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XUMHUYECKHU JIEMEHTHBIA U U-U30TOITHBII COCTAB IMOJIBEMHBIX
BOJI IEHTPAJILHOM YACTHU TYHKUHCKOM JIOJIUHBI (BYPATHS, POCCHA)

E.I1. Yeboixun 2, Hu-mune Cyno 3 C.B. Paccrazoe ™, IKenxya Cue 3
Yenp Inz’ , A.M. Hnvscoea !

'HUuctutyT 3emuoii kopst CO PAH, Upkytck, Poccus
?JInvuonoruyeckuit nactutyr CO PAH, Hpkytek, Pocceus, cheb@lin.irk.ru
JI/IHCTI/ITyT BYJIKAHOB U MHHEPAJIbHBIX HCTOYHHUKOB X HIIYHI3HCKOH aKafleMHH HayK, Y JalsiHbuH,
XoitnyHuzsaHs, Kurait
*UpkyTckuii TocyrapcTennbil yausepeuter, Upkytck, Poccus

Hentpanprad uacTe TyHKHHCKOH JOJIKMHBl XapaKTepU3yeTCs paclpoCTpaHeHHEM
MHHEPaIbHBIX BOJ pasnuyHoro cocrasa (Ilaenos u mp., 2018). Merogom UCII-MC B Bozmax
3TOH TEPPUTOPUH HCCIENOBAHO COJEpXKAHHE 72 XUMHYECKHX OJJIEMEHTOB, a TaKKe
HM30TONHBII COCTaR ypaHa B 28 oOpa3lax M3 CKBaKHH M POTHUKOB (0TOOp B CeHTIOpE
2018 r.). Ilo sMeMEHTHOMY COCTaBY BBICOKOMUHEpaTH30BaHHBIE BOABI IIyOokHX (>90 M)
CKB)KHH TPYNIHPYIOTCS B OTHCIBHBIA KiacTtep (PHUCYHOK): ApmaH (YIJICKHCIIBIE BOXEI
ckBaxkuH: st. 2a «Mamp4yMK», CMEIICHHE BOJ OTBOXHOW TpyOrl oT st. A35 wu
CaMOM3JIMBAIONIEHCs CKBaXKUHBI B pyciie Kemrapru — 3.3, st. A34 — 1.5, st. A35 — 4.5, st. A39
— 4.4, st. A4l — 4.4 r/n), Beuuka (st. 52b — ckBaxuHa yriekucnod Bojel, 5.5 r/m), Hunopa
IMyctoms (st. NP-1 u NP-2 — ckBaxXMHBEI PafoHOBBIX BOJ Ha TEPpPUTOpUH caHaropus, 1.1 u
1.3 r/n). MeranoBass Boma CKBKHHBI BbIllka WMEET TAKXKe JIOCTATOYHO BBICOKYIO
MuHepanuzanuo (st. 52a, 1.4 r/im), ogHako momagaeT B OPYI'yI0 BETBb KIAcTepa, Hapsamy C
OCTaNBHEIMH Mpobamu (pHCYHOK). DTa BoAa 00JaJaeT aHOMAIbHO HH3KOI KOHIIEHTpAIHei
Mg (3.8 mr/m) u S (2.8 Mr/i), CONOCTaBUMOH C KOHILIEHTpPALMSIMH 3THX JIIEMEHTOB B
Oaiikansckoit Boge (3.0 mr/m, u 1.78 wmr/m), u Huskoil konuenrpamueit K (3.1 mr/n),
OTHOCHTENBHO BBICOKHMH KOHIeHTpanusMu Na, Cl 1 HEKOTOPHIX CIEeIOBBIX 3JIeMEHTOB: P,
Ti, V, Cr, Se, Br, I, Hf, Hg. Yrnexucnas Boaa Beimiku (st. 52b) uMeer Takke CpaBHUTEIBEHO
HU3KYI0 KOHNeHTpanuio S (16.2 mr/m).

