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ABSTRACT. A 6-meter core of Holocene sediments from Lake Dukhovoe was studied. As shown by the
radiocarbon dating of lacustrine sediments, Lake Dukhovoe was formed in the Early Holocene (10 cal ka
BP). The upper 180 cm of sediment is represented by sapropel, and the boundary of lake sediments is at
293 cm. This is an early stage of lake evolution, devoid of biogenic sedimentation. The microbiological
studies of the sediment were carried out, which showed a high total number of heterotrophic bacteria in
the upper (0-15 cm) and deeper (110-180 cm) sapropel intervals. Mineral bottom sediments (180-293
cm) are characterized by the presence of groups of phosphorus-reducing and ferromanganese bacteria.
The contents of Na, Mg, Al, Si, Al, Ca, Fe, Mn, Zr and Cr in sapropel are within the average concentra-
tions for the earth’s crust, and U and Mo exceed them.
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1. Introduction

The fact that the formation of organogenic bot-
tom sediments (sapropels) in continental lakes at the
stage of early diagenesis is understudied makes this
problem extremely urgent both in theoretical and prac-
tical aspects (Melenevskii et al., 2015; Maltsev et al.,
2019). Sapropels are characteristic deposits of lakes in
the temperate zone and are closely related to natural
zonality, which determines the development of bio-
genic products (Kurzo et al., 2012). Sapropels of mod-
ern lakes in the Eastern Baikal region (including Lake
Dukhovoe) were formed during the Holocene under
conditions of postglacial warming.

2. Materials and methods

Lake Dukhovoe (53°18’ N, 108°53’ E) is located
18 km south of the mouth of the Barguzin River and 2
km from Lake Baikal at an altitude of 514 m above sea
level and 58 m above the Lake Baikal level. The lake
is 4.4 km long, 2.3 km wide, and no more than 2.8 m
deep. The water area is 6.16 km2, and the catch basin is
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87.5 km?. The ecological conditions characterizing the
current state of Lake Dukhovoe (shallow water and lack
of water stratification by oxygen and temperature) are
favorable for the mass development of phytoplankton
groups microscopic in size. It is the main bioproducer
of organic matter that forms planktonic sapropel in the
lake. In the central part of Lake Dukhovoe, a well was
drilled and a core 6.0 m in length and 7.5 c¢cm in diam-
eter was retrieved. This made it possible to study the
features of the formation of stratified bottom sediments
during the Holocene.

Microbiological studies on determining the abun-
dance and layer-by-layer distribution of various phys-
iological groups of aerobic and anaerobic microorgan-
isms over the depth of the bottom sediment core were
carried out at the Institute for Water and Environmental
Problems. The characterization of microbial communi-
ties was studied by a culturedependent method, which
includes planting a suspension of bottom sediments on
selective agar media using the limit dilution method.
The method of inductively coupled plasma atomic
emission spectroscopy (ICP AES) was used to determine
the concentration of chemical elements in water, sedi-
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ments and biota. The mineral composition was studied
by X-ray powder diffractometry on a DRON-4 diffrac-
tometer, Cu-Ka radiation. Radiocarbon dating of the
sediments was carried out at the FSC MIS IGM SB RAS
using the scintillation method. Residual carbon activity
was measured on a QUANTULUS- 1220 liquid scintil-
lation counter. The age was calculated on the basis of
half-life of 14C at 5570 years. Further calibrations were
performed using CALIB 7.1 (Reimer et al., 2013).

3. Results and discussion
3.1. Age and sedimentation rate

The core of the bottom sediments of Lake
Dukhovoe is heterogeneous and has a clear layering.
Lake sediments occur in the interval of 0-293 cm. The
following layers are distinguished: planktogenic sapro-
pel (0-180 cm), transitional organomineral layer (180-
205 cm) and dense mineral silt (205-293 cm), which is
underlain by dark gray loose clays with an admixture of
unsorted material (293-600 cm).

