsidered here in 
the light of theories or short-distanee anel long­
distance glaeial transport. Arguments in favour 01' 
short-distance transport include the existenee or 
more fragile material whieh would not survive 
transport over long distances and the fact that most 
glaeial transport in Finland, anel particularly in this 
area. has been observcd to take place over distances 
of less than 10 km. The erratics may be assumed to 
originate from the fracture basins. which were 
covereel by the marine stages of the Palaeozoie. the 
greater proportion of the specimens being assoeiated 
with fractures running transverse to the direction of 
glaeial movement. The argument against short­
distance transport is that no in Silll deposits have 
been found. although soundings anel borings have 
aelmittedly been carried out only in the Valkiameri 
basin in Kalanti. 

The argument in favour of long-distanee transport 
lies in the fact that this eould have taken plaee 
englaeially from known deposits on the bed of the 
Bothnian Sea. but this theory is unable to explain 
the uneven distribution or erraties on the coast, and 
particularly the distorted stratigraphy anel relative 
thicknesses or thc horizons. not to mention the 
loeation of the recovery sites in the vieinity 01' 
bedrock f'raetures. 
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Appendix I. Finds of ca1careous erratics by locality. 

I Alastaro, Virttaankangas 2111 03 6764050/2424270/97 IS ,IL 
2 Bromarv, Padva 15/AU/84 2012 04 6655200/2436000/0 IL 
2 Bromarv, Padva 16/AU/84 2012 04 6653950/2434000/0 IC 
2 Bromarv, Vitsand 19/AU/85 2011 06 6647900/2436600/0 IL 
3 Dragsfjärd, Hiillinen HV 2011 03 6644000/2390200/0 IS 
3 Dragsfjärd, Kasnäs 10/AU/84 1033 12 6646300/ 1579100/0 2S 
3 Dragsfjärd, Morgonlandet KH 2011 01 6628200/2427300/1 2C,3S,lL 
3 Dragsfjärd, Trehällskäret KH 2011 05 6639600/2431100/1 IS 
3 Dragsfjärd, Vitfägelskär KH 2011 02 6638700/2422800/1 IC 
3 Dragsfjärd, Överölmos 13/AU/85 1034 11 6665400/1577500/0 IL 
3 Dragsfjärd, Äspskär PO 1033 09 6648970/1566970/ I IL 
4 Eura, Honkilahti 56/83 1133 09 6762500/1567000/41 IL 
4 Eura, Honkilahti , Sieravuori 1133 09 6765500/1566700/50 IL 
5 Eurajoki, Hankkila 9/AU/85 1132 11 6788140/1531500/5 IPO 
5 Eurajoki, Kaarlenkari 47/AU/85 1141 07 6800520/1528100/0 IL 
5 Eurajoki, Kaarlenpää 48/AU/85 1141 07 6800520/1528420/0 IS 
5 Eurajoki , Korvenkulma 44/AU/85 1132 12 6795 180/1538000/39 IS 
5 Eurajoki, Lapijoki 38/AU/85 1132 11 6783420/1539100/20 IPO,IS,IL 
5 Eurajoki, Marjakari 46/AU/85 1141 07 6800520/ 1528650/0 IVO,IS , IL 
