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ABSTRACT. The comparison of autigenic minerals from the bottom sediments of lakes located under
conditions of nival, humid and arid sedimentation is carried out. The long-term presence of ice cover
on the lake, which prevents the mixing of water masses, the introduction of terrigenous material, oxy-
gen-free conditions in the residual part of the waters under the ice and their local supersaturation with
gases, makes it possible to form autigenic minerals in fresh waters of lakes located under conditions of
nival, humid and arid sedimentation. The shape of the crystalline aggregates of the newly formed phases
is determined by the conditions of their crystallization, mainly by the ionic composition of the residual
water and microbiological factors.
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1. Introduction y. in the different small lakes of Siberia and Republic
Karelia (Lake Onego and 11 small lakes). Analytical

Nikolay M. Strakhov, Vladimir I. Vernadsky, studies were carried out in the Analytical Centre for

Alexander P. Lisitzin and other scientists pointed out Multi-Elemental and Isotope Research of the SB RAS
the multiphase nature of modern sedimentation in their (IGM, Novosibirsk). The major and trace element com-
works (Strakhov, 1954; Lisitzin, 2010). It is shown that positions were studied using the atomic absorption and

the destruction of rocks is carried out in different ways the ICP-MS methods. A detailed study of the structural
in the humid, arid, and ice zones of the continents, and features, the morphology at the level of individual
basically, the processing of organic matter by microbio- mineral grains of the suspended matter was carried out
logical means is the driving force behind the formation using scanning electron microscope (SEM). The specific

of new mineral phases. modification of the equipment used an Si(Li) energetic
detector, enabling quantitative chemical analysis to be
2. Materials and methods carried out on micro volumes.

This article discusses the features of modern 3. Results and discussions
mineral formation in bottom sediments of small lakes
(56) located in conditions of nival, humid, and arid
sedimentogenesis using the example of selected model
lakes (with a similar composition of autigenic minerals,
ash content, basic water ions, etc.). The samples of bot-
tom sediments were selected in the period 1995-2023

There is the presence of autigenic minerals in
almost all lakes from located in conditions of nival,
humid, and arid sedimentogenesis by the study of sam-
ples of bottom sediments of lakes investigated the mod-
ern complex of mineralogical methods.
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Opal or chalcedony, formed due to biogenic SiO,
of fragments of shells of diatoms or macrophytes, is
added to grains of terrigenous quartz in the bottom sed-
iments of lakes located in conditions of nival, humid,
and arid sedimentogenesis.

Pyrite is the second autigenic mineral that is
present in the bottom sediments of lakes formed under
conditions of all types of sedimentation. Pyrite occurs
in the form of individual crystals, groups of crystals of
octahedral, cubic, pentagonal decahedral shape (size
from 1 to 2 microns) and frambohedra of different sizes
in the bottom sediments of lakes formed during nival
sedimentation, as well as in the case of humid and arid
types of sedimentogenesis (Fig.1). The composition of
pyrite usually corresponds to the formula, sometimes at
the initial stage of framboid formation, water up to 5%
is apparently present.

The formation of autochthonous organic matter
in the water of lakes and its further transformations
by microbiological means can be accompanied by the
formation of autigenic carbonates of calcite-dolomite
series, aragonite, siderite, rhodochrosite and magnesite
in all lakes from located in conditions of nival, humid,
and arid sedimentogenesis (Fig. 2). In lakes with water
mineralization <1 g/l, the buried organic matter,
decomposing during the ice cover of the waters, pro-
vides sharply reducing conditions in the bottom waters,
especially in zones of the nival type of sedimentogen-
esis, which leads to the formation of case, skeletal and

dendrite forms during the formation of metacrystals of
carbonates (Fig. 2), sulfates (gypsum and anhydrite)
(Fig. 3) and barite (Fig. 4a, b).

