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Abstract. - A number of Devonian and Carboniferous microfossils generally referred
to as non-radiosphaerid calcispheres or parathuramminid foraminifera are identified
as poor preservations of the Devonian volvocacean alga Eovolvox silesiensis. The cell
walls are decomposed and embedded in a calcareous matrix of combined early and
late diagenetic origin. The main stages of the complex preservational history of the
Devonian volvocaceans are discussed and each results in the formation of micro­
fossils known so far as Vicinesphaera Antropov, Polyderma Derville, PalaeocanceHus
Derville, Pachysphaerina Conil & Lys, and Archaesphaera Suleimanov. These micro­
fossils have a world-wide distribution and are particularly common in certain Upper
Devonian and Lower Carboniferous limestones. They are often associated with ra­
diosphaerid calcispheres and in the Devonian sometime with Amphipora. The
presence of autochthonous and abundant volvocacean algae in sediments, up till now
interpreted as marine or restricted marine deposits, probably indicates brackish
(oligohaline) or fresh-water depositional environments similar to modern strongly
eutrophized lakes. Volvocacean calcispheres appear to be a very sensitive paleoen­
vironmental indicator.

INTRODUCTION

The first unquestionable fossil colonial Volvocales (Chlorophyta) have
been recently discovered by the author (Kazmierczak, 1975) in thin sec­
tions of Upper Devonian (Frasnian) Amphipora-calcisphere limestone of
southern Poland (Upper Silesia). Except for unusually well preserved vol­
vocacean coenobia many colonies have been observed with more or less
obliterated cell walls. Such forms are usually identified as the enigmatic
microfossils long known as calcispheres or parathuramminid foraminifera.
They are very common in certain Upper Devonian - Lower Carboniferous
shallow water carbonates of Eurasia and North America.

The purpose of this paper is to show the main stages of the complex
preservational history of volvocacean coenobia leading to the formation
of structures often completely dissimilar to the initial organisms. Since
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the ecological status of all extant volvocacean algae is rather limited
(eutrophized lakes and ponds) the possibility of deciphering the presence
of such algae in ancient sediments appears to be very attractive for pa­
leoenvironmental studies.

This paper has been prepared at the Palaeozoological Institute (ab­
breviated as ZPAL) of the Polish Academy of Sciences in Warsaw where
the illustrated specimens (thin sections) are housed.

SYNOPSIS OF PALAEOZOIC CALCISPHERES

The term "Calcisphaera" was introduced by Williamson (1880) for mi­
croscopic (average diameter 80-170 ,"",m) spherical hollow calcareous bodies
of unknown affinity common in certain Lower Carboniferous rocks of
Wales (UK) and Middle Devonian limestones of Ohio (USA). Since that
time different calcispheric structures have been reported especially from
the Devonian and Carboniferous carbonate deposits (for review see: Reit­
linger, 1957; Stanton, 1967; Fliigel & H6tzl, 1971).

Well preserved Palaeozoic calcispheres can be generally divided into
radiosphaerid calcispheres (after typical forms known as Radiosphaera
Reitlinger) armoured with more or less prominent, radially distributed ex­
ternal spines (pI. XIX, figs 1-3; pI. XX, fig. 4) and non-radiosphaerid calci­
spheres with generally a smooth external surface. In both groups the in­
side of the wall is always smooth and commonly circular in cross-section.
The wall of radiosphaerid calcispheres is built by coarse calcite prisms
usually radially arranged whereas that of non-radiosphaerid calcispheres
and forms assigned sometimes to parathuramminid foraminifera is mi­
critic or finely crystalline. The wall frequently contains an admixture
of (?) organic substance making it opaque in transmitted light. In some
non-radiosphaerid calcispheres (Polyderma) a multilayered structure of
the walls has been noted (Derville, 1941). The layers in such calcispheres
can be recognized by organic rich layers and varying crystal size. The pos­
sible genesis of such forms is given further in the text.

