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ABSTRACT. Using scanning micro-XRF using synchrotron radiation, profiles of changes in the section
depth of the elemental composition of the banded clays of Lake Peyungda (Krasnoyarsk region), located
33 km southwest of the epicenter of the Tunguska disaster of 1908, were obtained. The age model is
confirmed by the presence of a dated layer of anomalous thickness associated with the fall and explosion
of the Tunguska cosmic body (TCB). Changes in element contents in dated core layers are compared
with instrumental meteorological observation data over the last century, and a relationship is found
between the average annual temperature of the region and the elemental composition of coeval layers of
bottom sediments (transfer function). According to scanning electron microscope and Raman spectros-
copy, the 1908 layer is characterized by increased concentrations of Ti-containing minerals (anatase).
The appearance of anatase is probably associated with the explosion of the TCB and the subsequent
intense erosion of dolerite bodies, which are widely represented in the catchment area.
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1. Introduction Rocks of the Lower Triassic (Tutochanskaya,
) ) ) Uchamskaya formations), represented by complexes
The object of study is the bottom sediments of of dolerites and tuff-siltstones, are widespread within

Peyungda Lake. The lake is located within the Tunguska the study area. Intrusive igneous rocks belong to

State Nature Reserve in the Evenki District, at a distance three complexes (Katangsky, Kuzmovsky, Tychansky)
of 30 km from the supposed epicenter of the explo- of gabbro- and moderately alkaline dolerites of the
sion of the Tunguska cosmic body (1908). Peyungda Early Triassic and the agate complex of dolerites of
is a round-shaped freshwater lake with a diameter ca. the Middle Triassic. Intrusions form small thin bodies

600 m and a maximum dep‘th of 35 m (Rogozin et al, of isometric, isometric-elongated shape, sheet bodies,
2023). The area of the lake is 0.4 km?. dikes (Varganov et al., 2015).

Based on the river basin modeling algorithm
using ArcGIS 9.3, the Peyungda Lake catchment area
of 80 km? was calculated (ArcGISTM Spatial Analyst,
2001). The collection of meteoric waters transporting
matter of terrigenous origin from a catchment area 200
times larger than the lake area allows us to speak about
the direct dependence of the chemical composition of
the bottom sediment on the composition of the sur-
rounding rocks.

2. Materials and methods

In 2022, two cores of bottom sediments were
obtained: cores Pe-22-1 and Pe-22-3 with a length of
1076 mm and 1187 mm, respectively. Sampling was
carried out using a UWITEC gravity sampler (Austria)
in the central deep-water part of the lake. The cores
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were divided into two parts along the sampling axis.
From one half of the core, samples were prepared by
cutting with a step of 10 mm, from the second, solid
samples were prepared for continuous X-ray diffraction
scanning at the synchrotron center of the Institute of
Nuclear Physics SB RAS according to the method (Darin
et al., 2013).

After the samples were delivered to the Institute
of Geology and Mineralogy of the Siberian Branch of
the Russian Academy of Sciences (Novosibirsk), solid
preparations were prepared by freeze drying and
impregnation with epoxy resin. To analyze the con-
tent of chemical elements, plane-parallel samples of 2
mm thickness with a ground surface, made from solid
preparations of bottom sediments, were used. Optical
sections were also made from solid preparations.

Dating of deposits was carried out based on
measurements of 210Pb and 137Cs activities along the
depth of the section and counting visually identified
layers. An age model “core depth-sediment age” was
constructed. At a depth of about 80 mm, in all cores
there is a visually distinguishable light layer with a
thickness of 2-3 mm, which on the age scale corre-
sponds to 1908.

Scanning micro-XRF using synchrotron radia-
tion beams was carried out at the Siberian Center for
Synchrotron and Terahertz Radiation using the method
Darin et al. (2013). The size of the exciting radia-
tion spot and the scanning step were 1 mm, which is
approximately equal to 1.2 - 1.5 years on the age scale.
At each point, the rock-forming and trace elements K,
Ca, Ti, Mn, Fe, Ni, Cu, Zn, Ga, As, Br, Rb, Sr, Y, Zr, Nb,
Mo, as well as the Co/Inc ratio were simultaneously
determined elastically/inelastically scattered exciting
radiation on the sample.

