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Abstract

A review of approximately 30 published reports ossil diatoms older than Cretaceous is
presented. Together with the Proterozoic diatomnaarts found in Poland thirty years ago, the
latest unquestionable finds of Cambrian diatomsidqydin 1962, Allison and Hilgest 1986,
Gapeev 1992, 1995) and the recent report of thigapdiatom provenance of siliceous grains in
Late Devonian shales (Schielatral 2000) make these discoveries reliable.

INTRODUCTION

The prevailing opinion is that the oldest diatoratedback to the Lower and
Middle Cretaceous (Rounet al 1990, Hoek and Jahns 1998, Nikolaev and
Harwood 2000). Some paleontologists and diatomistssider the Lower
Jurassic specieByxidicula bollensisandP. liassicato be the oldest. Although
the results of molecular research have shiftedaipe of diatoms somewhat
backward in time, according to Medlet al. (2000), it is unlikely that diatoms
existed below the border separating the Permian fhe Triassic.
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KNOWN DISCOVERIES

Galionella halophila[Melosira ?] was found by Ehrenberg (1854) in a
Lower Triassic salt crystal from a Berchtesgaddhrame in Germany. More
than 30 reports of findings of diatoms older thhe Cretaceous have been
published. These specimens were found in Jura$siassic, Carboniferous,
Devonian, Silurian and Ordovician, and then als@€ambrian and Proterozoic.
They were found in fossil sponges and coprolitesidstones, shales, cherts,
limestones and pit-coals. These reports often loaidlustrative proof, although
they were sometimes accompanied by very primitiveraditional drawings.
Sometimes indistinct photographs were included. ¥ays was information
on the size of the specimens provided.

Sometimes only fragments of diatoms or rare frestwbere found. This is
the case with the following: Jurassitoscinodiscusor Dictyolampra (Rust
1885); Pyxidicula annulata (Rothpletz 1900a, b); Devonian centric diatoms
(White 1862); distorted Silurian frustules of tidavicula type (Rothpletz
1880); Ordovician diatoms from Jutland shales (Bd&&906). According to
Gapeev (1995), Jakovlev reported finding diatomsthe Upper Permian
limestone from Sardinia, and Popov and Lutchicky b in the Carboniferous
coals of Kusbas.

At other times several specimens of a few or maecies were reported.
Cayeux (1892) used very high magnification to detéatoms in thin sections
of Jurassic (and Cretaceous) glauconite sandsfommsthe Paris Basin. They
appeared in such quantities that they were lyingpprof each other. Rothpletz
(1896)described two abundaRtyxidiculaspecies, previously mentioned in this
paper, from German Jurassic sponges. Heinrich (1fll8hd many diatom
species, both centric and pennatae, witnoidesfrom Austria in the Upper
Triassic lenticles.

Zanon (1929, 1930) published a long list of speciesstly from the
Pennatae group, from Triassic Alpine shales antscbie included descriptions
and drawings, and they were chiefly species knawmfrecent freshwaters. In
his 1930 publication, he also reported and docuetenumerous freshwater
species from Upper Permian Sardinia limestones.

Castracane (1876) used the very good incineratioathod on
Carboniferous coal samples from England, and foualipreserved diatoms,
mostly freshwater, in the ash. This method allow&d to investigate samples
from the inside of coal fragments, and not fromirth&urfaces. One of
Castracane’s samples was reexamined by Zanon, iskolvked the fragment in
acid and certified the discovery (Zanon and Tufi28). Zanon (1930also
soluted samples of coal from various locations nmgl&nd in acid and found
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freshwater diatoms exclusively in the sediment. Holand diatoms were
repeatedly found by the late Professor Tadeusz @skhwhen he investigated
Carboniferous fern fossils. These findings wereenguwblished as he did not
want to expose himself to objections that they vesg later contamination.

Griss (1928) noted diatoms of thtzschiaand Hantzschiatype in thin
microsections made from Devonian coal shales deliefrom Bear Island. His
publication includes descriptions and poor qualitgwings and photographs.

