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The Tunka Valley and South Baikal Basin of the Baikal Rift System:
Introduction into Rifting Processes in the Continental Lithosphere

S.V. Rasskazov'?, I.S. Chuvashova?, S.V. Snopkov?3

YInstitute of the Earth's Crust SB RAS, Irkutsk, Russia
%Irkutsk State University, Irkutsk, Russia
3Irkutsk National Research Technical University, Irkutsk, Russia

Abstract. Brief overview of preCenozoic basement, tectorf@atures stratigraphic sequence of
sedimentary and volcanic rocks of basins, minerésadangerous geological procestastectonic
development, deep structure of the crust and the underlying mantle idajitiea Tunka Valleyand
South Baikal BasinConcepts and terms are presented in a form accesséti@telerwho hacome
into contact with rifting processes in the continental lithosphere for the first time.
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from subcrustal, and in some continental rift

Initial terms and definitions of  zones, perhaps also from intracrustal magmatic
continental rift zones and rift systems center® (Milanovsky, 1976; p. 10 As we can

The term "rift" was proposed in 1896 by thesee, this definition refers both to the lithospheric
English geologist J. Gregory to denote a fau part of the mantle and to the crustal effects of the
thatformeddue togravitational forces. J. Greg- stretching process. The mechanism of stretching
ory proposed to call the egative structure is indicaedi the rise of deep (mantle) material,
formed between two fault&ift basird or firift ~accompanied by itsteralspreading.
valleyo. In the next monograph by N.A. Loghev,

Rifting processes of continents were intent he concept of Arift zon
sively studied in the 1960%990s.In an intro- on the structurajeomorphological meaning of
ductory talk of thesymposiunfi Pr o b | e msiia large striplike uplift of the eaft's surface,

i ngheld in Irkutsk in 1975A.L. Yanshin, accompanied by one or several parallel gra-

while discussing the problem of rift terminology, ben® (Logachev, 1977; p. B The presence of
describedrifts a s negative structures of the grabens emphasized the structural effect of crus-
earthoés crust associ atalstretching. In this definition, volcanism was u b s
ence under the influence of gravity, as J. Grecnot considered an essential feature of a rift zone,

ory wrote, but with large horizontal extensionsalthough the idea of dividing rift zones into

of the sialic laye that are accompanied by the domevolcanic and weakly volcanic wasdvo-
formation of faults cated Earth
mantle and displaying basic magmatésm In studies of continental rifting, there was ex-
(Yanshin, 1975, p.)5In this definition, ariftwas perience in identifying the Kenyan, Ethiopjan
presentechfter J. Gregory as a crustal structureand Western rift branches (rift zones) within the

that influences the underlying mamtl East Africanregion Using these structures as an
In the monograph by E.E. Milanovsky, pub-e x ampl e, the definition
lishedin thenextyearafter the symposiupade- sy st emo was i ntanomberofed a

tailed concepof arift zone wassuggested'Rift ~ closely interconnected rift zones of similar or dif-
zones are very long (many hundreds and thoiferent types that are approximately the same age
sands of kilometers long) planetasgale strip inspaced | t wa s tehmdiishens darz e d
like tectonic zones,ocnmon within continents be applied to any combination of rift zones, re-
and oceans, in which there is an upwelling cgardless of their size, complexity and pattern, but
deep (mantle) material, accompanied by its latis mainly used in relation to those combinations
eral spreading that leads to more or less signifithat are characterized by the presence of differ-
cant transverse stretching in the upper layers cently oriented rift zones, a tréde pattern or the

the earth's crust. The most importantustiural  presence of several semblated branches, a
expression of the stretching process on thgeneral contour that is not striped but close to
Earth's surface is usually the formation of a deeisometri® Mi(anovsky, 1976; p. 1)L As we can
and relatively narrow (from several kilometerss € e , the concepdsumestvo a ir
to several tens of kilometers), often stepped gr.or more of its constituent structural elements (rif
bens (symmetrical or asymmetrical), limited b'zones) as an essential feature.

normal fauts of great depth (the rift itself or "rift ~ In the evolution of ideas about rifting the
valley"), or several (sometimes a whole seriescontinental lithosphere, an important role was
of such grabens... Rift zones, with rare excejplayed by works on volcanism. In geodynamics
tions, are characterized by an increased hezas a sciencthatarousedn the 1970s, arucial
flow, the value of which generally increases aplace, along with the tectonic meept of litho-
they approach their agj often reachingi, and spheric plates, was devotedhe concept affth-
sometimes everi B heat flow units. The devel- ospheric andublithospheric melhg anomalies
opment of most rift zones is accompanied by dithat was a result of a long discussioan the
playing of hydrothermal activity and magma-origin of intraplate magmatisnin the south of
tism, and in particular, volcanic eruptions fedSiberia, rift basins andft-relatedvolcanism in
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Central Mongolia, Eastern Sayaand Western specialwork on Cenozoic basaltthat was ac-
Transbaikal extended far beyond the structuracompanied byKiAr dating of volcanic units
geomorphological boundaries of the Baikdft  (Rasskazov, 1993)

Zone, therefore, in a broader sense, in such an A clear understanding of the Tunka Valley
expanded context, the rift structuresSofuthern structurewas achievedy the mid1970s mainly
Siberia were condered within the framework of due to studiesby N.A. Florensov and N.A.
the BaikalRift System (Rasskazov, 1993). Logatchev,who brought it to the international

A comprehensivenderstandin@f continen- level as a classic object of Camic continental
tal rifts wasprovided in thethematic monograph rifting. In 1975,theinternational symposium on
published m the mid1990s Rifis are now gen- rifting problems with a geological excursion to
erally accepted to be extensional features, althe Tunka Valley wasrganizedn Irkutsk (Ge-
hough they may be associated with earlier, conelogical excursions , 1975). Subsequently, the
temporaneous, or later compression. MorphoTunkaValleywas visited by participants other
logically, they are well defined as elongateinternational and Russian  conferences
depressions bounded by normal faults. Howeve¢l.ogatchewet al., 1981, 1984; Logatchev, 1987,
the common association of rifts with volcanismRasskazov et al., 2010; Levitsky et al., 2021).
high heat flow, anomalous @tiand upper man- Educationalfield trainingsof students of the
tle structure, and seismicity provides compellingSU geological faculty have been held in the
evidence that rifts are not confined to uppeunka Valley for many years.n 2011, the
crustal levels, but that they are linked to dynami®&/yshka resort, organized on deep wellat
processes in the lithosphere and asthenosghergieldedthermal waters, hosted the International
(Olsen, Morgan,1995; p. 3). This definition Scientific and Practical Conference "TariKa-
shows progress innderstanding differenbles tional Park- 20 years", at which materialsere
of the crust, lithosphere, and asthenosphere presented on the geology of the Tunka Valley as
rifting development. a diverseexcursion aredor both knowlegeble

geologists and young people who have not yet

Historical remarks on the discovery of  entered the geologicafofessiori students and
the Baikal Rift Zone schoolchildren (Rasskazov et al., 2011).

The history of geological studies of the Tunk: Theaim of this paperis to present a concise
Valley spans several centurigsfter numerous geological overview of the Tunka Vajland ad-
episodic visits by famous and less@own trav-  jacent South Baikal Basjmccessible t@isitors
elers, a major breakthrough in understanding ttwho have come into contact wittifting pro-
structure of the TunkBasinand the ElokaSpur cessegor the first time For initial acquaintance
occurred in 1952, when during the summer fieliwith rifting processe this review, highlighted
season N.A. Florensov organized geologiczare pre-Cenozoic basement and rift structyres
mapping of theareaat a scale of 1:100,000. N. resuts of studies ofsedimentary andolcanic
Logatchey a 1952 graduatieom the Geological rocks mineral watersand alsadangerous geo-
Faculty of Irkutsk State University, was involvedlogicalphenomena earthquakes and mudflows.
in this work.It was he, whesubsequently devel-
oped and substantiated a stratigraphic scheme for The Baikal Rift System 7 a classic
sedimentary depositin basirs of the Baikal rift extensional continental structure of the
zone and provided a basic summanydafaon Earth
highlands of the Baikal and Transbaikal regions Under the conditions of gravity dominance
(Logatchey 1958, 1974). The advancement othe upper shell of the Earihthe Earth's crust
knowledge about the geology of tlaeeawas is affected byall-round compression. However,
greatly facilitated by drilling of deep wslin the not only compression structurdsit also exten-
1950sthat revealed more than 2000 m of sedisiononesare widespread on the Earth's surface.
mentaryvolcanogenic filling of the Tunk&8a- Extension is concentrated othcontinental rift
sin. Results of lhe initial systematic study of the systems ad oceanic spreading belts (Fig.
Tunka Valleyweregenerally confirmedhrough
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Fig. 1. Distribution of Cenozoic continental rift zones, systems, and oceanic spreading belts of the Earth
(Milanovsky, 1999)17 intraoceanic spreading bel&i West Pacific marginal oceanic spreading belt;

31 active axial zones of spreading belts and transform faults intersecting4tieextinct axial zones

of spreading belt& i continental rift zones and systerg; stable cores of contineritld platforms;

717 mobile belts within continents and their igims; 81 areas of the ocean floor outside the Cenozoic
spreading belts mainly with Mesozoic oceatyige crust.
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TheBaikal Rift System issituatedn the inner
part of Eurasia, far from structurestbg world Geological background: pre-Cenozoic
oceanic spreading belts, unlike, for example, theasement in the Tunka Valley and Lake
Cenozoic continental rift system of NortheasBaikal coast
Africa connected with the oceanic rifth this Suture T tectonic division between large
regard, the origin dheBaikal Rift Systenraises blocks (terranes) of the earth's crust.
many questions. Are there any similarities be- Tectonic terrané a cruwstal block, bordered
tweenrifting processedevelopmedn theBaikal by faults fromneighborblocks, that show differ-
Rift Systemand worldvide? Whatkind of spe- ent origh.
cific deep and shallow processes in the mantle Cataclasitei finely crushed rock in a fault
and crust accompanidtie developmenof the zone.
Baikal Rift Syster? Do similar processes de-  Mylonitei a rock, transformed into flowtue
velop in other regions of Asia®nswers to these to tectonic mdionsin a fault zoneln mylonites
and other questions are ambiguosis far The  structural and textural features of the original ig-
only way to find the truth is to study the entireneous or sedimentary rocks are completely de-
Baikal Rift Systemand its constituent elements. stroyed.
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Pseudotachylyté a black rockjn hand spec- early Precambrian basement of the Siberian
imensimilar to volcanic glass, but not being it. Itpaleocontinent from younger accreted terranes
is formedasa vein during a powerful tectonic (Figs. 2, 3) PreCenozoic basement of the Sibe-
mation in a fault zonethatis accompanied by (ian paleocontinent margin shows the Sharyzhal-
heat generation bfyiction and bymobilization gai uplift of the Archean block extended

g:agluslds with therr concentration in opening norrtwestsoutheast over 300 km (Fig. 3b).

Pre-Cenozoic basement

North Baikal and South Baikal Basins of Lake
Baikal inherit the suture zone separating the

Basement
[: Archean-
Paleoproterozoic
[ | Neoproterozoic 104° 12 120°.

Upper Precambrian-Lower o
Paleczolc, terranes e e LA YIS S

. X ' K - '. — 2 0. -
| istand-arc :Si| ian a ,"/
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Fig. 2. Structural setting of the Late Cenozoic Baikal Rift System in the&Cpreozoic basemenPale-
omicrocontinents: TM Tuva Mongolian, BMi Baikali Muya. Terranes: Dzh Dzhida, Tni Tunka,

Khm i Khamsara, Ei Eravna, IKi Ikat, Bri Barguzin, Oli Olkhon, Khdi Khamai Daban, OK

Olokit, Am 1 Amalat (unclear origin), W$ West Stanovoy. The d¢&onic units of the basement are
shown mostly after (Belichenko et al., 2006a,b), the late Cenozoic ones after (Logatchev, 1977; Ras-
skazov, 1996).
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Sedimentary 3
and metamorfic units Magrstic unks
" | Neogene-Quartenary | | Basalts (K2) A e %
[ Cretaceous [5F 7 Augitites (M2) a
B Jurassic Bl Granitoids (PZ)
[T Ordovician A | Alkaline rocks (PZ)
B cambrian B Gabbro-syenites (PZ)
[ Vendian I e granites (PR)
B Riphean B Primorsky granites (PR}
2w Differentiated
Patychronic % gabbroids (PR}
[T metamorphic X
series “:s o Ultrabasites (PR-PZ) ="

(=] Proterozoic [a] Komatite-like
I ~rchean rocks (AR)

% diffe

108" Undifferentiated
[2 faults
[N Thrust
Sulure between the basement of the
el \be Siberian paleocontinent and accreted
104 terranes b

Fig. 3. Schematic geological map of the Lake Baikal coast and adjacent Tunka Valley modified after
(Grudinin, Chuvashova, 20113)(and structurageological scheme of the Sharyzhalgay uplift of the
Siberian paleocontineitasement (Melnikov, 2011). In parall 1 platform cover; 241 Early Pre-
cambrian rocks of the Sharyzhalgay complek:Targazoi series, BKitoi series, 4 Zhidoi series; 5

T Upper Archean Onot greenstone belt; IBate Proterozoic rocks of fault gras; 7917 marker hori-

zons: 7i garnetbearing gneisses, i8crystalline schists and amphibolitesj @arbonate rocks; 10
granitoids of the Sayan complex; LMain Sayan fault; 12 large interblock faults; 1B undifferenti-

ated faults; 14 thrusts; 51 strike of banding. The blocks are marked with Roman numeralskiit,
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II'T Zhidoy, Il T Kitoi, IV T Bulun. The numbers in circles are the faults:NMain Sayan, 2 Zazar, 3
1 Dabad, 4 Alagnino-Kholomkhinsk, 5/ Onot, 61 Alar, 77 Tochera.
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Pre-Cenozoicbhasemenbf the TunkaValley (Belichenko et al., 20Gg6lky Barash et al., 2006)

is composedf sedimentaryigneousandmeta- (Table 1).

morphic rocks The VendiarCambrian sedi-

: Deep-seated inclusions in volcanic rocks i
mentary rockdocated in the northeastern part of fragments of rocks from deep layers of the lith-

the al‘ea,be|0ng to the oer Of the TUVGMOI‘I- Osphere, Captured by magma and brought to

golian microcontinent, the Riphean basement of the surface

which includes early Precambrian blocks (Gar-
gan and others). The sedimentaptcanogenic
rock complexes of the remainiggeabelong to
theKhamarDaban terrane, which accreted to th
baserent of the Siberian continent and the Tuva
Mongolian microcontinent in the early Paleo-
zoic. As a result of the interactidretweengeo-

zonal (from granulite to greenschjsinetamor-
Paleozoic granitoid massifs (Fid).

was determined by dating syncollisional granite
using the WPb zircon method (Kotov et al.,

morphic gabbresyente massifs, RbSr and U

and for phlogopite veins, younger ilb and
Ari Ar dates of about 460 Ma were obtaine

Stitching complexes are:of the HamaiDaban

the TuvaMongolian microcontinent, the Hamar

Inclusions from volcanic rocks of thieunka

Valley exhibit ceepseatedocks extractedrom

ayers of the earth's crust and underlying mantle
y rising alkalinebasaltic magmas as they move

toward the earth's surfacEhesecharacterize the

transition from the mantle to the crust in the
lyudyanka metamorphic suierrane of the
hamarDaban terrane.

The deepseatednclusions are found ibas-
alts offour siteslocated across the Tunka Valley
strike: 1) in KhamabDaban (Kozya Sheika be-
gween the Margasan and Ziurin Rivers) 2)
in the southeasern partof the Tunka Basin

i A orthernside of thg Irkut Riyer)3) in it rth
1997; Salonikova -mea 41000 pa?tl( 9E) Rivela]r/-_led%i)n R
ange The depths of extracted deep material
onsistently increase from north to south from
he main reliefforming (master)fault that limits
he Tunka Valley from the north, to Khamar
DabanRange(Rasskazov et al., 2010n the
Tunka Range, however, new location of spinel
peridotites was found to nordast of the Arshan
resort. These deegeated rocks are composition-
ally similar to those from the Koziya Sheika lo-
cality on the opposite (southern) side of the
Tunka Valley.

logical blocks, their boundary parts experience
phism. Igneous rocks are regented by large

The age of zonal metamorphisoa(488 Ma)

Pb dates of about 471 Ma (Grudinin et al., 2004

(lvanenko et al., 1990; Reznitsky et al., 1998)

terrane, granitedated a#t 6 9 Ma2(the Hamar
Daban complex); for the junction arbatween

Daban and Tunka terranes, granitested at

4 8 1 N&(the Munkusardyk complex); for the
Dzhida terrane, granitoiddatedat 4 8 9 N&
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[=-] cenozoic rift basin B Falcozoic granites
E Vendian-Lower Paleozoic g, g
sediments "~z Main Sayan Fault
:] Neoproterozoic Khangarul \ Isograds of metamorphism
and Hamar-Daban series (1 - garnet, Il - staurolite, Il - silimatite,
m Slyudyanka series of ——" |V - potassic feldspar, V - hypersthene)

metamorphic rocks

- Archean Sharyzhalgai block of the ~ A4 Locations of deep-seated inclusions in
Siberian paleocontinent basement late Cenozoic volcanic rocks

Fig. 4. Schematic geological map of the Tunka Valley and adjacent areas. The Slyudyanka terrane,
affected bymetamorpismunder conditionsf granulite faies, is tracetly deepseatednclusions from

Lake Baikal to site 3 (Khobok) in the northern part of the Tunka Basin. Gassaiteclinopyroxenites

occur in sites 1 and 2 (Kozya Sheika and Irkut) and, in site 4 (Bukhstagllow amphiboldearing

rocks, in sites5 (Arshan), 6 (Sukhayaand 7 (Karerny) mainly green spinel peridotite®letamorphic
isogradsareshownafter (Shafeey 1970).
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fstosan " 3] Missd2OB @ogha), dzd6 (v zn OW) o 7 f)@e®dedzy dg dar P dzj dz'
dzj dzj o' § { jrte dsHeteBHE O d3ts tafiite/ @ sl3@sO W |, 1990).

Table 1

Age intervals of geologcal eventsto the west of Lake Baikal(eastern part of the Tunka Valley)

v OB &zd y O 1
Il sLteOMmisdz" § ddzlsj tco Odzr CitdztseduimMSdrs MtsB" @ szB ] tc
dzOw yOMmls: vlzdzC d dzlm € 52 Htsdzd dz" )

Event Age,Ma | Data surce

Before metamorphism of the S$igyanka Crystal 800/

Complex: accumulation of sedimentary rocks (j 780, gﬁ‘égﬂ?ﬁé‘;’“&l 2%%6
cons with a relatively young age) 6901 490 ’

Peak of granulite metamorphism: syretamorphic 488 481 Kotov et al.,1997;

granite magmatism Salnikovaetal., 1998
Postmetamorphianagmatismgabbresyenite mas 471 450 Grudininet al.,2004;Saknikovaetal., 1998;
sifs, phlogopite veins Ivanenko et al., 199@Reznitsky, 1998

Late Paleozoigeactivation: potassimigmatization

of the Khangaruleies 310 Savelyeveaet al, 2012

Late Cenozoic rifting: basalts, sedimentaagksof .

fift basins 18112 Rasskazoetal., 2003
Inversion of tectonic nm@nsin the eastern part ¢
the Tunka Valley: cessation of volcanism, uplift| <12 Rasskazoetal., 2013,2021a
thearea formation ofthrusts
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In the eastern end of the Tunka Valley, amongaleocontinentfor which detrital zircons have
deepseatednclusionsfrom tephrites of the By- been @ted to 3.6 billion years, and a model age
strayaquarry (Levitsky et al., 2021yreenspinel of 3.82 billion years is calculated for the ore
harzburgits, composed of yellowislgreen oli- leads, corresponding to the last heavy cosmic
vine, bottlegreen estatite and black spingbre  bombardment of the Earth.
fjomlnated (Fig5). EmeralagreenCr-diopside Metamorphic rocks of the Slyudyanka sub-ter-
is rear.The rocks captured and removed from the rane
crustal layer are black and gray, composed of au-
gite and plagioclas@ilow et al., 2021)

» , —

The Slyudyanka block (metamorphic stelo-
raneof theKhamarDaban terrane) is composed
of relatively young primary sedimentary rocks

alts, andesites) that accumulated up to B%0
and underwent metamorphic transformations in
the presence of fluids (géisjuid formations) at
high temperatures (up
(up to 9 kbar). As a result, metamorphic rocks
were formed: gneisses, marbles, granulites. The
Slyudyanka block contains deposits of phlogo-
pite, wollastonite, apatite, lazurjteand other
gemstones. More than 200 rare minerals were

L -
Fig. 5. Tephritefrom the Bystraya garry with found in the Pereval quarry area.
deepseatedxenoliths of rocks (harzburgites) Mylonites and pseudotachylytes of the Main

extracted fromthe crust mantle transition
zone.

Sayan Fault T suture between basement of the
Siberian paleocontinent and Slyudyanka sub-

terrane
tdMujiBtedls 1"  MteddMS et ¢ Ok! j©O M ¢ di-

B o dzdz' Cofylj dzts dztf s @ty ( ¢ Otey s Ehe Mdin Sayan Fault separates the meta
stse ), ity jddz = Sl phids facks Bffsthesbasetnent of the Siberian

dsets §jtj~BHO. paleocontinent from thse of the Slyudyanka
Metamorphic rocks of crystalline basement in subterrape. The fault extends from thle shore of
the Siberian paleocontinent Lake Baikal in a weshorthwest directiorover

000 km The width of the fault zone is from 1
0 10 km. In the areafdhe Kultuk village, the
mylonites of the Main Sayan Fault, developed
along silicate rocks, are bluigjray schiss (Fig.

. . ) 6a). The strong mions were accompanied by
gneisseswith a pronounced gneiss texture are e :
he release of heat due to friction and melting of

composed of biotite, amphibole, feldspar an%he material in the fault zone. Thesg/lonites

quartz. These rocks of metamorphiegor were contain veins of pseudotachylytes, primarily ig-
affected bypressures of up to 9 kbar and temper- P yiytes, p y1g

atures of up to 800 A %eouls rr}OCka' . W{iet Cr\ﬁtra I.Iéz%defrﬁné % t%n*c
. - . melts of basic, intermediate, and acidic compo-
mixture of liquids and gases)he metamorphic

rocks belong to the basement of the Siberia‘ff"lltIon (Rasskazov etal., 2091(Fig. 6b).

Metamorphic rocks (gneisses, amphibolites
of theold (Archean) crystalline basement of the
Siberianpaleocontinenare exposed on the Cir-
cumBaikal Railway. Near the Kultukillage,
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(sandstones, limestones) and igneous rocks (bas-

t

GJ

0]



| jBdzsedw d tCAEzy205050.W duftcj H

’
; ' granite

A A ™ {ragmight ig-
T Psgudgtachylitr e mndbutotachy g
w ‘/d.;emr__‘/ IR, - s Ve

227 NS v o L 5 g'p‘-\>t
: ~tid ‘\'l ._;!‘ | 358 . Pothe.
B sty i

chlorfizating 200e. | v+, &

? ) ' b | ,l A ) | J "‘“‘ } ; ‘. L™ ';"4 : ";-
A Ve « Crack-wih © 3 g \ ' T R S R
, 7 ,T.'l. \ ) _m

W displacement !

Fig. 6. Young geologistslaservemylonites of the Mairsayan Fault that include veins of pseudotachy-

lytes(a) and seudotachylyte vein of intermediate composition is ttutcrop ). The rocks of the zone
have a silicate composition and include fragments enriched in carbonate (Rasskazov etaal., 2021

tdMmf sezsHr | tHigtsadsels dzpdssk]ERodscts v OV dhisets ttOL
yos hdr ddz f medHigseOn s dsdsdzd Istso OW 3 didOs df) tatg BHAAR) XG ts-
dzd.d } stesH' Ltsdy d&jsls MddadSOokdy 2 MshisOs, COLdj MisOc
B s dzO Rasskazbetal., 202H).

area, mylonites of th&unkafault were formed

in marbles (Fig7). Marble is a lesgesistantock

: ThehTEnkgfauItds_ep:ILate_s_th:unka Ra?gr? than silicate gneiss or sandstone, so there are no
rom thebasirs and Intefbasinisthmuses of the signs of melting of marbledue totectonic mo-

TunkaValley. Thi§ fault breaks up into a Seriestions In addition, the amplitudes of displace-
of steps descending from theptof theTunka ments along the dispersed fragments of the

Rangeto the_ bottorr_l of the valley a_md partially Tunkafault were less significant than along the
covered by its sedimentary deposits. In one %ain Sayan fault

these fragmentsxposedin the Arshanresort
16

Cataclasites and mylonites of the Tunka Fault
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Fig. 7. Cataclasites and mylonites in marbles of the Tunka fault.

{ s OOC&OL gl  ddsddls’ o GeOBSEOR ulkdS ddfm¢ et

not have a clearly expressed inheritance from
any fault of the pr&Cenozoic basement and is

The basins of Lake Baikal were formed alonerresented by a dispersed series ofdompli-
the suture zone separating the Early Precambrighye normal faultsometmes with lateral com-

basement of the Siberigmaleocontinentfrom
ponent
younger accreted terranes. The land fragment of
the suture zone (the Main Sayan Fault) and its The Tunka Valley i a fragment of the
lacustrine continuation separate the SiberiaBaikal Rift System
paleocontinenﬁ‘om theKhamarDaban Terrane The TunkaVa”ey is located in the western

and the TuveMongolian microcontinent. This part of theBaikal Rift System (Fig. 8a)t exhib-

sutue is characterized by significant movementgs 3 chain ofbasins(from east to west)By-

in a strip up to 10 km wide. straya Tory, Tunka Turan Khoytogol, and
The basins of the Tunka Valley inherited theviondy (Fig. 8b). Thebasirs are separateidom

interaction zone of th&khamarDabanterrane e a c h  dy hpkfts-istlemuses.The largest

and the TuvaMongolian microcontinent. 8  TunkaBasin (301 60 km) is separated from the

boundary is less distinct than the suture zone q‘foryoneby theE|0vkaspur and from th&uran
the Siberianpaleocontinent The main relief KhoytogolBasirs by the Nilokaspur.

forming (master)fault of the Tunka Valley does

Summary

17
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Sequences of sedimentary and volcanic rocks

Stratigraphyis a section of geologyatdeab
with sequencgof sedimentary rocks-or sedi-
mentary and volcanogenic layeasglative geo-
logical age is determined, strata ardxdivided

18

into stratgraphic units (series, suites, horizgns)
and their age correlation performed

The chronostratigraphic scale a geological
time scale that includes the Archean, Protero-
zoic, Paleozoic, Mesozqiand Cenozoic eras,
built on paleontological data. In 2P, at the ge-
ological congress in Australia, many
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paleontologically verified boundaries wetated earth's surfacé/olcanology is science that stud-
by radioisotopemethods so the geochronologi- ies volcanoes.
calscalgg ot t h eromostratigraphic Active volcanaexhibits any form of ongoing
The Cenozoics the era of new life on Earth activity, such as an eruption of lava, a gas release
that began after thgreat extinction 65.Ma that or seismgity.
causedy afall of a large cosmic bodsnharked Dormant volcancerupted in historical times
the Chuksulub cratelThe Cenozoids subdi- (there is evidence dm people in form of mili-
vided intothe Paleogene, Neogene, and Quatetary reports, ancient manuscripts). There is a pos-
nary with time boundaries of 28a and 2.588 sibility of a future eruption of the volcano.
Ma, respectively The Paleogenés subdivided Extinct volcanois unlikely to ever erupt
into the Paleocene, Eocerand Oligocene with again. Extinct volcanoes exist as remnants of
time boundaries of 56 and 33V, respectively. volcanic conduits or spatially associated lava
The Neogenés subdivided intahe Miocene and flows.
Pliocene withtheboundary of 5.3a. The Qua- In the TunkaBasinand adjacent part of the
ternaryis subdivided intothe Pleistocene and ElovkaSpur, volcanic intervalgbtained through
Holocene with a bourady of 11.8 thousand Ki Ar dating arel) 16 8 Ma (Middle and Upper
years ago. Miocene), 2) 4.02.4Ma (Pliocene), and 3) 1i7
A suiteis a basic unit of local stratigraphic 0.8 Ma (Pleistocene) (Fig8a,h. Age estimates
subdivisions, a set of rock layers united by &f lava beds inthe boreholegiven in Fig 9, are
common lithological composition ampresence proposed frondating of basalts in outcrops and
of common fossil organic remains. the Ki Ar age ofca. 1.6 Ma obtainedfor volca-
Magmais a threecomponent melthatcon- noes crowning the sequenagcordedby the
sissof liquid, solid crystalsand volatile compo- deep borehole-R in 1956. In the southern part
nents, in both dissolved and gasbbleforms of the TunkaBasin the Zhemchug behole also
Volcanismis externaldisplayingof magma- showed an Oligocene sedimentary sequence,
tism on the Eartkhat exhibitsall phenomena as- dated by the spospollen complex (Mazilov et
sociated with release of magma on the eartha., 1993).
surface. Volcano is any outlet magma on the

Tunka Basin
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o RANG® 0 /
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Fig. 9. Distribution of basalts of different ages in the Tunka Basin and on the Elovka &pamd(
distribution of basalts in the volcarsedimentary filling of the northeastern part of the Tunka Basin
(well 2-[) (b). Panel &): 117 Quaternary depositg;i PlioceneQuaternary basalt8,i Neogene sedi-
mentary depositgt T Miocene basalts: lowen) and upperg) strata;51 rocks of the crystalline base-
ment; 6 1 normalstrike-slip scarp of the Tunka Range (dashndicate the direction of movement of
the fault wings). The numbers in circles in the inset indicate dry valley basiMdondy, 217 Khoyto-
gol,37 Turan,471 Tunka,57 Tory, 61 Bystraya. The well was drilled 7 km south of the Arshan spar
(open filereport by A.S. Povyshev, 1956).

tdMmMi OMP tcj Hj dzj ded ] tOL dzso L teOMisdz - BOLOdlestsa 9 UIZ(
@ d toOmfted HJ dzj dzd J B @Lii@dr Hsy<iats dp B
UlzdeC d dzm€ 52 € tsls dztsfo)d)ddi y( 59 § @i d g ZIUBdZMJlﬂBODWtQISCQH-
dz' | BOLOdz IsG;j dzBo'" | MOHIdJHlyptztesy j dzd ®L Odz' IsT :  dz
o jterndgvw (B ststsiez’ d§ oG Mlis O dzdzd y J 7§ ety B &z clzs O'AIY ddsBls 2
CddzmSdr cetsdzr yseo (hlstedrmd EZCOLT™ o Otlzls BBPY tc® g tzjc@dzg| B O
COn dO otejLCj BBL dOyYj df s dagHzd dsfifi M@ Mzts2y ts ditfsfiyfcqiz- © 3 1
MC OWy zdel  dzgfii T B SRV, fidtcd dzmC OV . ©wC o9 O ddz0O f tes2 H j dzO
btch Odz (tslsyjls ¢. 4. I BmO"NjoO 1956 G.) .