3. Resulits

Using an age model, data on the elemental com-
position of bottom sediment were recalculated from
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a linear scale (core depth from the water-sediment
boundary) into an integer time series and averaged
in steps of 3 years. Data from the nearest weather sta-
tion at Vanavara, available from 1895 to 2000, were
used to search for relationships between geochemical
parameters and meteorological parameters (https://
climexp.knmi.nl; http://meteo.ru/data/156-tempera-
ture). Using the multiple regression method (Babich et
al., 2015), a transfer function was constructed linking
the regional average annual temperature with litholog-
ical and geochemical data:

T=5.389-Co/Inc + 3.887-Br + 1.443-Rb - 5.657,

where Br, Rb - concentrations of bromine and rubidium
in g/t (ppm), Co/Inc - ratio of the excitation radiation
elastically/inelastically scattered on the sample.

Polished sections were scanned using a MIRA 3
LMU scanning electron microscope (SEM). In the 1908-
10 layer. an increased content of Ti-containing miner-
als relative to the overlying and underlying layers was
established. The use of Raman spectroscopy methods
to identify Ti-containing minerals using the automated
WITec Apyron system showed that Ti-containing miner-
als are represented by anatase (titanium dioxide), char-
acteristic of weathering products of gabbrodolerites.

Detailed 2D micro-XRF scan of the 1908-10
layer. with a step of 0.1-0.2 mm, showed the presence
of geochemical anomalies in the form of increased con-
tents of elements characteristic of terrigenous material
- Ti, Rb, Zr, Y, Nb. The complex structure of the layer
has been determined, showing its formation over 2-3
years (Fig. 1).

4. Conclusions

The use of a modern analytical method of micro-
XRF using synchrotron radiation beams makes it pos-
sible to construct transfer functions that reflect the
dependence of changes in the elemental sediment of

Fig.1. Distribution of rubidium according to 2D micro-XRF scanning of the 1908-10 layer. with a step of 0.1 mm in a thin
section of bottom sediments of Lake Peyungda. A complex structure of the layer formed as a result of increased removal of ter-
rigenous material from the catchment area after the explosion of the TKT in 1908 was revealed.
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Lake Peyungda on the average annual temperatures of
the study area.

For the obtained function, the correlation coeffi-
cient between the initial meteorological data used for
training (1895-2000) and the calculated values was +
0.58 (n 105, p = 0.01), which makes it possible
to reconstruct the average annual temperature of the
region based on geochemical data for the entire core
sampling depth with 3-year time resolution and quanti-
tative assessment of the reconstructed value.

Detailed studies of the anomalous layer dating
from 1908-10 showed that, in comparison with the
overlying and underlying layers, the amount of anatase
mineral grains in it increases and a number of geochem-
ical anomalies are observed - increased contents of ele-
ments characterizing terrigenous demolition material.
The source of terrigenous material is the weathering
products of differentiated intrusions of the gabbrodol-
erite complex, which are widely represented within the
drainage area.
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KpaTtkoe coobuienune
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AoHHble ocaaku o3epa lNeloHraa, Kak