The mobility of factors (zones of local super sat-
uration of residual waters with gases, which is created
due to a decrease in temperature, increased salinity of
water due to freezing, decomposition of organic matter,
anoxic conditions, etc.) determine the various forms
of metacrystals, and sometimes the zonal structure of
aggregates (Fig. 2b, 3). In cases of crystallization of
mineral phases of carbonates, sulfates and other salts
from solution under conditions of very sharp super
saturation (with initial high mineralization of water
(>5 g/1) when part of the water freezes, cryptocrys-
talline (curdled) dolomite deposits are formed (Fig.
4c), finely needle-shaped gypsum aggregates (Fig. 3c).
Ice cover on the water, which prevents the mixing of
water masses, the introduction of terrigenous material
and its hurricane flow during ice melting, disrupts the
sequence of salt deposition from carbonates to halite
and makes possible the joint association of metacrystals
of gypsum, calcite, halite, and dolomite.

4. Conclusions

The variability of natural factors (long-term pres-
ence of ice cover on lakes, which prevents watering and
the supply of terrigenous material, the anoxic situation
in residual waters with local zones of gas super satura-
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Fig.1. Electron microscope images: a - framboid pyrite formations are spherical aggregates of densely packed microcrystals
having a rounded shape at the initial stage of formation in the bottom sediments of Lake Teplyj Klyuch in nival sedimentogene-
sis; b — framboid pyrite formations in varve clay of the Onego Ice Lake in nival sedimentogenesis; c - framboid pyrite in bottom
sediments of Lake Bazovoe Shuchie in humid sedimentogenesis; d -- framboid pyrite in bottom sediments of Lake Tanatar 6 in
arid sedimentogenesis.
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Fig.2. Electron microscope images: a - dendrite (polycrystalline) aggregates consisting of thin plates of calcite in bottom sed-
iments of Lake Bolshoe Tarkhatinskoe in nival sedimentogenesis; b — radially radiant concentric-zonal spherulite of calcite from
Lake Danilovo” sediments, formed in humid sedimentogenesis; ¢ - dendrite (polycrystalline) aggregates consisting of thin plates
of calcite in bottom sediments of Lake Rublevo in arid sedimentogenesis.
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Fig.3. Electron microscope images: a - skeletal forms of gypsum metacrystals in bottom sediments of Lake Argamdzhi in nival
sedimentogenesis; b — druse aggregate of metacrystals with case forms of anhydrite in bottom sediments of Lake Maloe Shuchie in
humid sedimentogenese; c - fusion of thin-plate gypsum crystals in bottom sediments of Lake Kurechie in arid sedimentogenese.
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Fig.4. Electron microscope images: a - radially radiant fusion of barite plates in bottom sediments of Lake Maloe Tarkhatinskoe
in nival sedimentogenesis; b — radially radiant fusion of barite plate in bottom sediments of Lake Peschanoe in humid sedimento-
genesis; ¢ - curdled aggregates of dolomite in bottom sediments of Lake Tanatar6 in arid sedimentogenesis.
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OcobenHoCTH OOpa3zoBaHMA ayTUreHHbIX
MMHEPaNOB B AOHHbBIX OTAO)KEHMAX

