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ABSTRACT. This paper presents data on the content of reduced sulfur compounds in the bottom sedi-
ments of two meromictic reservoirs: Mogilnoe Lake (Barents Sea) and Lake Trekhtsvetnoe (White Sea).
A distinctive feature of both reservoirs is the high content of hydrogen sulfide in the anaerobic mon-
imolimnion. The total content of reduced sulfur compounds, characterized by the XS _ . parameter,
averaged 0.500% for Mogilnoe Lake and 0.994% for Lake Trekhtsvetnoe. The main form of sulfur
for both lakes was pyrite (more than 60% for Mogilnoe Lake and up to 80% for Lake Trekhtsvetnoe).
Significant amounts of sulfur associated with organic matter were noted in the surface layers. The con-
tents of acid-soluble monosulfides and elemental sulfur were not significantly different (no more than
10% of =S, ). This distribution of forms in the composition of =S,  makes the bottom sediments of the
studied lakes similar to sea sediments. The high level of accumulation of reduced sulfur compounds in
sediments is due to their provision of a sufficient amount of organic matter, which comes mainly from
the chemocline zone.
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1. Introduction

Meromictic reservoirs are characterized by
unique hydrological and hydrochemical structures. The
water column of such lakes is a multilayer structure
consisting of a mixed aerobic mixture followed by a
chemo-, halo- and thermoclinal mixture, and below is
an anaerobic layer with a high content of hydrogen sul-
fide, which is formed due to the intensive process of
bacterial reduction of sulfates. This process also occurs
in bottom sediments (BSs). The purpose of this study
was to compare the content of reduced sulfur com-
pounds, a geochemical parameter of the sulfate reduc-
tion process, in the sediments of two meromictic lakes
located in the European Far North basin of two differ-
ent Arctic seas, the White and Barents Seas.

One of these lakes is Mogilnoe Lake, which is
located on Kildin Island in the Barents Sea and is a
unique hydrological natural monument of federal sig-
nificance. It is the remnant of a sea bay, separated from
the sea approximately one and a half thousand years ago
by a stone bridge, but still maintains an underground
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connection with the sea. Mogilnoe Lake has the longest
history of study among the meromictic lakes of Russia,
at almost 140 years. The most famous endemic of this
relict lake is Kildin cod. The average depth of the lake
is approximately 7 m (the maximum depth is 16 m).
This research confirmed the development of negative
trends in the lake’s ecosystem, namely, an increase in
the maximum concentrations of hydrogen sulfide in the
bottom horizons to 210 mg/1, as well as an increase in
the boundaries of its distribution in the water column.

Lake Trekhtsvetnoye is a reservoir located at the
meromictic stage of separation from Kandalaksha Bay
in the White Sea. The maximum depth of the lake is
7.5 m; its distinctive feature is the presence of a bright
green layer 15-20 cm thick, located above the chemo-
cline, formed by the massive development of anoxy-
genic phototrophic green-colored sulfur bacteria. The
lake shows the accumulation of large concentrations of
hydrogen sulfide in the bottom layers — up to 600 mg/1
(Losyuk et al., 2021).

In BS, the formation of hydrogen sulfide as a
result of the sulfate reduction process is accompanied

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2024-A-4-493
mailto:glosyuk@yandex.ru

Losyuk G.N. et al. / Limnology and Freshwater Biology 2024 (4): 493-498

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

by the formation of various organic and inorganic com-
pounds of reduced sulfur, the total content of which is
usually characterized by the parameter “sum of bac-
terial hydrogen sulfide derivatives (ZS,,.)”. It contains
sulfur from acid-soluble sulfides, pyrite, and elemental
and organic forms.

2. Materials and methods

Bottom sediment samples were taken in March
and June 2019. The sampling was carried out using an
Aquatic Research Instruments (USA) direct-flow soil
impact tube with an internal diameter of 50 mm, a
length of 60 ¢cm, and a sampling discreteness of 5 cm.
Immediately after sampling, the sediment samples were
placed in plastic bags, from which the air was squeezed
to prevent oxidation. The analysis of the contents of
oxidized and reduced forms of sulfur in the samples was
carried out using the method of systematic phase anal-
ysis developed in the Laboratory of Geochemistry of
the Institute of Oceanology RAS (Volkov and Zhabina,
1980).