5 Eurajoki, Pujonnokka 42/AU/85 1132 09 6797180/1526420/0 2S 
5 Eurajoki, Vähä-Frouvi 43/AU/85 1132 09 6795440/1526700/0 I PO, 1 C, 13S,8L 
5 Eurajoki, Männistö VL 1134 02 6784400/1543800/20 IPO 
5 Eurajoki, Rannankulma VL 1131 12 6793500/1531000/5 IS 
5 Eurajoki, Rannankulma 19/AU/85 1132 12 6797980/1530260/1 IS 
5 Eurajoki, Ritavuori 34/AU/85 1132 1I 6785480/1538940/26 3S,3L 
5 Eurajoki, Verkkokari 18/AU/85 1132 12 6791920/1531940/ I 2S 
6 Halikko, Märynummi AS 2021 09 6704400/2447800/ I 05 IL 
7 Hanko, Furuholm 2/KH/80 2011 11 6635800/2459200/ I IC, IS 
7 Hanko, Granskär HH 2011 08 6634200/2445750/1 2S 
7 Hanko, Gräskär HH 2011 08 6633900/2444500/0 20S,IL 
7 Hanko, Hauensuoli KH-80 2011 05 6633 I 00/2438800/ I IC,3S 
7 Hanko, Kummelskär KH-80 2011 05 6639570/2435200/ I IL 
7 Hanko, Lastankobben KH-80 2011 08 6634700/2450000/1 IS 
7 Hanko, Längören HH 2011 08 6634500/2446500/0 4C, IOS 
7 Hanko, Segelskär KH-79 20 6624600/2462600/0 5S 
7 Hanko, Spikarna 7/KH/80 2011 11 6633480/2455500/1 2C,IS 
7 Hanko, Stora Stenskär 9/KH/80 2011 08 6631300/2449800/ I 2C,9S 
7 Hanko, Sälbädan 8/KH/80 2011 08 6631300/2449500/ I IC 
7 Hanko, Tulliniemi HH-86 2011 05 6634500/2439500/0 6S 
8 Houtskär, Lektarskär 9/pK 1041 04 6682400/15 10600/0 IL 
8 Houtskär, Västra saverkeit 8/pK 1032 09 6678500/! 523500/5 IL 
9 lniö, Nygrynn 77/AU/85 1041 09 6706400/1520440/0 4S,3L 
9 Iniö, Nölestholm 78/AU/85 1041 09 6705860/1520900/0 13S 

10 Kaarina, Tuorla 29/AU/84 1043 12 6701380/1579260/20 IPO 
11 Kalanti , Elkkyinen 37/AU/85 1131 08 6751640/1522550/3 IS 
11 Kalanti , Kiisk i NKK-L2-83 1131 06 6747540/1529670/10 IL 
11 Kalanti , Kiisk i KK-3-83 11 31 07 6747750/1529750/1 0 IC 
11 Kalanti , Kiisk i NKK-L8-83 1131 07 6749750/1529750/1 0 IS 
11 Kalanti . Lahti OTR-12-13-83 1042 09 6739370/1528960/1 0 2L 
11 Kalanti , Lahti OTR-Ll4-83 1042 09 6739400/1529400/10 IL 
11 Kalanti , Lahti OTR-15-83 1042 09 6739270/1529230/10 IS 
11 Kalanti , Lahti OTR-16-83 1042 12 6739350/1530100/10 IS 
11 Kalanti , Lahti OTR-17-83 1042 12 6739520/1530340/10 IS 
II Kalanti , Lahti OTR-18-19-83 1042 12 6739400/1530460/10 IC, IS 
11 Kalanti, Orivo MK-86 1131 07 6744300/1527320/11 IL 
11 Kalanti , Petes 68/83 11 3 1 07 6740300/1527280/1 0 12L 
11 Kalanti , Petes 63/AU/85 1131 07 6740950/1527260/2 2L 
11 Kalanti , Suurikkala OTR-20ab-83 1131 08 6751980/1526270/1 0 2VO 
11 Kalanti, Valkiameri OTR-I -2-83 1042 09 6739290/1527530/1 0 2L 
11 Kal anti , Valkiameri OTR-3-83 1042 09 6738500/1529880/10 IL 
11 Kalanti , Valkiameri OTR-4-5-83 1042 12 6739200/1530450/10 2L 
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App.l conl. 