o3ep, chopmupoBaBLUMXCA B X0Ae
HUBAABHOIO, 'YMMAHOIO U apUAHOIO TUNOB
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AHHOTAILINSL. IIpoBeneHO cpaBHEHME ayTUT€HHbIX MUHEPAJIOB 13 JOHHBIX OTJIOXKEHUH 03ep, PacIoJio-
JKEHHBIX B YCJIOBUAX HUBAJIBHOTO, TyMUJHOIO M apUAHOI0 OCaAKOHAKOIUIeHH . JlInuTesIbHOe HaXxoxe-
HUe Ha o3epe JIe[AsIHOT0 IOKPOBa, IIPENATCTBYIONIEro iepeMellBaHni0 BOAHBIX Macc, BHECEHUIO Teppu-
reHHOro MaTepuasa, 6eCKUCI0pOAHbIE YCI0BUA B OCTATOYHOM YacTH BOJ MOAO JIbAOM U UX JIOKAJIbHOE
IepeHachlleHre ra3aMu, AejlaeT BO3MOXHBIM 00pa3oBaHNe ayTUTeHHBIX MUHEpasIoB B IPECHBIX BOAAX
03ep, pacnoJyioxeHHbIX Ha riyorHe 100-150 kM. B yCJIOBUAX HUBAJIBHOIO, BJIQXHOI'O U 3aCyLIJIMBOTO
ocagxoHaKomieHusa. dopma KpucTaaInyecKUX arperatoB HoBooOpa3oBaHHEIX (a3 onpeesisieTcs ycJIo-
BUAMU UX KPUCTAJUIM3alUU, IJIaBHBIM 00pa3oM MOHHBIM COCTaBOM OCTATOYHON BOABI U MHUKPOOMOJIO-

ru4eckuMu pakTopaMu.
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1. BBeaenue

H.M. Crpaxos, B.1. Bepaanckuii, A.I1. JIucuipia
U JIpyrhe ydYeHble B CBOMX paboTax yKasbplBajMd Ha
MHOTO(MAa3HBIN XapakTep COBPEMEHHOTO OCaJIKOHa-
xorteHus (CtpaxoB, 1954; JlucumwiH, 2010 u gp.).
IMokazaHo, YTO MpeoOpa3OBaHME TOPHBIX MOPOJ OCY-
IIECTBJIAETCA MO-Pa3HOMY B 30HaX KOHTHMHEHTa C pas-
JIMYHBIM TUIIOM CeUMEHTOTreHe3a (TyMUOHBIN, apu/-
HBI Y HUBAJIBHBIN), U IBUXYIIEN CUJION 06pa3oBaHus
HOBBIX MUHEPAJIbHBIX (a3 B JOHHBIX OTJIOXKEHUSX ABJISA-
eTcs MHUKpOOUWOJIoTHMYecKas mepepaboTKa OpraHuye-
CKOT'O BellleCcTBa.

2. MaTepuanbl M METOADI

B maHHOH cTaThe pacCMaTpPUBAIOTCSA OCOOEHHO-
CTH COBPEMEHHOTO MHHEepajioo0pa30BaHUs B JOHHBIX
OTJIOKEHUAX MaJibix o3ep (56), pacroJIoOKeHHBIX B
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YCJIOBUAX HUBAJIBHOIO, TYMHIHOTO U apuJHOTO Ceau-
MeHTOoreHe3a, Ha IpuUMepe OTOOpaHHBIX MOJeJIbHBIX
o6bekTax (CO CXONHBIM COCTaBOM ayTUI'€HHBIX MUHe-
paJjioB, 30JIBHOCTHIO, OCHOBHBIMU MOHAMU BOIBL U AP.).
O6pa3znsl JJOHHBIX OTJIOXEHUI OTOOpaHBl B IEepUo.
1995-2023 rr. B Manbix o3epax Cubupu u Pecnybiviku
Kapenus (OHexckoe o3epo 1 11 o3ep). AHasIuTHYeCKe
nccyeOBaHUA MPOBOAUINCh B AHAJIUTUYECKOM LIeHTpe
MHOTI'03JIEMEHTHBIX 1 M30TOMNHBIX MccaeqoBaHun UI'M
CO PAH, HoBocubupck. ConepxaHusa Makpo U MUKPO3-
JIEMEHTOB M3y4YeHBI C HUCII0JIb30BaHUEM aTOMHO-abcop-
6mumoHHoro u ICP-MS meronoB. [leTanpHoe H3yueHUe
CTPYKTYPHBIX ocoOeHHocTel, MOp(dOJIoruy Ha ypOBHE
MUHepaJIbHBIX 3epeH IMPOBOAUJIOCH C MOMOIIbI0 CKAaHU-
pyiollero 31eKTpoHHOro Mukpockomna (COM), oGopy-
JoBaHHOro BSHepretuueckuii ferekrop Si(Li), mo3Bo-
JIAIOIMUNA NPOBOAUTh KOJUYECTBEHHBI XUMHUUYECKU
aHaJM3 Ha MUKpooObeMax.

