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ABSTRACT. The paper presents the results of a study of samples from the “pink horizon” in sediments
of the Onega Ice Lake. A large amount of iron in this horizon is shown, their shapes and sizes are deter-
mined. The presence of microbial mats and biofilms in this layer was revealed, and a conclusion was
made about the rate of accumulation of varyed clays.
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1. Introduction

The structure and composition of the “pink hori-
zon” in varved clays, which is a stratigraphically con-
sistent marking horizon throughout the entire area of
the Onega Ice Lake waters and dated to approximately
13,300-13,200 calibrated years ago (Hang et al., 2019),
was analyzed. The origin and structure of this horizon
remain a matter of debate.

2. Materials and Methods

The research was conducted on Lake Polevskoye,
which is located on the Zaonezhsky Peninsula (Lake
Onega) in the Republic of Karelia. From the sediment
core N125, represented by varved clays of the Onega
Ice Lake, 18 selected samples in 0.5 cm intervals, were
analyzed (depth 9.64-9.84 m - “pink horizon”).

For microscopical analysis all samples were
treated with 30% hydrogen peroxide (30% H,0,) at
room temperature. This is included in the standard
sample preparation to break down organo-mineral
compounds and disperse the sample. An electron scan-
ning electron microscope (SEM) JEOL 6610LV (JEOL,
Japan) was used. The most characteristic and frequently
encountered particles were photographed. To refine
the chemical composition of individual particles, an
INCAx-act (MAn) microanalyzer (Oxford Instruments,
UK) was used.
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Raman spectra were acquired directly from the
Fe-containing particles and films on a Renishaw inVia
Reflex microspectrometer (UK) equipped with 532 nm
and 785 nm lasers using a 50x objective with 0.5
numerical aperture. The laser power was set to below
0.5 mW to avoid alteration of the sample due to heat-
ing. The acquisition time was between 10 to 180 sec
per single measurement. For black C-rich particles, we
used 532 nm laser set to 5-10 mW power and 10 sec of
acquisition time.

3. Results and Discussion

All samples initially had a dark gray color, which
is characteristic of lake sediment. The pink color in the
central part of the sample was not clearly visible. After
treatment with hydrogen peroxide, the major (central)
portion of the samples turned bright red, while the
peripheral portions remained unchanged.

Scanning electron microscopy did not reveal any
organic-mineral particles, such as algae cysts, diatom
shells, or sponge spicules, which are typically found in
lake sediments. Instead, only microbial mats and films
were observed. The main part of all samples is repre-
sented by mineral particles of various sizes.

A large number of small (2-3 microns) iron oxide
crystals were found in the samples of the central part
of the column.
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The use of a microanalyzer revealed that iron is
present in these samples, not only in the form of indi-
vidual minerals, but also as thin ferruginous coatings on
all particles (fragments of aluminosilicates and micro-
bial mats). The iron content on the particle surface is
heterogeneous, varying from 1 to 80 weight percent
relative to other chemical elements, with an average
25-30 weight percent.

Raman spectroscopy of the lake sediment indi-
cated the presence of Fe oxides particles among the
matrix of silicate minerals and indicated transforma-
tions in their chemical structure towards Fe-(oxy)
hydroxides. Among oxides, we identified abundant
hematite (Fe,0O,) grains and among (oxy)hydroxides
— goethite (a-FeO(OH)), which was rare and always
occurred in combination with hematite. The follow-
ing Raman bands characteristic of hematite (Hanesch,
2009) were present in the spectra: at 222-225 (with
a shoulder at 245), 290-300 and 407-408 cm~'. The
additional bands at 298-299 and 379-385 cm™!, when
present, likely indicate partial hematite transformation
with appearance of bands characteristic of goethite and
other Fe-(oxy)hydroxides. Hematite spectra were often
mixed with a sharp peak at 464-465 cm™! originating
from quartz.

Sediments also contained numerous carbon-rich
black particles, mainly in the form of flakes. These
particles demonstrated sharp first-order D (structural
defects in aromatic C) and G (in-plane vibration of
C=C bonds) peaks centered at around 1350 cm~! and
at 1580 cm™! respectively, and the second-order band
centered at ~2700 cm~!. Overall, Raman spectra sug-
gested contribution from graphitic and other types of
thermally mature carbons likely of geological origin
(e.g., C of metamorphic rocks).

4. Conclusion

The change in the color of the samples after
treatment with hydrogen peroxide is associated with
the presence of significant amounts of iron in them.
This is independently confirmed by the data obtained
using the microanalyzer. Forms of iron compounds take
the form of small crystals and amorphous films cover-
ing the surfaces of other particles within the samples.
Those samples that did not alter color following perox-
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ide treatment were devoid of any iron forms (crystals
or film).