11 Kalanti. Valkiameri OTR-6-8-83 1042 09 6739770/ 1528300/ 10 IC,IS , IL 
11 Kalanti , Valkiameri OTR-9-83 1042 09 6739580/ 1528000/ 10 IS 
11 Kalanli , Valkiameri OTR- IO- II -83 1042 09 6793650/ 1528630/1 0 2L 
11 Kalanli , Vellua PP-86 1042 12 6739200/1 532850/3 2L 
11 Kalanli 70/83 1131 08 6750560/ 1525200/17 IS,2L 
11 Kalanli 12/KH/83 1131 07 6740210/1 526380/2 IL 
12 Kiukainen , Vaaniinkangas 2/KH/81 1134 05 6787340/ 1554400/40 IL 
13 Korppoo, Markomby 12/pK 1032 11 6669300/ 1533500/5 IL 
14 Kuslavi , NKK 1/83 1042 07 6716150/ 1521400/10 IS 
14 Kuslavi , IsoluOlO 76/AU/85 1041 09 6709920/1 522780/0 9S , IL 
14 Kuslavi , Iso-Rah i 61 /AU/85 1042 07 6717900/1 522650/3 IPO 
14 Kuslavi , Järvikari 73/AU/85 1042 05 67225 I 0/1 5 12070/0 3L 
14 Kuslavi , Kaaskeri 71 /AU/85 1042 05 6720000/ 1514320/0 3S ,7L 
14 Kuslavi , Kooskerinkari 79/AU/85 1041 06 6706310/ 1516680/ 1 IVO, 15S,4L 
14 Kuslavi , Kraakul 40/AU/85 1041 09 6707750/1 520320/0 IC,5S ,14L 
14 Kuslavi , Krokholmi 8/KH/81 1042 04 6716980/1 5 13450/1 IVO 
14 Kuslavi , Kuulivuori 62/AU/85 1042 07 671 7800/1 522880/0 2S 
14 Kuslavi , Langslel PK/AU 1042 07 6711100/ 1520120/2 2S ,13L 
14 Kuslavi , L. Munakari 42/AU/85 1042 09 6708100/ 1521800/0 2S,2L 
14 Kuslavi, Nootholma 2/KH/81 1042 04 67 I 9060/ 1 5 16000/1 IPO 
14 Ku 'lavi , Penakluppi 80/AU/85 1041 06 6707770/1517750/0 39S , 17L 
14 Kuslavi , P. Munakari 41 /AU/84 1041 09 6708240/ 1522100/0 IS 
14 Kuslavi , Pohjakari 72/AU/85 1042 05 6722200/1 5 12300/0 3L 
14 Kuslavi , Pooslanluodol 70/AU/85 1042 04 6717730/1 5 I 5660/0 IS 
14 Kuslavi , Salmenperä I/AU/85 1042 04 67 I 5850/ 1 516900/0 2C, IS,3L 
14 Kuslavi , Santasaari 81 /AU/85 1041 06 6707420/ 1518500/0 12S ,3 L 
14 Kuslavi, Sikaluolo 43/AU/85 1042 04 67 I 1800/1 519150/1 IC,8L 
14 Kuslavi , Tiuskrunni MO 1042 02 6723500/ 1506000/1 IL 
14 Kuslavi , Varakluppi 82/AU/85 1041 06 6707400/ 1519600/0 16S,7L 
14 Kuslavi, Varslala 2/AU/85 1042 04 6712900/ 1516800/7 3L 
14 Kuslavi , Vuosnainen 3/AU/85 1042 04 6710800/1 513850/0 3S ,2L 
15 KuusislO PK 10 1043 11 6697200/1 576000/30 IL 
16 Lailila, Melsänpää 5/AU/85 11 3 1 11 6757700/1533000/35 IVO 
17 Lappi Tl. , Kariniemi VL 11 34 01 6779000/ 1541000/ 14 IS , IOL 
17 Lappi TL, Kullanperä RM-86 11 32 10 6778800/1 539500/ 1 5 IS , IL 
18 Lemu , ML 1044 05 6717500/1 550500/0 IL 
19 Lokalahli , Hakula ES 1042 09 6730200/1 520200/1 0 IS 
19 Lokalahti , Humalkari 67/AU/85 1042 06 6733240/1 5 19160/0 3L 
19 Lokalahli, PilkäluOlO 28/AU/85 1042 09 67 35400/1 522280/20 IL 
