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Introduction

The discovery of microstructures resembling nanobacteria in the Mars meteorite
ALH84001 (in close association with an assemblage of biomarkers) led to the
interpretation of these bodies as possible indigenous microfossils of Martian
microorganisms (McKay et al., 1996). These investigations and the resulting scientific
debate highlighted the importance of recognizing the morphology and size distributions
of nanofossils and microfossils, and of establishing indisputable biomarkers of the
biochemical and geochemical evidence of extant or extinct life (see Westall et al., 1998).
The profound significance of this conclusion greatly stimulated scientific research in the
newly emerging multidisciplinary field of Astrobiology. Research on carbonaceous
meteorites carried out independently in Moscow, Russia (Zhmur ef al., 1997; Hoover ef
al., 1998) and in Huntsville, Alabama USA (Hoover, 1997, Hoover et al., 1998) resulted
in the detection of diverse assemblages of far larger and more complex biomorphic
microstructures with bacterial and fungal morphologies. The ability to recognize
definitive biomarkers and microfossils and to distinguish them from possibly non-
biogenic relics and microstructures that may mimic biology (such as the fibrous kerite
crystals investigated by N. Yushkin (Yushkin, 1996; 1998) is of great importance. Space
missions now being planned in several countries should return astromaterials from Mars,
comets, or other solar system bodies within the next decade. Therefore, it is imperative
that these techniques and methods of investigation be established before this material
becomes available.

Great success has recently been obtained in a rapidly emerging new field that we

have designated as “Bacterial Paleontology” (Rozanov, Zavarzin, 1997; 1998). The



recognition of bacterial microfossils has been significantly facilitated by studies of the
artificial fossilization of recent bacterial communities (Lucas, Prevot, 1984; Krylov,
Orleansky, 1988; Rozanov, Zhegallo, 1989; Briggs et al., 1993; Goncharova et al., 1993;
Zhmur, 1993; Zhmur et al., 1993, 1995; Gerasimenko ef al., 1994, 1996, 1998; Rozanov,
Zavarzin, 1997; Jones, 1998; McKay et al, 1998). These publications elucidate
remarkable model analogues: ancient microfossils in phosphorites and high carbon rocks
were described and compared with living and dead microorganisms in recent
cyanobacterial mats. These investigations have made it possible to decipher some of the
complex biomorphic microstructures that have been encountered in carbonaceous
chondrites.

The paleontological study of phosphorites has greatly expanded over the past
twenty years, extending beyond initial areas of research. In the 1970’s-1980°s there
existed a need for the recognition of spatial and temporal relationships of the explosive
appearance of hard skeletal organisms on the beginning of the Cambrian (Rozanov,
Missarzhevsky, 1966; Rozanov, 1967; Rozanov et al., 1969; Sokolov, ed 1984; Brasier,
1990, 1992; Repina, Rozanov, 1992; Rozanov, Zhuravlev, 1992; and many others) as
well as the contemporary formation of the largest deposits of phosphorite in China,
Mongolia, and Kazakhstan (Bushinsky, 1966; Cook, Shergold, 1979; Yanshin, Zharkov,
1986). These phosphorite deposits were initially thought to be of chemical origin.
However, the discovery of cyanobacterial mats in the Early Cambrian phosphorites was a
very important event. It led to the reinterpretation of the genesis of phosphorites, which
had previously been considered as typically chemogenic deposits (Ilyin, 1973, 1990). The

investigation of bacterial fossils from earliest phosphorites together with experiments on
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the artificial phosphatization and research on highly carbonaceous and other sedimentary
rocks has yielded information of relevance to the new field of Astrobiology.

Elena A. Zhegallo, A. Yu. Rozanov, G. T. Ushatinskaya, and A. L. Ragozina
investigated the study of the microfossils from the phosphorites of the classical
Khubsugul Basin. Later, Richard B. Hoover of the NASA Marshall Space Flight Center
conducted collaborative studies with them. The rich material from the Khubsugul and
Burenkhan deposits was used for that work. E. A. Zhegallo was in charge of the group,
which collected this material during the 1979-1991 field seasons. The expedition team
included N. A. Drozdova, V. D. Fonin, V. A. Luchinina, A. L. Ragozina, L. N. Repina,
A. Yu. Rozanov, V. A. Sysoev, G. T. Ushatinskaya, Yu. I. Voronin. Geological and
analytical materials were kindly provided by V. P. Arsent'ev, V. P. Karev, F. N.
Lyudofun, P. V. Osokin and by E. A. Eganov. We are very grateful to our colleagues for

their help and valuable information.

Geological and Paleontological-Stratigraphical Data on the Khubsugul
Phosphorite Basin

N. A. Donov and E. V. Edemsky discovered the first phosphorite deposit in
Mongolia in 1964 on the western coast of the Khubsugul Lake (fig.1). This discovery was
followed in 1964-1967 by detailed investigations of the All-Union Air-Geological Trust
and Zarubezhgeologia Institute. Besides the pioneer investigators, M. M. Muzylevsky, A.
A. El’'yanov and A. V. llyin took part in this work. They revealed that the Khubsugul
Basin is among the largest phosphorite basins of the World. From 1968 to the present,

the Khubsugul Phosphorite Basin was studied by



collaborators of the Geological and Paleontological Institutes, Institute of the Lithoshere
(Russian Academy of Sciences), and Zarubezhgeologia Institute as well as the geological
Institute of the Mongolian Academy of Sciences, which comprised the Joint Soviet-
Mongolian Paleontological and Geological expeditions. Several other workers took part
in the field work in this area during different years, including, Zh. Bjamba, I. S.
Borovskaya, D. Dordzhnamzhaa, N. A. Drozdova, Mjagmar Dugaa, Ja. Erdenbilik, V. D.
Fonin, T. N. Kheraskova, M. N. Korobov, A. V. Ilyin, B. Luvsandanzan, N. V.
Pokrovskaya, A. L. Ragozina, G. I. Ratnikova, A. Yu. Rozanov, V. A. Sysoev, G. T.
Ushatinskaya, Yu. I. Voronin, , N. S. Zaytsev, E. A. Zhegallo, and Z. A. Zhuravleva, as
well as E. A. Eganov, V. A. Luchinina, and L. N. Repina representing the United Institute
of Geology, Geophysics and Mineralogy (Siberian Branch, Russian Academy of
Sciences). Special prospecting work was conducted by V. P. Arsent'ev, V. P. Karev, F.
N. Lyudofun, P. V. Osokin, and I. N. Semeykin from the Soviet Geological Expedition of
the Zarubezhgeologia Institute on the Khubsugul and Buren Khan deposits.

The first publication on the Khubsugul phosphorites appeared in the “Sovetskaya
Geologiya” magazine (Donov et al., 1967). During the last thirty years several dozen
monographs, papers, reports, and abstracts have been devoted to the Khubsugul Basin.
The data on the Khubsugul deposit are included in numerous Russian and foreign
summaries on phosphorites. The Khubsugul Basin is always listed among the large scale
global phosphorite deposits (Cook, Shergold, eds.1979; Yanshin, Zharkov, 1986; Ilyin,

1990).



As a result of geological, lithological, stratigraphical, and paleontological
investigations, the structure of the Khubsugul Basin and its rock succession have been
determined, and the stratigraphic columns and geological maps scrutinized (figs. 2,3).
The stratigraphic representation below is based on data by Ilyin (1973, 1990),
Z.A.Zhuravleva (1974), Ilyin, Bjamba, (1980), Korobov (1980,1989), Nikiforov et al.
(1995), Eganov (Shkolnik, Baturin, eds., 1998), reports of the Buren Khan Prospecting
Expedition (1981-1984), as well as the authors' observations.

The Khubsugul Phosphorite Basin is a syncline built by the Upper Riphean -
Cambrian strata. Two thick groups are recognized here: the possible Upper Riphean
Darkhat Group and Vendian - Lower Cambrian Khubsugul Group.

The Darkhat Group is represented by its uppermost Arasan Formation which

consists predominantly of siliciclastics and volcanics-siliciclastics, namely, green, gray,
brown, or rare violet siltstone, sandstone, tuffaceous sandstone, and gravestone with some
layers of grayish-cream pelitomorphic dolomite and lenses (1-2 m) of gray thin-grained
limestone with oncolites. The Arasan formation thickness is about 1500 m.

The Khubsugul Group lies unconformably on the Arasan Formation and is

subdivided into three formations in the ascending order, Ongolik, phosphorite-bearing
Khesen, and Erkhelnur formations.

The Ongolik Formation overlies the Darkhat Group with a washout and basal

quartz-feldspathic sandstone and gravelstone of about 2 - 15 m in thickness. They pass
upward to gray bedded and massive dolostone, silicified in places, with rare oncolites and
algamorphic texture. The uppermost part of the Ongolik Formation consists of

conglomerate-breccia slump features and erosional surface. The formation thickness is
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300-400 m. From the dolostone, Z.A. Zhuravleva recorded Ambigolamellatus horridus Z.
Zhur, Volvatella vadosa Z. Zhur., and Vesicularites sp. These fossils indicate the
Yudoman (at the Siberian Platform scale) or Vendian age.

The Khesen Formation overlying the Ongolik Formation is subdivided into three

members. The lower member consists of argillaceous limestones and calcareous shales
with lenses of calcareous-dolomitic breccia and conglomerate-breccia. The middle
member is the principal producing horizon of the formation and contains several
phosphorite layers of the Khubsugul Basin. The phosphorite layers alternate with bedded
and massive limestone and dolostone, in places with siliceous-aleuritic-argillaceous shale,
and black chert. There are from one to five phosphorite horizons in the different parts of
the member, which compose up to 10-15% of its thickness.

The upper member begins with black amorphous chert of thickness from several
meters to 50 m, overlian by dolostone and limestone with a significant admixture of
argillaceous and arenaceous particles. The total thickness of the Khesen Formation varies
from 350 to 600 m. According to Z.A.Zhuravleva (1974), there are microphytolite
assemblages in all three members of the formation, including Nubecularites catagraphus
Reitl., N. parvus Z. Zhur., N. densus Z. Zhur., N. angulatus 7. Zhur., Radiosus
marginatus Z. Zhur., Osagia senta Z. Zhur. From the middle part of the phosphorite
member, we have distinguished Archaeooides sp., A. granulatus Qian, Tasmanites
tenellus Volkova, Obruchevella sp., Spirellus sp., and filamentous cyanobacteria of
Microcoleus group, belonging to genera, known from older rocks, namely,
Siphonophycus robustum (Schopf) Knoll et al.1991, S. typicum (Hermann) Butterfield

(1994), S. solidum (Golub) Butterfield (1994), S.septatum (Schopf) Knoll ef al. 1991,
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Oscillatoriopsis obtusa Schopf,1968 (Ragozina, 1993). The forms listed above mostly
span both the Upper Precambrian and Lower Cambrian, but Archaeooides, Tasmanites,
Osagia senta, and several catagraphia (Nubecularites) appear from the Lower Cambrian
Tommotian Stage only. The overlaying Erkhelnur Formation contains Atdabanian
trilobites. Thus, the Khesen Formation is considered to be as Tommotian, Lower
Cambrian age.

The following Erkhelnur Formation overlies the Khesen Formation with a distinct
washout. It begins from the basal member of 40 m thickness, which includes sandstone
with gravelstone and breccia containing large clasts of sandstone consisting of
redeposited phosphatic grains. A member overlaps the basal member, 200 m thick, of
predominantly dolostone, argillaceous in places, with interbeds of dark gray chert. The
uppermost member of the Erkhelnur Formation is over 1500 m in the thickness and
contains a gray and dark gray limestone with interbeds of argillaceous shale and dark
gray chert with breccia, in places, and scarce interbeds of dolostone. There are several
levels with trilobites and archaeocyathids in the formation. Along the Khesen and
Ongolik rivers Korobov (1980) found two levels with trilobites. The lower one is 400-
550 m above the base of the formation and contains Archaeaspis sp., Malykania ongolica
Korob., Elganellus dilatatus Korob., E. pensus Suv., E. elegans Suv., E. probus Suv., E.
elongatus E. Rom., Resserops kharganicus Korob., Pseudoresserops obesus Korob.,
Minusella priva Korob. The upper level is 250 m above the lower one, spans about 250
m and contains Bulaiaspis taseevica Rep., Fallotaspidella chesenica Korob., and
Fallotaspis mongolicus Korob. Archaeocyathids are not found in these sections, but in

the Urundushi Ula section that is 16 km to the North-North-East from the Khesen and
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Ongolik sections, II’in collected archaeocyathids from four levels of the formation, and
they were identified by I. T. Zhuravleva (Ilyin, Zhuravleva, 1968). The lower level
approximately corresponds to the lower trilobite level and includes: Archaeolynthus sp.,
Rotundocyathus sp., Nochoroicyathus howelli (Vol.) The second level (250 m above)
contains: Rotundocyathus ex gr. khemtschikensis (Vol.), Nochoroicyathus ex gr.
mariinskii Zhur. 150 m above, at the third level, Rotundocyathus sp., Kaltatocyathus sp.,
Tumuliolynthus sp., Nochoroicyathus sp., Capsulocyathus sp., and Dictyocyathus Sp. are
distinguished. Four hundred meters above, at the fourth level, the assemblage includes
Nochoroicyathus ex gr. mariinskii Zhur., Rotundocyathus ex gr. salebrosus (Vol.),
Tumuliolynthus ex gr. karakolensis Zhur., Dictyocyathus sp., and Dictyofavus bipartita
(Vol.). All these assemblages are of the upper Atdabanian age. However the uppermost
Erkhelnur Formation can be even the early Botomian age.

At the Burenkhan deposit area, the upper Erkhelnur Formation contains numerous
Botomian archaeocyathids: Palaeoconularia baileyi (Vol.), Sibirecyathus naletovi Vol.,
Formosocyathus vermiculatus (Vol.), Tubericyathus clathratus Vol., Clathricoscinus
vassilievi (Vol.), C. dentatus (Vol.), Claruscoscinus billingsi (Vol.), Archaeocyathus
operosus (Zhur.) (A.Yu. Zhuravlev's data).

The tuffaceous-siliciclastic Ukhutologoy Formation (500 m thick) overlies the

Erkhelnur Formation with a break. At the southern border of the Khubsugul Lake, this
formation contains archaeocyathids (I. T. Zhurvleva's data): Irinaecyathus ex gr. ratus
(Vol.) and Pycnoidocyathus sp. (Ilyin, 1973), which are of the Botomian age.

The data on the Khubsugul area allow us to consider that the principal phase of

the ancient phosphorite accumulation is restricted to the Tommotian epoch
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(Luvsandanzan, Rozanov, 1984, Rozanov, 1992; Gerasimenko et al., 1996), and not to a
wider Vendian - Early Cambrian interval (Yanshin, 1964, 1982; Yanshin, Zharkov, 1986;
Ilyin, 1990).

Paleogeography

All the authors ascribe the Khubsugul Basin phosphérites to the marine
sedimentation type. However, much conflicting evidence is published on the
contemporary paleogeography of this region (Ilyin, 1973,1990; Yanshin, 1982; Zaytsev,
1982, 1992; Bjamba, 1987). This picture probably resulted from the attempts of the
authors to connect their data with changeable tectonic concepts of the 1970’s and 1980’s.
Although the tectonic situation is still not clear enough, some data, which were ignored
earlier, have allowed us to describe a probable paleogeography, where the Khubsugul
phosphorite accumulation occurred.

Regional-geological data. (1) The region is located at the moderately active
peripheral border of the Siberian craton. (2) The producing member is probably
Tommotian Khesen Formation of thickness from 350 to 600 m. The Atdabanian strata are
about 2000 m in thickness, and the Botoman and Toyonian strata have thickness of 500
m. Thus the total thickness of the Lower Cambrian strata in the Khubsugul Basin is about
3000 m, which is comparable with the Lower Cambrian thickness on the south-western
Siberian Platform. (3) The width of the Lower Cambrian rocks is about 80 km, and
because it is a simple synclinal structure with very steep angles, the width of the basin,
where the phosphorite accumulation occurred, had to exceed 160 km. (4) According to
the present conceptions, the Khubsugul Basin abutted upon the Murzin Uplift on the

North-West and upon the East-Khubsugul Uplift on the North-East and communicated
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with the Siberian Platform basin between them (Ilyin, 1973). On the South, the
Khubsugul Basin could connect with basins of the Altay Sayan Foldbelt and China. (5)
There are the quite correct paleomagnetic data for the south-eastern part of the Siberian
Platform and for Dzabkhan zone of Mongolia (Kirschvink,Rozanov, 1979, 1984;
Kirschvink ef al., 1987, 1991; Evans et al., 1996 ). These data allow us to consider that
both of the above mentioned regions were located probably within the equatorial zone
and the distance between them may be more or less the same now as it was in the Lower
Cambrian.

Biogeographic and paleontologic data. (1) The occurrence of abundant mat-
building filamentous cyanobacteria in the phosphorite layers of the Khesen Formation
suggests their formation within the photic zone (the first dozen meters of depth). The
wide development of cyanobacterial mats also indicates low hydrodynamics. The
absence of normal marine fauna is worth attention. (2) There are remains of acritarchs
(phytoplankton), Tasmanites, Leiosphaeridia together with diverse Archaeooides species
in several of the phosphorite layers. The latter ones are known from South China and
South Australia and indicate episodic southern connections of the Khubsugul Basin. (3)
The oldest (middle Atdabanian) trilobites include genera and even some species which
are very typical of the “Western” facies basin of the Siberian Platform (Khomentovsky,
Repina, 1965; Rozanov, Sokolov, 1984; Repina, Rozanov, eds., 1992). In addition, the
trilobites are restricted to shallow facies exclusively (Repina, 1982). (4) Late Atdabanian
and Botomian archacocyathids are typical Altay Sayan, and more exactly Tuvinian,

species. Archaeocyathan-algal reefs are also shallow water indicators.