The presence of biogenic structures within the
samples exclusively in the form of microbial mats and
biofilms suggests relatively rapid sedimentation accu-
mulation processes that inhibited the emergence of
more complex organic structures, such as framboids,
diatoms, etc.

Microbial mats and biofilms may develop in deep
water even at a depth of 100 m and below (Andersen
et al., 2011; Greco et al., 2020). In deep-water envi-
ronments the composition of the microbial community
may shift from photoautotrophs to chemoautotrophs.
Microorganisms with diverse metabolic strategies have
been reported from bottom sediments of Lake Baikal
including its deep-water parts (Zemskaya et al., 2021).
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AHHOTAIIHA. B paboTe npuUBOAATCA pe3yJIbTaThl UCCIIEAOBAHNA 00pa3IoB U3 «PO30BOTO TOPU30HTA» B
OTJIOXKEHUAX OHEXCKOro NpUIeJHUKOBOro o3epa. [TokazaHo 60JIbIIOE KOJIMYECTBO XKeJie3a B 9TOM ropu-
30HTe, omnpejeseHbl UX (GOPMBI U pa3Mephl. BEIABJIEHO IPUCYTCTBHE B 3TOM CJI0€ MUKPOOHEIX MaTOB U
OHOILIEHOK, CAeJiaH BEIBOJ O CKOPOCTAX HAKOIJIEHUA JIEHTOYHBIX TJIMH.
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1. BBeaenue

[Tpoananu3upoBaHbl CTPOEHHE U COCTaB «PO30-
BOI'0 F'OPU30HTa» B JIEHTOYHHIX IJIMHaX. OH mpefcTaBs-
JseT coboil cTpaTurpaduyeckyd BBIJEpKaHHBI Map-
KUPYWOIUN CJION Ha BCcel IUIOMagUd OTJIOXEHUHN BOJ
OHexCcKOro TNpUJIEJHUKOBOTO oO3epa W AaTUpyeTcA
npumepHo 13 300-13 200 kas. Jlet Hazax (Hang et al.,
2019). IIpoucxoxeHue U CTPYKTypa 3TOr0 rOPHU30HTa
OCTaTCA MIpeIMEeTOM AUCKYCCHUH.

2. MaTepunanbl 1 MeTOADI

HccnemoBanusa mnpoBoAuynchk Ha [loseBckoMm
o3epe, pacrnoJIoXKeHHOM Ha 3a0HEXCKOM IO0JIyOCTPOBe
(Onexckoe o3epo) B Pecniybsinike Kapenusa. U3 kepHa
N125, mnpeAcTaBjIeHHOTO JIEHTOYHBIMM TJIMHAMU
OHexCcKOoro IpUJIeOHUKOBOIO 03epa, ObIO H3y4YeHO
18 mpo6, oTobpanHbIX ¢ uHTepBasioM 0,5 cM (riay6uHa
9,64-9,84 M — «pO30BHIII TOPU30OHT»).

JJ1A MUKpPOCKONIMYECKOT'0 aHaIn3a Bce 00pasIibl
obpabateiBasin  30% mepekuchio Bomopoda (30%
H,0,) mpu KOMHaTHOW TeMmmeparype. JTO BXOJUT B
CTaHJAPTHYI0 NMPOOOMOATOTOBKY AJA yAaJeHUsA opra-
HO-MUHEpAJIbHBIX COEMHEHUN U JUCIepPrupOoBaHUs
npoOsl. Mcnosb30Baiu 3J1€KTPOHHBIM CKaHUPYIOMNN
3JIEKTPOHHBIN MuKpockon (COM) JEOL 6610LV (JEOL,
Amnonusa). Hauboslee xapakTepHble M 4acTO BCTpeya-
omyecsa 4vactunbl Obutn  chororpadupoBaHbl.  [iia
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YTOYHEHUsA XUMHYECKOIO0 COCTaBa OTHEJIbHBIX YaCTHI]
ucrosb3oBaiu MukpoaHanuzatop INCAx-act (MAn)
(Oxford Instruments, Beauko6putanus).