The central chamber of both groups of calcispheres is filled with two
calcite cements (see also Stanton, 1963): (1) rims of radially arranged
fibrous crystals extending inward with an average thickness of 10-15 ,"",m,
and (2) coarse, euhedral calcite filling the remainder of the cavity.

Different opinions have been expressed on the systematic position of
Palaeozoic calcispheres excluding those which are charophyte oogonia and
umbellas. They have been classified as foraminiferan (mostly parathuram­
minid) and radiolarian protozoans (e.g. Cayeux, 1929; Bykova, 1955;
Coni! & Lys, 1964; Chuvashov, 1965) or algal (mostly chlorophycean) re­
productive cysts (e.g. Cayeux, 1929; Derville, 1931, 1941; Rupp, 1966). An
inorganic origin for calcispheres has been postulated by Pia (1937).
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Although it is possible to recognize most non-radiosphaerid calcispheres
as permineralized remnants of volvocacean algae other calcispheres remain
an enigma. I agree with Konishi (1958) that they probably belong to dif­
ferent groups of organisms. Various globular microfossils from Mesozoic
and Tertiary strata described as calcispheres or calcispherulid structures
(for review: Villain, 1975) are hardly comparable with the Palaeozoic forms
mentioned above and were probably formed by different kinds of orga­
nisms.

STAGES OF PRESERVATIONAL HISTORY OF THE DEVONIAN VOLVOCACEAN
ALGAE AND RESULTING CALCISPHERES

Four main stages in the complex preservational history of the De­
vonian volvocacean algae Eovolvox silesiensis Kazmierczak can be re­
cognized, each results in the formation of structures which can be iden­
tified with microfossils known so far as non-radiosphaerid calcispheres or
parathuramminids. The colonies may be buried at any time during the
stages of the preservational process.

Stage 1

Early postmortum lysis (hydrolysis, bacteriolysis, acetolysis etc.) of the cells and
surrounding mucus stopped by eogenetic permineralization of colonies during shallow
burial (text-fig. 1 A, D, G).

Discussion. - The circular outline of Eovolvox colonies shows evidence
of very early diagenetic permineralization of colonies which protected
them against compaction and further decay. Well preserved cell walls
(pI. X:XI, fig. 1; pI. XIXII, fig. 4) indicate only slight postmortum decom­
position which was limited to the mucous surrounding the coenobia. The
main factors retarding decomposition of the cellulose cell walls in Eovol­
vox are thought to be similar to the present day processes which retard
first of all bacteriolysis. High alkalinity and more or less anaerobic con­
ditions near the bottom are the most effective antidecompositional factors
(e.g. White, 1933; Krause, 1959; Degens & Mopper, 1975). Such conditions
are characteristic for the bottom zone of eutrophic waters occupied very
often by extant volvocacean algae. It can be assumed from experimental
studies on carbonate precipitation evoked by bacterial· breakdown of
organic matter (e.g. Oppenheimer, 1961; Berner, 1968; McCunn, 1972;
Krumbein, 1974) that rapid permineralization with CaC03 of volvocacean
colonies was connected with strongly increased pH around the decaying
algae. This was accompanied by a high concentration of Ca+ ions in the
water. Simultaneously reducing conditions at the water/sediment interface
(dissolved HzS) enabled the formation of iron sulphides within some min­
eralized colonies.
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Fig. 1. Diagram showing the main stages of preservational history of the Devonian
volvocacean alga Eovolvox silesiensis Kazmierczak and resulting microfossils. c­
cells, cw - cell walls, d - daughter-colony, ec - external calcareous coating, f - fla-

gella, ic - internal calcareous coating (rim), m - mucus.
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Resulting microfossils. - Buried at this stage permineralized volvo­
caceans show well preserved outlines of the cells. The colonies are embed­
ded in thick, irregularly circular, calcitic coatings either finely-crystalline
(text-fig. 1D; pI. XXI, fig. 1) or micritic (text-fig. 1A; pI. XXI, fig. 2). The
internal chamber was lined at this stage by thin rim of fibrous calcite
which in case of micritization of the external coating remains always
clearly fibrous. These microfossils are easy identifiable as volvocacean
algae (here Eovolvox silesiensis) represented by simple colonies (pI. XXI,
fig. 1) or colonies enclosing daughter-colonies (pI. XXII, fig. 4). However
even at this stage some colonies embedded in micritic calcite (pI. XX, fig. 1;
pI. X\XI, fig. 2) display a great similarity to microfossils known as Vicine­
sphaera Antropov which is frequently described from the Devonian and
Carboniferous limestones particularly of the Soviet Union (e.g. Bykova,
1955; Chuvashov, 1965). It should be noted, that permineralized volvo­
cacean colonies with well preserved cell walls are rarities among fairly
common and widely distributed poorer states of preservation.

Stage 2

Pl10gressing decomposition (lysis) of cell walls mainly through bioerosion (bio­
turbation and/or digestion) of partially or completely permineralized colonies results
in the forms shown in text-fig. 1 B, E and H.

Discussion. - In indistinctly laminated bituminous micrite containing
colonies with well preserved cell walls (pI. XIX, fig. 1) I have observed
patchy accumulations of sediment with colonies in which the cell walls are
almost completely obliterated. The calcareous coatings on such colonies are
usually slightly thinner and their external outlines are much more circular
than those of colonies with well preserved cells. The cell walls in these
partially obliterated colonies are, as a rule, degraded in their external
part. The patchy sediment is clearly more sparitic than the surrounding
laminated micrite. It is concluded from the above that the primary organic
rich volvocacean-bearing sediment has been in many places bioturbated
and the presence of faecal pellets (pI. XIX~ fig. 2) suggests digestion by
burrowing deposit feeders. Through bioturbation the coatings of partially
or completely permineralized colonies have been to some extent eroded
and the cell walls underwent further degradation through oxidation and
acidic reaction during digestive processes (pI. XX, figs 2-3; pI. XXI, fig. 3;
pI. XXII, figs 2-3 and 5-6). The very strongly bioturbated character of some
volvocacean-bearing sediments indicates that bioerosion may have played
considerable role in the preservational history of these algae.

Resulting microfossils. - Most volvocacean colonies at this stage of
their preservational history have lost almost all of their characteristic
features and represent a sort of shadow-fossils. The majority of Devonian
and Carboniferous non-radiosphaerid calcispheres and a few forms des-
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cribed as parathuramminid foraminifera represent this type of volvoca­
cean preservation.

The effective obliteration of cell walls in volvocacean colonies embed­
ded in dark, micritic calcareous substance (text-fig. 1B; pI. XX, figs 2-3;
pI. ~XI, fig. 3) results in structures originally described as Vicinesphaera
Antropov or species of Parathurammina Suleimanov. They are often cited
from Devonian and Carboniferous limestones of the Soviet Union (e.g.
Bykova, 1955, pI. 3, fig. 2; Chuvashov, 1965, pI. 1, figs 11, 13-14; Brazhni­
kova & Vdovyenko, 1971, pI. 11, figs 8-10; Menner & Reitlinger, 1971,
pI. 4, fig. 4a). Vicinesphaera has been also described from the Givetian of
Germany (Fliigel & H6tzl, 1971, fig. 2; 7) and from the Dinantian of Bel­
gium (Conil & Lys, 1964, pI. 4, figs 17-18).

When the obliteration of cell walls is more advanced in the external
zone of a colony and the deeper parts remain preserved, structures occur
which are very similar to microfossils described usually as Palaeocan­
cellus Derville (text-fig. 1E, pI. XXII, figs 1-3). In this case calcareous coat­
ings are not so dark in transmitted light and are clearly more crystalline
than in the Vicinesphaera type. Good examples of such structures are
described as Calcisphaera cancellata by Williamson (1880, pI. 20, fig. 79)
and Ozonkowa (1962, pI. 37, fig. 5), as Palaeocancellus cancellatus by Der­
ville (1950, pI. 24, fig. 5) and Conil & Lys (1964, pI. 6, fig. 69). Calcisphaera
fimbriata described by Williamson (1880, pI. 20, fig. 67) from the Welsh
Carboniferous Limestone and calcispheroid structures reported by Baxter
(1960, pI. 144, figs 4 and 9) from the Mississipian of Illinois and by Fliigel
and H6tzl (1971, fig. 3: 3, 4 and 8) from the Givetian of western Germany
seem to represent very similar forms with slightly poorer preservation.
It should be noted that not all forms actually assigned to Palaeocancellus
represent volvocacean remnants. For instance structures described by
Conil and Lys (1964) as P. canaliculatus (Derv.), P. robustus (Derv.) and
Palaeocancellus sp. belong clearly to other organisms.

Bioeroded volvocacean colonies enclosing daughter-colonies can be
easily identify with calcispheres described as Polyderma Derville. The
main phases of origin of Polyderma-like structure from permineralized
colony of the Devonian Eovolvox silesiensis containing a daughter-colony
is shown on text-fig. 1G-I and pI. XXiII, figs 4-6. Typical Polyderma have
been illustrated by Derville (1941, pI. 7, fig. 5; 1950, pI. 14, figs 1, 4-5) and
they come from the Carboniferous Limestone of northern France. Very
similar forms have been described as Polyderma chovanensis Reitlinger
by Brazhnikova and Vdovyenko (1971, pI. 1, fig. 27) from the Tournaisian
of the Donets Basin. Forms described as Eovolutina elementa Antropov
and E. tulmasensis Lipina (Lipina, 1955, pI. 2, figs. 5-7) from th'e Tour­
naisian of the Volgo-Uralian province seem to represent also remnants of
volvocacean colonies enclosing daughter-colonies. Very interesting forms
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of Polyderma are those composed of three more or less concentrically ar­
ranged spheres (e.g. Polyderma polyderma - see Derville, 1941, pI. 7,
fig. 5, and P. incertum - see Derville, 1950, pI. 14, fig. 5). Such forms
undoubtedly represent colonies of volvocacean algae in which a daughter­
colony is producing another daughter-colony before liberation from the
parent colony. Such phenomenon is well known in some extant volvoca­
ceans (e.g. Volvox africanus) in which up to four generations can be form­
ed in the parent-colony (Chapman, 1964, p. 31). Multispherical Polyderma
can be very easily detected in thin sections even when the cell walls are
completely obliterated (pI. XiXII , fig. 6).

Stage 3
Redeposition and abrasion of permineralized colonies (text-fig. 1 C, F and I).

Discussion. - There is good evidence that the permineralized volvo­
cacean colonies were commonly redeposited in a new sedimentary en­
vironment with a completely different biota (pI. XIX, fig. 3). During this
redeposition they underwent abrasion which considerably diminished the
thickness of their calcareous coatings. This abrasion may even remove the
zone in which the cells are distributed. However, the degree of abrasion
observed in the same thin section may vary suggesting origins different
for particular colonies (pI. XX, fig. 3). The redeposition results in oxidation
of cell walls ~md any other organic matter still present in the calcareous
matrix of coatings. The main destructive factor is thought to be the high
redox potential of the turbulent environment of redeposition. As a result
no traces of the primary volvocacean structure (cell walls) can be detected
in colonies which passed through this stage. Usually only dark, micritic
thin-walled spheres remain from abraded and finally decomposed colonies
(pI. )0(1, fig. 4).

Resulting microfossils. - Abraded permineralized colonies of the De­
vonian Eovolvox silesiensis display a great similarity to globular micro­
fossils usually termed Archaesphaera Suleimanov or Pachysphaerina
Conil & Lys (text-fig. lC and F; pI. XXI, fig. 4). They are widely distribut­
ed in some Devonian and Carboniferous shallow water carbonates and are
classified as parathuramminid foraminifera or as calcispheres (for review,
Flugel & H6tzl, 1971). It is not easy to determine in uniformly reworked
well-sorted sediment if all such forms represent abraded volvocacean co­
lonies. Very similar structures could have been formed as a result of
abrasion of radiosphaerid calcispheres which are very often associated
with volvocaceans. They can be however distinguished from the latter by
the clearly crystalline, coarse granular structure of their walls. Examples
of spherical microfossils of Archaesphaera-Pachysphaerina type of either
volvocacean (dark micritic walls) or radiosphaerid (granular crystalline
walls) origin can be seen in Baxter (1960, pI. 144, figs 2-3, 12 and 14), Conil
& Lys (1964, pI. 4, figs 36-40; pI. 6, figs 59-68), and Brazhnikova & Vdo-
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vyenko (1971, pI. 4, figs 13-15, 19-20). A common feature of all these micro­
fossils is their distribution in high-energy sediments, mostly sparry cal­
carenites.

Stage 4

Final burial of permineralized colonies and late diagenetical processes.

Discussion. - After final burial which often took place in a quite
diferent environment than the eogenetic permineralization, the remaining
hollow chambers of colonies have been filled by blocky calcite. It is ap­
parently later than the fibrous internal rims and has been most probably
introduced to the colonies during late diagenesis. The blocky calcite cement
is present in all colonies regardless of the stage of their preservational
history when they were finally buried.

PALAEOENVIRONMENTAL SIGNIFICANCE OF VOLVOCACEAN
CALCISPHERES

The detection of the volvocacean nature of some non-radiosphaerid
calcispheres and forms assigned so far to parathuramminid foraminifera is
thought to be of great importance for palaeoenvironmental interpretation.
This is because modern members of the volvocacean algae ~re exclusively
inhabitants of fresh water and it is highly probable that the Devonian
volvocaceans represented by the excellently preserved Eovolvox silesiensis
had the same or very similar ecological requirements. Most extant volvo­
caceans are limited to very shallow and strongly eutrophized (Le. enriched
in dissolved organic substances) lakes and ponds (e.g. Pringsheim & Prin­
gsheim, 1959). Such environments are characterized by high alkalinity
and high content of Ca+ (Elster, 1958). It is commonly known that such
conditions are very favourable for calcium carbonate precipitation. The
formation of eogenetic calcareous coatings on the Devonian volvocacean
algae and the presence of internal rims indicate very similar environ-·
mental conditions. Summarizing, I suggest that in the case of in situ de­
posited volvocacean calcispheres the sediment enclosing them was most
probably of lacustrine or very brackish (oligohaline) origin. Such a se­
dimentary environment has been postulated (Kazmierczak, 1975) for the
Frasnian black bituminous Amphipora-calcisphere limestone from sou­
thern Poland with abundant Eovolvox silesie1,Lsis. Associated with volvo­
caceans in these sediments are abundant radiosphaerid calcispheres, pro­
blematical foraminifera Parathurammina and Irregularina, and occasion­
ally the enigmatic alga Uraloporella. Sediments of this type have so far
been interpreted as products of marine or restricted marine environment
(back-reef or lagoonal facies - e.g. Klovan, 1964; Stanton, 1967; Reid,
1973).
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Sediments containing volvocacean calcispheres in situ are extremely
rare. Normally the algae after permineralization have been redeposited
and mixed with what is described as a marine biota; commonly with dif­
ferent stromatoporoids and tabulate corals, and to a lesser degree with
tetracorals, calcareous foraminifera, brachiopods and crinoids. As allo­
chems volvocacean calcispheres are therefore indicative of a close pro­
ximity of areas with very low, most probably lacustrine salinity within
more or less normal marine conditions.

The abundance of volvocacean calcispheres in many Devonian and Car­
boniferous shallow-water limestones suggests that the areas occupied by
these organisms were extensive and characterized by very high phyto­
plankton production. The lack of terrigenous material in in situ deposited
volvocacean-bearing sediments indicates the off-shore position of these
environments. Such a conclusion is supported by the known palaeogeo-·
graphic position of these sediments. It is suggested that in very shallow
epeiric seas during the Devonian and Carboniferous broad areas of shoals
and blue-green algal marshes (the latter producing the so called laminites)
existed which during prolonged periods of humid climate and heavy pre­
cipitation produced salinities low enough to encourage the colonization
of a fresh-water algal biota. Today such extensive off-shore lacustrine or
highly brackish areas with carbonate sedimentation are unknown. A small
scale modern analogue of the close coexistance of marine and fresh-water
environments with carbonate sedimentation induced by algal activity is
Andros Island (Monty, 1972). However, the low salinity of large parts of
ancient epeiric seas documented by the presence of abundant volvocacean
algae in the Devonian-Carboniferous carbonate sequences appears to be
a non - act u a lis tic phenomenon. This very intriguing problem needs
further special studies.
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JOZEF KAZMIERCZAK

TOCZKOWCOWE POCHODZENIE NIEKTORYCH PALEOZOICZNYCH

KALCYSFER I PARATURAMINIDOWYCH "OTWORNIC"

Streszczenie

Szereg dewonskich i karbonskich problematycznych mikroskamienialosci odno­

szonych najcz~sciej do kalcysfer lub paraturaminidowych otwornic reprezentuje r6zne
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typy fosylizacji kolonii toczkowc6w identycznych lub zblizonych do unikalnie zacho­

wanych Eovolvox silesiensis Kazmierczak opisanych z wapieni g6rnego dewonu

(franu) G6rnego Slqska. Zrekonstruowane zostaly gl6wne etapy zlozonego procesu

fosylizacji dewonskich toczkowc6w, w rezultacie kt6rego doszlo do powstania struk­

tur biosedymentacyjno-diagenetycznych znanych w literaturze mikropaleontologicznej

jako Vicinesphaera Antropov, Polyderma Derville, Palaeocancellus Derville, Pachy­

sphaerina Conil & Lys i Archaesphaera Suleimanov. Struktury te charakteryzujq si~

swiatowym rozprzestrzenieniem i Sq szczeg61nie cz~ste w niekt6rych typach wapieni

g6rnego dewonu i dolnego karbonu. W osadach in situ Sq one zwykle stowarzyszone

z kalcysferami radiosferowymi, a w dewonie takze czasami z Amphipora. Obecnosc

licznych, autochtonicznych kolonijnych toczkowc6w w osadach uwazanych dotych­

czas za morskie wydaje si~ raczej wskazywac na brakiczne (oligohalinowe) lub slod­

kowodne srodowisko sedymentacji tych osad6w, zblizone do dzisiejszych silnie zeu­

trofizowanych jezior. Toczkowcowe kalcysfery mogq zate;n stanowic nowy, bardzo

czuly wskaznik gradient6w zasolenia niekt6rych peryferycznych obszar6w dawnych

zbiornik6w epikontynentalnych.

I03E<2> KA3bMEP'IAK

BOJIbBOKCOBOE IIPOMCXO)K,ZJ;EHME HEKOTOPbIX IIAJIE030J![CKMX
KAJIbUMC~EP M IIAPATYPAMMHM,ZJ;HbIX ,,~OPAMMHM~EP"

PR,ll ,lleBOHCKHX H KaMeHHoyrOJIbHbIX np05JIeMaTH'IeCKHX MHKpooKaMeHeJIOCTeH,
'IaII.\e Bcero OTHOCHMbIX K KaJIb~Hc<pepaM HJIH napaTypaMHHH,llHbIM <popaMHHH<pepaM,
npe,llCTaBJIReT pa3Hble BH,llbI <POcCHJIH3a~HH KOJIOHHH CHJIbHO HanOMHHalOII.\HX yHH­
KaJIbHble Eovolvox silesiensis KaZmierczak, pacnpocTpaHeHHble B BepXHe,lleBOHCKHX
(<ppaHcKHx) H3BeCTHRKax BepxHeH CHJIe3HH. IIPOH3BO,llHTCR peKOHCTPYK~HR OCHOB­
HbIX :nanOB CJIOlKHOrO npo~ecca <POCCI1JII13a~1111 ,lleBOHCKI1X Volvocales B HTore KOTO­
poro 05pa30BaJII1Cb 5110Ce,llHMeHTa~HOHHO-,llHareHeT101'IeCK101e CTpyKTypbI, 1013BeCTHble
B M101KpOnaJIeOHTOJIOr101'IeCKOH JIHTepaTYpe no,ll Ha3BaHI1RMI1 Vicinesphaera Antro­
pov, Polyderma Derville, Palaeocancellus Derville, Pachysphaerina Coni! & Lys
101 Archaeosphaera Suleimanov. 3TI1 CTpyKTypbI xapaKTepl13ylOTCR rJI05aJIbHbIM pac­
npOCTpaHeHHeM H oc05eHHO 'IaCTO BCTpe'lalOTCR B HeKOTopbIX T101nax H3BeCTHRKOB
BepXHero ,lleBOHa 101 H101lKHero Kap50na. B HenepeOTJIOlKeHHblx OCa,llKaX OH101 05bI'IHO
conpOBOlK,llUIOT pa,llHoc<popH'IeCK101e KaJIb~101c<pepbI, a B ,lleBOHe 101Hor,lla 11 aM<p101nopbI.
HaJII1'1101e MHOrO'll1CJIeHHbIX KOJIOH101aJIbHbIX aBTOXTOHHbIX Volvocales B OCa,llKaX,
KOTopble ,ll0 C101X nop C"IHTamfCb MOpCKHM101 OTJIOlKeHHRMH, CBH,lleTeJIbCTBYIOT, BepORT­
Hee Bcero, 05 onpecIIeHHotf (oJIl1rOraJII1HHotf) HJIH npeCHOBO,llHOH cpe,lle OCa,llKO­
naKOITJIeHI1Jl, HunOM101HalOII.\eH cOBpeMeHHble C101JIbHO 3YTpo<pHble 03epa. M3 CKa3aH-
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Horo CJIe,ll;yeT, 'ITO onHcaHHbIe <POPMbI MoryT npe,ll;CTaBJIRTb HOBbIH, BeCbMa 'IYBCTBH­
TeJIbHbIH nOKa3aTeJIb CTeneHH COJIeHOCTH HeKOTopbIX nepH<pepH'IeCKHX 30H ,ll;peBHHX
3nHKOHTHHeHTaJIbHbIX 6acceHHOB.

EXPLANATION OF PLATES

Plate XIX

Fig. 1. Volvocacean (V) and radiosphaerid (R) calcispheres in in situ deposited bi­
tuminous limestone. ZPAL AI. IIIII; Upper Devonian (Frasnian) of' Upper
Silesia (Sosnowiec IG-l borehole, depth 2385-2395 m), southern Poland.

Fig. 2. Volvocacean (V) and radiosphaerid (R) calcispheres in bioturbated and digest­
ed volvocacean bearing sediment with abundant faecal pellets (P) and lumpy
intraclasts (I). ZPAL AI. III/40d; Upper Devonian (Frasnian) of Upper Silesia
(Sosnowiec IG-l borehole, depth 2385-2395 m), southern Poland.

Fig. 3. Abraded volvocacean (V) and radiosphaerid (R) calcispheres in high-energy
intrabiosparite with irregular intraclasts (1). ZPAL AI. IIIIB8; Upper De­
vonian (Frasnian) of the western Holy Cross Mts., Poland.

