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ABSTRACT. A 23.5 m deep borehole was drilled on the dried bed of the Aral Sea 9 km south of the for-
mer Barsakelmes Island. At a depth of 21.3 m, the borehole penetrated Paleogene bedrock. In the inter-
val 21.3 - 15.2 m the conditions of a shallow freshwater reservoir at a considerable distance from the
flowing rivers (deltaic channels of the Syr Darya River) - the first phase of filling of the Aral Basin with
river water - were reconstructed. It has been preliminary attributed by three 14C AMS dates to the time
about 23-25 thousand years BP. Above 15.2 m of the section the conditions become even more shallow,
starting from 12.0 m of the section - brackish-water. The upper 10.5 m of the section correlates with the
sediments of the modern geological phase of the Aral Sea development studied in detail in the same area
by Burr et al. (2019), the beginning of which was estimated at 17.6 thousand BP. The new data obtained
indicate an earlier appearance of the modern Aral Sea, which originated as a shallow freshwater body.

Keywords: bioanalysis, diatoms, spore-pollen analysis, non-pollen palynomorphs, radiocarbon dating

For citation: Panin A.V., Ludikova A.V., Sapelko T.V., Uspenskaya O.N., Borisova O.K., Zagorulko V.A., Utkina A.O. New
data on the Pleistocene history of the Aral Sea-Lake // Limnology and Freshwater Biology. 2024. - Ne 4. - P. 568-573.

DOI: 10.31951/2658-3518-2024-A-4-568

1. Introduction

The history of the Aral Sea at the end of the
Quaternary period is recorded in marine (lacustrine)
terraces, the heights and ages of which are still debated
(Kes, 1991; Cretaux et al., 2013), and in bottom depos-
its, which as late as the last quarter of the 20th cen-
tury could be studied only to a shallow depth using soil
tubes (Maev et al., 1983). The drying up of the central
part of the Aral Sea, which was completed by the end of
the 2000s, opened up the possibility of drilling on the
drained bottom, which allowed researchers to recon-
struct the history of the sea for most of the Holocene
(Krivonogov et al., 2010; Gus’kov et al., 2011; Boomer,
2012). The most complete section of lacustrine deposits
was penetrated by borehole B-05-2009 at 29 m asl, 7 km
south of the former island of Barsakelmes (Burr et al.,
2019). The total thickness of the lacustrine deposits was
10.7 m, with the beginning of their accumulation esti-
mated at 17.6 kcal BP. Below this were deposits called
brown clays and diagnosed as non-lacustrine (‘brown

*Corresponding author.
E-mail address: a.v.panin@igras.ru (A.V. Panin)

Received: June 15, 2024; Accepted: July 02, 2024;
Available online: August 26, 2024

568

non-lacustrine clays, a substratum’). The interval 10.7
- 14.9 m (borehole bottom) was not analysed or dated.
This work answered the question of the age of the mod-
ern phase of the Aral Sea, but since the borehole did not
reach bedrock, it remains unknown whether lacustrine
deposits are present below the section.

2. Methods and Results

We attempted to determine whether there is evi-
dence in the bottom deposits of earlier phases of the Aral
Sea’s development in the Late Pleistocene. For this pur-
pose, in September 2023, borehole 23902 with a depth
of 23.5 m was drilled 9 km south of the central part
of Barsakelmes Island at the coordinates 45.52941°N,
59.90009°E. Drilling was carried out by Pride Mount 80
machine on the base of UAZ 3310 flatbed truck with 80
mm augers with continuous and complete core recov-
ery. There were four main units in the section obtained.

Unit 1, 0 - 10.5 m: greenish-grey loam, carbon-
ate, in some places with single layers of fine sand from
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the first millimetres to 3 cm thick. In the upper metre
and below 6.5 m there were brownish tinged areas.
Below 7.7 m, powdery and crystalline gypsum efflores-
cence was present.

Unit 2, 10.5 - 15. 2 m: thin interlacing of loams
and siltstones with fine sands, with layers of sandy loam
and fine sands 20 to 70 cm thick. Colour brownish grey,
light brown between 11.4 and 14 m.