10



Lithological data. (1) Very fine bedding is typical of the producing member and
the overlying and underlying strata. In the producing member the thin bedding combines
with the microstromatolites. According to Ilyin (1990) and Eganov's (Shkolnik,
Baturin,eds.,1998) data, there are desiccation cracks in the northern part of the basin.
Futhermore, several beds contain authigenic breccia and bamboo conglomerate. All these
indicate shallow water, with calm enough conditions, which were sometimes interrupted
by storms or seismic events. (2) Many researchers noted the absence of glauconite, which
together with other features (Sr/Ba ratio, see below) can indicate a salt imbalance. (3) An
exclusively small proportion of siliciclastics in the phosphorite of the producing member
is observed (Ilyin, 1990; Shkolnik, Baturin, eds., 1998), and can be indicative of the
peneplanation of the land adjacent to the northern part of the basin.

Geochemical data. The multiple studies of geochemical features of the
Khubsugul Basin phosphorites is carried out, but mostly in the search of data related to
the prospecting use of the phosphorites (S, Cu, Cr, Co, Ni, Pb, Ba, etc. content). The data

on C... Sr, Ba, and Nd can be of interest for the examination of the Khubsugul

org?

phosphorites as the model object.

C, (Organic matter). Commonly the C,, ratio in phosphorites seems to be low

enough (0.34 - 1.5%), although in some cases, the value up to 1.65% is detected (Ilyin,
Bjamba, 1980). The dolostone and limestone from the producing member bear about 1.04
- 1.44% C,, in average. On the whole, the C,, content of the Khubsugul phosphorites
exceeds that of the Karatau Basin (Kazakhstan).

Strontium. According to Ilyin and Bjamba (1980) and Nikiforov et al. (1995) data,

the Sr content is directly correlated with that of P,O;, meaning that increase of the Sr
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content is connected to the increase of the P,O, content. The average Sr content is about
0.05 - 0.06%.

Barium. The Ba content in the phosphorites is sufficiently high (1400 g/t in
average) and is well correlated with the Sr content. The Ba and Sr ratio varies within
fairly narrow limits; in the trenches, it ranges from 0.04 to 0.33 and in the boreholes, it is
from 0.47 to 1.28. If the Sr/Ba ratio is significant, than these values are indicative of, to
some extent, abnormal marine conditions.

Neodymium. Vinogradov and Lukanin (1994) obtained interesting (although not
firm enough) data by the study of the neodymium isotopes from the Khubsugul and
Burenkhan phosphorites. The authors argued that the isotopic composition of the
neodymium differs strongly in these two deposits, which are separated by 100 km. In
their opinion, the Khubsugul Basin (or its part) was supplied with sediments of the
ancient sialic crust of 2.2 GY age while the Burenkhan Basin was supplied with
sediments of a younger continental crust (0.8 GY) or of a mixture of destruction products
of continental and oceanic crusts.

Thus, during phosphorite formation, the Khubsugul Basin was probably a basin of
the gulf-type or the strait-type from time to time. It was a very shallow basin with low
hydrodynam‘ics and anoxic conditions at the bottom level. Sometimes seismic events
occurred. Cyanobacterial mats were the main producers of the organic matter.
Surrounding land was peneplaned. The continental crust composed the northern land

while the oceanic crust seemed to spread in the South.
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The Features of the Khubsugul Biota

The “Khubsugul” biota was probably mostly cyanobacterial. The cyanobacterial
mat community was preserved in the phosphorites as microstromatolites, microoncolites,
and micronodules. The micronodules are clearly predominant in our observations. The
micronodule sizes usually vary from tens to several hundreds of microns.

As rule in the micronodules, the combination of filamentous fossils of different
diameters and rounded, spindle-like and dumbbell-like habits is observed. It is possible to
distinguish the phosphate crystals outside and inside the walls of cyanobacteria filaments
from pseudomorphs of purple bacteria and other bacteria.

The pattern, observed in the Khubsugul phosphorites (cyanobacterial filaments
surrounded by numerous bacterial cells) is typical of all recent cyanobacterial mats. For
instance, in the Sivash halophilic mat community, where a thick layer of purple coccoid
(Thiocapsa) and ovoid Chromatium bacteria adjoins to the lower surface of the upper
cyanobacterial layer. These bacteria provide the protection of the community due to
varied metabolic reactions including the capacity to grow in both aerobic and anaerobic
conditions. Purple bacteria oxidize with photosynthetic oxygen the organic matter
extracted by cyanobacteria during their life and post-mortem, and thus, they defend from
oxygen subcommunities of lower mat layers, where obligate anaerobes, sulfur-reducing
and methanogenic bacteria develop. During mineralization, globular structures are formed

from the coccoid cells and dumbbell-like structures are developed from ovoid cells.
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The Origin of the Phosphorites

Many different opinions exist concerning the formation of the phosphorites and
the source of their origin. In Ilyin's opinion (1973, 1990), the formation of phosphorites
occurred by the precipitation from near bottom waters, but not from pore waters. That
means by chemical (orthochemical) processes. He connected the phosphorus supply with
the weathering of rocks and following redeposition of the products of destruction.
Ratnikova (1982) supported a similar point of view, by the petrographic study of the
Khubsugul phosphorites, as Semeykin (1988) did. Later on, Ilyin (1997) concluded from
the study of the distribution of rare Earth elements in phosphorites that phosphorites
precipitated at the sediment-water interface.

Yanshin and Zharkov (1986) agreed that the main role in the phosphorite
accumulation belonged to chemogenic precipitation and that the volcanic activity was the
major source of phosphorous. Zaytsev (1982, 1992) supported this opinion and suggested
that phosphorous and associated silica could enter into the basin from rivers and
submarine volcanoes occurring in more or less distant regions (for instance, the Dzhida
Province).

Bjamba (1987) wrote on biogenic-diagenetic genesis of phosphorites. He believed
that the main source of phosphorus in the ocean was not the continental erosion but
biogenic processes realized the formation of the Khubsugul phosphorites.

Finally, research carried out at the Paleontological Institute during the last several
years, show that even the smallest grains of Khubsugul phosphorites represent

micronodules (100-350 pum in diameter) and are formed with the participation of bacteria,
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most probably cyanobacteria and purple bacteria. In places, rare planktonic forms occur
(Archaeooides, Tasmanites). The preservation of planktonic species is astonishing. Each
of them consists of calcium phosphate, that means that they are secondary phosphatized
similar to cyanobacterial mats. This is likely since similar forms possessing organic walls
are known from the Cambrian (Keller, Rozanov, eds.,1979; Rozanov, Zhegallo, 1989;
Rozanov, Zhuravlev, 1992; Gerasimenko ef al., 1996). It is likely that all organisms were
phosphatized at the bottom level. Thus, we can speak about the very important role of the
biogenic factor in the genesis of the Khubsugul phosphorites. V.N.Kholodov ( 1987),
Yu.N.Zanin (in Mirtov et al., 1987), E.A. Eganov (in Shkolnic, Baturin, eds. 1998),

came to a similar point of view on the origin of Khubsugul phosphorites.

The Characteristics of the Productive Member and the Selection of Samples.
The study samples were collected from the producing phosphorite member of the
Khubsugul and Burenkhan deposits.

The Khubsugul deposit extents meridionally along the western cost of the

Khubsugul Lake. The principal phosphorite is concentrated in the middle Khesen
Formation, producing phosphorite member which is exposed on the slopes of the Khesen
Syncline. According to data of Ilyin (1973), Ilyin and Bjamba (1980), Nikiforov et al.,
(1995), the producing phosphorite member consists of several phosphorite layers,
separated by phosphate-bearing and non-phosphatic limestone, dolostone, and cherty
dolostone.

The greatest number of phosphorite layers (five) is revealed on the eastern slope

of the Khesen Syncline. In the other areas, two or three layers are observed. The
15



lowermost layer (10 - 13 m thick) is the most continuous and is traced over 36 km. The
fifth (uppermost) layer (with 18.5 m thickness) is traced over 18 km. The thickness of
other layers varies from 1.5 m to 6 m. They are lens-shaped, their boundaries are gentle,
and their correlation is hard even in neighboring trenches. The lower layer consists of
black, black-gray, bedded and lens-bedded carbonate phosphorites. The phosphate is
concentrated in the interbeds of 1 - 2 ¢cm in thickness or form diverse in size and shape
inclusions. Brecciated phosphorites, composed of phosphorite and chert fragments and
blocks entombed in the dolomitic cement, dominate at higher levels. The uppermost
phosphorite layer consists of the micrograin massive carbonate and carbonate-cherty
phosphorites. Carbonates separating phosphorite layers are from 5 m to 30 m in thickness
and possess a gray, yellow-gray, dark-gray, or black color and sometimes include thin
interbeds of black chert. The thin, commonly uneven lamination is typical of limestone
and dolostone, and some beds pinch out or swell on the short distance. Downcut of beds,
washout surfaces, wavy interbeds, rolled fragments, as well as bamboo conglomerates,
small syngenetic folds, and breccia composing by irregular fragments are observed.

The study samples are derived from the South Ongolik section, from trenches No.
7, 15, and 16, where the first and fifth phosphorite layers are well expressed. The samples
are selected from both layers and from thin phosphorite interbeds of the carbonate layers.
In all cases, paleontological specimens are of the same origin. The best preservation is
observed in the carbonate phosphorites.

The Burenkhan deposit is located about 75 km southward of the Khubsugul Lake.

This region is a wide complicated remnant of the Precambrian and Cambrian rocks at the

roof of large intrusions. Strong folding and fracturing disrupt its structure. Numerous
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outcrops of the phosphorite layers are commonly isolated one from another and oriented
in different directions. Here, as well in the Khubsugul deposit, the Arasan, Khesen, and
Erkhelnur formations are distinguished. The main phosphorites are concentrated in the
Khesen Formation, at the level lying from 70 m to 170 m above its base where up to
seven phosphorite-bearing horizons occur. The thickness of a single phosphorite layer
achieves up to 55 m. Siliceous phosphorites dominate in the Burenkhan deposit, and
carbonate-siliceous and especially carbonate varieties are met rarely. The samples were
collected from the producing member in the quarry of plot 1 near the village of
Burenkhan, Mongolia.

One hundred fifty samples were studied from the Khubsugul deposit and twenty-
five samples - from the Burenkhan deposit.

This study was supported by the Russian Foundation for Basic Research (projects

96-04-48372, 96-05-64130, 96-05-64806, 97-05-65069 and 98-05-64765).

17



REFERENCES

Brasier M.D. Phosphogenic events and skeletal preservation across the
Precambrian-Cambrian boundary interval. Phosphorite Research and Development, eds.
Norholt, A.J.G & Garvis. J. Geol.Soc.Spec. Publ., No 52., p. 289-303, 1990.

Brasier M.D. Paleooceanography and changes in the Biological Cycling of
Phosphorus across the Precambrian-Cambrian boundary. Origin and Early Evolution of
the Metazoa. Eds. Lipps J.H. & Signor Ph.W. Plenum Press, New York, pp. 483-523,
1992.

Briggs D.E.G., Kear A. J., Martill D.M., Wilby P.R. Phosphatization of soft-tissue
in experiments and fossils. Journ.of the Geol.Soc. London., Vol.150, No 6, pp. 1035-1038.
1993.

Byamba Z. Old phosphorites of Mongolia. Lithology and Mineral Resources,

N 2, pp. 94-104. 1987. (in Russian)

Bushinsky G.I. Old phosphorites of Asia and their genesis. Moscow, Nauka, 266
p., 1966. (in Russian).

Cook J.R., Shergold J.H. (eds.) Proterozoic-Cambrian phosphorites. Australian
National University Press. Canberra, 1-17, 1979.

Donov N.A., Edemsky E.V., Eljanov A.A. Ilyin A.V., Muzalevsky M.M.
Cambrian phosphorites of Mongolia Popular Republic. Sovetskaya geologia. no 3, p.55-
60, 1967. (in Russian).

Evans D.A., Zhuravlev A.Yu., Budney C.J., Kirschvink J.L. Paleomagnetism of
the Bayan Gol Formation, western Mongolia. Geol. Mag. V.133, N 4., pp.487-496, 1996.

Gerasimenko L.M., Goncharova 1.V., Zavarzin G.A., Zhegallo E.A., Pochtareva
V., Rozanov A.Yu., Ushatinskaya G. T. Dynamics of release and absorbtion of
phosphorus by cyanobacteria. Ecosystem restructures and the evolution of Biosphere.
Issue 1, Moscow, Nedra, pp.348-353, 1994. (in Russian).

Gerasimenko L.M., Goncharova 1.V., Zhegallo E.A., Zavarzin G.A., Zaitseva G.
L., Orleanskii V.K., Rozanov A.Yu, Ushatinskaya G.T. The Processe of Mineralization

18



(Phosphatization) of Filamentous Cyanobacteriae. Litology and Mineral Resources, N.2,
pp. 208-214, 1996. (in Russian).

Gerasimenko L.M., Zavarzin G.A., Rozanov A.Yu, Ushatinskaya G.T.
Cyanobacterial mats and mineralization of cyanobacteria. Proceedings of SPIE, Vol.3441,
pp.254-263, 1998.

Goncharova 1.V., Gerasimenko L.M., Zavarzin G.A., Ushatinskaya G.T. Formation
of Mineral Phosphate Microtubes in the Presence of Halophilic Cyanobacterium
Microcoleus chthonoplastes. Current Microbiology, V. 27, pp.187-190. 1993.11111111

Hoover R.B. Meteorites, Microfossils and Exobiology. Instruments, Methods, and
Missions for Extraterrestrial Microorganisms. Proc. SPIE, 3111, pp. 115-136, 1997.

Hoover R.B., Rozanov A.Yu., Zhmur S.I, Gorlenko V.M. Further Evidence of
Microfossils in Carbonaceous Chondrites. Proceedings of SPIE, Vol.3441, pp.203-216,
1998.

Ilyin A.V. The Khubsugul Phosphorite Basin. Moscow, Nauka, 167 pp., 1973. (in
Russian).

Ilyin A. B. Old Phosphorite Basins. Moscow, Nauka, 176p., 1990. (in Russian).

Ilyin A.V. Rare-earth geochemistry of “old” phosphorites and probablity of
syngenetic precipitation and accumulation of phosphorite. Chemical geology. V. 144.
Netherlands. 1997.

Ilyin A.B., Zhuravleva 1.T. On the boundary between the Cambrian and the
Precambrian at Prikhusugulie (Mongolian PR). Dokl. Acad. Nauk SSSR. vol.182. N S, pp.
1164-1166. 1968. (in Russian).

Ilyin A.V., Byamba Zh. Handbook for the Excursion «Phosphorites of the
Khubsugul Basin in the Mongolian People’s Republic», Third Field Conference, Project
156, June 17-28, Geol. Inst. Akad. Nauk SSSR, Moscow, 120 p. 1980.

Jones B., Renaut R.W., Rosen M.R. Microbial biofacies in hot-spring sinters: a
model based on Ohaaki Pool, North Island, New Zealand. Journal Sedimentary Research,
V. 68,N 3,, pp. 413-443, 1998.

19



Keller B.M. and Rozanov A.Yu. (eds.) Pleontology of the Upper Cambrian and
Cambrian Deposits of the East-European Platform. Moscow, Nauka, 210 p, 1979. (in
Russian).

Kirschvink J.L., Rozanov A.Yu. Paleomagnetism of fossiliferous Lower Cambrian
Sediments: new results from the Tommotian stage of the Siberian Platform. Internat.
Union. of Geology and Geophysics XVII General Assembly, Abstracts, Canberrs, p.508,
1979.

Kirschvink J., Rozanov A.Yu. Magnetostratigraphy of Lower Cambrian strata
from the Siberian platform: a paleomagnetic pole and a preliminary polarity time-scale.
Geol. Mag. V. 121, No.3, pp. 189-203,1984.

Kirschvink J., Budney C., Zhuravlev A. Magnetostratigraphy of the Precambrian-
Cambrian reference section near Salany-Gol, Western Mongolia: comparision with the
Siberian Platform. CSA Abstract with programme, Vol. 19, No.1. 1987.

Kirschvink J., Magaritz M., Ripperdan R.L., Zhuravlev A.Yu., Rozanov A.Yu. The
Precambrian-Cambrian boundary, Magnetostratigraphy and Carbon isotopes resolve
correlation problems between Siberia, Marocco and South China. GSA Today. V. 1,
pp.69-71, 87,91. 1991.

Korobov M.N. Biostratigraphy and myomer trilobites of the Lower Cambrian of
Mongolia. In.: Biostratigraphy of the Cambrian and Carboniferous in Mongolia. Moscow,
Nauka, pp. 5-108, 1980. (in Russian).

Korobov M.N. Biostratigraphy and polymer trilobites of the Lower Cambrian of
Mongolia. Moscow, Nauka, 202 p., 1989. (in Russian).

Khomentovsky V.V., Repina L.N. Lower Cambrian from the stratotypic section of
the Siberia. Moscow, Nauka, 200 pp.,1965. (in Russian).

Kholodov V.N., Paul R.K. Phosphate Pellets from the Karatau Phosphorites as
Genetic Indicators. Lithology and Mineral Resources. No 1, pp.61-75, 1995 (in Russian).

Krylov I.LN,, Orleansky V.K. Laboratory model of the formation of carbonate crusts
in algae-bacterial films (artificial stromatolites and oncolites). Carbonate algae and

stromatolites. Novosibirsk, Nauka, pp.4-12, 1988. (in Russian).

20



Luvsandanzan B. and Rozanov A.Yu. The age of the ancient phosphorites of Asia.
Dokl. Akad. Nauk SSSR, Geol., 277, 1, pp.164-167, 1984. (in Russian).

Lucas J., Prevot L. Syntese de 1’apatite par voie Bacterienne a partir, de matiere
organique phosphatee et de divers carbonates de calcium dans des eaux douce et marine
naturelles. Chemical Geol., No 42, pp.101-118, 1984. (in French).

Nikiforov K.A., Osokin P.N.,Amgalan J., Tologdor N. The Khubsugul Phosphorite
Basin. Ulan-Ude, BNC SORAN, 65 p., 1995. (in Russian).

Mirtov Yu.V., Zanin N.A., Krasil’nikova, et al. The Ultramicrostructure of
Phosphorites (An Atlas of Photographs). Moscow, Nauka, 223p, 1987. (in Russian).