NPUMPOAHbIN APXHUB KAMMAaTHUYECKHUX U FRESHTWATER
KaTacTpoPpHuecKuM cobbITUHM NPOLUAOTO BIOLOGY
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AHHOTALHA. C noMompio CKaHUPYOIEro MUKpo-PDA ¢ KMCHOJIb30BaHUEM CHUHXPOTPOHHOTO M3JIy-
YeHUsA TOJIyYeHbl Mpoduin n3MeHeHUs Mo IJIyOuHe pa3pe3a 3JIEMEHTHOT'O COCTaBa JIEHTOYHBIX TJIUH
o3epa Ilerorraa (KpacHOApCKUi Kpai, DJBEHKHSA), PACIIOJIOKEHHOTO B 33 KM K I0r0-3amajiy OT SMULIEHTPA
Tynrycckoi katactpodsl 1908 roga. Bo3pactHas Mofeib TOATBEPXKAAETCA HATMINEM JaTUPOBAHHOTO
CJIOS aHOMAJIPHOM MOIIHOCTH, CBSI3aHHOTO C MafileHreM U B3PhIBOM TYHT'YCCKOTO KOCMKYECKOTO Tejia
(TKT). U3ameHeHUs cOfepXKaHUN 3JIEMEHTOB 10 JaTUPOBAHHBIM CJIOSIM KEPHA COMIOCTABJIEHHI C JAHHBIMU
WHCTPYMEHTAJIbHBIX METEOHAOJII0/IEeHNH 3a MOoCJIeJHEE CTOJIETUE U Hali/leHa CBS3b CPENHEr0J0BON TeEM-
mepaTyphl perMoHa U 3JIEMEHTHOT'O COCTaBa OJTHOBO3PACTHHIX CJIOEB JOHHBIX OCAAKOB (TpaHchepHas
ynknms). Ilo JaHHBIM CKaHUPYIOMIETO 3JIEKTPOHHOI'0 MHKPOCKOIA M PAaMAaHOBCKOU CIIEKTPOCKONNU,
ciori 1908 T. OT/IMYaeTCs MOBHINIEHHBIMUA KOHIIEHTpanuAMu Ti-comepXamux MUHepasioB (aHaTasa).
[MosiBneHuwe aHaTa3a, BEPOATHO, CBA3aHO co B3peiBoM TKT u mocjieyoonM MHTEHCUBHBIM Pa3MBIBOM
JOJIEDUTOBBIX TeJI, IIMPOKO MPEACTABJIEHHBIX HA TEPPUTOPUHU BoAocOOpa.

Kitiouegeie csroga: naneokyjimMaThueckre peKOHCTPYKI[UY, TeOXUMUs, JOHHbIE OTJIOXKEHUA, TYHT'yCCKUI MeTeopur,
o3epo [leronga, KP-cnektpockonus

s mutupoBanusA: HosukoB B.C., JapeuH A.B., Porosun [.10., Meiigyc A.B., babuu B.B., MapkoBuu T.U. JloHHBIE OCagKu
o3epa [letoHrja, Kak IPUPOAHBIN aPXUB KJIMMAaTUYeCKUX U KaTacTpoduyeckuil coobITuil nmpouuioro // Limnology and Freshwater
Biology. 2024. - No 4. - C. 487-492. DOI: 10.31951/2658-3518-2024-A-4-487

1. Beepenne 6opa B 200 pa3 mpeBhIlIaloleil IJIONIab 03epa M03BO-

JisieT TOBOPUTH O IPAMON 3aBUCHUMOCTH XUMHYECKOTO
cocTaBa JOHHOI'O 0CajiKa OT COCTaBa OKPYKaIOIIUX rop-
HBIX [TOPOZ.

[ITupokoe pacmpocTpaHeHUe B IIpefesax Hcce-
JlyeMOll TeppUTOpHUU IMOJIYyUYJIM IOPOABl HIDXHETo
Tpuaca (TyTOYaHCKas, ydaMcKas CBUTHI), IIpeJICTaB-
JIeHHble KOMILJIEKCAMH JI0JIEPUTOB U Ty(OoaseBpUTOB.
WHTpy3uBHBle Marmaruieckue IMOPOABl OTHOCATCA K
TpPeM KOMILJIeKcaM (KaTaHI'CKUi, Ky3bMOBCKUEH, THIYaH-
CKHull) rabbpo- W yMepeHHO IMIeJIOYHBIX [10JIEPUTOB
paHHero Tpuaca M araTCKOMy KOMILJIEKCY JJOJIEpUTOB
cpenHero Tpuaca. MHTpy3uu o6pasyioT MeJIKue MaJio-