CnekTpbl KOMOMHAI[MOHHOI'O paccesaHus (pama-
HOBCKME CIIEKTPHI) OB MOJIyYeHBl HEIOCPeICTBEHHO
oT Fe-copmepxammux 4YacTul] U IJIGHOK Ha MHUKPOCIEK-
TpomeTpe Renishaw inVia Reflex (BemukoGpuTtanus),
OCHAI[eHHOM JIa3epaM¥ C [JIMHON BOJIHB 532 HM U
785 HM, c HcoJb30BaHUMEeM 0OObeKTHBa 50X ¢ 4mcJIO-
Bou ameptypou 0,5. MomHocTh Jiazepa Oblia ycTa-
HoBJieHa HuXxe 0,5 MBT, 4T0OB M30exaTh M3MeHeHUs
obpasna n3-3a Harpesa. Bpemsa cOopa JaHHBIX COCTaB-
Jasano ot 10 go 180 cekyna Ha ogHO usMepeHue. s
YepHBIX YACTUI] C BEICOKHUM COAepKaHKWeM yrjepoda Mbl
WCIIOJTH30BAJIU JIa3ep C IJIMHON BOJIHHI 532 HM, MoIl-
HOCTh 5-10 MBT u Bpemsa c6opa ganusix 10 c.

3. Pe3ynbTaTthbl H 06Cy)KAeHHue

Bce o6Gpa3subl MCX0HO NMeJIH IPeuMyIeCTBeHHO
TEMHO-CEPYI0 OKpacKy, XapaKTepHyH [Ji O3epHBIX
OTJIOKEHUH. PO30BBII OTTEHOK I[eHTpaJIbHOHM 4YacTu
H3y4yaeMol KOJIOHKY ObLI BeIpaxeH cjiabo. [Tocye obpa-
OOTKM TEPEKNChI0 BOJIOPOAA OCHOBHAsA (ILEHTpAJIbHASN)
yacTh o0pasunoB npuobpesia MHTEHCHUBHBIN KpacHBIN
I[BeT B TO BpeMsI KaK IIBeTHOCTh NepudepuiiHbIx oopas-
I[OB He U3MeHUJIaCh.

[IpocMoTp 00pasnoB MoA 3JIeKTPOHHBIM MUKPO-
CKOIIOM He BBIABWJI KaKUX-JINOO OpraHO-MHHepabHBIX
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YacTHULl, TUUYHBIX AJI O3€PHBIX 0CaJKOB (LIUCT BOJO-
pocJieli, maHUMpel OUAaTOMOBBIX BoJoOpociiel, ¢pam-
60ugoB, COUKYJ rybok). EqUHCTBEHHBIMU YacTUI[AMU
OUOreHHOU NPUPOABI ABJIAINCH MHKPOOHBIE MAaTHl U
mwieHKd. OCHOBHasA 4acTh BcexX 00pasIioB IIpeficTaBjieHa
MHHepaJIbHBIMU YacTUIIaMU Pa3HOH pa3MepHOCTH.

B ob6pasiax neHTpajabHON YacTU KOJIOHKHU BCTpe-
yeHO OOJIBIIOEe KOJIMYECTBO MeJKUX (2-3 MHUKpOHA)
KPHUCTaJJIOB OKCHAA XeJle3a.

Hcnosp3oBaHre MUKpOaHaM3aTopa IoOKasajlo,
YTO B 3THX oOpaslax kejie30 MPUCYTCTBYeT He TOJIbKO
KakK OTAesIbHble MUHepaJsibl, HO U B BHJie TOHKUX XeJle-
3UCTHIX IIJIEHOK, TOKPHIBAIOIMX BCe YacTHUIBl (00JI0MKH
aJIIOMOCHJIMKaTOB U MUKPOOHBIe MaThl). ComepxaHue
JkeJie3a Ha IOBEPXHOCTU YacCTHUI] HEOJHOPOAHO — Bapbu-
pyetr or 1 no 80 BeCOBBIX MPOLEHTOB OTHOCHUTEJILHO
JAPYTUX XUMHUYECKUX 3JIeMEeHTOB, COCTaBJIAA B CpeHEM
25-30 BecoBHIX %.