Unit 3, 15.2 - 21.3 m clay loam, massive, com-
pact, non-carbonate, grey, blackish in parts due to man-
ganese, in the interval 16.2 - 18.3 m with reddish tint.
In the interval 16.5 - 18.5 m there were abundant gyp-
sum crystals in some places, in the interval 20.0 - 20.5
there were clay-carbonate concretions.

Unit 4, 21.3 - 23.5 m (bottom): greenish-bluish
loam (aquamarine), with clay-carbonate concretions at
22.0-22.5 m, below 22.5 m - bluish grey, rich in angu-
lar concretions of pyrite (FeS) and marcasite (FeS,).

Unit 4 contained highly mineralised pollen grains
of ancient gymnosperms (Pinaceae/Podocarpaceae)
and abundant remains of dinoflagellates, which, in
combination with other features, allows us to attribute
it to bedrock (marine Paleogene). In the upper 5-6 m,
the section closely mirrored that of borehole B-05-2009
(Burr et al., 2019), but deeper our section was less
sandy. In contrast, no brown clays were encountered at
10.7 m depth (as elsewhere below); below 10.5 m the
section acquired brown tones indicative of well-aerated
conditions, but became more sandy. Assuming that
our layer 1 corresponds to the well-studied lacustrine
deposits of well B-05-2009 (upper 10.7 m), we focused
our efforts on studying layers 2 and 3. A number of
analyses were performed on samples from these lay-
ers: granulometry, loss-on-ignition, biological remains,
diatom, spore-pollen and non-pollen palynomorphs
(NPPs).

In Unit 3 the composition of biological remains
>0.25 mm was poor - single fragments of vegetative
parts of higher plants. At depth 21.0 m (base of the
Unit), parts of mouth apparatus of midge flies’ larvae
(Chironomidae) were found. Dinoflagellate cysts (espe-
cially abundant at the bottom of the layer; obviously
a product of erosion of underlying bedrock), spicules
of sponges, fungal spores, cocoons of turbellaria (cili-
ated worms, predominantly freshwater), eggs of roti-
fers (representatives of freshwater zooplankton), small
fragments of arthropods, green algae Botryococcus
braunii were found within the NPP. The abundance
of pollen grains was highly variable. Pollen of her-
baceous species prevailed, dominated in some places
by Cyperaceae and Polygonaceae, in some places by
Poaceae, Chenopodiaceae and Caryophyllaceae. Pollen
of Artemisia, Ephedra, Fabaceae, Brassicaceae, Rosaceae,
etc. was also recorded. At the top of the layer pollen
of aquatic plants Nymphaeaceae appeared. Among
trees pollen of Pinaceae prevailed. Pollen of Betula,
Salix was also recorded. Among spore plants Sphagnum
and Lycopodiaceae were found. Pollen of Poaceae and
Chenopodiaceae prevailed among grass pollen. Pollen
of Apiaceae, Polygonaceae, Cyperaceae, etc. was pres-
ent in small quantities.
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Throughout Unit 2, parts of vegetative organs of
higher plants, especially Typha, freshwater Chara algae
(singularly in the upper part of the layer, abundantly
in the lower part), as well as ostracods and cladocera,
were found in the composition of bioresidues >0.25
mm. The upper part of the unit contains rare valves
of marine, brackish-marine and brackish-water littoral
diatoms (Diploneis bombus, D. didyma, Tryblionella com-
pressa, etc.). The diatom concentration is very low. At a
depth of 12.0 m, diatom abundance notably increases.
Brackish T. compressa and brackish-marine D. didyma
typical of the Late Holocene and recent sediments
of the Aral Sea, predominate in the diatom assem-
blage. The proportion of planktonic diatoms did not
exceed 6%. They include brackish-marine and brack-
ish Chaetoceros spp. and Cyclotella choctawhatcheeana,
characteristic plankton ic diatoms of the Aral Sea. No
diatoms were found in samples below 12 m, including
layer 3. Pollen composition was absolutely dominated
by pollen of Chenopodiaceae and Artemisia. Pollen of
Caryophyllaceae, Poaceae, Cyperaceae, Brassicaceae,
Rubiaceae, etc. was also present. Pollen of aquatic
plants was also represented by Nymphaeaceae. Among
tree pollens, only Pinaceae pollen is recorded. Among
non-pollen palynomorphs the content of microfau-
nal remains slightly decreased. The number of fungal
spores remained low. Green algae Botryococcus braunii
and phytoliths were recorded sporadically.