McKay D.S., Gibson E.K., Thomas-Keprta Jr.K L., Vali H, Romanek .S., Clemett
S.I., Chillier X.D.F., Maechling C.R., Zare R.N., Searh for past life on Mars: Possible
relic biogenic activity in Martian meteorite ALH 84001. Science, 273, pp.924-930, 1996.

McKay D.S.,, Rozanov AYu, Hoover R.B, Westall F. Phosphate
Biomineralization of Cambrian Microorganisms. Proceeding of SPIE, Vol.3441, pp.170-
176, 1998.

Ragozina A.L. Cyanobacteriial mats in the ancient phosphorites of Mongolia.
Fauna and ecosystems in the geological past. Moscow, Nauka, p.33-36,1993. (in Russian).

Ratnikova G. U. Petrography of the Khubsugul phosphorite: Geology of
phosphorite deposits and problems of phosphoritegenesis. Novosibirsk, p.110-113. 1982.
(in Russian).

Repina L. N., Rozanov A.Yu. (eds.) Cambrian of Siberia. Novosibirsk; All-
Russian. Inc. Nauka, Siberian publishing firm, 135p., 1992. (in Russian).

Repina L.N. Ecotypes of Olenelloid trilobites and their distribution in the
transitional type of section (Siberian platform). The Enviroment and life in the geological
past. Paleolandscapes and biofacies. Novosibirsk, Nauka, p.46-60, 1982, (in Russian).

Rozanov A.Yu. The Cambrian Lower Boundary Problem. Geol. Mag., V. 104. N.
5, pp. 415-434, 1967.

Rozanov A.Yu. Once again on old phosphorites in Mongolia. Sovetskaya Geology.

N 1, pp. 79-81, 1992. (in Russian).

21



Rozanov A.Yu., Missarzhevsky V.V. Biostratigraphy and fauna of Lower
Cambrian horizons. Moscow, Nauka, 120p.,1966. (in Russian).

Rozanov A.Yu., Missarzhevsky V.V,, Volkova N.A. et al. The Tommotian stage
and the Cambrian lower boundary problem. Moscow, Nauka, 380 pp.,1969. (in Russian).

Rozanov A.Yu., Sokolov B.S. (eds.) Lower Cambrian stage subdivision.
Stratigraphy. Moscow, Nauka, 184 pp., 1984. (in Russian).

Rozanov A.Yu., Zhegallo E.A. Problem of Origin of the Ancient Phosphorites of
Asia. Lithology and Mineral Resources, N 3, pp.62-82, 1989. (in Russian).

Rozanov A.Yu., Zhuravlev A.Yu. The Lower Cambrian Fossil Record of the
Soviet Union. Origin and Early Evolution of the Metazoa. Ed. J. Lipps and p. Signor.
Plenum Press. N.York-London, pp. 205-281, 1992.

Rozanov A.Yu., Zavarzin G.A. Bacterial Paleontology. Herald of the Russian
Academy of Sciences. V.67, no 2, pp.109-113, 1997. (in Russian).

Rozanov A.Yu., Zavarzin G.A. Bacterial Paleontology. Proceedings of SPIE,
Vol.3441, pp.218-224, 1998.

Semeikin IN. Latest Precambrian phosphorite-bearing sequence of the Eastern
Sayan ridge and its correlation with Khubsugul sequence. “Geology of phosphorite
deposits and problems of phosphoritegenesis. Novosibirsk, pp. 99-110, 1982.(in Russian).

Shkolnik E.L., Baturin G.N. (eds.) Phosphate grains in the micrograine
phosphorites from largest phosphate basins in the World. Vladivostok. 1998.(in press). (in
Russian).

Sokolov B.S. (ed.) Phanerozoic of Siberia. V.1, Vend, Paleozoic. Novosibirsk,
Nauka,190 pp., 1984. (in Russian).

Vinogradov V.I. Lukanin A.O. Isotopic composition of neodymium and strontium
in phosphorites of Mongolia and Karatau. Ecosystem restructures and the evolution of
Biosphere. Issue 1, Moscow, Nedra, pp. 300-305, 1994. (in Russian).

Westall F., Gobbyi P., Mazzotti G., Gerneke D. et al. Combined SEM (Secondary
electrons, backscatter, cathodoluminescence) and atomic force microscope unvestigation
of fracture surfaces in Martian meteorite ALH84001: prelimanary rusults. Proceedings of

SPIE, Vol.3441, pp.225-233, 1998

22



Yanshin A.L. The perspectives and scientific problems of search for potassium and
phosphorate mineral products in Siberia. Bull. of Moscow Society of Naturalists. Geol.
Ser., v.39, N 5, p.3-30, 1964. (in Russian).

Yanshin A.L. Evolution of geological processes and Latest Precambrian
Phosphorites. Geology of phosphorite deposits and problems of phosphoritegenesis.
Novosibirsk, pp.13-14, 1982. (in Russian).

Yanshin A.L., Zharkov M.A. Phosphorus and potassium in Nature. Novosibirsk,
Nauka, 189 pp., 1986. (in Russian).

Yushkin N.P. Natural polymer crystals of hydrocarbons as models of prebiological
organisms. Journ. of Crystal Growth, 167, pp.237-247, 1996.

Yushkin N.P. Hydrocarbon crystals as protoorganisms and biological systems
predessors. Proceedings of SPIE, Vol.3441, pp.234-246, 1998

Zaitsev N.S. The old phosphorite bearing formation in Mongolia. Sovetskaya
Geology. N 1, pp. 71-79, 1992. (in Russian).

Zhmur S.1. Cyanobacterial benthic community is the main producer of the organic
matter of marine biolithogenic rocks rich in carbonate. Problems of Pre-antropogenic
evolution of the Biosphere. Moscow, Nauka, pp.294-303, 1993. (in Russian).

Zhmur S.I., Gorlenko V.M., Rozanov A.Yu., Zhegallo E.A,, Lobzova R.V.
Cyanobacterial Benthic System-Producent of Carbon Substance of Shungites of Early
Proterozoic of Karelia. Lithology and Mineral Resources, N 3, pp. 122-126, 1993. (in
Russian).

Zhmur S.I, Burzin M.B., Gorlenko V.M. Cyanobacterial mats and carbon rock
formation on late precambrian. Lithology and Mineral Resources, N 2, pp.206-214, 1995.
(in Russian).

Zhmur S.I, Rozanov A.Yu, Gorlenko V.M. Lithified Remnants of
Microorganisms in Carbonaceous Chondrites. Geochemistry, N1, pp. 66-68, 1997. (in
Russian).

Zhuravleva Z.A. Age and correlation of ancient deposits of Northwestern

Mongolia. Izv. Akad. Nauk SSSR, Ser. Geol., N 12, pp.73-76, 1975. (in Russian).

23



Explanations of text-figures

Fig.1 The Map of Mongolia.

®ur.1 Kapra Mounronuu.

Fig.2 Geological map of the Khubsugul basin with geological cross-section and
legend.

®ur.2 T'eomornueckas xapra XyOcyrynabCckoro 6acceHa € TeONOrHYECKHM
npoQHIeM H JTETEHI0M.

Fig.3 - Stratigraphic column of Khubsugul basin.

@ur.3. Crpaturpaduyeckas KONOHKA.

24



psodap ueyyuaIng - 7

ysodop ndnsqnuy - |

1 81

25



Stratigraphic column

System

Series

Stage

Group

Formation

Deposits

Description

Quarternary

upper

lower

Neogen

upper

2|Thickness,m

Alluvial and deluvial depasits

a0 150

Basalt sheets

ao 100

Sheets of apical basalls

Cambrian

Lower

Botomian

Ukhutologoy

500

“Interbedding of tufaceous sandstones,

siltstones and shales green-grey. At the base-
interbeds of graveistones and tuffites

L o w e

Atdabanian

Khubsugul

500

Limestones grey, dark grey to black with
sparse ancolites and trilobites. At the base -
breccla-like fimestones

20

200

Dolomites grey, massive.
Limestones grey, dark -gray ,
braccla-like

400

Limestones grey, dark grey, massive with
lenses of dark-grey cherts.

260

Dolomites light-grey and grey, sometimes
breccia-like. Interbeds with archaeocyath and
trilobite limestones.

350

Limestones grey, dark-grey with interbeds of
shales and phosphate cherts dark-grey and
lenses of silicified rocks with ferromanga-
nesian minerallzation, sparse archaeocyaths.

200

Dolomites grey, fine grained with lens-like
interbeds of dark-grey cherts.

10-100

Tommotian

Khesen

ISEVNE

350-
600

Vendian

Ongolik

300-
400

Riphean

U pp er

Darkhat

n

1500

Sllicified phosphorite-dolomitic sandstones
and gravelstones, greyish-brown cherts.

Dolomites grey, bedded, massive cream-
colourad, weakly silicified, with lenses of
phosphorites, Interbeds of grey and dark-grey
cherts. Limestones and dolomites phosphate-
bearing bedded and massive, grey and dark-
grey. The layers of phosphorites dolomitized
and calcite-dolomitic (2-5). At the base -
argillaceous limestones, calcareous shales
with pinching out calcareous-dolomitic braccla
and conglobreccla. -

Dolomites grey, bedded and massive
irregularly silicified with sparse stromatoliites.
Limestones grey to dark-grey, massive,
Lenses of siltstones and shales with pebbles
of pelitomorphic dolomites, sparse oncolites.
Calcareous and polymictic gravelstones and
sandstones.

Silstones, sandstones, tuffstones,
gravelstones polymictic, green, grayish-brown,
grey, in places purple. interbeds of dolomites
peltomorphic grey, cream-coloured and
lenses (1-2m) of grey fine-grained imestones
with oncoltes.
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Diorites, granodiorites

Syenites and granosyenites

Biotite granites

Tufaceous gravelstones

Tufaceous sandstones

Silstones

Shales

Tuffs

Conglomerates, gravelstones
polymictic

Calcareous conglomerates,
gravelsnones, conglobreccia

Limestones

Dolomites

Sandstones

=

Dolomites with lens of cherts

Limestones breccia-like

Calcareous breccia

Argillaceous limestones

Main phosphate-horizon (unit)

Black chert horizon

Lenes of silicified rocks with
ferromagnesian mineralization

Faults

Structural signs for bedding

Trenches and their numbers

Archaeccyaths

Trilodites

Oncolites
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Beenenne

OTKpBEITHE CEPHH MHKPOCTPYKTYP, HAallOMHHAIOIEX HaHOOAKTepHuH, B TECHOH
acconuanuy ¢ 6uomapkepaMu B Meteopute ALN84001, KoTOpBIH CUATAETCS NONMABITHM
Ha 3emimo ¢ Mapca (McKay er al,1996), npuseno K NpeAroNOXEHHIO,  4YTO
oOHapyKeHHBIE  Tela  MOTYT  SBJIATBCS  MHMKPOOPraHM3MaMM  MapCHaHCKOTro
NPOUCXOXAEeHnA. OTH uccnepoBanus (cM. Westall e al., 1998) u ux obcyxnenne
BBHICBETHJIH  HEOOXOIAMMOCTH H3YYeHHS MOPGOJOTHH H pasMepoB OOHApYKEHHBIX
HaHO(QOCCHIIMH U MHKPO(OCCHIHIT H yCTAaHOBIECHHS HAaNEXKHBIX OHOMApKEpOB, BKITFOYAS
GHOXHMHAYECKHE U FEOXHMHYECKHE I0KA3aTeNbCTBA CYHIECTBYIOIIEH MITH HCYE3HYBIIECH
XM3HH. Takoe 3aKIIOYeHHEe UMENI0O OrPOMHOE 3HAaYeHHE B CTHMYJIMPOBAHMH Hay4HBIX
FCCITeI0BAHHMH B HENAaBHO BO3ZHMKIINEM HaNpaBJIeHUH - Acmpobuonozuu. HccnemoBanus
METEOPHTOB (YIUIHCTBIX XOHIPHTOB), OCYHIECTBJICHHBIE IIOYTH OXHOBPEMEHHO W
He3aBucuMo B Mockse, Poccus (Zhmur et al.,, 1997, Hoover ef al, 1998) u
Xoutcemmne, Anabama, CIIHA (Hoover,1997, Hoover et al., 1998) mnpusenm x
obHAapy>KEHHIO B HHX  OOJBIIOr0 M pPa3HOOOpasHOro KOMIUIEKca OHOMOPQHBIX
MHKpOCTPYKTYp GakTepHansHOro u rpubnoro raburyca. BO3MOXHOCTH OINpERensTh
pasinyHble GHOMapKepsl H MHKPOGOCCHINH M OTIHYATh MX OT TIPEANONOXKUTEIHLHO
HEOHOTeHHBIX OOBLEKTOB H MHKPOCTPYKTYpP, KOTOpBIE HHOIZIa BEChMa HAIOMHHAIOT
OHOreHHBIE, TaKHe, HampuMep, Kak (UOpO3HbIEe KPHUCTAUIBI KEPHTA, H3Y4CHHBIC
H.ILIOwkuuemM (Yushkin, 1996; 1998), upesBpmaiino Heobxonuma. B pesynbrare
OCYILECTBJISEMBIX B HACTOSIIEE BpeMs KOCMHYECKHX HCCIENOBAHHN B Pa3HBIX CTpaHax
Ha 3eMitio B Omkaiilnee HECATHIIETHE MOTYT OBbITh TOCTABIEHBI MaTepHais! (00pa3iel) ¢

Mapca, KOMET WITH APYTHX Tell CONTHEYHON CHCTEMBL. DTO 3aCTaBNseT Hac pa3pabaTeiBaTh
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METOJBI ¥ TEXHHKY HUCCIIEAOBAaHHS BHE3EMHBEIX OOBEKTOB e€lle IO TOTro, KaK MOCJIeIHHE
CTAHYT JAOCTYIIHBIMH HaM.

Bonbime ycnexw OBITM  JOCTHTHYTBI B TOoclelHee BpeMs B OBICTpo
pa3BHBAIOIEMCSI HOBOM HAallpaBlIeHHH “‘Oaxmepuanvroil nareonmonozuu”. (Rozanov,
Zavarzin, 1997,1998). Onpenenenne Mukpodoccunmit 6aKTepHaATEHOTO TIPOUCXOXKIEHUS
O6bUT0  CHJIBHO OOJNIErYeHO MCCIEeOBAHHSMH MO0 HMCKYCCTBEHHOM (OCCHIH3AUMH
coBpeMeHHBIX OakTepransHbIX coobmects ( Lucas, Prevot, 1984; Kpsutos, Opneanckuii,
1988; Pozanos, Xeramro, 1989; XKwmyp, 1993; Kmyp u dp., 1993; Briggs ef al., 1993;
I'epacumMenko u dp., 1994; Goncharova et al., 1993; Xmyp u op., 1995; I'epacumenko u
op., 1996; 1998; Po3zanos, 3aBap3un, 1997; Jones et al., 1998; McKay et al., 1998), B
OTHX NYONHKAUAX OTYETIMBO HAMETHIHCh 3aMedarelbHBIE MOJAEIBHBIE OOBEKTHI:
JpeBHUEe MUKpodoccMA B (ochOpHTaX M BBICOKOYTJIEPOAUCTHIX MOPOAAX, KOTOPHIE
OTIMCBIBATINCH H CPaBHHBATHCH c MHKpPOOPraHH3MaMHu COBPEMEHHBIX
HaHOOaKTepHANLHEIX MaroB. HMccnenoBaHus Ioamd — BO3MOXHOCTH pacuingpoBarth
KOMIUTEKC OHOMOpP(GHBIX MHKPOCTPYKTYp, KOTOpbIE  BCTPEYAlOTCS B YIJIHCTBIX
XOHIPHTAX.

Pabora 1Mo ManeoHTOJIOTHYECKOMY H3ydeHHIO (ocOpUTOB NMPOAOIDKAETCS YKE
6onee 20 ner ¥ U3HAYANBHO HpecienoBana coBceM HHBIE nemu. B 70-80e roxer BaxxHO
OBUIO TIOMBITATHCS YCTAHOBUTH MPOCTPAHCTBEHHBIE M BpPEMEHHBIE B3aUMOOTHOMICHHS
6ypHOTO B3pHIBA NMOSBICHHS CKEJIETHBIX OpraHu3MoB B Hadane kKemOpus (PosaHoB,
Muccapxerckuif, 1966; Rozanov, 1967; Po3zano, MuccapxeBckuit u op., 1969;
Coxonos, pen., 1.1, 1984; Brasier, 1990; 1992; Rozanov, Zhuravlev, 1992; Penuna,

PoszanoB, pex., 1992 u MHorme napyrue) U OJHOBPEMEHHOIO C HHM KpYITHe#mero
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docdatonaxomtenus B Kurae, Mouronun, Kazaxcrane u ap. (bymunckuit, 1966; Cook,
Shergold, eds., 1979; Suwmn, >XKapkos, 1986). Dtu ¢ocdarHEIe MECTOPOXKIECHUSA
CUMTAIUCHL THIMHYHO XemorenHoiMu  (Mnpun, 1973; 1990), HO OTKpBITHE B HHX
[(HaHOOAKTePHANILHBIX MAaTOB CTAT0 BaKHBIM COOBITHEM, TaK Kak TIPHBEIO K
MepeUHTEPIPETAlHA WX reHe3nuca. VIMeHHO W3ydyeHHe GaKTepHalbHOH COCTaBIAIOIIEH
GochOpHTOB ¥ IKCIEPUMEHTHI II0 HCKYCCTBEHHOH QocdaTH3auud Hapsgy ¢
HCCJIEIOBAHUEM BBICOKO-YIIIEPOAUCTHIX H APYTHX OCANOYHBIX MOPOJX CO3JaJH peajIbHEIE
NPeNIIOCKLUIKH JUTA (OPMHPOBAHUS HOBOTO aKTHBHOT'O HaNpaBleHus - Acmpobuonozuu.

B wu3yYyeHHH MHKpPOOpPraHu3MoB B ¢ocdopuTax KIacCHIeCKOro obbeKTa -
Xybeyrynsckoro 6GacceiiHa npuHUMaTH yuyactHe npexae Bcero E.A.XKeranno,
A.Jl.Paro3nna, A.IO.PozanoB u I'.T.Ymarunckas. Ha nocnegHeit ¢cTauu K HUIM aKTHBHO
npucoeqununnca P.Xysep (Richard B. Hoover, NASA, MSFC). B nannoit pabote
HCToNB30BaH  Ooratelii  Matepuanm u3  XybOcyrynbeckoro 6OacceifHa 1o paspesam
Xy6cyrynsckoro ¥ BypeHXaHCKOro MeCTOpOXKIECHHWH, KOTOpBIH cobupasca B TEYeHHE
HECKOJIBKHX IMOJIEBBIX ce30HOB (1979-1991) otpsinom noa pykosoacteoM E.A.JKeramo.
B cocraBe orpsna B paznoe BpeMs npuaumann ydactue [0.M.Boponnn, H.A.Jlpo3nosa,
B.J.®onun, B.A.Jlyunnuna, JI.LH.Penwuna, A.JO.Po3aHoB, B.A.CrIcoes,
['T.Ywarunckas. B xonme  pabor aBropam  Obmu MOOGE3HO IPEAOCTABIICHBI
reOJIOrHYecKre W aHATMTHYECKHE MaTepHalbl COTpyIHHKaMu bypenxanckoit reosnoro-
pa3BeloYHOM TapTHH B.I1. KapeseiM, B.Il. ApcentbeBbiM, IL.B. Ocoxunsiv,
@.H.JIopodyuom, B pabote Takxke HCMONb30BATIHCh MaTepuasibl J.A Eranosa, 3a 4to

HM BCEM MBI ITIPUHOCHM CBOIO HCKPCHHIOIO 6Hal"0)13pHOCTL
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IeoJormyecKHe H NAJEOHTOI0T0-CTPATATpadHICCKHE AaNIIbIe TI0
Xy6eyryasckomy docdopuronocrnomy bacceiiny.

[leppoe MecTopoknenne ¢ocpoputor B Monromuu Ha 3amagHoM Oepery
03.Xy6cyryn 6pmo  otkpsrro B 1964 1. H.AJlonossm 1 E.B.Exemckum (puc.1).
ITocie10BaBIIHe 3a 3THM JAeTanbHble uccnenoBanus 1964-1967 rr, npoBomwmIIHecs
BCecoro3HEIM  a3pOTeOIOTHUECKHM TpecToM M MHetuTyToMm “3apyGexreonorus,” B
KOTOPBIX, KPOME NepBOOTKpbIBaTeriet, yuactsobaru M.M.Mysanesckuii, A.A.EnpanoB n
A.B.Vneun, mokazamy, yto Xy6cyrynbekuit 6acceiin SBugeTcs OJHUM H3 KPYIMHEHIIHX
dochopuronocurix GacceiinoB mupa. Haumnag ¢ 1968 r u 10 HACTOAMIETO BPEMEHH
myuenneM XyGcyrympekoro ¢ocgopuToHocHoro OacceifHa 3aHMMAIMCh COTPYIHHKH
Teonorinueckoro u IlageoHTOIOrHYECKOTO HHCTUTYTOB PAH, HMHCTHTYTa JHTOCHEpHI
PAH, Mucrutyra “3apy6eskreonorus”, paborapume B coctaBe CoBmecTHONH COBETCKO-
MONTOIBCKON Hay4yHO-HCCIen0BaTenbeKoit reonornyeckoif u  ComectHoit CoeTcko-
MoHnronbckoii  TTaseonToNnorHueckoii skcmennunit. B pasnoe roasl B paboTax 3THX
skcnemnunit npuauMann yuacthe  W.C.Boporckas, 10.M.Boponun, H.A.Jlpo3nosa,
E. A Xeramno, 3.A.)Xypasnesa, H.C.3aitues, A.B.Wnbusn, M.H. Kopobos,
H.B.IToxposckas, I'.M.ParnukoBa, A.Jl.Parosuna. A.IO.Po3anos, B.A.CrIcoeB,
[.T.Vwaruuckas, B.J[®ormun, T.H.Xepackoa, 1 MoHronsckue reonorn JX.bamoOa,
I Jopxnamxaa, b.JlyBcannanzan, S1.DpaenOuimk, Msarmap Jlyraa, a TaKxe
corpyannkn  Wuctityta reomornn u reopmsumkn CO AH CCCP  D.A Eranos,
B.AJIyunnuna, JIL.H.Pennna. CriennanbHele pasBefioyHble paboThl Ha MECTOPOXKIAEHUAX

Xy6eyryn u Bypenxan B 1981-1989 rr ocymectBisnuch reonoramn  CoBeTCKOH
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reosjornvyeckoit okcnemunue B MHP  (MucTuTyT 3apy6exreonornsa”) - B.IL
ApcenrtsessM, B.I1. Kapeem, @.H.JTionodyroM, I1.B.Ocoxnnem, W.H.CemeHRKkHHBM.

ITepas nybnukamus o ¢docdopurax Xy6cyrynsckoro 6acceliHa IMOSBHIACH B
xypuane “Cosetckas reonorus” ([JoHoB, Exemckuit u dp., 1967). 3a ucrexumme mocmue
storo 30 ner unciI0 MoHOTpadmii, cratelt, TOKIaa0B, TE3NCOB, MOCBAICHHBIX OITMCAHHIO
Xybeyrynsckoro 6accefHa,  HACUMTHIBAET HECKOJBKO JECATKOB HaMMEHOBAHHH.
Ceenennss o xybcyrynbckux ¢ochoputax Bomumm B O0NbIIOE YHCIO CBOJOK, Kak
pOCCHICKMX Tak M 3apy0eXHBIX, OH BCETAa YINOMHHACTCS IPH IEPEYHUCICHHH
kpynue#mux ¢ochopuroBerx MecTopokaermit mmpa (Cook, Shergold, eds.,, 1979;
Summun, Xapkos, 1986, Unsnn,1990).

B  pesyneTaTe  TeOJIOTHYECKMX,  JIHTONOTHYECKHX W CTpaTHrpado-
NAJCOHTOJIOTHYECKHX HMCCIeJOBaHWH OblTa oOmpeneneHa CTpykTypa ©OacceifHa ©
MOCJIEA0BATENBHOCTD CNIATAIONIAX €r0 IOPOJ, ITOCTPOEHB! CTpaTUrpaduyIecKue KOJIOHKH
U JEeTaNnbHBIE TeosIornyeckue KapTei(prc.2,3). [IpuBoaumMerit cTpaturpadudeckuii ouepk
ocHoBaH Ha paborax A.B.Mnwuna, 1973, 1990, 3.A. Xypasnesoit (1974), M.H.Kopo6osa
(1980,1989), K.A.Huxkudopora, I1.B.Ocoxuna, X.Amranan, H.Torommop (1995),
D.A Eranosa (llIxomsHuk, bartypun, pex., 1998), A.B.Mnenna n K.bsamba (1980) ,
otueTax bypanxaHckoi reonoro-pazsegounoif maptuu (1981-1984rr) m Ha cOOCTBEHHBIX
HabJIOIEHNSAX aBTOPOB.

Xybeyrynsckuit  dochopuToHOCHBIH OacceiH B COBpPEMEHHOH CTpYKType
npeacTaBnsieT co60H CHHKIMHOPHI, BBHIIONHEHHBIH BepxHepHbeiicko-keMOpHHCKUMH
OTNOXEHUAM. B HX cocTaBe BBIAENSETCA JIBE MOIIHBIE CepHM: BepxHepudekickas (?7)

JapxaTckKas 4 BeHA-HIKHekeMOpuiickas XyOcyryasckasl.
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Jlapxarckasi cepusl IpeJIcTaBIeHa CBoeil BepxHeli - apacaHCKoi CBUTOM, KoTOpas

COCTOHT TIPEMMYINECTBEHHO W3 TEPPHTeHHBIX M BYJIKaHOTE€HHO-TEPPHI€HHBIX NOPOX -
aNIeBPOJIHTOB, TECUAHUKOB, TY(QOMECYaHHKOB, TpaBEIMTOB 3€NIEHOr0, ceporo, Oyporo,
pexe JIMIOBOTO IIBETOB € OTACHBLHBIMH IIPOCIOAMH CEPBIX € KPEMOBBIM OTTCHKOM
NeITUTOMOP(HEIX TOJOMHTOB M ¢ MHH3aMH (1-2M) ceprIX TOHKO3ePHHCTHIX H3BECTHSIKOB
¢ OHKOJMUTaMH. MOIIHOCTE CBUTHI - 10 1500M.

XYGCYIXHBCKM CECpHA HECOIIaCHO 3aIeracT Ha apacchxoﬁ CBHUTC I[apXﬂTCKOﬁ

CepuH | TIOAPA3ZENAETCS Ha TPH CBHTHL HIDKHIOIO OHTOJHMKCKYIO (10¢ochOopHTOBYIO),
CPEHIOIO XICIHCKYIO ((pOoChHOPHTOHOCHYIO) M BEPXHIOIO IPXITHYPCKYIO (KapOOHATHYIO).

OHroJIHKCKasg CBUTA OTHENeHa OT HapX&TCKOﬁ cepnn pasMEIBOM, B €€

OCHOBaHHH BHIZleNIseTCs OasadpHBIH TOPH30HT W3  KBaplieBO-IOJIEBOUINATOBIX
IEeCYaHHKOB H PaBeJIUTOB MOIMHOCTEIO 2 - 15 M. OHH CMEHSAIOTCS CEPBIMH CIIONCTBIMH
I MAacCHBHBIMH JIOJIOMHTaMH, HHOTZa OKPEMHEHHBIMH, C DEIKHMH OHKOJIHTaMH, C
“BOMOPOCNEBBIMH”  TEKCTypaMH. 3aBepIiaeTcss paspe3  KOHIJIOMeparo-Opekdneit
OTIONI3HEBOTO XAPAKTEPa, B KPOBJE KOTOPOH MMEIOTCA ClEABl  pasMbiBa. MomiHOCTh
csutel kKonebnercs oT 300 no 400m.

3.A.Xypapnepa u3 OTI0XeHUH cBATH onpenenuna Ambigolamellatus horridus Z.Zhur.,
Volvatella vadosa Z.Zhur., Vesicularites sp., Ha OCHOBaHHH 4Y€ro BO3PAcT €€ OMpeAesiCH
Kak 1o7oMckuit (o mkane Cubupckoit maTopMbl) HIH BEHICKHIA.

3aneraromast BLIIIE X3CIHCKAS CBUTA NOJApa3ZeNdeTCAd HA TPH ITAYKH. Huxnass

Mayka CcAOXeHa TIVIMHUCTEIMH M3BECTHSAKAMH M M3BECTKOBHCTBIMH CIaHUAMH C
JIMH3OBHIHBIMH TEIaMHM HM3BECTKOBO-JOJIOMHTOBBIX OpeKIHit M KOHTIOMEPATOOPEKIHH.

Co6cTBeHHO MPOAYKTHBHOMN - hochOPHTOHOCHOMH SIBASETCA CpelHsAA Mayka, B KOTOpO#H
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3aKIIOYEHEl BCe OCHOBHEIE (ochOpUTOBBIE TOPH3OHTH Xybcyrynsckoro 6acceiina. Ona
CJIOXKeEHA YepelOBAHHEM TOPH3OHTOB (GOCHOPHTOB €O CIOHCTHIMH H MAaCCHBHBIMH
H3BECTHAKAMH H JIOJIOMUTAaMH, HHOTJA ¢ KPEMHHUCTO-aJIEBPUTO-TIIMHUCTBIMHU CIIAHIAMH H
KpeMHsMH. Bcero Ha pa3HBIX ydyacTKax BBIAENSETCS A0 NMATH (HOChHOPHTOBBIX IJIACTOB
HIIM TOPH30HTOB, KOTOpBIe cyMMapHO cocTapnsioT 10-15% MOIMHOCTH NMpOJYKTHBHOH
nauky. BepxHss mayka HAaYHHAETCS C TOPU30HTA 4YepHBIX OechocdaTHBIX KPEMHHCTBIX
TOpPO/I MOIIHOCTBIO OT HECKOJBKHX METPOB A0 50M, KOTOpBIE CMEHSAIOTCS  JIOJIOMHTAMH
M H3BECTHAKAMH C 3aMETHOH NPUMECBHIO TJIHMHHCTOTO M IIECYAHOrO MarepHana.
MOoOIHOCTE X3CIHCKOH CBHTHI B PA3HBIX YaCTAX XICIHCKON CHHKJIMHAIH KOJEOJETCS OT
350 1o 600Mm. B nopomax Bcex Tpex yactedl ¢BUTHI 3.A.XKypaBneBoit ObuT oOHapyxeH
KoMmrnekc MHKpoduTonutoB Nubecularites catagraphus Reitl, N.parvus Z.Zhur,
N.densus Z.Zhur., N.angulatus Z.Zhur., Radiosus marginatus Z.Zhur., Osagia senia
Z.Zhur. Hamu w3 cpeaneit ¢pocopuToHoCHONH yacTH OBUTH BBIACJICHBI M OINpEHENIEHBI
Archaeooides granulatus Qian, Tasmanites tenellus Volkova, Spirellus sp. a Takxe
HUTYaTHIE IHaHobakTepuu monoburle Microcoleus, ¥ IpUHAUIEKAIHE OTHCAHHOMY U3
JPEBHHUX TONI poay Siphonophycus. TlpucyTcTBYIOT cnepyiomme BHIABI S. robustum
(Schopf) Knoll er al., 1991, S.typicum (Hermann) Butterfield 1994, S. solidum (Golub)
Butterfield 1994, S. septatum (Schopf) Knoll et al, 1991 wn Oscillatoriopsis obtusa
Schopf, 1968. (Paro3zuna, 1993). BonsmMHCTBO MepedHceHHBIX (OpM BCTpedyaeTcs Kak
B IokeMOpHH Tak M B HWKHEH 4acTH keMOpus, HO Archaeooides, Tasmanites, Osagia
senta v pan kararpaduit (Nubecularites) W3BECTHBI, TOJIBKO Ha4MHasi ¢ TOMMOTCKOIO

apyca. C y4€TOM TOro, 4YTO B BBEIICIHCKAINIHX OTJIOXCHHUAX 3pX3HHprKOI‘;I CBHUTBI
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BCTpEYAIOTCA OCTATKH aTAabaHCKHX apXEOUHaT M TPHJIOOWTOB, BO3DPACT XICIHCKOH
CBHTBI CUMTAETCH HHXHEKeMOPHHCKUM - TOMMOTCKHM.

Brime X3COHCKOM CBHTHEI C YETKO BBLIPAXXCHHBIM DPa3MBIBOM  3ajieracT
SPX3NHYpCKas, B OCHOBAaHHH KOTOPOH BbizensieTcs GasanbHasi mavyka MOIHOCTEIO 10 40
M, CIOKCHHas IECYAHHKAMH ¢ IPaBeUTaMH, OPEKUHSMH ¢ KPYNHBIMH OOJOMKaMHy,
MeCUAHHKAMH, COCTOSMIUMHU H3 IEPCOTIOXEHHBIX (ochaTHBIX 3epen. OHa cMeEHSAETCS
naykoit MOIHOCTBIO 10 200M TMpEeHMYINECTBEHHO OOTOMMTOB, HHOTZIA TNIMHHUCTHIX, C
MPOCNOSMH TEMHO-CEPHIX KpeMmHeif.  BepXHAf 49acThb CBHTHl CIIOXCHA  TOJMCEH
MOIIHOCTRIO 6osiee 1500 M B OCHOBHOM CEPBIX, TEMHO-CEPBIX M3BECTHAKOB C MPOCTOAMH
[JIMHHCTBIX CIIAHIIEB, TEMHO-CEPBIX KpeMHEH, ¢ yJacTKaMu OpekyHit H ¢ OTAENbHBIMH
NpocnosMH JIOJIOMHTOB. B 3ToH TONIIE NPHCYTCTBYET HECKONBKO TOPH30OHTOB C
TpHIOGHTAMN U apxeolmaramu. B paspesax mo pexam Xocon u Onronuk Kopobos
(1960) o6napyxun asa yposus ¢ Tprtoburamu. Hxanit naxoaures B 400-450 M BEIiIe
OCHOBAaHHS CBHTHI H conepxuT Archaeaspis sp., Malykania ongoloca Korob., Elganellus
dilatatus Korob., E. pensus Suv. E.elegans Suv., E.probus Suv, E.elongatus E.Rom.,
Resserops kharganicus Korob., Pseudoresserops obesus Korob., Minusella priva Korob.
Bropoit yposeHs pacrosiaraetes B 250 M BBILIE TIEPBOTO M OXBaThIBacT HHTEPBAN B 250M.
B nem comepxarcs: Bulaiaspis taseevica Rep., Fallotaspidella chesenica Korob.,
Fallotaspis mongolicus Korob. OcraTku apxeonuar B JaHHBIX paspe3ax He
obHapyxensl, 1o B palioHe YpyHIymH-Yia B 16 KM K CeBEpO-CEBEPO-BOCTOKY OT
pazpe3oB 1o pexkam X3coH u Onromuk B 60-x rogax A.B.MinbwH ¢ weThIpex ypoBHeH
SPX3MHYPCKOH CBUTHI cobpan apxeonuar, koTopsie 6stn onpenenensl U.T.XKypasnesoi

(Unenn, Xypaenesa, 1968).  Ilepmrlit ypoBeHb NpPHONU3HTENBHO COOTBETCTBYET
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HI)KHEMY TpPHJIOONTOBOMY KOMILIEKCY H 3axmodaer: Archaeolynthus  sp.,
Rotundocyathus sp., Nochoroicyathus howelli (Vol.). Brtopoii yposens Haxonutcs B 250
M BBIIIE W CONMEPXHT: Rotundocyathus ex gr. kemtschikensis (Vol.), Nochoroicyathus ex
gr. mariinskii Zhur. B 150 M Beime (TpeTHii ypoBeHb) BCTpedeHbl Rotundocyathus sp.,
Kaltatocyathus sp., Tumuliolynthus sp., Nochoroicyathus sp., Capsulocyathus sp.,
Dictyocyathus sp. Y, nakonen, eme B 400 M Bbile (4eTBEpTHIH YPOBEHb) HaXOISATCS
Nochoroicyathus ex gr. mariinskii Zhur.,, Rotundocyathus ex gr. salebrosus (Vol.),
Tumuliolynthus ex gr. karakolensis Zhur., Dictyocyathus sp., Dictyofavus bipartita
(Vol.). Ha ocHOBaHMHM aHain3a BCeH NepeuncIeHHOH ¢ayHBl BO3pacT 3NMXIPHYPCKOH
CBHUTHI ONpenengercs Kak nosaHe atnabanckuii. Camas BepXHSS 4acTh, OJIHAKO, MOXET
OBITH OTHOCHTCS YK€ K OOTOMCKOMY SIpYCY.

B paifone Byp?HXaHCKOTO MECTOPOKAEHHMS B OTJIOKCHHAX  BEPXHEH dacTu
3MX3PHYPCKOH CBUTHI TAK)KE HM3BECTHHI MHOTOUHCIIEHHBIE HAXOIKH apXeolHar:
Palacoconularia  baileyi (Vol.), Sibirecyathus naletovi Vol.,, Formosocyathus
vermiculatus (Vol.), Tubericyathus clathratus Vol., Clathricoscinus vassilievi (Vol.),
C.dentatus (Vol.), Claruscoscinus billingsi (Vol.), Archaeocyathus operosus (Zhur.)
(onpenenenns A.JO.)XypaBnesa), cBHAETENHCTBYIOIHE O 60TOMCKOM BO3pacTe.

Ha »smxspuypckoll cBHTe ¢ mepepeIBOM 3aieralorT TyQoreHHO-TeppHTCHHBIE

MOPOJBI YXYTOJOTOHCKOH CBHTBHI MOITHOCTEIO 0 500 M. B Helt y 1OXXHOH OKOHEYHOCTH

03.XybOcyryn B paspe3e Ynrsu-Calfp NpHCYTCTBYIOT apxeonuaTsl (ONpeneIeHHS
N.T.XKypasneBon): Irinaecyathus ex gr. ratus (Vol.) u Pycnoidocyathus sp. (Unbuw,
1973). Bo3spacT yxyTonoroiickoi CBHTEI Ha OCHOBAaHMH HAaXOJIOK 3TOH (ayHbl ompeneneH

Kak OOTOMCKHH.
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ITonyyeHHEle MaTepHaisl IO3BONMIH YTBEPXKIATh, YTO XOTS ITIABHOH 3MOXOH
npeBHero (ocaTOHAKOMIEHHs TOJroe BpeMs CUHTANACh BEHI-paHHeKeMOpHicKas
(SInmmn, 1964; Samun, 1982; Sammn, Xapkos, 1986; Unwun, 1990) , Ha camMoM Jerne,
YyTO XOPOWMO BHAHO M M3 PErHOHANBHEIX MaTepuanoB mno Xybcyrymy, ee THK
TNIPHXO/IMTCS Ha OYeHb y3KMH HMHTEpBAl BPCMEHH - TOMMOTCKHH BEK (JTyBcaHnzaB3aH,

Pozanos, 1984; Po3anos, 1992; I'epacumenxo u op., 1996 ).

Ianeoreorpadns

dochoputsr Xy6cyTynbsCKOTO bacceiina BCEMH HCCTIeJoBaTeNsIMHA
acCOLMUPYIOTCS ¢ MOPCKHMH oTioxeHHsmm. O maneoreorpaduyeckoif obcTaHOBKE
BpeMEHH HX HAaKOIUVICHHs ObTH  ONyONMMKOBAHBI  JOCTAaTOYHO —TMPOTHBOPEHHBBIC
npeacrasnenus (Mmenn, 1973; 1990; 3aiiues, 1982; 1992; SAumwun,1982; bamba, 1987).
Ckopee BCEro 3TO MPOMCXOMMIO OT TOTO, YTO aBTOPHI CTAPATHCH MPHHOPOBHUTBCS K
GBICTPO MEHABIIMMCS TOTJa TEKTOHMYECKMM MOCTpoeHHsM. M XOTS Ceromus nanexo He
Bce fCHO, BCe ke Habop (akToB, 3HAYATENbHAS 9acTh KOTOPBIX paHee BooOmIe He
NMPUHUMANach BO BHHMaHHe, IMO3BOJNAET ONMCAaTh JOCTATOYHO BEPOATHYIO KapTHHY
HacceitHa, B KOTOPOM TIPOUCXoauio dpochaToHaKoIICHHE.

Pezuonansho-zeonocuieckue Oannvie: (1) PalioH pacnonoxeH B 00nacTH
JIOCTATOYHO aKTHBHO#H Trepudepuueckoit dacti Cubupckoro kparona. (2) IlpoxykTiBHas
tonma (MJTH X3COHCKas CBHTA) MOMHOCTHIO OT 350 10 600 M BeposiTHEE BCETO HMEET
TOMMOTCKHiT BospacT.  OTJIOXKEHHS, OTHOCHMEIC K aTnabaHCKOMy spycy, HMMEIOoT
MOIIHOCTE oxono 2000M, k 6oTOMcCKOMy ¥ ToifoHckoMy - 500M. To-eCThb MOITHOCTH

ocamkoB HIXHero kem6pua B XybcyrynsckoM 6Gaccefine okono 3000M; aHamoruyHyio
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MOIIHOCTh HMEIOT pa3pesbl HIKHEro KeMOpHs Ha foro-3anane CuGupckod miaThpopmsr.
(3) lllupuHa BBHIXOJOB HEXHEr0 KeMOpHS B HCCJIENOBAHHOM DAaHOHE OKOJIO 80 xm, n
MOCKOJNILKY 3TO JOCTaTOYHO TpocTas CHHKJIMHANBHAA CTPYKTypa C OYEHb KPYTHIMH
yIIaMH, TO MMpHHA TOH vacTu GacceifHa, rae mpoucxoauao ¢GocaroHaKOIUICHHE, HE
Moxer O6bITh Menee 160 kM. (4) Ilo Bcem mpencTaBlIeHHSIM, CYIMIECTBYIOIIHM Ha
CETOJIHS, HA CeBEepo-3amaje ¥ CeBEpo-BOCTOKe XyOCYrynbckuil GacceifH TMpHUMBIKAN K
ABYM TMOmHSATHSM - Mypsunckomy 1 Boctouno-Xy6eyryneckomy (Minsun, 1973) u
coobmaincss Mexay HuMH ¢ OGaccedinom Cubupckoit mmatdopmel. Ha rore oH Mor
COEIIMHATLCSA ¢ ApyruMu  Gacceiinamu Anrae-CasHckol cknaguatod obmacta u Kurast.
(5) TlaneoMmarHWTHBIC JaHHBIE, CTENEHb KOPPEKTHOCTH KOTOPBIX  HEC BBI3BIBACT
COMHEHHI, HMeIOTCsl TIo 10ro-BocToky Cubupcekoit minatdopmel (Kirschvink, Rozanov,
1979; 1984; Kirschvink et al, 1991; Evans ef al., 1996) u no JI3abxamnckoii 30He
(Kirschvink ef al., 1987). DTn nannble MO3BOJISIOT MPEANIONararh, 4To 06a pernona oL
pacrosio’keHsl B Tpelenax 3KBaTOPHANLHOW 30HBI W PAacCTOSIHHE MEXIy HHMH
BO3MOYKHO GBUTH CEroJIiIs NpUOITH3UTENBHO T e, YTO H B paHneM KeMOpHH.
Buozeozpagpuueckue u  naneonmonozuveckue Oanuvte. (1) Ha  ypohe
MPOAYKTUBHOM TIa4KM BCTpEUCHB OOHMNbHBIE HUTYAThle lMaHoGakTepuu, obpasyroune
MAaTBI, YTO MpeonpeaenseT 00pa3oBaHHe 0CaaKoB B HOTHIECKOH 30He (MepBbie JECITKH
MEeTpoB INyOHHBI), @ NIMPOKOE pa3BHTHE MATOB YKa3bIBAacT Ha JOCTATOYHO CIOKOMHBIC
runpoauHaMudeckie yenoens. OOpauiaeT Ha ce6s BHMMaHHe OTCYTCTBHE HOPMAIBHOH
MOpcKoit (payHbl. (2) B HEKOTOPBIX NMPOCIOAX HA 3TOM YPOBHE YCTAHOBJICHBI aKpPHTApXH
(puronnankron) Tasmanites, Leosphaeridia ¥ OIHOBPEMEHHO C HHMH JIOBOJIEHO

crenuduyeckue M pasnoobpasivie  Archaeooides. Tlocnennue w3sectHbl B 10XHOM
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Kutae n IOxHOH ABCTpaJMH H CKOpee BCETO YKa3hIBalOT HA JMH30AMYECKHE IOXKHBIC
cBs3u Gacceitma. (3) JlpesHemne TpHIOOHTEI (cepelnHa atnadana) mpeacTaBIIeHBI
pOJIaMH M J@Xe HEKOTOPHIMH BHIAaMH, OYCHb THUIIHYHBIMHA JUIS “3allafHBIX’ pa3pe3oB
Cubupckoit nnardgopmbl (XomenrtoBckuit, Pennna, 1965, Posanos, Coxonos, 1984,
Penrmna, Po3anos, pen., 1992). Kpome TOro, STH TpPHWIOOHMTHI CBSI3aHBI C
HCKITIOYATENBHO MenkoBonaHbiMH Gauuamu  (Perrmra, 1982). (4) Apxeonnarsl,
oOHapyXKeHHEBIE B OTJIOXKEHHIX BTOPOH TOJTOBHHEI atabana 1 GOTOMBI - THIIMYHO AJITac-
Casnckue (M naxe Oojee TOYHO - TYBHHCKHE). ApPXEOIMATOBO- BOAOPOCTICBEIC
OHOrepMBI - TAKKe IT0Ka3aTelb METKOBOIHOCTH.

Jlumonozuueckue Oannvie. (1) Jlng MHOTHX TOpOA, MOJCTHIIAIOIINX
NPOAYKTHBHYIO TMAdYKy, JUIS caMOW NPOAYKTHBHOHM MMAYKH M MEPEKPHIBAIOUIMX ITOPOJ
YacTO XapakTepHa TOHYANINAs CIOMCTOCTh. B NMpOXYKTHBHOM Mayke OHA COUYCTACTCH
uHoraa ¢ mumkpoctpoMmatosutamu. [lo mamnemM  A.B. Mneuna (1990) n O.A.Eranosa
(Ilxonenuk, batypun, peod., 1998) Ha ceBepe OacceliHa BCTPEYAIOTCH TPEIIMHBI
ychIXanus. BMecTe ¢ TeM Ha HEKOTOPBIX YPOBHSAX HMEIOTCA HEOONBUIME TMPOCIIOH
ayTHTeHHBIX Opexdnil mnn 6aMOYKOJIHCTHBIX KOHIJTIOMEPaToB. Bce 3TO yKaspIBacT Ha
MEJIKOBOJIHBIH, JOBOJBHO CIIOKOMHBIN € THAPOAMHAMHYECKOH TOYKH 3PCHHUS PEXHM
0CaZIKOHAKOIUIEHUS, WHOTAA TIpEpBIBaBINHiiCS JIHOO MITOPMOBBIMH COOBITHAMH, JIHOO
3eMJIETPACCHUSIMH (MopeTpsiceHHsIMHU). (2) XapakTepHO OTMEUaeMoe BCEMH OTCYTCTBHE
IMayKOHHWTA, YTO B COYETAHHH C JIPYTMMH Tipu3Hakamu (Ba/Sr) MoxeT TroBOpHTB O
HECKOJIBKO HAPYIICHHOM COJIEBOM pEXHMeE. (3) MHorue ucciegoBaTea OTMEYAIOT

HCKJIIOYUTENLHO MATIOE KOJIMYECTBO TEPPHIEHHOM (pakiny B nopoaax ¢pochaToHOCHOH
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tonmmm (Uneun, 1990; llkoneruk, Batypus, ped., 1998), 4T0 MOXKET CBHAETENLCTBOBATD
0 TIEHEIEHU3al|H CyLIH, IPHMBIKAIOIIEH K CeBepo-BOCTOYHOH dacTH bacceifna.

Teoxumuueckue Oaunvie . IsydeHHe reOXHMHIECKHX 0cobeHHOCTEH docopuToB
3TOr0 paiioHa MPOBOAUIOCH HEOJHOKPAaTHO, HO OCHOBHOH aKIEHT OB CHeNaH Ha
reOXMMHYECKHE XapaKTepPHCTHKH, CBI3aHHBIE C IIPOMEIIIEHHBEIM HCIIOIh30BaHHEM
pochoputor (comepxanme S, Cu, Cr, Co, Ni, Pb, Ba u 1.1) C TOYKH 3peHuns
ucnons3oBanus pochopuros Xybeyrynsckoro ocdopHroBoro Gacceiina B KayecTBe
”MOJEIBHOr0 00beKTa” MOTYT, OJHAKO, NPEJACTABINTh HHTEPEC HEKOTOPHIE JAHHEIE 110
C,prs Sr, Ba, Nd.

C.r.  O6brumpie comepxanusa C,, B docopurax oKaspBaeTCs HOCTaTOTHO
an3knamu (0,34-1,5 %), XOTS B pse cilydaeB yKa3pIBaloTCs 3HaueHus 1o 1,65%. (Mnpuw,
bsam6a, 1980). B To BpeMss BO BMEINAIOIIMX MPOXYKTHBHEIE TOPH30HTHEI NOJIOMHUTAX H
W3BECTHSKAX comepxutcs oberaro 1,04 - 1,44 %. B unenom, comepxanne C,, B
Xybcyrynsckux (ochopurax 3HaUHTENHHO BhImeE, yeM B Kaparaycknx (Kasaxcran), rae
COXpaHHOCTE OaKTEPHAILHBIX OCTATKOB 3HAUHUTEIBHO XYXKE.

Sr. Kak yxaseiBatoT A.B. Wnena u JK.Bamba (1980), K.A.Huxudopor n ap.
(1995), comepaHHs CTPOHIMS XOpOIIO KOppemwpyercs ¢ copgepxanmem P,0; T.€
MOBBINIEHHE COAEp)KaHHWS Sr CBA3aHO ¢ TOBEMMeHHeM coiepxanus P,0;. Cpennune
conepxanus Sr - 0,05-0,06 %.

Ba. Conepxanue 6apus B dochopurax gocratouno seicoko (cpeanee 1400 r/t) u

B 3HAYHTENBHON Mepe Koppenupyercs ¢ conepxanneM Sr. COOTHOIIEHHE CTPOHLMSA H

6apus xonebnercs B kaHaBax oT 0,04 no 0,33, B ckBaxuHax - or 0,47 nol,28 wu, ecnu
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BEPUTH PAaCCY’)KIEHHAM o TokaszaTene Sr/Ba, XapakTepH3yeT HE BNOJIHE HOPMAalbHBIE
(onpecHeHHBIE) MOPCKHE YCIOBHS.

Nd. BecbMa HHTepecHBIE, XOTA M He 6e3yCNOBHbIE NaHHBIC OBUIM IIONyYCHBI
B.U.BunorpagoseiM u A.O. Jlykannaemm (1994) npu wucciemroBaHHM H3OTONHOIO
coctaBa Heomuma B (ocdoputax Xybeyryna u bypenxana. ABTOpPEI yTBEPXKIAIOT, 4TO
H30TOMHBIH COCTAaB HEOJMMa CEphE3HO OTIHYAeTCd Ha JTHX JBYX Tpymmax
MECTOPOKAeHHH, PacoNIOXEeHHBIX APYT OT Apyra Ha paccTosHun 100 KM, ¥ TOBOPHT 0
ToM, uTo XyOCcyrynbckuit GacceifH (WM 9acth GacceiHa) MHTanack 3a C4YeT APEBHEH
CHATHYECKOH KOPEI C TMPEANONOXKHUTENBHEIM BO3PacTOM OKOJO 2,2 MIpA. JIeT, a
BypeHxaHCKHit 6acceliH - 3a CueT MOJONOH KOHTHHEHTATBHOH Kopsl (~ 0,8 Mypx yeT)
WJIH CMEIIAHHOTO BEIeCTBa KOHTHHCHTAIFHON H OKEAaHHIECKOH KOp.

Taxum obpasoM, Hauboliee BEPOSTHBIM SBIISETCS NPEATIONOKEHHE, YTO palHoH
Xy6eyrynsckoro 6acceiiHa NMpeICTaBIsT CoGOI0 B MOMEHT HakomeHHs ¢ocpopuToB
Hekwii GacceifH THIIA 3aJIMBa, @ BpEMEHAMH TIPOJIHBA, OYeHb MENKOBOAHOTO, OOBIYHO C
TIACCHBHOH T'MJPOJAMHAMMKOW, HO BpPEMCHAMH HAPYINABIICHCS 3EMJICTPICCHHAMH H
MopeTpAceHHsMH. OCHOBHBIM  NPORYIEHTOM  OPraHHYeCKOro  BEMECTBa  ObLIH
nuaHobakTepHansHele MaThl. Okpyxaromas cyma Obuia CHIBHO INEeHEIUICHe3HpOoBaHa.
CeBepHBIE YJaCTKH CYIIH OBLUTH CIOXEHB! B OCHOBHOM TOPOJaMH KOHTHHCHTAIBHOH

KOpBHI, B TO BpEM4 KaK B FOXHOM YacTH MOABJIAIOTCA DJIEMEHTBI OKCaHUYECKOH KOpEHL
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XapakTepHCTHKA Xy0CyTyabCcKoil GHOTBI

“Xybcyrynbckas” 6uora OBINa TpEACTAaBICHa BEpOSTHO B OCHOBHOM
co061IECTBOM HHAHOBAKTEPHATLHOTO MaTa, KOTOPHIit coXpanuiacs B pocdopHuTax B BHAC
MHKPOCTPOMATOIHUTOB, MHKPOOOJHTOB M MHKpOXenBakoB. Ilociennue, 1O HaluM
HaGITIOICHNSM, pe3ko mpeobiiafaroT. PasMep MHKpPOXeNBaKoB OOBIYHO IECATKH HIIH
COTHH MHUKpOH. Kak NpaBHjo B MHKpOJKeTBaKaX HabIoacTCs COYeTaHHE HHUTYATHIX
GopM ¢ pasupiM guaMeTpoM HHTed H (OpM OKpYrjioro, BEPETEHOBHAHOTO H
ragTesneBugHoro raburyca. BeposTHO, yXe cedHdac MOXHO OTJIMYATE KPUCTAJIBI
dochara (McKay, Rozanov, Hoover, 1998) B u Ha cTeHKax UHaHOOAaKTepHH OT
nicesioMopdo3 1o myprypHeM (?) 1 HHEIM OaKTepHsSM Mara.

