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STANISLAW SKOMPSKI

The nature and systematic position of the microfossils
Globochaete alpina Lombard, 1945

ABSTRACT: Well preserved aciniform associations of Globochaete alpina Lom-
bard .discovered within Upper Visean limestones of the Lublin Coal Basin, eastern
Poland, allow to recognize the relationship of these microfossils to the present-
-day green algae of the family Chlorosphaeraceae. The revision of the whole ge-
nus Globochaete is undertaken, and the species Nostocites wvesiculosa Maslov is
regarded as a subiective synonymy of Globochaete alpina Lombard.

INTRODUCTION

The microfossil Globochaete -alpina Lombard, 1945, commonly inter-
preted as a calcified zoospore of green algae, has long been described
from primarily Mesozoic and Tertiary carbonates developed in both
pelagic and extreme shallow marine environments (cf. Miik 1959, 1979;
Lefeld & Radwanski 1960; Zawidzka 1972; Borza 1975; Fliigel 1978).
A few reports concern also Paleoaoic occurrences in the Silurian of Al-
geria, Devonian -of Morocco and Dinantian of France (Durand Delga
1956), Devonian of Czechoslovakia (Biely & Kullmanova 1979), Silurian
through Carboniferous of the Soviet Union (Linetskaya & Muromtseva
1973, Muromtseva 1979), Carboniferous of Afghanistan (Vachard 1980),
and Permian of Mexico (Tellez-Giron & Trejo 1974).

The specimens discussed in this paper come from the Upper Visean
limestones with Calcifolium pierced by the borehole Podedwdrze 2 in
the north-eastern part of the Luyblin Coal Basin, eastern Poland; loca+
tion of the borehole and.stratigraphic setting of the limestones are pre-
sented elsewhere (Skompski 1980, Skompski & Sobon-Podgérska 1980).
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MORPHOLOGICAL TYPES OF GLOBOCHAETE ALPINA LOMBARD

Lombard (1945) definied Globochaete as hemispherical or spherical

1ls, preserved in diverse stages of division, single or joined in linear
associations, commonly affixed epiphytically to concavo-convex frag-
ments of algae, or of other undetermined organisms. The cells are fi-
lled with radial calcite which effects in a black cross under the crossed
nicols. The size of the cells ranges widely from 40u to 100u, or even to
200n as noted by the subsequent authors. A lengthy, but not compre-
hensive discription offered by Lombard (1945) was supplemented by
sketch-drawings of Globochaete in the stage of partition and germina-
tion, in the mature epiphytic stage,.and in the final senile stage. These
sketches are evidently simplified when" compared to the earlier study
(Lombard 1937) which presented Globochacte as ”Organism D”. The
partition of the unicells was well illustrated by Colom (1955). Both
Lombard and Colom did not present any associated forms with a lar-
ger number of unicells, and such very structures were recognized later,
e.g. by Misik (1959, 1979), Zawidzka (1972), Borza (1975) and recently,
under the name Globochaete gregaria, by Schifer & Senowbari-Daryan
(1980). A variety of the associated forms are the spherical specimens
composed of well arranged Globochaete, and illustrated by Tellez-Giron
& Trejo (1974), who doubted about the zoospore nature of Globochaete.

The investigated Visean specimens from the Lublin. Coal Basin repre-
sent mostly associations of a greater number of Globochaete, and called
here the aciniform associations which vary into the spherical, envelo-
ped forms (empty inside), circular in sections (Pl. 2, Figs 1—2), and
globular forms with their interior filled (Pi. 1, -Fig. 2; probably also
~ PL 1, Fig. 1). Moreover, recorded are the linear associations (Pl -3, Fig.
1), whereas the unicells and epiphytic cells are absent.

The hitherto presented descriptions and illustrations of Globochaete,
as well as the investigated material allows to distinguish the following
types of morphologies (see Text-fig. 1) observable in the thin sections
of Globochaete;

A — unicellar type: all the single forms, and cells dunng partition, usual.ly into
2 or 4;

B — linear association: all the chain-like (“rosary-beaded”; "chapelet” of Lom-
barnd, 1945) groups which might have developed due to one-dimensional parti-
tion of the cells;

C — epiphytic cells: all the single or grouped cells attached to organic remains,
commonly of the algal origin. As these cells are usually affixed to the con-
cave igide of the epiphyse (for exceptions se¢ Pl 3, Fig. 2; and Bronnimann
1955, Text-ﬁg 60); Zawidzka (1972) suggested their nature as the remnants
of vegetative cells with affixed ZooSpores;

D — aciniform association: the rcells grouped. into the grapes, the external envelo-
pe of which may be the only one presen'ved.
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Additionally, as the fifth type, the endophytic cells are to be distin-
guished, viz. those presented by Linetskaya & Muromtseva (1973), who
recognized Globochaete inside the thallus of the alga Beresella; an ob-
scure photo does not allow to verify that record. :

The above ”seétion”—types correspond to the four morphological
types of the occurrence of Globochaete. It should however be noted that
a two-dimensional image from thin sections is not always recognizable
to a certainty as to its three-dimensional shape.