3. Discussion and conclusions

It can be concluded that Units 2 and 3 were
formed in conditions of a shallow water body, first
freshwater, and in the upper half of layer 2 (starting
from a depth of 12.0 m) - brackish-water. During the
formation of Unit 3, the water body was somewhat
deeper and the deltaic channels of River Syr-Darya
were at a considerable distance. During the forma-
tion of Unit 2, shallow-marshy conditions periodically
appeared, including in the upper half of the layer -
shallow brackish-water environmdent. Unit 3 reflects
the initial stage of filling of the Aral Basin with river
water. The timing of this event can be judged from
three 14C (AMS) total organic carbon (TOC) dates, cal
BP: 22870140 (15.3 m depth), 24870+130 (16.15
m) and 23580150 (21.0 m). Thus, the beginning
of fresh water inflow into the Aral Basin and the first
freshwater phase of the modern Aral Sea development
in relation to it can be attributed to the time of 23-25
thousand years BP. However, taking into account that
the dates were obtained using insufficiently reliable
material (TOC, Corg content in sediment 0.4-0.5%),
this age estimate should be considered preliminary. A
more reliable estimate will be made later, taking into
account the forthcoming results of OSL dating.
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AHHOTALIUA. ITpo6ypeHa ckBakrHa riIyOnHOU 23.5 M Ha OCylIeHHOM JHe ApajibCKOro MOps B 9 KM
K oIy OoT OpiBIIEro ocTpoBa bapcakesnbmec. Ha riryOouHe 21.3 M CKBaXXHMHa BCKpbLIa KOPEHHBIE TIOPOIbI
nasjieoreHa. B narepase 21.3 — 15.2 M peKOHCTPYHPOBAHbBI 00CTaHOBKH MEJIKOBOAHOI'O IIPECHOT'0 BOJIO-
eMa Ha 3HAQUUTEeJbHOM yJaJleHHU OT BIAJAIIMUX pek (AelbToBhle NMPOTOKU p. CelpAapbi) — mepBas
daza 3anosHeHUs ApajibCKOM KOTJIOBUHBEI peuYHBIMU BofgaMu. OHa npefiBapuTeJIbHO OTHeCeHa 10 TpeM
14C AMS pgatam KO BpeMeHU OK0JI0 23-25 ThIC.JI.H. Brimie 15.2 M pa3pe3a 00CTaHOBKM CTAHOBATCA ellle
0oJiee MeJIKOBOAHBIMYU, HaunHasA ¢ 12.0 M paspesa — COJIOHOBaTOBOAHBIMU. BepxHue 10.5 M paspesa
KOPPEIUPYIOTCA C JeTAJIbHO M3YYeHHBIMU B TOM Xe paiioHe Burr et al. (2019) OTJIOXEHUAMU COBpe-
MEHHOH IreoJiornueckoi asnl pa3BuTHsa Apajia, Hauajao KOTOPOU oljeHeHO B 17.6 Tric.J1.H. [loyueHHbIe
JaHHBbIE YKa3bIBAIOT Ha OoJjiee paHHee MOsABJIEHNE COBPEMEHHOro Apaja, 3apOoAUBIIErocs Kak MeJIKOBO-

[JHBIN [IPECHBI BOAOEM.
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1. BBeaenue

Hctopusa ApajibCcKoro Mops B KOHIle yeTBep-
TUYHOTO TIEPUO/Ia «3alKcaHa» B MOPCKUX (0O3epHBIX)
Teppacax, YPOBHM M BO3DACT KOTOPBHIX [0 CHX IOpP
muckyTtupyiores (Kech, 1991; Cretaux et al., 2013),
U B JIOHHBIX OTJIOKEHUX, KOTOpHIe ellle B MOcjieqHelN
yerBepT XX B OBUIO BO3MOXHO W3y4aTh JIUIIb Ha
He6OoJIbIIYI0 TJIyOMHY C NMOMOIIBI0 IPYHTOBBIX TPyOOK
(Maes u np., 1983). [lepecbixaHue eHTPAJILHON YaCTH
Apana, 3aBepmuBmieecsa K KoHIy 2000-X IT, OTKPBLIIO
IepeJl uccjleloBaTesIAMM BO3MOXHOCTh OypeHUA Ha
OCYIIeHHOM [He, YTO I03BOJIMJIO PEKOHCTPYUPOBaTh
HUCTOPHI0 MOpsA B oObeMe OoJbllIell 4acTH ToJjoIeHa
(Krivonogov et al., 2010; I'ycpkoB u fip., 2011; Boomer,
2012). HauboJiee MOJTHBIN pa3pe3 O3EPHBIX OTJIOXKe-
HUI OBLI BCKPBIT CKBaXXuHOU B-05-2009 Ha ypoBHe
29 M BC B 7 kM K 0Ty OT ObIBIIEro 0. bapcakenbmec
(Burr et al., 2019). O6mias MOIIHOCTb O3€PHBIX OTJIO-
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)eHuH coctaBuiia 10.7 M, Ha4aJI0 UX HAKOILJIEHMS Olle-
HeHo B 17.6 ThiC. Kas.J1.H. Huke 3ajieraiy oTJIOXKeHUs,
Ha3BaHHbIE KOPUYHEBBIMU TJIMHAMH U JUArHOCTUPO-
BaHHBIe KaK Heo3epHble («brown non-lacustrine clays,
a substratum»). UaTepBat 10.7 - 14.9 m (3aboii ckBa-
JKMHBI) HE aHAJIN3UPOBAJICA U He JJaTUpoBaJicA. JlaHHas
paboTra oTBeTHJIa Ha BOIPOC O BO3pAacTe COBPEMEHHOM
(dasel pazBuTHA Apasia, HO NOCKOJIBKY CKBaXXHMHa He
Jollia OO0 KOPEHHBIX NMOPOJ, OCTAJIOCh HEU3BECTHBIM,
MPUCYTCTBYIOT O3€pHBIe/MOPCKHE OTJI0XKEHUA JIU HUXe
0 paspeay.

2. MeToAblI M pe3yAbTaTbl

MBI nonsiTaaruch yCTaHOBUTD, UMEIOTCA JIU B pas-
pe3e IOHHBIX OTJIOKeHUI Apajia cBujeTesbcTBa 6oJiee
paHHux a3 ero pa3putusa Apasa B Io3gHeM IjIeHiCcTo-
1ieHe. C 3TOM 11eJ1blo B ceHTAGpe 2023 ' B 9 KM K 0Ty OT
I[leHTpaJIbHOH 4acTu o.BapcakesibmMec B TOuke € KOOp-
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auHatamu 45.52941°c.m1., 59.90009°B.n. ObLy1a mIpoO-
OypeHa ckBaxuHa 23902 riy6unoii 23.5 M. bypenue
MpOU3BOANIIOCH cTaHKoM Pride Mount 80 Ha 6a3e 60p-
ToBoro aBromMobusia YA3 3310 mHekaMu AuaMeTpoM
80 MM ¢ HenpepBIBHBIM U IIOJIHBIM H3BJIedeHHeM KepHa.
B nosiyueHHOM paspese BbAeJIEHO 4 OCHOBHBIX CJIOA.

Croti 1, 0 — 10.5 M: CyTJIMHOK 3eJ1IeHOBaTO-CePhIli,
kapOOHaTHBIN, MecTaMU C eOUHUYHBIMHU CJIOHKaMu
TOHKOI'0 IecKa TOJIIMHON OT IepBBIX MUJIJIMMETPOB
[0 3 cM. B BepxHeM MeTpe U HUXe 6.5 M — YYacCTKH C
KOpUYHeBaThIM OTTEHKOM. Huxe 7.7 M IpUCYTCTBYIOT
nopomkooOpasHble U KpUCTaJUINYecKue BblesIeHuA
TuIca.