The Miocene volanic eruptions correspond eruptions in the TunkBasin are separated from
to accumulation of the codlearing Tankhoi the Pliocen®nesby alull in the time interval of
suite, the Pliocene and Early Pleistocemes 2.4i 1.7 Ma. Early Pleistocene volcanisfinal-
correspond to the Anoska suite. In the Late izedabout 0.90.8Madue to a general change of
Pleistocene and Holocene, volcanstoppedIn  the structuralevolutionin the central part of the
the Pliocene, the Tunka Ridge grew rapidlg anBaikal Rift Systeni the Tunka Vaky and Lake
was dissected by erosion. Coaggained mate- Baikalbasirs.
rial wastransportecdway from the ridge into the ~ Some of the Pleistocene volcanic cones are
valley. A 200meter coarsgrained layer of the located at the bottom of the TunBasin (Fig.
Anosovkasuite accumulated without basalt in-10g9. The highest of them, the KhaBmldok
terlayers. The Early Pleistocene volcanioolcano (Fig 100D, is 120 m high. Volcanic
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rocks are observed in outcrops: 1) on the Khurahomogeneous layer and a heterogeneous layer
Khobok volcano and 2) on the left bank of thecontaining inclusions ofcoria. The homwgene-
Irkut River. ous layes loessesexceed meters in low places,
The KhuraikKhobok volcano is located 7 km the heterogeneous layer does not exceed 0.5 m
south of the village of Arshan, next to the Kul-(Fig. 10d)
tuk-Arshan highway. A low (25 m) cone of A fragment of the lava cover covering the
scoria and agglutinates of red, yellow, and blacklope of theElovka spur is observed on the left
colors is exposk by quarries. The crater, which bank of the Irkut River. Aasaltayer of 2.4Ma
was used to extract scoria during construction, isys onsands. Black d&salt, with thickcolumnar
one of the quarries (Fid0g. The scoria areut jointing in the flow, contains inclusions of green
by basalt dikes up to 1 m thick. The dikes extendlinopyroxenites (pyroxeni fassaite) and meg-
from south to north. The age of the volcancas acrysts of augite and plagioclase. The sand un-
1.6 Ma. Basalts haveeversepolarity of the derlying the lava flow is finenedium grained,
Matuyama chron (determinations of V.A.similar to the modern sand of the Irkiver. It
Kravchinsky). The slopes of the Khuiéhobok is burnt by lavd has a red color at the contact
volcano are covered with loess, forming gFig. 108.
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Fig. 10. Scheme of Pleistocene volcanic edifices of the Tunka BagitKharaBoldok volcano(b),
Pyroclastics (slags and agglutinates) of the Khiiredbok volcano, exped by a quarryc), young
geologists on the loess coveradlope m the KhuraiKhobok volcandd), and @herous burnt sand at

the base of a basalt flo{@). In panel &): 17 volcanic cone2i lavas;37 settlement i lateral bound-
aries of a local eaanic zone5 T main road;6 i country road. The scheme was compiled by school-
children as part of the work of the Lazurit Children's Center of School No. 7 in the Kultuk village
(Grudinin, Chuvashova, 2011).

t dfy. e AJOBO § dzj 2Mlstsyj detsor 5 o kzdzS Odzd uj e, sz dzS Ot Iswigjos
I SEHEEE dsC ZOMsdS O (M dZOSd d OwdsdassE d dg k0t dets@kizd
fsdztsH ' j G j tsdzts@ s toaD] iy Idptsde® o & HeE)E dZBs vRAaORts 3 ¥ j dzdz’ 2
fjMmMsS o ftHshoj HdPL Odf Byl v @] @ tzth O P MEi ¢ZD o Zits dzlz ) ;
fj dzj 4dizO)ls j b Odz! dz' | GOdzd y' dztsC G wHAsE ¢ 0 EhE@abip@PMn ¢ 15 7
ftotsfj dzsydzOw . w0 j B0 Misfls 0o dzjsdg® It § tsdy'S dgds GO 3 das tc ® O «
hetsd -~ 7 . sbkdlskS (JtekHddzddz, YkoOhtse®, 2011) .
In addition to the volcanic rocks of the Tunkal3Ma. In the latter, lava eruptions, occuriietb

Basin volcanic rocks are exposed in the By-water in lower places, resulted in hyaloclastite

strayaquarry, on the isthmus between thery and pillowlava accumulation (Fig. 11b). Simul-

andBystrayaBasirs, and in the westershore of taneously, the Kultuk volcano produced lavas

Lake Baikal, in the Kultuk aredn the former eruptedin ground conditionshat are exposed in

site, he lava cover of tephrite composition has digher elevations of relief at the Obruchev fault

thin-columnar joint. The visible layer is up to 150utcrop (Fg. 11c).

m thick (Fig 119. The age of the tephritesada.
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Fig. 11.Tephriteflow with columnar jointing exposed in the wall of the Bystraya quéayyfragment

of an outcrop with pillow lavas alternating with hyaloclastites in the Kultuk vol@an@ndlava flow
position ona ledgethat exposeth scarp of the Obruchev fault in the nomtastern portion of the Kultuk
settlemen(c). In panel p), railway cutexposesilted layers of lavas and clastic glassy volcanic material

(Rasskazov et al., 2013).
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t dfi.) ks IsjWtcdltses Mt MistsdzB YyOlsts?2 ©lsHj dz detsfylss 8, o
(@,WtcOc d3j dzls tsB dzOY j degdW Y tsHEN jyder = d&zOs, f jtoj &3y O8 h !
oz dzS@dpj f scdzsy j dzd § W e OC d3j dzlf)B pifzOte tsg s fisC tdsts s@Le deticds
o sMissydes?2 yYOfmp.q Of of iP.HpHdsidfE zdzd v o MCter IsT y jdzj L dztsH 5t
t OL dzd yO¥ Isfqw dzOC dzsdzj dedzr | Mdzsd dZzOeo seotse s d B dzis s Ydz
(fomMmMcOL s d Ht., 2013).

Along the Obruchev fautif the South Bikal The rapid attenuation of the amplitude of vertical
Basin, the vertical amplitude of the Cenozoidisplacementslong the fault from east to west,
mationsexceed#t km. Fig 12 demonstrates lo- accompanied by an inclination of the surface of
cationof the Kultuk volcano on a branch of thethe volcano block to the east, indicates a hinge
Obruchev fault, degenerating along its strikekinematics of theéectonicmaotions

Kultuk
no Lol /

/’}// vol/ca/ /// 7, // / v
7257 Y ol v

7 )
/ / \ka\

S R

= Obruchev

/ e fault

in
\\\ gouth paike! gas

Fig. 12.Schematic blockdiagram shows a hinge tectonic tilt of a lava surface abdadcanic part of
the Kultuk volcano towards the South Baikal basin at its western circuit.

t d .4 RLj2E0s d Yidz@'O CHeDEERO o dzdzs Mistedekz jls h Odzdtedz 2 Isj S
ftsojtendtsiisd d Mkzeolkzds Odduj MS 52 -1 ORMFAD FiRdsPrg f) UG t
jj LOfOHdsE LOK ¢ Oddd.

between these tectonic units inferred from dating

The Tunka Valley inherits an old lithospheric . X
of syn-collisional granite®n the crustal level

boundary of crusti mantle transition (CMT):

crustal versus mantle events of 2.44i 2.22 and We constrain orforming processes in the
1.63i 1.31 Ga at the junction between Khamar- ~ Gargan block of the Tuvilongolian microcon-
Daban terrane, Tuva-Mongolian microconti- tinent and in the south of the Siberian pateo
nent, and Siberian paleocontinent tinent between 2.45 and 1.4 Ga and between 1.3

and 0.25 Ga, respectivelfRasskazov et al.,
2010. The latest Piseparating event in the Gar-

Dabanterranethatare known as major tectonic 920 block was followed by the generation of

units accreted to the Siberian paleocontinent. V\;gstite ultrabasic llchir belt that bounds the block
report 2PbP%Ph ages of 2.42.22 Ga for from the south(Kiseleva et al., 2020 So, we

sources of Late Cenozoic volcanic rocks fronfrace the boundary between the Gargan block

the Tunka volcanic zone and of 1i8331 Ga for and lichir belt to magma sources of the Tunka
those from theKhamarDabanone The new andKhamarDabanzones that reasonably denote

ages are consistent with Precambrian geologic?;ne root part of thikhamarDabanterrane, ac-

events that are characteristic of the area and co‘F{-eted to the Tuwvdlongolian microcontinent

tradict the Early Paleorocollisional connection 323 ?iat))erian paleocontinent 1i@331 Ga ago

The Tunka Valley is located betweethe
TuvaMongolian microcontinent ané&Khamar
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Fig. 13.Tracing of the Gargan blodklichir belt boundary to CMT (crusimantle transition) sources
for Cenozoic volcanic rocks from the Tunka and KhaDaban zones in sketch mag) @nd section
(b). Volcanoes of the Tunka zone: TBlunka Basin group, ZV Zyrkuzun, KVi Kultuk. Volcanoes
of the KhamatDaban zone: K$ Kozya Sheika, KR Karyerny, AVi Anchuk, MVi Meteo.
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The Tunka an&hamarDaban terranes were descending oceanic slabs (Fi4g. Its cross
considered as a singlenit togetherwith the section contains structural, sedimentary, petro-
TuvaMongolian massif (Khain et al., 1995) orlogical, and metamorphic features of processes
as geologicdy differentgeologi@l blocks(Beli-  of different ages. Fragments old accretionary
chenko et al., 2006). aking into accounthe orogens participated iater collisional mountain
metamorphic content of the€hamarDaban ter- building are found in younger collisional ter-
rane, we consider it as a result of the generatiaanes (Kusky et al., 2016; Windley et al., 2021).
of the Earth's continental lithosphere during th®eep geological structures of the counter slabs

convergence of continental blocks. An ideatl are defined in seismic tomographic models of the
collisional orogen is limited by oppdely Tien Shan and Himalayahibetan oroges (Gao
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et al., 2013; Li et al., 2009). In the upper part okm. Stagnant paleoslab fragments are interpreted
thenorth-southMANAS profile (Tien Shan), the as fragmets of the lithosphere of the Turkestan
width of the slab zone is about 400 km. At gyaleoocearhatclosed in the Late Paleozoic.
depth of ~300 km, the width decreases to 250
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Fig. 14. Schematic section of an ideal collisional orogen bounded by opposingalansl shematic
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from (Kusky et al., 2016)n panel ) i the youngest eventassociated with the llchifunka slah

probably took place 0i9.8 Ga ago.

[ dfm. & A ABO dePdz' gy || O dz'S detelzldy |  tstdaszis s dz® O dzd g ffdsias jo wpdz" d3d
fdzt B @BdEj ®OIs d yde' 2 tc QA dzm R tz? y  ©Ezj 5Tz B B).oG Oy @ s dzdats 2
dzj d@fi Hf totsh j dzdz” 2 o Oted O dzls Kubk§ et azr2016)L  dzaD B {sdbdz) die(ts dzj j
BsdzsH j Mt Isdw, fiwobdOdadn g dd) ik susfdsts o siOBsy dats,
RdzteH dzj Is dzOL OH .
We emphasize the importance of-boeming variations in the oxidatidimeduction state. We

events in the Gargan block, launched about 2.4fuggest that fassaite (diopside) mineralization

Ga, simultaneously with source generation in thevas due to interaction between orthopyroxene

Turka zone. Basalts of this zone include xenoand calcite: (Mg, Fepi:Os + CaCQ Y ( Mg,

liths of fassaitic clinopyroxenites that show wideCa»Si-Os + CO; + FeO. Orthopyroxene of high
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Mg spinel harzburgite xenoliths from Khobokinformationon rock compositios of the earth's
River lavas (Tunka basin) shows Sdntent as interior in the zone of the criuishantle transition
high as 58.7 wt. %, while fassaite from pyroxe-of the Slyudyanka metamorphiclsterrane of
nite xenoliths has Sig&xontent as low as 49 wt. theKhamarDaban terrane.
%. Fassaitizatio of orthopyroxenites and  From Pb isotope estimate§ages for mantle
harzburgites, obviously, releases both iron anglources of rifirelated Cenozoic volcanic rocks,
silica. These components are found as amowe infer that the Tunka Valley inherits an old
phous FéSi phases in metasomatite xenolithdithospheric boundary of the CMP that is marked
with low Mg/Si and Al/Si ratios Ailow et al., by events of 2.44.22 and 163 1.31 Ga at the
2021a,b) junction between Khamdbdaban terrane, Tuva
From data obtained, we speculate tfed- Mongolian microcontinent, and Siberian
saitization was an effective crustantle process paleocontinentThe former time interval is criti-
of 2.41 2.2 Ga thatould provide both the deep cal for ore mineralization in the Archean Gargan
seated FeSi mineralization and generation of block.
banded iron formation (BIF) widely displayed in
the Great Oxidation Event of the Eartfokota Mineral waters of the Tunka Valley and
etal., 2013;Bindemaretal., 2016;Eguchietal., the water of the southern Lake Baikal
2020). Ore Pb was separated in the Gargan block Hydrogeologyis a section of geology that
before the formati on Sudiestgrodndwaiers,etheih sesoprees spad| a n
of the Iichir belt. Respectively, the boundary ofdistribution of their components, interactibe-
the Gargan block and the lichir hyperbasite befveengroundwateandhostrocks, as well as the
is traced to the CMP sezes of the Tunka zone €conomic importance of groundwater compo-
that marks the root boundary paftheKhamar ~ Nnents and the impact on them of human activity

Daban accretioollision (metamorphic) core (Fundamentals ..., 1980).
(Fig. 14B. A mineral springs an outlet of groundwaters

with a mineralization of more than 1 g/éim

Fresh waters have a mineralization of less than 1
TheLate Cenozoic development of thienka  g/dn?,

Rift Valleyis traced bysedimentary deposits of
the Tankhoi coabearing sute, ocherous coarse
grained Anosovka suit@nd sand suite accumu-  Mineral springs of the Arshan resort were
lations Volcanismof 16i 8 Ma (middle-late Mi-  found bya hunter Terenty Chemezov from the
ocene), occurred ithe TunkaBasinand adjacent Taly settlementt the end of the 19th century (in
part of theElovka spur, was followed with4.0- 1896). He told the priest of the Talsk church, Ya-
2.4Ma (Pliocene) and 1:0.8Ma (Early Pleisto- kov Chistokhin, about his discovery, who helped
cere) volcanic eruptionsThe eastern end of the SPread informaon about the healing properties
Tunka Valley was affected Bxtension and vol- of the Arshan mineral waters and took steps to
canism between 18 to 12 MEhe later compres- develop them for medicinal purposésArshan,
sion of the crust in this area resulted in its upliftvells were drilled since 1931. A completéor-

and erosion and also in cessation of volcani@ation on mineral springdistribution in the
eruptions. TunkaBasinwasdeliveredby employes of the

Volcanic rocks containdeepseated inclu- Tunka National Park, AM Lekhatinov and E.B.
sions extracted by ascending magmas faeep Lekhatinova (2008) (Figl9).
lithospheric layers of the EarthThese yield

Summary

Discovery and study of Arshan mineral waters
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Fig. 15.Spatial distribution of mineral springs in the Tunka Basin (Lekhatinov, Lekhatinova, 2008).
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Compositions of mineral waters

Wates from wellsdrilled in the Arshan resort
is defined as carbonic hydrocarbonate magne-
sium-calcium, weaky ferrous. Seepage of min-
eral waters in the Tunka fault zone led to the dep-
osition of black graphite and the release of plate
crystals of gypsum (sulfate), up to 3 cm in size.
Current generation of these minerals is observed
in cataclastic and mylonitizedarbles (Fig16).

29

tOMmYy o HJ dzj dzqd §
2008) .

d3d dzj Odz! dz" =

Fig. 16.Gypsum crystal from graphitized mar-

ble (@) and young geologists on the outcrop of

the zone of black graphitized marble (black) on
background of white marble that is cataclased

and mylonitized If).
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Distribution of thermal and cold groundwaters  a layer of carbonates with a temperature of 45

In the active Tunka fault zone, at the Arshaﬁb‘ C. . . i
resort, there are numerous outlets of fresh Waterb During the entire study of thmineral waters

springs directly in the bed of the Kyngarga Rivef out 40 wells were drilled. Cold mineral waters

and its sides. Thermal waters come from well'® SPatially separated from hotones, They differ
The water can be drunk to improve the function/©™M €ach other in the U otent and* /=y

ing of the gastrointtinal tract. The well reached activity ratio AR4/g) (Fig. 11).

\ AR

'\ b
- \
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D R e ’9
|
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—rr— Rr——r—xix
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U=3 383 ppm ~

0A4/8=0.97-1.0

&
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Fig. 17.Differences in uranium components in cold and hot mineral waters on-skefcbf water sites

in the Arshan resertl T fresh water sourc€ i mineral water source3 T mineral water well4 |
abandoned well5 i closed well;6 7 boundary of the 2nd floodplain terrace] boundary of the 1st
floodplain terrace8 1 Tunka fault line9Qi 117 areas of extracting col®and warm (mothballed well)
(10) carbon dioxide waters with uranium claseisotopic equilibrium and hot carbon dioxide waters
with nonequilibrium U {1). Schematic map is adopted from (Kustov et al., 2002) with additions.
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demonstratethe transition from the TunKkaasin

. . to the side of the valley, maintpmposed of car-
The hydrogeological section of the ArShanoonate deposits alternating with crystalline

ca.rbonate water deposit area, published ip 1965%hist$ and gneissand asingle granite intrusion
(Pinnecker et al., 1968), schematlcally(Fig 189

The origin of mineral waters
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Fig. 18. Hydrogeological section of the northern part of the Tunka Basin in the area of the Arshan
deposit of carbon dioxideaters (scheme of formation of carbon dioxide watesauid hydrodynamic
scheme of the Arshan carbonate water deposit (Pavlov et al., 2)18) panel §): 117 Quaternary
boulder and sandebble deposits; R Neogene sands and sandstoneés\N&eogenebasalts; 4 sand-
stones; 5 crystalline limestones and dolomitesj @rystalline schists; 7 gneisses; 8 hornblende
granites; 9 aquiferous faults and tectonic contactsj Jaths of ascending movement of carbon diox-

ide waters along the supposedlfaone; 111 zones of increased fracturing; L#hermal isohypses; 13

T assumed direction of movement of carbon dioxide water$; didection of fresh water movement

from the recharge area to the discharge zone$; dtfnospheric precipitation: 1681 springs (the
number next to the spring is the flow rate, I/sec)i i@sh fissure water; 1i7fresh fissurevein water;

1871 mineral springsai hydrogensulfa;bi carbon dioxide; 19 Quaternary volcano; Z0basement

(from geophysical data); 21well, abovei well number, below depth, m: in the numeratorflow

rate, I/'sec, denominatdrdepth of water opening, m; on the right in the numefagxcess, m, in the
denominator mineralization, g/l; arrow pressure above the roof of the aquifer,ribeber above it is

the piezometric level, m; Ii3direction of carbon dioxide water movement; ldirection of fresh water
movement from feeding areas to discharge zones. The section is modified after (Pinneker et al., 1968).
For the upper part of thed®n of borehole 0, the column of the section of the primary records was
used (Povyshev, 1956). Age estimates of the lava packages are given on the bagis afds of
basalts in outcrops of the Elovka spur and determinations ofitAe &ge of ~1.6 M for volcanoes
finalizing the lava sequence in the northeastern part of the Tunka depression, which underwent tectonic
inversion with an uplift of the area relative to the bottom of the Tunka basin (Rasskazov, 1993). Panel
(b) compiled on basis of the M.AKashina scheméi 37 deposits1i boulderpebble2i grusspebble,

37 clays with inclusions of pebbles and boulddi i ascending flow of dioxide carbonate waters in
carbonate deposits of the Irkut (?) sudg¢ &énd descending flow of nitrogen \ea$ in metamorphic
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schists of the lichir (?) suité&) 6i 91 other designations: isotherr@){ inferred fault ), piezometric
groundwater levelg), well (9).

t df. | dBlesc jsdsecdujMSd2 ©OLtejL Mjojtds? yoOfmlsd ulkd
B4 Mtsiptej ded W kcodzj CdMmdz' = otsH (Mrj B8 Wi tadgdHtddsoH@{dAAOd3 diAg,
Mard BO ¢tch OdzME se s i3 Miststetsy H j ded vV by Hijo COfthipddedet joffsH ()
WO dzj Wdaf €507 § S dzisy J dad ¥ IJJPSids il g usd L che it
L Odz! IsT  dijlf g dnjuda@zck Ged;f IsSO dzdzd yd MSC d 4 d L o7 fpls{dgisOdizdzf] unj tndets]
MdzOdzy'c;dzj 2 Mie;s e o 5B BOAdS tsd o sHEWBEdz?s | ; DL dzsdzr d Is§
Csdzls OCiyizIsql e sMAtSHWh j&ts Hody J dzad We Qrjeckig X diffizjn  t@Q@s HzH
iTLtsd ftsorh jdedes? Istolpf] dgtsd Ots ettt n; f IsHBOc O ddsj 2O to
HodX) J dzdW [zG dzj Cdfdnfoze Go dzjsdzd J 1o ) j dedW ftoj Mder = o9 BBH 5
tcOLGctolzil O RBsfyb j todz” j1188 fip®m Uaff C O] g  WoisHjdafF 1O, dz/ M € ) :
ftod Mdz" = Istej M d detz]| K)dzd B H jojtafjdf! ddezd2sT a3 wiz] c D8z dzr j Od Mis 5y dz
ifjtetseo SH tsREtZWAEL] £;d Midal jjls o jl®lsd ydzr I W b zdz@ @Glzclzls 20 5 ¢ j s W
MC d d5 H O dildnCl) O3 RO, i datleGsf) BB = & | @ diefm dzdz0 o dyiczch 1§ 5 afds |
. L izOds BzlrP dzg MS 6" IsdW o tSHTY tefp " My de@p O &, yaf M
dLOYydvdzOf bz, de@is tc € Odzj 2 o sH O] Stodetse 5
Wz ¢ diazOlf e dzj dzd § H o d ¥ § dzdivdzCA ctede) oS dej frytde j-
H o JMmdzr ° otH tls B dEZOMISd fdlsO0dedY ¢ L s5dzO
19 d dzgj ded W dsd . 1 dzv-{ od fipth Az ? L OMBE Odzs@gRl @ b
s 2sCHz i3] dzgls Oydd (1 e hjo, 1956). |l tLtOmlsddA] yj dzt
Olsdteso Odzdw BOL Odz! Istso o BB dzOY j dzdiAR p REEHIHEO ~& s «
J o zdzC Odzts o 9 J dzyOs hdrn f bty @ts] dzy @GP v &z@8 d
Hddz" , ftejlsjtef johj2 IjSCltsdeduyjmMSlkzy ddzojtemds M 4 sH
skzdzC qdzmC 82 o OH( dzr (1 O CHOQ dz® , d dzl® 9t81Y) tc j I3 @G Hf vO d4j .dad.
Sls dzts 3 Jl ‘tad @ dziAeiAfiatiz j \RdzH §o | M & 'Odity BdzG glzdf dz" ) o CQink! G dlzdd] dp @-
dzz dzé6idi 0o sMratsHWh d2 sl Eedzi SdMmdzr » otsH o COteB s5dzOIs
4 d ddmMrertsHWwh 2 {lsst OLBlsd = otH o d&j BEEsStew d yd fr
Tftesudj tBtsL dzOW) flad) b §f f iz@ds P JodgO2L (el Itz (M E 2 ktetse §
Ld Bz’ ~8) p ¢ ¢9P ) d dzO (

After pioneering studies by E.Yinnekeand FromSr- andH-isotope systematics, mineral wa-
other hydrogeologist§.Kh.Pavlov et al. (2018) tersfromthe TunkaBasinwere considered ake-

also suggestd that groundwaterof the Tunka rivatives of meteoric precipitation (Dril et al.,

Basin are formed in deep horizons of theoth ~2005).New data characterize mainly groundwa-

sedimentarystrata and crystalline basement€"S of the upper hydrogeodymic stage of the

: crust at depths of up to 1.6 km. The work in-
These authors considered groundwadsrepre- ) ;
: . . cludes a single sampté station2 from a deper
serting a single hydrodynamic system, the de

_ : _ level (from the lower hydrogeodynamic stage)
velopment of whictwas determined by watém- 5 sample of cold carbonated mineral water from
filtration from the feeding areas of the surroundthe Arshan resort. The point of this mineral water

ing mountain rangesSimultaneousdownward  corresponds to the trend of the thermal waters of
movement of nitrogenous and upward movethe BauntBasinof the BRS. In contrast to the

ment of carbonated thermal wateras proposed t r ends of?% i acd®fled@st hgi dcr
at various hypsometric levels of the hydrogeoing Si (i.e. with increasing temperature) in the

logical section of the TunkBasin (Fig. 18b. Kultuk reservoir of the upper hydrogeodynamic
_ stage, in the Bau reservoir of thermal waters of
Hydrogeochemical data the lower hydrogeodynamic stage, trends of de-
The origin of groundwaters can babstanti- € r € a Sli nar’fd @i th increasi
atedby study ofchemical elements and isotopesWith increasing temperature) are observed.(Fig
19).
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Fig.19 Di a 4 rvaSing) jlvsSi () comparing data obtained fgroundwates of the Kultuk
area northwest coast of Lake Baikalnd Irkutsk reservoir with data on thermal waters of the Baunt
Basin(BRS). Sampling sitesf the BRSare shown in (Rasskazov et al., 282®ata on thermal waters
from the BaunBasin arérom (Zamana, 2011)
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Fig. 20.Water sampling points on the geological profile along the Kyngarga Rivand variationgn
AR4/8 and U concentration in surface and groundwater samples along the pyafil2q12 2014.171
sampling points in the riveg,i the same in springs with AR4/8 values exceeding those in river samples;
31 the same in springs with AR4/8 values Enthan those in river samplesi silicate rocks (granite
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gneisses)s 1 carbonates6 i boulder pebbles? i faults; 81 thalweg profile of the river valley. The
measured U concentrations are given in brackets under each sampling point om.profile
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Mineral waters come to the surface along thérshan mineral waters contradicts the hypothe-
active Tunka fault Its activities result indis- sis of their movement along the carbonate aqui-
placements of the modern terrace of Kyn- fer and is better explained by the hypothesis of
garga Rivewoverfirst tens of meters. The distri- spatial separation @bld and hot carbonic waters
bution of uranium components and Si in thdrom a deep reservoir (Fi@1).