19 Lokalahli , Ruskiavuorenaukko 1042 09 6735100/ 1524470/0 IS 
19 Lokalahli , Tirkkala 68/AU/85 1042 08 6728720/ 1520940/0 IS 
20 Luvia, Engsholma 69/AU/85 1141 07 6806370/1 528780/0 IVO 
20 Luvia, Lailakari 50/AU/85 1141 10 68041 30/ 1530310/0 IL 
20 Luvia, Pärkööri I 51 /AU/85 1141 07 6805260/ 1528580/0 IS 
20 Luvia, Pärkööri 2 52/AU/85 1141 07 6805220/ 1529060/2 IL 
20 Luvia, Siikkari 49/AU/85 1141 07 6801 280/ 1529540/0 IL 
20 Luvia, Tröömi 53/AU/85 1141 10 6804620/ 1530540/0 IL 
21 Mieloinen, Aarlahli 60/AU/85 1044 02 6724420/ 1544540/0 IS 
22 Naantali , Taimo 36/AU/85 1043 06 6708600/ 1556700/0 IS 
23 au vo. Kalt i I uoto J 1043 01 6685900/1 544700/ 1 3S ,2 L 
23 auvo, Persnäs 45/AU/85 1032 12 6672440/ 1539380/0 3S ,3L 
24 Pyhämaa NKK-5 ja 7-83 11 3 1 05 6751160/1 5 12500/ 1 IS 
24 Pyhämaa, Heinänen 3/AU/85 11 3 1 05 6755460/1 5 19850/3 2L 
24 Pyhämaa, Heinäslenlahli 4/AU/85 11 3 1 08 6754850/ 1520600/5 IS 
24 Pyhämaa, Kulju 2/AU/85 1131 05 6757530/1518900/3 IS 
24 Pyhämaa, Liesluolo 17/AU/85 11 3 1 05 6753750/ 1511350/1 5S,2L 
24 Pyhämaa, LinluluolO I 58/AU/85 11 3 1 05 6759340/1516800/0 IL 
24 Pyhämaa, LinluluolO 2 59/AU/85 11 3 1 05 6759340/1516920/0 IS , IL 
24 Pyhämaa, Lyökki S-osa 14/AU/85 1131 01 6749960/1509880/ 1 8S,5L 
24 Pyhämaa, Lyökki N-osa 13/AU/85 11 3 1 02 6750020/ 1509960/1 IS 
24 Pyhämaa, Olavanpää 15/AU/85 1131 04 6748180/ 1512380/1 3S ,9L 
24 Pyhämaa, Portinlauhanaukko 16/AU/85 1131 05 6750740/ 1511780/2 IL 
24 Pyhämaa, Salomaa 12/AU/85 1131 05 6756520/ 1516600/7 IL 
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24 Pyhämaa, Letonmaa 57/AU/85 11 31 06 6763660/1513680/0 IS,IL 
25 Pyhäranta, Kauhianpää Nro 2 1131 08 6758800/1524500/5 IL 
25 Pyhäranta, Kaukka 40/AU/85 1131 08 6755460/1524900/1 IVO 
25 Pyhäranta, Rihtniemi 26/AU/85 1132 07 6772950/ 1520700/1 IS 
25 Pyhäranta, Rihtniemi 56/AU/85 1132 04 6775230/1517700/0 IS 
25 Pyhäranta, Rihtniemi 55/AU/85 1132 04 677 5040/ I 5177 40/0 IS 
25 Pyhäranta, Rihtniemi 54/AU/85 1132 04 6771520/1518500/0 IPO 
26 Raisio, Hahdenniemi 29/AU/85 1043 09 6706140/1561680/0 IS 
26 Raisio, Ihala 1043 09 6706500/1563800/5 IL 
27 Rauma, Kaaro 8/AU/85 1132 08 6784170/1529050/23 IS 
27 Rauma, Kinno 7/AU/85 1132 08 6782200/1528680/13 IS, IL 
27 Rauma, Kortelanlahti 21 /AU/85 1132 07 6775050/ 1525320/1 3S ,3L 
27 Rauma, Maanpää 20/AU/85 1132 07 6778080/1524380/1 2L 
27 Rauma, Noidanlahti 6/AU/85 1132 08 6781740/1527000/5 IS 
27 Rauma, Poroalho IO/AU/85 1132 07 6778540/ 1527750/8 IVO,4S ,6L 
27 Rauma, Petäs 41/AU/85 1132 08 6780680/1523960/1 2S, IL 