Crott 2, 10.5 — 15. 2 M: TOHKOe TlepecjlavBaHue
CYTJIMHKOB U aJIeBPUTOB C TOHKHUMU [1leCKaMH, IIPUCYT-
CTBYIOT CJIOU Cylecell M TOHKUX IeCKOB TOJII[MHOH OT
20 mo 70 cMm. liBeT KOpUYHEBATO-CEPHII, B NHTEpBaJe
11.4 — 14 M — CcBeTJIO-KOPHUYHEBBII.

Cmont 3, 15.2 — 21.3 M CYIJIMHOK TsDKeJIbIH,
HekapOOHATHBIN, IJIOTHBIM, CEpPHIN, y4acTKamMu uep-
HOBaTHIM 3a cueT oMapraHileBaHus, B UHTepBasie 16.2
— 18.3M ¢ ppixeBaTHIM OTTeHKOM. B uHTepBase 16.5 —
18.5 M MecTamu OOMJIbHBIE KPHCTAJLJIBL TUIICA, B UHTEP-
Basie 20.0 — 20.5 mpUCYTCTBYIOT I'JIMHUCTO-KapOoOHAT-
Hble KOHKpelUHu.

Croni 4, 21.3 — 23.5 M (3a06011): CyrJIMHOK 3eJie-
HOBaToO-roJIy0OBaThll (aKkBamMapuH), C TJIMHUCTO-Kap-
OOHaTHBIMM KOHKpenusmu Ha 22.0-22.5 m, Huxke 22.5
M — rojiyboBaTO-CepHBIii, HACBIIIEHHBIN YTJIOBAaTHIMU
KoHKpenuamu nuputa (FeS) u mapkasura (FeS,).

Cyoil 4 comepxaJ CWIbHO MHHepaJINu30BaHHEIE
NbLIbLIEBBIE 3epHa ApeBHUX rojoceMeHHHIX (Pinaceae/
Podocarpaceae), a Taxxe 06MJIbHBIE OCTATKH AUHODIIA-
reJUIAT, YTO B COBOKYIIHOCTH C APYTMMH NpU3HaKaMu
[I03BOJIAET OTHECTH ero K KOpPeHHBIM mnopoaaMm (Mop-
CKOM nasieoreH). B BepxHux 5-6 M pa3pes 6JIU3K0 NOBTO-
ps1 pa3pe3 ckBaxuHbl B-05-2009 (Burr et al., 2019),
OHaKO IJIyOxe Hall pa3pe3 ObLI MeHee NeCYaHUCTHIM.
Hanpotus, Ha riybute 10.7 M (kak u rae-amubo HIKe)
He OBLJIO BCTpPEUYeHO KOPUYHEBHIX I'JIMH, Hike 10.5 M
paspe3 npuolpeJsi KOpUYHeBble TOHA, CBIUETE/IbCTBYIO-
mue o0 yCJIOBHUAX XOpollel ajspainuu, HO crajl 6ojiee
necyaHucTeIM. [Ipeamnosiaras, yro Ham cjoi 1 cooT-
BETCTBYET XOPOIIO U3yUYeHHBIM 03€pHO-MOPCKUM OTJIO-
KeHUsAM cKBaxuHbl B-05-2009 (Bepxnue 10.7 M), MBI
COCpPeIOTOYMJIN YCUJIUA Ha u3ydeHuu cjioes 2 u 3. Ilo
oOpasijaM 13 3TUX CJI0eB ObLJT BBIIOJIHEH PAL aHAJIN30B:
JIMTOJIOTHYeCKUH (rpaHyJIoMeTpus, IOTepu NpU IIpoKa-
JIMBaHUM), OOOCTATKOB, JUATOMOBBI, CIOPOBO-IIBLIIb-
1IeBOM U HembLUIbleBbIX nasiuHomopd (HIIIT).