SYNONYMY OF GLOBOCHAETE ALPINA LOMBARD

Within the genus Globochaete, the five species have hitherto been
recognized, viz. G. alpine Lombard, 1945; G. tatrica Radwanski, 1968;
. G. spinosa Dragastan, 1971; G. hronica Borza, 1975; and G. gregaria
Schéfer ' & - Senowbari-Daryan, 1980. The last three of these species
should evidently be revised, as the criteria of their distinction - are eit-
her unclear or simply wrong. Highly similar to some Globochaete are
also the microfossils Nostocites vesiculose Maslov discussed beneath.

The species Globochaete tatrica Radwanski, 1968, described for the fir-st time
from the Rhaetian. of the Tatra Mits (Radwanski 1968), has subsequently been

. Fig- 1. Morphological types of Globochaete alpina Lombard .
A — single cells (after Colom 1955), B — linear association of cells (after MiSik
1959, Linetskaya & Muromtseva 1973), C — epiphytic cells (after Bronnimann 1955,
Bonet 1956, Mi%ik 1950), D — aciniform association of cells: solid form (at left)
and superficial form (at right) .

4
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accepted and recorded both from the Rhaetian of the Tatra Mts and of the Aigs
(Flilgel 1972, 1978; Gaifdzicki 1974; Schifer & Senowbari-Daryan 1880), as well
as from the siratigraphically wide ranging deposits (Carnian through Neocomian)
of Slovakia (Borza 1975, MiSik 1979).

The species Globochaete spinosa Dragastan, 1971, recognized in the Jurassic-
-Cretaceous deposits of Romania, does not display the requested generic features,
and was already denied by Miik (1979).

A feature diagnostic of Globochaete hronica Borza, 1975, was a large, comical
depression, filled with micrite inside the cell. However, only in some sections
this structure is recognizable as a depression; in most cases, the holotype inclu-
ding it is 2 dark spot imside the cell Such a spot varying in size (see PL 3, Fig.
6), is also characteristic of G. alpina and may even appear at the edge of the
cell, as illustrated by Borza (1975, PL 1, Fig. 8). Consequently, there are no speci-
fic features distinguishing the species hronica which therefore is rejected. It is
to note that the taxonomic value of the dark spot ds doubtful, as this structure,
its size, shape, and location within the cells are supposedly resulting only from
fossilization and diagenesis, similarly as in some bluegreen algae (see Golubi¢ &
Hofmann 1976).

The species Globochaete gregaria Schifer & Senowbari-Daryan, 1980, was
established due to “.. diameters of single spores between 150 and 180 microns,
modus of division of the spores in rosettes, and aggregatelike appearance of nu-
merous spores” (Schifer & Senowbari-Daryan 1980, p. 100). Included into synony-
my by Schifer & Senowbari-Daryan (1980) were the gregarious specimens: of
Globochaete alpina described by Zawidzka (1972). As stated above, the cell diame-
ter in Globochaete alpina ranges from 40 to 200u, the type of association. is a mof-
phatype not a specific feature, and the diverse modes of partition. (the rosette-like
including) appear within the same composite specimen. Usually, the cells situated
nearer to the cenire of an aciniform association are more densely spaced and,
contrary to the outer cells, they display a rather polygonal outline (see Pl 3,
Fig. 5). Consequently all the specimens described as G. gregaria are to be inclu-
ded into G. alpina, the same as those specimens presented correctly under this
very name by Zawidzka (1972). : _

Concerning the species Nostocites vesiculosa Maslov, 1929, it was established
for arched or comborted, chain-like aggregates composed of loosely spaced cells,
about 454 in diameter (see Text-fig. 2) The generic mame was coined up by Mas-

Fig. 2 Nostoc_ités vesiculosa Maslov (affer Maslov 1829)

lov (1929) to announce the relationship with . the bluegreen algae .of the genus
Nostoe, the view being rejected by Maslov himself in a later paper (Maslov 1956).
Formerly, Maslov (1920) distinguished within the genus .Nostocites the two species,
viz. N. vesiculosg and -N. problematica. The -latter species - 'was - subsequently su-
ggested by Maslov (1956) to consist of foraminiferd] ‘fragments, but mevertheless,



NATURE -OF GLOBOCHAETE 51

it was accepted and illustrated by Johnson (1963), Rich (1974), and Brenckle (1977)._
An attribution . of that taxon to either foraminifers or #o problematic algae was
offered by ‘Mamet & Roux (1978), who also presented the first photographs of
Nostdeites: vesiculosa, taking them however for an aciniform association, nor for
a linear one. The size and type of the cell arrangements of the specimens des-
cribed both by Maslov (1929, 1956, 1963), and by Mamet & Roux. (1978), clearly
shows that these are the Carboniferous representatives -of Globochaete alpina, type
B and D distinguished in this paper. The name Nostocites vesiculosa is therefore
Tegarded by the present Author as a subiective synonymy.

To the Carboniferous occurrences of Globochaete alpina should also be inclu-
ded the specimens described as Litostroma sp. by Jansa, Mamet & Roux (1978,
PL 1, Fig. 11 and ? 10). Their.cell size (40—80x), mode of partition, and shape of
cells are more similar to Globochaete alpina (especially to such forms as illustra-
ted in Pl 3, Figs 3 and 7 of this paper; see also suggestions by’ Vachard 1980)
than to any forms of the genus Litostroma Mamay, 1959,

RELATION OF GLOBOCHAETE ALPINA 70 RECENT ALGAE

The taxonomic features important in Recent algae, are hardly reco-
gnizable in Globochaete in its most advanced stages which display some
resemblances to the palmelloid and _8leocystid stages of green algae.
Commonly accepted is the opinion ‘expressed by Lombard (1945) that
Globochaete, recognized by Lombard only ‘in unicellar and chain-like
forms, has a nature of green-algal zoospores, certainly related to the
Protococeaceae group of the order Chaetophorales and the best analogies
were suggested with the zoospores of the genus Dicranochaete. Tellez-
-Giron & Trejo (1974) believed however that the composite forms evi-
dence a more complicated nature of the mother plant. On the other .
hand, Linetskaya & Muromtseva (1973) were of the opinion that Globo-
chaete were the zoospores of various algae coming from diverse facies
and stratigraphic ages. Lo ' ' L

Both the investigated material (Pls 1—3) and analyzed references
allow to recognize that.the best analogies of Globochaete appear not
only in zoosporic but also in vegetative forms of the two ordines of the
green algae, namely in the Chlorococcales and -in the "Chaetophorales
. (systematics according to’ Fritsch, 1961). Taking into account the mo-
‘des of partition, cell size and ‘morphologies, the best pronounced simila~
rities are recognizable in the family Chlorosphaeraceae (cf. Herndon
1968) of the Chaetophorales, which includes i. a. such genera as Chlo-
rosphaeropsis (? = Chlorosphaera) Vischer, 1933, Planophila Gerneck,
1907, and Chloroplana Hollerbach, 1936. All these genera are represen-
ted by unicells or associations: and ' coenobia, sémetimes ‘of -the “chain-
-like outline (see Text-fig.. 3). The cells, ranging in size from a few to
over 50p, are embraced by a cell wall; usually -their the best readable
element is the ‘chromatophor, cup-like’ or ovoid in shape,. All' the
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Fig. 3. Morphological types of algae of the family Chlorosphaeraceae
A — Chlorosphaera alismatis Klebs {(after Artari; taken from Fritsch 1961), B —
Planophila asymmetrica Gerneck {(after Gerneck 1807), C — Chloraplana terricola
Hollerbach (after Hollerbach 1936)

Chlorosphaeraceae reproduce either by separation or by biflagellate
zoospores (the latter of less than 8u in diameter). It seems therefore
doubtful that the unicells of Globochaete, the same as those in diverse
stages of partition, were the zoospores (their size attains 2001 in G.
alpina, and 500s in G. tatrica). Hardly believable. is also Lombard’s
interpretation of some convexities of the cells as the germinating
flagellas (cf. Lombard 1945, Text-fig. 1). . -

The Chlorosphaeraceae display also all the morphological types dis-
tinguishable in Globochaete (compare ‘Text-fig. 3 and Pls 1—3). The
Recent representatives of that family live either free, without any
relation to a substrate, or epi- and endophytically. As an example, the
genus Chlorosphaeropsis lives as an endophyte in leaves of many -water
plants, and as_an epiphyte of the duckweeds.

REMARKS ON CALCIFICATION OF GLOBOCHAETE

The investigated Carboniferous Globochaete commonly occur in
association with diverse calcifying algae, e. g. with Calcifolium of the
family Codiaceae in the Visean and Namurian deposits (see Linetskaya
& Muromtseva 1973, Skompski 1980), with Donezelle and Beresella
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(problematic Dasycladaceae) in the other Namurian deposits (see Linets-
kaya & Muromtseva 1973; Maslov 1929 in regard with Nostocites vesicu-
losa). A similar situation there also exists in the Middle and Upper
Jurassic stromatolitic structures (see Lefeld & Radwanski 1960, Rad-
wanski & Szulczewski 1966; Szulczewski 1968). The Globochaete itself,
if its attribution to the Chlorosphaeraceae is substantial, did not belong
to the calcifying algae. Its preservation in a calcified form must there-
fore be regarded as a result of fossilization, i. e. of diagenetic processes,
-as it was already suggested by Lombard (1945).

The first stage of calcification certainly realized in the covering and
enveloping of the Globochaete grapes by a thin layer of micrite. This
Process was supposedly similar to that acting in present-day bluegreen
algal mats, and was a result both of biochemical precipitation, and of
physical trapping and binding of calcareous ooze by the mucilaginous
cover of Globochaete cells. The thickness of the micritic layer may be
estimated as about 10n (see Pl 1, Figs 1—2 and Pl. 3, Fig. 4). The
settling of this envelope became the termination of the photosynthesis
and the beginning of organic decay. Under favorable conditions, for
example when buried by the sediments, either the Globochaete cells
or more or less complete aciniform associations, have undergone succe-
ssive calcification by secretion (cf. PL 1, Fig. 2), or disintegrate. If the
latter case happened, usually only the . outermost cells remained in
a calcified state (cf. PL 2, Fig. 2; also the specimens illustrated by Te-
Nlez-Girori & Trejo 1974), whereas an emptied Globochaete-bearing
sphere might suffer from contortion and collapsing (cf. Pl 2, Fig. 1)
during further advances of diagenesis.

Instzt'ute of Geology
of the Warsaw Umverszty,

Al. Zwirki i Wigury 93,
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BUDOWA I POZYCJA SYSTEMATYCZNA
GLOBOCHAETE ALPINA LOMBARD

(Streszezenie)

Przedmiotem pracy jest rewizja kosmopolityeznych mikmoorganizméw Globo-
chaete alpina Lombard, dokonana w oparciz o material pochodzacy z gérnowizefis-
kich wapieni Lubelskiego Zaglebia Weglowego. Stan zachowania badanego - mate-
riatu (patrz pl. 1—8) pozwolil na usystematyzowanie doiychczas znanych postaci
morfologicznych w obrebie tego gatunku (patrz fig. 1). Poréwnanie ze wspoélczes-
nymi formami nie potwierdzilo pogladu o zoosporowej naturze Globochaete, lecz
wslkazalo na pokrewiefistwo tego rodzaju z posiaciami wegetatywnymi glonéw
nalezacych do- rodziny Chlorosphaeraceae . (patrz fig. 3). Wystepowanie r6znych
stadiéw zachowania pozwolilo ponadto na odiworzenie przebiegu procesu kaleyfi-
kacji Globochaete. Podobiefistwo do innych kopainych form glonowych umozli-
“wilo - uznanie gatunkéw Globochaete gregaria Schifer & Senowbari-Daryan, Globo-
chaete hronica Borza oraz Nostocites vesiculosa Maslov (patrz fug. 2) za synanimy

Globochaete alpina Lombard.
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1 — Aciniform association of Globochaete alpina Lombard; tangential section
2 — Aciniform association of Globochaete alpina Lombard; transverse section
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1 — Aciniform association of Globochaete alpina Lombard; superficial form with
a thick, multilayered external cover, torn out during lithification; arrowed is the
fragment magnified in Pl. 3, Fig. 2

2 — Aciniform association of Globochaete alpina Lombard; superficial form with

one-layered external cover, displaying both transverse (at left) and tangential sec-
tion (at bottom right)
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Linear) and aciniform associations of Globochaete alpina Lombard
1 — Linear association (fragment of Calcifolium okense at bottom left); 2 — pseudoepiphytic
fragment of that presented in Pl 2, Fig. 1; 3 — transverse section of small aciniform asso-

ciation; 4 — fragment of that presented in Pl 1, Fig. 1, with partition of cells; 5 — frag-
ment of that presented in Pl 1, Fig. 2; 6 — fragment of that presented in Pl 2, Fig. 1
(arrowed are cells with great central spots); 7 — transverse section of larger aciniform

association
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