Fig. 1 shows the linear trend of calibrated radio-
carbon dates in the age—depth model. The calibrated
dates approximate the linear trend well, except for
the date from a depth of 57-62 cm. This one is much
younger for some unknown reason and should be
excluded from the set as an error. The trend line shows
an age of 5.5 cal ka BP for the boundary between the
organic and organomineral sediment layers at a depth
of 180 cm and ~6 cal ka BP for the boundary between
the organomineral and mineral layers at a depth of 205
cm. At a depth of 293 cm, the age of the deposits is
estimated at about 10 cal ka BP. The boundary of lake
sediments is at 293 cm. An interval of 205-293 cm can
be considered as the basal layer representing the early
stage of the development of the lake and devoid of bio-
genic sedimentation. The sediment interval of 0-205
cm contain preserved diatom valves and an increase
in the content of structureless OM toward the upper
part of the core, thereby demonstrating further bio-
ta-enriched stages in the history of the lake. Dating the
lacustrine sediments by the radiocarbon method shows
that Lake Dukhovoe was formed in the Early Holocene,
and the accumulation of sapropel began in the Middle
Holocene ~5 cal ka BP and had high sedimentation
rates at the early stages of its formation.

3.2. Biogeochemistry of lake sediments

A high total abundance of heterotrophic bacteria
(TAHB), which use a wide range of organic compounds
as energy and carbon sources, is noted in an upper
interval of the section (0-15 cm) and a deeper interval
(110-180 cm) (Fig. 2a). The distribution of ammonify-
ing bacteria (AMB), nitrifying bacteria (NB) and denitri-
fying bacteria (DNB) participating in the nitrogen cycle
along the section of bottom sediments allows us to iden-
tify 3 stages of decomposition of organic matter (OM).
At the first stage of destruction of nitrogen-containing
organic substances, which are easily metabolized com-
pounds, AMB are involved, the main waste products of
which are NH,* and CO,. At the second stage, AMB is
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Fig.1. Linear trend of calibrated radiocarbon dates in the
age—depth model.

replaced by NB, which carry out step-by-step nitrifica-
tion. To complete the decomposition of OM, the avail-
able oxidized form of nitrogen (NO,") is used — with
the participation of DNB, the process of denitrification
occurs. In the lower intervals of sapropel, growth of
sulfate-reducing bacteria (SRB) is noted. Mineral bot-
tom sediments (180-293 cm) are characterized by the
presence of groups of phosphorus-reducing (PRB) and
ferromanganese bacteria (FMB) (Fig. 2b).

The distribution of the Na, Mg, Al, Si, Al, Ca, Zr,
and Cr concentrations in the sapropel interval (0-180
cm) is quite consistent, the concentrations of these ele-
ments increase with depth, but, in general, they are
within the average values for the Earth’s crust, shales,
and oceanic pelagic clays. Fe and Mn are concentrated
in the upper (0-10 cm), middle (172-321 cm), and
lower (321-540 cm) parts of the bottom sediment
section. The S, P, and Mo concentrations in the Lake
Dukhovoe sapropel exceed the average concentrations
of these elements in the Earth’s crust, shales, and oce-
anic pelagic clays. Sapropel is enriched in P, Ca, Rb,
Sr, Mn, Fe, Co, Cu, and Zn. However, in general, the
enrichment of sapropel with these elements is low, not
exceeding 2-5 average contents in shale. Phytoplankton
(forms OM of sapropel) is enriched with phosphorus
(biogenic element) and chalcophile elements (Zn, Cd,
Sn, Sb, Hg, Pb, Cu), which characterize the pollution of
the modern atmosphere.

Pore waters are transformed during diagenesis.
There is an increase in the mineralization of pore water
up to 350-470 mg/L compared to lake water (120
mg/L), an increase in the concentrations of biogenic
components (HCO,, NH,*, NO,", PO,*) and a decrease
in SO,*, which is explained by an increase in the degree
of bacterial destruction of OM and forming of pyrite.

According to the X-ray phase analysis, the main
minerals in the bottom sediments of Lake Dukhovoe
are plagioclase and quartz. The mineral composition of
the bottom sediments also contains mica (disordered),
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Fig.2. Distribution of physiological groups of bacteria in (a) sapropel (0-180 cm) and (b) mineral sediments (180-293 cm)

of Lake Dukhovoe. See abbreviations in the text.

chlorite, and potassium feldspar. The chemical com-
position of the Lake Dukhovoe sapropel is dominated
by SiO,, whose average content is 15%. The average
contents of AL O, and Fe,O, in the sapropel section are
4.2 and 5.6%, respectively; the CaO content is 1.2%;
the abundance of MgO, Na,O, and K,O does not exceed
1%. The CaO/Fe,O, ratio is low (0.2), which clearly
demonstrates geochemical specificity — carbonate-free
planktonogenic sapropel.