Kaxnplii THI BOJ IEpBOTO KiacTepa o0oramieH crenH(UYECKUMH BIEeMEHTaMH
(>kupHBIM WPU(PTOM — MAKCUMAaJIbHbIE KOHIIEHTPAIMH CPEIH BCEX HCCIIEAOBAaHHBIX MpPoOD):
Apmanckue ckBaxkunbl — Li, Be, B, Na, Mg, Al, Si, S (0.06-0.25 1/n), Cl, K, Ca (0.24-
0.73 r/n), Sc, Ti, Mn, Fe, Co (0.4-1.06 mxr/m), Ni (3.3-6.5 mxr/n), Cu, Zn (5.6-42 Mkr/mn),
Ge, As (2.6-8.7 mkr/n), Se, Br, Rb (30-100 mxr/mn), Sr (3.7-12.9 mr/n), Y (0.24—1.07 mMkr/m),
Zr (0.13-0.63 mkr/m), Nb, Cd (0.01-0.026 mxr/n), Te, Cs, Ba, REE (0.2—0.9 mxr/n), Hf, Ta,
Re, T1(0.1-0.37 mxr/m), U (1.03—8.7 Mkr/m); ckBaxkuHbl Beiiku (st. 52b, yriaekucnas Boja) —
Li (2.8 mr/n), Be, B (5.2 mr/n), Na (1.06 r/n), Mg (0.21 r/n), Si (0.13 r/n), CI (1.25 r/n), K
(39 wmr/m) Sec (8.4 mxr/n), Ti, V, Cr, Fe, Co, Ni, Cu, Ge (16 mxr/n), As, Se (10 mxr/m), Br
(3.2 mr/m), Rb (108 mxr/m), Sr, Zr, Nb (0.03 mxr/im), Ag (0.006 mxr/m), Te (0.13 mxr/m), 1
(73 mxr/n), Cs, Ba (260 mxr/n), Hf, Ta, Hg, Bi (0.005 mxr/n); Huiosa nycteinb — Li, B, Na,
Si, S, CL, K, Ti, V, Cr, Ga (0.32-0.54 mxr/n!), Ge, Rb (93—110 mxr/n), Sr, Mo (17—-19 Mkr/n),
Cd, I, Cs (33-41 mxr/n!), Hf (0.006 mkr/n), Ta, W (54-77 mxr/n!), Hg (0.2-0.25 mxr/n), U
(1.17-2.0 wmxr/n). OcobeHHOCTh pamoHOBBIX Box Humomoit IlycThiHH — OYeHb HHU3Kas
xoHnentpamus Mg (1.9-3.9 mr/m) u Ba (~7 Mkr/i), Ha ypoBHe Oalikanbckoit Bogsl (3.0 Mr/n u
10.1 MK/, COOTBETCTBEHHO).

OcralibHbIe MCCIIEAOBaHHBIE BOJBI OTHOCATCA K TPECHBIM (0OIIas MHHEpaA3aIHs
TDS < 1 r/n) # XapakTepu3yTCs MOBHIIIEHHBIMH KOHIEHTPAIUAMH CIEIYHOIIMX 3JIEMEHTOB:
Apman (st. 4a, poiHHK Yy Bojomaaa mno npasoMmy 6oprty p. Kemreipra, TDS=0.29 r/n);
Tarapxaii (st. 163, 164, ponauk u ckBaxkuHa, TDS=0.6, 0.34 r/n), V (st. 163), Cr, Ba, U.
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Boxs! pogauka y p. Kemrapru n Tarapxas nanbonee OIM3KH 1O cOCTaBy TTyOMHHOH Boje
03. baiikan u obpa3sylor BMecTe ¢ Hell eauublil noaknacrep (pucynok). Tanoe (st. 165, TDS =
0.28 /1) — V (3.4 mkr/n), Cr, P, U; 03. Caran-Hyp (st. 166, TDS = 0.84 /1) — Mg, P, Mo, Ba,
Ta; pomHUKH y cTaporo MocTa depe3 p. MpkyT mo mopore B . Apmas (st. 170, 171, TDS =
0.54, 0.55 t/m) — P (168-185 mxkr/a), Mn, Ta (st. 171 — 0.043 mkr/n); ckBaxuna 90 m B
crapoM oBuapHHKe ¢. 3akTyii (st. 167, TDS = 0.37 r/n) — Fe, Co, Cu, Ba, Re (0.009 mxr/m);
uctounuky Xourop-Yyna (st. HUI-HU8, TDS = 0.16-0.33 r/1) — