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Introduction

The discoveryof microstructuresresemblingnanobacteriain the Mars meteorite

ALH84001 (in close associationwith an assemblageof 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 et al., 1997; Hoover et

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



recognitionof bacterialmicrofossilshasbeensignificantly facilitatedby studiesof 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 et 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,

I990, 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 phosphatizationandresearchonhighly carbonaceousandothersedimentary

rockshasyieldedinformationof relevanceto thenewfield of Astrobiology.

Elena A. Zhegallo,A. Yu. Rozanov,G. T. Ushatinskaya,and A. L. Ragozina

investigatedthe study of the microfossils from the phosphoritesof the classical

KhubsugulBasin.Later,RichardB. Hooverof theNASA MarshallSpaceFlight Center

conductedcollaborativestudieswith them. The rich material from the Khubsugul and

Burenkhandepositswasusedfor that work. E. A. Zhegallowas in chargeof the group,

which collectedthis materialduring the 1979-1991field seasons.The expeditionteam

includedN. 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. Osokinandby E. A. Eganov. We arevery gratefulto our colleaguesfor

their helpandvaluableinformation.

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. Ilyin took part in this work. They revealed that the Khubsugul

Basin is among the largest phosphorite basins of the World.

the Khubsugul Phosphorite Basin was studied by

From 1968 to the present,



collaboratorsof the GeologicalandPaleontologicalInstitutes,Institute of theLithoshere

(RussianAcademyof Sciences),andZarubezhgeologiaInstituteaswell asthe geological

Institute of the Mongolian Academy of Sciences,which comprisedthe Joint Soviet-

MongolianPaleontologicaland Geologicalexpeditions.Severalotherworkerstook part

in the field work in this area during different years, including, Zh. Bjamba, I. S.

Borovskaya,D. Dordzhnamzhaa,N. A. Drozdova,MjagmarDugaa,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,andZ. A. Zhuravleva,as

well asE. A. Eganov,V. A. Luchinina,andL. N. RepinarepresentingtheUnitedInstitute

of Geology, Geophysicsand Mineralogy (Siberian Branch, Russian Academy of

Sciences).Specialprospectingwork wasconductedby V. P. Arsent'ev,V. P. Karev,F.

N. Lyudofun,P.V. Osokin,andI. N. Semeykinfrom theSovietGeologicalExpeditionof

theZarubezhgeologiaInstituteon theKhubsugulandBurenKhandeposits.

Thefirst publicationon theKhubsugulphosphoritesappearedin the"Sovetskaya

Geologiya" magazine(Donov et al., 1967).During the last thirty yearsseveraldozen

monographs,papers,reports,and abstractshave beendevotedto the KhubsugulBasin.

The data on the Khubsugul deposit are included in numerousRussianand foreign

summariesonphosphorites.The Khubsugul Basin is always listed among the large scale

global phosphorite deposits (Cook, Shergold, eds.1979; Yanshin, Zharkov, 1986; Ilyin,

1990).
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As a result of geological, lithological, stratigraphical,and paleontological

investigations,the structureof the KhubsugulBasin and its rock successionhave been

determined,andthestratigraphiccolumnsandgeologicalmapsscrutinized(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 (I 981 - 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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300-400m. Fromthedolostone,Z,A. ZhuravlevarecordedAmbigolamellatus 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 Z. 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 a/.1991, S. typicum (Hermann) Butterfield

(1994), S. solidum (Golub) Butterfield (1994), S.septatum (Schopf) Knoll et 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 VoI., 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;Gerasimenkoet 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 phosphorites 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

KhubsugulBasincould connectwith basinsof the Altay SayanFoldbelt and China. (5)

Therearethe quite correctpaleomagneticdatafor the south-easternpart of the Siberian

Platform and for Dzabkhan zone of Mongolia (Kirschvink,Rozanov, 1979, 1984;

Kirschvink et 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 archaeocyathids are typical Altay Sayan, and more exactly Tuvinian,

species. Archaeocyathan-algal reefs are also shallow water indicators.
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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 Corg, Sr, Ba, and Nd can be of interest for the examination of the Khubsugul

phosphorites as the model object.

Corg (Organic matter). Commonly the Co,_ 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% Corg in average. On the whole, the Corg content of the Khubsugul phosphorites

exceeds that of the Karatau Basin (Kazakhstan).

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

the Sr content is directly correlated with that of P205, meaning that increase of the Sr
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contentis connectedto the increase of the P205 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

hydrodynamics 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 Chrornatiurn 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 tam 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 et 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
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lowermostlayer (10 - 13m 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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outcropsof thephosphoritelayersarecommonly isolatedone 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).
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Explanations of text-figures

Fig.1 The Map of Mongolia.

• Hr.1 KapTa MouronnH.

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

legend.

Onr.2 FeonorHqecKa_ KapTa Xy6cyrym, cKoro 6accefiHa c reonornqecKrIM

npodpnneM u nereHaofi.

Fig.3 - Stratigraphic column of Khubsugul basin.

Ont.3. CxpaTnrpatI_nqecKaa KOnOHI(a.
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Description

' '/_lluv_aland deluvial deposits

Basalt sheets

Sheets of apical basalts 'i.

lnterbeddlng of tufaceous sandstones,

siltstones and shales green-grey. At the base-

interbeds of gravelstones and tuffites

Limestones grey, dark grey to black with

sparse oncolites and trilobites. At the base -
breccia-like limestones

Dolomites grey, massive.

Limestones grey, dark -grey,
breccla-ika

Limestones grey, dark grey, massive with

lenses of dark-grey cherts.

Dolomites light-grey and grey, sometimes

breccia-tke. Interbeds with archaeocyath and
trilobite limestones.

Limestones grey, dark-grey with interbeds of

shales and phosphate cherts dark-grey and

lenses of sillcified rocks with ferromanga-

naslan mineralization, sparse archaeacyaths.

Dolomites grey, fine grained with lans-ike

interbeds of dark-grey cherts.

SIllclfied phosphodte-dolonitic sandstone-,

ravelstones, greyish-brown cherts.

Dolomites grey, bedded, massive cream-

coloured, weakly slllcified, with lenses of

phospliorites, lnterbeds of grey and dark-grey

cherts Limestones and dolomites phosphate-

bearing bedded and massive, grey and dark-

grey. The layers of phosphorites dolorr_zed

and calcite-dolomitic (2-5). At the base -

argillaceous limestones, calcareous shales

with pinching out calcareous-dolomitlc breccia

k and conglobreccla.

Dolomites grey, bedded and massive

irregularly siicifled with sparse sbornalolites.

Limestones grey to dark-grey, massive.
Lenses of siitstones and shales with pebbles

of dolordtes, oncolites.pelitomorphlc sparse

Calcareous and polymicIc gravelstones and

_ sandstones.

Sllstones, sandstones, tuffstones,

gravelstones polyrdctic, green, grayish-brown,

grey, In places purple. Interbeds of dolomites

pelitornorphic grey, cream-coloured and

lenses (1-2m) of grey fine-grained limestones
with oncolltes.
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Syenites and granosyenites

Biotite granites

Tufaceous gravelstones

Tufaceous sandstones

Silstones

Shales

Tufts

Conglomerates, gravelstones

polymictic

Calcareous conglomerates,

gravelsnones, conglobreccia

Limestones

Dolomites

Sandstones
t

® j

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

Archaeocyaths

Trilobites

Oncolites
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BBe_eHHe

OTKpblTHe cepnrI MI,IKpOCTpyKTyp, HarlOMI, IHalOIRI'IX HaHO6aKTep14It, B TeCHO_

accor114amm c 6noMapKepaMH B MeTeopHTe ALN84001, KOTOpbrfi CqnTaeTca nonaBm14M

Ha 3eMnIO c Mapca (McKay et a/.,1996), npnBeno K rIpe_mono_enrrro, '_TO

06Hapy_eHHbIe TeJIa MOFyT _IBJI_ITbC_I MriKpoopraH143MaM14 MapcI, IaHCKOrO

IIpowcxog_Ienw_. _3TrI I_ccae_osan14a (CM. Westall et al., 1998) rI vix 06cy_0leH_e

BblCBeTHYlH Heo6xo)IFIMOCTb vI3yqeHI4n MopqboJIorI,IrI 14 pa3uepoB 06Hapy_eHHbIX

HaHO_OCCI4:Ir_ 14 MHKpOqbOCCrlJmfi rI yCTaHOB3IeI-IH_ na_Ie_cabrx 6I_oMapKepos, BKYlloqa,q

6HOXHM14qecKHe 14 FeOXHM14qecKHe 2IOKa3aTeYlbCTBa cy14IeCTByK)IIIe_ ItJIH Hcqe314yB/iIe_

_H3r_H. TaKoe 3aKYIIOqesHe 14MeJ_o orpOMHOe 3HaqenHe B CTHMy.rlI_pOBaHHH HayqHbIX

HCC:IeROBaHHfi B HeRaBHO BO3HHKmeM HarlpaBJIeHI4H - Acmpo6uoaoeuu. I/IccJ_e_ioBanH_

MeTeop14TOB (yFJII4CTblX XOH_pI, ITOB), ocylJ/eCTBJlenHbIe rlOqTrI O)IHOBpeMeHHO I4

I_e3aBrICHMO B MOCKBe, PoccI,m (Zhmur et al., 1997; Hoover et al., 1998) H

X3HTcnnnae, Ana6aMa, CIJ_IA (Hoover,1997, Hoover et al., 1998) npHBenH K

o6Hapy:_eHmo B HHX 6o:mmoro 14 pa3Hoo6pa3Horo KOMnneKca 6I_OMopqbm,IX

MHKpOCTpyKTyp 6aKTeprla.ribnoro ri rprI6noro ra6HTyca. BO3MO)KHOCTb OlIpe_IeJ_tTb

pa3ni4qHbie 6r_oMapKepbi I4 MHKpoqboccH/IHH I4 0TYtI4qaTb I4X OT rIpe)lnOJIO_TeJmno

He6noreHH_rx 06_eKTOB 14 MHrpocTpyrTyp, KOTOp_e nHor_Ia BeC_,Ma HanoMrma_oT

6_oreHHb_e, TaI_14e, Har_pHMep, KaK qbH6pO3Hb_e KpI,ICTaJUIbI Kep14Ta, 143y_enHb_e

H.1J.lOmI_i_i-Ir_iM (Yushkin, 1996; 1998), qpe3sr_mafiHO rIeo6xo_InMa. B pe3ym_TaTe

ocynleCTB.rl_leUblX B nacxo_mee BpeU_l KOCMHqeCK14X Hccne_oBarII_fi S pa3HIJX cTpaHax

na 3eumo B 6nI_afituee _iec_lTrlJIeTrle Mor3rr 6blTb /IOCTaB:IettbI MaTeptla.rit, i (o6pa3m_0 c

Mapca, KOMeT 14JIH _2pyrHx Te.rI COJIHeqHO_ CHCTeMI_I. _TO 3aCTaB_I_eT Hac pa3pa6aTr_BaTb
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MeTO_bII,ITexnnry r_ccne_onaHn_ BHe3eMHbIX o6_eKTOB eme ;_o TOFO, KaK nocne_nne

CTaHyT _2OCTyrIHbIMrt HaM.

BOJlbtUrIe ycnexn 6bInn _OCTtlFHyTbI B nocne_Hee BpeM_l B 6blCTpO

pa3B14BaK)meMC_t HOBOM HartpaBaeH1414 "6aKmepuarlbnOft naneonmo.rlOeUU". (Rozanov,

Zavarzin, 1997,1998). Ortpe_eneHne MnKpoqbocc14nn_ 6aKTeprmnbHoro npo14cxox_emtn

6bl.qO CHJIIaHO o6JIerqeHo 14cc3Ie)loBaH14md14 nO HCKyCCTBeHHOH qbOCCH.IIH3alIHH

CoBpeMeHHbIX 6arTeprta.rn, Hl_iX Coo6meCTB ( Lucas, Prevot, 1984; KpblJIOB, OpneancKi4_,

1988; Po3anoB, _era.rlnO, 1989; )Kiyp, 1993; YKMyp u t)p., 1993; Briggs et al., 1993;

FepacHMerlKO u t)p., 1994; Goncharova et aL, 1993; _l(Myp H 6)p., 1995; FepacHMeHKO U

t)p., 1996; 1998; Po3a14OB, 3aaap3rm, 1997; Jones et aL, 1998; McKay et al., 1998), B

3THX rly6yt14KalIHax OTqeTYmBO oaMeT14miCb 3aMeqaTe.rll_Hble io_ienbHbIe O6I_eKTI_I:

_peBa14e M14KpOqbOCCrlYIHH B qbocqboprtTax rt m_ICOI<OyrJlepo)lrtCTblX IlOpo;lax, rOTOpble

OII14CI, IBa.III4Cb rI cpaBHI4Ba.II14Cb C MrtKpoopraHI, I3MaMI4 CoBpeMeHHt, IX

liriaHo6aKTepI, Iam, HMX MaTOB. Hccne)IoBarI14_ _ann

rOMrlnerc 6nouopqbrn_Ix M14I_pocwpyI_Typ, roTopr_ie

xori_p14Tax.