U=10 po'dm U=1 up'dm
OALB~1 Da4B=18
Si=47 pglam Si=54 pg/dm

Abs. elevation, km
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Y

Cooling of racks

Wyl 35 Wel 41

by airculating
0 |- groundwater Maximum depth of cocked
wslers in a modem

ariesian basir
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{ and rma

Permeable fault

Fig. 21.Scheme of the proposed spatial separation of cold and hot carbon dioxide waters of the Arshan
field. In a carbonate layer (blue bricks), partially covered by Cenozoic sedimemsv(packground

with dots and circles), wells extract mineral waters that rise from a hydrogeodynamic center (HGDC)
and periphery a reservoir in a permeable fault and from the same HGDC at some distance from it (Ras-
skazov et al., 2024).

t dMm.a RJj1BO HdcHj Bse s ftesMistcOdzMmise j dzgdese s t6OL H j dzj dgd W
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CO2dztsL 52 MS da3d BMOHBYdz B Glsdtsy jddwdd (yjdlsr?2 Wi
oMCter o O lachpiz’ dgd glzj o sH', Clstster j §tsHdzd B3O8 smw  dL @
(141 4A) d fjtedWitedd tejL jtcozOte® o fttsddyoOj Bsd teOL d
(tOomMmMcOL B89 d Ht., 2024) .

High % Jj*He ratio and cyclic equilibrium of Isotope ratio has been determined (Rolyak,
234J/238 ratio in groundwaters from the Tunka 2003) In mineral waters from carbonates in the

Basin Olkhawell in the south of the Siberigraleocon-

tinent AR4/8 varies from 11.82 to 15.7Eight
atoms of*He are formed during the radioactive
decay of uraniur238 to the final stable isotope
205pp, Although, in ddition to the decay oftU,

Gas emissions ithe Arshan and other min-
eral watergrom theTunkaBasinyield unusually
high3 j*#He ratio (10°). TheTunkaBasinis the
only place in Asiawhere such a high helium
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“He is generated during the radioactive decay dH>, H.S, etc.)acts some uranium is retadd in

23 and?®?Th, the distribution of radiogenfele

the rockthatleads to the effect of creating an ex-

is associated primarily with the radioactive decess of3%U. In the Olklawell, there is no mech-
cay of?%8. The revealed sharp difference in theanism for replenishing the deep reservoir with
isotopic ratic®HeHe in thegas phase associatedwater. Due to the retention of water in shallow

with groundwater of the Siberidaleocontinent
and TunkaBasin (Polyak, 2003) is consistent
with the difference inAR4/8 of mineral waters
of the SiberianPaleocontinenand the Arshan
deposit of the TunkBasin(Fig. 22).

OA4/8

101

Tunka

Valley
o . Y

0

10" 10°
"He/'He

Fig. 22.Difference of AR4/8 in carbon dioxide

mineral waters antHe/*He in gases of carbon

dioxide waters from wells in the Siberian
paleocontinent and Tunka basin. Typical
AR4/8 ranges are from (Rasskazov et al.,
2024), those ofHe/He values are from (Pol-

yak, 2003).
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In mineral waters from carbonates in the
Olkha well, U isotopes change due to chemical

dissolution of carbonated8lineral water is en-
riched inZ34U recoil atoms similar to the dissolv-

ing macre and microcomponents of carbonates,
while AR4/8 is complicated by the dependence

of U dissolution on thexidationredox potential
(ORP) In 2013 2015,AR4/8 of mineral waters

carbonateswaterwith a low Si content), the ef-
fect of excess?®U accumulation is clearlgis-
played

Thelack of exces£*4 isotope in the Arshan
mineral waters, derad fromcarbonates, is ex-
plained by the effect of a strong oxidizer (for ex-
ample, CQ). Uranium is constantly brought by
water to the depthfavell invasion from a deep
reservoir, in which it is in isotopic equilibrium,
therefore the products of radioactive decay of
233y do not accumulate in shallow carbonate
rocks and the effect of exceS4J accumulation
is not provided

The high isotope rat % j*Ae inthe Arshan
and othemineral water®f theTunkaBasin cor-
responds to the value dhe shallow mantle
Therefore, gas phase of the CMP zone penetrates
here through the crust at present. As soon as the
crust ispermeabldor gas, it might b@ermeable
for basaltic melts. Soyolcanic eruptios might
happen The probable eruption site is theuth
northKyngarga fault (Fig 23).

Kyngarpe
aun

Turks Valley

\okanoses

® Mocers @ OQuaternary Fulure

Fig. 23.Spatial position of the probable future
volcanic eruption in the Kyngarga fault zone.
Symbols are as in Fig. 8Baults: TH Tunka

Fault, MSF Main Sayan Fault (Rasskazov et

from the Olklawell increases with a decrease in
U concentration under the action of a reducing
agent, and does not chang 20172022 with

an increase in its concentration under the action
of an oxidizing agent (Rasskazov et al., 2024).
Under oxidizing conditions, uranium dissolves
in water and is carried away. If a reducing gas
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al., 2024).
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Water of the South Baikal Reservoir (SBR) downward movement of nitrogen and upward
Lake Baikal is the largest reservoir of liquid movement of carm dioxide thermal waters at

. [fferent levels of the hydrogeological sectian
fresh water on the planet. The lake's water mak : ;7 :
up about 20% of the world's surface water re. e TunkaBasin Variations of chemical ele-

serves, excluding glaciers, snowfields, and ice iE%)enB and UT Hef Of H isotoes indicate more

. mplex elationsbetweerngroundwatecompo-
@:g%{ggﬁ é iCrB]rgeSr:)lﬁcr; ds,t;réd(gtglgrz{; ng\é%snv_vhe ents with the participation of both meteoric wa-

der the current dynamics of water exchange, égr_s and fluids rising from the crastantle tran-
complete replacement of the huge reservoir 0 ftionzone

Lake Baikal (23.6 thousand Kjnwoud take no Dangerous geological processes

more than 400 year¥/tintsev, 196). . Geological processes last for millions and bil-

_ Water of Lake Baikal has a weakly mineral-jiong of years, but sometimes they are replaced
ized compositiont6tal dissolved solids (TD®f by rapid phenomena, reflected in lagmale
about 100 mgi?’). The South BaikaReservoir  yoyements of blocks, thiarmation of moun-

(SBR)T deep watersrom the South Baikal Ba- tains and the filling obasirs with coarsegrained
sinT yields a homogeneous composition of Ugadiments. Such

and Sr isotopes: U = keg

ratio 24U = 10980 N( N 18 Jequon

orh - .
eg/’F®rfSr = 0.708629 N "gay q&a&e% &%unc‘erﬁrou%d-‘shock and os-
The uniqueness and consistency of the isotopiGiation of the earth's crustthe most destruc-
composition in the volume of the SBR opens Ugye natural phenomenon.
the possibility of its identification as a compo- pudflowis asudderflow of mudand clastic
nent of the groundwaterlongthe Baikal coast material accumulated ia mountainous area. A

(Rasskazov et al., 2020). . mudflow can be triggered by an earthquake, but
TheTDS of watersfromthe South Baikal res- more ofterit is caused by heavy precipitatioh

ervoir is approximately 10 times lower than théyacteoric waters
mineralization of the Arshan resort watéaver-

ageTDS is about 1 g/dy maximal i up to 4 Earthquakes
g/dn). In the Kultuk village area, seismic disloca-
Summary tions are observedsditches along which dis-

o placements occurred as a result of strong earth-
In the TunkaBasin mineral wéers have been 4, akes (Fig24). Similar seismic dislocations are
known since 1896. Tlsewere studied at differ- ~5mmon throughout theaikal Rift SystemThe

ent times by hydrogeologists using various methyyeg with high seisraiactivity extends from the
ods. Intherecent papeiS.Kh.Pavlov et alcon-  gaikal to the adjacemegionof Mongolia.
firmed the hypothesis  the simultaneous

N ¢’

Fig. 24.0vergrown seismogenic ditch in the Main Sayan Fault zone (near the Kultuk vifagedby
V.A. Sankov(Rasskazoetal., 2010).
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In the Tunka Valley, the strongest Mgnd Anchuk volcano of the Bysiyavolcanic zone
earthquake (M=7.0) occurred on April 4, 1950(Fig. 25. In JuneSeptember 2023, there was a
Later, in 1995there wadhe Zaktuy earthquake seismic lull, after which a new seisnmrgactiva-
(M=5.7), and in 2003, the Khoytogobne tion began with strong earthquakes in Northern
(M=4.4). In the South Baikdasin strong earth- Baikal andHangg. The preparatioand imple-
guakes occurred in 1999 and 2008. In 2020, thmentation of strong earthquakes were accompa-
BaikalKhubsugul seismicreactivation began nied by effects in the earth's criisatwere rec-
with the double Bystryaseismic event, the epi- orded by variations of groundwater components
center of with spatially corresponded to thein the KultukreservoifRasskazov et al., 208b

103°00' 103°30' 104°00°E
52°00'N

-_
= T
-

- 5140

) Sediments - -~
in rift basin : Persthene
,*' Volcanic zone \
“ ) = = =
W ! | Faults of South =
5 Hol transtension . Baikal Basin N
S zone (oblique
41 | s;"f;.sig?qa B mainsayanFaur "0 5 0 o
’ | Y basement Slyudyanka
: Lo, Metamorphism
B o the Siberian — sub-terran s oo,
Bystraya earthquake paleacontinent ] Khangarul Se
of September 22, <D Paleozoic sub-terran N
2020 granites

Fig. 25. Scheme of spatial superposition of the Bygdr earthquake with the Anchuk volcano of the
Bystraya volcanic zone. The relative shift of the two epicenters of the Bystraya earthquake is shown
after (Mapé, 2025), taking into account the dire

tdfM. s RBBO ftoshisteOdhise j dzdzesets Mo d3j h j dzdw 1 7 flsted dzfi S
COdatsds 4" Msted dzMS 52 ok dzC Odzd yj ME 52 L sdyr o o tshlstsydzs?
My hjdedj Hoebkr 1 fdyjdastese 1 MisteddmMsets L P&azj Istew fiy,
2025) M kyjbtd fsmsdeoddy 1 fMistddns 2 ok kS 0dd yj

Monitoring station 27 of the Kultukrea is lo-  from the stretching central part of the BRSt$o
cated in distance &5 km from the epicenter of compressing western paithe monitoring sta-
the Bystayaearthquake, in the transitiaharea tion actually corresponds to the geometric center
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of strong BRS earthquakas 2020 2025 (Fig.  sensitive to all seismic events of the BRS (Ras-
26). Its hydrogeochemical responses wather skazov et al., 2().

96°E 100° E 104" E 108°E NB

|

52'N |

Crustal compression in s
front of the Hangay orogen, d DA
associated with the Chulutyn zone -
of puisary hol transtension —__
in the last 10 milon years 4~ +

‘ T4 AT 1

‘ ' |Eastern Hangay | —
|
| i |
earthquakes orogen and its .
i T‘:’. HKH structural elements Nt vaBey
BRS K=13-16 K=114-127

center BA. ® U & f

Fig. 26.Scheme of distribution of strong earthquakes in the center and west of the BRSIi2025H20
Structural elements of the Hangay orogen are shown after (Korina, 1982). Strong earthquakes of the
central part of the BR¥U i Kudara,KHN i Khentei,BA i BabushkinGO1,27 Goloustnoe 1 and 2,

NB i North-Baikal. Strong earthquakes of the western BRISU i Khubsugul, TOi Tofalar,DA i
Darkhat,CHL i Chulutyn. The earthquaké&HdN, KU, BA, GO1,2,KHU, v [andDA belong to the
BaikalKhubsugul seisia reactivation, thosBlB andCHL i to the North BaikaHangay one. The ini-

tial strong Bystraya earthquake is preceded by earthquakes of moderate strength (in theuttorth
direction):KY i Kyren in the Tunka Valley andlU i Murino in the South Baikal Isn. The last strong
Chulutyn earthquake is preceded (in the nedhth direction) by the moderate Khd¢auzhir earth-

quake KHKH). It is followed by the moderate Mondy earthquaki(. Red arrows show episodes of
redistribution of strong earthquakes frtime center to the west of the BRS. Tatalog(Mapé , 202 5)
is used

t df. v RPBO t0OMPtej Hdzj dedv Mmddz dzr 7 L j Bdzj stew mj ded 2 o
20202025 GG. wlbtkzSlkztdy j { dzj d3j dzst MmOdze O2 S tsets fStofs
g d dz' dzgj f3dzj Istew M dzd "KHNyi jmdzglsiiEds® 2WiiGds: z H Otc d @ CisQe 20 € d dz-
e 5P1,21 | sskmisj NS dj INBhwjg it € B sj. wdd d j L
dzdw L Of BHWI mizxBuill ¢ Iz dz' TfipSist jO, zOoBfiCsGts 7 O ORI itsvjlz, dziz Is ' dz-
M ¢ tsj Bazj Is to KHHNj Kz BA, GOL,2,KHU, v PAtEfls dzesfw Isiyw-m&B P @ & Gezfig € 52
fd 2Mmd3d uj ME 52 OCIsdo INBOGHLG & 1 j s@RIEOEMs G ¢ 52 . 1 Oyl
dsBz fMddz desBz 1" fisted dzMS sBz L j Bozj Istew fiyj dzdé Gtej Hh j f
Mzetctsls dzts 3 dzO K® 1o dig jdEdfiO) 5§ o U Iz deMd IEME tdsR dzfim Cstslgd daj XY dzt
102C0dz M2 o OHddzj. ) tfmdzj Hdzj BBz Mddz desdBz v 2dzlz st
MEe dj 6dHdEROE dsd @Of tOwd] kg )s | dj kel O 6 @ dzd o
fddg bls kd3j tej dedzts§ [ tsdzn d Mph).RY tsidz) S3elp QuEMBY @zP 0 2(5) .
descended along the Kyngarga River in 1897 and
, along the Khairok and Khur&hobok Rivers in

A. I_‘VOV andG. Kro_pachevwere the f|rs.t, who 1903. On August 2, 1903, after a downpour that
described mudflows in the Tunka Basirthat broke out over Tunkdarge areaf arable land
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near the Ulyabory ulugetiment)were covered of the flow reached 500 meters, and the
with mudflows and boulders (along the tributarthickness (depth) was 44.5 meters.0 T h e
ies of the Kharirmpta and KhurakKhobok Rivers. St o n e nRidflonewasierivedfrom one of
The dwnpour terribly devastated the middlethe glacial cirquesfthe Tunka RangéMudflow
part of the basin. Two weeks later, entire lakedeposits on the surface of th®ne Riveconsist
stood in the valley. A flood occurred in the Ar-of large (on average, 480 cm) blocks of igne-
shan village on June 25 and 27, 1912. In 1952,aus, metamorphjcand sedimentary rocks (Fig
flood on the river Kyngarga caused a rise in it273. Blocks of igneous rocks predominate, rep-
level by 3 m or morenl 1962, there was a mud-resented mainly by mediwcoarsegrained
flow in the area of the Arshan resort on the nighgranodiorite, dioriteand gabbro. In the area near
of July 17 18 (Makarov, 2012) the houses, cleared of debris, only the largest
At a conference dedicated to the 20th annivelblocks up to 3 m in size remained. Rare large
sary of the Tun& National Park in the summer blocks of metamorphic rocks (gneisses, crystal-
of 2011 in the Vyshka resor¥/.K. Laperdin line schists, chlorite schists, marbles) and small
warned that a mdflow was prepared in the area(up to 20 cm)plocks of pink (potassium) gran-
of the Arshan resort. The mudflow of 20that ites, sedimentary rocks (siltstones) and basalts
occurred on the night of JuneiZB had serious were found on the surface of tis#one River
consequences here. Latd K. Laperdin said: Siltstone and basalt fragments from tB®ne
AThe boulders that w Riverara comppeed witht Genozoic sedimerdany d
measure reached three meters in diamdtee. deposits and basalts occurring in ThenkaBa-
flow moved at a speed of 5 to 10 meters per sesi.
ond. By the time it reached the village, the width
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Fig. 27.Young geologists on the Stone Riaj and oarseclasts ofsedimenton the 48meterhigh
terrace of the Kyngarga Rivén).
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and Tunka/alley. This change is reflected in the

_ deep structure of the earth's crust anderlying
Two dangerous geological processes havl%antle Eig. 29

beendisplayedn theTunkaValley: earthquakes — \y1on moving from the TunkBasinthrough

and mudflows. Special studies are being Cort'heTory Basinto theBystrayaoneand further to

ducted to determine the place and time of POSH3ke Baikalone observes succession dfasirs
ble manifestation of these processes in the futurgy, . 4 \ itk sedimentary rocksThis area wasp-

The ime and place of future s@rong earthqgakeﬁft ed. As a resultsedimentary rocks were par-
!n the TunkaValley gre deter.mlned by monitor- tially eroded. This indicates a chanigethe de-
ing hydrogeochemical studies of glrour'(]I\’\""‘ter\'/elopment of the eastern part of the Tunka Val-

Mudflows have repeatedly occurred in the arefley due to the compression of the upper criast
of the Arshan village and will occur in the future., . o a0 of the Kultuk llage, Quaternary re-

verse faultsare clearly recorded The basin of
Lake Baikal was formed under conditions of ex-
tensionthatcontinues at preserfromspacege-
Sharp change in the earth's crust structure at - gdesymeasurementéSankov et al., 2014), the
the junction between the South Baikal Basin - qjjaq ofSouthern Baikal divergmorthwesti

and Tunka Valley .
_ _ souheast with a rate of
The structure of theBaikal Rift System

changes sharply between the South Baikal Basin

Summary

Tectonic development of basins in the
Tunka Valley and southern Lake Baikal
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Fig. 28.VS-section along the profile of the settlement MaisBttlement Khuramsha (Mordvinova et
al., 2017). Theprofile line is shownin theinset
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Fig. 29 shows representative seismic profiles
_ 4 and 17 of the sedimentary filling ofettSouth

Bottommorphologyof Lake Baikal showthe  Baikal Basin spatially corresponding to the Osi-
SOUthern, m|ddlmnd northerrbasins The mid- novka and M|Sh|km_K|yuevka pa|e0va”eys of
dle oneis sepaated from the southern by the al-the southern coast of Lake Baikal. Profile 4
luvial fan of Seleng®elta. Such morphological clearly separates two layers of bottom sediments:
division of the lake bottom mearseparation of the |ower, folded one and the upper, horizontally
water lenses, but does not make sense for the ¥ayered oneThe upper layer is shifted toward the
terpretation of the rift structurdrom gravity northern side of thbasin At the southern side,
modeling (Logatchev, Zorin, B2), the southern horizontal layering is absent, and the bottom sur-
and middle basins form a singouth Baikal = face rises slightly. Such a structure of the profile
unit. Thickness of Cenozoic depOSitS of Lathat reflects the asymmetry of the Ba"@be
Baikal isestimated to bep to 6 kmFromseis-  pasinssuggests mintensive influx of sedimen-
mic profiling (Hutchinson et al., 1992P subdi-  tary material into the lake mainly froits south-
visions of the layeredtrata(A, B) are distin- e side. Rhythmically layered material is pre-
guishel in the sedimentary section and in thesent in the lower parts of the bottom sediment
South Baikal basifi an underlying seismically section in both the northern and southern parts of
transparent zone (CJhe latter sedimentary unit the |ake. At the top of the bottosediment sec-
got different interpretations. From study of seditjon of the southern part of the basin, the layering
mentary sequences on the southern shore of thecomes indistinct, indicating a lateral replace-
South Baikal, We infead thatseilsmica"y trans- ment of rhy‘thm|c sediments by unlayered mate-
parent zonedesignates mylonites of a suturerig| of the Osinoka paleovalley delta. After the
zone between the Siberian paleocontinent baSﬁ)'Ided deformations) the same unlayered mate-
ment and accreted terranes (Rasskazov et &gl continued to accumulate in the southern part
2021). of the basin simultaneously with the

Sedimentary filling of the Baikal basins
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accumulation of deewater sediments in its vertical displacement. Weak layering is visible

northern part. Unlike profile 4, on profile 17, only near the northwestern shore, in the area of

horizontally layered sediments aret individu-

the Posolskaya Bankn the bottom sediments

alized in the uppermost part ofetlsection. The unsorted material of the MishilkKlyuevka
bottom of the lake is deformed by faults withpaleovaley seems t@redominate.

south

Altitude, m

a
Post-deformational heeizontally stratified
sadiments (Middle Pleistocene-Holocene)
1000 —
1500 ’
Folded sediments 6{%6 Tankhoi stite -
(Miocene-Lowgr Pliocene) - -
i 3
Altitude, m
0.0— northwest

1000 !

1500

north

Miocene-Pleistocene sediments
of the Osinovka paleovalley (OS)

profile 4

Alluvial fan of the
Osinovka paleovaliey

Eocene-Lower Pliccene sediments
of the Mishikha-Klyuevka paleovalley (MK)

southeast

profile 17

alluvial sediments
in the Lake Baikal bottom

Fig. 29.North-south(Q and northwessoutheastl) seismic profils acrosd.ake Baikal. Adopteafter
(Levi etal., 199). The profile locatiosareshown in the inset. On the southern shore of Lake Baikal,
profiles 4 and 17patially correspond to alluvial deposits of the Osinovka (OS) and Miatikuevka
(MK) paleovalleys, separated by the Tankhoi block (TN) with swariw deposits. The stratigraphic
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units of the Mishikla-Klyuevka paleovalley and Tankhoi block correlatéhwthoseof SelengaDelta
(SD).
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The SouthWest Border Fault of the South
Baikal Basinextends along the zone of granulite
. ) ) metanorphism of the Slyudyanka suérrane.

_ Clastic debriseems taccumulate in the ba- Thjs fault is in discordant relations with the
sins of the Tunka Valleyather quickly The Tankhoi tectonic steghat was separatedy
mudflow of the Stone River of 201showed a f5,1ts from both the uplifted Khamd@aban
pattern okuch aquick modern destruction of the Ridge and the subsided lake bottom. The
Tunka Ridge by an avalanche movement of degprychey fault separates part of the Sier

bris from the ridge into the bas(Rasskazov et pajeqcontinent's basement from its base .(Fig
al., 2023) 30)_

Relationship between old lakes of the Tunka
Valley and Paleo-Baikal
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Fig. 30.Scheme of control of the RAnosovka source of thealeaManzurka by the edge of the cra-
tonic basement of the Siberian paleocontinent. A fragment of the Slyudyanka metamorfircasuth
is shown after (Shafeev, 1970).
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The boundary between tlseibsidedriangle Mishikha section of the Tankhoy tectonic step
of the cratoic basement and the Olkhon meta{Al Hamud et al., 2021). PrAnosovka was part
morphic terrane is traced by earthquakes (Rasf the system of MiocerBliocene watercoues
skazov et al., 202 20213. In the southwestern thatextended from PrAnosovka(southern cost
part of the South Baikal Basin, there are signs aif the future Lake Baikafjo PraManzurka(its
inversion of the crustal extensional forces taorthern coastplong the edge of the Siberian
compressional ones, expressedha formation paleocontinent basemetttat was involved in
of folds of the bottom sediments of Lake Baikakight-lateral transtension with the displacement
at this boundary. Compression at the Mioceneof the lowered block of the Baikal bed relative to
Pliocene boundary is also reflected in the ovethe Olkhonmetamorphiderrane. The spread of
turning Eocend.ower Pliocene sediments in thetranstension along the Primorsky suture of the
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Siberian paleocontinent contributed to the crea®2 Ma, waters ofLake Baikal has flowed: 1)
tion of a rightlateral system of echeldike seg- through the valleys of the Kultuchnakaerand
ments and the formation of the Avianzurka IllchaRiver into the IrkutRiver and further along
valley at the beginning of the Pliocene, abdut 5the AngaraRiver into the YeniseiRiver, 2)

4 million years ago. through tke PaleocManzurkaRiver valley into
History of river runoff from Lake Baikal in the th.e Ler\a Rer valley, a”,d 3) through the Angara
last 2 Ma River into the YeniseRiver (Kononov, 200%
(Fig. 3)).

Physical geography operates withetlaw:
only one river can flow out of a laki the last

Into the Yenisel R.
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Fig. 31.Directions of river flovg from Lake Baikal in the last 2 Ma.
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Summar .
y Conclusion

In the transition from the Tunka Valley 10 1o present comprehensive introduction into

derlying mantle changes dramaticaBasirs of  Tynka Valley occurred in the late Cenozoic rel-
Lake Baikal verefilled with sedimentary depos- ative tectonic unites gre-Cenozoic basemén
its and waterunlike thoseof the Tunka Valley  jescripedectonic featuresf the valley desig-
filled with sedimentary deposits alternatingW pateqstratigraphic sequence of sedimentary and

volcanic rocksDuring the development of the \|canic rocksn basinsshowed the latest seis-
eastern part of the Tunka Valleiere wasan ¢ interpretations ofleep structure of the crust
inversion of tectonic m@nsoccurred due to the 5,4 the underlying mantldiscussed specific in-

change in crustal extension to compression, alformation on groundvaters and characterized

hough in the South_BaikaBasi_n the crust was (ecent displaying oflangeroughenomena such
stretched and continues stretah at present. 5q earthquakes and mudflaws
The different nature of the development of the The axial structures of the young (Cenozoic)

South BaikaBasinand Tunka Valleyesultedn  g4ika| Rift Systenobviouslyinherited the struc-
the change in the direction of river flow from,re of the preCenozoic basementhere is a

Lake Baikal to the ¥niseiRiver, LenaRiver, jnction betweenthe South BaikaBasin and
and then back to the Yeniseiver. Tunka Valley in the Kultuk villagearea The
earth's crust afhe formerhas been stretched for
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a long time and continues to stre@hpresent 3) study of volcanic rocks and despatedn-
while the eastern part dhe latterwasaffected clusions from thenfor deciphering structure and
by hot transtension frori8 to 12 Maand then developmenbof the lithosphere
was compressed. The transition from compres- 4) studyof deep groundater components,
sion to extensiorat 1312 Ma is established monitoring their temporal variations for earth-
throughdatingof volcanic rocks. guake prediction
The Tunka Valley is a chain ofbasirs, the 5) study of dangerous geological processes,
largest of which Tunkg is located in its central such as earthquakes and mudflows
part. Thisbasinwasaffected by extensiomore
than othebasirs of the valley The TunkaBasin Referencies
accumulated a volcanogersedimentary layer  Ailow Yu., Rasskazov S.V., Chuvashova I.S.,
of maximum thickness (up to 2.5 km). VolcanicYasnygina T.A. Olivine as an indicator oblgge-
activity began here about Ma agoandfinal-  netic association of inclusions in late Cenozoic vol-
ized at 0.9-0.8 Ma ago The mineral sprigs of canic rocks of the Tunka Valley, Baikal rift_ zone //
this areahave hydrogeochemical parameters inkithosphere.2021a Vol. 21, No. 4. P. 517545.
dicating their connection witdeep sources of A4 &5 5., [ OMMNCOL 8o . 1., v
crustmantle transition(high *He/*He ratio and 6qa0 v.¢. [ddsdd &OC 5L OL

234U/238 activity ratio close to 1). High permea- g tc?ét dggmomdt;ququomugqqq: ® Ug tgz t; tsu: gz;f 2 y

bility of the TunkaBasincrust for fluidsmight Gy qzr | ©2¢0d MCOY dWisse OW
resultinto its permeability for magmatic melts. 20210, 2 1 C. 517 545].
A future volcanic eruption in the Kyngaault

se%n;iﬂquskuégr:gar;udeOWSNere considered Chuvashova I.S. Finding of F8i inclusions in deep

. seated nodules from trachybasalts of the Karyerny
as d@ngerous geological processBarthquakes gicano (Tunka Valley of the Baikal Rift System)
reactivated in the Baikal area since 2020 and cugng its significance for understanding the origin of
rently stidied through hydrogeochemical moni-ferruginous quatites of the Great Oxidation Event //
toring of groundwatersn 2014, a mudflow cov- XIlI All -Russian Petrographic Conference (with the
ered the Arsharesort areaSuchphenomenare par ti ci pati on of foreign s
common in mountainous terrainApparently, Geodynamics of Geol ogical
processes like thesmused the accumulation of 61 13. Irkutsk: IGC SB RAS and IEC SB RAS.
coarsegrained Anosoka suite in bains of the 2021b.P1823.[Addzs o>. , [ OMMLOL 50
Baikal Rift Systenin thepast 53 years Cqdzo v. .. v Iz? O FeisShock va'v"ﬁfl' -1

The TunkaValley, initially chosen by N.A. ded2 o ©dzBddeds 5 daSHP®Y S (L

) COdO s Ote! j todg 2 (v zdzeS d dzim ¢ Ow
Florensov as theeferencetectonicstructure of C 52 Cd¥ 5o 52 fd s & ) q

the Baikal Rift Zone, nowadays preserves itsq Sdzd BO Y fesdmEtsyHj dd™ |
valuefor solving the mairproblemsrelated t0 ss9 fytse 6 G¢ 51 J & Xidtjfpgdevts fif -/

rifting processesn the continental lithosphere fd 2 ¢ 5§ fjltescteOW dyuj MS s f
The presentedataon the Tunka Valleysonly fjlsdj 63 L OtekzB jyde" = Eyjde n) ¢
a short introduction into rifting problems thatdzO d3d ¢ O G jtsdzsedyj M¢ dE3 ftots

were discussed on this area in many publishedd dzlsv B tew . RECRIMEC: Ryim o
papers 20218Bi23p. 18

_ Al HamoudA., Rasskazo®.V., Chuvashoal.S,,
Future Work in the Tunka Valley and  TregubT.F., RubtsovaM.N., KolomiyetsV.L., Bu-

Ailow Yu., Rasskazov S.V., Yasnygina T.A,

South Baikal Basin daevR.Ts.,, HassanA., Volkov [ .¢., 2021.Over-
1) comparativestudyof sedimentatiorin ba-  turnedEocenei Lower Pliocenealluvial stratumon
sins. the southerrcoastof Lake Baikal andits neotectonic

significance// Geodynamics& Tectonophysicsl2

2) study of pseudotachylytes in suture zene (1), 139 156.doi:10.58006T-202:12-1-0 51 8 [ ¢ dz!

betweemmajor tectonic units,

MmoOodzzH ¢., tOMMEOLSO w. 1.,
. A., tkpytse®zdiy.l. [ ., 1kt
moOmmodz ¢ . , eSS a dzlp s- v 1 5
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Geology of the Western Coast of Lake Baikal in the Vicinity of the
Bolshaya and Malaya Kadilnaya Valleys

S.N. Kovalenko

Irkutsk State University, Irkutsk, Russia

Abstract. The article provides a geological description of the western shore of Lake Baikal in the
area, where stromatolitenestones of the Middi&Jpper Riphear(?) formation (Baikal series) occurs.
Described other geological units are Precambrian (Shumikhinsky complex of moderately alkaline gran-
ites and diorites and Zhidoi formation of the Sharyzhalgai series), Middlesiturastinental alluvial
depositsand Quaternary lacustripeoluvial and slope formations.