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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3. Pe3yabTaTtbl M 06Ccy)xpeHue

W3yuyeHue MOOHHBIX OTJIOKEHHUH KOMILJIEKCOM
COBpPeMEHHBIX MUHepaJIOTM4eCKHUX METOJI0OB BBIABUJIO
HajMuyue ayTUTeHHbIX MHHepasioB IpaKTUYeCKu BO
BCEX 03epax, pacloJIO)KeHHBIX B YCJIOBUAX HUBAJIb-
HOro, TYMHIHOTO U apuUAHOro ceAuMeHTOreHe3a.
@dparMeHTH CTBOPOK AMATOMOBBIX BOJOPOCJIEH WU
MakpoQHTOB, CI0KeHHBIX SiO,, , NOGABJIAIOT K 3€pHAM
TeppUreHHOro KBaplia omnajl WM XajledoH B calpo-
IeJjieBble 3ajieXXyd 03ep, PaclOJIOKEHHBIX B YCJIOBUAX
HUBAJIBHOI0, TYMHOHOTO U apUOHOrO ceAuMeHTore-
He3a. [IUpuT - BTOPOI IO pacnpocTpaHeHHOCTU ayTH-
TeHHBbII MUHepaJl B IOHHBIX OTJIOXKEeHUAX 03ep, popMu-
PYIOLIMXCA B YCJIOBUAX BCeX THUIIOB OCAIKOHAKOILJIEHNA.
[Muput BcTpedaeTcA B BuUAe OTAEJIBHBIX KPUCTAaJLIOB,
rpYMII KPHCTAJLJIOB OKTa3IpUYeCcKO, KyOHnuecKoH, neH-
TaroHgoAoKasApuveckoit hpopmsl (pasamepom ot 1 fo 2
MKM) U ¢ppamb034poB (chepuyeckrie arperaTsl IJIOTHO
YIIaKOBAaHHBIX MHUKPOKPUCTAJIJIOB OKPYIJION (OPMEL),
pa3Horo pa3Mepa B JOHHBIX OTJIOKeHUsAx o3ep (Puc. 1).
CocraB nupuTa OOBIYHO COOTBETCTBYeT opMyJie, NHO-
rfja Ha HavyaJIbHOM cTtaguu obpa3oBaHus ¢ppambounsa,
[I0-BUANMOMY, IPUCYTCTBYeT A0 5% BOJBL

OOpa3oBaHue aBTOXTOHHOTO OpraHWYeCKOro

BeI[eCTBA B BOJIe 03ep U JaJIbHEHIINe ero mpeobpa-
30BaHUSI MUKPOOHOJIOTUYECKUM MYTEM MOXET COIPO-
BOXJAThCA OCAXIEHHWEM AayTUTE€HHBIX KapOOHATOB
KaJIbIUT-JOJIOMUTOBOTO Ppsfia, aparoHWTa B 03epax,
PACIIOJIOXEHHBIX B YCJIOBUAX HUBAJIBHOTO, TYMUIHOTO
U apugHoro tuma cegumeHtoreHesza (Puc. 2). B oze-
pax, Jaxe ¢ MUHepaJusamnuei BoAasl <1 r/Ji, oceBiiee

Ha JTHO OpraHuvYeckoe BeI[eCTBO U pasJarawlleecs B
nepuoj] JIeAsSHOro MOKPOBa BOZ, obecrevyunBaeT pe3Ko
BOCCTAHOBUTEJIbHbIE YCJIOBUA B IPHUIAOHHBIX BOMAX,
0cobeHHO B 30HAaX HHBAJIBHOIO THUIA CeJUMEHTOre-
He3a, 4TO IPUBOJUT K 00pa30BaHUI0 CKeJEeTHHIX, JdeH-
JpUTOBBIX GOPM MeTakpucTasioB Kap6oHatoB (Puc.
2), cynbdaros (rumca u auruapura) (Puc. 3) u 6apura
(Puc. 4 a, 6).