BO3MO)KHOCTb pacmrlqbpoBaTl,

BCTpeqalOTC_I B yFJIHCTI_IX

Pa60Ta no na3teOHTOnOr14qeCKoMy 143yqeHHIO qbOCqbOpHTOB npo/IonxaeTc_ y_e

6onee 20 IIeT I4 I43Haqa.rlbHO npecne2oBa_a COBCeM 14Hr_ie L_enu. B 70-80e roRbi BaxHo

6r_Ino normrraTr_c_t yCTaHOBHTL npocTpaIIcTBeHHLIe n BpeMeHnr_ie B3a14MOOVHomerm_t

6ypr_oro B3pbIBa no_Bnerlrla cKenevrlr_Ix opraHIt3MOB B imqa_e _eM6pria (Po3aHOB,

MrlccapxeBcKrI_, 1966; Rozanov, 1967; Po3anoB, Mrlccap:_eBcrrt_ u c_p., 1969;

COKOnOS, pe_., T.1, 1984; Brasier, 1990; 1992; Rozanov, Zhuravlev, 1992; PennHa,

Po3arloB, peA., 1992 14 MHOr14e _Ipyrrle) _I O_IHoBpeMenuoro C Brim rpyrlHe_mero

32



t_ocqbaToriaKon_eHns B KHTae, MoHronnrI, Ka3axcTaHe i_ _p. (BymHncKnfi, 1966; Cook,

Shergold, eds., 1979; 5IHtUnH, )KaproB, 1986). _)TH qbocqbaTsbIe MeCTOpO_leHI4n

CqHTa_qHCb THIIHqriO XeMOreunbIUH (I/IJIbttH, 1973; 1990), HO oTrpbrrI4e B HHX

tlI4aHO6aKTepI4a,qbHbIX MaTOB CTOAIO Ba_KHbIM co6brrHeM, TaK KaK rIpI4Be_o K

nepenHTepnpeTatlnn Hx reHe3nca. I/IMeHHO H3yqeHne 6aKTepHa_bno_ COCTaByi_iome_

_OC_OpHTOB I4 9KCrleprlMeHTbI rio HCKyCCTBeHHO_ qboctl)aTH3aIlIaI_I nap,qlXy C

HccneRoBariHeM SblCOKO-yrnepoJIHCTbIX H JlpyrI4X oca_Ioqu_rx rtopoR co3)IayH4 pea.ribubie

npe_r_ocL_nKn ;ln_ _opuHpoBanH_ HOBOFOaKTHBHOrO HarIpaBnenn_ - Acmpo6uonoeuu.

B l_3yqeuHH MHKpoopraHH3MOB S qbOCdpOpI4TaX KnaccrinecKoro 06_eKTa -

Xy6cyrym, cKoro 6acce_na npnnnMann yqacTHe npe)r;Ie Bcero E.A.)Kera_no,

A.YI.Pavo3nua, A.IO.Po3aHOB n F.T.YmaT_IHCKaS. Ha nocne;lHe_ cTa;Inn _ HHM a_TnBriO

npricoe_lnHnnCa P.XyBep (Richard B. Hoover, NASA, MSFC). B _lanno_ pa6oTe

; ncnon_3oBaH 6orax_fi MaTepna.n H3 Xy6cyrym, c_oro 6acce_aa no pa3pe3aM

Xy6cyrym, cnoro _ ]Sypeuxaucnoro MecTopo)KJIeHHfi, KOTOpbI_ co6npa,nc_ B Teneri_te

IteCKOSIbKI4X HosIeBblX ce3OHOB (1979-1991) OTp_UIOM riOt1 pyKOBO_ICTBOM E.A.)Keranno.

]3 cocyaBe ovp_na B pa3Hoe BpeM_ npHH_iMan_ yqacTHe IO.I/I.BopoHnu, H.A._po3)loBa,

B.]I._OHHH, B.A.JIy_Hnmm,

F.T.YmaTu_c_a_. B xo_le

5I.H.Penn_a,

pa60T anTOpaM

A.tO.Po3aHOB, B.A.CbicoeB,

6b_n_ n_o6e3Ho npe]IocTaBnen_i

reo.norHqecKHe H aHaJJHTI4qecKHe MaTepHa.nb_ CoTpy_IHHKaMH [_ypeHxaHcKofi reoyioro-

pa3Be/Ioqnoh napvnri B.H. KapeB_IM, B.H. ApcenxbeBr_M, H.B. OCOKHriblM,

• .H.Jho_loqbyHOM, B pa6oTe Ta_:_e ncnoflb3oBa_ncb uaTepna.qb_ D.A EraHoBa, 3a qTO

HM BCeM Mb_ ripI4HOCI4M CBOIO ncKperimo_o 6naro)lapHocT_,
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Feo_ornqec_:lle n na:ieonTo3oro-cTpaTnrpa_nqecKne _Ianm, le no

Xy6cyry:mcKoMy _OC_OpnTOnOCnOMy 6acceiiny.

HepBoe MecTopmK_enne qbocdpoprITOB B MoHronHH Ha 3ana_uoM 6epery

o3.Xy6cyryn 6bino OT_pbrro B 1964 r. H.A.]_oHoBbrM u E.B.E_eMCKUM (puc.1).

IlocnenoBaBmHe 3a 3TIJM )ieTanbHbie Hccne/IoBaHHa 1964-1967 rr, npoBo_rmmHeca

Bcecoto3Hr, rM a3poreo_orHqecKHM TpeCTOM I_ IFIHCTI4TyTOM "3apy6excreoaorHa," B

KOTOpbrx, KpoMe riepBooT_pbmaTene_, ynaCTBOBanU M.M.My3aneBcKu_, A.A.EnbaHoB n

A.B.HnbHH, noKa3anH, qxo Xy6cyryabCKH_ 6acce_n _Bn_e'rca O_HnM H3 KpynHe_mHx

C_OCqbOpnTOHOCnbIX 6acce_HOB MHpa. Haqnnaa c 1968 r H _o nacToamero BpeMeun

H3yqeHHeM Xy6cyryn_croro (1)OC(_OpHTOHOCHOrO 6acce_ua 3aHHMaJIHCt, CoTpy_IHHKH

FeonorHqec_oro H FIaneoHTonorHqecKoro UHCTHTyrOB PAH, HHCTHTyTa nnTocqbep_I

PAH, HHCTHTyTa "3apy6e_reonorHa", pa6oxaBmne B COCTaBe COBMeCTHOfi COBeTCKO-

Monron_c_ofi HayqHo-HccneaoBaTen_c_o_ reonorHqecKo_ H COBMeCTHO_ COBeTCKO-

MOHrO_bCNO_ [Ia_eoHTOJ_OrHqeCKOfi 3KCl_e)IHLIH_. B paaHoe ro_K,_ B pa6oTax 3TUX

ar_cne,aHUHfi npI_UHManH yqacTHe

E.A.)KeranJ_O, 3.A.)KypaBneBa,

H.B.IlonpoBcKaa, F.H.PaT_mKOBa,

H.C.BopoBcKaa, IO.H.BopoHmL H.A._po3)IoBa,

H.C.3afiueB, A.B.Hm,,H, M.H. Kopo6o,,

A.JI.Paro3uHa. A.IO.Po3aHoB, B.A.Cb_coe,,

F.T.YIHaTmJCKaa, B._.CI)OHnH, T.H.XepacI<oBa, _i MO_WOn_CI<He reonorn )K.BaM6a,

)_._op_iCuaM_aa, B.JlyBcaH/Ian3an, fl.3p,aeH6HnI_n, MarMap _yraa, a Ta_n_e

CoTpyf[HHKH HHCTHTyTa reonorHH u reo(_3n_H CO AH CCCP D.A.EranoB,

B.A.Jly_mmHa, JI.H.PenHHa. CneIInam, m,_e pa3Be/Io_m,_e pa6oTbI Ha MecTopo)K)IeItHaX

Xy6cyryn u BypenxaH B 1981 - 1989 rr ocyaIeCTBnanuc_, reonoraMu COBeTCKOfi
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reo_Iornqec_o_ 3rcne_nIInn B MHP (HHCTmyr"3apy6e_reos/orna") - B.H.

ApCeHTbeBbIM, B.FI. KapeBbrM, O.H.JhoaoqbyHOM, II.B.OcoKnHbrM, I4.H.CeMefix'nHb_.

FIepBas ny6nnKaranz o qbocqbopnTax Xy6cyrym, cKoro 6accefiHa nO_BrmacT, B

a(ypHa_e "CoaeTcKa_ reoaornn" CROHOB, EaeucKnfi u c)p., 1967). 3a ncTeKIane nocne

aToro 30 _eT _VaC:IOMOHorpac_n_, CTaTe_, 2oK3a_oB, Te3HCOB, IIocanIxleHm, pA ormcaHi_io

Xy6cyryymcKoro 6acce_Ha, HacqHTLIB_IeT HecKoJII_KO _eCJ[TKOB HaHMeHOBaHHH.

CseaeHna o xy6cyvym, cKnx qbocdpopHTax BOtUm_ B 6om, moe qi,ic_o CBOaOI<, r(aK

poccrIfiCr_IX TaK I_I 3apy6ea(Hr_ix, OH Bceraa yiioMrlrlaeTcsi npn rtepeqrIcneHnn

KpynHe_mrIx qbocqbopriTOB1,Xx MeCTOpO_aennfi uHpa (Cook, Shergold, eds., 1979;

5tHmrm, )I£apKos, 1986, I/Im, rm,1990).

B pe3y3IbTaTe Feo.rlOFHqeCKHX, nHTOnOrnqecKrlx H cTpaTHrpa_o-

naneoHTonornqecKnx riccneaoBamIfi 6btna onpe_aeneHa cTpyKTypa 6accefiHa n

rtocJTeaOBaTeJIbHOCTb cnararomnx ero nopoa, r_OCTpOeHb_ cTpaTrtrpaqbriqecK_e rOYtOHKrI

rI )IeTan_m,m reonorrtqecrrte KapT_(prtc.2,3). I-[pn_oarIM_rfi cTpaTHrpaqbnqecKrIfi oqepK

OCHOBaH Ha pa6oTax A.B.Hn_rma, 1973, 1990, 3.A.YKypaBnesofi (1974), M.H.Kopo6oBa

(1980,1989), K.A.Hri_nqbopoBa, I].B.Oco_nHa, )K.AMranan, H.Toromlop (1995),

_.A.EranoBa (lllKon_HrtK, t3aTypnH, pea., 1998), A.B.I/Insrma ri )K.EaM6a (1980) ,

OTqeTax t3yp3nxaucKofi reonoro-pa3Be_io_mofi napTnn (1981-1984rr) rt na CO6CTBeHHr_rX

Ha6J_roaeH_gx aBTOpOB.

Xy6cyryn_cKrifi _ocqbopHTOHOCUbII4 6accefiH B coBpeMenno_ cTpyrType

npeacTaBnneT co6o_ CrtHi_ymnoprtfi, B_moJmeui_r_ BepxHepnqbefic_o-KeM6prifiCI<nMH

OTYlO_eHI4ffM. B I4x COCTaBe BblaeJI_IeTC_I _e MOUln_e cepr_H: sepxHepnqbeficraa (?)

aapxaTcKa,q _I Besa-nrI)KHeKeM6pI4_CICasI xy6cyrym, cran.
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_apxaTcKag cepHg npe)lcTaBJIeHa CBOe_ BepXHe_l - apacaHcKO_ CBHTOH, KOTOpan

COCTOHT IlpeHMy!J_IeCTBeHHO H3 TeppHFeHHblX H ByYIKaHOFeHHO-TeppHFeHHB1X I/OpO_ -

aJIeBpOJIHTOB, IlecnaHHKOB, TyqborIeCqaHHKOB, FpaBeJIHTOB 3eJIeHoro, ceporo, 6yporo,

pexe nrlnoBoro ImeTOB C OT_IenbHr, IMrl IlpOCnO_irl cepl, iX c rpeMOBblM OTTeHKOM

rlenrlTOiopqbHLIX _OnOMrlTOB rl c nHHSaMH (1-2M) cepLIx TOHI<O3epHHCTblX rI3BeCTH_KOB

C OHKOJIHTaMH. MOIIIHOCTb CBHTt,I - _O 1500M.

Xy6cyrynbcra_ ceprla HecorJIacao 3aneraeT Ha apacaHcKo_ CmlTe )IapxaTcKOfl

ceprm H IIO_Ipa3aemleTc_t Ha TpH CBHTI_I: HH)KHIOIO OHrOJIrlKCKylO (_O_OCqbOpnTOByIO),

cpe_HIOtO X9CaHCKyto (qbocqbOpHTOHOCHyrO) H BepxHroro apxg:IHypc_no (rap6OHaTHylO).

OHFOYlHKCKa_I CBHTa OT_eJleHa OT _IapxaTcKO_ ceprm pa3MI_IBOM, B ee

OCHOBaHHH BI_I_eYI_IeTC_I 6a3aJlt, Hl_I_ FOpH3OHT H3 KBaplIeBO-IIOJIeBOIIIIIaTOBbIX

IleCqaHHKOB H rpaBeJIHTOB MOII_HOCTbIO 2 - 15 M. OHH CMeH_/_OTC_t cepblMrI CYIOHCTbIMH

H MaCCHBtIbIMH _OYIOMHTaMH, HHOF_a oKpeMHeHHI,IMH, C pe_KHMH OHKOIIHTaMH, C

"BO_OpOCYIeBI_IMH" TeKCTypaMrt. 3aaepmaeTc_ pa3pe3 KOUrJIOMepaTo-6peKqHefi

OHOJI3HeBOFO xapaKTepa, B KpOBne KOTOpOH HMeIOTC_I ctle_l_i pa3MbIBa. MOIILHOCTb

CmiTbl rone6neTca OT 300 ZtO 400M.

3.A.)t(ypaBnesa _i30TnOX<eHrt_ CBriTI, I onpe_Ienrlna Ambigolamellatus horridus Z.Zhur,

Volvatella vadosa Z.Zhur., Vesicularites sp., Ha ocnoBaHrm nero ao3pacT ee olIpe_enen

KaK tO_OMCKHH (170 mKaae CH6rtpCKO_ IIJ/aTqbopibI) Him BeH_CKH_.

3anera_olI_a_ BLame X3CgHCKa_I CBHTa i_o_pa3)_e_i_eTc_ Ha TpH IIanKH. HH)KH_

rlaql<a cJ_oT_eHa FJIHHHCTBIMH H3BeCTHItKaMH H H3BeCTKOBHCTI_IMH CJIflHIIaMH C

JIHH3OBH_HMMH TeJIaMH H3BeCTKOBO-]IOJIOMHTOBIoIX 6peKqlJ_ rt roHrJioMepaTo6peKqi4_.