4. Conclusion

As shown by the radiocarbon dating of lacustrine
sediments, Lake Dukhovoe was formed in the Early
Holocene (10 cal ka BP) and the sapropel accumulation
began in the Middle Holocene (~5 cal ka BP). A high
total number of heterotrophic bacteria was revealed in
the upper and deeper intervals of sapropel. The mineral
composition of the Lake Dukhovoe sapropel is domi-
nated by SiO,. The low value of the CaO/Fe,O, ratio
(0.2) clearly demonstrates the geochemical specificity
of sapropel, i.e. carbonate-free planktonogenic. The
contents of Na, Mg, Al, Si, Al, Ca, Fe, Mn, Zr and Cr in
sapropel are within the average concentrations for the
earth’s crust, and U and Mo exceed them. Phytoplankton
is enriched with P and chalcophile elements (Zn, Cd,
Sn, Sb, Hg, Pb, Cu), which characterize the pollution
of the modern atmosphere of the Baikal region. There
is an increase in the mineralization of pore water com-
pared to lake water, an increase in the concentrations
of biogenic components (HCO,, NH,*, NO_", PO,*) and
a decrease in SO,>.
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AHHOTALIUA. V3yueH 6-MeTpOBBIil KepH I'0JIOIEHOBHIX OTJIOXKeHU! 03. JyxoBoe. CorjlacHO paguoy-
TJIEPOAHBEIM AaTtaM, 03epo obpasoBajiock ~10 kaj. TeiC. JI. H. Bepxaue 180 c¢M ocajka mpefcTaBjieHBI
camporiejieM, a TPaHUI[A 03ePHBIX OTJIOXKEHUI HAXOOUTCS Ha OTMeTKe 293 CM — 3TO paHHUU 3Tal pas-
BUTHA 03€epa, JIMIIEeHHBI OMOreHHOU cefuMeHTanuu. [IpoBedeHBl MOCIONHBIE MUKPOOUOJIOrHiecKre
rcciieloBaHusA 0cajika, KOTOphle [T0OKa3ajll BEICOKYIO OOIIYI0 YKCJIEHHOCTh IreTepoTpOodHBIX OaKTepuil B
BepxHeM (0-15 cm) u GoJiee riry6oxoMm (110-180 cm) nHTepBaiax canpomnesid. [jid MuHepaJibHbIX OTJIO-
xeHuit (180-293 cM) xapakTepHO NpUCYTCTBUE Py ¢pochop peaynUpPYIOMNX U XKejle30-MapraHiieBbIX
6akrepuii. Comepxanus Na, Mg, Al, Si, Al, Ca, Fe, Mn, Zr u Cr B canponeje HaXOAsATCS B Ipelesiax
CpeqHUX KOHI[eHTpauuii JJisg 3eMHOU KOopHl, a U 1 Mo — NpeBHIIAI0T TaKOBLIE.
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1. BBeapenue

HenmocraTouHass w3y4eHHOCTh (HOPMUPOBAHUA
OPTraHOTEHHBIX [IOHHBIX OTJIOKEHUU (campomesi) B
KOHTUHEHTAJIBHBIX O3€epax CTaBUT 3Ty mpobJyieMy B
PAA YPE3BBIYANHO AKTYaJIbHBIX KaK B T€OPETUYECKOM,
TaKk U OpakTudeckoM, acrekrax (MejeHeBCKU U Ap.,
2015; MassieB u ap., 2019). Canponenu SBJISIOTCA
XapaKTEPHBIMU OTJIOXKEHUSIMU 03€P YMEPEHHOTO Mosca
U TECHO CBS3aHBI C MPUPOJHON 30HAJIBHOCTHIO, OIpe-
JeJiAtoIel pa3BUTHe TOW WM WHONW OMOTeHHOU IIpo-
aykiun (Kyp3o u ap., 2012). Camnpomnenn cOBpeMeH-
HBIX 03ep BocrouHoro Ilpubaiikajibsi, B TOM YHUCJIE U
03. JlyxoBoe, GOpPMHPOBAJIMCh B TeUeHHe TOJIOLleHa B
YCJIOBUSIX TIOCJIEJIEAHUKOBOTO IMOTETIEHMA.