OOBbeKTOM HccJIeJOBaHUs SABJIAIOTCA JOHHBIE
ocanku o3epa [letonrga. O3epo pacnosiaraercsa B IIpe-
nesnax I'TI3 “TyHrycckuii” B DBeHKMHCKOM aBTOHOMHOM
OKpyre, Ha paccroaHuu 30 KM OT MpeArosiaraeMoro
3NMIIeHTpa B3pbBA TYHI'YCCKOIO KOCMMYECKOro Teja
(1908 r.). IletoHrga npepacrapiisieT coOO MPECHOBO-
JJHOe 03epo OKpyIjIol ¢opMbl JuaMmeTpoM okoso 600
M M MakcuMaJibHON riaybouHoi 35 m (Rogozin et al.,
2023). [Tmomanap o3epa coctasiiseT 0,4 kM2,

Ha ocHOBaHUM anropuTMa MoJeIMpOBaHUsA ped-
HbIX OacceiiHOB cpeacTBamu ArcGIS 9.3 6bL1 npou3Be-

JleH pacyeT MJIoMANN TepPUTOPUM BojocGopa osepa MOIIHbIE TeJIa U30METPUYHOM, M30METPUYHO-BBITAHY-

Merorrma 80 km? (ArcGISTM Spatial Analyst, 2001). Toft (OPMBI, ITACTOBBIE TeJTa, Aaiiku (BapraHos  Ap.,
C6Gop MeTEeOpHBIX BO/I, TPAHCIOPTUPYIOIIHUX BEIECTBO 2015).

TEPPUTe€HHOr0 TPOUCXOXJIeHUs, C IUIoMagu BOJOC-
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2. MaTepuan U MeToAbl MCCAEAOBAHUA

B 2022 r. oToOpaHO JBa KepHa JOHHBIX OTJIOXe-
Hull: kepHHI Pe-22-1 u Pe-22-3 pnunHoit 1076 mm u 1187
MM, COOTBeTCTBeHHO. OTOOp OCyIIeCTBJIAJICA C IIOMO-
b0 IpaBUTAIMOHHOrO IpoboorbopHuka UWITEC
(ABcTpusi) B IIEHTPAJIbHOM TJIyOOKOBOJHOU YacTH
o3epa. KepHbl pasfgessuinch BIOJIb ocu NMpobooTdopa
Ha ABe [0JI0BUHHL. VI3 0/HOI [T0JIOBHUHBI KEpHA r'OTOBU-
JIUCh IUCKpeTHble 00pas3iipl Hape3Kol ¢ marom 10 M,
13 BTOpPOHM H3roTaBJIMBaJIMCh TBepAble OOpaslbl AJiA
HenpeprlBHOIO PMA-ckaHUPOBaHMA B CUHXPOTPOHHOM
neHtpe UA® CO PAH mo metoauke (Darin et al., 2013).

Ilocne pocraBku npo6 B WI'M CO PAH
(HoBocubupck), H3roTaBJMBaJIUCh TBepAble IIperna-
parthl yTeM JIMOGUIBHOM CyIIKYU 1 IPONUTKH 3IOKCHU-
HOU cmoJion. [lsA aHayimn3a coAepXKaHUs XUMUYEeCKUX
3JIEeMEHTOB MKCIIOJIb30BAJINCh IIJIOCKONapaJulesibHble
0o6pazupl 2-MULJIMMETPOBOM TOJIIUHBI C TPUILIAGO-
BaHHO! IIOBEpPXHOCTbHIO, M3TOTOBJIEHHBIE U3 TBEPABIX
IpenaparoB JJOHHBIX 0CaAKOB. M3 TBepAbIX IIpenapaToB
Tax>ke OBLIM M3rOTOBJIEHBI ONTUYECKUE MUINQEL.

JlaTupoBka OTJIOXEHUM oOcyllecTBjAjach Ha
OCHOBe u3MepeHUi aktuBHOcTel 2!°Pb u ¥Cs mo riy-
OuHe paspe3a U IoJcYeTa BU3YaJIbHO BbIAEJIAEMBIX
cjioeB. bplla mocTpoeHa Bo3pacTHas MoOJiesib «IJTyOrHa
KepHa-BO3pacT ocajkoB». Ha riybutHe okosio 80 MM BO
BCeX KepHax HabJofaeTcsi BU3yaJIbHO Pa3TAYUMBIN
CBEeTJIBIM CJIOM MOIHOCTBIO 2-3 MM, KOTOPBIM Ha BO3-
pacTHo 1mkaje coorBeTcTByeT 1908 roay.