C06CT_eHHO rlpo/IyrTrmHo_ - qbOCdpOpHTOHOCHO_ _IBYI_IeTC_I cpe_IHZn rlanKa, B KOTOpOfi
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3ann_oqenbi Bce OCHOBHbIe cl_oc_opHxonbIe ropn3OHTbI Xy6cyrynbcKoro 6acce_na. OHa

cno_eHa qepejioBaHHeM FopH3OHTOB qbOCqbOpHTOB CO CJIOnCTbFMn H MaCCHBHblMn

IJ3BeCTH,qKaMn I_I;IO.rIOMHTaMH, ttHor;la c KpeMHnCTO-aYleBpI_ITO-FJIHHHCTbIMH cnanIIaMH n

KpeMH_IMI4. Bcero Ha pa3HbIX yqacTKaX Bbl]Ie.rI,qeTC.q _lO rbqTH qbOCqbopIJTOSbIX II.rlaCTOB

H.rIH FOpH3OHTOB, KOTOpbI¢ CyMMapso COCTaBJI.qIOT 10-15% MOIIIHOCTH IIpo,RyKTHBH0_

naqxn. Bepxnsn rtaqxa HaqnnaeTcs c ropri3ouTa qepH_,IX 6ecqbocqbaTHbrX xpeMHHCTBIX

HOpO)l MOIIIttOCTbtO OT HecKo.rlbKHX MeTpOB )lO 50M, KOTOpbIe CMeH_HOTC_I ]IOJIOMI4TaMH

Pi H3BeCTH_KaMH C 3aMeTHO_ HpHMeCbtO FJII4HI4CTOFO I4 necqaHoro MaTepHa.ria.

MOHIHOCTb XgCgHCXOH CBHTbl B pa3HblX tIaCT_X XgC3HCKOH CHHKJIHHa.rlH rone6neTc_ OT

350 ;IO 600M. B nopo;lax Bcex Tpex ,qacTefl CBnTLI 3.A.)KypaBJIeBo_ 6bin o6Hapy_en

XoMrmexc rartxpoclntTOnnTOB Nubecularites catagraphus Reitl., N.parvus Z.Zhur.,

N.densus Z.Zhur., N.angulatus Z.Zhur., Radiosus marginatus Z.Zhur., Osagia senta

Z.Zhur. HaMH n3 cpeJIHe_ qbOCqbOpHTOHOCHOfi nacxn 6blnn BbIdleJIeHbI I4 onpe_IeneHbl

drchaeooides granulatus Qian, Tasmanites tenellus Volkova, Spirellus sp. a TaK_e

nHTqaTble l/,aHo6axTepHrt no_o6n_e Microcoleus, n ripHHajlne_aiiIne OnHCaHHOMy H3

apeBnnx Tonm poIIy Siphonophycus. I-[pHcyTCTByIOT c:Ie;lyIomne BHIlbI S. robusturn

(Schopf) Knoll et al., 1991, Xtypicum (Hermann) Butterfield 1994, S. solidum (Golub)

Butterfield 1994, S. septatum (Schopf) Knoll et al., 199I n Oscillatoriopsis obtusa

Schopf, 1968. (Paro3mm, 1993). t_O.rlbmrttICTBO nepeqncnen_ILiX qbopu BCTpeqaeTcg xax

)lOXeM6pHrt Tan H s ni_Hefi qaCTH KeM6pHn, nO Archaeooides, Tasmanites, Osagia

senta rl pn)I xaTarpa_n_ (Nubecularites) kI3BeCTHbI, TO._IbXOHaqnsan c TOMMOTCKOFO

_pyca. C yqeTOM TOFO, qTO B Bs_mene;qamnx OTJ_O)KeH_X 3pXgnHypcxofi CBnTbI
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BCTpeqaIoTC_ OCTaTKH aT_ia6aHcI<rlX apxeolInaT n TpHYlO6HTOB,

CBHTbI CqHTaeTC_ ImZ<HeKeM6pH_CKHM- TOMMOTCKHM.

BbIIIIe X3C3HCK0_I

3pxaJIuypcKaa, B OCHOBaHHH

Bo3pacT XgCgHCKOfi

CBHTbI C qeTKO BbIpaXeHHblM pa3MblBOM 3a_rleraeT

KOTOpO_ BbuleJI_eTC_ 6a3a.rlbHa_ ilaqKa MOIIIHOCTIMO)IO 40

M, CYfOXeHHa_t rlecqaH14KaMrI c I'paBe_IHTaMH, 6peKqH_IMH C KpyIIHblMH O6YIOMKaMH,

IleCqaHHKaMH, COCTO_tIIIHMH H3 IlepeoTJIOXeHHblX qboc_aTHbIX 3epeH. OHa CMeH_IeTC_

IlaqKOt'l MOIIIHOCTbtO 2IO 200M rtpeHMyulecTBeUHO _IOYIOMHTOB,HHOF21a rJI14HrlCTI,IX, C

llpOC3IOm_tH TeMHO-CepI, IX KpeMHe_. BepxH_ qacTb CBHTbI CJIOXeHa TO$IIIIe_

MOIIIHOCTbIO 6o_Iee 1500 M B OCHOBHOMcepl, IX, TeMHO-CepblX H3BeCTH_IKOB C 17pocJTOStMH

FJIHItHCTI,IX CYlaHIIeB, TeMHO-CepblX KpeMHe_, C yqaCTKaMH 6peKqH_ H C OT]XeIIbHblMH

IIpocJIO_IMH 210JIOMHTOB. B 9TOH TOIIIIIe IIpHcyTcTByeT HeCKOIIbKO FOpH3OHTOB C

TprlylO6rlTaMrI 14 apxeolmaTaMIa. B pa3pesax no per:aM X3c3u ri Onromix Kopo6oB

(1960) o6uapyxruI 21Ba ypOBHZ C TprlJm614TairI. H14XHrI_ Haxo2114TCa B 400-450 i nl,lme

OCHOBarI14_CBHTLI H Co21epx14T 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.

BTopo_ ypOBeHb pacrlo_araeTca B 250 M BI,Ime rlepBoro I40XBaTblBaeT 14HTepBa.rI B 250M.

13 HeM co21epxaTca: Bulaiaspis taseevica Rep., Fallotaspidella chesenica Korob.,

Fallotaspis mongolicus Korob. OCTaTKI_ apxeolmaT B 21aHHbIX pa3pe3ax He

o@apyxeHl_I, HOB pa_oue Ypyn_IymI_-Yna B 16 KM K ceBepo-ceBepo-noCToKy OT

pa3pe3oB no peKaM X3c3H n OnronHK B 60-x ro21ax A.B.Hm_HH c qeTr, ipex yposHefi

3pxam_ypcKofi CBHTbI co6pan apxeomlaT, rOTOpbm 6I_I:IrI onpe21e_Iem, I H.T.)KypaBnenofi

(Hm, rm, )KypaBJmBa, 1968). FIepat,_ ypoBeHr_ rlp146_IH314Tem,HO COOTBeTCTByeT
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Hrt:_HeMy Tpnno6_ITOBOUy rounneKcy ri 3arnroqaeT: Archaeolynthus sp.,

Rotundocyathus sp., Nochoroicyathus howelli (Vol.). Bxopo_ ypoBeHr_ Haxo_rITCn a 250

M BBIIIIe I4 COJlep_I_T: Rotundocyathus ex gr. kemtschikensis (Vol.), Nochoroicyathus ex

gr. mariinskii Zhur. B 150 u abnI/e (TpeTrl_ ypoBelqb) BcTpeqeHbI Rotundocyathus sp.,

Kaltatocyathus sp., Tumuliolynthus sp., Nochoroicyathus sp., Capsulocyathus sp.,

Dictyocyathus sp. I4, naI<onett, eme a 400 M abIIIIe (aeTBepTu_ ypoBeHb) naxo2gTC_l

Nochoroicyathus ex gr. mariinskii Zhur., Rotundocyathus ex gr. salebrosus (Vol.),

Tumuliolynthus ex gr. karakolensis Zhur., Dictyocyathus sp., Dictyofavus bipartita

(Vol.). Ha OCHOBaHI4I,I aHann3a Bce_ rtepeq-rtcJ_enHo_ qbayHr_i Bo3pacT 3nxaprIypcro_

CBFITbI ortpezten_teTcz KaK 1703)Ine aT_ta6ancrH_. CaMast BepXH_t_ qacTr_, OnHaKO, MO_eT

6Lm, OTnOC_ITCn y_e K 6OTOMCKO_y _pycy.

B pa_one BypanxaHcKOrO MecTopo_)xeHH_ B OTYIOT_enrt_X Bepxue_ qacTrI

3JIX3pHypCKOfi CBHTI_I TaK_e H3BeCTHbl MHOrOqI4C_leHnble IJaxoJII<H apxeolii4av:

Palaeoconularia baileyi (Vol.), Sibirecyathus naletovi Vol., Formosocyathus

vermiculatus (Vol.), Tubericyathus clathratus Vol., Clathricoscinus vassilievi (Vol.),

C.dentatus (Vol.), Claruscoscinus billingsi (Vol.), Archaeocyathus operosus (Zhur.)

(onpe)leytenrta A.IO.)KypaBYteBa), CBrUIeTe_r_cTBylomne o 60TOMCKOM Bo3pacTe.

Ha 3YtX3pHypcI<O_ CBHTe C rIepepr_moM 3anera_oT Tyqborenrto-Tepprtrermr_ie

rIopoIIl_i yXyTOJIOrO_cro_ CBI4TI_IMOmH0CTI_IO 2IO 500 M. B HeR y IOX_HO_ OKOHeqHOCTH

o3.Xy6cyryJI B pa3pe3e Xfnras-Ca_p IIpHCyTCTByIOT apxeoli_iaTl_i (onpe_eJielJmt

H.T.Tr(ypaBneso_): Irinaecyathus ex gr. ratus (Vol.) i4 Pycnoidocyathus sp. (HnblaU,

1973). Bo3pacT yxyroJIoro_cKo_ CBnTI_IHa OCHOBaHHH Haxo]IoK 3TO_ qbayHbI oIIpe_IeneH

KaK 60TOMCKHfi.
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I7on3meHH_Ie MaTepnanbI FIO3BOJUJIIH yTBep_aTb, wrO XOT_/ r_aBHOfi 3noxofi

;ipesIJero dpocqbaTOUaKOnneHrm )_onroe BpeM_ CqnTanacb seH;i-parmeKeu6prI_craa

(YIHmUH, 1964; 5IHmHH, 1982; _qHmm_, )I(apKoB, 1986; I4n_HH, 1990), Ha CaMOM jlene,

qTO xopomo Brt_Ino rI H3 perHonaymHbrX MaTepIJaSIOB no Xy6cyryny, ee rink

IIpHxo)IItTC_ Ha OqeHb y3Kn_ I4HTepBa.rl BpeMeHH - TOMMOTCKI, I_ BeK (J-[yBcaH_IaB3aH,

PO3aHOB, 1984; PO3aHOB, 1992; FepacriMeHKO u c)p., 1996 ).

Ilaaeoreorpa_na

(I)ocqbopriTt, I Xy6cyryn_cKoro 6accefiHa BCeMIt Hccne_oBaTeJmMrI

accolIHrlpyIoTC_I c uopcKrIUrI OTJ/O_eHHgMH. O rmneoreorpaqbHnecKofi O6CTaHOBKe

BpeMeHrt fiX HaKOlqJ1eHrtg 6MJ_H ony6_I4I<OBaH1,I ;IOCTaTOqHO rIpOTHBOpeqJ4BbIe

ripe_icTaBneHrI_ (I/Im_rm, 1973; 1990; 3afit_es, 1982; 1992; _qnmHs,1982; B_6a, 1987).

CKopee BCeFO 3TO HpoI4CXO)IFIYlO OT TOFO, qTO aBTOpb! cTapasmcb rIpHHOpOBHTt, C_ K

6b_CTpO MeH_IB/J/I4MC_I TOF_Ia TeKTOHHqeCKI4M rlOCTpOeHH_M. I/I XOTJ/ ceFO_H_I )IasIeKO He

Bce _CHO, Bce _e Ha6op qbaKTOB, 3Hanr_Tem_Ha_ qaCTb KOTOpblx paHee BOO6Ule He

riprtHrlMa_acr_ BO BHrtMaHrte, rtO3BOYI_IeT OImCaTb )!OCTaTOqHO BepO_rHyIO KapTI_Hy

6acce_Ha, s KOTOpOM FIpoI4CXO)IIJ/IO qboc_axoHaKor_nenrte.

Peeuonan6no-eeoaoeu_tec_cue c)ann6te: (1) Pafiou pacnono_eu B o6nacTri

)IOCTaTOqHO aKTI4BHO_ nepriqbepr_nec_ofi qaCTl4 Cri6npc_oro KpaTOHa. (2) Ilpo_y_THSrmn

ToJ_ma (rIym X3C3HCKa,q CBrtTa) MOI/IHOCTI)IO OT 350 )IO 600 U BepogTnee scero riueeT

TOMMOTCKI4H Bo3pacT. OTJIO_eH_I, OTHOC_IMt,Ie K aT_Ia6aHCKOMy apycy, HMeK)T

MOmHOCTb OKO.TIO 2000M, K 6OTOMCKOMy l'I TOHOHCKOMy - 500M. To-ecTt, MOIIU-IOCTb

oca)IKOB Hrt_xHero KeM6p;_a B Xy6cyrym, CKOM 6acce_He oKono 3000M; armnorrmHy_o
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MOmHOCTb HMetOT pa3pe3LI rmxuero KeM6pi4_ Ha _oro-3anaae CH614pcKofi nnaTqbopMbI.