3. Results and discussion

The sediments collected from the lakes were rep-
resented by dark brown flooded silts. The humidity of
the samples was 93.6-33.2% in Mogilnoe Lake and 95.6-
74.4% in the lake. Tricolor. The content of organic mat-
ter was determined on a EuroVector CHN analyser and
varied from 11.3 to 1.8% for Mogilnoe Lake and from
8.6 to 5.5% for Lake Trekhtsvetnoe. In Mogilnoe Lake,
a significant contribution to the composition of organic
matter is made by the terrigenous component, which
is confirmed by the C/N parameter, which is equal to
10.7 on average for the column; in Lake Trekhtsvetnoe,
the autochthonous component predominated (C/N was
on average 6.5 for the column).

In bottom sediments, as a result of the activity
of sulfate-reducing bacteria under anoxic conditions,
hydrogen sulfide is formed, which is transformed into a
number of reduced sulfur compounds of varying stabil-
ity, namely, acid-soluble sulfur monosulfides (mainly
hydrotroilite), pyrite, elemental sulfur and sulfur asso-
ciated with organic matter. The content of total reduced
sulfur (ZS,,.), which is the sum of these four main forms
of reduced sulfur in bottom sediments, in the sediments
of Mogilnoe Lake varied from 0.252 to 1.650%, with an
average amount of 0.500%. Its maximum content is con-
fined to the surface horizons of sediments enriched in
organic matter. As one descended into their thickness,
its amount either decreased (at deeper-sea stations)
or remained practically unchanged. In the composi-
tion of ZS ., the predominant form was pyrite, which
indirectly indicates the active occurrence of bacterial
sulfate reduction in the sediments of Mogilnoe Lake.
The content of pyrite sulfur varies from 0.03 to 1.39%,
averaging 0.34% (more than 60% of the total content
of all forms of reduced sulfur). The highest amounts
of organic sulfur were noted in the sediments of the
surface horizons, after which the amount decreased.
The sulfide content varied in the range from 0.002 to
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0.017%; the maximum contents are noted in the upper
layers of sediments (0.009-0.017%), and in the lower
horizons, its concentrations decrease by 3-4 times.
Elemental sulfur, the concentration range of which var-
ied from 0.002 to 0.016% (average value of 0.007%),
was found throughout the entire studied layer of lake
sediments, starting from their surface. High level of
accumulation in lake sediments. The abundance of
reduced sulfur compounds is due to their provision of a
sufficient amount of organic matter.

The total reduced sulfur content in the sedi-
ments of Lake Trekhtsvetnoe averaged 0.994% (0.225-
1.467%). The main form of reduced sulfur in the sedi-
ments was pyrite (the average content was 0.692%, with
a range of 0.045-1.165%). At the same time, its share
reached 60-80% in XS . Organic sulfur, the second
most stable form of accumulated reduced sulfur, had
a noticeable effect only in the surface horizons of the
sediments (its amount varied in the range from 0.043
to 0.180%, with an average value of 0.130%). As one
moves deeper into the sediment, its amount changes
slightly, but its share of the composition of =S pas-
sively decreases with an increase in the content of other
forms: the contribution in the upper horizons reaches
58% of that of =S, and in the lower horizons, it
reaches only 4-9%. The amount of intermediate forms
(sulfide and elemental sulfur) in their total content is
small (on average for columns 0.026% and 0.146%,
respectively). This is especially true for acid-soluble
sulfide sulfur, and its contribution to S, for the entire
studied Lake Trekhtsvetnoe did not exceed 3.6%. The
role of elemental sulfur is more noticeable (up to 10%
of ZS,,). The greatest accumulation of reduced sulfur
compounds occurred in the sediments of the lake. Lake
Trekhtsvetnoe is most likely supplied by OM, which
is predominantly of autochthonous origin due to the
intensive development of microbiological communities
in the chemocline zone and in the lake water column
(Losyuk et al., 2023).