Keywords Baikal, geology, stromatolitefRrecambrian metamorphic and plutonic complexes,
Riphean carbonate deposits, Jurassic conglomerates
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complex of moderately alkaline granites and di-
Introduction orites and the Zhidoi formation of the Sharyzhal-
Along the western shore of Lake Baikal gai series of the Archean), as well as the Middle
the area of thdolshie Kotyvillage, Bolshaya Jurassic continental alluvial deposits of the
and Malaya Kadilnaya in easy accessibility, Baikal mountain facies, lacustripeoluvial and
structural, igneous and metamorphic formationslope forméions of modern can be studied liter-
of the Early Precambrian (Shumikbky ally in one route. The complex of these
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formations gives a completenderstendindgpoth  Bolshe Koty and Malye Koty River@ig. 1). In
the geology of the Southern Baikal regiand summertime, a hydrofoil vessel (Voskhod type)
Siberian platforn® its crystalline basement and goes to it from Irkutsk, and in wintea, tempo-
sedimentary cover. rary automobile route runs along the ice of the
The administrativeenter of the research arealake.The beginning of the route is located along
is the Bolshiye Kotwillage thatis situatedin a  this trail at another 12 km oBolshoi Kadilny
vast valley of rivers with the same namé  Cape. Its length in one direction is about 4 km.

Fig. 1. Waterway to the beginning of the route fr@apeBolshoiKadilny to CapeMalyi Kadilny.

t Ml sbdr 2 fkls! ¢ &OYOkE &Oh tklsO f) & MO i1 sd. s OH

The proposed route along the western coast &fepression. The highesttitude is represented
Lake Baikal at the interval between the mouthgy the ThreeHeaded Char with deight of
of the Chernaya andalayaKadilnaya rivers, in  1178.2 m (Chechet, 2025). Most of the ridge is
the vicinity of theBolshieKoty village andBol- located within the National Park "Reserved
shoiand Mayi Kadilnyi capes of mountaitaiga Baikal Region".
hasno roads excephe oneon the ice of Lake The territory is seismic, earthquakes e1@®
Baikalin wintertime. points are possible.

In the northern part of the territqrthere is The main geologicalunits of the route alog
the Primorsky Rangéhat begns from the An- the western coast of Lake Baikal in the vicinity
gara Riveroutputat an altitude of 85®50 m of the Bolshaya and Malaya Kadilnayeer val-
and stretches to the northeast, gradually rising teyscan be seen in F$g and 3.

1050 1130 m and acquiring an alpine character.
It is the westerrshoulderof the South Baikal
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Fig. 2. Overview geological scheme of the study area.

1i 61 Quaternary formations. Lmodern link (alluvium of river beg lacustrine, marsh, proluvial deposits
sands, pebbles, loams, clays, boulders);Zpper Quaternary link (alluvium of the first terrace above the
floodplain (8 12 m); proluvialdeluvial and solifluction deposi&s sands, pebbles, sandy loams, loamsy-g
elly-clayey formations); 3 middle-upper Quaternary links (alluvium of the second terrace above the flood-
plain (12 16 m); lacustrine, wateglacial and glacial depositsclays, loams, sandy loams, sands, pebbles,
boulders, silts); 4 Middle Quaternar link (alluvium of the third (1620 m) and fourth (202 m) terraces;
lacustrine, wateglacial and glacial deposi® sands, pebbles, clays, loams, sandy loams, gravel,-block
gravelclay formations); 5 Lower Quaternary link (alluvium of the fifth (885 m) terracd loams, sands,
gravel, sandy loams, clays, pebbles, boulders);Upper Pliocend Lower Quaternary link (alluvial and
deluviatalluvial deposit§ sands, sandy loams, pebbles, boulders, clastic material (brightly colored, shabby);
at the baei a zone of weathered bedrocks); Reogene basalts;iBMiddle Jurassic continental deposits
sandstones, siltstones, mudstones, conglomerates, cdalspWer Cambrian marine and lagoon deposits
(Usolyeand Beayaformations)i dolomites, limestore anhydrites, rock salt layers, marls, carbonate brec-
cias, gypsums, flint lenses; 10vendianrCambrian marine deposits (Irkutsk Formatiodolomites, marls,
limestones, siltstones, mudstones, sandstones, carbonate breccias, Ayana Forctatendolanites, silt-
stones, limestones); 1127 Vendian marine deposits: 11IShaman Formation sandstones, siltstones, argil-
laceous dolomites, gravelites, conglomerates, Khuzhir Formatsandstones, gravelites, conglomerates,
Kurtun Formationi sandstones, Isstones, dolomites, Ushakovskaya Formation Upper Subformation
polymictic sandstones, siltstones, argillaceous shales, conglomerates, lower subfdrmatigiomerates,
gravelites, polymictic sandstones, siltstones, greywacké@sQlihinskaya Formatioi siltstones, mudstones,
siliceouscarbonate rocks, dolomites, sandstones, at the base of breé¢di&;i 13pper Proterozoic marine
formations of the Baikal series: I3KachergatFormationi argillaceous, argillaceotseuritic and aspic
shales, quartand feldspaguartz sandstones, conglomerates, gravelites, marly limestoriesllddtuy For-
mationi clayey, silticeous, carbonaceeargjillaceous shales, mudstones, sandstones, gravelites, oncolite and
stromatolite limestones, phosphorites;il&oloustraya Formationi quartz and feldspajuartz sandstones,
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conglomerates, gravelites, saratygillaceous schists, siltstones, dolomites and limestones with oncolites and
stromatolites; 16 Lower Proterozoic formations of the Olkhon series, undisse@itedneises, plagio-
gneisses, schists of various compositions, amphibolites, quartzitéesArthean Sharyzhalgai series undis-
sectedi biotite gneisses, amphiboles, crystal schists, amphibolites, migmatiiel L&arly Proterozoic
intrusions: 18 Shumikhinskymoderately alkaline intrusivdike complexi protoclastic, plagiomicrocline,
leucocratic granites and porphyritic biotite and bietitgnblende granodiorites, less often gneisogranites,
granosyenites, pegmatites, IL®rimorsky complex porphyritic granies, often spectacular, alaskite, biotite,
biotite-amphibole, gneisogranites, granodioritesj 28rchean intrusion$ charnokites, plagiogranites, gran-
itogneisses; 21 thrusts; 22 reliable faults; 23 suspected faults; 24stratigraphic inconsisteres; a) nor-

mal, b) with conglomerates at the base.

t dB[BLESEdOY cjodscdyjMSoOY Moj kO ©O2sd0 JMmhmdjHEss C

16T yjlse jtelsdyds Jj ItdrpdoQa jtopCldddts'j. Lle j dzts ( Odzdzt 9 2 tlzfj oz
dz¢ o d Odz! dz' J OsHAgs d dzd ¢ Odzj ydzek§ ', , Mir © dzif deflef & dzjoud Bo j tols
Lojdsts (Oczdzs o2 1o j too 52 i1d20 Haf)is 2 dfj tmigleds doQRdn@eg™ | (@ Mis dz
Sdedz’ § s dtpjjiipddy, ¢ Odzj yded ¢ d, iz tqf dodidzd ffifslz ¢ dzdEEC O L e jO
ftej ®dajen dzj UJ'lgo jLcdsid@rttazs o 2 oltstets? dzOH §its B d3jdledzts 2 s L5 jidat
o SHdlgsH dzd ¢ 50" § d dzj H dedeSdifedz j, thjdzetadjdegddy, MmkfJmd, §JiMm¢
dazrdimtej Hdzy UJ Iso jtelsdudesy L o1 lzts B O dzdze Hp322 jdip Is Hsk* tgt@fr]; 1 6t
omdatej Hdzd S o' j J dzjHAAGEHC g, bty jdzd@d, cdddr , Mke
GUB 51§ B dzqelipidazd Mls ' | 15 B itedl s jOwlgdleve) ; to 16 Y dzts § L o {AdEs df) O dzd
Isj cted gz ¢ dzd dz€ d , f4MmM<d, GteOo 2, Mz t § inedd, tc ~edAgddz'd], dzdetOudg,
dzd > dzy U s jtelsdudetsy L oj dats (-Odede® o d Odz' dg' jO tigjishgtipcelzy ebhefb@idy’ |
COdj yddS d, o OdzkdzdzdCd, GBdsBsyd 2 O St ipdOdOsEdk S © s ¢
o jlstej &' & €t talg B¢ jfdetiasisi) ;i dn@ @diz) * NS dj C sdzlsddzj dzls O
34 jiMmMuodedCd, Ocdjotetsddls’ , Ots&didpattjse | BE B ffAsdR) tdist fy ¢
slsdztsy j dzd™ (Esd MSOWsdsdgdlsr MSPws nglgde” § d, OdcdHidls
BJ ec j dzd , ¢ @iy t€dg@lsidz” j , cdyMmiag ] daf dgBtcdQ BF dgal Bsteh@ dj sl

CklsfC OB Hipdzfslsd Is' , &jteejdd, dJLojMmisdvSd, Odjotsddls’ ,
dzOls dD W dzf ¢ OY6 HifodAdsdeY Is* ¢ dzd ded MiIs™ j, O dAjl2tety) degHisits de figfCL cp i
5 ls dzts : L 1dz8 © 5O dzfn & @Y e \@BdRd ¢ , Odzj o tesdzdls’, HBESEII" ¢

B4 OBy e O § YO GIC d, ctcOo j diflistsls iz dfsCommfizisfimi @R ¢ J |
Odzj otesdzq Is ™ 2 h IOE de dRE O™ o d Is G  jUPRIaET Y of tsrdfasfil§ B so & j |

MdzOdzy’ cdzddzdmlsr j, § tsdze dhitsCy deaOdsts dzj te@lsidzv W¢& tf Gsed jindzf{ds™O,
ktsor j, Odzj o tstsdzdilss dzn (@ @O Sifoedidstizg Is T , Ote ¢ ek dPdplas dzO IsG to
dz § f§stetsH', HB AR Oddf f B @iafeljdief;dzj lfIctsils j tetsL 52 ME d J
COL 5o Odzd ¥ B 02:439 €ayfy) & D s i) §507 dg@dey'ls O¢ dzd dzd fAsdzj 6, te delstisfodzdji
OmMfdudz j, HJjMmMyodedSd So®@owyjje™ jj,d ¢tsszzjdassdjtc@ds , ctcOo
G j dzd i Zjdzlz dzls 2 2 ) @Oy dzGrylayfils Gc dzd dzd Mis' j, Odzj o ted Is s®dzdj-, € t
dzd mils ™ § , Otce d dzazd Is T 4 MmMyodzsd € d, CGtleOo j dzdIsr |, gL o j fmis dav
15icsdztsizfls j da§ P uiQazd €@ ¢ o Otcy jloo Qo of 'tsjdzd sty dicOdst=y jj tatzd
MdzOdzy" f jzfjdz@dizgsr | , Odzj otetsdzd IsT , Hisdzsdzd Is T d dL aj misdaw
dzdy dzd f etslsj tetsL 82 ME dJ sSBteOL tso Odzd Vv O tsazizf Bz & sy z®d dotd
MdzOdzyr ©OL &z ydesets Misfls Oo DOB OUY HYB s XBE T, ¥ @ dzcdBEigIsO W

dzj dzde@vdzj 2 ' Bdmlsdlsar j, O®YdBmdss' j, & ©d MO do d
dzj ftetsls j totsL t52 MBIz dfcfizisdedzin Y2 & Bj te | dzdzts -HNQRRESAZD? oo tat
d feslkss dzOMmisd i MS d jso ' dzO aizf @ RsCistisdschdz j] cOdzdlst d ¢
d2' § Bdtldlstsotdtyc tsop SHS@EIOIS tso " |, 6y J ¢ dfjjchipe@sfozd IsT ,
fted B3stemS 26 CE@izdbS M steW qesodHdz j, djtjHSE BYSSor j
s dBBY d B s dzts dhytsjc e Octatijs? , ¢ BOsH il ds) § J@sddsC ' , § zoe
ddls™, ctOddk®keryg @NEOL etkhisse P d0) sd' (] HYiisdoc 0]
MlsteOlsd ¢ teOW d uj MO te dif) dyy e OSHE@ s di3j €Ol Odsd o tshdatse Odz] c

57



litksedy d GSAEYP05AEV uBtej H

From 18420 1969,there wagjold mining in  For 51 years of mining in this area, 10 poods of
this area. Placers were developed along the rivgold 12 pounds, 52 zolotniks, 4&hares were
valleys of the western coast of Lake Bolshiyanined (Around Baikal.2001), i.e. 168 kg 943 g
and Malye Koty, Bolshaya and Malaya Sennayaand 888 mg.
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Fig. 3. Geological structure of the western coast of Lake Baikal in the vicinitheoBolshie Koty
village. Modified after(Geological map..., 1964).

171 Quaternary alluvial degsits; 2371 continental alluvial Jurassic deposits of the Baikal mountain facieg:atsine
formation: sandstones, siltstones, mudstonds,Cibata formation: conglomerates with sandstone interlayéersj 4
Baikal Riphean Marine Series:i4Upper Riplean Kachergat Formation Upper Subformation: argillacesiltstone
schists, siltstonsandstones, slates, sandstones, limestonésUpper Riphean Bchergat Formation Lower subfor-
mation: sandstones, mudstones, carbonaceous shales, conglomerakdisldee Upper Riphean Uluntuy Formation:
algal and stromatolite weakly marbled limestones and dolomites, phylliieMiddle Riphean Golousten Formation:
guartz sandstones, dolomitic weakly marbled limestones, phyllitesAi@hean highly metamorphosed Shargigai
series, Yiddish formation: biotite, garrgibtite gneisses, granitogneisses; Rate Eriphean Nersinsky gabbdolerite
dike complex; 10127 Early Proterozoic Shumikhinsky moderately alkaline intruslile complex: 10 dikes of peg-
matites and glites of the second phase, illeucogranites of the second phasej h@onzonitediorites of the first phase;
137 reliable and assumed faults; L4hrusts; 15 thrusts under the waters of Lake Baikal;ilplaces of collection of
flora residues.
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essentially carbonate, composed of algal lime-
Stratigraphy stones and dolomites, among which thin layers

Stratigraphic formations in this areshow Of talc-carbonate schists occasionally appear. In

rocks of the Archean, Proterozoic acrotem, Jufhé Malaya Kadilnaya valley, in the section of
rassic and Quaternary systems. organogenidimestone and dolomite, stromato-

. oo lites and microphytolites of the middlate
rie?rchean Acrotem (AR) Sharyzhalgai Se Ripheanage (Figs #8) were found, such as

. Conophyton garganicus Kor., Conophyton ca-
Archean deposits are observed along the Pri, .
morsky Ridge from the village of Listvyanka in dinicus Kor., Jacutophyton ramosum Schap.,

a northerly direction and end & km along the Baicalia baicalica Kryl,aswell as stratunstro-

. ) D | matolites and microphytolites The Upper
shore fomthe Bolshie Koty villageln the vicin- . . .
ity of the village there is a small clip of outcropsUIuntu' unit contains 19 forms of stromatolites.

of these roks to the west of the village (Ar- Imn;tgcleitlégrtju.n ?O%QL%‘#T“T}Tﬁyﬁgféghﬁ,ﬁﬂﬁs
chae_an rocks). Flg. 3). o . Osagia columnata Reitl., O. tschaica Yak., O.
. Mid -Upper Riphean (RF3) (?) Baikal se- | ;nq0sa Reitl as well as microfossild_eio-
rnes _ sphaeridia div. sp., Leiominuscula s, z -
GoloustnayaFormation RFzgl taedrixium pntulai (Rud.)d H tc (Geological
It is composed of iterbedded weakly meta- map..., §62; Dolnik, Nikolsky, 1962).
morphosed quartz sandstones, dolomites, lime- The formatios are not sustained along strike
stones, conglomerates, and gravelites. Outcropg,d have variable facies. The maximum thick-
of the formation's rocks are widespread in th@ess of the formation in this area does not exceed
area of the village dBolshoeGoloustnoye. 400 m. Terrigenous rocks of the Uluntui for-
Uluntuy Formation RF2-aul ~ mation have oligomictic or quartz compositi
In the lower part of theormation section, silt- Horizontal and wavy layering, brecdi&e and
stones and argillaceous schists prevail with thiﬁrganogenic textures are widespread insé¢he
interlayers and lenses of dagkay limestones, rocks.
quartz sandstones, tadarbonate and carbona-
ceous schists. In the middle part, there is

Fig. 4. Outcrops of stromatolite limestones of the Middle Riphean Uluntui formation at the mouth of
the Malaya Kadilnaya vallewjte 33-08', photo127%an

t dM.[BdzOyY J dzdV MbicsBOsddlstsar 7 dLeo jMmlsdw C s Edzkzdskz
fOHd [ OdzOw s BBO8 dz'Wds@®Ws, 11R.7d&.1 O dz.

1 For each observation point there is a hyperlink where you can download a file indicating its location on the satellite
image in the Google Earth program. If you want to download and view all the observation points anthéraaksed
in the article at once using the MapSource program, then you need to download kiaidZ025.gdb
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Fig. 5. The surface of the strata (roof) of the limestone layer of the Uluntui formation, emphasized by
the upper parts of the columns of stromatolite€onophyton cadilnicus Korsjte 49-09. photo1380.
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Fig. 6. Closeup surface of strata of stromatolite listene, fragment of Fidh, photo 1381.

t M) c®.jteh dshls! d&Of ZOfmlstss Oded¥ MlstesBOssddlstsor & (L
wdfy. 5, Wkt 1381.
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Fig. 7. Structure of stromatolite columns in the vertical plasite,33b, photo1388.

{dMulbs] dd] MseskOlsddlsss & fissds §B, 6ol s o j13sBIE. O c

Fig. 8.Limestone outcrop of the Uluntui formation, left side of the estuary part of treyBté&hdilnaya
valley, view to the northeast, photo 1982.

t d.18.{ B dzO > fida jj fuseldzeizk dzls 2 énd, 822 o B B f ldc d z ) Isy Q fgtfssPH O dz
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Kachergat Formation RFs3k| Rocks of the lower subformation show micro-

The deposits of the formation are generallyossils:Leiosphacridia div. sp., Pterospermopsi-
consistent on the rocks of the Uluntui Formationmorpha div. sp., Nucellosphacra s, mar-
and only in some areas (Cape Bolshoy Kadilnyginata Fajz. et Stan and othersin the rocks of
at the base of the formation demses of basal the upper part of the ston of the upper subfor-
gravelites and conglomerates, the pebbles @hation in addition to the formestablished in the
which are represented by the rocks of the Uluntubwer subformation there are microfossils
Formation. Aducta sibirica Fajz., Bailicania div. sp., Mi-

The formation is divided into two subfor- crhystridium div. sp.ls tsi . (Geological
mations. Lower (RFsk {) it is represented by map.... 1962; Dolnik, Nikolsky, 1962).
sandstonessiltstones mudstones and carbona-  Rocks of the formationccurin the area of the
ceaus schistsThe thickness of the subformationpeyil's Most tract, located aboui & km from

varies from 286 to 820 m. the Bolshie Koty villageo the east or in the vi-
Upper subformatio(RFsk 4) is composed of ¢injty of the cardoon at CapBolshoi Censer.
polymictic sandstonegFigs 910), carbona- | gte Riphan mirofossilsoccurin outcropsof

ceousargillaceous schistsiltstones and mud-  the formatioralong the Goloustnaya River.
stoneswith rare interlayers of conglomerates and

dolomites The subformation iss thick ass47

Fig. 9. Coarsegrained sandstone of thex¢hergat formationsite 41-09, photo 1359.

t d.8.1 § Hu@dedzdy dzts L j Genzd th)dsO 1§ &) §, 5cRx41-09, ¥ 5 14859.
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Fig. 10.Wavebreaking signs in sandstones of Kechergat formationphoto1363a.
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Jurassicconglomerates] crystalline schists, and other rocke aare (Fig.
Jurassic deposits have been well studied9). Density of conglomerates varies from loose
(Skoblo et al., 2001Akulov et al., 201% These to very dense. A cement of loose conglomerates
are observed on the coast of Lake Baikal and dg sandyargillaceous. A cement of dense con-
the Primorsky Ridge within the Angako- glomerates is argillaceousirbonate and argilla-
tinsky depression and belong to the Dabateouscarbonatesandy. Sandstones are polymic-
Taltsing and Kotyformations (Fig. 11). tic, variows-grained, relatively loose, yellow,
In theBolshieandMalye Koty area Jurassic with a greenish tint, light gray to white, gray,
deposits ee oveithrusted by Precambrian rocks without any clear separation.
along the system of gentle displacementthef The Taltsine Formation within the study area
Angara thrust. is also composed of conglomerates, but with a
Deposits of the Dabat Formation are reprenigher content of rare sandstone interlayers. (Fig
sented by alluvial terrigenouscks conglomer- 11) with plant remains of the Middle Jurassic
ates, less often byare interlayers of coarse epoch:Ginkgo sibirica Heer; Sphenobaiera; Co-
grained sandstones @siltstoneargillites. The niopteris; Equisetites; Czekanwskjad teSand-
latter, as a rule, are accompanied by thin beds sfones ardight gray, sometimes bluisray,
brown coal. The conglomerates are dominategreeniskhgray and yellowiskcream.
by pebbles of volcanic rocks porphyries. Flint
and quartz pebbles are less common. Granites,
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Fig. 11. Scheme of division and correlation of Jurassic sediment sections in the Auggidepression
(I'7 central, Ili piedmont parts of the depressjafter (Shurygin and Ankudimova, 1981).
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Fig. 12. Plant remains of Middle Jurassic ageaastal outcrops of the left bank of the Irkutsk Reservoir
(Kovalenko et al.2023).

65



litksedy d CAEY05H5Y Ui H

tdf.t Afglsdlsj dz' dzr | ©MlsOkSd MtejHdzj ¥ tMSts2 §fs2d o B
CklsMStsets o pBEOdf Z§BEOd Hic., 2023) .

Quartz and feldspars predominate sand- of acementthatusuallycosistts ofchlorite, less
stone fragments, fragments of siliceous and siloften kaolinite (lightcoored varieties).
ceousmicaceous rocks are present in smalle Outcrops of Jurassic conglomerategth
guantities. Plates of colorless mica are noted. Pgravelite and sandy cemeate observed along
tassium feldspars and plagioclases slightly the shore of Lake Baikal at the interval of the
altered.Fragments i®f mainly semicircular, an- Great Baikal Trail fronthe Bolshie Koty village
gularrounded, less often angulahape Silt-  to the Devil's Bridge tractyhere outcropsare as
stone (0.000.1mm) to sandy (0.1.0mm) ma- highas30 m(Figs 13i 15).
terial predominatesGravel grains up to 2.2 mm
in sizeoccur alsoClastic materials up to 80%

{ B[ BldzOy j dzd ) Y teMSdn € tsdec s BilzE OBty C OB | EFHE B ISk

Fig. 13. Jurassic conglomerate outcrop on the shore of Lake BaikalheeBolshie Koty village

Fig. 14. Outcrop of Jurassic conglomerates of the Skriper rockopt®?9a.
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Fig. 15.Fissured cherry pebbles of trachydachgolite composition in the Jurassic conglomerates of
the Bolshiye Koty area, si2b-08, photo 1344Nlongush et al., 2023

t df. v @j5h d detse Plsdzjjo O dils @R O Bdd sso se s MsMlsOa O o & to
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Fig. 16. Statstical petrographic sampling of pebbles from Jurassic conglomerates at Sktg28-09
(Kovalenkoetal., 2023).

67


file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/25-08.kmz
https://doi.org/10.26516/2541-9641.2023.4.51
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/25-08.kmz
https://doi.org/10.26516/2541-9641.2023.4.51
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/38-09.kmz

litksedy d CAEY05H5Y Ui H

[lsB st fldlydshpsEugofsda MSs2 s’ ¢Odj§ dL &t

t d 6.
b Ctod 5] 3%09 (s ts 0 Chda Hiis 2023.

Jurassic conglomerates on the coast of Lalsome pebbles reach 8thin diameter (Figs 17
Baikal are an accumulation of wethunded peb- 18). In conglomerates, there are many (up to 70
bles of various compositioand size in sand- %) pebbles of acid porphyry of various shades of
stones of the type described above (Figsl8), cherry color (Fig. 18). Therare also pebbles of
which forms a cement of basgpe conglomer- granites such as alaskand, rarely, quartzite,
ates. Theaverage size of pebbles i88cm, but  gneiss, and quartz.

Fig. 17. Terracelike weatheringorms of Jurassic conglomeratas aslope of Lake Baikal. Three ter-
races of approximately equal heigine observedview fromsite 25-08.
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Conglomerates are distributed mainly alongf sandstones, and where the pebbles of con-
the boundary of Jurassic deposits, apparently imlomerates are much larger than in the areas lo-
dicating the proximity of the latter to the bordercated to the west.e. in inne potion of the Sibe-
of the dirassic sedimenty basin. Conglomer- rian platform Thischangendicates the direction
atesoccurin the coastal strip of Lake Baikal, of material transfefrom east to west.
where they form thick strata with rare interlayers
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Fig. 18. A conglomerate with a large boulder on the Skriper cliff in 3869, photograph 1894, 2009

® and Afleadi ng m@melc 26080 NéNnaBOSAITA, sEL65. 14131
1342a g). Arrows in phota show pebbles of effusive rocks of intermedisilecic conposition(Olif-

erovsky et al.2022)
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The fact that in the Jurassic time the introducJurassic of pebbles of Proterozoic quartz porphy-
tion of coarseclastic materialwas transferred ries (subvolcanicocks (Fig. 19).The presence
mainly from the eastern and northeemritories of these pebbles makes it possible to unmistaka-
of the Baikal region, and not from the southwesbly distinguish Jurassic conglomerates from
and west,is evidenced byoccurencein the olderones in the field.

w Vokcanics g Granitolds » Sandsione g Toctonites ®mVolcanics  ® Granitoids ™ Sandstane
® Tecionites  ® Breccias  m Subvolcanics

2

m Volcanics g Subvoicanics » Granite @ Quarts » Volcanics g Granitoids w Sandstone g Quartz

Fig. 19. Petrographicomposition of Jurassic pebbles at various observation points of the western coast
of Lake Baikal(Kovalenkoetal., 2023) 17 on a pebble beach near the mouth of Abuneeva FaB8s, 2

T from outcrops of Jurassic conglomert2i in theBolshieKotov area(Fig. 13), 37 on Skriper cliff

(Figs 14, 1§ 47 Manzuka alluvium (N>-Qe mn) in theBolshoeGoloustnoe
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Fig. 20.Devil's Bridge on the Seagull Cliff of Jurassic conglomerates.

{ B0y j lftsddsO vy OWY' jds ulsifMmi “©MCdR Cdc dzsdsj ©Oso .