(3) IIIrtpHi4a m_IXO;IOB Un_KHerO KeM6prt_I B rlCCYle]IOBaHHOM pafione OKOY_O80 KM, I4

rlOCKOJIbKy 3TO _2OCTaTOqHO rlpocTa.q Ci44HKYlrtSa.rlbHa_q cTpyKTypa C oqeub KpyrbrMri

yrnaMri, TO mnpmla TOil qaCTn 5accefiHa, rae npoi4cxoaruIO qbocqbaTOHaKOrI_eni4e, He

MO_eT 6blTb Menee 160 KM. (4) [Io BCeM npe2cTaBzteni4aM, cyII_eCTByIOIIII4M Ha

ceroaHn, Ha ceBepo-3anane I4 ceBepO-BOCTOKe Xy6cyryYlbCKi4i 6accefiH rtpi4MbIKa.rI K

2IByM rIO_HnTI_I_M - Myp314HCKOMy I4 BOCTOqHO-Xy6cyryYIbCKOMy (I4m, rmH, 1973) ri

coo6mancz Me_Iy tlHMH C 6accefiHOM Cn614pcKofi rlJlaTqbopMt, I. Ha iore OH MOF

coe2rtHnTbC_ C _IpyrriMH 6accefii4aMri A:ITae-Ca_i4cKofi CKYta_qaTOi O6JmCTH n t(HTa.q.

(5) 1-IaYleoMaFHHTHble 21ai4HbIe, CTeI1enb KoppeKTHOCTrI KOTOpblX He m,_3bmaeT

COMHeHH_I, riMelOTC_t riO IOFO-BOCTOKy Crt614pcKofi rlYtaT_OpMbl (Kirschvink, Rozanov,

1979; 1984; Kirschvink et al., 1991; Evans et aL, 1996) ri rio )I3a6xai4cI_ofi 3OHe

(Kirschvink et al., 1987). _)TI4 )lanHr_m no3no:IsrOT npe)lrio3araT_,, "4TOo6a pernona 6blnri

pacrlono)KeHbi B npe.aenax 3KBaTOpi4aYlbHOi 3OHbI I4 paccTo_HI4e Me)K_Iy HHMH

BO3MO)KtlO _blJIH CeFO)IHS ripH6JIH3HTeSlbttO Te :_e, qTO H B patmeM KeM6prtH.

Euoeeoepac]m,tech'ue u naneonmoaoeu,_ech'ue damtt, le. (1) Ha ypomm

rlpo)IyKTHBHO_ riaqKH BCTpeqeHbl O6HJlt, Hble I4I,ITqaTbIe tll, laHO6aKTepI414, o6pasymmne

MaTbl, qTO ripe;Ioripe;leJI_eT o6pasonaHne oca;IKOB B qboTnqeCKOfi 3ORe (nepBbm ;IeC_TK_

MeTpOB FJ_y6HHb0, a IJJHpoKoe pa3BHTi4e MaTOB yKa3bIBaeT Ha )IOCTaTOHItO CHOKOiHble

rn_po)mriaMi4qecKHe yC_OBH_. O6pamaeT Ha ce6_ BriHMaHHe OTCyTCTBHe UOpMa.qbHOi

MOpCKOfi (I)ayn_L (2) B HeKOTOpb_x ripocJmnX Ha 3TOM ypomm ycTai4onJ_eH_i aKpi4Tapxi4

((I)HTOnYlaIIKTOH) Tasmanites, Leosphaeridia H O,/IHOBpeMeHHO C tlHMH ,/IOBO.III_HO

criettr_qbrt,Jec_i4e rI pa3Hoo6pa_m,m Archaeooides. I-IocJie_nHe I43BeCTm,I S IOXHOM
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KHTae _t IOxHofi ABcTpazlrtrl H cKopee Bcero yKa3l, mmoT Ha 3iirI3oaI4qecKrle IO)KHbIe

CBa3rt 6acce_Ha. (3) ]][peBue_mrle TpHnO6nTbI (cepearlHa aT_a6aHa) ilpeacTaBneHbl

poaaMH I4 aa)Ke HeKOTOpb_{H BHaaMH, OqeHb THHHHHbIMH aJI_I "3aHaaHblX" pa3pe3oB

CH6ripcKo_ nnax_opMbi (XoMeHTOBCKrlfi, PenrlHa, 1965, PosanoB, Coi(onoB, 1984,

PemlHa, PO3aHOB, pea., 1992). KpoMe TOrO,

HCKJIIOHHTeJIbHO MeJIKOBO_HbIMIt II?aLIHItMH (PeIIHHIt,

aTn TpHJIO6HTr, I CB_I3aHbI C

1982). (4) ApxeolmaTI, i,

O6Hapyx_eHHl, Ie B OTJIO)KeHH_tXBTOpO_ IIOIIOBHHbI aTaa6aHa n 6OTOMbI - THIIHqHO AnTae-

Ca_HCKrte (H _ax<e 6onee TOqHO - TyBHHCKHe). ApxeolmaToBo- Boaopoc_IeBl, ie

6HorepMLi - TaKxe noKa3aTenl, MeSlKOBOaHOCTH.

flumo,_oeuuec_ue c)atmbte. (1) ]In_ MHOrHX rIopoa, rlOaCTHJIatomnx

npo_yKXHBHym naqry, Ann caMo_ npoayl_TnBHOfi hanK14 n nepeKpbma_omnx rIopoa

qacYO xapaKTepna TOHqaHIIIa_I CYIOHCTOCTb. B I]poJIyKTHBHO_ naqKe OHa coqeTaeTc_

nHoraa c MnKpocTpOMaTOm_TaMrl. IIo aaum, IM A.B. Hn_nHa (1990) n 3.A.EranoBa

(IIIKom, HHK, ]3aTyprlu, peO., 1998) Ha ceBepe 6acce_na BcTpeqatOTC_ TpemuHhI

yCblXanl4_. BMeCTe C TeM Ha HeKOTOpblx ypOBH_IX rtMelOTCfl ne6oytbmI4e rlpocstort

ayTrtreHuLlx 6peKqH_ rlmt 6aM6yKO_IrtCTHblX KOHF:IOMepaTOB. Bce aTO yKa3blBaeT Ha

MeYIKOBOaHMH, aOBOYlbHO ClIOKOHHbIH C FHapOaHHaMHqeCKOH TOqKH 3peHH$/ pe)KHM

ocaaKoHaKOIIyteHI4_, rtHoraa r_pepMBaBmn_ca _ir16o IIITOpMOBMMHCO6blTH_IMH, _n6o

3eMneTpaceH_Mn (MOpeTpflcenrl_in). (2) XapaKTepuo OTMeqaeMoe aceMrt OTCyTCT_ne

rJmyKounTa, qTO B coqeTanrm c apyrHM14 llpn3HasaMrt (BaJSr) MOXeT ronoprlT_ o

HeCKOJIbKO HapymeHHOM CoJIeBOM pe)KrtMe. (3) MHOFHe ncc_IeaoBaTeJIrI OTMeqaIOT

HCKJIIOq14TeIIbHO MaJIoe KOYIHqeCTBOTepprweUHOfl qbparmm _ nopo2ax qbocqbaTOHOCHO_
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Toytmri (I/IYIb14H, 1990; IIIKonmIrtK, BaTyprm, pec)., 1998), qTO MOh_eT CBrl)IeTeYlbCTBOBaTb

0 14eHeruIeHH3alIHI4 cymH, nprlMbmarome_ K ceBepO-BOCTOqHOfi qacTrI 6accefiHa.

1-'eoxu.Mu,-tec_:ue c)annbte. H3yqeHrle reoxnMHqecrrix oco6eHnocTe_ qbocqbopHTon

3TOFO pa_IoHa rlpOBO)IHJIOCb HeO_IHOKpaTHO, HO

FeOXHMHqecKHe xapaKTepHCTHKH,

qbocdpopnTOB (CO_Iep_KaHHe S, Cu,

OCHOBHOH aKILeHT 6blJI c)leJtaH Ha

CBa3aHHbIe C rIpOMr_rmneHHbIM HcrIoYIb3OBaHrleM

Cr, Co, Ni, Pb, Ba ri x.a.). C TOqKH 3peHna

rtCnOm,3OBaHH_t qbocqboprlTO8 Xy6cyryYlbCKOrO dpocqboprlTOBOrO 6acce_14a B I<aqecTBe

"MO_2eYlb14OFO o6_eKTa" MOFyT, O_HaKO, rIpe)ICTaBJI_Tb HHTepec 14eKOTOpbIe 31aH14r_Ierio

Copr; St, Ba, Nd.

CopF. O6t,Iqnr_Ie co_lep_aHrl_l Copr B qbocqbopHTax oKa3bmaeTca _OCTaTOqHO

HH3KHMI4 (0,34-1,5 %), XOT_ B p_e cnyqaeB yra3i, mmOTC_ 3ria,aeHrta _o 1,65%. (I/I_bn14,

BaM6a, 1980). B TO BpeM_t BO BMematomHx rIpoIpfKTrlBHbIe roprI3OHTt,I _OYtOMrlTaX I4

rt3BeCTHrIKaX Co31ep)KI4TC_ 06brqHo 1,04 - 1,44 %. B IIeJIOM, co_Iepxasrte CopF B

xy6cyry_LcKrIx qbocqbopHTaX 3HaqHTeYlbrlO Br_ime, qeM n KapaTaycI(nX (Ka3axcTau), r_e

coxpaHHOCTb 6aKTepHa_bH_,lX OgTaTKOB 3HaqHTeJIbHO xy_e.

St. KaK yKa3bIBaIOT A.B. I/IJIbI4a H )K.BaM6a (1980), K.A.Hm<nqbopoB rt _p.

(1995), co_lep)KaH_Ia CTpOH_tt_I xopomo Koppe_mpyeTca c co)iep_amieM P205, T.e

riOBl_imeHl4e co_Iep)Kaurta Sr CB,q3aHO C IIOBrollIIeHI,leU co_ep_aH_I_t P20_. Cpe_n_Ie

co_IepxaHri_t Sr - 0,05-0,06 %.

Ba. Co2epxaHrie 6api4_ B qbocqbopI4Tax 31OCTaTOqHO m_ICOKO(cpe_Hee I400 fiT) rt

B 3HaqHTe.IIbHOrA Mepe Koppe_irlpyeTc_t c Co_Iep_KaHHeM Sr. COOTHOmeHrle CTpOHILH,q H

6aprt_ Ko3Ie6zIeTCS B Ka14aBax OT 0,04 310 0,33, _ CKBa_KrlHaX - OT 0,47 3IO1,28 H, ecJm
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BepHTt, paccy'ncdlermaM o IIora3aTene Sr/Ba, xaparTepH3yeT He BrIO/IHe HopMa.rlbnr_ie

(onpecueunr_Ie) M0pcKHe yCJIOBHa.

Nd. BecbMa HHTepeCHble, XOTa _ He 6e3ycnoBHsle 2IaUH_Ie 6LEIrl non3meabi

B.H.BrlHorpa_IOBblM H A.O. JIyKaHrmblM (1994) nprI rlccne_loBaHrlrI rt3OTOrlHOrO

COCTaBa Heo)lrlMa B qbocqboprlTaX Xy6cyryna H BypeuxaHa. ABTOpLI yTBepxaarOT, qTO

H3OTOHHI_IH COCTaB Heo)lrlMa cepLe3HO 0TJIHtlaeTc_I Ha 3THX ]IBVX rpynnax

MecTopoxJIeHH_, paClIOJIO)KeHHI, IX _pyr OT ;Ipyra Ha paCCTOgHHH 100 KM, H FOBOpHT O

TOM, qTO Xy6cyrym_CKH_ 6accefiH (rlmI qaCT_ 6acce_ua) nnTanacb 3a CqeT )lpeBuefi

cHa.rIHqeCKO_ KopLI C rlpe)IlIOJIO)KHTeJII, HI, IM Bo3paCTOM OKOnO 2,2 MJIp]I. JIeT, a

BypeHXaHCKrI_ 6acce_H - 3a CqeT MOJIOJIOfi KOHTrmeHTam, HO_ KOpbI (-- 0,8 MJIp;I neT)

HJIH cMemaHHoro BeIJIeCTBa KOHTHHeHTaJII_HOH H OKeaHHqeCKO_ KOp.

TaKHM o6pa3oM, HaH6onee BepoStTHI_IM $IBJI_IeTC_ npe_iiIoJIoxeHHe, HTO pa_oH

Xy6cyryn_cKoro 6acce_rta npe)lcTaBnan co6oto B MOMenT naKolI_enH_ qbocqbopHTOB

HeKH_ 6acce_H wmIa 3aYIHBa, a BpeMeHaMn npoJmBa, oqeHb MeYlKOBO)IHOFO, 06l_ItIHO C

1]aCCHBHO_ FH;IpO)IHHaMHKO_, HO BpeMeHaMH

MOpeTp_CeHrlaMH. OCUOBHblM IIpOjIylIeHTOM

HapymaBme_cz 3eMJIeTp_ICeHH_IMH H

opraHrmecKoro BelIIeCTBa 6_InrI

iiHaHo6aKTep_aJIl_Hr, Ie MaTbI. OKpy)_atolIIa_ cyma 6blna CHJ]I_HO neHelIneHe3HpoBaHa.