Schieberet al (2000) found siliceous grains of organic origm Lower
Devonian black shales from the eastern U.S.A. whaly likely also originate
from diatoms. Although the diatoms were accompaiigdadiolaria, spicules
of fossil sponges and other fossil organisms, segorts gave rise to stormy
discussions among geologists, diatomists and dwaigts. They were not
considered credible because the numerous diatoroiespéound belonged
chiefly to the Pennatae group and were charadgte$tpresent freshwaters.
There was too great a discrepancy with the Cretecd@mtoms which belonged
to the Centricae group and had many extinct specidgenera.

In reference to publications concerning fossil @lias discovered from the
Jurassic to the Ordovician (not all which would &édeen known to him), Pia
(1931) stated that none of the finds older thanGhetaceous are credible. He
postulated that they were the result of the inabri@ge determination of
deposits from which the diatoms came, or they wbee result of various
mistakes in the investigation methods. In his apinithe diatoms or the
remains found could also have entered the intefitine rock by various slits or
pores. The whole frustules found were particulasispect in light of the
conviction that siliceous organic structures undekgry rapid dissolution,
especially in alkaline limestone deposits. Althougie appreciated the
scrupulousness and caution employed during thesiigations by some
scientists, for instance Castracane and Zanonsstained these objections,
and his attitude shaped the prevalent opinion antemgcientific community.

Later years saw the publication of reports the aliedes of even older
Cambrian diatoms. Though quite recent and primavéyl documented, to date
they have escaped the notice of the global scierddmmunity because they
were published in Russian in geological journalgcWiare difficult to access.

Vologdin (1962) found specimens which he did notdzall diatoms in thin
transparent sections of Middle and Lower Cambrism@$tones which occur in
the Tannu-Ola in the Tuva mountain range of an Mségpublic near Mongolia.
In Russian only, the author described 6 genera@aspkcies which he included
in the new Disceriaceae family, but which he did describe. Structures
characteristic of diatoms are visible in the phoapls of frustules cut in
various ways, which are included.



22 Jadwiga Sientiska

Next, Ergaliev and Azerbaev (1986) found fragmeoitsliatoms in thin
sections made from the Cambrian “fteanites” (silic® rocks enclosing
graphite) which occur in the Great Karatau andDfebaglin Mountains. They
wrote that the fragments were similar to contempodsatoms in that they had
elongated or circular pores set in parallel rowseyl saw them on replica films
taken of the surface of the freshly broken roclestigated with a transmission
electron microscope (TEM). However, no written gual documentation was
included in this publication.

At the same time, Allison and Hilgest (1986) preedrphotos of siliceous
specimens distinctly similar to centric diatomsythwere found in thin sections
of early Cambrian north-west Canadian limestonégyTwere distributed only
on 35 sections, and none were discovered on anb@desections.

Following this, Gapeev (1992, 1995) discoveredaties in thin sections of
Early Cambrian phosphorite shales from the Litteratau, which contains the
same siliceous horizon as the Great Karatau an®jetgaglin Mountains. The
diatoms, which he initially named problematics, dngled to the Pennatae
group. Although they occurred in masses, they werg difficult to discern as
they lay very densely and their insides were algsdfwith silica. It must have
been exceedingly difficult to find them under ahlignicroscope (with crossed
nicoles) and to photograph their sections. Undallptét was indeed difficult
to detect the outlines of diatoms since never leefi@d anyone paid attention to
them, and these phosphorites had been under igatsti, as Gapeev wrote,
for more than fifty years.

Longitudinal sections showed shapes also typicalrement genera of
freshwater diatoms. Their size was considerable randed from 70 to 300
(500) um. Gapeev also photographed oblique secgtiand on two cross-
sections he noticed the overlapping of two valvegtvare so characteristic of
diatom frustules.

The well-documented Cambrian diatom finds lendsmnilitude to earlier
discoveries, to those from younger geological diepas well as those from
still older ones.