Mo6usbHOCTh  (HaKTOpPOB (30HBI JIOKAJIBHOTO
IepecHIleHNs1 OCTATOYHBIX BOJ TraszaMi, KOTOpoe
co3faeTcs 3a CYeT IOHIXKEeHUs TeMIlepaTyphl, IOBHI-
OIeHUs MUHepaM3alld BOJ 3a CYeT BBIMep3aHus,
pas3joXeHUsl OpPraHUYecKoro BellecTBa, 6ECKUCIIOPOM-
HBIX YCJIOBUH U Jp.) OIpedesioT pasyinyHble (pOpMEI
MeTaKpUCTaJJIOB, a WHOTAA U 30HAJIbBHOE CTpOeHue
arperatoB (Puc. 26, 3). B cayuasx kpucrajamdsanuu
MUHepanbHBIX (a3 KapOoHATOB, CyabHATOB U PYrUX
coJiell U3 pacTBOpa B YCJIOBUAX OUeHb PE3KOI0 Mepech-
nieHus (Ipy HaYaJIbHOM BBICOKOI MUHEpPAIN3alUU BOJ
(>5 r/n1) npu BEIMEp3aHUM YacTH BOZHBI, 00pa3yloTcs
CKPBITOKPUCTAJUINYECKHe BhIeIeHNs (TBOPOXUCTHIE)
nosomura (Puc. 4B), TOHKOWUTrOJIbYATBIE arperartsl
runca (Puc. 3B). JlensAaHO# MOKpPOB B 3UMHUII Mepuon
IPEeNATCTBYET IepeMeNINBaHNI0 BOJHBIX MacC U IpUB-
HOCY TEpPPUreHHOro MaTrepuaja. B BeceHHUIT mepuoj
IIPU TasHUU JIbJJA CO3JAI0TCS YCIIOBUA IJIs1 yparaHHOTO
IOCTYIUIEHUS KJIACTUYECKOro MaTeprasia, HapylraeTcs
[I0CJIeJOBATEJIBHOCTD OTJIOXKEHM COJIel 0T KapOOHATOB
Jl0 TajuTa U JiejlaeTcs BO3MOXHBIM COBMeECTHAs acco-
[UaIys MeTaKpUCTAJUIOB TUIICA, KaJIbLUTA, TajuTa U
JI0JIOMUTA.

50um

Puc.1. N3obpaxenus COM: a - dpambouap nupuTa B JOHHBIX OTJI0XeHNaX 03. Tersiii Kitiod, pacnoyioxkeHHOTO B HUBaJIb-
HOM THUIle ceJUMeHToreHe3a; 6 — Gppambonap MUpuUTa B JIEHTOUYHBIX IVIMHaX OHEXCKOro o3epa B HUBAJIbHOM TUIIEe ceJUMeHTOre-
He3a; B - ppamMOOUIpHl NMpUTa B JOHHBIX OTJIOXKEHUAX 03. bazosoe Illyube B ryMHUAHOM TUIIE ceJUMeHTOreHe3a; A - GpaMbonip
IIMPpUTA B JOHHBIX OTJIOKEHUAX 03. TaHaTap6 B apyuJHOM THUIle Ce/UMEeHTOreHesa.