CeBepHble yqaCTKH CymH 6I, IJIH CJ]O_KeHI_IB OCHOBHOM rIOpO_!aMH KOHTHHeHTaJII, HOH

KOpI,I, B TO BpeM_I KaK B tO)I<HO_ tlaCTH IIO_IBJ]JtIOTC_I3JIeMeHTbI oKeaHHqeCKO_ KopI_L
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XapaKTepncTnKa xy6cyryabcKofi 6nOTbl

"Xy6cyrynbcKa_" 6Hoxa 6gIna npeJIcTaBneHa BepoaTHO B OCHOBHOM

Co06meCTBOM LIHaHO6aKTepHaJIbHOrO MaTa, KOTOpblfi coxpaHHJICn a qbocqbopnTax B BH_Ie

MHKpOCTpOMaTOJ]HTOB, MHKpOOOJIHTOB H MHKpO)KesIBaKOB. 1-IocJIe)InHe, nO HamHM

Ha6JIIo;IeHH_M, pe3Ko npeo6_a;la_oT. Pa3Mep MHKpO_eYIBaKOB 06blqHO )IeCSITKH nJIH

COTtI14 MHKpOH. KaK 14paBHnO B MHKpo_eJmaKax na6moRaeTc_ coqeTanHe HHTqaTbIX

_OpM C pa3tlblM _14aMeTpOM HHTe_ n qbOpM oKpyrnoro, BepeTeHonHRHoro n

ra14TeneBH_Horo ra6_Tyca. BepoaTUO, y_e ce_qac MO_KHO OTSIHqHTb KpHCTa_nbI

(l_ocqbaTa (McKay, Rozanov, Hoover, 1998) B 14 Ha CTeHKaX imaHo6aKTepH_ OT

rlceBIIOMOp_)03 rio IIypIIypHblM (7) I4 HItBIM 6aKTepIl_M MaTa.

KapTmm, 14a6mo)laeMas B Xy6cyrynbCKUX qbocqbopuTax (oKpy_eu_Ie HHTqaTBIX

I/HaHO6aKTepH_ MHOFOq14cJ[eHHI_IMH 6aKTepHaYlbHbIMH KY[eTKaMH), THIIHqHa IIJ'I_I

CoBpeMeHHbIX _HaHo6aKTep14aJ_H_IX MaTOB. Hp14MepOM MoTKeT cJIy)K14Tb FaYlocl)HYIBHBIH

MaT, r;Ie K BepXHeMy CYlO_O II14aHO6aKTepH_ CHH3y HerIocpe_ICTBeHHO I_pnM_,IKaeT

MomHbIH CYlOfi nypnypH_X 6aKTep14fi 143 pollOB Thiocapsa (KOKKOH)IItBIe KJIeTK14) HJII4

Chromatium (OBOn_HbXe KneTKn). IIpH Mnnepa_n143a;lHu nepsb_x 06pa3y_OTC_

r_o6y_pH_Ie, a BTOpbIX ranTe_eBn_IH_Ie cTpyKTypbL _TH 6aKTepnu B CnJ_y

MHOFoFpam_OCTn oBMeua (CnOCOBHOCTU K pocTy B a3poBnbIX 14aHa3poBuBIx yCJ_OBHnX)

BBIrIOJIIt_IIOT 3amHTHylO qbytlKllHtO B MaTe. OK14CJI_I _OTOCHttTeTHqeCKHM KHCYIOpO_IOM

opFaHHqeCKHe BeI_eCTBa, KOTOpbIe BbU_eYIfl_OTC_I IIHaHO6aKTepH_[MH KaK npH )KHBIIH TaK

14 rlocne cMepxn, rlyprlypHble 6aKTepn14 3alIIH14IatoT OT KHCJIOpO_Ia HH>KeJ_e_Kai_e cJ_oH

MaTa, r_Ie pa_BnBa_OTC_ CTpOrHe aHagpo6_,L cynb_ampe/ECKTOpb_ H MeTaHOrenbL
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I-'eHe3HC @OC@OpHTOB

MHOFO pa3HOrJIaCH_ HMeeTc_I H rio riOBO;Iy FeHeBHca H HCTOHHHKOB qbocqbopa B

Xy6cyryaI, cKnx qbocqbopHTaX.

13o MHeHmo A.B.H:IbHHa (1973;

ripoHcxo_HTIO IIocpe_CTBOM Bl_IrIa31eHH_ HX

1990) qbopM14poBamJe qbocqbopHTOB

B oca_oI_ I43 Ha_L_IOHHbIX aO_I ( a ne

IIOpOBbIX), To-ecTb XHMHqeCKHM (OpTOX14MHqeCKHM) riyTeM. O_maKo B nocne_nea

pa60Te H31bHH (Ilyin, 1998) Ha OCHOBe H3yqeH14a pacnpocTpaHeH14_ pe_rOSeMe31bHblX

9JIeMeIITOB IIp14XO_HT K BlaIBO]]_f, qTO (l)oc_op B 3HaqHTeYlbHOH cTerIeHH Bblria3IaeT Ha

rpaHmte OCa_IOK/Bo_a. 1-IocTyn31euHe qbocqbopa OH CBaSblBaeT C pa3pylIIeHHeM KOp

BLIBeTp14BaHFI_I H IIOCJIe]vfIOIIIriM IlepeoT31OXeHHeM IIpo_3flgTOB pa3pymeH14_. Ty x<e

moqKy 3peH14a BblCKa3ann F.H.PazrmKoBa (1982), HSyq14Bmaz rieTporpaqbnqecKne

Oco6eHHOCTn Xy6cyrym, cK14Xqbocqbop14TOB, 14 H.H.CeMe_Knn (1 988).

B31n3_oro MHenHa rtpHaepx14Ban14cb A.JI. 5tHmHH H M.A.)KapKoB (1986), B

HaKorI31eH14n xy6cyry31I_CKHX

XeMOFeHHOMy OCa)I(_eHHIO, a

ByIIKaHOFeHHBI_.

qbOCqbOpHTOB OCHOBHyIO po31t, OHH OTBO_H31H

OCHOBHI_IM HCTOqHHKOM qbocqbopa CqnTa3m

CTOpOHH14KOM xeMoreHHoro (ByJIKaHOreHHO-XeMOreHHOFO) cnoco6a ocax_eHHa

xy6cyry31bCKHX qbocqbop147oB m,ICaTtla3I n H.C.3a_IIeB (1982; 1992). _ocqbop

CoriyTCTByIOIIIHH eMy KpeMHe3eM rio ero MHeHHIO MOFYIH riOCTyI_aTb B MOpCKOH 6accefiH

c peqHblMH BO_SMH H BMeCTe C riO_BO_HbIMH By31KaHHqeCKHMH FIpo]IyKTaMH H3 6031e¢

H31HMeHee OT;Ia3IeHHI,IX o6nacTefi (uanpnMep, H3 _XHjIHHCKOfi 3Ore, I).

Y(.B_M6a (1987) nucan o 6HoreHHO-_marer_ew14qec_oM reHe3Hce qbocqbopHwoB.

OH CqHTa_, qTO XOTa r31aBm, lM 14CTO_mnroi qbocqbopa a M,pOBOM oreaue 61131
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KOHTHHeHTaJIbHbI_ CHOC, HO _OpMnpoBaHHe xy6cyrynbCKnX _OC_OpHTOB

OCylIIeCTBJI_JIOCb 6HOFeHHbIM ClIOC060M.

H, HaKoHeI_, pa6oTbI, rIpOBejIeHHbIe B iiocne_HHe ro;IbI B rla_ffeOHTOJIOFHqeCKOM

PIHCTHTyTe rIOKa3aJIH, qTO Bce uenL_a_mHe 3epHa, H3 KOTOpbPA COCTOflT xy6cyrynbcKHe

qbocqbopnTbI, npe_lcTaBnz_OT co6oIo MHKpo:_enBaKH (100-350 MI(M B _lHaMeTpe),

CqbOpMHpOBaImbIe npH ynacTHn opraI-IH3MOB 6aKTepnanbno_ opraH_I3aImn, cKopee

Bcero ImaHo6aKTepH_ n nypnypn_x BO;lopocne_. Cpe_ HHX peni<o BCTpenaIOTCa

nnaHKTOHHbIe qbOpMBI- y_Ke ynOMnHaBmneca Archaeooides, Tasmanites. 1-IpeKpacna_ Hx

coxpaHHOCTI, BbI3bIBaeT y_IHBJIeHHe. Bce OHH, KaK _ LiHaHO6aKTepHaJIbHblI_ MaT, COCTO_IT

I,I3 _oc_aTa Ka.rlbllrI_l rt cKopee Bcero To)Ke 6bIJIFI BTOpHqHO _oc_aTI,13tlpoBanbI. B

KeM6pHH r_3BeCTHbI aHa3orH_m_ie qbopMr_i c opraHHnecKofi CTeH_Ofi (Kennep, PO3aHOB,

pec)., 1979, PO3aHOB, _eranno, 1989; PO3aHOB, 1992; Rozanov, Zhuravlev, 1992,

FepacnMeH_o u bp., 1996 ). TaKHM o6pa3oM, ;IOCTaTOnHO BepO_THO, nTO n npr_;lormofi

qaCTI4 qboc_aTi4314poBa,qaci, BC_I opraHi4Ka.

onpe_enuIomefi ponn 6nonorwJecKoro

qboc_opHTOB.

9TO IIO3BOJIHJIO aBTOpaM rOBOpHTI_ 06

_aKTOpa B reHe314ce Xy6cyryn_c_nx

]SJIH3KOe MHeHHe O IIpOHCXO)K)IeHHH xy6cyryn_CKHX _OC(_OpHTOB BbICKagblBalOT

B.H.Xono_oB (1987), tO.H.3aHHH (MHpTOB U 3p.,1987) n 9.A.EraHoB

(LLIKO_IbHHK,BaTypHH, pec)., 1998).

XapaKTepHcTHKa Hp0_yKTIIBH0i'I TOJlmll n 0T'6Op 06pa3II0n.

H3yqeHHlde o6pa3I/bi _OC_OpHTOB 6bUIH OTo6paHBI H3 IIpo_yKTHBHO_

(_OCdpOpHTOBO_ IlaqKn _ _IByX MecTopox]IeHHgX: Xy6cyrym, croM n BypeHXaHCKOM.
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Xy6cyryn_cKoe uecTopox;IeHne npoT_rHBaeTcst c ceBepa na for B_OJIb

3ana_Horo 6epera o3.Xy6cyryJL OCHOBnOe Konr_qeCTBO qbocqbopnTa B HeM

cocpeaoToneHo B cpeaHefI - IIpo_yKTnBn0_ - nam(e XaC3HCKOfi CBnTb_, o6Haxaromefica

no 60pTaM X3caHcrofi cHHrnnHanH. Cornacao naHHbrM I/InLHHa (1973, kInbrma H

]3YIM6bI (1980), HHKaqbopoBa H rip. (1996) OHa COCTOnT H3 necKonLKrix HnaCTOB

qbocqbopHTa, pa3)IeneHHI_IX qbocqbaTco_Iep_KamHMn H 6ecqbocOpaTH_,IMH H3BeCTH_KaMH,

JIOYIOMItTaMH, KpeMHHCTbIMH )IOJIOMHTaMH. Ha_i6oJrsmee nncno qbOCqbaTHbIX IIJIaCTOB -

)IO II_ITtt - BI_IIIBIIeHO Ha BOCTOqHOM KpblJTe X3C3HCKOFI CHHKIItlHaJIH. Ha OCTaYlbHOH

IIJIOllla)Ilt B OT]IeJIbHt,IX nepeceqenrmx HaCq-riTbIBaeTcfl _IBa HJm TpH rtJiacTa. Han6onee

m,i;lepxarIm, IM ZBn_rOTC_ nepBr_v5 (HnXHHfi) nnaCT UOmHOCTLIO 10-13.0 M, KOTOpr_rfi

npocne_rnBaeTca rio Bcefi cTpyKType Ha npoT_nCeHrta 36 _u. Fl_TbIfi (BepxHrIfi) nnacT

UOmHOCTmO 18,5 M npoT_rHBaeTc_ Ha 18 KM. )IpyrHe r_nacTr_i, MOmHOCTr_ KoTopr_rx

KOJIe6JIeTCfl OT 1,5 ]IO 6 M, rlOCTpOenl_I IIHH3OBH)IHO, rpannlIbi I'IYIaCTOB ilOcTerleHnble,

rmacTl, i He BLI_epx_aHM no IIpOCTrlpaHHTO H fix KoppenmlH_ aaxe no coce;IHrlM KaHaBaM

3aTpy_IHHTeYlBHa. HVlXHH_ IuIaCT CJIO_eH qepHblMH,

JlrlU3OmI_IUOCJ_OrlCTbliI4 Kap6OHaTHI, IMH qbocqboprlTaun.

qepHO-Cepl, IMH CJIOHCTI_IUH,

_ocqbaT CKOrmeHTprlpOBaH

npocno_x TOYII//HHOH 1-2 CM HJIH o6pa3yeT pa3_rlqHble llO BeJIHqHHe Bbi)leTIeHrI_

r_elipam_nl, HOfi Hnri o_pyrno_ qbOpMl_I. B nnacTax , Jlexamnx Bl_ime, rlpeo6JIaaa_oT

6peI<nrlem, ie qboc_opaTr, L COCTallme r_3 O6nOMKOB rt rm, i6 qbocqbopnTOn rI _peuHefi,

3aKJ_OqeHHbIX B ]IOJ_OMHTOBOM IleUeHTe. BepXHH_ 17JIaCT rIaqKH IIOBCIO_3f CJ_OX<eH

MeIIKO3epHHCTblMH qbOCqbOpHTaUH Kap6OHaTHOFO H Kap6OHaTHO-KpeMHHCTOFO COCTaBa.

Kap6oOaTHl_Ie rlopo_II_I, pa3)le_lalomHe qbOCqbOpHTOBbIe FOpH3OHTbl, MOmHOCTblO OT 5 )lO

30 M, HMelOT cepl, ifi, XellTOBaTo-cepbI_, TeMHocepbI_ HJIH IIOqTH qepHbI_ tiBeT, rlHOr)Xa
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OHFI 3aKO_K)qarOT TOHKHe I]poc3]oH qepHbIX KpeMHefi. _nJ] FI3BeCTHIIKOB H _OJIOMHTOB

xapaKTepHa TOHKaSI CIIOHCTOCTb, qacTo HepOBHaS, OT;IeabHb_e CnOflKn Moryr

BblKYlHHHBaTI_C_IHYlFIHao6opoT pa3;IyBaTbC_ Ha He6oJIblIIOM paCCTO_HHH, Ha6JHo)IaeTc_

cpe3aHHe CJIOHKOB, FOpH3OHTbl pa3Mr_iBa, BOYlHHCTbIe cepHH, OKaTblIIIH; BcTpeqa_OTC_

y_aCTKH 6aM6yKonHCTHb_X KOHrnOMepaTOB, MenKHe cHHreHeTH_ecKr_e cKna_o_KH,

6peKaHH H3 HenpaBHZbHO_ Cl_opMbIO6nOMKOB.