Sandstones and wstones with interlayers of village (Fig. 2) placedrertically or even over-
brown coal in the Jurassic deposits are wideurned.
spread on thiner part of the Siberian platform, Quaternary sedimentsQ
much west of Lake Baikal, where there are out- Among Quaternary deposits, there are lacus-
crops suitable for study on the left bank of thdrine, eluvial, deluvial, wluvial, colluvial de-
Irkutsk reservoir near the dam. posits, composed ofboulders, pebbles, sands,
Jurassi sediments argightly dislocated. The clays, sanejravel loosematerialand make up
angles of incidencef them are no more than beds, floodplains, alluvial coeeof numerous
15A. They |ie shar pl yaleysandteyaspfbakeBakakdasiOnghe s e d
ments of all ages from the Archean to the Cantipper parts of the Primorsky Ridge, glaciat-fo
brian. Steely diping Jurassic deposits are ob-mationsoccur
served near the Angara thrust,ré Hownstream On the shore of Lake Baikal, sediments often
of the Angara River from its sour¢en the right bear traces of frost procesgefs 21 27).
bank and in the vicinity ofthe Bolshie Koty

71



ldBdzsedwy d SCEAEZ205150W Uuftcj H

Fig. 21.Inflows of loose clayey material from the lower horizon. Deluwiabl deposits (e§QP) of the
alluvial cone of the Solontsov vallesite 30-09, 2215, photo1262.
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Fig. 22. Deformed layes of proluvial materialon the shore of Lake Baikadite 30-09, 22-15, photo
1267.

.1 2Rctedkdtetse Odzgdz’ j Mdzsd 1 tesdzs o d @ddeRABO9,RALE Y j dzd 2
W slsts L1267
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Fig. 23. A pocket sinkhole in the loose rocks of the deluwiail deposits of the alluvial cone of the
Solontsov valley, formed on the site of an ice vertical dike 30-09, 22-15, photo1286.
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fOH] HBESHEBOOSs Ooh g2 MY &O &j M jls.@E092HMEY sBHicls S
1286

Fig. 24.Overlapping of deluviahival deposits with modern deluviadaterial site 30-09, 2215, photo
1289.
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Fig. 25. Landslide deformations in loose rocks of deluviadal deposits of the alluvial cone of the
Solontsov valleyfragment of Fig. 32, photb297.

(M. [PRSdL dzj o7 ] HjWBEBOYdd o tctzf o0& fecbcaOEsY j ddd
o" WO § OH( wicOcyjlald 6 qd{7 32, Ykt

Fig. 26.A large fragment of porphyritic granite in loose delwnalal deposits of the alluvial cone of
the Solontsov valleysite 30-09, 2215, photo1300.
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Fig. 27. Character of loose deposits of proluvial cone outcrops.

ai proluvial sediments (p§) of t he Sol o nbrigledeforimaians inocse maeks of B
dealluviatn i v a | deposits of {1 dipepockedih loose recks\wof deadusiailval c o n e ;
deposits of the Solontsov head c oimodique fbliatiomre d on t
loose rocks of dealluvialivald e posi t s of t he S oditchpackebirvliooseeocks v a | c
of dealluviatnival deposits of the Solontsov removal cone, formed at the place of the ice vertical dike;

J 1 lake sediments (pebbles) at the base of the proluvial removal cone Malaga Kadilova Pad.

Kadilnaya
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Magmatic complexes

Magmatic intrusive are observed mainly in
the Sharyzhalgaiplift of the Siberian platform
basement (Fig. 1), where the Late Archean ultra-
metamorphic gneisgranite Kitoi and the Early
Proterozoic Shumikhinsky (previously described
as Primorial)alkaline complex of granites and
granodiorites have been recognized. Within the Fig. 28. Relationshipbetweenvarious intru-
study area, the former complex is not observed, sive phases of the Early Proterozoic
and the latter is represented by three, clearly sep- Shumikhinsky complex in the vicinity dol-
arable intrusion phases (Figsi3®) from por- shie Koty Sketch of a block.
phyritic and uniformgrained fire-grained gran- 17 xenolith_s c_)f biotitized amph!bolites_;'|'25ubalka-_
ites to granodiorites and pegmatites with shar hzgéé?dg;?;ﬁﬁzSggnﬁ)gtri?:sygrﬁ9523'rtnejti?ghfff;[]sef
boundaries. In the first phasgisplayedin the ¢ g phastaikovovein): 4 two-mica fineme-
areato the west, small intrusions of diorites werejium-grained and aplite granites of the third phase.
formed. The second phase includes mediamal
coarsegrained, often porphyritic biotite, horn- [ M. | 2BJ EBEE6 dsh J ded ©OL dzd
blende and biotitdéornblende granites and gran- 53? e t{ gzz] gZ;S P c?r; dsqtsdg.didzfég tgats lsé gm
odiorites, rarely pegmatites, and the third phase s s 'l; s9. ) OtdMmtsecC OJ cdzr BT .
mc_ludes .f|n.e and medlurrgrglned plotlte, am- . ¢ fj dsddls’ sdokdlsdL diese Odd
phibolebiotite and leucocratic granites. 2i kBN j sydy | GClOdsHBEdIS

Veins of quartamicrocline pegmatites make dqzr | ctcOdzdls' i C@azf¥ cldELs d;ls ' 3
up smalishaped and lenticutavein bodiesfrom d § Jj e 3OIsdIsT o Is 54Uz WABRT) ; ( H

0.210.3 cm to 2 mthick. Holzfdzt HW dzMic] e3daglet fsteded mis™ §
o7 j CcwOddlst ktjls! j2 WoOLT.

RN LR IS R g B

Fig. 29. Varieties of the main magmatic phases of the Early Proter&zoimrskycomplex.
ai porphyritic granodiorite; b interaction of porphyritic granodiorite with porphyritic granité;relationship
of fine-grained granites with porphyritic granodioritei; @orphyritic granite.
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Fig. 30. Veins of the Early Proterozoic Shuktiinsky complex.
a’l xenolith of amphibolite along the basic rock in porphyritic granodiorite of the Early Proterozoic maritime

complex, additionally broken by veins of the same granodiomtésyein of block granite pegmatite with
amphibolep-GT veinsof granite pegmatite.
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t dBAr ddzr tcOdedzj ftetsls j oL 52 MEtsEts hEdRdoddmNSsets ¢ sdif &
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Nqtzc tcOdzd s dzts s f j @ BOI s O
metamorphologicainagmatic basement of the

Tectonic structure Siberian platform, weakly deformed sedimen-

The area under consideration is situated at thery cover, and Cenozoic Baikal rift uriitare
junction between the basement of the Siberiagistinguished in the vicinity ahe Bolshie Koty
platform and its cover. Tectonic deformationsyillage (Fig. 31).Structures of the sedimentary
developed in a wide time range from the Archeagover aresuldivided into folded Riphean and

to the pesent, at least 3.5 billion years. Threehorizontally lying continental Middle Jurassic
structural level$ the ArchearEarly Proterozoic sedimentarynits

52°00'
51°56'
10 km
- |
e 51°52'
105°00' 105°05' 105°10° 105°1%' 105°20'
|1 2 3 4- 6 _—~—|7[..--°|8

)0 [P 1O M =112 113[ & ™[ ~ "5 = 16

Fig. 31.Tectonic scheme of the western coast of Lake Baikal in the yichihe Bolshie Koty village
(Geological map..., 1964).

1i 27 1st ArchearEarly Proterozoic metamorpfroagmatic structurainaterial floor. Crystalline basement of the Sibe-
rian platform: I migmatized structures of the granulitharnokite Yiddish formabin of the Archean Sharyzhalgai series,

27 moderately alkaline Early Proterozoic intrusions of the Shumikhinsky comgléx; 2nd structuraimaterial floor.
Sedimentary cover of the Siberian platformi 3olded Riphean stage composed of sedimentary madoks of the
Baikal Middle Upper Riphean series,i 4dikes of the Late Eriphean Nersinsky gabboderite complex; 5 Jurassic
structuraimaterial stage (Angafidotinsky intermontane depression) with gently occurring continental sedimentary rocks
of the Dabata and Taltsine formations;i 63rd structuraimaterial floori Cenozoic, vaulted, Baikalft; 7 i axes of
anticlinal linear folds; 8 axes of synclinal linear folds;©long axes of brachyanticlines; 1dong axes of brachysyn-
clines; 117 faults; 127 Angara thrust; 13 Obruchevsky fault; 14161 bedding of layering: 14 inclined, 15/ vertical,

1671 overturned.
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The following structures are marked with humbers in the cirdésKadilninskaya anticline, 2 Malokadilninskaya
syncline, 3i Verkhne-UndunDavanskaya syncline, @ Bolshekadilninskaya anticline, 5 Obruchevsky fault,
Krestovskaya brachysyncline TTheremshanskaya brachyanticling, Rotinskaya brachysyncline.

tdfM. v BAsddUj MSOW MRjdkO LOfOHMGEEE (BB jBjy ' YW 6L .
(lisksedyujmMcoOv COwLlkO. .., 1964).
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nddht et CiiPz] HigORZ-§ Befphplse j dzdzr 2 1 5Oy . [ MOHBYdZ?:iyj n sz
MC &zZOHYOIsr 2 tedW j2MEd2 witkf MmMdsy j ddzr 2 s OH saydds AUk tdxfws jinX if &3
fMjtedidh024C d L Hdz tedW j 2 MC s tisdzpag dslf)H alzh) € tsicstusigRiafiap it jiz"Gjls-&z tc dzts
flse j dedzr 2 W tgishilp d (dainded®@ tc w3 H Y €2®t dz@®) fasfi®B e s L Odzj ¢ O h ddz3d € tsdzls d
fStesH Odsd HOBOMSE 52 i 3-Is Ofds tyfGihE fstits ofnjo GAFE LV Bidds® 2 MC 2, Mo &
B 02 COGls 5 0i 2 d 70dzls d C dzd dzO dz' dz 7 i deddfj I dER dAg YaREH A 5 98zd dzj 2 dzf
Hdzd dedz' § tSMd B to OF fHOMESdE did daOngr) 28 te A D deipd disdEhREBEMS 121 dzOH o d
i[Btekyj o ¢ JRL6if B0 fig;O dAd4j M tas@ Mdetsdadzts( 1o 14 S O ditsdptisjs,C Az s tsj .
AdWteOBd » CtbkyCOR Mbsk)rd dr k@il s b @@isasS @@ dazdzd dd) s OV i d
371 j t6 g @0 Oz C OW ) 28 dzf teP O w d d dzd dai S 1O B tkrtals oS e RO i B to t5
StejflssoaMC OW BLOF g hd dgd @dziip® @ , B B OiNsoIHITEES A dzBAD'O.S 8 d dzC dzd dzC
Archean-Early Proterozoic basement of the Si- lenses of marbles a_nd qu_art_zltes. These_rocks oc-
berian platform cur as small xenoliths within Proterozoic gran-
_ites. The granitoids of the Shumikhinskgm-

The Archean complexes are exposed withipyay are characterized by moderate alkalinity and
the Sharyzhalgaectonicblock (Fig. 1)i the Si-  {orm  jinearelongated massifs located along
berian platform basement. The rocks were aiyrge faults of longerm development, therefore
fected by metamorphism under conditions ofney are strongly affected by dynamometamor-
granulite and aphibolite facies. These are bio- nhism with the formation of various tectonites

tite-hypersthen gneisses with layers of amphl(Fig_ B) up to thedevelopment of gectacled
bole and biotitesillimanite schists and rare piastomylonites (Fig. 3.

Fig. 32. Spectacled blastomylonite with large feldspar porphyroblasts.

{ iR [ BStsor 2 BEOMssiddsddls f Ctkfd & st dicss dzOn
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Fig. 33. Ocal and ocastriped blastomylonite (&) and kakiritization of Shumikhinsky granites).(

t B[ yStsor 2 4 sezp@m®ts’ 2 B ZOMss®Rd sddls (O, B) d SO
dzdlsse (9) .

manifested foldeddeformations (Figs 3485),
sometimes accompanying thrust structures (Fig.

36).

Rephean and Jurasic units of sedimentary
cover of the Siberian platform

The Riphean formations of the s@éntary
Baikal series are involved in complex unevenly
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Fig. 34.Geological section aft€Prytula et al., 1962).

17 conglomerates, R gravelites, 3 sardstones of different grains,i4siltstones and mudstonesj Slayey
carbonaceous shales) 6/ariegated shales, 17 calcareous schists,i8limestones, 9 dolomites, 10" car-
bonatequartz rocks, 11 quartzites, 12 granites, 13 observation points ahlines of dip of strata in the

section.
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Fig. 35 The section in the area of the MghCheremshanka valley aft@Prytula et al.1962).

17 aaskite granites, coarsgained; 2i quartzitelike sandstones and gravelites are light, at the end of the
interval there is a fiveneter layer of gray schist sandstone$; tdack finely fragmented clayey shalesi 4
silicified dolomite, darkgray, with thin layers of dark clayey shalej Huartzitelike (confluent) darigray

and brown quartz sandstones; @ark limestone with clayey shalesi alternation of crimson and yellowish
green siltstone schists, silicifiedj &lark thinbedded Inestone with oolitic interlayers;i9Qreen welbedded,
fine-grained sandstones and siltstonesi tlark crystalline limestones.
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s j 6 dzd dad inlsT its dosiBXitg T 5 Se J dvig) iy, M ISl teiE] d3q  § 615 s 2
daq fyls* 7 T cECetANg WiehlkisSe)  ( M ded énggte) )j ) dsdatic’ j € o Oitafu o) fuils - J
Gv C ) s § M ¢ dzd ek e e o B daq doy BB 2B aj T’ G P siayls twal
MdzOdzyj o, ¢ oilstg ey Qdzds tsmdz$ B dzsd Misr j dL o j Misday $dzj M7 fstsc
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Fig. 36. Geological structure of theemeniha®zerkqg valley areaafter(Mazukabzov, Sizykh, 1987).

17 modern sediments:-@i Upper Riphean: 2 sandstonesiltstones with interbeds of oncolithic limestones
of the Uluntu Formation, B dolomites of the middle sulormation of theGoloustnaydormation, 4 clay-
carbonate mottled shales of the lower part of Gudoustnaya-ormation, 51 basal creamy dolomitesnd
siltstones of th&oloustnayd-ormation, 6/ gneissogranites; 7 elements of occurrenca( layering,B i
cleavagep i banding); 8 orientation of joints of minor folds; ® thrusts; 10i observation points of the
authors of the article.
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The formation of the folds took place underKadilninskaya and Bolshekadilninskayanti-
conditions of a single tectonic regime within theclines (Fig. 31).
zone of longterm basement subsidence at the Through geometric analysis, folding of the
edge of the platform in the zone of the BaikaRiphean complex, fine folding, kink zones,
marginal pericratonic subsidence or marginatieavage, slip mirrors and faults, vein igneous
trough. The sedimentary strata of the stage atompkxes (granitgpegmatites, pegmatites,
characterized by a lodegree of metamorphism quartz veins, etc.), and ancient stress fields are
and are dislocated in the folds of the northexast deciphered (Fig. 37). Normal and inverted fold
strike. The folds are asymmetrical, with gentlavings, the location of synclinesnd anticlines
southeastern and steeper northwestern wings, @re determined from the main cleavage; by
ten thrown back to the northwest in the side obblique layering, ripple andpple signs stromat-
the platform. On the tectonic schentlee folds olitesi the roof and bottom of sedimentary lay-
are distinguished: Malokadilninskaya synclinegrs.

B s s [
(O |7 @ s + |o[ « ho[, 7 n[\Fh2

Fig. 37. Geometrical analysis of the structures of the Baikal complex on the Wolfe stereographic grid.
The measurements were made along the Baikal western coast in the intergahofiths of the Nizh-
nyaya and Malya KadilnayamoutheqgKovalenko et al., 2023

1i 671 isolines of layering occurrence according to 100 measurements with concentratiangrl5 %, 2
514 %,371 413 %, 41 312 %, 51 211 %, 61 less than 1 %; ¥ joints of the main folds of the 1st generation
(synsedimentary); 8 joints of the main folds of the 2nd generatiori; @ints of additional folds of the 1st
generation; 10 joints of additional fads of the 2nd generation; Ilconcentration trajectories of layering
measurements.
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Throughgeometric analysis of layering ele- Elements of the Riphean stratecurfar from
mentsin the area, parameters tbfe main folds the Angaa thrust (Kachergat, Uluntuyand

of the Baikal Riphean complaxasdeterming.  Goloushayaformations) along the shore of Lake

At the same time, it is revealed that the folds oBaikal in the interval between the mouths of the

the first generation @F are synsedimentanye. river valleys MalayaKadilnaya and Semenikha

resuledfrom sliding of sedimentary strata down (Ozerki) on the spherogranki). 38 form the

the continental slope in the Riphean timecT same northwestern belt of the grecircle, but

tonic folds of the second generationi)(Rare with slightly different parameters: the hinge of

those turnups, formed in connection with the main synsedimentary folds has an abundance

movements along the thrust planes parallel tottef 2 5 5nAg,| et hoef at h @hebxiar i a |

Angara thrust. The dividing line of the directionp | ane i s i ncl i nednodht an
of movement, determined by the hinges of thve st al ong the az. sB43A.
foldsoftheturrups , i's 173 A. Théet ismemeof amgwmenetri cal ,

ment is postlurassiclt was proposed thdfec- northwestern wings (maximumS;) and steep
tonic, thrust deformations occurred about 250 8 0 A )-east (maxtimunpS,).

million years after the synsedimentary dhes

(Mazukabzov et al., 2006, p. 233).

A

255./12.
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Fig. 38. Geometrical analysis of the structures of the Baikal complex on the Wolfe stereographic grid.
The measurements wareade along the Baikal coast in the interval of the mouths of the Mal'kadilnaya
and Semenikha gorges.

17 isolines of the layering occurrence based on 70 measurements taken at 8 %, 6 %, 4 %, 2 %, dnd 1 %; 2
joint of the main folds of the 1st generatieyrisedimentary); B graphical projection of the axial plane of the

main folds; 4 joints of additional folds of the 1st generatiori; §nomological projections; 6 trajectory of
concentration belts of layering measurements.
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The Jurassic sedimentary stratgacomposed complicated by discontinuities and is divided

of depositghat in terms of lithological and fa- into blocks that are unevenly vertically displaced

cial features, correspond to intracontinental typeelative to each other. The discontinuities are ac-

of lacustrineriver coatbearing formations. They companied by asymmetrical fault foldshich

infill the AngaraKoty intermontane depression are most intensively manifested in the zone of the

atthe southeastern end of the large Sayan piedngara thrust'

mont trough. ThéngaraKoty depression has a  In theBolshieKoty area, Jurassic conglomer-

sublatitudinal orientation, stretching from theates and the Archedsfarly Proterozoic for-

sources of the Angara to the basin ofBedshie  mations on the surface of the Angara thrust are

Koty Rivervalley. directions with angles of inci- brought intocontact (Fig. 39)The thrust is @e-

dence from subharontal to 102 0 A. Wi t diogical mortument. lis observed not far from

study areaV.N. Novokshonov defined thiéoty  the village on the watershed mane, called Scallop

brachysyncline and the Cheremskan by the locals, in a narrow saddle. When ap-

brachyanticlineHe inferred thatthe Koy bra- proaching it, Proterozoic biotiieornblende
chysyncline is a basin elongated in the nerthgranodiorites, quartz syenites are intensively cat-
west direction, more than 20 km long and 4 to @clased, and alongé thrust front there is a a se-

km wde. In the inner part of the basin, there is aries of scales that arch upwards and are well pre-

slight wlift with a height of 50100 mwith the pared on the exposed slope of the ridge. Their

Riphean formations. The thickness of the Jurasoles have lowpower milonite zones. The main

sic deposits in some places decreases to B0 zone of the Angara thrust is represented by cata-

m, while within the basins it is about 500 m clasites and mylonites up to 20 mdk. The ori-

The structure ofrte AngaraKoty depression entation of the layering of sandstones indicates
in the Late Mesozoic and Cenozoic is largelyhe turrup of the strata, up to overturning.

:’ : 1 %ﬁ 2 :uwo: 3 / 4 ,’ 5 \\6 '\. 7 d,b-.el 8

Fig. 39.Exit of the Angara thrust on the left watershed of the Bolshiye Koty vaftey(Danilovich,
1941).

17 granites2i Mylonites;371 conglomerates}i sandstone interlayersi tucked layering of conglomerates;
61 contacts between scalési thrust surface8i V.N. Danilovich's observatiosites
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The continuation of the thrusttraced100 m by-layer breakdowns and fine folding of the lon-
to the west of the mouth of the Varnachka valleygitudinal bendbccurin rocklayers.
where near the thrust plane there is a ‘d} In the estuary part of the Varnachka valley
playedcleavage subparallel to the displacementhe main outcrops on the shore of Lake Baikal,
in both allochthon and autochthdn conglom- the elements of the thrust plane weletet¢ed
erates and granitesa series of weltlefined and the line of its exit in the relief was built using
cracks parallel to # thrust plane, covering the the stratoisogypsum method on a topographic
volume of rocks up to hundreds of meters fronmap of 1 : 25 000 scale. Near the fault plane, a
the displacement, develops equaitrongly.At  statistical analysisf tectonic fractures using the
the displacement zone, brown ochre tectonibelt method of V.N. Danilovich (Danilovich,
friction clay, dark gray mylonites and tectonic1961, B41) showed the orientation of the sup-
breccia develo@ the entire set of dynammet- posed plane of the Angara thrust (RAM), the
amorphic rockss observed in the interval of one azimuth of the immersion of the allochthon dis-
or two meters. In the underlying Jurassic conplacement line (2478), and the stress field from

glomerates, layering is well established alonghe revailing series of large fractureds (i
two thin sandstone interlayers, 30 and 40 m from P g g 1

the displacemenzone Near the surface of the 201 80,Uz1 117 03,UsT 206 04) (Fig. 40).
thrust, the cnglomerates are fragmented, layer

160 HaMEPEHHIA, HIONUHIKM NPOBENEH:I wepes 1-2-4-8-12 %

E

1| _"2l..~Js[moj4[mo,|s|o 06

Fig. 40. Analysis of tectonic fracturing in Jurassic conglomerates on the shore of Lake Baikal, 100 m
from the mouth of Varnachka Pad. Wolfe grid.

17 isolines; 2i' trajectories of measuring concentratlogits; 3i graphprojection of presumed plane of An-
garsk thrust; #6 7 positions of the axes of main normal stresséstehsion; 5 medium; 6/ compression.

t M0 0dzOddL ljSClktsddyjMis? kktjhddse Olsshisd o ¥ttt
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Csfisd ¢ dzc OIS df ts dazQ Y alaff§ O 54 2 ¢ dzOo dz' n icasAdigOdz jdetzdhY ;d
ifted H dijfiy;Olsed w .

Other outcrops of the Angara thrust in thetl). In plan, it hasin oval shape and a diameter
study area are known on the slope of the Baikalf about 20 m. The bottom of the clip is opened
coast, 400 m to the west of Cape Sobplavere by a ditch, where cataclyzed conglomerates,
on the Jurassic conglomerates there is a remnattongly weathered mylonites, and mylonitized
of granitoids of the Shumikhinsky complex (Fig.cataclyzed granitoids ambserved
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Fig. 41.Scheme of the outlier of the Angara thiron Sobolev Cape after (Danilovich, 1941).

17 mylonitized granitoids2 i conglomerates3i tectonic breccias and mylonitek| the plane of the thrust.
On the lefti a sketch of the outcrop at the point S.

t df).u MilB0 sMsOdy0® ¢ dzcd i) ®tse ts dap®H o § Odd® o ¢ v, 1941
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f dzts ¢ sfls!  dz® H sOdet{ Aot PlaBsys . j
Another place of the outcrop of the Angarethe valley to the north, where 900 morh the
thrust plane (bedrocks), here the Proterozoic mouth of the valleysite 041a the most repre-
granites and rocks of the Kochergat formatioisentative and intricately constructed elgm-
are thrust over the Jurassic conglomerates, is Inant of the Angara thrust with a size of 300x600
cated in the estuary part of the Nizhnyaya vallexm is situated
It is observedalong the ridge of the left side of

[ ]1
=2
=3
)4
=15
6

Fig. 42.Geological scheme of the estuary part of the Nizhnyaya vsiley1-09 after (Mazukabzov
and Sizykh, 1987).

17 modernsediments21 granitoids;31 carbonate rocks of the Golousten formatibin;Riphean terrigenous
rocks of he Kachergat formation i Jurassic conglomerate®i clip contours.
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The lower platasthick as40 m is represented hematite mineralization in the form of thin inclu-
by the Early Proterozoic granit@sd of the sions or enriched screeds covers a zone with a
Shumikhinsky complex;hie upper plate of 25 thickness of up to 3 m. Tectorti&ocks ofgran-

30 m is composed of dolomites of the Ripheaitoids are 1012 m thick. The suture of the thrust
Goloushoe Formation. Granitoidsare biotite, is composef variegated cataclasites and thin
less often amphibolbiotite granosienite varie- banded mylonites corresponding to the concept
ties: dolomites are massive, grdine-grained. of "friction clay”, into which individual pebbles
The bed of the remnanteéemposed ofiltstones, of conglomerate are pressed.

schists of the Riphean Kochergat Formation and
Jurassic conglomerates.

The northern and southern boundaries of the The main feature of the Cenozancthis terri-
granitoid plate are gently sloping thrust surfacegory is the development of the Baikal rift. It is
Near the main tectonic otact, the conglomer- characterized bjormation of deemlepressions
ates are broken by chipped cracks, along whichs well as the development of thrust teats Its
pebbles are cut, and granitoids are intensivelfigathering beaks parallel to the main displace-
crushed, ferruginized, and rotten. Limonrite mentzoneareobservedFig. 44).

The main Cenozoic tectonic unit

Fig. 44. General view of the Skriper cliff and the mouth of the Sennaya river. photograph 1882, 2009
(a) and view of a fragment of conglomerates dissected by subvertical cracks parti&elObruchev

fault (8). In foreground of photograpty clastic material of various sizes is distinguished, from small
pebbles to large boulde{®liferovsky et al., 2022
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Younger sediments record the geological his-

Geological history of the area tory of the formatiorof terraces, fan cones on the

After the formation of the Archeabower Wwestern coast of Lake Baikal and the last glacial
Proterozoic basemerhere wasa large break in events on the Primorsky Range.
sedimentation deast until the Late RipheaAt In the AngaraYenisei serial legend (The Leg-
this timethe marginal parts of th®iberianplat- end of the Angar¥Xenisei..., 2008), various re-
form begarsubsidingthat resulted irsea trans- searchers distinguish a different number of
gression withdepositingterrigenous material Baikal teraces from six (Decisions..., 1983) to
black and green carbonateand stromatolite nine (Stratigraphy of the USSR..., 1984). The ac-
limestones. The lattdormed paleceek. After-  cumulative strata covering the highest Baikal ter-
wards therewas a slight decrease in the depth ofaces, which exceed the fifth i3%-meter ter-
the Riphean basirBhelf quartz sandstones andrace in height, are composed of the Late Eopleis
olistostrons formed in apassive continental tocene moraine and deky deglaciation
margin. formations of buried glacier ice. In their sedi-

The Riphearsedimentaryocks lie on the Ar- ments, along with the remains of the Early Pleis-
chean and Proterozoisasementwith angular tocene fauna Archidiscodon cf. trogonteij
unconbrmity. At the contact, cream dolomites there are remnants of fauna that did not appear
located afoot of the Siberian platformover, oc-  earlier than at the end of the Middle Pleistocene
curdirectly on the basement. iBirelationships ~ (Mammuthus primigeniygisonpriscusd H 3.
observed near tHgolshoeGoloustnoevillage. The formation of lake sediments covering the

The further history of the region is associatedaikal terraces from the first to the fifth occurred
with the formation ba thick stratum of Jurassic in accordance with the climat&tratigraphic
conglomeratethataccumulagdin the lateAale- model of terrace formation.
nian (about I3 171 million years agpalong a At the present stage, the territorysisuated
river valley that crossed a mountain range on th&ithin the dry areas of thBaikal depression, on
modern water area of Lak@aikal (Oliferovsky its slopes of the southeastern exposure, partially
et al., 2022 Mongush et al., 2023Monqush et including the watershed areas of the Primorsky
al., 2023. Ridge affected by postglacial erosion.