4. Conclusion

Thus, the contents of reduced sulfur compounds
in the sediments of the two meromictic lakes were ana-
lysed. In both lakes, a high level of their accumulation
was noted; both similar values of the amount of =S,
and similar profiles of the ratio of various forms in their
sum were obtained. Namely, the predominant form for
both lakes was pyrite (more than 60% for Mogilnoe
Lake and up to 80% for Lake Trekhtsvetnoe). The high-
est amounts of organic sulfur were observed in the sur-
face layers. The contents of sulfide forms and elemental
sulfur were insignificant. All this makes the distribution
profiles of the forms of reduced sulfur compounds sim-
ilar to the data for marine sediments. The high level
of accumulation of reduced sulfur compounds in sedi-
ments is due to their provision of a sufficient amount of
organic matter accessible to microorganisms.
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CoeaMHeHHA BOCCTAHOBAEHHOM cepbl B
AOHHBLIX OCaaKaX MepoOMHUKTUYECKHX o3ep
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DedepabHblll UCCITEN08AMETHCKULL YeHMD KOMILTEKCHO20 U3yyeHua Apkmuku um. akademuka H.II. JIageposa YpO PAH, np.
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AHHOTALIUA. B pabGore mpencTaBjieHBl HaHHBE O COAEpXXKaHHUU COeOVWHEHH! BOCCTAaHOBJIEHHOM
cepul B JIOHHBIX Ocajikax [IByX MEpOMMKTUYeCKHX BojoeMax: o3. MoruibHoe (bapeHIieBo Mope) U 03.
TpexusetHoe (besioe Mope). OTINYNTEIbHOMU YepTOol 000UX BOAOEMOB fABJIETCS BEICOKOE COepXKaHUe
CepoBOJIOPOAA B aHA3POOHOM MOHMMOJMMHUOHE. ObIIiee cofepXXaHue COeIMHEHUI BOCCTAaHOBJIEHHOMN
CEpHI, XapaKTePU3YIUECsA TapaMeTpoM 2S ., cocTaByisano B cpeanem 0.500% s 03. MOruabHOro
u 0.994% s o3. TpexuBeTHoro. OcHOBHOUM ¢GOPMOI cephl [Jisi 06oux o3ep Obuia mupuTHas (6osiee
60% st 03. MoruisHoe u 10 80% muist 03. TpexnBeTHOe). B TOBEPXHOCTHBIX CJIOAX OBLIIU OTMEYEHbI
3HauuTeJIbHbIE KOJIMYEeCTBa CEPHI, CBA3aHHOM C OpraHnyecKuM BellecTBoM. CoaepxaHue cephbl KUCIOTO-
PaCTBOPUMBIX MOHOCYJ/Ib(U/IOB 1 3JIEMEHTHOM cepbl ObLIO HE3HAYMTENIbHO (He Gosibmie 10% ot 2SS, ).
HanHoe pacmpeziesieHre GOpM B cOCTaBe XS,  IeJIaeT JOHHbIE OCAJKU HUCCJIENYEMbIX 03€P CXOKUMU C
MOpCKUMU. BricOkuii ypoBeHb HaKOILIEHNA B OcajKax COeqUHEeHH! BOCCTAHOBJIEHHOU Cephl 00YCJIOB-
JieH 00ecniedYeHHOCThI0 UX JOCTATOYHBIX KOJIMYeCTBOM OpPraHMYEeCKOIo BelleCTBa, MOCTYMIAloLero npeu-
MyIIECTBEHHO 13 30HBI XeMOKJIMHA.

Kiioueanie croga: MepOMUKTUYECKUI BOAOEM, JJOHHBIE OCAJIKH, CTpaTU(UKAaLNs, CEPOBOJOPO/, COeVHEHU
BOCCTaHOBJICHHOH Cephl

Jna mutupoBaumsa: Jlociok I'.H., Kokpsarckaa H.M., BaxpameeBa E.A., IlomoB C.C. CoeauHeHUs BOCCTaHOBJIEHHOM
cepbl B JOHHBIX OCaJKax MepoMHUKTHYeckux osep // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 493-498.
DOI: 10.31951/2658-3518-2024-A-4-493

1. Beepenue OnmHO M3 Takux o3epa 3To 03. MorwibHoe, pac-

moJjioxkeHHoe Ha o. KunpauH B BapeHiieBoM Mope, —
VHUKAJIbHBIA THIPOJIOTUYECKUN MAMATHUK TPUPOJIBI
denepanpHOro 3HaveHus. OHO ABJIAETCA OCTAaTKOM
MOpPCKOI'0 3ajliBa, OTHAEJIMBLIErocA OT MOpPsS OKOJIO
MOJTyTOPA THICAY JIeT Ha3aJ] KaMeHHO! MTePeMBIYKOM, HO