HBy-qeHHbIe o6paBttbI 6_,I_H OTO6paHbI Ha yHacTKe IO_HbI_ OHrOnHK H3

paBBe;io,mbix r(aHaB J__oN_o7, 15 H 16, r_Ie _eTKO npoc_e_rmaroTcu nepBbifi H naT_r_

nnaCTb_ dpOc_opHTOB. I3_InH HpOCMOTpeH_ o6paB_tL_ H3 O6OHX n:mCTOB _ H3 TOHKHX

npoc_oeB _I_OC_I_opHTOBB Me)_ocqbopHTO_O_ na,_Ke. Ha_eHHb_e na_eoHTo_orH_ecKHe

o6_eNTL_ BO Bcex cn3maax HMe_OT ORHO H To_Ke npoHcxom;IeHHe. HaHny_mau

coxpaHHOCTb Ha6mo;IaeTcu B Kap6OHaTHbrX qbocqbopHTax.

13ypeHxaHc_oe MecTopom_enne pacno_araeTcu B 75 _M towHee o3. Xy6cyry_.

-'_TOT paHOH rIOBH)_HMOMy _BYI_eTC_I O6IIIHpHblM CJIO)KHO 1-IOCTpOeHHbIM OCTaHIIOM

nOB)IHe)IONeM6pHfiCKHX H KeM6pHfiCNHX nopo;I B _poane KpynHb_X HHTpy3Hfi, ero

cTpyKTypa HapymeHa CH_bHOfi CKna_IqaTOCT_rO H paB_OMaMH. MHOrOqHCJ_eHH_,_e

ab_xo;I_l nnacToB tI_oc_I_OpHTOBqaCTO HBO:IrIpoBaHb_ ;Ipyr OT _pyra ri opneHTnpOBaH_,_

CaMb_X pa3HY_HqHbIX HanpaB:_eHnuX. 3_lecb, TaN:_e KaK Ha Xy6cyryJn, C_OM

MecTopo)K)IeHHH, BbI)IeSI_ltOTCYl apacaHc_au, XBCgHCKa_I H 3pX3_HypCNan CBHTbI.

OCHOBHble 3arlacbI (])OC(1)OpHTOB cocpe;IoTOqeH_,I B X3C3HCKOH CBHTe B FopH3OHTe,

3_e)NattleM B 70-170 M Bb_me ee OCHOBaHH_, B HeM HMeeTc_t _IO CeMH nY_aCTOB

_OC_OpHTOB, MOmHOCT_, O_Horo H3 HHX _IOCTrwaeT 55 M. B OTnnqHe OT

Xy6cyrym, croro Ha BypeHXaHC_OM MecTopo_;IeHriri npeo6JIa3IaroT KpeMHHCTr_e
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_OCqbOpnTL_,r_ ropa3_IoMem_mepacnpocTpanem,i rpeMHnCTO-rap6OHaTHHeri

Kap6OHaTnbmpa3HOCTH.06pa3tt_IB3a-rblB pafioHe noc.13ypeHxaHn3 KapLepa1-ro

yqacTKai43Hpo_yKTI4BHO_rtaqKH.

B o6me_ CIIO)KHOCTIJ6bIJIOHCCJIe_OBaHO150 o6pa3IIOB_[3 Xy6cyrynbcKoro

MeCTOpO_I_IeHnfl ri 25 o6pa3IIOS H3 BypeHxaHcKoro UeCTOpO_JIeHrI_.

_aHHa_ pa6oTa BLmOnHeHa npn no_l_lep_Ke Poccrt_cKoro qbon_a

qbyH_aMeHTa.rIbsbrx I4CCJIeIIOBaHrt_ - P_(I)I/I - (rlpoeKTbl 96-04-48372, 96-05-64130, 96-

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

O6_acnenna K _OTOrpa_HaM

Figs.l-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.

_nr.l-13 HH_e npI_BO)X_ITCa qboTorpaqbHH, c_enaHm, ie c nOMOmBIO

cKaHHpy_omero 3JIeKTpOHHOFO MHKpocKona C O_IHO_ CTOpOHb! - CoBpeMeHHOFO

rano_nnbItoro unano6aKTepuanbttoro MaTa, COCTOamero u3 HttTeBHjXItblX, KOKKOHJIHblX

H OBOHJHIblX dpOpM unano6aKTepnfi u H3 nypnypHLIX 6aKTepH_, a c _Ipyrofi

KeM6pHfiCKUX Xy6cyrynbcKnx _3OCqbOpHTOB, B KOTOpblX HpHCyTCTByIOT o6pa3oBann_

no _9opMe H HO pa3MepaM OqeHb YIOXO)KHe Ha opFaHH3Mb! H3 CoBpeMeHHOFO

i/HaHo6aKTepna:Ibnoro MaTa.
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Fig.la. Recent halophilic mat. The separate trichomes and trichome bundles of

Microcoleus chthonoplastes ( F1. Dan.) Thur.

Onr. 1a. CoBpeMeHnbn_ ra_o_nJn, nbI_ MaT. Microcoleus chthonoplastes

(FI.Dan.)Thur. npejIcTaBaeH i_aK OT_IeJIbHbIMH HnTStMI4, TaK I4 B BnAe

TeCHO nepenneTatomnxc_ :_ry-roB.

Fig. 1b. The

Ont. 1b.

fragments of phosphatized cyanobacterial filaments of

Syphonophycus (possible ancient analog of Microcoleus) from

Khubsugul phosphorite.

OparMenTbX tl)OCqbaTn3nposanHbIX

Syphonophycus (Bepo_TUO, llpeBnn_

Xy6cyrym, cKnx qbocqbopnvoa.

HHTe_ IlnaHo6aKTepnfi

anaJIov Microcoleus) n3
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Fig.2a. Recent halophilic mat. The occurrenceof many trichomeswithin a

commonsheathis characteristicofMicrocoleusspp.

(I)nr.2a. CoBpeMeHHr_I_ ra_qoqbHztbHbIfi MaT. HecKo_bKO HHTe_ OAeTbI O_HHM

06II_HM C_H3HCT_IMqeX_OM.

= =

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

phosphorite.

qbHr.2b. (I)0c_TrI3I'Ip0BaHHbIe rlvlTrI uuano6aKTepn_ Syphonophycus H3

Xy6cyryJIbCKHX qbocqbopnTOB.

2-i _=_ i .......
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Fig.3a. RecenthalophiIic mat. Trichomesof Microcoleus chthonoplastes crawl

from sheath. Individual ceils can be seen.

• nr.3a. CoBpeMeHHSI_ raYIoqbH_IbHbI_ MaT ."Bbmon3aHne" HHTe_ (TpHXOMOB)

Microcoleus chthonoplsastes i_3 C_H3nCTOrO qexna. Ha Ti_×OMaX
? 7

pa:3.rll, tqI.,IMbI OT)Ie.rlbHble KJIeTKH.

Fig.3b. Possible remains of sheaths with several cyanobacterial trichomes in

Khubsugul phosphorite.

qbHr.3b. Bepo_ITHO, OCTaTKtt qeXJIOB, 3aKJIIOqaBII/tlX 170 HeCKO.rlbKO HI/ITeH

IlnaHO6aKTepn_ r13 Xy6cyrynbcKrxx qbOCqbOpHTOB.
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Fig.4a. Recent halophilic mat. Trichomes of Microcoleus and other cyanobacteria

in the slime of cyan0bacter-ial mat from Sivash |agoon, Crimea.

qbHr.4a. CoBpeMeHHbI_ ra.rIoqbHYlbHbI_ MaT . B cnn3n BH)IHbI nkIXkI Microcoleus H

_pyrne _naHo6aKTepnn H3 IIHario6aKTepHanbuoro uaTa, naryHa CnBam,

KphIM.

Fig.4b. Phosphatized cyanobacteria Syphonophycus with filaments of different

diameters from Khubsugul phosphorite.

¢_Hr.4b. Ooc_aTnzHpoBanHbIe _naHo6aKTepnH Syphonophycus c paznbrM

)IHaMeTpOM HHTe_ H3 Xy6cyry:I_CKnX qbOC_)OpHTOB.
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Fig.5a. Recent alkaliphilic mat. Cells of alkaliphilic cyanobacterium

Synechocystis salina Wisl.

qbrw.5a. CoBpeMenHbIfi menoqHofi MaT. KneTKH a._Ka_O_lJJIt, HO._ ImaHo6aKTepmJ

Synechocystus salina Wisl.

Fig.5b. Concentration of pseudomorphs of bacterial cells in Khubsuul

phosphorite.

qbnr.5b. CKonJiem_e IlCeB,rlOMopqbo3 170 6aKTep_4a,qBnBIM KJIeTKaM tt3

Xy6cyryJlbCKnX _OCI_)opI4TOB.
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Fig.6a. Recent alkaliphilic mat (upper layer). Polymorphous cells of

cyanobacteriumRhabdoderma lineare Schmidle et Laut., emend. Hollerb.

_nr.6a. Bepxrmfi cnofi coBpeMeHHOrO menoqHoro MaTa. _Hano6aKTepHn

Rhabdoderma lineare Schmidle et Laut., emend., Hollerb. c xapaKrepHbiM

_nn poaa nOnHMOpqbH3MOM KYteTOK.

Fig.6b. Concentration of pseudomorphs of phosphatized bacterial cells from

Khubsugul phosphorite

OHr.6b. CronnenHe nceB_IOMOp_bo3 no

Xy6cyryYlbCKrIX _OCqbOpI'ITOB.

6aKTepna.nbH_,rM K3-IeTKaM I43
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Fig.7a.Recent halophilicmat.PurplebacteriaThiocapsa.

Cnr.7a. CoBpeMennbI_ ranodpnnbHL_ MaT. CJlofi rlyprlypHt, IX 6arTepn_ n3 poaa

Thiocaspa.

Fig.7b. Concentration of pseudomorphs of

bacteria) from Khubsugul phosphorite.

bacterial cells (probably purple

_nr.7b. CKonnenne nceB,_oMop_o3 no 6a_Tepn_nb_ KneTKaM, BO3MO:_nO,

nypnypItbIX 6aKTepnfi n3 Xy6cyrynbcKnx _OC_OpnToR.
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Fig.8a. Beginning of mineralization of Microcoleus chthonoplastes in

Laboratory. Some minerals and bacteria are seen near cell walls.

_Hl'.8a. OocqbaTn3arann nnTe_ Microcoleus chthonoplastes B na6opaTopnrax

yCJIOBHgX. MHHepann3a_r_g TpnXOMa HaqnHaeTc_, KaK HpaBnJ]o, OKOJIO

K_eTOqHLrX neperopo;_oK, r_e name Bcero Hponcxo)II4T noBpe_eHne

KJIeTOqHblX CTeHOK. 3Rec_ OTMeqeHo IIOgBneHr_e 6aKTepH_.

Fig.8b. Phosphatized cyanobacteriaI filaments (at the left) and concentration of

pseudomorphs of purple bacteria (?) (at the right) in Khubsugul

phosphorite..

Onr.8b. Ooc_aTn3npoBanHbie HI4TH tmaHo6aKTepn_ (cneBa) n cKonneuHe

nceB)lOMOpqbo3 NO nypnypHmM 6aI(TepnaM (?) (cnpaBa) _i3

Xy6cyrynr_cI_rIx qbocqbopnTom
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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).

OHr.9a. Pa3nHnm,ie CTa_Hn qbocqbaTH3almn HHTe_ Microcoleus chthonoplastes;

OT)IeJIbHl, Ie rno6ya_I (B IlenTpe), cronneHne rno6ya qbocqbaTa (cnpasa),

qboccl)aTH3atIHg C3IH3ItCTOrO nexna (BBepxy).

Fig.9b. Phosphatized cyanobacterial filaments from Khubsugul. Individual

fossilized cells (?) can be seen.

Onr.9b. _ocqbaTn3t4pOBaHHbIe HHTH ilnaHo6aKTepI4_ n3 Xy6cyrynbcKnx

qbOCqbOpHTOB. MO_HO pasJII, I_IHTb OT/IeYlbHbIe qbocqbaTI,ISI4pOBaHHbXe

K,eT_X_ (?).
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Fig. 10a. Phosphatized sheaths of Microcoleus chthonoplastes without trichomes.

There are some phosphate globules and microtubes at the surface of

sheaths.

• Hr. 10a. Ml_Hepa_bHb_e qexnbI (Tpy6Kn) Microcoleus chthonoplastes,

ocTaBiImeC_ rtocne Bt,rxo_Ia n3 nHX Tpi4xoMoB. Ha noBepXHOCTH BH)_HBI

OT2IenbHbIe rno6ym,I n MHKpOTpy6oqKn qbocOpaTa rabbi/ha.

Fig.10b. Phosphatized tubes from cyanobacteria and concentration of

pseudomorphs of purple (?) bacteria (at the left) from Khubsugul

phosphorite.

(:I)HF.10b. _ocqbaTn3npOBaHHbIe Tpy6KH OT J/HaHo6aKTepu_ I_ cronneHHe

nCeBaOMOpqbo3 no nypnypHbIM (?) 6aKTep)_M (cneBa) B

Xy6cyrynbcrnx 0pocqbopnT0.u
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Fig.11a. Mineralized trichome of Microcoleus chthonoplastes formed by

phosphate globules and microtubes.

t_nr. 11 a. (I)ocqbaTrt3npOBaHHbI_ qexoll Microcoleus chthonoplastes, COCTOanlI4_

_i3 rJIo6yn n M_KpoTpy6oqeK qbocqbaTa I<am, uHa.