27 Rauma, Pyynpää II /AU/85 1132 08 6781000/ 1527700/4 IS 
27 Rauma, Rokinnokka 30/AU/85 1132 08 6784230/ 1528500/0 3S,IL 
27 Rauma, uimaranta I/AU/85 1132 08 6780850/1525500/0 3S,2L 
28 Rauman mlk , Anllila ES 1132 07 6772500/1526000/1 0 IL 
28 Rauman mlk, Hanhinen 24/AU/85 1132 07 6775340/1520720/1 IL 
28 Rauman mlk, Hanhinen 22/AU/85 1132 07 6775850/1520700/1 6S,IL 
28 Rauman mlk , Hanhinen 23/AU/85 1132 07 6775520/ 1520240/1 2S 
28 Rauman mlk, Otanmaa 31/AU/85 1132 08 6785350/1524270/0 IS 
28 Rauman mlk, Puulu 33/AU/85 1132 08 6788800/ 1527500/0 3S , IL 
28 Rauman mlk. Taipalmaa 32/AU/85 1132 08 6787300/ 1525600/0 IPO 
28 Rauman mlk, Unajanlahti 39/AU/85 1132 07 6774100/1526880/0 4L 
28 Rauman mlk. Vasarainen SKL 1132 10 6774800/ 1533220/ 10 IL 
28 Rauman mlk. Voiluoto 25/AU/85 1132 07 6771980/1524480/15 3S 
29 Rusko , Haapa-alho PK II 1044 07 67 10800/ 1568800/45 IL 
29 Rusko, Runosmäki PK 4 1043 09 6708500/ 1568800/45 IL 
30 Rymällylä , Poikko 12/77 1043 03 6700900/1549500/3 2L 
30 Rymättylä , Poikko ES-80 1043 02 6699300/1545850/1 0 IL 
31 Somero, Kankaannummi 2024 03 6733500/2461000/ 120 IL 
31 Somero , Kuusjoki 47/AU/84 2022 12 6738120/2456970/1 05 1 S 
31 Somero, Pitkäjärvi 46/AU/84, AS 2024 02 6729300/2461640/95 3S,7L 
32 Särkisalo , Pellu 26/AU/84 20 12 07 6658550/2443100/0 IL 
33 Taivassalo, Isolahti PJ 1042 11 6721950/ 1537100/ 13 lL 
33 Taivassalo. Kolkanaukko OV 1042 10 6719500/ 1532000/0 IL 
33 Taivassalo EK 1042 10 6718250/1533500/2 IS ,2L 
33 Taivassalo 79 1042 10 6719880/1534780/2 IL 
34 Tammisaari. Ramsholmen 23/ A U/84 2014 01 6650600/2467960/0 2S 
34 Tammisaari , uimaranta 24/AU/84 2014 01 6650420/2469320/0 IS 
35 Uusikaupunki , Iso-Ha idus 10/KH/81 1131 04 6742300/ 1525150/0 3L 
35 Uusikaupunki, lso-Hylkimys 12/KH/81 1042 06 6735600/1514900/ 1 3S , IL 
35 Uusikaupunki , Kouklainen 66/AU/85 1131 04 6743140/ 1519720/0 3S 
35 Uusikaupunki , leirintäalue 35/AU/85 1131 07 6744400/ 1521650/0 IS 
35 Uusikaupunki, Lepäinen 36/AU/85 1131 04 6743850/1513500/0 3S ,2L 
35 Uusikaupunki , Morseinkari 65/AU/85 1131 07 6743360/ 1520000/0 10S, IIL 
35 Uusikaupunki , P. Viisastenkari II /KH/81 1131 04 6742000/ 1513700/ 1 IS 
35 Uusikaupunki, Seiskarit 13/KH/81 1042 06 6736000/1512500/1 2L 
35 Uusikaupunki, Vasikkamaa 11 /79 1042 06 6738600/1518100/1 IL 
36 Vampula, kalkkikaivos PK 2112 01 6772250/2426400/76 L(6 %) 
37 Vehmaa 78 1042 11 6721200/1539600/1 IS 
38 Velkua, Teerisalo 37/AU/85 1041 12 6706480/ 1538440/0 IC, IS, IOL 
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