2. MaTtepunanbl 1 MeTOAbI

0O3. OyxoBoe (53°18’ c.m., 108°53’ B.71.) pacro-
joxeHo B FOxHoM [Tpubaiikasbe Ha BOCTOUHOM OOpPTy
batikasibckoll BmaauHB, Ha BBICOTE 514 M Hang ypoB-
HeM MopA U 95 M Haj ypoBHeM bBaiikana, ero JyiuHa
cocrasier 2500 M, a mmpuHa — 1600 M, riyOnHa
He OoJsiee 2.8 M. DKOJIOTMYECKUE YCJIOBUS, XapaKTepu-
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3ylIue COBpPEMEHHOE COCTOsIHME o3epa, OJsaronpu-
ATHBL I MacCCOBOTO pAa3BUTUA MHUKPOCKOIMNYECKUX
10 pa3MepaM I'PyIINPOBOK (UTOIJIAHKTOHA, KOTOPHIH
AIBJIAETCS OCHOBHBIM OMONPOJYI[EHTOM OPraHNYeCKOro
BellecTBa, GOPMUPYIOILIEro B 03epe ILJIaHKTOHOTeHHBIN
canponenb. B neHTpaspHOl yactu 03. [yxoBoe ObLia
nmpoOypeHa CKBaXXWHa U IOJHAT HellpephIBHBIN KepH C
HeHapylleHHON CTPYKTYPOU AJIMHON ~6 M, YTO II03BO-
JINJIO U3YYUTh 0COOEHHOCTU (POPMUPOBAHUS BCKPHITON
TOJIIY CTPAaTU(UIMPOBAHHBIX OTJIOXKEHUIN Ha IpPOTH-
KE€HUU TOJIOIeHA.

XapakTeprucTuKa MHUKPOOHBIX COOOIIECTB U3y-
yajjacb C HCIOJIb30BaHWEM KYJIbTYpPaJIbHO-3aBUCH-
MOrO METOJa, BKJII0YasA IIOCEB CYCIeH3UU JOHHBIX
OTJIO)KEHUI Ha CeJIeKTUBHBbIe arapu30BaHHBIE Cpefbl C
HCMOJIb30BaHUEM MeTOJla IpefesIbHOro pasdaBiieHusA
B MHCTUTyTe BOAHBIX U 3KOJiornueckux npobiaem JIBO
PAH. MeTron aTOMHO-3MMCCHOHHOH CIEKTPOCKOIMU
¢ UHAYKTUBHO cBsizaHHOU 1wiazmon (UCIT A3C) mpu-
MEHANN I ONpefesieHusa B BOJE, AOHHBIX OTJIOXe-
HHUAX U OMOTe KOHLIEHTpalluy XUMHUYECKUX 3JIEMEHTOB.
MunepaJsibHBII cOCTaB HcCCJIe[JOBaH METOJOM peHTre-
HOBCKOM ITOPONIKOBOMH fudpakToMeTpruu Ha AudpaKTo-
metpe JIPOH-4, usnyuenue Cu-Koa. Paaguoyrieponnoe
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JaTUpoBaHMe OTJ0XeHul BhinoyiHeHo B LIKIT MU CO
PAH CLIMHTWIJIANIMOHHBIM MeTO10M. OCTaTOYHYIO yIJIe-
POMHYI0 aKTUBHOCTDH U3MePsAJIU Ha KUJAKOCTHOM CLIUH-
TUWLIANUOHHOM cueTunke QUANTULUS-1220. Bospact
ObUI paccudTaH Ha OCHOBe Ilepuoja nosypacrnaaa “C B
5570 ner. [lanpHerlime KaJaubpoBKY ObLJIN BBITTOJIHEHB
¢ nomoirbio CALIB 7.1 (Reimer et al., 2013).