Fig. 1 lb. Thin polysaccharide fibrous structure of mucilaginous sheaths of

cyanobacteria appearing under unfovorable conditions.

_i4r.l lb. ToHqa_mne nonncaxapn_nbxe dpI46pHnnbl B CJII_I3H, BO3HnKa_omefi

BoKpyr HHTef_ ttnaHo6aKTepn_ npn ne6smronpn_tTnBIX yCYIOBH_X.
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Fig. I I c. Microstructure of mineralized tubes: small mineral microtubes consist of

spherulites in cross section with a hole in the center.

q_nr.llc. MI,IKpOCTpyrTypa MHHepanbnO_ Tpy60'_m Tpy6om<H COCTO_tT H3

OqeHb MenKnX rno6yn, oKpy_aIOmHX nonncaxapx4/inbIe qbn6pnrtnbl. Ho

Hx UenTpy npoxonnT nona_ oct,.

Fig.1 ld. Phosphatized tubes of cyanobacteria from Khubsugul phosphorite. It is

possible to see very small tubes, possibly analogous to those in figs. 11 a

and 1 lc.

Onr.1 l d. q)ocqbaTnsnpoBaHnbIe Tpy6Kn OT IlnaHo6aKTepn_ n3 Xy6cyryJI_CrnX

qbocqboprtTOS, Ha KOTOpbIX BrUIrlbI MeKtte Tpy6oqKIl, BepO_THO,

aHa_ornnHBie r_3o6pa_ennbrM Ha qboTo 11 a n 11c.
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Fig. 12a. Phosphatized trichomes of thermophilic cyanobacterium Mastigocladus

laminosus Cohn. Formation of phosphate macroglobules by small

spherulites.

Our. 12a. OOcqbaTH3atlI4_ HtlTI_I TepModpnm_no_ tIuano6aKxepnn Mastigocladus

laminosus Cohn. OT/IeJIbttI, Ie MHKporJIo6yJrbI qbocqbaTa, pa3pacTancb,

06pa3y_OT rno6y_bx 6onLmnx pa3MepoB.

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

phosphorite.

q_Hr. 12b. Tena LIHaHO6aKTepH_, 3aMeulennble rICeB)IOMOpqbo3aMtt riO 6aKTepHnM,

BO3MONYHO, IlypIIypHbIM tt3 Xy6cyryabcKHx qbOC_OpttTOB.

82



12b

83



Fig.13a. Trichome bundles of Microcoleus chthonoplastes with a common

sheath. There are some small trichome bacteria at the surface of sheath.

• nr. 13a. )Kryr n3 _iecronbKnx nnTe_ Microcoleus chthonoplastes, Ol_py_eHnbI_

nI4TqaTbIMI, l 6aKTepI_aMn.

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.

Onr.13b. Pa3_nqnbie THII/_I qbOCqbaTH3HpOBaHnblX MHKpoopFaHH3MOB It3

Xy6cyrynbcrnx di)OCqbOpHTOB , cpe)In KOTOpbIx pa3JIHHHMbI FpyHIIbI

>rryTOB Ilrtano6aKTeprI_ Syphonophycus, 3aKJlIoqennbIe B O6mHe qexJlbi

H, BO3MO_HO, ropMorOnnH OT tlnano6arTepn_.
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Figs 14-18-

_nr.14-18

SEM photomicrographs of recent halophilic cyanobacterial mat.

SEM qboTorpaqbHu conpeMeHHoro ranoqbHnr_noro

t[HaHO6aKTepHa_sHOrO MaTa

Fig. 14.

_Hr. 14.

Upper cyanobacterial layer of recent halophilic mat. The bundle of

Microcoleus chthonoplastes consists of more than twenty trichomes within

a thin common sheath.

BepxHH_ ti_tano6arwepnanLHbI_ cJIo_ coBpeMeHHoro ra_oqbHnbnoro

Mawa. )](ryT Microcoleus chthonoplastes, cocwollmI4fi I,I3 6olIee, qeM 20

TpHXOMOB, o)IeTbrX O_HO_ TOHKOH CJ'ItI3IICTO_I MeCTaMH CKYla,2IqaTOH

O6OYtOqKOfi.

Fig.l 5. Recent halophilic mat. The buried layers of mat with the cysts of green

algae Dunaliella salina Teod.

q)nr. 15. CoBpeMeHHbn_ FaJIoqbI4YlbHbI_ MaT. 3axopoHeHHbIe ClIOn C III4CXaMn

3eneHo_ Bo/Iopocnn Dunaliella salina Teod., na noBepxHOCTn KOTOpbrx

BnanLI xapaKTepnsm 6yropKn.
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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.

¢)Hr.16. )Kryrbi Microcoleus, COCTOZmne n3 pa3Horo _<onnqecTsa TpHXOMOB: a-

Zto aeca'n<a TpHXOMOB B O/IHO_ o6HoqKe; b - He6onbmoe KOnr_qeCTBO

TpHXOMOB B O_HO_ o6oJIoqKe.
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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.

OHr. 17. CoBpeMeHHbIfi ranoqbrUIbHr_ifi MaT. _-_HCTbI Dunaniella salina (cnpaBa) n

CM_tTble Kne'r-crt rtypnynHofi 6aKTeprm Thiocapsa (cneBa) cpea_i CTBOpOK

,_HaTOMOBblX Bo_opocne_.

Fig. 18.

Our. 18.

Mineralization of Microcoleus chthonoplastes. The formation of

phosphate sediment. The mucilage at Microcoleus cells form mucilage

crossspace.

Oocqba'rrI3atmn Microcoleus

cl_ocqbaxa Ka_buna B Bnae

noKpbiBatou__aa

IIepeMblqKH.

chthonoplastes. O6pa3oBaHne ocaJIra

rno6yn ri Mm<poxpy6o,qeI<. Cnn3b,

Hna'n UHaHo6aK'repHfi, yac'ro o6pa3yex cBoeo6pa3nbm
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Figs. 19-27- SEMphotomicrographsof biomorph structures in Khubsugul phosphorites

• ur.19-27 - SEM _OTorpaqbrIri 6HOMOpqbnbrX cTpyrTyp a Xy6cyrynbcrHx

_oc_opaTax.

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.

Xy6cyryJIbCKrte qbocqbopma,1 H3yY_HCb na cKonax, npmunrtqboBKax rmrl a nonrtpoaKax.

Hamwqtune pe3yJlbTaTbl 6blJIH rlO.rlyqeHb[ npH JIOnOJqHHTe.qbHOM I/poTpaBJIHBaHHH nOJInpoBanHblX

noBepxHocTefi 3-7% COJmHOfi KrtCJlOrOfi B TeqeHne 2-4 MnH. ]IAn Bb1JIeneHri_ neKoTopbrx

qbocqbaTnBHpoBanHL.lx o61,e_roa npHMen:qJIOCl, npoTpaBnHaanne a TeqeHrle 1 CyT. 10% yKCyCHOi_

KF_CnOTO_.KpoMe OTnOnnpoaanHux n npoTpaaJ_enHb_X noBepxnocTefi 6_,_nnByqeH TaK_e ocaaoK nocne

pacTBOpeHrm qbocqbopnTOB B 8-10% yKcycHo_ KriCnOTe, B rOTOpOM o6Hapy',rnJmCl, OCTaTr_t

qbOCqbarrTBHpoaaHn_,_XnnaHrronH_,_x oprarm3MOB. Hy_Ho riMeT_, B allay, qTO napaMeTpu 06pa6oTKn

ycpeaHenL_ H a KaP_aOM rOHrpeTHOM cn)mae Z,n_ noay_eHnn xopomero peByn_,TaTa Heo6xo)IHM

rmjirmH/lyaJ_LHr_lfi no/rxoa. Plpn rtpoTpaannBaHnH o6paBtma qbocqbopnTa c noBepxHOCTH Kap6OHaT Kam,tmn

raK npaauJm yaanneTca, a peBynr_TaTe o6",,er'I_ n3 qbocd_aTa _am, tlnn oKa3bmaroTcn 6onee BbIHyKJIblMH H

Ha qboTorpaqbHnx BblFJl.qJIflT CBeTJIblMH, a 06"beKTl:,l H3 Kap6oHaTa KaJ_barla, pacrloJiaravoulriecn rny6xe, Ha

qbozorpaqbHnx rtuerox _eMnym orpacry.
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Fig.19a.Fragmentof phosphoriteconsistingof severalmicronodules.

t_Hr. 19a. YqaCTOK qbocqbopHTa, COCTO_IIIII4HI-I3necrom, K_tx MnKpo_renBaKOB;

Fig. 19b. One micronodule (microoncolite).

(I)Hr. 19b. O;mH M_iKpoxenBaK (MI, tKOOHKOJIHT).
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Fig.19c. Fragmentof one micronodule;centralpart of oncolite and concentric

layersaremadeup of concentrationof pseudomorphsof differenttypesof

bacteria,outlying

concentriclayers;

qbHr.l9c. YqaCTOKMm_poxeJTBaKa;

KOItlIeHTpHqecKHe CYlOH

pa31tOrO THna 6aNTepH_{M,

at the left cyanobacterial filaments are seen between

IIeHTpaYfbHa_ qaCTb OHKOYIHTa II

CnO_eHLT cKonnelmeM IlCeBAogopdpo3 rio

no nepn(1)epm40IIKOYltlTa cneBa Me:_JIy

KOriIIetITpHHeCKHMH CJIOJ;IMH BH,_ttM HHTH l/HaIIo6aKTepH_i.

Fig. 19d. Fragment of one micronodule; two different types, in form and size, of

pseudomorphs of bacteria are shown.

• nr. 19d. YqaCTOK MnKpo_:enBaKa; BH,_Hbl JIBe pa37mqHbIX rio _opMe H

pa3MepaM MOz2n(lmKaI{nH rlCeBJIOMOp(_o3 no 6aKTepHgM.
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Fig. 20a.Micronodulefrom phosphorite.In the centerthereareconcentrationsof

pseudomorphsof bacteria,onoutlying in the spacesbetweenconcentric

layers the cyanobacterialfilamentsandpseudomorphsof bacteriaare

seen,concentriclayersaremadeup of pseudomorphsafter bacteria as

well.

qbHr.20a.MHKpo;KenBaKH3 qbocqbopm:a.B IlenTpe Haxo)mxc_CKOnneHHe

nCeBJIOMOpdO03rio 6aKTepnaM,nonepH_epunBnpocTpaHCTBaXMe:_y

KOt1IIeItTptlqeCKHMHCJIOgMHBH)IHblOTIIeJIbUbleHHTHIIHaHOBaKTepH_i

II CKOI-UIeHH_ rICeBJIOMOpqb03 170 6aKTepHgM, CaMH KOH1/eHTpHqeCKHe

CJ]0H T0;q;e CJ:O_eHbl rlCeBJIOMOpqbo3aMH no 6aKTepH_M.

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

OHr.20b. To _e, yBeJlrtqetto, nepHOpepwqecKaa qacT_,.
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Fig.21a.Fragmentof cyanobacterialmatfrom phosphorite.

• Hr.21a. YqaCTOKiiiaano6a_Tepnanb14oroMaTarI3 qbocqboprlTa;

Fig.21b. The same, enlarged. The tubes from two types cyanobacteria with

different diameter and morphology; probably from purple bacteria are

seen well.

Onr.21b. To >re, yBe_HqeHO. Xopomo Bn_Ir_r,_ Tpy6Kn unaHo6aKTepn_ _IByx

BItJIOB C pa3nbrM }IrtaMeTpou I4 cKorIJIeH14St nceBjIOMOpqbo3, BO3MOkI-(HO,

no nypnypnr_IM 6aKTepHaM.
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Fig.22a. Fragment of cyanobacterial mat from phosphorite.

• nr.22a. 3rqaCTOK ilnano6aKTepna3IbHOrO MaTa rt3 _bocqboprlTa.

Fig.22b. The same, enlarged;

diameter ( two types)

at the right cyanobaeteria filaments with different

are clearly seen, at the centre - concentration of

pseudomorphs probably of purple bacteria.

• Hr.22b. To _e, yBenn_eno. Cr_paBa xopomo BH_Hb_ Tpy6KH mmHo6arTepnfi

,/IByX BIeI]IOB pa3nnqaromnec_t no Be_iqrme )InaMeTpa, B I_enTpe -

cKonnennu nceB_IOMopqbo3, BO3MO)KHO,nO nypnypar_M 6aKTepHuM.
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Fig.23a. Fragment of cyanobacterial mat from phosphorite.

Cblar.23a. YqacTor _aHo6aKTep_ianr_Horo MaTa n3 qbocqbopnTa.

Fig.23b. The same, enlarged.

Onr.23b. To _e, yBezmqeHo.
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Fig.24a.Micronodule from phosphorite.In thecentrethereareconcentrationsof

pseudomorphs of possiblepurple bacteria;on outlying region the

cyanobacterialfilaments are seen.Hollow spacebetweencentral and

outerparts is connectedwith dissolutionin timeof samplepreparation.

_Hr.24a. Ma_Kpo_eJmaxn3 qbocqbopx4Ta.B IlenTpe Haxo/IHTCacKonJIemxe

nceBSoMopqbo3,BO3MO)NHo_[IO hypr_pHLIM 6aKTepHzM; nO nepHqbepHH

SI_Hb_ OT;aenLHLm HHTH unano6aKTepHfi. Honoe npocTpaHCTBO MemOry

IIeHTpaJIt,HO_ qaCTbIO It BHeIIIHItM KpaeM CBg3aHO C paCTBOpeHIteM

Kap6oHaza B xoae noarOTOBKn npermpaTa.

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

q_Hr.24b. To me, yBenuqeuo, nepH_epnqecKaa qaCTb.
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Fig.25a.