MepoMukTUyeckrie BOLAOEMBl IPeACTaBJIAIT
co60i1 OOBEKTHl C YHUMKAJIbHOU THAPOJIOTUYECKON U
TUPOXVMMMYECKOl CTPyKTypoil. BogHas Toma Takux
03ep npencTaBjAeT coO0M MHOTOCJONHYIO CTPYKTYPY,

COCTOAIIYI0 M3 IlepeMenInBalIerocsa aspooHoro MuK-
COJINMHUOHA, fajiee UAeT XeMo-, rajlo- U TepMO-KJINH
U HIXEe paclojiaraeTcs aHadpOoOHBIN CJIOH C BBICOKHMM
cofepXXaHUeM CepoBOIOPOAA, KOTOPHIN oOpa3syeTcs 3a
CcYeT MHTEHCHBHO IIPOTEKamIlero mnpouecca 0akTepu-
aJIbHOTO BOCCTAHOBJIEHUA cyJbdaTos. [IpoTekaeT 3TOT
nporecc U B JOHHBIX ocafkax ([0). Llesblo gaHHOTO
HCCJIeIOBaHNUA ABJIAJIOCh CPaBHUTH COZepXXaHKe coequ-
HEHUM BOCCTAQHOBJIEHHOU Cephl, KaK re0XMMHYECKOro
napaMeTpa mnporecca cyjiabdaTpeyKIuy, B OcajKax
ABYX MEPOMHMKTHYECKHUX 03€p, PaCIOJIOXKEHHBIX Ha Tep-
putopuu EBporneiickoro Kpaiinero CeBepa, HO OTHOCA-
muxcsA K 6acceliHaM ABYX Pa3HbIX apKTUYeCKUX MOpei:
benoro n bapeHueso.
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JI0 CUX TIOP COXPaHSIOIIEro MOA3EMHYI0 CBSI3b C MOPEM.
O3. MorujipHOe UMeEeT CaMyl JIUTEJbHYI0 MCTOPUIO
U3yYeHUus Ccpeqd MEPOMUKTHYECKUX o03ep Poccuu
moutu 140 ser. Camblii WM3BECTHBIA JHIOEMUK 3TOTO
PeJIMKTOBOTO 03epa — KWIbJUHCKasA Tpecka. CpemHss
rjiybuHa o3epa — OKoJio 7 M (MakcuMaJsibHasA TTyOuHA
16 m). B xo11e nccieoBaHU ObLIO MOATBEPXKIEHO Pa3-
BUTHE HETAaTUBHBIX TEHAEHLUN B 3KOCHUCTEME O03epa,
a VMMEHHO yBeJIMYeHHe MaKCHUMAaJIbHBIX KOHIIEHTpa-
UM CepOBOJIOPOA B MPUAOHHBIX rOpU30HTAx 110 210
MT/JI, a TaKXe MoTbeMa T'PaHUI] ero pacinpoCTpaHeHUs
B BOJHOM TOJIIIIE.

Ozepo TpexiBeTHOE BOJOEeM, Haxojsd-
MUIACSA HA MEPOMUKTHYECKOUW CTauM OTAEJIEHUS OT

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Kanpganaknickoro 3anuBa besoro mops. MakcumarsibHas
riaybuHa o3epa 7.5 M, ero OTJUYUTEJIbHOI YepToil
SIBJIIeTCSl HaJIMulMe CJIos sIPKO-3eJIeHOro ILIBeTa TOJI-
mmHOM 15-20 cM, pacmosioXkeHHOTo Hall XeMOKJITHOM,
06pa30BaHHOTO MacCOBBIM Pa3BUTHEM AHOKCUTE€HHBIX
poToTpOdHBIX 3ejiIeHOOKpallleHHBIX cepobakTepuil. B
o3epe oTMevaeTcsl HaKoIJIeHre OrPOMHBIX KOHIIEHTpa-
Ui cepoBOAOpO/ia B IPUAOHHBIX CJI0SIX - A0 600 Mr/n
(JIoctok u np., 2021).