3. Pe3ynbTarthbl
3.1. Bo3pacT u CKOPOCTH OCAAKOHAKONAEHUA

[To BemecTBEHHOMY COCTaBYy KepH JOHHBIX OTJIO-
)keHUN 03. [lyXxoBoe HEOOQHOPOAEH U HMeeT YeTKYIo
cyioucTocTh. O3epHble OTJIOXKEHUS 3ajleraloT B MHTEp-
Basie 0-293 cm. BeifjenAwTea cieaylonye CJIou: MylaH-
KTOHOreHHBIN canpornenb (0-180 cm), mepexoAHBIN
opraHoMuHepaJsibHbIN coi (180-205 cM) U IJIOTHBIN
MUHepaJibHBIN 1 (205-293 cM), KOTOPBIH MOACTUIIAIOT
TEMHO-CephbIe PhIXJIbIE TJIMHEI C IPUMeChI0 HECOPTHUPO-
BaHHOro Martepuasa (293-600 cm).

Ha pucyHke 1 mpepacTaBjieH JIMHEHHBIN TpeH[
KaJMOpOBaHHBIX PAANOYTJIEPDOAHBIX JaT B MOMAeJu
Bo3pacT—rJiyouHa. KanuGpoBaHHBIE [aThl XOPOIIO
anmnpoKCUMUPYIOT JIMHENHBIN TpeH[, 3a UCKIII0UeHeM
JaTel ¢ TJyOuHBl 57-62 €M, KOoTOopas IO Heu3BecT-
HOU NpUYMHEe 3HAYUTEeJIbHO MOJIOXe U JOJIKHA OBITh
UCKJIIoUeHa K3 Habopa kak ommOka. JIuHuA TpeHAa
MokasbplBaeT Bo3pacT 5.5 Kajl. ThIC. JI. H. AJis TPaHULIbI
MeXy OpraHUu4ecKUM 1 OpraHOMUHePaJIbHBIM CJIOSMU
OTJIOXKeHUU Ha riaybuHe 180 cM u ~6 Kaj. ThHIC. JI. H.
A7 TpPaHUIBl MeXJy OpraHOMUHEepaJIbHbBIM U MUHe-
panpHBEIM cJjioAMU Ha riybuHe 205 cM, Ha TJiyOuHe
293 cM BO3pacT OTJIOXKEHUIl olleHuBaeTcs okojo 10
KaJ. ThIC. J. H. I'paHuIla 03epHBIX OTJIOXEHUI HaXo-
autca Ha otMeTke 293 cM, a mHTepBan 205-293 cMm
MOXXHO paccMaTpuBaTh Kak 0aszajbHBIN CJIOH, Hpef-
CTaBJIAIOIUI paHHUN 3Tan pa3BUTUA O3epa, JIUIIEeH-
HBIN 6MIOTeHHOU celuMeHTanuu. UHTepBaJsl OTJIOXKeHN
0-205 cM cofepxuT B cebe COXpaHUBIINECHA CTBOPKU
JAVAaTOMOBBIX BOJOPOCel U yBeJInunBaloleecs K Bepx-
Hel 4acTu KepHa cojiepxaHue 6ecCTpyKTypHOro opra-
HUYECKOr0 BelllecTBa, AEMOHCTPHUPYf, TEM CaMBbIM,
JasibHelie oboraijeHHble OHOTOU 3Talbl MCTOPUU
pa3BuTuA o3epa. JlaTupoBaHHe O3EPHBIX OTJIOXKEHUI
rokasplBaeT, 4To 03. J[yxoBoe chOpMUPOBAIOCh B paH-
HEM ToOJIOlLleHe, a HaKoIlJIeHUe camlporiesisg Havyasaoch B
cpeJiHeM roJiolleHe ~5 KaJl. ThIC. JI. H. M Ha paHHUX 3Ta-
nax cpoero GopMHUpPOBAHUSA UMeJIO BHICOKKE CKOPOCTU
0CaJIKOHAKOILJIEHMS.