B cioe 3 cocTtaB 6uooctatkoB >0.25 MM OuYeHb
6eneH — eqUHUYHBIE (PparMeHTH BereTaTUBHBIX YacTel
BHICIIMX pacTeHWH. B ocHOBaHUU cji0A Ha IJIyOuHe
21.0 M BCTpeudeHHl YacTH pOTOBOTrO amnmnapara KoOMapoB
(Chironomidae). B cocraBe HIIII BCTpedeHBI LKUCTHI
AuHodJiaresuIAT (0oco0eHHO OOMJIbHBEIE B HU3aX CJIOS;
OYeBHAHO, NPOAYKT pas3MblBa HIDKeJIeXalnX KOpeH-
HBIX NOPOJ), CIUKYJIBI I'yOOK, CIIOPBI IpubOB, KOKOHBI
TypOesuisipun (pecHUYHBlE 4YepBH, NPEeUMYIIeCTBEHHO
MpeCcHOBOAHBIE), fAiilla KOJIOBpPATOK (IpefcTaBUTEIN
[IPeCHOBOAHOI'O 300IUIAHKTOHA), MeJikue (parMeHTHl
YJIeHHCTOHOTHX, 3eJleHble BoAopocau Botryococcus
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braunii. KoHueHTpauus mBUIBLEBBIX 3€peH KpaliHe
n3MeHunBasA. [lpeobiyiafiaer MbUIBIA TPABAHMUCTHIX
pacTeHuii, cpefu KOTOPOH JOMUHHPYIOT MeCTamu
Cyperaceae u Polygonaceae, wmecrammu Poaceae,
Chenopodiaceae u Caryophyllaceae. Takxe oTmeueHa
meUTbla Artemisia, Ephedra, Fabaceae, Brassicaceae,
Rosaceae u ap. B Bepxax cJiosi MmosBJIsgeTcs MHBUIbIA
BoAHbIX pacteHuil Nymphaeaceae. Cpenu MBUIBITEI
JipeBecHBIX IpeobiiafaeT mpuiblja Pinaceae. OTMeueHa
Takxke nbUIbIA Betula, Salix. Cpeivi CHOPOBBIX pacTeHUN
oTMmeueHHl Sphagnum u Lycopodiaceae. Cpeaul MBLIBITHI
TpaB npeobiafaet neuibija Poaceae u Chenopodiaceae.
B HebGoipIIMX KOJMYECTBAX IPHUCYTCTBYET MBLIbIA
Apiaceae, Polygonaceae, Cyperaceae u Jip.

ITo Bcemy ci1010 2 B cocTaBe OMoOCTaTKOB > 0.25
MM BCTpPeuYeHBl YacTU BereTaTUBHBIX OPraHOB BBICIINX
pacrenuii, ocobeHHo porosa (Typha), mpecHOBOIHBIX
XapOoBBIX BoIopocJIel (B BepXHeH YacTH CJI0s e JUHUYHO,
B HIXKHEH — OOUJIBHO), @ TaKXKe OCTPaKO/Ibl, KJ1a/10l[ephl.
B BepxHell yacTH cCJIOA OTMeUYeHHl peJKUe CTBOPKU
MOPCKUX, COJIOHOBAaTOBOJHO-MOPCKHUX U COJIOHOBAaTO-
BOJHBIX JINTOPAJIBHBIX quatoMeil (Diploneis bombus, D.
didyma, Tryblionella compressa v 1p.). KoHleHTpanus
CTBOpPOK KpaliHe Huskas. Ha riybune 12.0 m copep-
XaHue OuaToMell 3aMeTHO Bo3pacraeT. JJOMUHUDYIOT
coJioHOBaTOoBOfgHass T. compressa W COJIOHOBATOBO-
IHO-Mopckoit D. didyma, xapakTepHble IJI IO3QHErO-
JIOIIEHOBHIX U COBPEMEHHBIX OTJIOKEHUI ApasibCKOro
Mops. JlosA IJIAHKTOHHBIX JUAaTOMeH He IpeBhIIaeT
6%. OHHu npeAcTaBjIeHbl COJIOHOBATOBOAHO-MOPCKUAMU
U cosioHoBaTOBOAHBIMU Chaetoceros spp. u Cyclotella
choctawhatcheeana, xapakTepHBIMHU I AUATOMOBOTO
IUTaHKTOHA Apajbckoro mops. B obpasmnax Hike 12
M, B TOM 4HCJIe B cJioe 3, AuaToMen OOHapyXeHH He
6bu. B cocraBe mMBUIBIE abCOIOTHO HOMUHUPYET
OBUIBIIA MapeBBIX U IOJIBIHEH. BcTpewaeTcs HBLIbIIA
Caryophyllaceae, Poaceae, Cyperaceae, Brassicaceae,
Rubiaceae u gap. IIsuibia BOAHBIX pacTeHUI Bce Tak
xe npexncraniieHa Nymphaeaceae. Cpeu nbUIbLEL JIpe-
BeCHBIX OTMevaeTcsi TOJIbKO IbUIblIa Pinaceae. Cpeau
HEeNBUIBIIEBEIX HAJIMHOMOPd HEMHOrO CHUXXaeTcsA
coJlepkaHue ocTaTKoB MUkpodayHsl. KoymuecTBo criop
rpuboB ocTaercsAi HEBBICOKMM. EAMHUYHO OTMeueHEI
3eJIeHble BoJopocu Botryococcus braunii u GuTOIUTHL