Ckanupyromuii Mukpo-P®A Ha mnyukax CuUH-
XPOTPOHHOIO u3JiydeHuUs npoBoawyica B  IIKII
«CHOMpCKUl LIEHTP CUHXPOTPOHHOTO 1 TepareploBoro
U3JIyueHus» o Metoauke (Darin et al., 2013). Paamep
IATHA BO30yXJallero M3jyyeHus U mar ckaHupoBa-
HUA COCTaBjsa 1 MM, 4TO IpUMepHO pasHO 1,2 - 1,5
JIeT Ha BO3pACTHOU mIKajie. B kaxaoi Touke oqHOBpe-
MEHHO oIlpefeJIsyINCh TOpoJoo0pasyoiye U cjieJoBble
anemenTsl K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Ga, As, Br,
Rb, Sr, Y, Zr, Nb, Mo, a takxe Co/Inc — OTHOIlIEHHe
VIIPYyTO/HEYNPYTro paccessHHOTOo Ha obpasile Bo30yxXa-
I0IIlero M3Jjy4yeHus.

Rb

0,8
0,6
0,4
0,2

01

3. Pe3ynbTarthbl

C ucnoJib30BaHUEM BO3pacTHON Mmopesnu (riy-
OMHa KepHa — BO3pacT 0cajika) JaHHble 00 3JieMeHT-
HOM COCTaBe JOHHOIO ocajka ObLId IepecuuTaHbl
U3 JIMHEMHOM mKaJbl (rjiyOMHa KepHa OT T'paHUIlbI
BOJIa-0Ca/IOK) B IIEJIOYMCJIEHHBIN BpeMEeHHOU psl U
ycpeAHeHH ¢ maroM B 3 roga. Ilpu noucke B3auMmoc-
BA3W MeXAy I'eOXUMHUYeCKUMHU IlapaMeTpaMu U MeTe-
omapamMeTpaMH HCIIOJIb30BaJIMCh JJaHHbIE OJirKaunien
MeTeoCTaHLIMM B noc. BaHaBapa, moctynHble ¢ 1895
mo 2000 rr. (https://climexp.knmi.nl; http://meteo.
ru/data/156-temperature). MeTogoM MHOXECTBEH-
Hol perpeccun (babuu u np., 2015), 6pu1a nocTpoeHa
TpaHchepHasa GYHKIOMA, CBA3BIBAKOIIAA PErMOHAIBHYIO
CpeqHeroJIoByl0 TeMIepaTypy C JIUTOJIOrO-reoXumMude-
CKUMU JaHHBIMU:

T=5.389-Co/Inc + 3.887Br + 1.443Rb - 5.657,

rae Br, Rb - xounenTpanum 6poma u pybunus B r/T
(ppm), Co/Inc — oTHoOILIEeHUe YNpPYyro/HeyIpyro pacce-
SIHHOT'O Ha 06pasiie BO36yX/aiollero u3JIyuyeHus.
[MosmpoBaHHble HINGH CKAHUPOBAJINUCH C NPU-
MeHeHUeM 3JIEKTPOHHOT'O CKaHUPYIOLero MUKPOCKOIIa
(C3M) MIRA 3 LMU. B cyoe 1908-10 rr. ycTaHOBJIEHO
HoBHIIeHHOe cofepxanue Ti-comepxamux MuHepa-
JIOB OTHOCHUTEJIBHO BBIIIe- W HIKeJIeXaluX CJIoeB.
[IpumeHenue metonoB KP-cnekTpockonuu AjiS UAEH-
tudukanuu Ti-comepxalux MUHEPaJIOB C KCIOJIb30-
BaHNeM aBTOMaTHu3upoBaHHOH crucTembl WITec Apyron
nokasasio, uro Ti-copepxamue MuHepasibl NpefCTaB-
JIEHBI aHaTa30M (JUOKCHU]] TUTaHA), XapaKTePHbIM [JIs
MPOAYKTOB BEIBETpHUBAHUA rabOpOJOIepUTOB.
HetanpHoe 2D Mukpo-P®A ckaHupoBaHUe €104
1908-10 rr. ¢ marom 0,1-0,2 MM, moka3ajio HaJu-
yye reoXMMHYeCcKUX aHOMaJui B BUJe IOBBIIEHHBIX