The Cenozoic history of trereais associated _
with the development of thalder (Late Creta- Conclusion
ceousPale@ene)depressions Souther Siberia  After disembarking from the ship in the vicin-
andyounger NeogeneQuaternarybasins of the ity of theBolshayaKadilnaya kardon orhie cape
Baikal rift systemThe Neogene sediments in theof the same name of the Zapovednoye
depressiorare 1200 1500 mthick; the Quater- Pribaikalye National Parkye visit and describe
nary sediments reach 500. Sedimentation be- outcrops of darigray weakly marbled algal
gan in the Miocene with the accumulation of lalimestonesthat are situatedb the north of the
custrine, lacustrinenarsh sedimentshat were village (site31-08% and in the estuary part of the
followed with lacustrine and lacustriraluvial Bolshayavalley. The censer on its port sidite
sediments. In the Early Pliocene, there was @0-10, 42-15, 43-15), which follow 1%i 200 m
change in the nature of lithogenesis: at thigtim upstream on its starboard and port sides. Near the
sands and pebbles of lacustrine, alluvial, and pr@utcrops there are abandoned kilns, indicating
luvial genesis began to accumulate, culminatingiined and processed limestsie the past.
in the deposition of redolored, variegated rocks  Occurrence of banding or layering:
in genesig coarseclastic and pebbly. in site31-088 159 70;

2 For each observation point thesea hyperlink where download and view all the observation points and tracks
you can download a file indicating its location on the satmentioned in the article at once using the MapSource pro-
ellite image in the Google Earth program. If you want togram, hen you need to download this fkad2025.gdb

88


https://doi.org/10.26516/2541-9641.2022.4.53
https://doi.org/10.26516/2541-9641.2022.4.53
https://doi.org/10.26516/2541-9641.2022.4.53
https://doi.org/10.26516/2541-9641.2023.4.51
https://doi.org/10.26516/2541-9641.2024.1.217
https://doi.org/10.26516/2541-9641.2024.1.217
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/31-08.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/60-10.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/42-15.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/43-15%20Памятник.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/kad2025.gdb

td 6ddOd dzOw
in site42-158 35d 30; the summit belt of the Primorsky Rangéese
in site43-158 354 45, are gently convex summit surfaces of the moun-

In addition t logical ‘ tainsthatform a subhorizontal level (thétitude
n addition to geological researabi perform of all peaks lie within 9501100 m)in front of

geomorphological observation$ Cape Bolshb the Primorsk -

. ) y Ridge. In some places, even
Kaqlllny (The Baikal 'Run.,.2009) Geomorpho- weathering crusts have been preserved on it.
logicaly, the censer is a wide mouth of the valley Then we continuethe route to theVialaya

arr:d a Iafrglg_e l?"ug.fl Icon?. I'Debl;)rlle matertlall on thI‘?adilnaya valley, for which you need to move
shore of Lake Bikal, entering the coastal zoN€g., ., the kardon along a good field road in the

of Lake Baikal along the thgya/alley. In the astern direction, following which after 2.5 km
western part of the cape, it is com_posed of i ou need to stop ieite Kadilnaya valley48-09
pebbles of Riphean rocks of the Baikal comple nd visitsite 4609 is an outcrop (Fig. 4%

The pebbles are well roundebheir accumula-
. . cated 230 m north of the rout®gchka2025
tion forms a beautiful pattern othe beachTo track), which offers beautiful view of Lake

the east of the mouth of the valley, there are a l@aikal its height is more than 10 m, width3
of pebbles of elongated (pencil) shape. Some and length up to 5 m, composed (’)f darky

reach a length of 280 cm, which corresponds limestone layes @7-09) (170 35), in which co-

in size to boulders, but their transverse dimen- )
. . ) umnar and bedded stromatolites are clearly de-
sions do not exceed 10 cm, and their height 'f?ned

less than 1 cm.
Carefully studythe topographianap of 1 :
100 000scaleand pay attention to the relief of

Fig. 45.0utcrop of site46-0971 gray limestones of the Uluntui formation.

tdfm. 48 dz0y J dEH09M p tedsiz edg. f) dzoirzCdsolz i dnd. lss™2

Then after 400 m along the routesiteon 32  Proterozoic limestones with a weléciphered
08 we observeoutcrops of the Uluntui Uger layering. The rocks of the Uluntui formatiame
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traced oved50 m on the left side of the estuaryhigh round hall about seven meters in diameter,
part of theMalayaKadilnaya valleysite 33-08 tapering upwards and having a round hole in the
and49-09). In site 49-09, spectaculastromato- sky, through which the smoke of the fire of cave-
lites are observedn the plane of layering in the men escaped. In the center of the cave in the floor
form of rounded formations, and in perpendicuthere is a pit, trees of excavations. The walls are
lar planes in the form of columns with a diametedisfigured by inscriptions of tourists, and the an-
of up to 0.100.15 m and a height of up to 0.3 cient chronicle of hunting for a sabiothed
0.5 m(Figs 4 7). Stromatolits showcolumnar tiger is no longer visible.

forms, such agConophyton garganicus Kor., Insurroundingareaoutcropsextendalong the
Conophyton cadilnicus KqgrBaicalia baicalica left watershed ridgesite 57-09, 58-09, 59-09.
Kryl. Jacutophyton ramosum Schap., Baicalial he routecontinues towarthe mouth of the val-
baicalica Kryl, as well as stratum stromatolitesley on the pebble beach of Lake Bailath ex-
and microphytolites The Upper Uluntui As- amimation of a cliff of the alluvial conesite
samblagecontains 19 forms of stromatolites.33ad on the shore of Lake Baikal, oppossite
The layeringherel 75 A and 22 A. 3308 etc.49-09. The cliff 56 m high(Fig. 46)

In the left side of thalayaKadilnaya valley is composed of two layers of different origin
site Camp515 we visit numerous caves of an- There is a layer of lake gravel with rounded small
cient man (trekM4-10, t.site 56-10, 57-10, 58 pebbles of various rocks and sarghndy loam
10,59-10, 45-15). Includingthe largesbneMa- cementAbove it there isa layer of alluvialpro-
laya Kadilnaya, called the Chas#tie45-15. The luvial fine-clastic rock with unrolled or weakly
wide and low entrance of this cave turns into amolled blocks of limestone of local rocks with
evenlower and narrower corridofThere isa sandyclayey cementlts thickness is.0i 1.2 m.

Fig. 46.Coastal cliff of the proluvial fan cone of thealMvalley.Kadilnaya site 33a

t dMm.1 A6j.ctsots? B’ 9 Hosd o JOdz dzgsets ,Bds3R MO o' detsMO
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The cliff of the terrace stretches along the Danilovich V.N. Tektonika yugwostochnogo
shore of Lake Baikabver onekilometer. After okrainy pribaikalskoi jurassy [Tectonics of the seuth
150/ 200 m, only the upper layer of coatsieck eastern margin of the Baikal Jurassic]. IrkuSs1Z
material remains in the cliff, and after one kilo-PUPL, 11241899 [r Q)O dzq’r dzsla-gélédz‘f“dzégﬁ o
meter the terrace almst completely disappears ® Ehssr&EDddds O g -

observed further only fragmentarily in the formg st R 1941.891]

of small shelves I®0 m wide, abruptly ending  Decisions of the AlUnion Stratigraphic Confer-
towards Lake Baikal in the form of cliffs up to €nce on the Precambrian, Paleozoic and Quaternary
10 m high. In rocky coastal outcrops, layers oPystem of Central SiberidNovosibirsk, 1983[t J -

hjdedw |1 MmjMmtss L desets MistcOlsd ¢ to
carbonate rock®.5 to 510 m) are conposed of d N . ;
thin-banded algal limestones, then figeined dedv f§t5 HBCJ BB s, j tflsfdaydas As

darkgray massive weakly crystallized Iime-ﬁ]LSJ G wtedHd 2 udplEERY. 1 Bo
stones and dolomitesllow. Layes in site 56- Dolnik T.A., Nikolsky F.V. Geological map of the
09 175 20. USSR at a scale of: 200000. Sir. East. Sayan. Sheet
- N-48-XXVIl. Explained. Zap. / T.A. Dolnik, F.V.
Nikolsky. Moscow, Gosgeoltekhizdat Publ., 1962.
89 p. Electron. Print version. Publish. Available at:

Akulov N.I., Frolov A.O., Mashchuk I.M., Aku- https://www.geokniga.org/maps/4219 | fsdz! dzd €
lova V.V.Jurassic deposits of the southern partofthe.y., \ ¢ sdz' MI.dRj sdzsecd Y PSs OV
Irkutsk sedimentary basiBtratigraphy. Geological 4 4 4 3OMh AEWA00: j tc. | sMls. & OW
correlation. 2015Vol. 23,No. 4. P 40063. DOI:  N-48X X V1 | . [ B W dz. L Of . / U
10.78685086959X15040043[¢ ¢ Iz dgtRo, A tet5-1 S sdz' MC d2 | sHEsNE&®) 2 dL HOIs,
dztspf ..f OF RY .,¢ C Zddshb. OtmMCHElg-m. Cdzj Clstetsde. o jtemdw §j yOls.
dzts ) § dzdf iz RO s i € &2 Is fifis@HSs  datgps: lvww.geokniga.org/maps/42319

BOMMJ/ & th@ Ols d 6 tciO8 Aty ¢ doug tdpf jO-W :
dzy d. w2015. . 23. w4 4083. DO Geological map of the USSR. Scdle 200 000,

East Sayan serigsheetN-48-XXVII/ T.A. Dolnik.,
10.7868/S0869592X15040043 Moskva : Gosgeoltekhizdatl962. 1 I. Elektron.
Around Baikal: MintEncyclopedia. Guide. S.N. versiya  pechat. publ. Rezhim  dostupa:
Volkov. 4th ed., revised and supplemented by Irhttps://www.geokniga.org/maps/4219
kutsk: RICO, 2001432 p.[l sC tclzc Or OJ-YOgEj s dzts ¢ K QjteEGR ) O h 14 €200 000,
Ldzyd S dazsf jHdw. 1 k2BEasH d g dd s hls sQedssizi & mNsa8-XXVII /
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Abstract. To evaluate similarities ardissimilarities of the sources for carbonatite magmatism in
India and Noth Asia, Neoproterozoic Samalpatti and Sevattur, and Creta&adesgene Amba Don-
gar massifs of the India are compared with Neoproterazaiarly Paleozoic Tomtor and Cretaceous
Malo-Murunsky and Weishan massifs of tNerth Asia. From Pb isotope datanacarbonatites, it is
inferred that the 800 Ma Samalpatti carbonatite melts were generated frér2gli&amantle protolith
of the Early Earth that was remarkably different from the primordial mantle reservoir in the solidified
magma ocean interms of lown i t i al e. After separation of the
and its connection with Asia, silicate melts of the Deccan LIP were generated from the 2 Ga protoliths
of the Middle Geodynamic Epoch in the Earth evolution. The 66 Ma Amba Dongar attd®mwere
derived from the Early Earth mantle protoliths modified by the ca. 2 Ga &metd.ceous carbonatites
of the MaleMurunsky and Weishan massifs show origin from the protoliths of 3.45 and 2.2 Ga, re-
spectively.No carbonatite magmatism displayied\North Asia at the latest geodynamic stage (i.e., in
the past 90 Ma), although a role of carbonatites in India persistently increaset this time, the
tectonosphere of North Asia was affected by reorganization resulted in ascent of primordial mate
from the deep mantl@he different source ages and timing of carbonatites from India and North Asia
are emphasized by inheritance ofiBa components in old and young carbonatites from India and
specific trends of Ba and Sr in those from North Asia.

Keywords carbonatitesnepheline syenitedleoproterozoicCretaceousPaleogeneBa, Sr, trace
elements?®PbFPPb, 2°’PbPPb, *Nd*Nd, 8’SrFeSr, India, North Asia
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present. Other radiogenic isotopes show auxil-

Introduction iary signatures of processes in mantle sources

Isotopic systematics of deep sources for ocghat developed in different stages of the Earth
anic igneous rocks based on Pb, Nd, and Sr isevolution.
topic ratios in terms of the end members DMM, The evolution ofUi Pb, SniNd, and RibSr
HIMU, EM1, and EM2 (Zindler and Hart, 1986), isotopic systems is governed by different pro-
supplemented by one mecomposition FOZO cesses regulating ratios of parent and daughter
(Hauri et al., 1994), has a genetic sense (Dickiiadionuclides in the continental mantle and crust.
2018). Since the evolution of continents andhe®®/*Pb r ati o (&) may
oceans differs significantly, the isotopic systemimoval of the oxidized form of uranium by tea
atics of deep sources of oceanic igneous rockand also by concentratiorf lead in sulides or
cannot be used for deep sources of contaientsilicates.The **’Sm/*Nd ratio depends on the
igneous rocks. The lack df generalized ap- distribution of minerald concentrators of me-
proachto definitionof deep sources for continen- dium REE, and th#Rb£°Sr ratio depends on the
tal igneous rocks resslin studiesof theirindi-  distribution of mineral$ concentrators of K and
vidual regional componerg (Carlson Hart, Ca. Diffeent geochemical behavior of chemical
1988; Rasskazov, 20pDickin, 2018). elementanay resultin lack of coordination be-

Meanwhile, a general approatchthe study of tween timeintegrated accumulations of different
continental mantle magma sources is still reradiogenic isotopes isource regions foconti-
quired. In Asia, sorces of erupted late Phanero-nental magmatic rocks.
zoic mantle magmas are systematizedthsir Isotopegeochemical interpretations  of
deepprotoliths ages, obtained using uranogenisources for magatic rocks aressumednitial
Pb isotopes (Rasskazov et al., 2020). The evolisotope ratiosNo correction for the age of the
tion of mantle sources is recognized from the someasured ratios is requirkaf young basaltsalt-
lidified Hadean magma ocean of the Earth to thBough it is still necessaryf rocks have high
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ratios of parertdaughter nuclides (e.g. rhyolites massifs (Ackerman et al., 2017), which lie on the
i n the RbT Sm). Dusto the pree sauthveest part of the Indian subcomtint, were
dominance of*8U (making up 99.2743% of the formed. With the discovery of benstonite car-
total uranium) in volcanic rocks of young ageshonatites (Semenov et al., 1971), Samalpatti and
(Mesozoic 1 early and middle Cenozoic), Joggipatti massifs with B&r carbonatites simi-
200pPY%P h  may shift sl i ghattdtlye casbonatites of MaMuarunskysyenite h e
same uranium concentratiotise?°’Pb?%Pbra- massif (Vorobyov et al., 1992; Vorobyov, 2001;
tio increases insignificantly. Age corrections for Vladykin et al., 2003, 2008) received worldwide
isotopes of older rocks require accurate elemeittention. The 66 Ma Amba Dongar complex of
concentratiordeterminationsAlso, recalculated alkaline rocks with carbonatites in the Chhotaud-
data should be referred agecorreced refer- epur, which is located in thrthwestern part of
ence compositions of isotopgystems (for ex- India, is genetically associated with the Deccan
ample,to the primordial nantle). Large Igneous Province IR) (Simonetti et al.,

In the source region of continental basaltic1995).
melts, the presence of carbonate is often assumedThe aim of this work is to compare #4otope
from trace element abundandesocks(e.g Zri  ages andai Sr abundances of carbonatites from
Hf) (Dupuy et al.,, 1992).Carbonatitedeep the key igneous complexes of India (Samalpatti
sourcesare considered tbelong tothe mantle and Amba Dongar) with carbonatites of North
In continentalareas carbonatites are systema-Asia to elucidate the origin of their saerproto-
tized on the diagram of initial strontium and nediths in the context of the tectonosphere evolution
odymium isotope ratios taking intaccountof i n t he Earthos tydisctisor y.
thestructural position of massifs. Carbonatites irsion of datavas presented bRrasskazov et al.
association with Kalkaline rocks in areas be- (2024).
tween the Aldan andnabar shield of the Sibe-
rian platform basement and those around the Si- Geological settings of carbonatites in
berian platform are characterized by enrichethdia
and depleted Ndb5r isotope compositions, re-

spectively (Vladykin, Tsaruk, 2003; Vladykin,
2005, 2009; Vladykin, Pirajno, 2021). The carbonatite massiéd Southern India are

In the soutlkrnand souteasern parts of In- located southwards of the Dharwar Craton
dia, occurrences of Precambrian alkaline rockwithin the Precambrian Southern Ghats granulite
with a wide time interval from 1600 to 600 Materrane along the NESW-trending transcrustal
from the Eastern Ghats have been reported (eg)ears. The carbonatites occur in the alkaline
Schleicher et al., 1998). The Indian subcontinertarbonatite complexes that are located within the
was part of Gondwana in combination with thos NEi SW trending fault system known as Dhar-
of Africa, Australia, and Antarctica, separatednapuri Rift (Aranha et al., 2023).
from theseat around 130100 Ma ago, and later ~ The carbonatite massifs form a chain (from
on, accreted to Asia at aroundi8@ Ma ago hortheast to southwest): Sevattur (Koratti), Jog-
(Beck et al., 1995; McLoughlin, 2001; Khan etgipatti, Samalpatti and Pakkanadu. In addition to
al., 2004; Sarkar et al., 2023). Thelian tec- carbonatites, pyroxenites, syenites ande(sar
tonosphere activitieasere marked over time by dunites with minor pegmatite and fenite are com-
deep magmatism and mountain building activimon in this area (Schleicher et al., 1998; Sri-
ties. From such a dramatic change in structurafastava et al., 2005)Carbonatite bodies of
settingof the Indian subcontinent, a comparativéd’aleoproterozoic age are mentioned also near the
geochemical study of carbonatite sources andakkandu massif, closer to the Dharwar Craton
those of associated deep igneous rocks disng (Pandit et al., 202).
incorporation into Gondwana and its connection In the Samalpatti massif, syenites predomi-
with Asia is of particular interest. nate with subordinate pyroxenites, dunites, alka-

Long before the Gondwana breakup, alineé gabbrosandcarbonatites. In the Samalpatti,
around 800 Ma, the Samalpatti and Sevattutoggipatti, and Sevattur massifs, benstonite
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carbonatites areeported (8vastava, 1998; Vla- In the Samalpatti massif, benstonite carbonatites
dykin et al., 208; 2008; Rampilova et al., 2021). occur as a small dike (Fig. 1).
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Fig. 1. Location of key carbonatite massifs in South India ¢patial distribution of rock massifs asso-
ciated with carbonatited), ard geological structure of the Samalpatti massif CB i location of
benstonite carbonatit&chemelf) was compiled after (Schleicher et al., 1998; Mahapatro et al., 2023),
schemed) i after (Vladyin etal., 2008;Ackermanetal., 2017.
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2023), mF JdFepy dx') L tso Ouizdykirdstats @008Akermdnetal., 2017).

Carbonatitesveredatedby various methods. was measured by RBr method for the same
First,aprdiminary 7 0 0 N30 Ma a g eocks &KemanGepalan; 1991). These dating re-
ured by KIi Ar met hod o sultspvéré comgparable with edcloother withia thel o g
gipatti massif (Moralev et al., 1975). Them, measurements errofBheage of the Sevattur ig-
801N11 Ma age was o0btreousplebiygetetally aceeptedieabout o ¢ k
Pbi Pb i sochron met ho d80GMna(Schteicher elS £997a1998;uAckermmean s s i f
(Schleicher et al., 1997) arad7 7 1 N 1 8&ge Met al., 2017; Randive, Meshram, 2020).
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The Amba Dongar massif especially alkaline, is riftelated (Sheth, Chan-
drasekharam, 1997). In the central part of India,
tpere are the Narmada and Tapi rifts, in the west-
ern parfi the Kutch and Cambay ones. The rifts
converge on the western coast of India in the
Cambay structural junction.

This massif belongs to the Chhotaudepur s
ries of the Deccan LIP that occupies an area
1.8 million kn?, mainly in the central, western
and northwestern parts of thndustan Penin-
sula (Fig. 2). Volcanism of the province,

24"

' ‘ Deccan Traps
Acldc/alkaghc complexes

o~ Quatamary sedimonts

A Pavagadh [ Tapi
Central Daccan I Kutch

X Sarnu-Dandall

164

73°50°E 73"55 7400 74°05'

Basah die

Dolerite dive

Lampeophyre
dykes {L-1, L.2, L3}
Tephrifonolta

BasalVandesite

22*10'
N

Basalt'andesita-basalt field
Alkaing feldspar syents
(AFS-1 and AFS-2)
GabbrodioritaMonzodionte

22705’ TinguaneNephelinita/Phonoitic Nephelinite
Monzomnta/quarnz monzoniie/
granitalgranodiorite

Gabiro

QOrthopyroxene gabbeo
Carbonatte

Sandstonal/shale

Limesione

s
= KAJALMATA DONGAR

73°50 73°55 74700 74°05

Fig. 2. Structural setting of the Chhotaudepur igneous complex in Deccaral,|IBge ranges of the
rock province If), and map of rocks of Chhotaudepur complex. The scheahesid(b) are compiled
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using data from (Sheth et al., 2001a,b; Knight et al., 2003; Mahoney et al., 2002; Paul et al., 2008;
Foulger, 2010; Chalapathi Rao, Lehmann, 2011; Peng et al., 2014). The geological map @j Enel (
modified after (Kumar et al., 199&walani et al., 1994).

tdmMplsBkzClsktedzs] foodzsy jded] HEOe d@ZOIsduyuj MEdr € OMY dzj ¢ Mt
oLicOMIsdzr | ddzlsjtco Odzr B)f BdctsHO WG U@ 2 C of dptfsdr i W@ df ftetsH
() . g dgf MsmisOe dzj dzr mh  Jd M tSketxtal. , RE0B RZINIgket . 20R&z ~  (
Mahoneyet al., 2002;Paulet al., 2008;Foulget 2010;ChalapathiRaq Lehmann 2011;Penget al.,

2014) . 1 4 sdztse)d yphHi O o & OdeBiddr ¢f al. HLIDGzGwaldgietal. | 1994) M
dL d3j dgj dzd W &3q .

Volcanic rocks of te Deccan LIP are mainly Knight et al., 2003). Younger dates are charac-
tholeiitic basalts and, to a lesser extent, basaltteristic of dolerite sills, effusive and intrusive
andesites. There are alkaline rocks (lavas, dikeecks of differentiated composition. A R®r
and intrusions, including those in alkaline comisochron of 61.5 1.9 Ma was obtained for the
plexes with carbonatites), lamprophyres (mainlyhyolites of Bombay (Lightfoot et al., 1987), and
dikes), kimberlites (pipes), dae& and rhyolites two “°Ar/3°Ar dates of 60.4 0.6 and 61.8 0.6
(lavas). Tholeiitic basalts are widespreadvai for trachytes of the same area (Sheth et al.,
throughout the province. These show similar ge2001a). Dolerites from a sill in the Bombay area
ochemical signatures in the western part of Indigselded*°Ar/3?Ar age of 606 ° 1.2 Ma (all dates
near Mumbai (Mahabaleshwar, Ambenali, BtC-agre relative to the 520.4 Ma age for the MMhb
and in the Narmad&on and Tapi rifts (Peng et standard (Sheth et al., 2001b)). Alkaline and car-
al., 20]). Early volcanism in the north and ponatite magmatism preceded or occurred sim-
northwest India exhibits lamprophyre dikes ofyltaneously with the traps ((Chalapathi Rao Leh-
various compositions (Paul et al., 2008; Vijayarmann, 2011) and references therein). Diamondif-
et al., 2016). In the northern and northwestergrous kimberlite pipes were emplaced in central
parts of the province, alkaline and tholeiitic bastndia (Bastar craton) before or simultaneously
alts occur in the Narmadend Kutch rifts (Ma-  with the trap maximum (Behradi) and after it
honey et al., 1985; Paul et al., 2008; Sen et gikodomali) (Mainkar, Lehman, 2007; Lehman
2009), alkaline syenites, melanephelinites, lamet al., 2010; Chalapathi Rao, Lehmann, 2011).
prophyres are widespread in Murud, Mumbara, The Chhotaudepur area is idied into the
Amba Dongar, Chhotaudepur (Melluso et al.subprovinces: 1) Amba Dongar, a carbonatite
2002; Hari et al., 2014). In the Pavagadh mourtomplex in the southeastern part; 2) Sirivasan
tain aea, picrites, higtMg basalts, and basaltic pugdha, trachytes southwest of Amba Dongar;
andesites are followed by rhyolites (Sheth, Mel3) phenai Mata, alkaline rocks and tholeiitic gab-
luso, 2008). Beside the Pavagadh region, basaljgo and gabbranorthosite in the northeastern
are associated with rhyolites and dacites in thgart: 4) PawadKawant, lamprophyre dykes
central Deccan Province. There are higimd north of Amba Dongar; and 5) Bakhatgdthul-
low-titanium picrobadés in the northwest and mabhal, mafic and ultramafic dykes of varying
west of the province (Pavagadh, Rajpiplacompositions to the east of the study area (Gwa-
Saurashtra) (Melluso et al., 2006). lani et al., 1993). The Amba Dongar carbonatites

Rocks from the Deccan LIP cover an age inintrude a 68 Ma old tholeiitic basalbf and oc-
terval of 7360 Ma. The earliest volcanic rocks cupy the central depression of this igneous com-
of 73/ 72 Ma are known in Pakistan (Mahoney eb|ex (Ray et al., 2003; Ray and Shukla, 2004)
al., 2002). By*°Ar/**Ar method, the thick lava The Sirivasan sill of the Chhotaudepur alkaline
stratum of the Deccan Plateau was Constrain%rbonaﬂte Comp|ex extends for approximate|y
within a short time interval. 33 dates obtained |r]_1 km with an average width of about 150 m.
different laboratories for a-kilometer lava se- The carbonatite include fragments of sand-
quence of the Western Ghats fall in the range @ftones, metamorphic rocks (gneisses, schists,

7Gi62 Ma with a maximum at 65.8a (the phyllites, quartzites), basalts, as well as miner-
standard MMhEL with the age of 520.4 Ma was g|s: quartz, pyroxene, olivine and others. The

used for correction) (Hofmann et al., 2000;
99



lisdsedy d Sk >2005850.w

dtc H

RbiSr age of the sil/|
tins, 2016).

brs an GAGIl8hR 7500ae quadiugolkmabk spec; Gi
trometer. Multielement standard solutions and
standard reference materials of the United States

Sampling and analytical methods Geological Survey (USS) (BIR-1, DNG1,

In the Chhotaudepur area, lamprophyre anBHVO-1, AGV-1, BCR2, RGM1) and the Ge-
phonolite dikes were sampled near alkaline syeplogical Society of Japan (JBA) were used for
nite, gabbrediorite and dolerite bodies to the calibration and conti@f the precision and accu-
north of the Amba Dongar carbonatite complexacy of the analysis. The major oxides were ana-

(Hari et al., 2011; 2014) (lamprophyrés

rocks are known in the eastern part of the Phengkazov et al, 2012). The measurements were per-
Mata (Hari et al., 2011) (Fig. 2 c).

lyzed using a set of classical chemiaahlytical
L1,2,3), basalts and picroteits of the Phenai methods of "wet chemistry" included flame pho-
Mata Dongar area, alkali feldspar syenites AFStometry, spectrophotometry, gravimetric, atomic
1 near Phenai Mata Dongar and AFS (in th@bsorption, etc.
northeastern part of the Chhotaudepur area) Sr and Nd isotope rials were analyzed by the
(Hari et al., 2014). Gabbros similar to the studietechnique described in the monograph (Ras-

formed on a Finnigan MAT 262 multicollector
Trace elements of rocks were determined bthermal ionization masspectrometer. The accu-
inductively coupled plasma mass spectrometriacy of the isotope analysis was systematically
(ICP-MS). Chemical sample preparation wagnonitared according to the JNd (Japan) and
performed by microwave acid decompositiofNBS987 (USA) standards. For JNd the ob-
with a mixture of HN@ and HF. For more com- tained value was*Nd/*N d
plete decomposition of silicates, a sample wag 2 0 ) ,
re-evaporated with HF and28,. Before meas- for NBS SRM 987, the values wer&Srf°sr =
urement, internaktandards of Irand Biwere 0. 710274 N 14
added to the sample, corrections weakculated

wi t h

t he

0.

( 20) witand

the recommended ratio of 0.710250. The results
by interpolation. Measurements were performedf the analytical work are presented in Tables 1

and 2.

