ISSN 2078-6425. BicHuk JIbBiBcbKoro yHiBepcuTeTy. Cepis reosioriusa. 2015. Bunyck 29. C. 60-66
Visnyk of the Lviv University. Series Geology. 2015. Issue 29. P. 60-66

UDC 549.02:563.14:563.4

INVOLMENT OF MICROORGANISMS IN FORMATION
OF SEDIMENTARY ROCKS, ORES AND MINERALS

P. Bilonizhka, Yu Datsyuk

Ivan Franko National University of Lviv, geological faculty,
Hrushevskyj Str., 4, 79005, Lviv, Ukraine,
e-mail: mineral@franko.lviv.ua

It is showed the Vernadsky’s opinion according to which the life on Earth was all the
time, about the impossibility of spontaneous genesis of living organisms from non-living
natural bodies, the enormous role of microorganisms in the geological processes in the
upper shell of the Earth during whole geological time.

It is demonstrated that the use of a scanning electron microscope has made great
breakthrough in studies of microorganisms in sedimentary formations. Various forms of
bacteria and blue-green algae have been found in Proterozoic jaspilites, shale, Cambrian
phosphorus and other rocks, and biomorphic nanostructures in Cambrian deposits of
glauconite as well.

Now the investigation of micro-organisms in sedimentary formations has been significant-
ly developed, thus a new direction in paleontology — bacterial paleontology has appeared.

As a result of research of Upper Paleocene deposits of the Crimean Mountains we
have found the coccoliths in limestone, fragments of flint sponges, diatoms and radiolari-
ans in flint stones, reticulate bacterial formation in phosphorus, as well as mesh, plate
and short-columnar grained microstructure formations of glauconites. It is not excepted
that these nanostructures in glauconite nutrients are biogenic ones.

Key words: all the time life on Earth, microorganisms, scanning electron microscope,
flint, phosphorus, glauconite, coccoliths, diatomite, silicon sponges, radiolarians.

Vernadsky in his scientific works often expressed and developed the idea that life on the
Earth ever existed - from the very beginning of its birth as a planet. Scientist believed that life
exists on other planets. He has not doubt in this [4]. While studying the vital functions of organ-
isms, Vernadsky concluded that “continuous biological exchange of atoms and energy between
living and non-living natural bodies of the biosphere, there are abysm in their structure and prop-
erties. This difference is a scientific fact, more precisely, scientific conclusion. The consequence
of this is the denial of possibility of spontaneous origin of living organisms from non-living
natural bodies in the modern conditions and those of all geological time...” [6, p. 171].

Vernadsky had not any doubts that living creatures, especially microorganisms play an im-
portant role in geological processes occurring in the upper shell of the Earth, i. e. in biosphere.

About the influence of microorganisms on geological processes was expressed by other
scientists. In particular, N. Andrusov (1897) believed that the accumulation of sulfur and iron
ores in sedimentary formations is associated with the activity of iron- and sulfur bacteria.

In 1943, A. Volohdin had described the round cells as iron-bacteria iron quarts of Kursk
magnetic anomaly. Then these data were seen with skepticism. In 60-s of XX century the
American and then Russian and Australian scientists discovered and described the fossils in
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flints of Precambrian rocks. Then the flinted bacteria were supposed to be the unique phenom-
enon. Among individual organisms were cyanobacteria (blue-green algae) [10].

The great breakthrough in the study of microorganisms in sedimentary formations oc-
curred due to the use of a scanning electron microscope. It was found that the old phosphorus
and high-carbonic ores (black shale, bituminous rocks) are full of petrified organisms - cyano-
bacteria (Fig. 1).

Most scientists were surprised by the good conservation of cyanobacteria in the Proterozo-
ic jaspilites, clay shale and Cambrian phosphates [10].
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Fig. 1. Cyanobacteria: a — in shale of Proterozoic jaspilites; b —in Cambrian phosphorus.

As a result of experimental studies it has been found that cyanobacteria precipitate car-
bonates and phosphates from solutions thus being fossilized (flinted). This explained well their
good preservation in ores. Previously, scientists believed that without solid shells algae should
be decayed thus could not be kept in a fossil state [10].

In the studying of modern microorganisms not only individual scientists, but entire institu-
tions are involved. Microorganisms include algae (blue-green, diatoms), bacteria, etc.

During evolution the organisms were adapted to the most difficult conditions. There are
known bacteria that exist and reproduce at 65-80C (thermophiles), in an environment of
strong salinity (halophilic), in water cooling the nuclear reactors and under conditions of huge
radioactive exposure of 3—4 million roentgens and under high pressure - hundred atmospheres
(barophiles). Such extreme resistance of microorganisms to different environmental factors
allows them to exist in sediments of seas and oceans at depths of up to 11 km, on the surface
of glaciers and snow in Arctic and Antarctica, in high mountains, desert, in the atmosphere at
an altitude of 20 km and others [8].

Modern science knows about 30 thousands of algal species. Among them the most wide-
spread are the blue-green ones and diatoms. Their shape is very various one: filamentous,
cylindrical, shale-like, spherical, lamellar, dumbbell-like, bush-like and others. They have no
roots and absorb necessary elements together from water by whole surface. Most of these are
single-celled ones. The smallest algae cocolithoforides have a size of several microns [8].

In recent decades, the study of fossil organisms in sedimentary formations has become
widespread in many countries. Thus the new trend in paleontology - bacterial paleontology
has appeared in paleontology [10].
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Now the formation of many sedimentary pelitomorphic limestone, phosphates, and highly
carbonic argillaceous rocks with involvement of microorganisms has no doubt. This is con-
firmed by the results of our research. In pelitomorphic limestone, flint and phosphorus from
the Upper and Paleogene deposits in the basin. Bodrak (Crimea), we found many fossil micro-
organisms [1, 3]. In particular, it was found that white pelitomorphic limestone of Turonian
(mount Kreminna) and white and pink limestone near village Trudolyubivka, are full of coc-
coliths, however those age is not precisely defined (Turonian-Cognac?) (Fig. 2).

Fig. 2. Coccoliths the limestone: a - Turonian; b - Turonian-Cognac (?).

In the flints, bedding in the above deposits in the form of thin layers, nodules and sponge
horizons, the silicon sponges, diatoms and radiolarians were founded (Fig. 3).

Fig. 3. Silicon sponge (&) and radiolarians (b) from sponge horizon of Maastricht.

Notably, they are not spread throughout the stratigraphic section of carbonate rocks, but
only in its some intervals. It can be explained by that they were developed in conditions of
high content of silica in seawater. This is due to the income of silicon into sea basin with hy-

drothermal solutions or as volcanic ash [3].
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Fig. 4. Fragment of diatoms from flint stratum in Cenomanian marls (a) and coccoliths
of sponge horizon of Maastricht marls (b).

Fossil microorganisms were found in phosphorus depositing on the eroded surfaces of
marls of Maastricht and Thanet layers of Crimea [1]. They are coccoliths in phosphorus of
black, light gray and orange, as well as mesh structures and bacterial fragments of sponges in
capillaries fossilized algae (Fig. 5, b).

Fig. 5. Coccoliths in black (a) and light gray (b) phosphorus.

According to A. Rozanov, A. Zhigalov [9] the old phosphorus of Asia were formed by
benthic and plankton organisms, mainly algae.

The results of electron microscopic study of the microstructure of glauconite of Paleogene
deposits of Crimea are of great interest [2].

Structure of granular formations of glauconite from the surface is mesh one, and the inner
is plate, laminar, short-column and mesh ones (Fig. 8-10). Perhaps this is the crystallins of
glauconite or the form of fossil microorganisms.

By the way, V. Vernadsky in “Essays of geochemistry”, concerning the formation of glau-
conite, was writing: “Its formation, obviously, no doubt, is connected with life, but the influ-
ence of last is not accurately known. The influence of living matter on formation of grains of
glauconite is not apparent in concentration of remains of microorganisms (eg, shells of foram-
inifera, sponges needles, feces etc.) and in the formation of these grains in places rich of life,
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but also in their structure... Grains of glauconite give a spongy mass of organic matter...” [5,
p. 163]. The scientist also pointed that the influence of a living matter in these processes is

obviously very difficult.
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Fig. 6. Fragments of sponges in capillaries fossilized algae.