Kapruna, nabmonaemas B Xy6cyrynbekux gocdopurtax (OKpYKEHHE HHTHATBIX
unanoGaKkTepuit  MHOTOYMCIEHHBIMH OaKTepHANLHBIMA  KJIETKamH), THIHYHA  A7s
COBPEMEHHBIX [IHaHOBAKTEPUATEHBIX MaTOB. [TpUMEPOM MOXKET CITYXHTh TTOQHIBHbIH
MaT, TJIE K BEPXHEMY CIIOI0 [HaHOOAKTepHH CHHU3Y HEMOCPEeNCTBEHHO IPHMBLIKACT
MOIHEBIH CTOH nyprmypHBIX 6akTepuit u3 pomoB Thiocapsa (KOKKOMAHBIE KIETKH) HITH
Chromatium (oBommguble KneTku). IIpH MHHepamH3alMM TIEPBBIX  00OpasyroTcs
r106ynspHBIE, @ BTOPLIX - TaHTEICBHAHBIE CTPYKTYphl. OJTH OaKTepHu B CHIY
MHOTOrPaHHOCTH 06MeHa (CTTOCOBHOCTH K POCTY B adpOGHBIX U aHaspOOHBIX YCIOBHSIX)
BBITOJIHSIOT 3amMTHYIO QyHKUHIO B MaTe. OKHCHS (OTOCHHTETHYECKHM KHCIIOPOAOM
OpraHHYECKHE BEIECTBA, KOTOPBIC BBICTAIOTCA IMAHODAKTEPHUSAMH KaK MPH KU3HH TaK
M 110CJIe CMEPTH, MypIypHble OaKTEpHH 3aMINAIOT OT KHCIOpOoJa HHXKENIEKAIINE CIIOH

MaTa, TJI€ Pa3sBHBAIOTCS CTPOTHE aHa3pOOLI, CyNb(paTPEXYKTOPbl H METAHOTCHBI.
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I'enesnc ¢pocdopuros
Mmuoro pazHoriacuii HMeeTcs ¥ Mo MOBOJIY I'€He3Hca H HCTOYHHKOB docdopa B
Xyb6cyrynsckux ¢ocopuTax.

[To wmuenmio A.BMWneuna (1973; 1990) <¢opmupoaane dochopHToB
IPOMCXOIUNIO TIOCPEACTBOM BBITANCHHS HX B 0OCAJOK M3 HAMIOHHBIX BOA ( a He
HOPOBBIX), TO-€CTh XHMHYECKHM (OpPTOXHMHYECKHM) myTeM. OAHAKO B MOCIETHEH
pabore Mmpud (Ilyin, 1998) Ha ocHOBe M3ydeHHs pacHpOCTPaHEHHS DEIKO3EMETbHBIX
3JIEMEHTOB MPHXOJUT K BBIBOAY, YTO (ocdop B 3HAUMTENBHOH CTENEHH BHINANAET Ha
rpanune ocaxok/sBoma. Iloctymnenne ¢ocdopa OH CBA3BIBAET C paspylICHHEM KOP
BBIBETPHBAHHUS M TOCIEAYIOUIUM IEPEOTIOXKEHHEM NPOAYKTOB paspymeHus. Ty xe
TOuky 3peHHs Boickaszanu [ .W.ParamkoBa (1982), wu3yumsmas nerporpadudeckne
ocobennoctu Xybeyrynsckux pocdopuror, 1 M.H.Cemeiikun (1988).

Bruskoro wmuenus npuaepxuBaice A.Jl. Samma u M.AXapkos (1986), B
HAKOTNIEHHH  XyOCcyrynbekux — (ocdopHTOB  OCHOBHYIO pONb  OHH  OTBORMIIH
XEMOT€HHOMY OC@XJIEHWIO, & OCHOBHBEIM HCTOYHHKOM ¢ocdopa CUHTATH
BYJIKAHOT€HHBIH.

CTOpPOHHHKOM XEMOTCHHOTO (BYJIKAHOT€HHO-XEMOTEHHOI0) crnocoba OCaxaeHHs
XyGCyr‘an)CKHX ¢ocpopuros BeicTynman u H.C.3afines (1982; 1992). docdop u
COMYTCTBYIOMMI €My KPEMHE3EM 10 €ro MHEHHIO MOTJIH TOCTYTaTh B MOPCKOH acceiin
C PEYHBIMH BOJAMH M BMECTe C MOABOJHBIMH BYJKaHHYECKHMH MPOJAYKTaMH M3 Ooiee
HJIN MeHee OTOANCHHBIX obnacreii (HanpuMmep, u3 JDKHANTHCKOH 30HBI).

X Bamba (1987) nucan o OHOTEHHO-AHAreHEeTHYECKOM reHesuce ¢GochopHTOB.

OH CuMTal, 9TO XOTH TJABHBIM HCTOYHMKOM (pochopa B Muposom okxeane ObIn
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KOHTHHEHTAIBPHBIH  CHOC, HO  ¢QopMHpoBaHHE  XyOCYrylTbCKAX  (GochOpHTOB
OCYIIECTBISUIOCH OHOTEeHHBIM CIIOCOOOM.

W, naxonen, paboThl, MpOBEICHHBIE B MOCIEAHNE TOAb! B [1aneoHTONIOrHYeCKOM
HHCTHTYTE MOKAa3aIM, YTO BCE MeNbYalInie 3epHa, U3 KOTOPHIX COCTOAT XyOCYIyJIbCKHE
dochoputsl, npenctaBuAoT coboio Mmukpoxensaku (100-350 MM B mgmamerpe),
copMHpOBAHHEIE TIPH YYaCTHH OpPraHW3MOB OakTepHaJIbHOH OpraHM3alHH, CKopee
Bcero IuaHobakTepuil W MypnypHBIX Bojopocieil. Cpeawm HHUX PEIKO BCTPEYaAIOTCH
TIJTAHKTOHHBIE (OPMEI - Yke ymoMuHaBImHecs Archaeooides, Tasmanites. [IpexpacHas ux
COXpaHHOCTH BHI3BIBAET yOUBIEHHE. Bece OHHU, Kak ¥ nMaHo0aKTepHaTbHBIA MaT, COCTOST
n3 docdara KarpmUs W CKOpee BCero Toxe ObUTH BTOpHYHO ¢ocdaTmzuporansl. B
KeMOpHH H3BECTHBI aHAIOTHUHBIE (OpMBI ¢ opraHudeckoil crenkon (Kemmep, Po3anos,
ped., 1979, Pozanor, Xeramno, 1989; Pozanos, 1992; Rozanov, Zhuravlev, 1992,
I'epacumenko u dp., 1996 ). Takum o0b6pa3oM, TOCTATOYHO BEPOSTHO, UTO B NMPHIAOHHOH
yactH ¢ocdaTtnznpoBanach Bcs OpraHuka. OJTO TO3BOJHJIO aBTOpPaM TOBOPHTH 00
onpenensomed poiau  Ouosornyeckoro ¢Qaxropa B reHeauce XyOCYrymbCKHX
¢dochopHTOB.

bru3koe MHEHHE O TIPOUCXOXIEHAHN XYOCYTyabckiX (HocOpHTOB BHICKA3HIBAIOT
B.H.Xononos (1987), 10.H.3anun (MuptoB u 0p.,1987) wm D.A.Eranos

(IxonbHuK,baTypuH, peod., 1998).

XapakTepHCTHKA NPOIYKTHBHOI ToJIH H 0TOOP 0Gpa3nos.
Hzyuennsie obpasusl docoputoB  6puiH 0TOOpaHBl H3 NPOIYKTHBHOU

¢dochopHTOBOH MaYKH B ABYX MeCTOPOXKIeHHIX: XyOcyrynbekoM u ByperxanckoM.
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X}’GC}’I YIIECKOE MECTOPOXACHHE TIIPOTATHBAETCd C CCBCpa Ha IOr BAOJB

samagHoro Gepera 03.Xy6cyryn. OcHoBHOe Konu4ecTBO (Qocdopura B HEM
COCPENIOTOUYEHO B CPEHEH - IPOXYKTHBHOM - MaYKe XICIHCKOH CBUTHI, OOHAXAOmMeENCs
no Gopram XoacoHckod cueknmuHama. CornacHo naunbmM Wneuna (1973, Mibnna w
Bam6er (1980), Huxudopora u ap. (1996) oma  cOCTOMT U3 HECKOJNBKHX ILTAacTOB
docdopura, paznenenHsx ¢ocdarcogepxammmu B 6echochaTHEIME H3BECTHIKAMH,
JOTOMHTaMH, KPEMHHCTBIMH fHonoMHuTaMH. Haubomnbimee wucno dhochaTHBIX MIacToB -
JI0 TIATH - BHIABIEHO HA BOCTOYHOM KpbUTle XOJCOHCKOH CHHKIMHaIM. Ha ocrambHON
UIOMIATH B OTACNBHBIX MEpPeceUeHusIX HACUATHIBACTCS JIBA MIIHM TpH macta. Hanbomnee
BBIICPKAHHBIM ABIIOTCS TepBbIi (AmxHEH) miacT mMommocTeio 10-13.0 M, KOTOpBIH
TIPOCTIEXKHBAETCA TI0 BCeH CTPYKType Ha MpoTshkeHHH 36 kM. ITaTeiit (BepxHuit) mmact
MomHOoCcThIO 18,5 M mpotsarusaeTcs Ha 18 kM. JIpyrue rmracTel, MOUTHOCTE KOTOPBIX
xonebaercs oT 1,5 1o 6 M, TTOCTPOEHBI JIMH30BHAHO, TPAaHHIB! [IJJACTOB ITOCTENIEHHBIC,
TUTIACTHI HE BLIIEPKAHEI 110 IPOCTHPAHMIO H HX KOPPENSALIUS JaXe M0 COCCIHUM KaHaBaM
3aTpyJHHTENbHA, HIDKHUI IacT CIHOXEH 4YEPHBIMH, YEPHO-CEPEIMH  CIIOHCTBIMH,
JMH30BUAHOCTONCTEIMA KapGoHaTHEIMH ¢ocdoputamMu. Pocdar CKOHIEHTPHPOBAH B
npociogx TonumMHOM 1-2 cM uim ofpasyeT pasiHYHBIC NO BEMHYHHE BBIICJICHHUSA
HeNIpaBWILHON MM OKpyroi ¢opMmel. B mmacrax , examux Bblme, mpeobiaagaroT
6pexuneBble GpochOpHTE, cocTAIMe M3 O6IOMKOB H IMBIO GochopHTOB H KpeMHeH,
3aKJTIOYEHHBIX B JOJIOMHTOBOM IleMcHTe. BepXHHH IIacT IMadykH IOBCIOAY CIIOXKEH
MENKO3EepHHCTHIMA (GochopuTaMi kKapOOHATHOTO M KapOGOHATHO-KPEMHHCTOTO COCTaBa.
KapGoHaTHsIe TIOPOJEI, pa3fiensomuye GocOpATOBbIE TOPU3OHTEI, MOIMHOCTBIO OT 5 10

30 M, HMEIOT CepHIif, XKEeNTOBATO-CEPHIi, TEMHOCEPEIH MJIM MOYTH YEePHBIH LBET, HHOTIA
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OHH 3aKJIFOYalOT TOHKHE TPOCTOM YEepHBIX KpeMHeH. JInsd HM3BECTHSAKOB M IOJIOMHTOB
XapakTepHa  TOHKas CJIIOHCTOCTh, YacTO  HEPOBHAsA, OTHEbHBIE CIOHKH MOTYT
BBIKJIMHHBATHCS MM HA00OPOT pasmyBaThCs Ha HEGONBIIOM PacCTOSHMH, HaOIIONaeTCs
Cpe3aHHe CIONKOB, TOPH3OHTH Pa3MbIBa, BOJHHCTHIE CEPHH, OKATBHILIH; BCTPEUAIOTCH
y4yacTkH 6aMOYKOJNHCTHBIX KOHTJIOMEpAaTOB, MEJKHE CHHIECHETHYCCKHE CKIIAfOYKH,
OpeK4HHU U3 HEeNMpPaBWIBHON (OPMBI 0OIIOMKOB.

Usyuennsie o6pasupl  Gbutn oToOpansl Ha ydacTke IOxmpii OHrommk us3
pa3Beounbix kanaB NeNe 7, 15 u 16, rae 4eTKO NpOCHEXHMBAIOTCA TEPBBIH M INATHIH
nnactel ¢ocdopuros. Beum npocMoTpensl o6pa3ubl U3 060MX TUIACTOB M U3 TOHKHX
npocnoeB ¢ochoputoB B MexpochopuToBoi nauke. Halnenneie MaleoHTONOTHYECKHE
0OBEKTHI BO BCEX CIy4asX HMEIOT OJHO M TOXE IPOHCXOXAeHne. Haumywmas
COXpaHHoCTh HabroaeTcst B kapObOHATHEIX (hochopHTax.

Bypenxanckoe MeCTOpOXJIEHHE pacroiiaraeTcs B 75 kM 1oxHee 03. XyOcyryi.

DTOT palloH NOBHAHMOMY SBISETCS OOLIMPHBIM CIIOXKHO MOCTPOCHHBIM OCTaHLIOM
MO3AHE0KEMOPHUHCKHX W KeMOpUHCKMX TOpoJ B KpOBJIE KDYIHBIX HHTPY3HH, €ro
CTPYKTypa HapylleHa CHIBHOM CKJTaA4aToCTbIO M paznomamMH. MHoro4ucieHube
BLIXOJIBI TTACTOR (HOCHOPUTOB YACTO H3OJIMPOBAHBI APYT OT APyra U OPHEHTHPOBAHBI B
CaMbIX Pa3HJIMYHBIX HaNpaBJICHHSIX. 3nech, Takke Kak Ha XyOCyrylnbckOM
MECTOPOXJICHHH, BBIACIAIOTCS apacaHCKas, XJCJHCKad W IPXDIHYPCKas CBHTEI.
Ocnouble 3anmackl  (ocPoOpUTOB  COCPEIOTOYEHBI B XICOHCKOHW CBHTE B IOPH3OHTE,
nexamieM B 70-170 M BbIllle ee OCHOBAaHHWSA, B HEM HMEETCS IO CEMH IJIaCTOB
¢ocpopUTOB, MOIIHOCTH OANOrO M3 HHUX JOCTHraeT 55 M. B ornanune ot

Xy6cyrynckoro Ha bBypeHXaHCKOM MECTOPOXIEHHH TpeobNafaroT KpEMHUCTHIE
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dochopuTE, W TOpasno MeHBINe PpacHpOCTPaHEHBI KPEMHHCTO-KapOOHATHBIE H
xapbonatHble pasHoctd. OGpa3msl B3ATH B paiiome noc.bypenxaH wu3 Kapbepa 1-ro
y4acTKa U3 MPOJYKTHBHOM MauKH.

B ofbmeit cnoxsoctn 6pU10 HccnenoBano 150 obpasnor u3 Xy6GCyrynbcKoro
MeCTOPOXKICHUS 1 25 06pa3noB u3 bypeHxaHCKOro MECTOPOXICHUS.

Jlannas paboTa BeIMOnHeHa TpuH  mommepxkke  Poccmiickoro  douna
dynnaMenTanbHbIX HccnenoBanuil - POOU - (mpoextet 96-04-48372, 96-05-64130, 96-

64806, 97-05-65069 u 98-05-64765).
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Explanation of the Photomicrographs

Oo0bsicHenns K ¢poTorpadpusm

Figs.1-13 - SEM photomicrographs of recent halophilic cyanobacterial mat
consisting of filamentous, coccoidal and ovoidal cyanobacteria and purple bacteria forms
and from the Cambrian Khubsugul phosphorites with phosphatized microorganisms that

exhibit similar form and size to the recent cyanobacterial mat microorganisms.

®ur.1-13 - Himxe mnpusoastcs ¢otorpaduu, caemanHple € IOMOIINBIO
CKaHUPYIOUIETO JJICKTPOHHOTO MHKPOCKONA ¢ OAHOM CTOPOHBI - COBPEMCHHOIO
ranouIbHOro HaHoOaKTepHATBHOIO MaTa, COCTOSILIETO U3 HUTEBHUIHBIX, KOKKOHIHBIX
u osouauelx (opm mmaHobakTepuit W M3 NypnypHBIX OakTepud, a ¢ APYro -
kemOpuitckux XyGcyrynsckux GocpopHTOB, B KOTOPHIX NMPHCYTCTBYIOT 0Opa3oBaHHs
mo ¢opMe ¥ MO pa3MepaM OYeHb II0XO0XKHE Ha OpPraHM3Mbl M3 COBPEMEHHOTO

HHaHOGaKTCpHaﬂbHOFO Mara.
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Fig.1a. Recent halophilic mat. The separate trichomes and trichome bundles of

Microcoleus chthonoplastes ( Fl. Dan.) Thur.
®ur.la. CoBpeMeHHbIl ranoduasHellt  MaT. Microcoleus chthonoplastes

(Fl.Dan.)Thur. npencraBieH kak OTAENBHBIMH HHUTSIMH, TaK H B BHJE

TECHO MEPECIIICTAIOINXCS XKIYTOB.

Fig.1b. The fragments of phosphatized cyanobacterial filaments of

Syphonophycus  (possible ancient analog of Microcoleus) from

Khubsugul phosphorite.