coiepXXaHUs 3JIEMEHTOB, XapaKTEPHBIX JIJIs TEPPUTEH-
Horo Matepuasia — Ti, Rb, Zr, Y, Nb. OnpezeneHa ciox-
Has CTPYKTypa CJIOs, MOKa3bIBaloIas ero oopasoBaHue
B TeueHum 2-3 jet (Puc.1).

Puc.1. Pacnpenenenue pyouaua no gaHaeiM 2D Mukpo-P®@A ckanuposaHue cyos 1908-10 rr. ¢ marom 0,1 MM B nutnde
JIOHHBIX ocafxoB o3epa [leioHrAa. BriAByieHa cjI0XHAasA CTPYKTypa cJios, oOpa3oBaBllerocsa B pe3yJsibTaTe MOBBILIEHHOTO CHOCA
TeppUreHHOro MaTepuasa ¢ Teppuropuu Bogocoopa nociie B3poiea TKT B 1908 r.
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4. BoiBOADI

Hcnosp3oBaHue COBpEMEHHOI0 aHAJIMTUYeCKOIo
MeToAa MUKpPO-PDA Ha nmyykax CUHXPOTPOHHOTO U3JTy-
YeHUs AaeT BO3MOXHOCTb IOCTPOEHHUs TpaHC(epHBIX
pynkuuii, orobGpaxamwInxX 3aBUCUMOCTh H3MeHEeHU:A
3JIEeMEeHTHOTo ocajka o3epa IleloHrja ot cpeiHerono-
BBIX TeMIlepaTyp paiioHa McciieJOBaHuA.

Juia nosydyeHHOUW QyHKOMU KO3PPUIUEHT KOp-
peJiAnun MexXay UCXOOHBIMU MeTeOJaHHBIMU, UCIIOJIb-
3yeMbIMU A1 06ydenus (1895-2000 rr.) 1 pacueTHBIMU
BeJsinunHaMmu coctaBui + 0.58 (n = 105, p=0.01), uto
[I03BOJIAAET CTPOUTH PEKOHCTPYKLUIO CpefHeroJ0BOM
TeMnepaTyphl peroHa 110 re0OXMMH4eCKUM JaHHBIM Ha
BCIO IUIyOMHY onpo0OOBaHUA KepHa C 3-X JIETHUM Bpe-
MEHHBIM pa3pelleHreM U KOJITYeCTBEHHON OLIeHKOM
PEKOHCTPYHpPYyeMON BeJIN4YUHEL

JleTasibHBlE HCCIeNOBAaHWUA aHOMAJIBHOIO CJIOS,
aatupyemoro 1908-10 rr., nokasany, 4TO B CPaBHEHUU
C BBIIlle- U HIDXeJIeXalUMH CJI0AMHU B HEM Bo3pacTaeT
KOJIN4eCTBO MUHepaJIbHbIX 3epeH aHaTasa 1 Habstoaa-
eTcs psAA reoXMMHYecKUX aHOMaJuii, — IOBHILIEHHBIE
cojiepXaHUs 3J1eMeHTOB, XapaKTepU3yIoUX MaTepyuall
TeppUreHHoro CcHoca. JCTOYHUMKOM TeppUreHHOIo
MaTepuaa ABJIAITCA NPOAYKTHl BbIBETPUBAHUA AU-
(pepeHIIPOBAHHBIX MHTPY3UI KOMILJIeKca rabopooJie-
PUTOB, IMPOKO Ipe/CTaBJIEHHBIX B IIpejejax BOJOC-
GOpHO TUIOIIA U,

BbAaaropapHoCTH
Pa6oThI BeITIOJIHEeHA IpU IToaAepxKe rpanTta PHO

22-17-00185 un B paMKax rocyJapCTBEHHOr0O 3aJaHusA
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