B O mnosBneHue cepoBOoAOpoO/ia B pe3yJibTaTe
npoijecca cyjabdaTpedyKIMU CONpPOBOXAaeTcsA obpa-
30BaHHEeM pa3HOOOpa3HbIX OpraHNYecKux U HeopraHu-
YyecKHX COe[VWHEHUI BOCCTAHOBJIEHHOU cephl, 00Ilee
cofepXaHUe KOTOPBIX OOBIYHO XapaKTepusylT Mapa-
MeTpoM “CcyMMa IPOU3BOLHBIX OaKTepuasibHOTO Cepo-
Bojopoza (2S,,)”. B ee cocTtaB BXOAWT cepa KUCJIOTO-
pacTBOpUMBIX CyJibGUAOB, MUPUTHAs, dJeMeHTHas U
opraHuyeckasi (popMsl.

2. MaTepuanbl U MeTOADI

[TpoObl OOHHBIX OCAAKOB OBLIM OTOOpaHBI B
MapTe u utoHe 2019 r. OT60p NPOU3BOANIIN yAAPHOI
MPsSAMOTOYHOM TPYHTOBOM TpyOKoM Aquatic Research
Instruments (CIIA) ¢ BHyTpeHHUM auaMeTpoM 50 MM,
AnnHoM 60 cM, ArcKpeTHOCTh 0T60pa npob 5 cM. IIpo6st
JO cpasy nocse or6opa NoMeIlaJuch B IOJUITHIIE-
HOBbIe IaKeThl, U3 KOTOPBIX OTXHUMAaJICA BO3AyX OJiA
IpeJoTBpalleHns OKHUCIeHnd. AHaiIu3 Ipob Ha cofep-
J)KaHUe OKMCJIEHHBIX W BOCCTaHOBJIEHHBIX (OpM cephl
IIPOBOAWJIY 10 MeTOAMKe cCTeMaTU4eckoro pa3oBoro
aHaim3a, pas3paboTaHHOU B JiabopaToOpuu TeoXuMHUU
HWuctutyta okeanosiormu um. ILII. IMupmoBa PAH
(BosikoB u Xabuna, 1980).

3. Pe3ynabTatbl M 06Ccy)xpeHue

OToOpaHHBlE B oO3epax ocaakyd ObuIM Tpef-
cTaBjieHbl OOBOAHEHHBIMU WJIaMU TeMHO-KOpUYHe-
BOro 1Bera. BiaxHocth npo6 Obuia 93.6-33.2% B
03. MorunbHOM U 95.6-74.4% B 03. TpexiBeTHOM.
CofepxaHue OpraHMYecKoro BellecTBa OIpeiesieHO
Ha CHN-anamusatope EuroVector u BapbupoOBajio OT
11.3 go 1.8 % mya o3. MorusabHoe u 8.6 u 5.5% nsa
03. TpexusetHoe. B 03. MorujibHOM B CcOCTaB OpraHu-
YecKoro BelllecTBa 3HAUUTEJIbHBI BKJIaJ BHOCUT Tep-
pUreHHasA COCTaBJIAIOIIAsA, YTO NMOATBepXaaeTcsA mapa-
MmetpoM C/N, paBHBEIM B cpefjHeM II0 KoJioHke 10.7; B
03. TpéxupeTHOe npeobiajaia aBTOXTOHHAA COCTaBJIA-
romtas (C/N ObL1 B cpeiHEM 1O KOJIOHKe 6.5).

B oHHBIX Oocaakax B pe3yJbTare AeATeJIbHOCTU
cyabdarpeaynupyomux 6akTepuil B 6eCKHCI0POIHBIX
yCJI0BUAX uAeT o0pa3oBaHKe CepOBOAOPOA, KOTOPHI
TpaHchOpMUpYyeTCcA B PAA PasIUYHBIX II0 YCTONYHBO-
CTH COeMHEHUI BOCCTAHOBJIEHHOM Cephl, a MMEHHO
KHCJIOTOPAacTBOPUMBIX MOHOCYIbGUAOB cephl (IIpe-
MMYIEeCTBEHHO THUJpPOTPOWINTA), NUPUTA, 3JIEMEHT-
HOH cephbl U Cephl, CBA3aHHON C OpraHMYecKHUM Belle-
ctBoM. CopepxaHue oOIIell BOCCTAHOBJIEHHON Cephl
(ZS,,,), IpeAcTaBANIIed CO00I CyMMy 3THUX YEThIPEX
OCHOBHBIX (OpPM BOCCTAaHOBJICHHOH cepbl B AOHHBIX
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OTJIOKEHUAX, B ocafgxkax 03. MOTWIbHOIO H3MeHs-
jaoce ot 0.252 no 1.650 %, nmpu cpegHeM KOJIMYeCcTBe
0.500 %. Ee makcumanbHOe cofepxaHue MpUuypouYeHo
K oOoraijeHHBIM OPraHWYecKHM BellecTBOM IIOBepX-
HOCTHBIM T'OpPU30HTaM ocajkoB. [Io Mepe morpyxeHus
B UX TOJIYy KOJIMYeCTBO ee WJIM yMeHbHIajgoch (Ha
OoJiee TJIyDOKOBOAHBIX CTaHLMAX) WJIM OCTaBaJIOCh
NPaKTUYeCK HeM3MeHHBIM. B cocraBe 2S,,. mpeoO-
Jnafaromeii GopMoil ObLI MUPUT, YTO KOCBEHHO CBUJe-
TeJIbCTByeT 00 aKTMBHOM IIPOTEKaHUU B OTJIOKEHUAX
0. MormibHOe npoliecca OakTepHUaabHOH cyjabdaTpe-
aykuuu. ComepxaHue NUPUTHON cepbl U3MeHAeTCS OT
0.03 mo 1.39%, cocrasiisaa B cpeqHeMm 0.34% (Gosee
60% OT uxX CyMMapHOro cofepxaHusA Bcex ¢GopM BOC-
CTaHOBJIEHHON cepsl). HanboJsiee BeICOKME KoJIM4ecTBa
OpraHnu4ecKkol cepbsl OTMeUYeHHl B 0CaAKax IIOBEpPXHOCT-
HBIX TOPU30HTOB, 3aTeM ee KOJIM4eCTBO YMEHbIIaIoCh.
CopnepxaHue CyJbGUIHON cephl U3MEHATIOCh B UHTEP-
Basie 3HaueHui ot 0.002 o 0.017%; makcuMajbHbIE
coflepkaHUsA OTMeYeHBl B BEPXHUX CJIOAX OTJIOXKEHUN
(0.009-0.017%), Ha HUXHUX TOPHU3OHTAX ee KOHIIeH-
Tpaluuu yMeHbIIawTcA B 3—4 pasa. DJleMeHTHas cepa,
WHTepBaJl KOHLIeHTpauui KoTopoi n3mensics ot 0.002
1o 0.016% (cpennHee 3naueHue 0.007%), oOHapyXuBa-
eTcs BO BCell MCciIeJOBAaHHOM TOJIIe 03epPHBIX OCaAKOB,
HauyyHasg C UX [IOBEPXHOCTU. BBICOKUI ypOBeHb HaKoO-
IJIeHUsA B ocaAkax 03. MorujbHOe CcOeWHEHUIl BOC-
CTaHOBJIEHHOH cephl 00ycJI0BJIeH 00eclieYeHHOCThI0 UX
JIOCTaTOYHBIX KOJIMYECTBOM OpraHNYecKoro BellecTBa.