3.2. BMOreoXuMHA 03epPHbIX OTAO)KEHUH

Bricokasgs oOmas YHCIEHHOCTb TreTepoTpod-
HbIX OakTepuil (OUI'B), ucnoss3ylomux B KayecTBe
HWCTOYHUKOB yIjlepoAa IIMPOKUN CHEKTp OpraHuye-
CKUX cOoelHeHUI oTMeueHa B BepxHeM (0-15 cm) u
6osiee rirybokom uHTepBasie (110-180 cm) campormnens
(Puc. 2a). PacnpenesieHue Mo paspe3y AOHHBIX OTJIO-
keHUN 03. JlyxoBoe amMoHudpuuupywomux (AMB),
Hutpudunupyomux (HB) u  meHUTpuduUIMpyoOImx
6akrepuii (JIHB), yuacTByIOmMUX B IIMKJIE a30Ta, [103BO-
JIsieT BBIABUTH 3 CTAagUU JEeCTPYKIUM OpraHUYecKoro
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Puc.1. JIuHelHH TpeH[ KaJluOpOBaHHBIX paguoyrJe-
POAHBIX AAaT B MOAEJIN BO3pacT—IJIyOuHa.

BemectBa (OB). Ha mepBoMm sTamne JecTpyKIUU a3oT-
cojepXalux OpraHWYecKUX BellecTB, OTHOCAMIUXCA K
Jierko MeTaboJIM3UpyeMbIM COeJUHEHUAM, Y4acTBYIOT
AMDB, OCHOBHBIMU HOPOAYKTaMU XU3HEOAeATEJIbHOCTU
KOTOPBIX ABJIAIOTCA HMOHBI aMMOHHUS U YIJIEKHUCJIOrO
raza. Ha BTopom stane Ha cmeHy AMB npuxoaar HB,
KOTOpBle OCYLIECTBJIAIOT IO3TANHYI0 HUTPUGDUKALUIO.
Juia 3aBepmieHusa gectpykuuu OB umcnosib3yeTrcs nMme-
I0I[asACA B HAJIMYMU OKUCJIeHHas ¢opma asorta (NO,)
— MPOUCXOAUT Ipoliecc AeHUTpuduKanuy npu yua-
cruu JIHB. B HWXHUX MHTEpBajlaX Campolesisad OTMe-
yaetcs poct cynapdarpenyuupymomux 6akrepuii (CPB).
J71a MUHepaJIbHBIX JOHHBIX OTjI0XeHu! (180-293 cm)
XapakTepHO npucyTcrBue rpymnn ¢pochop peayuupyio-
mux (OPB) u xene3o-mapraHueBsix 6akrepuii (JKMB)
(Puc. 20).

PacnpefesieHue KoHIleHTpanuii Na, Mg, Al, Si, Ca,
Zr u Cr oCTaTOYHO BhIZlepaHHBI B camnporese (0-180
CM), C TJIyOMHOU KOHLIEHTPAlUWU 3TUX 3JIEMEHTOB yBe-
JINYMBAIOTCA, HO B 11eJIOM, HAXOAATCA B IIpefiesiax cpel-
HUX 3HaUYeHUH I 3eMHOI KOPHI, IJIMHUCTHIX CJIaHI[eB
1 okeaHuveckux rivH. Fe u Mn KOHUEHTpUpyoTCsa B
BepxHel (0-10 cm), cpenuert (172-321 cM) 1 HUXHeN
(321-540 cMm) uactax paspesa. Cogepxanus S, P, Mo,
U B camporiesie IpeBHINAIOT CpeAHNE KOHIeHTpanuu
3THUX 3JIEMEHTOB B 3eMHOH KOpe, IJIMHUCTHIX CJIaHIlaxX u
OKeaHW4eCKux IJInHax. PaccuntaHHble KO3GGUITMEHTH
oboramenus (EF) mokasanu, 4yTo camnporieb He3Hauu-
tesbHo (EF = 2-5) oGoramen P, Ca, Rb, Sr, Mn, Fe,
Co, Cu, Zn, 4TO He IpeBHIIAET CPeJHNE COAEPXKAHUA B
IJIMHUCTHIX cilaHnax. duromiaHkToH (mponyueHT OB
carporiesisi), HapoTuB, oboraiieH P (6uoreHHHBIN SJ1e-
MEHT) U XaJIbKOQUJIbHBIMU 3JieMeHTamMu — Zn, Cd, Sn,
Sb, Hg, Pb, Cu, xapakTepu3ymUMMH 3arpsA3HEHHOCTh
COBpeMeHHOU aTMocdephl.