Table 1

Contents of major oxides and trace elements and isotope ratios of Sr aNd in the representative sam-
ples of roks from the Chhotaudepurcomplex, Western India

1 2 3 4 5 6 7
Sample RPV-2 RCD-10 RPV-4 RCD-27 RCD-30 RCD- RCD-29
33B

Basalt Basalt Phonolite Foidite Basa- PhT
Rock BA nite
SiO,, 51.47 50.81 45.02 47.28

wt.% 50.55 47.14 47.13

TiO2 2.19 2.45 1.82 0.57 0.55 2.65 2.15
Al,Os 12.42 13.77 10.40 20.33 21.32 13.29 17.72
FeOs 4.48 5.56 4.00 3.64 2.54 5.89 4.65
FeO 6.36 6.04 7.19 2.17 2.21 4.29 4.03
MnO 0.15 0.16 0.17 0.25 0.17 0.19 0.18
MgO 7.52 7.06 13.43 0.48 0.26 5.77 3.31
CaO 10.38 10.74 10.44 3.00 3.03 11.48 6.94
NaO 2.09 218 1.77 7.58 9.35 3.75 4.45
K20 1.32 0.88 0.80 5.89 6.98 2.72 4.29
P05 0.26 0.3 0.19 0.12 0.08 0.76 0.65
H.O' 0.73 1.00 0.59 0.22 0.12 0.14 0.30
LOI 1.50 2.42 2.21 4.36 2.24 3.68 3.98
Summa 99.95 99.69 100.14 100.08 99.66 99.63 99.93
Li, ppm 6.0 71 5.7 24.7 16.7 17.3 24.1
Be 1.3 1.2 1.0 6.6 5.1 3.0 3.1
Sc 35.6 335 36.5 2.2 1.9 24.0 114
\% 332 330 290 103 104.7 309 188

100
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Cr 374 228 854 12.6 5.8 102 21
Co 47 45 64 3.5 3.5 33 20
Ni 143 103 369 11 54 36 19
Cu 240 229 115 10 8.2 80 54
Zn 161 155 93 162 121.5 104 107
Ga 19 20 15 30 27.5 22 23
Rb 43.0 20.7 19.5 161.2 123.4 72.7 106.1
Sr 327 376 252 3007 3466.5 1154 1768
Y 26.6 27.4 21.3 114 10.0 34.2 32.2
Zr 167 182 135 883 511.5 378 486
Nb 27.1 29.8 19.2 272.4 171.9 120.5 154.3
Cs 0.64 0.42 0.56 0.73 2.9 2.72 2.61
Ba 336 246 212 868 4517.7 1761 2783
La 294 27.2 19.2 239.9 159.7 139.7 153.0
Ce 63.8 59.8 43.0 289.8 217.7 258.1 261.1
Pr 7.85 7.36 5.60 19.89 17.3 27.45 26.28
Nd 30.8 29.6 23.0 449 44.0 97.9 88.7
Sm 6.33 6.53 5.08 4.09 43 14.76 12.48
Eu 1.94 2.12 1.63 1.03 1.0 3.98 3.64
Gd 6.37 6.62 5.08 3.27 3.1 12.71 10.99
Th 0.96 0.99 0.80 0.42 0.4 1.48 1.33
Dy 5.18 5.42 4.25 1.79 1.6 6.93 6.27
Ho 1.06 1.11 0.89 0.42 0.4 1.35 1.25
Er 2.70 2.72 2.20 0.99 0.9 3.34 3.19
Tm 0.39 0.3 0.31 0.16 0.1 0.47 0.46
Yb 2.31 2.30 1.85 1.06 1.0 2.80 2.77
Lu 0.36 0.37 0.28 0.19 0.2 0.43 0.44
Hf 4.44 4.77 3.69 11.46 7.0 8.59 9.70
Ta 1.84 1.86 1.33 4.78 4.5 7.44 9.87
Pb 10.0 10.7 6.1 n. d. 52.4 23.9 28.4
Th 7.2 4.7 3.8 86.0 32.2 27.8 36.6
U 1.48 1.04 0.91 20.89 9.4 5.76 6.44
0.70949 0.705730 0.707459 0.707509 0.70649 0.70748 0.70719
8Sreésr 7 4 6 3
0.00001 0.000009 0.000013 0.000012 0.00001 0.00000 0.00000
24as( 2 1 9 9
(87SrFeSr) 0.70914 0.705584 0.707255 0.707367 0.70640 0.70732 0.707G8
i 9 0 0 4
4NdAe3 0.51242 0.512685 0.512599 0.512398 0.51240 0.51231 0.51234
Nd 5 0 0 8
0.00001 0.000007 0.000011 0.000004 0.00000 0.00000 0.00000
2 GNd) 1 7 8 7
(*NdA43 0.51236 0.512625 0.512539 0.512628 0.51263 0.51264 0.51263
Nd); 9 1 2 9
17 basalticandesite,2 ol i vi neMghhasalltigho3aolbi tes and foidites,

LOl is loss m ignition, BA'i basaltic andesite, PHTphonotephrite. Initial isotopeatios are recalculated to
an age of 66 May. d.i not determined.

Table 2
Represantative compositions ofcarbonatites and silicate rocks from the Amba Dongar complex\Vest-
ern India
1 2 3 4 5 6 7 8 9
Sample 2 3 4 5 ADC- ADC- ADF- ADN ADB-
11 14 4 -12 8
Ca Ca Si- Fe Ca Cacarb Fe nephe basalt
carb carb carb carb carb carb -
(s¢© (alvik linite
Rock ite) ite)
SiO;, 151 4.48 33.0 5.99 4.28 2.84 327 438 481
wt.% 7 6
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TiO2 0.30 0.31 0.68 0.88 0.15 0.14 0.09 0.83 2.27
Al>03 2.32 0.51 6.01 0.86 0.48 0.38 0.36 14.2 14

5.61 1.30 4.85 10.2 1.86 1.05 6.92 7.19 12.8
FeO; 9
FeO 1.88 0.71 1.83 3.49 n.d. n. d. n. d. n. d. n. d.
MnO 0.34 0.29 0.28 0.82 0.54 0.14 3.15 0.27 0.17
MgO 5.83 2.74 4.84 6.75 0.16 0.42 5.96 1.44 6.39

37.6 49.(b 25.7 36.8 485 517 225 125 10.8
CaO 8 7 0
NaO 0.29 n. d. 1.75 n. d. 0.01 n. d. 0.08 5.64 2.12
K20 0.2 n. d. 2.90 n. d. 0.08 0.03 n. d. 1.58 0.54
P.Os 0.22 0.31 0.73 0.69 1.71 1.37 1.79 0.6 0.25
H.O' 3.03 1.% 2.28 2.22 n. d. n. d. n. d. n. d. n. d.

25.5 38.56 16.5 31.4 n. d. n. d. n. d. n. d. n. d.
CO, 6 2 9

28.5 40.51 18.8 33.7 39.2 39.4 20.3 10.7 1.74
LOI 9 1 1

98.4 100.2 101. 100. 96.97 97.47 9385 98.75 99.18
Total 3 2 52 28
S¢ ppm n. d. n. d. n. d. n. d. 1.7 22 12 22 28
\/ n. d. n. d. n. d. n. d. 216 50 178 276 309
Cr 16 10 11 11 n. d. n. d. n. d. n. d. n. d.
Ni 22 13 19 14 5.3 5.7 2.3 1.8 72
Cu 60 53 52 63 n. d. n. d. n. d. n. d. n. d.
Zn 12 14 8 16 379 8 1549 109 59
Rb 19 18 26 43 7.21 4.02 0.54 56 11

472 4072 260 4989 3773 6007 3764 3130 565
Sr 1 1
Y 111 105 106 223 211 140 n. d. 37 32
Zr 235 211 227 99 21 187 24 503 161
Nb 341 229 425 255 350 2168 76 327 23

293 3869 277 6235 1907 2605 2882 1850 230
Ba 3 5 5 4

302 522 114 11 2035 505 6969 168 24
La 8

465 633 175 1911 2995 1138 7070 258 54
Ce 8
Pr n. d. n. d. n. d. n. d. 254 116 467 16 5
Nd 145 141 427 618 709 387 1028 70 29
Sm 215 20.0 52.3 87 77 63 91 8.0 571
Eu 4.75 4.35 106 18 20 18 27 2.2 1.7
Gd 136 143 34.2 53.7 74 52 115 8.2 58
Tb n. d. n. d. n. d. n. d. 7 6 9 0.9 0.8
Dy 7.42 10.2 225 27.2 33 28 39 4.7 4.8
Ho n. d. n. d. n. d. n. d. 59 4.6 7.1 0.9 0.9
Er 4.12 6.0 11.8 13.4 19 12 23 2.6 2.6
Tm n. d. n. d. n. d. n. d. 2.3 1.2 2.8 0.3 0.3
Yb 3.05 3.84 8.39 7.95 14 6.7 16 2.2 2.2
Lu 0.51 0.56 0.59 1.28 18 0.8 19 0.3 0.3
Hf n. d. n. d. n. d. n. d. 0.5 5 0.5 7.2 3.6
Ta n. d. n. d. n. d. n.d 0.1 11 n. d. 4.0 15
Pb n. d. n. d. n.d n. d. 618 20 88 32 3.3
Th 22 17.5 118 6.0 111 345 142 18 4.4
] n. d. n. d. n. d. n.d 63 12 04 7.8 1.0

n. d. n. d. n. d. n. d. 0.705 0.7063 0.707 0.706 0.707
87SrpeSy 600 53 393 291 193

n. d. n. d. n. d. n. d. n. d. 0.0000 0.000 0.000 0.000
2 GSr)( 06 006 005 006
(®7Srresr n. d. n. d. n. d. n. d. 0.705 0.7063 0.707 0.706 0.707

)i 595 51 393 243 139
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144\ /143
Nd

2 GNdY

(“44Nd/43
Nd)i

206P bl204P
b

207P bl204P
b

20%3 U204P
b

(206P U204
Pb)i

(207P bl204
Ph)

(208p b1204
Ph)

11
24 ;

Results

26

11

85

n. d n. d. n. d n.d n. d.
n. d n. d. n. d n.d n. d.
n.d n. d. n.d n.d n. d.
n.d n. d. n.d n.d 1917
n.d n. d. n.d n.d 1574
n. d n. d. n. d n.d 39.69
n. d n. d. n. d n.d 19.10
n. d n. d. n. d n.d 1574
n. d n. d. n. d n.d 39.65

0.5124

0.0000

0.5123

19.30

15.72

43.30

18.90

1571

39.32

0.512 0.512 0.512
483 307 651
0.000 0.000 0.000
006 004 007
0.512 0512 0.512
460 277 600
1918 19.25 19.25
1571 15.73 1584
39.75 3981 39.86
19.18 19.09 19.05
1571 15.72 1583
3941 39.69 39.57

the tholeiitic and alkaline series of the Hawaiian

Major oxides

Islands. Data field of tholeiitic basalts from the
Kutch and Pavagadh regiongolaps the bound-

ary area of the alkaline series. In the Chhotaud-
In the NeeO+K20 T SiO; diagram, the rocks epur region, there are rocks similar to those from

from the Deccan LIP are subdivided intodifferent areas of the Deccan LIP (Fig. 3).
tholeiitic and alkaline series, similar to those of

Na,0+K,0, wt.%
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12 X s Chtotaenir S < 2012; Pandey &t al., 2079]
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: ) T '/ Hai et al,, 2014]
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Fig. 3. Alkalii silica diagram of the Cretacedlaleogene volcanic and subvolcanic rocksrfrthe
Chhotaudepur area in comparison with those from other areas of the Deccan LIP. Used are new analyt-
ical data from Table 1 and published data (Gwalani et al., 1993; Chandrasekharam et al., 1999; Melluso
et al., 2006; Paul et al., 2008; Peng et all&2@en et al., 2009; Sheth, Melluso, 2008; Hari et al., 2011,
2014; Hari, Swarnkar, 2011; Chalapathi Rao et al., 2012; Vijayah., 2016; Chandra et al., 2018;
Pandey et al., 2019; Rasskazov et al., 2024). Data fields for rock from the Amba Dongaatii®rb
complex are shown after (Gwalani et al., 1993; Srivastava, 1997; Chandra et al., 20#&8etCdig

2021) M&K is the line (MacDonald, Katzura, 1964) that separates tholeiitic and alkaline series of the
Hawaiian Islands.

t dm.s dDC e OBBON Chigjj diisiaj d-ff QFizjdig alf detso ' =
f stctsH t©0O2t5dz0 QY nfslsiOtzld Az tctc @2 sdetse Ctolzff dzs?2 &HOG6 B3OIsd
RMfsdz Lz sw detser | OdzeOdzdlsduyd MSdd H OGeddanjetal OB dz. 1
1993;Chandrasekhlrametal., 1999;Mellusoetal., 2006;Pauletal., 2008;Pengetal., 2014;Senetal.,

2009;Sheth Melluso, 2008;Hari etal., 2011; 2014Hari, Swarnkay 2011;ChalapathRaoetal., 2012;

Vijayan et al., 2016;Chandraet al., 2018;Pandeyet al., 2019; Rasskazowetal. , 2024) . 1 tsdzv
COwBtsdzOIsdlstsotcets Ctsd3tf dzj C MO ¢ dzBwWAlanjetabizd9O3SriviAdttalaO L O dz' t
1997;Chandreetal., 2018;Dhoteetal., 2021). M&K T dzd dzdiscDdnald Katzura 1964) , tcOL H |
s h Qv Issdzj dlsseolzs d hj dzsyHakztse Mjtedd | Oo 02MEdr fiste

The Chhotaudepur alkaline series involvesl., 2014). The presence of alkali feldspar rocks
various rocks from basalts, tephrites, and basaf syenite composition (AR3) indicates the de-
nites to trachytes (syenites) and foidites. Petrorelopment of a moderately alkaline differenti-
graphically, these rocks are referred to "lamproated series in the Chhotaudepur area. Higi
phyres" (Chalapathi Rao et al., 2012; Pandey &galine (phonolite and foidite) dykes of the
al., 2019). Baalt and basanite (RCGB3A, RCD-  Chhotaudepur area are similar in composition to
33B) fall in the combined fields of these rocksthe Kawant dykes (Gwalani et al., 1993) and the
and alkali basalts of the Kutch rift (Paul et al.yocks of the Sarnidandali alkaline carbonatite
2008; Sen et al., 2009). Phonotephrite (RED) complex located to the north of the study area
is located in the field of highly alkaline rocks and(Vijayan et al. 2016) (Fig. 3).
is comparable with the A%2 group of alkali The Amba Dongar carbonatite complex is
feldspar rocks of this area, described in (Haried o mi nat ed by <calcite

oz Odzed uj MSdn d

car
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siderite carbonatites. There are nephelinites amdcks of this complex generally have composi-

1994; Simonetti et al., 1995; Srivastava, 1997¢f the Chhotaudepur area.
Ray etal., 2000a, b; Dhote et al., 2021). Silicate

phonolites also (Gwalani et al., 1993; Viladkartions similar to those of dike rocks in other parts
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Fig. 4. K-O versus MgO diagram of Cretacedesleogene volcanic and subvolcanic soétom the
Chhotaudepur area)(in comparison with rocks of other areas of the Deccan hIPSymbolsareas
in Fig. 3.

t My OC tc RBHWO RO dzj 5¢ jdztso ' & oS Odzd Wi MS 2 d Mmks o
5dz0 YAsk@zH] filtz (R tO2tdtses Ctobf dzs? mEOc ds@diaf g M S t5 5

f di d. B

rock patterns fall into the fields for the silicate
_ _ basaltic rocks of the Amba Dongar except the
The chondritenormalized rare earth elementChhotaudepur picrobasa'ts that show lower

Trace elements

(REE) patterns of the Chhotaudepur basaltsand e avy REE (EriLu) abunda

piCI‘ObasaltS are almost flat. The La/Yb ratio var- The pyro”tenorma”zed tracelement pat_

ies from 10.2 (picrobasalt) to 12.8 (RRAbasal-  terns of the Chhotaudepur lamprophyres are sim-
tic andesite). REE patterns of the Chhotaudepigy in shape those of basalts, but enriched in in-
picrobasalt samples (RGEL, PRV4) are well  compatible elements from Cs to Sm. The pat-
comparable with those dhe Pavagadh picro- terns of basalts and lamprophyres have small K
basalts and differ slightly from the N\86 pic-  and Rb minima and a Pb maxim. Unlike the
robasalt of the Kutch rift. The REE pattern OfKutch alkaline basajtS, the Chhotaudepur lam-
RCD-22 basalt corresponds to them, but differgrophyres have no T/ minimum. They show

in other element concentrations (Cs, K, Rb, Plhigher contents of light REE. Alkaline syenite

P). The basaltic andesite (PRY shows ele- AFS2 patterns have similar shapes, enriched in
vated concentrations of incompatible elementsjght REE and Sr.

from Rb to K (Fig5). All Chhotaudepur basaltic

Rocpyraite Rocki/chonddte
000 - 1000 g
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Fig. 5.Normalized patterns of elemensorder of incompatibilityd, ¢, § and REE patternd(d, ) of

volcanic and subvolcanic rocks from the Chhotaudepur area, Deccan Province (new and published data).
New data area,b1 basaltic andesite and olivine basalgi lamprophire;e,fT phonolite and foidite.

For comparison, the patterns of alkali syenite (Hari et al., 2014), fields eMdgbasalts from Pav-

agadh and Kutghutch alkalibasalt and silicate rocks from Amba Dongar are shown (Paul et al., 2008;
Sheth Melluso, 2008; Sen et,aR009; Chandra et al.,, 2018). Ddt@ normalizationare from
(McDonough Sun 1995).

tdm slediese Odzdz" § M J Clster L dzj d3j dalsdsop , e fipsftg "CHSCtg)”  dd)
B,X¥,gkzdz¢ Oddyi MSdr d MkBokdS Oddyd MSdr fteSH ©O2
d sfkBdzdSCtseo Odadz" j H O@dEEOjdiH.j L1dtBOL JO dH Bdzdz' dflj s=Sedzgfd d dzts o T
OB sl igh sdesdzdls d WsdHdls. | dzv MteOodzj dzgdv ¢ OL Oc
(Harietal. , 2014) , -Mss@" Oder s 51 O9o OGOHR O d sklskRpd, " j dzs
etal., 2008;Sheth Melluso, 2008;Senetal. , 2009) r § MEE O &R dzj MO ¢ &
(Chandreetal. , 20 18) H daizp zd3af| § SfatO@iBdENECDONough, Sun, 1995).

The Chhotaudepur lamprophyres show REEamproites (Vladykin, 1985). Carbonate rocks
patterns slightly curved downwards in the Sm tdrom this massif with high Ba and Sr concentra-
Dy range and elevated La/Yb ratios (2%8.1), tions were compared with bensti@n carbon-
while the phonolitedoidites have more strongly atites of Samalpatti (Vorobyov et al., 1992). The
curved patterns, depleted in heavy REE (fronage of the MaleMurunsky massif was deter-
Gd to Lu), without Eu anomaly and with evenmined by the KAr method at 138132 Ma (Ma-
higher La/Yb values (16226). In these param- khotkin et al., 1989). Studies of rocks in the
eters, they differ significantly from the AFBal- Murun complex, performed over four decades,
kaline syenite and Amba Dogar nephelinites revealed a number of -Klkalineultramafic,
with lower La/Yb ratio (56.862.6). In the left basic, intermediate, and silicic (alkaligeanite)
part, the normalized REE patterns of phonolitescompositions as well as unique calchgiticate
foidites and AFSL alkaline syenites converge ones (BaSr carbonatites and charoitites) (Voro-
that may indicate that they originated by crystalbyov et al., 1992; Mitchel et al., 1994; Konev et
lization differentiation from the same sourceal., 1996; Panina, Vladykin, 1994; kabyov,
The trace element patterns of phonolite and foid2021; Vladykin, Tsaruk, 2003; Vladykin, 2009;
ite are similar in shape to the pattern of AES etc.). Doubts remains about whether the rocks of
syenite, with the exception of the Ta minimumthe MaleMurunsky massif belong to lamproites
and Sr and Pb maxima. A common feature obr not (Mitchel et al., 1994; Vladykin, 2021).
phonolitesfoidites and AFS alkaline syenite is In the southwestern part of the Murun com-
deep minima ofphosphaous. Alkaline silicate plex, a 40 m thickorizontally lying body of car-
rocks from the Amba Dongar differ from thesebonatites with high Ba and Sr contents was de-
rocks in elevated P and Ti and reduced K and Rkected. E.l. Vorobyov et al. (Vorobyov et al.,

1992; Vorobyov, 2021) and A.A. Konev et al.

Brief introduction into petrological (1996) suggested the origin of these carbonatites

problems of key alkaline massifs from a homogeneous solid solution of iBa
with carbonatites in North Asia carbonate composition with an admixture of
In North Asia, carbonatites are assded strontium. In the BaCg CaCQ system, this so-
with alkaline rocks of both ultrapotassic and ut i on i s stable at temp:

sodic compositions (Vladykin, Pirajno, 2021).low which it undergoes solighase transfor-
To understand the formation environment of carmations. These authors showed that the car-
bonatites in North Asia, a key role play the Malo bonate component of the massihsists mainly
Murursky, Tomtor, and Weishan massifs. of four minerals: calcite, benstonite, andi Ba
carbonate (Xcarbonate) in close proportions and
also a small admixture of ragarth phosphate
The Malo-Murunsky massif is located in the carbonate such as dakinshanite (Vorobyov et al.,
central part of the Aldan Shield. Potassic silicat@ 992). More detail studies (Konev et al., 1996)
rocks from this massif were referred torevealed other mineral phases: -cBicite,
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strontianite, Swvitherite, olekminskite, Ki Ar ages of 14Ma for a syenite and 110
paralsonite, burbankite, ankilite, malachite, anda for muscovite from carbonatite (Yang,
azurite. Wooley, 2006) show intrusioof the Weishan

The Murun protocarbonate could not have @aarbonatitealkaline massif approximatelyon-
benstonite composition that is stable at a reldemporaneously withhe MaleMurunsky mas-
tively low-temperature(synthesized at room sif. These magmatic events are close to the
temperature). Benstonite crystallizes in the conyoung CretaceouBaleogene Amba Dongar one
sidered type of carbonatites as a result of lat@ India.
(postcrystallization) transformations of an earlier
carbonate. Along with calcium (or calcite), mag- -
nesian (or dolomite), ferrotrmagnesia (anker- The Tomtor massif is located on the east-
ite-siderite), and sodium petrochemical types cernslope of the Anabar Shield (northeast of the
carbonatites, characterized by the predominan Siberian platform). It has the form of a ring in-
of the calcite end member in the carbonate phatrusion, the center of which is composed of car-
(from ~50 mol.% to 100 mol.%), it was proposecPonatites, and the periphery is mainly composed
to d|st|ngu|sh a fifth (Strontiumarium) petro_ of nephellne and alkaline S){enltes. YO“teS,
chemicaltype using the example of rocks fromlamproites, and other Kiltramafic rocks form
the Sama|patt| and Ma.]Murunsky massifs. d|keS, S|||$, diatremes (Vladykln et al., 2014)
Within this type, it was suggested to distin-The massif cut c_arbonate r_ocks of the Lower
guished varieties of carbonatites from variation Riphean. Most of its surface is covered by Phan-
in the chemical composition of a carbonate pha<€rozoic deposits of varying thickneisérom ten

and its composition. It was proped to retain the 0 @ few hundred meters. According to geaphy
name "benstonite” for the Indian carbonatitesical data, the Tomtor massif extends to a depth

but the use of this name for the Murun carbor©f 10 km, and its area exceeds 250°kAmong

atites wagproblematic The name "strontianite similar massifs, it is one of the largest in the
barite calcite carbonatite” was proposed. Thiworld. (Panina et al., 2016). It involves a deposit
variety of carbonatite is found on Murun com-Of SCREEY-Nb ores. Wide variations of C, O,
plex together with calciunstrontianite and ordi- @nd Sr isotope indicate a complex component
nary calcium carbonatite (Konev et al., 1996). composition of rocks (Pokrovsky et al., 1990).
Later on, Vladykin (2009) argued that the car New results of isotope studies revealed 2 primary
bonatite body of the Murun massif resulted fronmagmatic trends of carbon and oxygen isotopes.
separation of the residual silicatarbonate With constant values of carbon isotopes, oxygen
magmafrom silicate rocks wittits crystalliza- isotopes vary widely (trend I)nd then both C
tion in shallow conditions and effusion on the@nd O increase linearly (trend Il). These trends

Tomtor massif

earth's surface. are explained by variations of temperature. It is
: : assumed that the trends arise at different times
Weishan massif (Ponomarchuk et al., 2024).
The Weishan carbonatiikalinecomplex is Ui Pb and ArAr ages of rocks from the

locaed in the southeastern margin of the Nort massif 701675 Ma and 414387 Ma (Vladykin

China Craton (East China, Shandong provinceet al., 2014) indicate relatively old magmatic

It is controlled by th@anlu and Cangdongan-  event that is comparable to generation of the Ne-

liao faults (Wang et al., 2019). REE mineraliza oproterozoic Samalpatti massif of India.

tion, occurred within quartz syenite and gneiss,

was controlled by NWand NEtrending faults Discussion

(Ding et al., 2022). Carbonatite veins cut through The origin of the Deccan LIP is controversial.

plagiogneisss and biotite gneisss of manly  On the one handhé Cambay rift junction and

Neoarchean age. The associated silicate rocks iDeccan Trap volcanismasassumedo beasso-

clude syenite, quartz syenite, aegifiaegite sy- ciated with the activities of the Reunion plume

enite, alkaline granite, and lamprophyre. traced from Western India and Pakistan since ca.
70 Ma (Mahoney et al., 2002)n the other hand
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the hotspot track crossing the Indian Ocean dé&keunion, Iceland, and Samoa basalts, but lower
parted from India ceé®0 Ma. Later on, at the Cre- than in clinopyroxenes and olivines of the Loihi
taceousPaleogene boundary, volcanism of thealkaline basalts (Baset al., 1993).
Deccan Province developed through melting of In the further discussion of this papes fo-
recycled oceanic crust without involvement ofcus oranalyticaldata related tdl) timing of car-
plume material (Sheth, 2005). bonatite magmatism of India and North Asia; 2)
In interpretations of isotopic data of volcanicPki Ndi Sr isotopic signatures of sources, and 3)
rocks,therearevarious option®n contributions distribution of Ba and Sr.
of mantle and crustal components from th_e'rTiming of carbonatites in India and North Asia
deep sources. The Amba Dongar carbonatites _ _ _
have SiNdi Pb isotope signatures similar to the In the Indian subcontinent, carbonatites are
Reunion plume material (Simonetti et al., 1995found not only in India, but also in Pakistan, Af-
Ray et al., 2000b). Variations in Botope com- 9hanistan, and Sri Lanka. The whole age range
positions of the Amba Dongar carbonatites wer€f alkaline massifs with carbonatites covers time
interpreted in connection with the processes dterval from >2400 Ma to <0.6 Ma (Krish-
assimilation by deep magmas of the lower crughurthy, 2019; Randive, Meshram, 2020) (Fig.
ta' materia' (Ca_ %) and fractiona' Crysta”iza_ 6) T|m|ng Of the Ind|an. Cal’bonatltes IS S|m|lar to
tion (Ray et al., 2000b). Thele/He isotope ra- the oneof nc_)rtheast Afrlt_:a, wher_e numerous late
tios determined for clinopyroxenes and olivinesPhanerozoic carbonatite bodies are supple-
of the Deccan alkaline complexes is close to th@ented by the active carbonatite volca@b
3He/He isotope ratios of these minerals in thd20inyo LengaiDawson, 983).
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Fig. 6. Temporal distribution of carbonatite magmatism in the Indian subcontinent (Randive, Meshram,
2020). The study subjects of this work are marked with red arrows.

tdfr dOctORBO otcj i3j dedets e s twOMY totsfls tc Odzj dxd ') < IsEc iz @zO Is
Ctsdalsddzj dzlsj ( Randi ve, dNnsihrHaded @ d2H@2006 ). 14s"df jB Ut jjokD K -
dz' digfls to j dz& O d3q
In North Asia, carbonatites are characteristi€enozoic carbonatites are known anywhere. The
of the early to middle Phanerozoic (up to theage range of Indian carbonatites (Fig. 6) at the
Early Cretaceous), but no Late Cretaceous angper limit is similar to theone of African
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carbonatites and differs from ages of Norttgeodynamic processes in Asia since ca. 90 Ma
Asian carbonatites (Fig. 7). Such age differencgfRasskazov, Chuvashova, 2013).

of carbonatites providan additional argument

for the onset designation of the Ilatest

' Japan-Baikal
doc.\‘\\ﬂa Gaod pan-i . .
South et \ O el eodynamic Corridor o
.“b d ‘-\a\'(\\c Carbonatites older St
geo \’ than a0 "V-I]I"_‘v" "u»',-.-\(‘% s /e

s ‘388 £
2 o=o s

Fig. 7. Scheme of Cenozoic displaying of carbonatites at the Indian subcontinent in relation to those in
North Asa. Modified after (Rasskazov et al., 2020). LOMU sources are shown in blue, ELMU sources

in yellow.

dMend kO SO2dsL 82MSteEs fesWwodj ddY §OwetdOdlsss
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Jdzdd M Hfteswodzj dzgd j d3 C OteB s5dzOIs d Is ts fRasskazenejad j, to RO 09 L did

{
h
dL d3j dzj dzd W 3 . e ddedd3 Yo j SLOMU, s BSjL O3S0 fnlls 5 1y dzd ¢ d
Neoproterozoic massifs extends beyond the age
i L , interval of 4.544.44 Ga proposed for the solidi-

On the diagram of initial isotope ratios of ura=g 4 magmatic ocean of the &a and is com-

i 7] 0 v 20 0

nogenic Pb zepb’_z Pb T PbFP), datq pared with the estimates of the earliest secondary
points of garbongtlteﬁom the I_\Ieoproterozou? isochrones obtained for the later mantle proto-
ngalpattl massif are gpprommated by a IIn'ﬁths of the early Eartlin the range of 4.441.0
with a slope corresponding to an age of 4.26 G5 \yhich are exhibited byrotoliths in the
Carbo_naute samples of j[he nelgh_borlng NeOproéources of Quaternary basalts of Jeju Island in
terozoic Sevattur massif are shifted above thg . <, thern part of the Sea of Japanaii@re-
trend of the Samalpatti massif and are ap.'["roxtaceousPaleogene basalts of the South Gobi
mated by a line yielding the same slope with ?Rasskazov et al., 2020)
larger dispersion (Fig. 8a). This Hadean age es- K '
timate for carbonatite sources of the

Pb isotope signatures of deep sources
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Fig. 8. Age estimates of protoliths in carbonatite sources for the Samalpatti and Sevattur massifs on the
diagram of*PbP%Pbi 2°PhPoPh initial ratios (at 800 Majg] and igneous rocks from the Deccan LIP

(b). Panel &) uses data fromSchleicheret al., 1998; Ackerman et al., 2017). Paiglshows Low and
ElevatednViscous Protomantle Reservoirs (LOMUVIPMAR and ELMUVIPMAR, resfvely), dis-
crimination lines of the LOMU, ELMU, and HIMU compositions, and data compilation after (Ras-
skazov et al., 2020) with additions on carbonatites and basanite from Amba Dongar (Simonetti et al.,
1995, 1998). The position of geochrons 4.0, 4451 Ga is calculated relative to the Nanton com-
position of the iron meteorite Canyon Diablo that designates the onset of the CAI (ealicroma
inclusions) event of 4.5673 Ga (Blichdrft et al., 2010).

tdM{ygdzSd oL tcOMSO f ©OEIs6 @B tsdz08 ddpfisle s W@ fig fdstsez tau O o
2O HJOCtOdid] dz0 Y OB R’ PP ERlestz) dz8 @ 0 d3dzd® daj Isdz@aOBO@-+H )
sduimMédrs §stesH §) kg dde@dofibfndgds ddz $0 Odz" HOdMzdz" §j ( Sch
Ackermanetal., 207 ) . 1 O B Ofiggdizal j  J dz2" L Jtco O owLCS2 { ot
or h j dzoif ffstslse jIsflse j dzgdgs, L OMUVI PMAR d ELMUVI PMAR) ,
otse LOMU, ELMU d HI MU d ¢ ts®tsdkazvetal v, @) fif LH tsdf Qe
Wiz f s Q@I},@Bcﬁsokmaoﬂsj@flslz Sindgettetal Sdzd O®B6, ( 1998) . 1 tsdzisy
4.0, 4.44 d 4.51 dBdzieH dzj s Nam®ri) )y g k@ dztizts & bs dztsf) 6 1§ fs tzy ¢
r+vwetsdzO, BtL dOyOos CA EakiumzumiGazEusiong B '41s $v6 7 3dz@dAH  dzj k
(Blichert-Toft etal., 2010).
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Sources of the Neoproterozoic carbonatites aind silicate rocks of the DeccBmovince occupy
South India were isolated from the convectivenai nl'y t he el evated ¢
mantle during the time interval from 4.26 to 0.8tension into the HIMU one. Rocks of individual
Ga. The positions of the Samalpatti massif se@reas form trends that are interpreted as second-
ondary isochron relative the ntengeochron at ary isochrones with a slope corresponding to an
800 Ma suggests a significantly lowéfU/?%Pb  age of ca. 2 Ga (FBb, 9).