_bHr.25a. YqaCTOK 0pocqbopttTa C

Haxo)IHBIImMHC_I B O_HOM

Fragment of phosphorite with cyanobacteria filaments probably in life

been in one sheath, and with pseudomorphs after bacteria.

Tpy6KaMn UnaHo6aKTepn_, BO3MOX_I_O,

CJIH3HCTOM qex_e, I,I CKOIIJIeHH,,qMH

nces)IoMop_bo3 no 6aKTepnaM.

Fig.25b. The same, enlarged.

OHr.25b. To xe, yBeJmqeHo.
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Fig.26a.Fragmentof cyanobacterialmat from phosphorite.

q)Hr.26a. YqacToK LInaHo6a_TepHa_sHoro MaTa H3 qbocqbopHTa.

Fig.26b. The same, enlarged; cyanobacteria filaments with different diameters (

two types) are seen as well as possible hormogonia.

Onr.26b. To me, yBenHqeHo; xopomo BFI_HBI HI'ITH tmarto6aKTepH_ pa3Horo

anaMeTpa (aBa THna) _I oTaensnhle ropMoroHna (?).
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Fig.27a.Micronodulefrom phosphoritewith cavity from cyanobacteriafilaments

or from its concentrations.Matrix consistsof pseudomorphsprobablyof

purplebacteria.

CDnr.27a.MnI<po_enBaKn3qbocqbop_iTa,c nOJIOCTSIMI,IOTTpy6oKIlnaHo6aKTep_Ifi

I_J_HOT_IXCKOIIJIeUI_fi.MaTpHKcCOCTOFITI_I3l_CeBJIOUOpqbo3,BO3MO)KHO,

no nypnypnbiM 6aKTepHaM.

Fig.27b. The same, enlarged.

• Hr.27b. To _e, yBe:IHqeHO.
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Figs. 28-52. - SEM photomicrographs with different types of preservation of

cyanobacterial filaments and bacteriomorph bodies from Khubsugul phosphorites.

q)nr. 28-52 - SEM qboTorpaqbuH c pa3nuqnbn_n THIIaMII coxpaHHOCTtt HI,IYqaTblX

uuaI-IO6aKTepu_ H 6aKTepI4OMOpqbHbrX Ten B Xy6cyrynbcKnx qbocqbopuTax

Fig.28a. Micronodules in phosphorite.

q_Hr.28a. Mn_po:_enBa_n B qbocqbopnTe.

Fig.28b. One micronodule

q_nr.28b. OaHH MHKpo:_enBaK.
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Fig.28c. The same, enlarged, showing many hormogonia (?).

OHr.28c. To >Ke, yse_mqeao, Mo_<ao BI_aeTb cronneHae ropMoronH_ (?).

Fig.28d. The same, enlarged, showing cyanobacteriaol filament.

OHr.28d. To xe, yBeyiHqeno, BIf,IlHbI qbOCqbaTI43npoBanHbIe

n_ano6arTepn_ n o6mn_ qexon.

qbFIJIaMeHTbI
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Fig.29a. Micronodule consisting entirely of cyanobacteria filaments (?).

tgi4r.29a. Mi4Kpo_enBaK H3 qbocqbopHTa, Haueno cno:_eriHr_ifi

qbOCqbaTrt314pOBaHHt,/MH Tpy6I<aMH urIaHo6aKTepnfi (?).

Fig.29b. The same, enlarged.

• nr.29b. To >re, yBem_qeno.
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Fig.30. Micronodule from phosphatized cyanobacterial mat with cyanobacteria

tubes.

t:I)i4r.30. MH_:po:_enBaK H3 qbocqbaxH3HpOBaHHOrO uviano6aKTepHa._BHoro MaTa C

Tpy6KaMI4 unano6aKTepnfi.

Fig.31 a. Phosphatized coccoidal mat.

• Hr.31 a. qbocqbaTI43HpoBaHHt,I_ KOKrOnJIHb_ MaT.
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Fig.3lb. Phosphatizedcoccoidalmat, enlarged.

CHr.31b. {I_ocqbaTII3HpoBartH/,I_ KOKKOI4_HbIH MaT, yBenwJeHo.

Fig.31 c. The same, enlarged.

_Hr.31 c. To nee; 3menn,Jeno.
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Fig.32.Micronodule from concentrationof pseudomorphsof bacteria and with

cavitiesfrom cyanobacteriafilaments.

q)Hr.32. MnKpo:_enBaK, cno:_enm, n_ cKom_enneM rxceBaouopqbo3 rio 6al(TepnaM,

nHanL_ nonocxH oT nHTe_ imaHo6a_TepHfi.

Fig.33. Micronodule from pseudomorphs of bacteria and with cavities from

cyanobacteria filaments.

OHr.33. M_po_eJmaK, cno_eH_ibifi cKomIenneM nceB;lOMOpqbo3 no 6aKTepnaM,

BI4)IHbI nOYtOCTH OT I_nTe_ [InaHo6aKTepnfi.
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Fig.34. Different types preservation of cyanobacteria filaments and

pseudomorphsof purple(?)bacteria.

_DHr.34. Pa3JIHqHbIe TI'llIbI coxpaHHOCTH tinaHo6aI<TeprI_ B BH)Ie OTJleJlbHblX

HI4Te_ l/JlI,I ltX CB_t30K I_InCeBJIOMOpqbozbI nO IlypllypHblM (?) 6aKTepHaM.

Fig.35. Preservation of cyanobacteria filaments and pseudomorphs of purple

bacteria (at the right).

d)rw.35. CoxpaHIIOCTb HHTefi IIHaHo6aKTepI4fi tI rlyprlypnbIx 6aKTepI4fi (cnpasa).

i
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Fig.36. Fragment of cyanobacterial mat.

Onr.36. YqacroK t_naao6aK'repna.rIr, noro Ma'ra.

Fig. 37. Fragment of cyanobacterial mat.

qbnr.37. YqaCTOK ranaHo6aKTepna_bHoro MaTa.
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Fig.38. Pseudomorphs of purple bacteria and cyanobacteria filaments replaced

by purple bacteria.

_Hr.38. HCeB_OMOpqbo3_,I nO nypnypHbNf 6arTepnaM n HIITIt i!naHo6aKTepn_,

TaK:_e 3aMellleHHble IIyplIypHI_IMH 6aKTepnnMH.

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

by purple bacteria.

_i4r.39. IlceBaoMoptl_O3bI nO 1-xypnypHbnU 6arTepHzM n nHTn UnaHo6aKTepn_,

TaK_e 3aMemeHHbIe HypnypHblMl4 6aKTep_iaMrt.
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Fig.40a. Type of preservation of cyanobacterial mat.

OHr.40a. THn coxpaHHOCTn _Iano6aKTepnam_Horo MaTa.

Fig.40b. The same, enlarged.

Oi4r.40b. To me, yBenHqeHo.
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Fig.40c. Thesame,enlarged.

q_nr.40c. To :_e, yBeJmqeno.

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

_i4r.41. THn coxpaHHOCTH HI4Te_ UnaHo6arTepH_ i4 nypnypnbrx 6aKTepHfi.
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Fig. 42a.Typeof preservationof cyanobacterialmat.

tgr_r.42a. THn coxpaHHOCT_ tlHaHo6aKTepHa_Horo MaTa.

Fig..42b. The same, enlarged.

_nr.42b. To _e, yBeJIHtIeHO.
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Fig.43a.Typeof preservationof cyanobacterialfilaments.

tgHr.43a. TrirI eoxpaHHOCTH HrTTe_ aHaHo6aKTep_I_.

Fig.43b. The same, enlarged.

cbrir.43b. To _Ke, yBennqeno.
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Fig.44. Type of preservation of cyanobacterial mat. The hollow tubes are from

cyanobacteria.

_Hr.44. THn coxpamtocTH UnaHo6aKTepHaymHoro MaTa, nOnSle Tpy6rn -

nO_OCTH OT IIHaHo6aKTepH_.

Fig.45. Type of preservation of cyanobacterial mat and pseudomorphs of purple(?)

bacteria concentration.

Ont.45. Tnrt coxpaHHOCTtt t_naHo6aKTepHa_LHOrO

rtCeB)IOMopqb03 lI.rl 1JyprlypHbIM (.9) 6aKTepH.qM.

MaTa H CKOrIJIeHH_
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Fig.46.Typeof preservationof coccoidalmat.

_Hr.46. THn coxpaHHOCTI/I KOKKOI,I_HOFO MaTa.

Fig.47. Microstromatolite, thin section, (magnification 5x). In lower part - thin

bedding phosphorite stromatolite.

Cbnr.47. MnKpOCTpOMaTO.rlHT, IIInndp (yBeJIHqentIe 5X.). B Hn_He_ qaCTH qbOTO -

TOUKOCnOnCTblfl _OCdpOpnTOBLI_ CTpOMaTOntIT.
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Fig.48a.Phosphatizedtubefrom cyanobacteria.

_Hr.48a._ocqbaTn3npoBanna_Tpy6raImaHo6aKTepI4H.

Fig.48b.Dumpbell-likepseudomorphsof bacteriain the upperpart of the tube

nearit innersurface.

_Hr.48b. FaHTeJTeBHaHbier[ceBnOMOpqbo3bIrro 6aKTepns_v_nB BepxHe__Iacrn

Tpy6Knpg_IOMCeem_yrperine_ noBepxrIOCTr_lO;
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Fig.48c.Semi-amorphouscalciumphosphateon theouter part of the tube.

_nr.48c. HonyaMopqbnbI_ _bocqbaT Kan_,IIn_, cnaratomn_ cTenry

cnapy_a

Tpy6Kn

Fig.48d. The same, enlarged.

_nr.48d. To _e, yBennqeHo.
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Fig.49a. Fragment of micronodule with well crystalized calcium phosphate.

tgnr.49a. 3rqaCTOK MitKpo_eyn3aKa c xopotuo pacKprlcTanYrrI3OBaHnbIM qbocqbaTOM

KRT/bHH_I.

Fig.49b. The same, enlarged.

O_ir.49b. To _e, yBennqerIo.
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Fig.50a. Fragment with radial placed cyanobacterial (?) filaments. Calcium

carbonate crystals are around.

_Hr.50a. YqaCTOK C pa_Ha.ribHO pacnonaratomnMHC_ HHTflMH (.9) imaHo6aKTepH_.

Borpyr naxo/lffTC_I KpHCTaJIYIt,I i<ap6oHaTa Ka_bHn_.

Fig.50b. The same, enlarged; it is seen the replacement of cyanobacterial (?)

filaments by purple bacteria,

• Hr.5Ob. To _Ke, 3aMemeHne HnTe_ (.9) unano6aKTepn_ rlCeB_IOMOpqbo3aMH nO

nypnyprmIM 6aKTepH_M.
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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.

OHr.51. KOHCTpyKIII, I_ ranaHo6arTeprmm, noro MaTa na rny6HHy 10-15 MnKpOH.

Macca n3 rlCeBRouopqbo3 rio nypnypnbIM 6aKTepHaM, cpe,arI KOTOpO_

BH_HBI HHTH Ilnauo6aKTepn_, 3auemennr, ie nypnypHbIMri 6arTepriaMn.
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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.

Ont. 52. Macca H3 rlCeB)IOMOpqbo3 rio nypnypHl_IM 6aKvepn_M C nono_ Tpy6KO_

OT HHTH _Ir4aHo6aKTepm4. BH_HO, qTO TOYIIIIHHa CTeHKH HHTH paBHa

TOnlIIHHe O2IHOFO CnO_I 3aMeCTHBmHX ee nypnypHblX 6arTepH_.
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Figs. 53-55 - SEM photographs of organic remains from Khubsugul phosphorites

_nr.53-55 - SEM qbOTorpaqbI, II,I opranHqecrnx OCTaTKOB tt3 Xy6cyrym, crnx

qbocdpopnToB

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.

Ont.53. Obruchevella

3K3eMrInap; b

delicata Reitiinger, 1948; (BypenxaH); a l-IOJIHbII4

qbparMeHT, yBennqeHo; BH,_HO 3aMemeHHe cxerrrri

rlceBRoMop_o3aMn rio KOKKOtI)II-II,IM 6aKTepHaM.
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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.

_Hr.54. Obruchevella delicata Reitlinger, 1948; (Xy6cyry_); a - rronnbI_

3K3eMnnup; b - dpparMe_T, yBennqeito; BH_HO 3aMettle_He CTeHKII

nCeB_IOMopqbo3aMI4 rio nypnypHbIM 6aKTepHuM.
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Fig.55. Spirellus columnaris Jiang, 1982; (Khubsugul); a - entire specimen; b -

fragment, enlarged.

_I_r.55. Spirellus columnaris Jiang, 1982 (Xy6cyryJI); a - rio_irlbi_ 3K3eMn_ap; b -

dpparMeHT, yBeni4qeHo.
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Figs. 56-61 - Photomicrographs of ancient cyanobacteria from Khubsugul phosphorites in

thin sections.

Onr. 56-61 - _OTOI-pa_rlI4 _peBnHX tlnarto6aKTepn_ _I3 Xy6cyrynbcKHx qbOCqbOpI4TOB a

npo3pa_bIX mnnqbax

Figs. 56 & 57

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

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

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

1100x.

(l)Hr. 56 & 57. t_ygBbI na _OTOrpaqbHgX OTHOCItTCltK:

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

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

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

ll00 x.

Magnification

YBeJItlqeHHe
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Figs.58 & 59

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

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

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

1100x.

Magnification

OHr. 58 & 59. Byx_Br_iHa d?oTorpaqblanX OTrIOC_TCn K:

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

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

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

ll00x.

XfBe.rlHqeHHe
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Figs. 60 & 61

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

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

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

1100x.

Magnification

_i_r. 60 & 61 ByKBbI Ha qboTorpaqbH_X o'rnocn'rcn K:

a- Syphonophycus O,picum (Hermann, 1974) Butterfield, 1994;

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

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

1100 x.

YBeYlHqeHHe
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