Qur. 1b. OparMeHTHI ¢bochaTu3znpoBaHHBIX HUTEH HaHOOaKTepHit

Syphonophycus  (BeposiTHO, npeBHHWH aHanor Microcoleus) w3

Xybeyrynsckux GpochopHTOB .
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Fig.2a. Recent halophilic mat. The occurrence of many trichomes within a
common sheath is characteristic of Microcoleus spp.

®ur.2a. CoBpemenHslit ranoumpHbii MaT. HeckONMbKO HUTEH OHETBI OJHUM

Oo6IIMM CIU3HCTHEIM YEXJIOM.

Fig.2b. Phosphatized cyanobacterial filaments of Syphonophycus from Khubsugul

phOSth[ﬂ@; L

®ur.2b. @OE&EﬁBﬁbOBaHHHe HUTH 1uaHoGaxtepuii  Syphonophycus wu3

Xybeyrynasckux docdopHuToB.
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Fig.3a. Recent halophilic mat. Trichomes of Microcoleus chthonoplastes crawl
from sheath. Individual cells can be seen.

®ur.3a. Copemennslif ranodwibHbI MaT .“Brimomsanue” HATEH (TPpHXOMOB)

Microcoleus chthonoplsastes w3 cmmsucroro dexna. Ha Tpaxomax

Pa3JIHYUMBI OTACIIBHBIC KJIICTKH.

Fig.3b. Possible remains of sheaths with several cyanobacterial trichomes in
Khubsugul phosphorite.
®ur.3b. BeposSTHO, OCTaTKH YEXJIOB, 3aKTIOYABIIHX 10 HECKOJIBKO HUTEH

unanobakTepuit u3 Xy6cyrynbekux GocdopHTOB.
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Fig.4a. Recent halophilic mat. Trichomes of Microcoleus and other cyanobacteria
in the slime of cyanobacterial mat from Sivash lagoon, Crimea.

®ur.4a. CospeMeHHbIH ranodunpHblil MaT . B cnusu Buaasr HATH Microcoleus u
JIpyTHE uﬁaHo6aKTepﬁﬁ ﬁ3 uHaHO6arKlTe}7)i/IaJ;;HGI:O Mara, naryea CwuBar,

Kpem.

Fig.4b. Phosphatized cyanobacteria Syphonophycus with filaments of different
diameters from Khubsugul phosphorite.
Qur.4b.  OQocdaTHzupoBanHble nHaHOOaKTepHH Syphonophycus ¢ pa3HBIM

auaMeTpoM HHTeR U3 XyOcyrynbckux GpocdopHTos.
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Fig.5a. Recent alkaliphilic mat. Cells of alkaliphilic cyanobacterium
Synechocystis salina Wisl.
@ur.5a. CoBpeMenHsli menovynoit Mar. Knerkn ankanodunsHoit muanobaktepun

Synechocystus salina Wisl.

Fig.5b.  Concentration of pseudomorphs of bacterial cells in Khubsuul
phosphorite.
®ur.5b.  Ckomnenne rmcepnoMopdo3 1o  OaKTEPHATBHBEIM  KJICTKAM U3

Xybcyrynsekux pochopHuros.
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Fig.6a. Recent alkaliphilic mat (upper layer).  Polymorphous cells of
cyanobacterium Rhabdoderma lineare Schmidle et Laut., emend. Hollerb.
®dur.6a. Bepxamif cnolf COBpeMEGHHOro MeNOYHOro Mara. llnaHoGakTepHs

Rhabdoderma lineare Schmidle et Laut., emend., Hollerb. ¢ xapakTepHsIM

JUIS poja moTaMop¢Hu3MOM KIIETOK.

Fig.6b. Concentration of pseudomorphs of phosphatized bacterial cells from
Khubsugul phosphorite
dur.6b. Cxomenne mncepnomMopdos 1o 0aKTepHaNbHBIM KJIETKaM H3

XyGeyrynbekux GpocopHToB.

68



__ﬁ
_m

mENEY

i
e %
|

Wl X !
v i 4
% d [

it L i

N { 2

' m i

i W E
i ) 1

I_R

be
—_____

fil

1




Fig.7a. Recent halophilic mat. Purple bacteria Thiocapsa.
®ur.7a. CospeMennslii ranobumsHeN Mat. Croit mypnypHbIX 6akTepuii u3 pona

Thiocaspa.

Fig.7b. Concentration of pseudomorphs of bacterial cells (probably purple
7 bactgrja) from Kh,“l??,&!g‘{l phosphorite.

®ur.7b. Ckorutenne ncesfoMopo3 1o OGAKTEpHATBHBIM KIIETKaM, BO3MOXHO,

nyprypHbeIx 6akTtepuit u3 Xy6eyrynsckux GochopHToB.
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Fig.8a. Beginning of mineralization of Microcoleus  chthonoplastes in
Laboratory. Some minerals and bacteria are seen near cell walls.

dur.8a. Docaruzanus Hureir Microcoleus chthonoplastes B n1abopaTOpHBEIX
ycIoBHAX. MuHepanuzalus TPAXOMa HAYHHACTCS, KaK MPaBHIO, OKOJIO
KJIETOYHEIX TICPEropoMOK, e Yalle BCEro MPOHCXOMMUT MOBPEXKICHHE

KJICTOUHBIX CTEHOK. 31€Ch OTMEUEHO TIOABIICHHE 6aKTepHI‘;I.

Fig.8b. Phosphatized cyanobacterial filaments (at the left) and concentration of
pseudomorphs of purple bacteria (?) (at the right) in Khubsugul

phosphorite..

®ur.8b. docharuzupoBanHble HHTH NIHaHOOakTepud (Cl€Ba) M CKOIUICHHE
ncesgoMopdo3 1o  mypmypHbM  OaktepmsaM  (?)  (cmpasa) u3

Xybcyrynsckux gocopuTos.
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Fig.9a. Different stages of phosphatization of trichomes of Microcoleus
chthonoplastes: separate spherulites (in center), spherulite concentration
(at the right) at the trichome surface; phosphatized sheath (at the top).

®ur.9a. Paznmuunsie cTamuu docdatusaunn nurteit Microcoleus chthonoplastes;
OTZeNBHBIC TIoOyNsI (B LEHTPE), cKoIUleHne rmobyn ¢pocdara (cnpasa),

(ocarnzanus CIU3UCTOrO Yexa (BBEPXY).

Fig.9b. Phosphatized cyanobacterial filaments from Khubsugul. Individual
fossilized cells (?) can be seen.

®ur.9b. ®ocoatusmpoBanHble HATH  UuaHoOakTepudl u3 XyOCyTryNbCKHX
dbochopuToB. MOXHO pasmHUNTE OTHENbHBIE (ochaTH3HpOBAHHBIE

kietkH (?).
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Fig.10a. Phosphatized sheaths of Microcoleus chthéﬁopﬁggg without trichromes.
There are some phosphate globules and microtubes at the surface of
sheaths.

dur.10a. Munepamsaple d4exnel  (TpyOxu) Microcoleus  chthonoplastes,
OCTABIIMECH TIOCNIE BBIXO[A M3 HHX TPHXOMOB. Ha MOBEPXHOCTH BHIHBI

oTaeNbHbIE TOOYNEI M1 MEKPOTpYOOuKH (ocdara Kaabuus.

Fig.10b. ”Prilosph@tjzed tubes from cyanobacteria and concentration of

pseudomorphs of purple (?) bacteria (at the left) from Khubsugul
" wprhosphorite.r ) | .

@ur.10b. QocharmzupoBannsie TpyOKH OT HaHOOAKTEPHI U CKOIUICHHE

ncepoMopdo3 mo myprypHbeM (7) 6akTepusM (crepa) B

Xybeyrynasckux dpochopuToB,
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Fig.11a. Mineralized trichome of Microcoleus chthonoplastes formed by
phosphate globules and microtubes.
®ur.11a. ®ocarusnposanusit uexon Microcoleus chthonoplastes, cocrosui

u3 rno6yn 1 MEUKpoTpybouek gocdara Kanbuus.

Fig. 11b. Thin polysaccharide fibrous structure of mucilaginous sheaths of
cyanobacteria appearing under unfovorable conditions.
®ur.11b. Tonuaitiume nonuHcaxapuansle GUOPHIITBI B CIH3HM, BO3ZHHKAIOIICH

BOKpYT HUTe UnaHOOaKTepHil NpPH HEONAroMPUATHBIX YCIOBHAX.
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Fig.11c. Microstructure of mineralized tubes: small mineral microtubes consist of
spherulites in cross section with a hole in the center.

dur.11c. MukpocTpykTypa MuHepatbHOH Tpyboukn. Tpyboukm cocTosT u3
OYEeHB MEJKHX rno6yn, OKPYXAIOUX TONNCAXAPHAHBIE ¢ubprmrel. Ilo

HX EHTPY MPOXOUT MOJIast OCh.

Fig.11d. Phosphatized tubes of cyanobacteria from Khubsugul phosphorite. It is
possible to see very small tubes, possibly analogous to those in figs. 11a
and 11c.

®ur.11d. docharusnposannsie TpyOxu oT nuanodakrepuii 3 XyOCyrynbcKHX
¢ochopHTOB, Ha KOTOPHIX BHIHBI MEKHE TpPyOOUKH, BEpOATHO,

aHaJOrHYHbIe H300pakennbM Ha ¢oto 1lanm 1lc.
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Fig.12a. Phosphatized trichomes of thermophilic cyanobacterium Mastigocladus

laminosus Cohn. Formation of phosphate macroglobules by small

spherulites.

dur.12a. Gocdarnszanus HUTH TepMouILHON MuaHobakrepun Mastigocladus
laminosus Cohn. OtnensHBIE MHKpornoOyisl (¢ocdara, pa3pacrasch,

obpa3zyrot rino6yns! GONBIIMX pa3MepoB.

Fig.12b. Phosphatized bodies of cyanobacteria and bacteria from Khubsugul

phosphorite.

®ur.12b. Tena uanobakTepui, 3aMeleHHEIE NIceBIOMOpGd03aMHi MO GaKTEPHsIM,

BO3MOJKHO, IypIYPHBIM U3 XyOcyrynbckux ¢ocdOopHTOB.
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Fig.13a. Trichome bundles of Microcoleus chthonoplastes with a common
sheath . There are some small trichome bacteria at the surface of sheath.
®ur.13a. Xryt u3 HeckonbkuX HUTEH Microcoleus chthonoplastes, oKpyXeHHBIH

HHUTYAaTBIMH 6&KTepI/IHMH .

Fig.13b. Probable trichome bundles of Siphonophycus sp. in a common sheath
from Khubsugul phosphorite. Other cyanobacterial filaments and
possible hormogonia of cyanobacteria are seen.

@ur.13b. Paznuunbie THOB! (QochaTH3UPOBAHHBIX  MHKPOOPraHH3MOB M3
Xybeyryneckux ¢ocopHTOB, cpedd KOTOPBIX pPa3IidMMEl TPYIITBI
XTYTOB ItHaHoOakTepHit Syphonophycus, 3aKII0U9eHHBIE B OOLIHE YEXITBI

1, BO3MOXXHO, TOPMOTOHUH OT IHaHOOaKTepuil.
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Figs 14-18 - SEM photomicrographs of recent halophilic cyanobacterial mat.

®ur.14-18 - SEM  ¢ororpadun COBpéMeHﬁoro raro$pUILHOTO

1HanobaKTepHaIEHOrO MaTta

Fig.14. Upper cyanobacterial layer of recent halophilic mat. The bundle of

Microcoleus chthonoplastes consists of more than twenty trichomes within

a thin common sheath.
®ur.14. Bepxunmii nmanoGakTepHanbHBIH CIIOH COBPEMEHHOTO TalTOQUILHOTO
mata. JKryt Microcoleus chthonoplastes, coctosmuit u3 Gonee, dyem 20

TPHXOMOB, OICTBIX OIHOHU TOHKOM CIH3HCTOM MecTaMH CKJIaadaTtoi

0001049KOH.

Fig.15. Recent halophilic mat. The buried layers of mat with the cysts of green

algae Dunaliella salina Teod.
®ur.15. CoBpeMeHHBII raopHIBHBIN MaT. 3aXOPOHEHHBIE CJION C LIHCTAMH

senenoit Bogopocnu Dunaliella salina Teod., Ha TOBEPXHOCTH KOTOPBIX

BHIHBI XapaKTepHble OyTOpKH.
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Fig.16. Thick bundles of Microcoleus can consist of different quantity of
trichomes; a - many trichomes in sheath-on the outer part of the sheath

several filamentous bacteria are seen; b - fewer quantity of trichomes in

common sheath.
®ur.16. Kryrer Microcoleus, coctosmuye U3 pa3HOro KOJIHYECTBA TPHXOMOB: a-

OO0 HneCATKA TPHUXOMOB B OJIHOM O6HO‘-H(€; b - HebONBIIOE KOJMYECTBO

TPHXOMOB B OTHOH 000JI0UKE.
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Fig.17. Recent halophilic mat. The cysts of Dunaliella salina (at the right), and
the crushed cells of purple bacteria Thiocapsa (at the left) near diatom
cells.

®ur.17. Coppemennsiit ranodmipnslit Mat. Luctel Dunaniella salina (cripaBa) u
CMSTHIE KIIETKH MypIymnHoO# Oaktepun Thiocapsa (cneBa) cpert CTBOPOK

JUATOMOBBIX BOJIOPOCTIEH.

Fig.18. Mineralization of Microcoleus chthonoplastes. The formation of
phosphate sediment. The mucilage at Microcoleus cells form mucilage
crossspace.

®dur.18. docdaruzanus  Microcoleus chthonoplastes. O6Gpa3oBanne ocaaxa
¢dochara kanemuss B BHAE THOOYN M MHKpoTpybouek. Chnm3b,
NOKpHIBAIOIIAss HHTH LHaHoOakTepuit, yacto obpasyer cBoeobGpasHbie

TICPEMBIYKH.
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Figs. 19-27 - SEM photomicrographs of biomorph structures in Khubsugul phosphorites
®ur.19-27 - SEM ¢ororpapun  GuoMopdHeIX CTPYKTYp B XyOCYTyNbCKHX
¢docdopuTax.

The samples of Khubsugul phosphorites were studied both on broken and polished
surfaces. The best results were obtained when the surfaces were treated with 3-7% acetic
acid for 2-4 min. Treatment with 10% acetic acid for 24 h was used to isolate phosphate
organic remains. The specimens remaining after the phosphorites dissolved were studied
in addition to the treated or polished surfaces. The remains of plankton organisms were
found. It is necessary to keep in mind, however, that the parameters of the treatment are
averaged and an individual approach was required in each actual instance in order to
obtain good results. In the treatment of samples calcium carbonate is removed from
the surface as a rule and objects from calcium phosphate appear more convex in relief.
As result they are white on the photographs, in contrast to the calcium carbonate objects,

which are seen as black.

Xy6eyrynbckue ¢(ochopHTEl H3yJaTHCh Ha CKONAX, NpHIIMGOBKAaX WiIM B MOJHPOBKaX.
Haunmyvmue pe3ynbTaTel ObUIH MOJYYEHBI TIPH  OOTIONHHMTENLHOM TPOTPABIHWBAHHK TOJHPOBAHHBIX
nogepxHocTell 3-7% consHOM kucmotoit B TeueHwe 2-4 wmwmH.  Jlng  BBIJENCHAS  HEKOTOPBIX
¢ochaTnznpoBanHbIXx OGBHEKTOB TPHMEHANOCH NpoTpaBianBanMe B TedeHwe | cyT. 10% ykcycHoi
KHCIToToH. KpOMe OTMONHPOBAHHBIX ¥ MPOTPABJIEHHBIX MOBEPXHOCTEH OB H3ydeH TaKXke OCaloK nocne
pactopenust Qocdopuros B 8-10% ykcycHoit KHCNIOTE, B KOTOPOM OOHapyXHIHMCh OCTaTkH
¢ocdaTH3UpOBaHHEIX TNAHKTOHHBIX OpraHu3MoB. HyXHO HMeTh B BHIy, 4TO mapaMmeTpbl 06paboTku
YCPENHEHBI W B KOKIOM KOHKPETHOM CIlydae Il MONYYCHHS XOpOIero pesynabTata HeoGXoauM
WHIRBUIYATEHEIH Momxox. ITTpu npotpasnuBanuu 06pasos ¢ochopHTa ¢ TOBEPXHOCTH KapOOHAT KaibLys
KaK TPABWIO YHANAETCS, B pe3y/bTaTe 00beKTH 13 ocara KalblLHA OKa3BIBAOTCA (oJiee BHIMYKIIBIMH M
Ha ¢otorpaduax BBIMIAOAT CBETABIMH, 3 OOBEKTH W3 kapboHaTa KaIBLNA, pacnionararomuecs ruybxe, Ha

doTorpadHax HMEIOT TEMHYIO OKDAcKYy.

93



Fig.19a. Fragment of phosphorite consisting of several micronodules.

®ur.19a. Yuactok ¢pocdopHuTa, COCTOSIIMUN U3 HECKONBKHX MHKPOKEIBAKOB,

Fig.19b. One micronodule (microoncolite).

@ur.19b. OnuH MUKPOXKETBAK (MHKOOHKOJIHT).
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Fig.19¢c. Fragment of one micronodule; central part of oncolite and concentric
layers are made up of concentration of pseudomorphs of different types of
bacteria, outlying at the left cyanobacterial filaments are seen between
concentric layers;

®ur.19c.  Y4acTok MHKpOXKEIBaKa; [EHTpaJIbHAas 4YacTh OHKOJIHTa |
KOHIICHTPUUECKHE CJIOH CJOXEHBI CKOIIeNHeM IiceBaoMopgo3 1o
pasnoro Tuna GaktepusM, 1o nepudepHH OHKOIHWTA CJEeBa MEXAy

KOHNHCHTPUHUCCKUMH CJIOAMH BHAHBEI HUTH unano6amepm‘i.