(e¢) value in the car bo®a theane hasdp some ta pdintsaohthe n
mordial mantle material. Theleev H a d e a Amlga Dangar carbonatites are plotted at the 4.2
tolith contrasts sharply with the high ( H 1 M3A)geochron thacorresponds to the age of car-

component common among modern Ocean Ifonatite sources for the Samalpatti and Sevattur
land Bas#s (OIB). massifs. However, four samples of basaltic

In the2°PbP%Pbi 2°PhPOPh diagram, data dykes from the Amba Dongar massif (Chandra
points of carbonatites and associated silicatet al., 2a8, 2019) with {*Pb?%Pb)i>18.87
rocks from igneous complexes of the Deccanield a source age of 3.9 GBour samples of
Province shift slightly when recalculated to 66Amba Dongar calcium carbonatites with
Ma, actually remain within symbols used in the(?**PbF*Pb)i from 19.03 to 19.17 show close
diagram. Foinstance, for the Amba Dongar-95 age of 3.8 Ga for their source. These sources of
AMDO-002 carbonatite (Simonetti et al., 1998) Early Earth seem to be younger than thafszar-
the ratios measured weréPbP*Pb = 15.80 bonatites from South India.
and?%PbP%Pb = 19.159. When recalculated to  Ontheotherhand lateralshift of datapoints
66 Ma, the initial ratios obtained were:yield secondaryisochronage estimateof their
207PpPY%Pp = 15.799 and®PbF*Pb = 19137. source(ca 1.7 Ga) youngerthanthe onefor Fe
For the Amba Dongar basanite-8MDO-001, carbonatitegca 2.2Ga) (Fig. 9). Both are in a
the ratios measured wer@’PbF%Pb = 15.546 range of ages that are chetexistic of the source
and?%PbP%Pb = 18.145. When recalculated toregion for tholeiitic basalts of the Deccan Prov-
66 Ma, the Iinitial ratios obtained were:ince. A position of carbonatite data points with
207PpPYPh = 15.541 and®PbF*Pb = 18.037. eIevatec?WPbPO“Pb ratio relativeo 2.12 Ga sec-
Pb isotopes data are presamhin published pa- ondary isochron of the source for Kutch tholeiitic
pers, with rare exceptions, without U and Pb corbasalts assumes the carbonatitigiorfrom an
centrations. In the diagram of Fig. 8b, age corkarly Earthsource material modified due to the
rections are negligible, so these are plotted fara. 2 Ga event of the Middle Geodynamic Epoch
the entire data set. On tH&PbP%Pb versus in the Earth evolution.
205ppPY4Pp diagram, data points of carbotei
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Fig. 9. Age estimates of protoliths for Ca and Fe carbonatites in Amba Dongar sources on the diagram
of 2°"PbP%Pb versug®®PbF*Pb initial ratios (at 66 MaUsed data are from (Chandra et al., 2019% Th

2.12 Ga secondary isochron of the source for tholeiitic basalts of Kutch is plotted from Fig. 8. The
LOMU, ELMU, and HIMU compositions are discriminated after (Rasskatal., 2020).
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dm.{ ygd dz¢ d oL tcOMIsO { tcsCy Baf|Otcs sSazOdEstsg dzd UFBO | 5 dz6
tcOBRB] dzOYOdz' PPt Phdal B L @izt &Hls) . RrRMYtsd Ltso O
L tc O€6harslraet &f. |, 201@YdzOW Isdsucts BB 20 dzg s1 A Missydzd € ©  H dzw
BOL Oz st skyO {§tcdo tsHLOMEIELMD § HIMY IgOL B | dzasslinfisOolf 5 to
(Rasskazoetal., 2020).

Global distribution of the HIMU component Carbonatitesfrom the Samalpatti an&evattur
in oceanicbasalts indicates the possibility ofand thos fromAmba Dongaivere derived from
long-term preservatin of its reservoir and isola- the Early Earthprotoliths (of ca.4.26 and 3.85
tion from the convective mantle in two potentialGa, respectively). Tdlatter yielded also ca. 1.7
regions of the Earth: 1) the shallow continentaR.2Ga age estimateélat assume their relation to
lithospheric mantle or 2) the base of the loweprocesses responsible for origin of sourtate-
mantle. From Pb isotope estimates, most HIMUial for the DeccarLIP.
sources are referred to the Neoasrhand, par- No adequate age estimate is obedinfor
tially, to the Mese and Paleoarchean (Homrig- sources of carbonatites frotmet Neoproterozoic
hausen et al., 2018) that is consistent with the ifFomtor massif because of their origin from mul-
itial age estimate ofi2 Ga for the HIMU end tiple sourcesFor protoliths from sources of Cre-
member (Zindler, Hart, 1986). taceous Aldan Shield lamproites, closely related

The global endnember such as the HIMU to carbonatites, a secondaryiPb isochron of
denotes the mantle volume involviedtectonic 3.45 Ga iscalculated (Fig. 10). Protoliths from
motions resulted in magmatism, i.e. the tectoncsources of Cretaceous carbonatites in the
sphere. About 800 million years ago, the IndiaWeishan massif shownaage estimate of ca.2
subcontinent was a part of Gondwana. Carborsa. The latter yields a younger age estinzste
atite magmas were generated at this time from@mpared to the one of the protolith (2.8 Ga) for
protolith with signi falkaliegranitejpporpghyywdidssand ethersiichtes et
similar magmas of the Deccan Province at aboutocks from this massif (Fig. 11). These protoliths
66 Ma. The protolith composition of carbonatitedesignate processes related to the Middle Geo-
sources beneath the Indian subcontinent coultinamic Epoch of the Earévolution. At the lat-
have changed due to the processes of the late Pest geodynamic stage (i.e., in the past 90 Ma), the
cambrian (Pa\frican) orogeny, but most likely tectonosphere of North Asia was affettey re-
the Pb isotopic compositioof source protolith organization resulted in ascent of primordial ma-
changed due to separation of the Indian subcoterial from the deep and shallow mantle with
tinent from Gondwana with its subsequent colliLOMU and ELMU signatures (Rasskazov et al.,
sional interaction with the southern edge of Asia2020).
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Fig. 10.Age estimates for protoliths of lamproites of Aldan shield sources on the diagf&Rbéf*Pb
versus*PbP4Ph initial ratios (at 135 Ma). Data on rocks from the Murun, Upper Yakokut, and Loman
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massifs are used (Davies et al., 2006). All data points occupy a region of LOMU compositions after
(Rasskazov et al., 2020).
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Fig. 11. Age estimates for carbonatite sourcésthe Weisharmassif on the diagram 8f'Pb°Pb
versus?®PbP%Pb initial ratios (at 110 Ma). Pb isotope compositions of associated silickt of the
massif are plotted for comparisons. Data used are from (Ding et al., 2022). iVisaous Protoman-

tle Reservoir (LOMUVIPMAR) and discrimination line between the LOMU and ELMU compositions
are shown after (Rasskazov et al., 2020).
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Malo-Murunsky massif are located in the en-
_ o riched region and in this respect they are similar

In the diagram ofemporalvariations of the to potassic rocks of the Leucite Hills, Western
initial Nd isotope composition (Fig. 12a), the Saysa and lamproites from Wesn Australia.
malpatti and Sevattur carbonatites and assogbrotoliths ofa source forthe Australian lampro-
ated silicate rocks are located in the enriched r@es have significantly enriched Nd isotopic com-
gion relative to the Chond”te unifOI‘m reserVOirposition CNd from116 tol 7) On the diagram
(CHUR). Data points of the Amba Dongar car-143yd/4Nd i 87Srf%Sr, the lamproite trend ex-
bonatites fall on the CHUR linend those of as- tends to a data field of mica kimberlites (group
sociated silicate rocks extend into both the dgj) (DePaolo, 1988).

pleted and enriched regions. _ On the diagram of temporal variations of the

A concentrated group of the Weishan carbonnitial isotope ratio {Srf°Sr) (Fig. 12b), data
atites is plotted below the CHUR line and fallspoints of the Samalpatti and Sevattur carbon-
into the enriched region of the diagram. Silicatgtites and associated silicate rocks are located
rocks of this igneous cortgx, with the excep- apove the line of the undifferentiated mantle res-
tion of one sample, occupy also the enriched resyoir. Similar positios are shown by data
gion of the diagram. Data points of carbonatiteﬁoints of the Mdo-Murunsky, Weishan, and
and associated potassic silicate rocks from the
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Amba Dongar carbonatites. Data misi of sili- the West Australia lamproitese shifted due to
cate rocks of the Weishan and Amba Dongasharp erichmentin radiogeni’Sr ¢’SrPéSr; =
complexes are partially elevated. Those of th6.7100.719).

Leucite Hills are located near the line of the un-

differentiated reservoir, whereas data points of
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Fig. 12.Diagram of temporal variations in initiaNd(t) (a) and(3’Sr2°Sr)i (8). Symbols are as in Fig.

11. Data are from (Simonetti et al., 1995; Schleicher et al., 1998; Ray et al., 20Q0giVvlet al.,

2003; 2008; Vladykin, 2005; Mirnejad, Bell, 2006; Ackerman et al., 2017; Banerjee, Chakrabarti, 2019;
Ding et al., 2022). Panalshows the lines of Nd isotopic evolution of the chondritic universal reservoir
(CHUR) (Faure, 1989) and depldtmantle in island arcs (DePaolo, Wasserburg, 1976), patews

the line of Sr isotopic evolution from the composition of BABI (Basaltic Achondrite Best Initial) (Faure,
2001) and a parallel line of Sr isotopic evolution with the modern¥&i6°Sr= 0.7045, corresponding

to the undifferentiated mantle.
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Initial Sr isotope ratio¥SrfeSr) in a source PRV-2 picrobasalt has a relatively enriched ini-
of the Samalpatti carbonatites, similar to the ratitial Sr and Nd isotopic composition.
in sources of the Amba Dongar, Malo
Murunsky, and Weishan carbonatites, indicates
its enrichment in Rb (orepletion in Sr).Simi- Trends of Ba and Sr enrichment of carbon-
larly, initial UINd of the Samalpatti carbonatities atites are clearly visible on diagram with linear
lower thanthe CHUR value that reflects a rela-scales (Fig. 13a)0On the one hand, the Samal-
tive enrichment of carbonatite source region byatti benstonite carbonatites show a trend of Ba
light REE, similar to other carbonatite sourcesenrichment. The Ba concentration reaches 230
Probably,the source rockeereaffected by met- ppm. Increasing in barium concentration is not
asomatism resulted in elevated &id Ndcon- accompanied by increasj in strontium. On the
centrationsAs a resultdata points arshifted in  other hand, a trend of increasing Sr is distin-
theU N d &nd(3’Srf%Sr)i from the undifferenti- guishedn the Weishan carbonatitéghe Srcon-
ated mantle reservoilt is noteworthy thathe centration reaches 135 ppm. In addition to the
source of the Samalpatti carladites isanoma- Weishan carbonatites, the hin trend includes
lously depleted irf*8 compared t3°¥Pb (rela- the Tomtor carbonatites. At its beginnirigere
tive to the protomantle reservoir of the solidifiedare data points cfomesamples from the Sevat-
magma ocean of the early Egrtlhis phenom- tur and MaleMurunsky massifs. The third trend
enon should be explained yet. is formed by BaSr carbonatites of the final

More detail comparison of sources for vol-phase of the Maldurunsky massif. The Ba
canic and subvolcanic rocks from Chhotaudepuroncentration reaches 300 ppm. Increasing in Ba
with those for basalts in other areas of the Deds accompanied by ineasing in Sr (to 90 ppm).
can Province is performed using the initial Nd On the B&Sr diagram with logarithmic scales
and Sr isotope ratios recalculated to the age of @6ig. 13b), carbonatites of India are subdivided
Ma. The initial isotope ratios ofSrf®Sr) and into groups with low and high concentrations of
(***NdA*Nd)=66 were defined in the Chhotaud- these elements. Among the Neoproterozoic (ca.
epur basalts éfm 0.70555 to 0.70657 and from 800 Ma) rocks of South India, carbonatitéshe
0.51259 to 0.51264, respectively. As compare@amalpatti massif are of key importance. Among
to basalts, the PRY¥ basaltic andesite has an elthem, three groups are distinguished: 1) a group
evated {’SrF®Sr)i value (0.70915) and a rela-with low Sr and Ba abundances (Sr = D000
tively low (**3Nd/***Nd) e one (0.51237). In a ppm, Ba = 1001000 ppm, Ba/Sr = 0i%.0), 2)
RCD-21 picrobasalt, low®(SrF®Sni (0.70446) alow-Ba group with an elevated Sr content (Sr =
and ¢*Nd/A*Nd)=66 (0.51216) were obtained, in 5000 15000 pm, Ba = 1001000 ppm, Ba/Sr <
the RPV4 picrobasalti elevated {Srf°Sr)i  0.5), and 3) a higBa group (Ba = 20000
(0.70725) and slightly decreased3d/*Nd) 230000 ppm, Ba/Sr > 4.0). The Samalpatti
t=66 (0.51254). Ranges of isotope ratios in lambenstonite carbonatites belong to the third group,
prophyres: {'SrP®Sr)i = 0.706250.70732 and in which an increase in Ba from 20 to 230 ppm
(**Nd/A*Nd)=66 = 0.512270.51231; in foidite: is accompanied by a decrease in Sr from 10 to
(¢'SrPeSr)i = 0.70640, *NdA*Ndy=ss = 0.7 ppm. A similar subdivision into three groups
0.51237; in phonolite: 8(SrfSr)i = 0.70737, is observed in carbonatites of the Sevattur mas-
(***NdA*Nd)=66 = 0.51237 fall within the ranges sif, which is dominated by rocks with Sr and Ba
of isotope ratios of lamprophyres and or slightlycontents comparable to those in the first and sec-
elevated. ond groups of the Samalpatti carbonatites. A sin-

The Pavagadpicrobasalts have relatively de- gle sample of ta Sevatturcarbonatite is similar
pleted Sr and Nd isotopic signaturé€%¢£eSr)i  to the third group of the Samalpatti carbonatites.
= 0.70440.7045, *Nd/A*Nd)=es = 0.51270 Data points of theSevattur carbonatites are
0.51276). In contrast, the RCEZL Chhotaudepur shifted to the inner part of the triangle (groups 1,
picrobasalt has an initial Sr isotopic value thaR, and 3) of the Samalpatti carbonatites. The car-
fall within the range of thosen highTi Pav- bonatites of the Joggifiahave Ba and Sr similar
agadh and Kutch picrobasalts in combinatiomnly to group 2 of the Samalpatti carbonatites.
with similar initial Nd isotopic value, while the
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Fig. 13.Bai Sr diagramsfor rocks of alkalinecarbonatite complexes from South India (Samalpatti and
Sevattur massifs), China (Weishan massif), and Siberia (Maloinsky and ®mtormassifs) in linear
scales(a) andin logarithmic onegb, c). Using linear scales, trends of enrichment of carbonatites in
barium and strontium are distinguished. Data are from (Vladykin, 2005; Gwalani et al., 1993; Srivastava,

1997; Vladykin et al.2008; Banerjee, Chakrabarti, 2019; Wang et al., 2019; Dhote et al., 2021; Vla-
dykin, Pirajno, 2021; Ding et al., 2022).
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Gwalani et al., 1993; Srivastava, 1997; Vladykin et al., 2008; Banerjee, Chakrabarti, 2019; Wang et al.,
2019; Dhote et al., 2021; Vladykin, Pirajno, 2021; Ding et al., 2022).

Cretaceoud’aleogene (~66 Ma) carbonatitesrespectively. Such a difference in trends serves
of the Amba Dongar massif formsangle cloud as an addition argument to the genag# differ-
of data points scattered mainly between groupseéhce of carbonatites and their sources in these re-
and 3 of the Samalpatti carbonatites. Some of tligons: the limitation of carbonatite magmatism
samples of the Amba Dongar carbonatites ar@ North Asia to the Early Cretaceous and its
isolated within the field of group 1 of Samalpatti.continuation on the Indian subcontinent through-
Thus, the CretaceotBaleogene carbonatites ofout the Cenozoic (Figs 6, 7).
Amba Dongar generally inherit the Bar speci-
ficity of the Neoproterozoic carbonatites. Data Conclusion
point clouds of silicate alkaline rocks of the Ne- The characterfacarbonatite sources in the In-
oproterozoic massifs of South India and the Credian subcontinent was considered in the Samal-
taceousPaleogene massif of Amba Dongar argatti and Amba Dongaalkalinemassifs in com-
shifted from those ofarbonatites with a relative parison with similar massifs occurred in North
decrease in Ba and Sr. Asia. It was inferred that carbonatites of India

On the BaSr diagram with logarithmic have similar ages to those of Africadadiffer
scales, data points of carbonatites from the Sibérom carbonatites of North Asia, where they are
rian and North China cratons are generallybsent at the latest geodynamic stage, i.e. in the
shifted relative to those of Indian carbonatitepast 90 Ma. Another regional difference of car-
with enrichment in strontim (Fig. 13c). Data bonatites is exhibited in distribution of Ba and
points of carbonatites from the Malldurunsky  Sr. In the early massifs of India (Samalpatti, Se-
massif are distributed along the line of Ba/Sr = 4vattur, Joggipatti), there are three components
Those of carbonatites from other massifs (pathat give intermediate compositions in the late
tially data points of the MakMurunsky carbon- massif (Amba Dongar), perceived as a result of
atites) are distributed along the line of BatSr mixing. The inherited nature of the components
0.5 and below it. Data points of the Weishan camef carbonatites of different ages in India is
bonatites mainly belong to the latter trend, butlearly displayed in thdistribution of Ba and Sr
several data points fall at the beginning of thén carbonatites. In North Asia, carbonatites form
Bai Sr trend for the Maldurunsky carbon- independent trends of Ba and Sr (Murun) and Sr
atites. The clouds of data points of alkaline sili{Tomtor and Weishan) enrichments.
cate rocks are sinply shifted towards the area of |t is assumed that in the evolution of the tec-
the diagram with a lower strontium concentratonosphere of the Indian subcontinent, there was
tion. a ime, when it was part of Gondwana and was

The diagrams in Fig. 13 indicate different patcombined with the subcontinents of Africa, Aus-
terns of Ba and Sr concentration in the Indian angalia, and Antarctica. During the tectonosphere
North Asian carbonatites. In the early massifs ddctivities of the Indian subcontinent about 800
India (Samalpatti, Sevaitt, Joggipatti) three million years ago, carbonatitmelts from he
components are distinguished. In the late massprotomantle reservoir 04.26 Ga (in the Early
(Amba Dongar), they give intermediate compoiMantle Geodynamic Epoch) were generated that
sitions perceived as a result of mixing. In the dissharply differed from the reservoir of the primor-
tribution of Ba and Sr, inheritance of compo-dial mantle of the solidified magma ocean by low
nents is clearly revealed. In Asia, the Malog . Further studi es ar e
Murunsky massif, on the one hand, and therigin of Pb isotope signatures in this sorir
Tomtor and Weishan massifs, on the other hand, After the Indian subcontinent separation from
form enrichment trends in Ba and Sr (Malo Gondwana in théime interval of 130/ 100 Ma
Murunsky) and Sr (Tomtor and Weishan)and its merge with Asia about 66 Ma, the source
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of the |low O Samalpatti ®eeadndesati te reservoir
no Ionger dominated in the tectonosphere of the Ackerman L., Magna T., Rapprich V., Upadhyay
Indian subcontiant. It was replaced by a sourceD . | KrgtkIl O., Lej kovs8 B.,

of ELMU carbonatites and silicate rocks. TheY.V., Hrstka T. Contrasting petrogenesis of spatially
source of the Amba Dongar carbonatites had thelated carbonatites from Samalpatti and Sevattur,
proto"th of theEar|y Earthmanﬂeparﬂy modi- Tamil Nadu, Indid/ Lithos. 2017. Vol. 284285. P.
fied in the Middle Geodynamic Epoch of the257 275. https://dx.doi.org/10.1016/j.1i-
Earth evolution (ca. 2 Ga), when the plishs h0s-2017.03.029
for silicate melts of the Deccan LIP were gener- Aranha M., Porwal A., Gonzalexlvarez I. In-
ated. dian carbonatites in the global tectonic context // Ore
A large set of variables in evolution of deepand Energy Resource Geology. 2023. Vol. 15.
continental magmatism resulted in a practice 0f00023. _
separate consideration of the component Compggtps://dx.dmorgllo.1016/1.oreoa.2023.100023
sition of rocks of each area with creation of spe- Banerjee A., Chakrabarti R. A geochemical and
cific models for the evolution of mantle and crus-Nd, Sr and stable Ca isotopic study of carbonatites
tal processesAlkaline-ultramafic complexes and associated silicate rocks from the ~65 Ma old
with carbonatitesshow general difference in Ambadongar carbonatite complex and the Phenai
ther deepsources in cratonic and folded areas ofata igneous complex, Gujayandia: Implications
continents in terms of Nd and Sr isotoplesge- for crustal contamination, carbonate recycling, hy-

: : . . drothermal alteration and sourg®ntle mineralogy
ological past of contineat areas, thessotopic I Lithos. 2019 Vol. 376327 P. 57p585.

signaturesrequire clarificationin terms of Pb o //4x doi.org/10.1016/j.lithos.2019.01.007
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Oxidation-Reduction Potential: Assessment of the relationship
between Force and Seismic pulses

S.V. Rasskazov'?, E.P. Chebykin!4, S.V. Snopkov?3, I.A. Aslamov®,
V.1. Archipenko®, A.M. llyasoval!

Ynstitute of the Earth's Crust SB RAS, Irkutsk, Russia

%Irkutsk State University, Irkutsk, Russia

3A.P. Vinogradov Institute of Geochemis8B RAS, Irkutsk, Russia
“Irkutsk National Research Technical University, Irkutsk, Russia
Limnological Institute SB RAS, Irkutsk, Russia

Abstract. The seismogenic state of the earth's crust in the Baikal Rift System (BRS) is assessed in
the spring and sumen 2025. Spatidemporal distribution of earthquakes are defined two pulses: 1)
April 307 June 12 (pulse AJ) and 2) JuneilXugust 13 (pulse JA). Earthquakes of the former pulse
are traced in the eastern and western BRS with subsequent concentratotirantithn in the west,
earthquakes of the latter one are identified in the eastern BRS with shift to its center and extinction.
Seismogenic effects of compression or extension forces of the crust are determined by coseismic co-
ordinated variations in groawater ORP at the Kultuk area. It is augured that the AJ seismic pulse is
initiated due to forces of the both Jag@aikal Geodynamic Corridor (JBGC) and Saydangolian
Sector of IndeAsian Convergence (SMSIAC), while the JA one is resulted only frodB@& forces.

Keywords groundwater, monitoring, oxidatiereduction potential, earthquakes, Baikal
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Fig. 1.Layout of monitoring wells station 9 (Zemlyanichnaya, CireBaikal Railway) and station 184
(Shkolnaya) on the western coast of Lake Baikal (Kultuk settl§math installed sensors for reine
measuring ORP, pH, and temperature. The installation conditions of the sensors are described by (Ras-
skazov et al., 2023). Paleoseismic dislocations at the suture zone of the Main Sayan Fault are shown
after (Chipizulov, Smekalin, 1999).
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Fig. 2. Schematic diagrams interpreting responses of the ORP to earthquakes in different parts of the
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compenation and amplification of extension beneath the Kultuk tectonicistepler station 184gj.
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Fig. 3.Diagram of ORP groundwater variations from April 29 to May 5, 2025 at stateyrad station

184 (B) in comparison with variations in water temperature at the same staions.(¢ wapy [ i
Khuvsgul,Udokan, and Umkheglustes of earthquaks, respectivelyFrom here on, the BRS earth-
guakes are designated from the site (Mapé, 2025)
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Fig. 12.Graphs of ORP temporahriations on June 189, 2025 in groundwater at stationsa &énd
184 @) in comparison with temperature variations at the same statiof)s ( ¢
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Fig. 13.Graphs of temporal ORP variations ondu@ 23, 2025 in groundwater at stationsad &nd
184 @) in comparison with temperature variations at the same statiop)s (¢
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Fig. 27.Graphsof temporalORPvariationson August15i 19, 2025n groundwateat stations9 (a) and
184 () in comparisorwith temperaturevariationsatthe samestationgo, ¢). Z | 1 Shishkhidgol earth-
quake] # § Main Sayan Fault earthquake.
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Fig. 28.Diagram of background (chaotic) temporal distribution of earthquakegth spatial grouping
of earthquakes in the west, east and center of the BR&(Mn December 25, 2024 April 29, 2025.
Earthquakes of energy class (K)19 and lower (not shown) occur in this time interval.
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Fig. 29.Diagram of temporal variatiorsf earthquakes of different energy classes (K) from April 28 to

August 13, 20254) and spatial distribution of these earthquakes in the BRS in thaiptattaser)

and attenuatiore] of the AJ pulse, in the stanp phased) and attenuatiorHj of the JA seismic pulse.

In panels andH, large arrows indicate the directions of spatial displacement of earthquakes from areas

of initial phases of seismic pulses (fields transferred by dashed lines, respectively, frons padels

to those of the fingbhases of seismic pulses.
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Fig. 30.Diagram of reatime variations in ORP from April 23 tduly 10 in groundwater at wells st. 9

(a) and st. 184H) in relation to elevatednergy earthquakes (K=1122.9). The interval of readjust-

ment between the AJ and JA seismic pulses from June 12 to 17, 2025, is shown. Events in the west are
shown in purp, those in the east are shown in red, and events in the BRS center are shown in pink.
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