Bar scale for all 0.5 mm

Plate XX

Fig. 1. Two permineralized volvocacean (Eovo~vox silesiensis Kazm.) colonies with
differently decomposed cell walls. The upper colony resembles "Vicin­
esphaera" stage of preservation. ZPAL AI. III/2, stage coordinates: 60.2/9.0.

Fig. 2. Two volvocacean (Eovo~vox si~esiensis Kazm.) colonies with almost com­
pletely decomposed cell walls and micritized calcareous coatings ("Vicin­
esphaera" stage of preservation). ZPAL AI. III/50b, stage coordinates: 56.5/
/13.3.

Fig. 3. Two volvocacean (Eovo~vox silesiensis Kazm.) colonies with differently abrad­
ed calcereous coatings. The less abraded colony represents "Vicinesphaera"
stage of preservation, the more abraded is near "Archaesphaera-Pachyspha­
erina" stage. ZPAL AI. IIII50e, stage coordinates: 52.9/13.3.

Fig. 4. Poorly preserved volvocacean (Eovo~vox silesiensis Kazm.) calcisphere (upper
half of the photog':"aph) with decomposed cell walls and micritized calcareous
coating ("Vicinesphaera" stage of preservation) compared with a typical
radiosphaerid calcisphere (below). ZPAL AI. III/112A, stage coordinates:
45.5/14.3.

Upper Devonian (Frasnian) of Upper Silesia (Sosnowiec IG-l borehole, depth 2385­
2395 m), southern Poland; bar scale for all 50 J,tm.

Plate XXI

Figs 1-4. Main stages of preservational history of volvocacean (Eovo~vox si~esiensis

Kazm.) colonies showing: fig. 1 - well preserved colony embedded in cry­
stalline calcareous coating, fig. 2 - a colony with partially decomposed
cell walls and micritized coating (Vicinesphaera-like stage), fig. 3 - a co­
lony with wholly decomposed cell walls and heavily micritized calcareous
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coating (typical "Vicinesphaera" stage), fig. 4 - strongly abraded colony
("Archaesphaera-Pachysphaerina" stage). fig. 1- ZPAL AI. II1/4, stage co­
ordinates: 52.3/21.2; fig. 2 - ZPAL AI. III/50b, stage coordinates: 57.2/14.5;
fig. 3 - ZPAL AI. III/50b, stage coordinates: 55.3/13.7; fig. 4 - ZPAL AI.
III/50e, stage coordinates: 54.9/9.7;

Upper Devonian (Frasnian) of Upper Silesia (Sosnowiec IG-l borehole, depth 2385­
2395 m), southern Poland; bar scale for all 30 !tm.

Plate XXII

Figs 1-3. Three permineralized volvocacean (Eovolvox silesiensis Kazm.) with par­
tially decomposed cell walls. Forms illustrated on figs 1 and 2 represent
typical "PalaeocanceUus" stage of volvocacean preservation. fig. 1 - ZPAL
AI. III/14, stage coordinates: 57.5/18.4; fig. 2 - ZPAL AI. III/60d, stage co­
ordinates: 41.4/20.0; fig. 3 - ZPAL AI. II1/60m, stage coordinates: 49.8/14.4.

Figs 4-6. Three permineralized volvocacean (Eovolvox silesiensis Kazm.) colonies
containing daughter-colonies. The colony on fig. 4 is preserved with cell
walls, those on figs 5 and 6 with decomposed cell walls represent "Poly­
derma" stage of volvocacean preservation. fig. 4 - ZPAL AI. III/60m, stage
coordinates: 48.7/16.2; fig. 5 - ZPAL AI. III/80a, stage coordinates: 49.5/
/14.5; fig. 6 - ZPAL AI. III/50e, stage coordinates: 60.5/19.1;

Upper Devonian (Frasnian) of Upper Silesia (Sosnowiec IG-l borehole, depth 2385­
2395 m), southern Poland; bar scale for all 30 !tm.
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