10MKm 7pm
Puc.2. Uzo6paxenusa COM: a - neHApuTHbIe (MOJIMKpUCTAJUINYECKUe) arperaTel, COCTOSIMINE M3 TOHKUX IJIACTUHOK KaJib-
LUTa B JIOHHBIX OTJIOXKeHUAX 03. Bosbimoe TapxaTuHckoe B HUBAJIbHOM celIMeHTOreHe3e; 6 — paJuaJibHO-JIyUMCTble KOHI|eH-
TpUYecKu-30HaJIbHbIe c(HepoJIUTH KaabluTa 03. JJaHII0BO B TYMUAHOM CeVMeHTOreHese; B - JeHJpUTHBIEe (IIoJIMKpUCTaJLJINye-
CKUe) arperarsl, COCTOSAIINE U3 TOHKUX IIAaCTUHOK KaJIbIIUTa B JOHHBIX OTJIOXEHUAX 03. Py6GeBo B apuiHOM celIMeHTOoreHe3e

704



CmpaxoseHko B.[]. u dp. / Limnology and Freshwater Biology 2024 (4): 700-705

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonoeusi CegepHoli Eepasuu»

20um

Puc.3. N3o6paxenus COM: a - ckejieTHble GOPMBI METaKPUCTAJJIOB TUIICA B JOHHBIX OTJIOKEHUAX 03. ApramM’ku B HUBaJIb-
HOM celUMeHTOreHe3e; 6 — IPY30BHIil arperat MeTaKpUCTaJLIOB ¢ GYTJIAPHBIMEU GOpMaMU aHTHMAPUTA B JOHHBIX OTJIOXEHUAX 03.
Mautoe Illyube B TyMUJHOM CeIUMEHTOreHe3€; B - CPACTAHMUA TOHKOILIACTUHYATHIX KPUCTAJIJIOB T'UIICA B JOHHBIX OTJIOXKEHUAX 03.

Kypeube B apuHOM ceAlMeHTOTeHe3e.

Aum

B[

1rn )

Puc.4. Nzo6paxenusa COM: a - pajuaIbHO-JIyurCcTOe BbilesieHre 6apuTa B IOHHBIX OTJIOXKEHUAX 03. Masoe TapxaTuUHCKOe B
HUBaJIbHOM Ce[JUMeHTOreHese; 6 — paJuabHO-JIyulCTOe BblJiesieHrne 6apuTa B JJOHHBIX OTJIOXKeHUAX 03. [lecyaHoe B IyMUJTHOM
celUMEeHTOreHese; B — TBOPOXHUCThIE arperarsl JOJOMHUTA B JOHHBIX OTJIOXKEHUAX 03. TaHaTap6 B apuAHOM CeJMEHTOreHese.

4. 3aknioueHue

[lepemeHYNBOCTh NPUPOAHBEIX (aKTOpoB (OJIU-
TeJIbBHOE HaJInuue JIeJSHOrO IMOKpoBa Ha BoAe, Ipe-
[IATCTBYIOIIEro 06BOJHEHUIO U IPUHOCY TeppUreHHOI'o
MaTepuasa, 6ecKuCIOpoHasA CUTyalus B OCTaTOYHBIX
BOJIaX C JIOKAJIbHBIMU 30HaMU ra30BOr'0 Ne€pecChIleHus,
obyciioBjleHHasA TpaHcopMmalell OpraHuYecKoro
BelllecTBa) obeclieurBaeT BO3MOXHOCTb KpHCTaJLIN3a-
1A ayTUT€HHBIX MHHEPAJIOB B NPECHBIX BOAAX 03€p,
PACIOJIOKEHHBIX B YCJIOBUAX HUBAJIBHOIO, TYMHUHOI'O
U apuHOro CeqUMeEHTOreHesa, U ompefesseT Gopmy
KpPUCTAJJIMYECKUX arperaToB HOBOOOpa3oBaHHBIX ¢as.
ITpu 5TOM NOCIEA0BATENBHOCTD OCAXAEHUS COJIeH — OT
kapOOHATOB [0 XJIOpUJA HATPUA — ONpefdesseTcsa He
cToJibKO 3HaueHusMH pH-Eh, ckoJibko MOHHBIM cocTa-
BOM 3aMep3amlleii BOAbl 1 MHUKPOOHOJIOTMYeCKUM
COCTaBOM.
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