Fig. 8. Microstructures of glauconite: a — plate one, b — short column one
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Fig. 9. Microstructures of glauconite: short column one (a) and mesh one(b)

About biogeochemical origin of layered silicate of glauconite-illite composition in deposits
of Cambrian of North Verhoyannya were writing A. Heptner, T. Ivanovo, G. Ushatynska [7].
They noted that Al-glauconite in the nuclei of sponge was formed as result of transformation
of primary silicate material with the active participation of microorganisms. As a result of
electron microscopic study of Al-glauconite it is revealed a number bio-morphological
nanostructures involved in the formation of nuclei sponge spikes. In particular, on the
cleavage of green globular structures it is clearly visible a nanostructure of randomly bent
finest scales (or petals) with regular, sometimes rounded edges. Across whole plate of cleav-
age the similar type of nanostructures, composed of aggregates of flakes collected in bunches
like a cabbage stalk, is kept.

According to the authors, the cavity of spikes of living sponge were filled with organic
fabric which after the death, obviously, was servicing as a favorable substrate for growth of
microorganisms.

During the study of fossils in sedimentary deposits and their role in the formation of sedi-
mentary rocks, ores and minerals, the prospects of new studies of participation of microorgan-
isms in mineral formation are appeared more and more.
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Bucsitiieno morysigu B. BepHanchkoro, 3riHO 3 SIKUMH JKUTTSL Ha 3eMITi iCHYBaio
BIYHO, 110 CBIJYUTH PO HEMOXIIUBICTH CAMOBIUJIBHOTO 3aPODKEHHS XKHBUX OPTaHi3MiB 3
HEXUBHX MPUPOAHUX TiJ, PO BAXKINUBY POJIb MiKPOOPTaHi3MIB y T€OJIOrYHHX MpoLecax,
110 BigOyBalOThCS y BEPXHiii 00O0IOHII 3eMIli BIIPOIOBK YChOrO I'€0JIONYHOr0 Yacy.

3a3HaueHo, 1110 BEIUKHUI MPOPHUB Y BUBYCHHI MiKPOOPIaHi3MiB B 0CaI0BUX YTBOPCH-
HSX BiIOYBCSl 3aBISKM 3aCTOCYBAaHHIO CKAaHYBAJIBHOIO EJIEKTPOHHOrO MiKpockoma. Y
MPOTEPO30HCHKUX [DKECIILTITaX, IIMHUCTUX CIIaHIsX, KeMOpiiicbkux ocdopurax Ta iH-
LIMX JABHIX MMOpOJIax BUSBICHO Pi3Hi Gopmu Gakrepiii i CMHbO-3€JIeHI BOAOPOCTI, a B
[JIAYKOHITi 3 KeMOPIWCHKUX BiIKIAIIB — 010MOp(hHI HAHOCTPYKTYPH.

Tenep mocnmimKeHHs: MiKpOOPTraHi3MiB B OCaJIOBUX YTBOPEHHSIX HAOYIO HIMPOKOTO
PO3BUTKY 1 HaBITh 3’SBUBCS HOBUII HAIPSM Yy MAJCOHTOJIOTIT — OaKTepialbHa MaJeOHTO-
JIOTiS.

VHAcmiIOK MOCHTIKEHHS] BEPXHBOKPEHIOBUX MaleoreHoBuX BiakmamiB [ipcekoro
KpuMmy BHSIBIEHO KOKOJNITH Yy BamHsKaX, pparMeHTH KpeMHi€BUX ryOoK, aiaTomel i pa-
Jionsipii B KpEeMEeHsIX, KOKOJITH, CITYacTi OakTepialibHi YTBOPEHHS 1 )parMeHTH ryOoK y
(bocdopurax, a TAaKOXK CiTUACTY, IUIACTUHYACTY, IIACTIBUEHOMIOHY i KOPOTKOCTOBITYACTY
MIKPOCTPYKTYPH B 3€PHUCTHX YTBOPCHHSX TJIAyKOHITY. He BHKIIOYHO, IIO i HAHO-
CTPYKTYPH TJIAYKOHITiB OiOreHHi.

Kniouosi crnosa: BIYHICTh KUTTS HA 3eMili, MIKPOOPraHi3MH, CKaHYyBaJIbHHUH CJIEKT-
POHHUIT MIKPOCKOIT, KpeMeHi, PochHOPUTH, TITayKOHIT, KOKOJIITH, [fiaToMel, KpeMHI€BI T'y-
Oku, pamionspii.
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