PamaHOBCcKasg CHEKTPOCKONMA O3€pHBIX OTJIO-
JKeHUI1 IoKasajla Hajdyue 4YacTUll OKCHUJOB ’XeJie3a
cpeou MaTpullbl CHJIMKATHBIX MUHepajioB U yKasaja
Ha TpaHcpopMal1io UX XUMUYECKON CTPYKTYPHI B CTO-
pony Fe-(okcn)runpokcnoB. Cpeid OKCHUIOB BBIAB-
JeHo OoJibllloe KOJINYEeCTBO 3epeH reMarTuTa (Fe203),
a cpeau (oxcu)rufpokcuzioB — rerura (a-FeO(OH)),
KOTOpBIN BCTpeYaeTcsA pelKO M Bcerga B COYETaHWUU C
reMaTuToM. B cnekTpax NpHUCYyTCTBOBAJIM CJleylolire
paMaHOBCKHe II0JIOCH, XapaKTepHble [JIA remMaTuTa
(Hanesch, 2009): 222-225 (c mieuoM 245), 290-300 u
407-408 cMm-1. JlonoysiHUTEIbHBIE ITOJIOCH Ipu 298-299
u 379-385 cMml, eciu OHM TPUCYTCTBYIOT, BEPOATHO,
yKa3bplBalOT Ha 4aCTHUYHYI0 TpaHchopMalWio reMaTuTa
C NOsIBJIEHHEM I10JI0C, XapaKTepHBIX AJIA reTUTa U py-
rux Fe-(okcu)ruapokcuoB. CieKTpel reMaTUTa 4acTo
CMeIIaHbl ¢ pe3KUM koM 464-465 cml, mpuHagexa-
UM KBaply.

OTji0’)keHHA TaKXe cojepXajlyd MHOTIOYMCJIeH-
Hble OoraTble yrjIepoAOM YepHble YaCcTUIIL, IpenMyle-
CTBEHHO B BH/Ie XJIONbeB. JTHU YacCTUI[BI AeMOHCTPUPO-
Bajy pe3kue NukU D mepBoro nopsaka (CTpyKTypHBIe
nedextsl B apomatuueckoM C) u G (miockue KoJie-
6anus cesazeil C=C) ¢ nenTpamu okosio 1350 cm?! u
1580 cM! COOTBETCTBEHHO, a TAKXKE IMOJIOCY BTOPOTO
nopsika. ¢ neHrpom ~2700 cml. B mesom, pamaHOB-
CKMe CIeKTPhl CBUAETEJbCTBYIOT O BKjaje rpadpura u
JApyTruX TUIIOB TepMUYeCKH 3peJioro yrjiepoja, Bepo-
ATHO, Te0JIOTUYeCKOro IPOMCXOXJeHUsA (Hampumep,
yrjiepoja MeTaMop@uUyecKux Iopon).

4. 3aknioueHue

M3MeHeHUe OKpacKy 06pa3LoB Hocje 06paboTKu
UX TIepEKHChI0 BOAOPOJA CBA3AHO C HAJIMYMEM B HUX
3HAUUTEJIBHBIX OOBEMOB 3ejie3a. JTO HE3aBUCHMO
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NONTBepXJaeTcs [AaHHBIMH, IOJIyYeHHBIMU C IIOMO-
MIbI0 MUKpoaHasn3aTropa. @opMbl coeIMHEHUH kejle3a
IpeficTaBJIeHbl MEJIKUMH KpHUCTAaJUIaMU 1 aMOpGHBIMU
IJIEHKaMH Ha NOBEPXHOCTSAX Jpyrux yactuill. O6pasis,
He N3MeHUBIINE OKPACKy 1ocje 06paboTKy IepeKCchio
Kakux-1mbo ¢GopMm keneza (KpuUCTaJUIbl, IJIEHKA) He
HIMeJIU.

[MpucytctBue B obpasuax OHOreHHBIX GopM
HCKJTIOUUTEJIBHO B BUJe MUKPOOHBIX MaToB U OHOILIe-
HOK yKa3blBaeT Ha OTHOCUTEJIbHO OBICTpble NPOIECCHI
HAKOIUIEHUs] OCAOKOB, He TII03BOJIUBIINE IOSIBUTHCA
60Jiee CJIOXKHBIM OpraHmdeckuM ¢dopmam, HamnpuMmep,
dpambongaM, IUATOMOBBEIM BOJOPOCIIAM U TIP.

MukpobHble MaTH M OUONJIEHKU MOIYT pa3BU-
BaThcA B IJTybokoH Boje Aaxe Ha riayouHe 100 M u
Huxe (Andersen et al., 2011; Greco et al., 2020). B ruy-
OOKOBOAHEIX CcpeflaX COCTaB MHKPOOHOro coobiiecTBa
MOXeT MeHATbCA OT GOTOABTOTPO(OB K XEMOABTOTPO-
¢dam. Hampumep, B OTJIOXKeHUAX o3epa Balikas, BKIIO-
qas ero riy60KOBOIHBIE YACTH, OOHApYXeHB MUKpPO-
OpraHMU3MBl C pa3HOOOpPA3HEIMU MeTaboIYeCKUMU
crpareruamu (Zemskaya et al., 2021).
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