Jost (1968) found one siliceous microfossil irample taken from the Late
Precambrian rocks from White Pine, Michigan, U.S.2udging by his
description and photos, this was a remnant ofatondi which belonged to the
Cyclotellagenus in silica grains of the Precamrian parageeidethe Sowie
Mountains in the Sudety Mountains of Poland.

Gunia (1981) found two organic remnants (60 and @@ in size)
described as Problematicd, and based on the photographs of them it is
plausible that they were fragments of diatom friestu
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During studies of graphite crystals in Late Pratero black marble layers
in Przeworno (Lower Silesia, Poland), 39 minutefgrated fragments and the
remnants of diatom frustules (approximately 1-29-40 um in size) were
found (Kwiechska and Siemska 1973, Kwieciska 2000, Siemiska and
Kwiecinska 2000). They were attached to the triafol andddn replica films
taken of the freshly broken surfaces of the pieafethe rock and discovered
with a TEM under high magnification. They were I@mxh only in 16
preparations of 0.4 nfieach. No diatom remains were found in approxingatel
134 other preparations examined from 1972 to 1978.

Of the fragments found, three specimens were astrib the Centricae
group - one as a new genus and spdg@ewskia reymanownathe other as a
fragment with areoles characteristic of the geMascinodiscus Nineteen
fragments were assigned to Pennatae, and two hesldiogAraphidae with the
newly describedProtorhaphoneisSixteen fragments were related to Raphidae
— three of them tdlaviculas.l. and as many as 13 to the geNiigschia

A few diatom spores were also found and identifisch new species of the
extinct MioceneXanthiopyxisgenus. Additionally, some cysts were discovered
which may have been chrysophyte stomatocysts.

The density and porosity of the marble was chect&estssuage doubts that
the remnants could have entered the marble throungioscopic pores or
microfissures. Both values were very low; only ¢ogores with a diameter of
8.8 nm (88 A) were detected and density ranged 20334 to 2.7788 g/cc.
These figures indicate unequivocally that the dietodid not penetrate the
compact rock at a later period.

CONCLUSIONS

More than thirty reports on nearly forty discoverief diatoms older than
Cretaceous were published in the past century dradfaToday it is difficult to
evaluate whether they are reliable. The discovédiatom remnants which are
unquestionably from Cambrian and Proterozoic deposiowever, indicates
that diatoms were already living 430 million yeagarlier than had been
previously thought.

Diatom remnants should be sought most vigorouslgedimentary rocks
which contain graphite (carbon), quartz (silica)d aphosphates, as these
elements are, at least partially, what remainseafddcells. However, they are
not found often. One method which can be recomneridethe study of
replicas under high magnification with a TEM. Sintaéis method was
successful with Cambrian and Proterozoic remnatntsight also be useful to
certify that the Devonian silica grains discovebsdSchiebelet al (2001) are
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of diatom origin. This method should be appliedairdetailed study of the
Cambrian deposits in the Little and Great Karatlhe& Djebaglin Mountains and
the Tannu Ola range.

By the Upper Proterozoic, the taxonomic compositbudiatoms was very
diversified in the genera and species of both thetiae and Pennatae groups,
and the latter had representatives both with arldowt developed raphes. This
indicates that diatoms must have come into beitigeatlier and that Centricae
were not necessarily the first ones. Some ger@oagjnodiscus, Naviculas.l,
Nitzschia)have been represented from the Proterozoic teiksent day. The
simultaneous appearance of diatoms and the probahlysophycean
stomatocysts may support the theory of their ctetasionship.

At this point, it is worthwhile to recall the thgoof Sedlak (1959, 1985)
and Samoilov (according to Strelnikova 2000) thitas occurred abundantly
and it was primarily utilized as the main componefnthe skeletons of the first
organisms. Only later in the process of evolutiash carbon (which has the
same ion valence of 4+) more and more frequentlplace silica, and
carbonates entered the composition of plant andalrgkeletons. This theory is
also supported by Strelnikova who considers diattanbe one of the oldest
eukaryotic groups of organisms in the history af planet.
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