Fig.19d. Fragment of one micronodule; two different types, in form and size, of
pseudomorphs of bacteria are shown.
®Qur.19d. Yuactox MHKpOKeBakKa; BHIHBI JBC Pa3IHYHBIX 10 (opMme u

pazMepaM Moaudukanum nceproMopdos no GaKTepusIM.
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Fig. 20a. Micronodule from phosphorite. In the center there are concentrations of
pseudomorphs of bacteria, on outlying in the spaces between concentric
layers the cyanobacterial filaments and pseudomorphs of bacteria are
seen, concentric layers are made up of pseudomorphs after bacteria as
well.

®ur.20a. Muxpoxensak u3 ¢ocdoputa. B LEeHTpe HaXOIUTCS CKOILICHHE
nceBaoMopdo3 1o GaKTepHsiM, Mo Tiepu(epHH B IPOCTPAHCTBAX MEKIY
KOHUEHTPHYECCKHMH CITOSMH BHIHBI OTACTBHBIC HUTH ITHaHOOAKTEpHit
H CKOTUICHHS TceBIoMopdo3 mo GakTepHsM, caMH KOHIEHTPHYCCKHE

CJIOM TOXKE CJIOKEHBI MCEBAOMOP(03aMH O DAKTEPHSIM.

Fig 20b. The same, enlarged, outlying part.

®ur.20b. To xe, yBenuueHo, nepudepruyeckas 4acTh.
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Fig.21a. Fragment of cyanobacterial mat from phosphorite.

dur.21a. YuacTok nuaHoOaKTEpHATHHOTO MaTa U3 ¢pocdopwuTa;

Fig.21b. The same, enlarged. The tubes from two types cyanobacteria with
different diameter and morphology; probably from purple bacteria are
seen well.

dur.21b. To xe, yBemuueHo. Xopomo BHAHBI TPyOKM HHaHOOAKTEpHH OBYX
BHJIOB C Pa3HBIM IHAMETPOM M CKOIUIEHHS TCEBAOMOP(O3, BO3MOXKHO,

IO MypPITypHBIM OaKTEPHSIM.
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Fig.22a. Fragment of cyanobacterial mat from phosphorite.

®ur.22a. Yuactok nuaHobGakTepHalbHOro Marta u3 ¢ocdopura.

Fig.22b. The same, enlarged; at the right cyanobacteria filaments with different
diameter ( two types) are clearly seen, at the centre - concentration of
pseudomorphs probably of purple bacteria.

®ur.22b. Tbrme, YBEJTHYEHO. CﬁpéBa XOpOIIO BHIHBI Vpr6KI/I uﬁaHo6aKTepHﬁ

JIBYX BHIOB pa3liHyalolpecs IO BETMYHHE JHaMeTpa, B IEHTPE -

CKOTLJIEHHS TICEBAOMOP(03, BO3ZMOXKHO, IO ITYPIypHEIM GaKTEpHSIM.
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Fig.23a. Fragment of cyanobacterial mat from phosphorite.

dur.23a. YuacToxk nuanoGakTepHaNTbHOTO MaTta u3 ¢ochopHTa.

Fig.23b. The same, enlarged.

®ur.23b. To xe, yBenn4eHO.

104






Fig.24a. Micronodule from phosphorite. In the centre there are concentrations of
pseudomorphs of possible purple bacteria; on outlying region the
cyanobacterial filaments are seen. Hollow space between central and
outer parts is connected with dissolution in time of sample preparation.

®dur.24a. Mukpoxensak u3 ¢ocopura. B HEHTpe HAXOAUTCS CKOIUIEHHE
TIceBIOMOP(h03, BOIMOXHO, 110 TyPIyPHEIM GaKTEPHSIM; 10 TepudepHn
BH/IHBI OTAENbHBIE HHTH IHanobaktepuit. [lonoe mpocTpaHCcTBO MEXIY
LHEHTPAIBHON YacTBI0O W BHENIHHM KpaeM CBS3aHO C PacTBOpPEHHEM

kapOoHaTa B X0jie MOATOTOBKH Iperapara.

Fig.24b. The same, enlarged, outlying part.

®ur.24b. To xe, yBenuueHo, nepudepraueckas 4acTh.
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Fig.25a. Fragment of phosphorite with cyanobacteria filaments probably in life
been in one sheath, and with pseudomorphs after bacteria.

®ur.25a. Yyactok ¢ocdopura ¢ TpybkamMm 1uaHOOAKTEpHH, BO3MOXKHO,

HaXOAUBIIUMHCA B OJHOM CIIH3HCTOM YEXIIEC, H CKOIUICHHSAMH

ncesaoMopdo3 o GaxTepHsM.

Fig.25b. The same, enlarged.

®ur.25b. To xe, yBeTHIeHO.
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Fig.26a. Fragment of cyanobacterial mat from phosphorite.

dur.26a. YyacTox muanobaxTepHarsHOro Marta u3 gocdopura.

Fig.26b. The same, enlarged; cyanobacteria filaments with different diameters (
two types) are seen as well as possible hormogonia.
®ur.26b. To e, yBemHYeHO; XOPOIIO BHIHBI HHTH IHAHOOAKTEPHH pa3sHOro

JmaMeTpa (1Ba THIA) ¥ OTAENbHBIE TOPMOTOHHH (7).
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Fig.27a. Micronodule from phosphorite with cavity from cyanobacteria filaments
or from its concentrations. Matrix consists of pseudomorphs probably of
purple bacteria.

®ur.27a. Mukpoxensak u3 ¢ochopuTa, ¢ MOJIOCTIMHA OT TPYOOK IHaHoGaKTepHit

WK OT UX CcKormeHu#d. Matpuke cocTouT u3 nceBromMopdo3, BOIMOXKHO,

N0 NYpPIyPHBIM OaKTEpHSM.

Fig.27b. The same, enlarged.

Gur.27b. To xe, yBeauueHo.
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Figs. 28-52. - SEM photomicrographs with different types of preservation of
cyanobacterial filaments and bacteriomorph bodies from Khubsugul phosphorites.
@ur. 28-52 - SEM dotorpadun ¢ pa3nuIHbIMA THIIAMH COXPAHHOCTH HUTYATBIX

ruanobaxkTepuit 1 6akTeproMophHBIX Ten B XyOcyTrynpckux docdopHrax

Fig.28a. Micronodules in phosphorite.

®ur.28a. Mukpoxxenpaku B ¢pocopHTe.

Fig.28b. One micronodule

Qur.28b. O1uH MUKpOXETBaK.
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Fig.28c. The same, enlarged, showing many hormogonia (?).

dur.28c. To xe, yBeIHUEHO, MOXKHO BHIETh CKOIIIEHHE TOPMOTOHHIA (7).

Fig.28d. The same, enlarged, showing cyanobacteriaol filament.
®ur.28d. To xe, ysemudeHo, BHAHEI (ocdaTu3upoBaHHble  (QHIAMEHTHI

nuaHobakTepHit 1 oOIHH YeX ol
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Fig.29a. Micronodule consisting entirely of cyanobacteria filaments (?).
®ur.29%a. MukpoxxenBak u3 dbocdopura, Halemno CIIOXXCHHBIN

docharnznpoBaHHEIMUH TpyOKamu niHaHoOakTepuit (7).

Fig.29b. The same, enlarged.

@ur.29b. To xe, yBETHUEHO.
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Fig.30. Micronodule from phosphatized cyanobacterial mat with cyanobacteria
tubes.
®ur.30. Mukpoxensak u3 GpochaTu3HpOBAHHOTO NHAHOOAKTEPHAIBHOIO Marta ¢

TpyOKaMH IHaHOOAKTEpHH.

Fig.31a. Phosphatized coccoidal mat.

®ur.3la. DocdaTu3npoBaHHbIH KOKKOHIHEIH MaT.
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Fig.31b. Phosphatized coccoidal mat, enlarged.

dur.31b. ®ocdaru3npoBaHHblil KOKKOHIHEIH MAT, YBETHUCHO.

Fig.31c. The same, enlarged.

®ur.31c. To xe; yBenuueHo.






Fig.32. Micronodule from concentration of pseudomorphs of bacteria and with
cavities from cyanobacteria filaments.

®ur.32. MUKpOXKeNIBaK, CIOXEHHBIH CKOIUIEHHEM IIceBIOMOp(G03 110 HaKTepHsIM,

BHJHBI ITOJIOCTH OT HUTEH HaHoOaKTepHil.

Fig.33. Micronodule from pseudomorphs of bacteria and with cavities from
cyanobacteria filaments.
®ur.33. MUKpOXKeNBaK, CIOXEHHBIH CKOIUIEHHEM IICEBAOMOP}O3 10 OaKTepHsIM,

BHJIHBI TIOJIOCTH OT HUTEH nuaHoOaKTepHit.
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Fig.34. Different types preservation of cyanobacteria filaments and
pseudomorphs of purple (?) bacteria.
®ur.34. PaznuuHple THIBl COXPAaHHOCTH IHAHOOAKTEpUH B BHUAE OTIAECIBHBIX

HUTelH WM UX CBA30K U NCeBA0MOp¢ o3kl 0 MypirypHEM (7) 6akTepHsM.

Fig.35. Preservation of cyanobacteria filaments and pseudomorphs of purple
bacteria (at the right).

®ur.35. CoxpaHHOCTh HUTEH [HAHOOGAKTEPHI M MypIypHBIX OakTepuii (Crpasa).
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Fig.36. Fragment of cyanobacterial mat.

®ur.36. Yyactox nuaHoOaKTEpHATBHOTO MaTa.

Fig. 37. Fragment of cyanobacterial mat.

®ur.37. Yyactok nuaHo0aKTEpHalIbHOIO MaTta.
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Fig.38. Pseudomorphs of purple bacteria and cyanobacteria filaments replaced
by purple bacteria.
®ur.38. INcepgoMopdo3sl IO MypHypHBIM OaKkTepHSAM M HUTH LHAHOOaKTepwi,

TaKKe 3aMelCHHBIE MMyPIYPHEIMH OaKTEPHAMH.

Fig.39. Pseudomorphs of purple bacteria and cyanobacteria filaments replaced

by purple bacteria.
®ur.39. IMcepnoMopo3sl 0 MypHypHBIM GaKTepHSIM M HUTH HHaHOOAKTEpHi,

TAaKe 3aMellCHHEBIE MyPITyPHBIMH OaKTEPUAMH.
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Fig.40a. Type of preservation of cyanobacterial mat.

®ur.40a. Tun coxpaHHOCTH NHaHOOAKTEPHATLHOTO Marta.

Fig.40b. The same, enlarged.

®ur.40b. To xe, yBEITHYEHO.






Fig.40c. The same, enlarged.

®ur.40c. To xe, yBeTHYEHO.

Fig.41. Type of preservation of cyanobacterial filaments and purple bacteria.

®ur.41. Tum cOXpaHHOCTU HUTEH HaHOGAKTEPHH U MypPIyPHBIX GaKTEpPH.
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Fig. 42a. Type of preservation of cyanobacterial mat.

dur.42a. Tun coxpaHHOCTH HHAHOOAKTEPHATLHOTO MaTa.

Fig..42b. The same, enlarged.

®ur.42b. To xe, yBeIHYEHO.

136



™N
i

in

-

X-87-

137



Fig.43a. Type of preservation of cyanobacterial filaments.

®ur.43a. THI cOXpaHHOCTH HUTEH 1MaHOOaKTepHil.

Fig.43b. The same, enlarged.

®ur.43b. To xe, yBelaH4eHoO.
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Fig.44. Type of preservation of cyanobacterial mat. The hollow tubes are from

cyanobacteria.
dur.44. Tunm COXPaHHOCTH NMAHOOAKTEPHANBHOTO MaTa, TONele TpyOKH -

MIOJIOCTH OT ITHaHOOAKTEpHH.

Fig.45. Type of preservation of cyanobacterial mat and pseudomorphs of purple(?)
bacteria concentration.
dur.45. Tunm COXpaHHOCTH NHaHOOAKTEPHANBHOTO Mara H  CKOIJICHHS

nceBaoMopdo3 1 myprypHbeIM (?) OaKTEpHAM.
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Fig.46. Type of preservation of coccoidal mat.

Our.46. THI cOXpPaHHOCTH KOKKOHIHOTO Marta.

Fig.47. Microstromatolite, thin section, (magnification 5x). In lower part - thin
bedding phosphorite stromatolite.
®ur.47. MukpocTpoMatonut, uund (yBenndenue 5x.). B nmkued yactu ¢poro -

TOHKOCTONCTHII (PochOpHTOBEIM CTPOMATOJIHUT.
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Fig.48a. Phosphatized tube from cyanobacteria.

®ur.48a. ®ocdarnsnpoBanHas TpyOKa HHAHOOAKTEPHH.

Fig.48b. Dumpbell-like pseudomorphs of bacteria in the upper part of the tube

near it inner surface.
®ur.48b. TanteneBuansie ncesroMopdo3bl 1Mo GAKTEpHSAMH B BEpXHEH YacTH

TpyOKH PAOM C e¢ BHYTPEHHEH IIOBEPXHOCTEIO;
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Fig.48c. Semi-amorphous calcium phosphate on the outer part of the tube.
®ur.48c. TomyaMopdubit  docdar Kanmpmus, CraralomMi CTEHKY TpyOKH

CHapY>XH

Fig.48d. The same, enlarged.

®ur.48d. To xe, yBeIH4EHO.
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Fig.49a. Fragment of micronodule with well crystalized calcium phosphate.
@ur.49a. YyacTOK MHKPOXKEJIBaKa ¢ XOPOIIO pacKpUCTAIIM30BAHHbIM docharom

KaablHA.

Fig.49b. The same, enlarged.

®ur.49b. To xe, yBeITHIEHO.
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Fig.50a. Fragment with radial placed cyanobacterial (?) filaments. Calcium
carbonate crystals are around.
®ur.50a. YUacTOK ¢ paIHaIbHO PacroaratoMIc] HATAMH (?7) upanobakTepui.

BOKpYr HaXOA4TCS KPUCTAJUIBI KapOOHATa KalbIHS.

Fig.50b. The same, enlarged; it is seen the replacement of cyanobacterial (?)
filaments by purple bacteria.
dur.50b. To xe, 3aMeenne nute (?) uanobakTepuil nceBaoMopdo3aMHu Mo

MypIypHBIM OaKTEpHAM.
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Fig.51. Structure of cyanobacterial mat is seen on 10-15 microns of depth.
Concentration of pseudomorphs of purple bacteria and cyanobacteria
filaments, replaced by purple bacteria as well.

®ur.51. KoHcTpyKkins nuano6akTepuarbHOro Mara Ha riyGudy 10-15 MuKpoH.
Macca u3 mceBaoMopdo3 Mo TypHypHsIM OaKTepHAM, CPEIH KOTOpOH

BHHLI HUTH IMaHOGAKTepHil, 3aMellleHHbIE MypPIypPHEIMH GaKTEPHIMH.
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Fig.52. Concentration of pseudomorphs of purple bacteria with hollow tube from
cyanobacteria filament. It is seen that the thickness of filament wall is
equal to those of one layer of purple bacteria replaced it.

dur. 52. Macca u3 niceBgomopdo3 10 IypIypHbIM OaKTepusM ¢ Mook TpyOKo#
OT HUTH IMaHobaxTepud. BUAHO, YTO TOJNIMMHA CTEHKH HUTH paBHa

TOJIIMHE OJTHOTO CJI0S 3aMECTHBIIMX €€ TypPIYPHBIX OaKTepHH.
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Figs. 53-55 - SEM photographs of organic remains from Khubsugul phosphorites
®ur.53-55 - SEM dotorpadun opraHuyeckux OCTaTKOB H3 XyOCyrymbCKHX

bochopuToB

Fig.53. Obruchevella delicata Reitlinger, 1948; (Burenkhan); a - entire specimen;
b - fragment, enlarged; the replacement of the wall by pseudomorphs of
coccoidal bacteria is seen.

®dur.53. Obruchevella delicata Reitlinger, 1948; (BypeHxaHn); a - IOJHBIH
3K3eMIUIAp; b - (parMeHT, yBEIM4YEHO; BHAHO 3aMeIIeHHE CTEHKH

riceBIOMOpd0o3aMH 0 KOKKOHITHBIM OaKTEPHIM.
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Fig.54. Obruchevella delicata Reitlinger, 1948; (Khubsugul); a - entire specimen;
b - fragment, enlarged; the replacement of the wall by pseudomorphs of
purple bacteria is seen.

d)ur.54. Obruchevell& ;;'elicata Reitlinger, 717797;1775;7;7777(Xy6cyryn); a - néﬁnmﬁ

SK3eMILIp; b - (parMeHT, yBEIHUEHO; BHIHO 3aMEIIEHHE CTCHKH

niceBoMop¢0O3aMH IO MTyPITYPHBIM OaKTEPHSIM.






Fig.55. Spirellus columnaris Jiang, 1982; (Khubsugul); a - entire specimen; b -
fragment, enlarged.
®ur.55. Spirellus columnaris Jiang, 1982 (XyGcyryn); a - HONHBIH IK3EMILIAD; b -

¢ parMeHT, YBEIHIEHO.
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Figs. 56-61 - Photomicrographs of ancient cyanobacteria from Khubsugul phosphorites in
thin sections.
®ur. 56-61 - Gororpaduu apeBHux nuanobakTepuit n3 Xybcyrynbekux GochopHToB B

MpO3pavHbIX HuTHhax

Figs. 56 & 57

a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll ez al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll ef al, 1991. Magnification

1100x.

dur. 56 & 57. Byksrl Ha poTorpaduax OTHOCATCH K:

a- Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991;

¢ - Syphonophycus sepiatum (Schopf, 1968) Knoll ef al., 1991. YBemnuenne

1100 x.
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Figs.58 & 59

a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll ef al., 1991. Magnification

1100x.

dur. 58 & 59. bykssl Ha GoTorpadusax OTHOCATCS K:

a- Syphonophycus typicum (Hermann, 1974) Butterfield, 1994,

b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll et al., 1991. VYsenuuenue

1100 x.
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Figs. 60 & 61

a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll ef al., 1991,

¢ - Syphonophycus septatum (Schopf, 1968) Knoll et al., 1991. Magnification

1100x.

dur. 60 & 61 Bykser Ha dpoTorpadusaX OTHOCATCA K:

a- Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll e al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll et al., 1991. Veenuuenue

1100 x.
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