3. 06cy)xapeHue U BbIBOADI

MO>XHO 3aKJIl04UTh, YTO cjion 2 u 3 popmMUpo-
BAJIMCh B YCJIOBUAX MEJIKOBOAHOIO BOAOeMa, CHavasa
[IPECHOBOJHOI0, a B BepXHel N0JI0BUHe cJjiod 2 (Hauu-
Has c ri1y6oussl 12.0 M) - costoHoBaToBOAHOTO. [1pu dhop-
MHpPOBaHUM €105 3 BoJOeM ObLI HECKOJIBKO IJIyOxe U
JlesbToBBIe pyKaBa Chlpapby ObUIN Ha 3HAYUTEJIBHOM
yaasieHuu, npyu GOpMHUPOBAaHUY CJIOA 2 NepUOoAUYecKU
BO3HUKAJIA MeJIKOBOJHO-00JI0THBIE 00CTAaHOBKU, B TOM
qricjie B BepXHell NI0JIOBUHE CJIOSl — MOPCKOe COJIOHOBA-
TOBOAHOE MeJiKoBoAbe. Cjioil 3 oTpaxaeT HadyasbHYIO
CTaJNI0 HaNoJIHEeHNA ApasibCKOM KOTJIOBUHBI peUHbIMU
BogaMu. O BpeMeHHU 3TOro COOBITHA MOXHO CyAUTH 11O
TpeM noydyeHHbIM 14C (AMS) garam no obiieMy opra-
Hu4eckomy yryiepoay (TOC), cal BP: 22870 =140 (ruty-
6uHa 15.3 M), 24870+130 (16.15 m) u 23580+150
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(21.0 m). TakuMm o6pa3zom, HayayI0 NOCTYILJIEHUSA TPec-
HBIX BOJ B ApaJIbCKyI0 KOTJIOBHUHY U CBA3aHHYIO C HUM
[IepBYy10 IIPeCHOBOAHYIO a3y pasBUTHUA COBPEMEHHOI'O
Apanbpckoro Mopsi MOXHO OTHOCUTH KO BpeMeHU 23-25
ThIC.J.H. OHaKO, YYUTBbIBasA, 4YTO JAATHl MOJIy4eHBI IO
HeHagexHoMmy Matepuainy (TOC, comepxkaHue COpr B
ocanke 0.4-0.5%) 3Ty oneHKy Bo3pacra cjefyeT CUU-
TaTb IpeABapuTesibHON. Dbojlee HagexHasd oOlieHKa
OyZeT chejiaHa NMO3AHee C y4eTOM OXHIAaeMbIX pe3yJib-
taTtoB OCJI-maTupoBaHus.

bAaaropapHoCTH
ITosieBBIE paGOTI:I, JINTOJIOTNYECKHEe aHa-
JIN3bl, OaTHpPOBaHMWE BBIIIOJHEHbBI 3a CYET CpeCTB

Poccuiickoro HayuHoro ¢donpa, mpoekr PHO 22-17-
00259. TlajIMHOJIOTMYECKUH M AUATOMOBBIN aHAaJIM3bI
BBIIIOJTHEHBl B paMKaX TeMbl rocszafgaHus HMHcTuTyTa
ozeposefienns PAH Noe FFZF-2024-0002 (A.B.JIyqukoBa,
T.B.Camneyko).
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