CopepxaHue o061eil BOCCTAaHOBJIEHHOU Cephl
B ocajakax o3. TpéxiBeTHOe COCTaBJIAJIO B CpeJHEM
0.994% (0.225-1.467%). OcHoBHOII (opMoOIi BoccTa-
HOBJIGHHOI cephl B ocajakax Obljla NUpUTHaA ¢opma
(cpenuee cogepxaHue cocrapisio 0.692% npu Auana-
30He 0.045-1.165%). [Ipu sTOM ee HoJjiA HoxoAusia A0
60-80% B =S ,,.. OpraHuyeckas cepa, BTOpas yCTOMYHU-
Bas ¢GopMa HaKOILJIEHUs BOCCTAHOBJIEHHOU Cephl, OKa-
3bIBAJIa 3aMeTHOe BJIMSHNE TOJIbKO B IIOBEPXHOCTHBIX
FOpU30HTaX OCAAgKoB (ee KOJIMYECTBO W3MEHsAIOCh B
nHtepBasie ot 0.043 no 0.180% npu cpenHeMm 3Haue-
Huu 0.130%). [Io Mepe morpyxeHus B TOJIY OTJIO-
XKEeHUI ee KOJINYeCTBO H3MeHseTcA He3HauyuTeJIbHO,
OJTHAaKO €€ J0JIA B coCcTaBe XS, MACCUBHO Majasia Impu
yBeJINUeHUH cofiepXaHuA APyrux GopM: BKJIaJ B BepX-
HUX TOPU30HTAX COCTaBJIAN A0 58% OT =S, a B HIX-
HUX yXe TOJIbKO 4-9%. KosnuecTBO NMPOMEXyTOYHBIX
dopwm (cysibdUAHON U 3JIEMEHTHO cephl) B UX CyMMap-
HOM COJiepXXaHUN HeBeJsMKa (B cpeHEM II0 KOJIOHKe
0.026%. u 0.146% coorBeTcTBeHHO). OCOOEHHO 3TO
CIpaBelJINBO AJIA KUCJIOTOPACTBOPUMOM CyJIbPUIAHON
cephbl, ee BKIaJ B XS, JUIA BCETO KCCJIEOBAHHOIO
KepHa 03. TpexiBeTHoro He mnpesbiman 3.6%. Bosee
3aMeTHa poJib 3JieMeHTHO! cepsl (o 10% ot ZSHZS).
HawnGosnee BHICOKUI YpOBEeHb HAKOIIJIEHUA COeAUHEHUN
BOCCTaHOBJIeHHOH cepbl B JIO 03. TpexiBeTHOro obe-
crieyrBaeTcs, cCKopee Bcero, nocrymnseHuem OB, nmero-
UM IIperMyIieCTBeHHO aBTOXTOHHOE IIPOMCX0XIeHHe
3a CYeT MHTEHCHBHO pa3BUBAIOLIMXCA MHUKPOOHOJIOTU-
YecKHUX cOOOIIeCTB B 30He XeMOKJIMHA U B TOJIIIIE 03ep-
Hoti Boabl (JIoctok u fip., 2023).
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4. 3aknioueHue

Takum oOpasom, ObUIM HpOaHAIU3UPOBAHbL
ocagky ABYX MEepOMUKTHYECKHX 03ep Ha coAepkaHue
coeJUHEHUI BOCCTAaHOBJIEHHOU cephl. B 06oux o3epax
OTMeueH BbICOKUI ypOBeHb X HaKOIUJIEeHU s, II0JIyYeHbl
Kak OJIM3KYe 3HaYEeHUsA KOJIMYECTBA 25, , TAK 1 CXOXKUE
npoduaIn COOTHOLIEHUA Pa3Jn4yHBIX GOpM B COCTaBe
UX CyMMBL. A UMeHHO mnpeobsafarmomieii GopMou I
oboux o3ep Obiia nuputHasa (Gosiee 60% [uia 03.
MorunsHoe u 1o 80% i1 03. TpexiBeTHoe). B moBepx-
HOCTHBIX CJIOAX OBLIM OTMeueHHl HauboJiee BBICOKHE
KoJIM4ecTBa opraHuuyeckoil ¢bopmel cepsl. CofepxaHue
cynpuaHex GOpM U 3JIEMEHTHOU cephbl ObLIIO He3Ha-
uynTesibHO. Bece aT0 mesnaer mpodusu pacnpefesieHus
dopm coemuHEHUIT BOCCTAHOBJIEHHOM CEPBhl CXOXHUMU
C JaHHBIMU [JI1 MOPCKUX OCAAgKOB. BBICOKHMIT ypOBEeHb
HaKOIJIEHH!A B OocaJKaX coeqUHEHUN BOCCTAHOBJIEHHOM
cepsl 00yCJIOBJIEH 00eCIeuYeHHOCTBhI0 UX JOCTATOYHBIX
KOJIN4eCTBOM [JOCTYNHOI'O MJiA MHKPOOPraHHW3MOB
OpraHn4ecKoro BellecTBa.
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