B pesynbpraTe AuareHeTUYeCKHUX IIPOLECCOB,
[IPOTEKAIONINX B CalpoIlesieBON ToJillle, IIPOUCXOAUT
TpaHchopmanuu HOPOBEIX BoA. Habmiogaercsa poct
MUHepaau3auuu nopoBeix Box A0 350-470 mr/na mo
CcpaBHeHHMIO ¢ o3epHo¥ Bomom (120 mr/i), yBenmye-
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Puc.2. IlocyoiiHoe pacnpefiesieHre ¢usnoiornyeckux rpymnn 6akrepuil B (a) canponese (0-180 cm) u (6) MUHepabHBIX
ocaznkax (180-293 cm) o3. [lyxoBoe. CokpalieHus CM. B TeKCTe.

HHUe KOHIeHTpanuil 6noreHHeix kommnonentos (HCO,,
NH,*, NO,", PO,*) u ymenbmenue SO,*. B pesysibraTe
BO3pacTaHMA CTeleHU OaKTepuaJbHON JeCTPYyKIUU
opraHuyeckoro BemectBa SO,> pacxofyercsa Ha obpa-
30BaHUe NUpUTA.

OCHOBHBIMM MHHepajlaMM B JOHHBIX OTJIOXe-
HUAX 03. [lyXoBoe ABJIAIOTCA IJIarMOKJIa3 M KBapil,
TakxXe NPHUCYTCTBYIOT cJojia (pasymnopsgoyeHHast),
XJIOpUT, KaJIMeBHIN MOJIeBOH ImmaT. B cjeqoBbIX KOJIU-
yecTBaxX MNPUCYTCTBYIOT aMdubosa. B MuHepasbHOM
cocTraBe camporness npeo6ianaer SiO,, cpegHue comep-
XaHUe KOTOPOTO coCcTaByIAKT 15%, nanee uayt Al,O, u
Fe,O, ¢ xoHnenrpayusamu 4.2 u 5.6% COOTBETCTBEHHO,
CaO — 1.2%, a MgO, Na,O, K,O He npesbimanT 1%.
3uauenue otHowmenus CaO/Fe,0, mokasmiBaer cre-
NeHb «KapOOHATHOCTU» OCajZika. DTO OTHOIIEHNE B 03.
JlyxoBoe HeBbicokoe (0.2), 4TO HarJIAAHO JEMOHCTPU-
pyeT reoXnuMmnuecKylo crieriupuky ocagka — 6eckap6o-
HaTHBIN JIAHKTOHOTEeHHBIN canpomneJib.

4. 3aknioueHue

JlaTupoBaHue O3epHBIX OTJIOXKEHHI IoKa3ajlo,
YTO 03epo cHOpMUPOBAJIOCH B paHHEM TOJIOIleHe 0KOJIO
10 kaj1. ThHIC. JI. H., @ HaKOIJIEHUe callpoliesid Ha4aJjioch
B cpeHeM ToJiolleHe ~5 KaJl. ThIC. JI. H. Beicokas obias
YUCJIEHHOCTh TeTepoTPO(PHBIX OakTepuil BBIABJIEHA B
BepxHeM U 0oJiee TJIyOOKOM WHTepBajiax CamporneJis.
Ornomwenvie CaO/Fe,0, HEBBICOKOE (0.2), uTOo yKa3bI-
BaeT Ha reoXuMMHUYeCcKylo crennduky ocajaka — Oec-
kapboHaTHBIN canpornesb. Cogepxanua Na, Mg, Al, Si,
Al, Ca, Fe, Mn, Zr u Cr B canporiejie HaXOAATCS B Mpe-
JeJjiax cpeJHUX KOHIIEHTpauuil AJd 3eMHOM Kophl, a U
1 Mo — mpeBHIIAIOT TakoBble. @UTOMJIAHKTOH obora-
mieH ¢pocopoM U XaTbKOPUIIBHEIMU dJjieMeHTaMmu (Zn,
Cd, Sn, Sb, Hg, Pb, Cu), xapakTepusyomymMu 3arpss-
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HEeHHOCTh cOoBpeMeHHOI atmocdepsl [Tpubatikasbsa. B
pe3yJjibTaTe OUareHeTUYeCKHUX MPOIeCCOB MPOUCXOUT
TpaHchopMalui MOPOBBIX BOJ — POCT MUHepasim3a-
MY, OMOTeHHBIX KOMIIOHEHTOB (HCO,;, NH,*, NO,,
PO,*) u ymenbmenue SO,
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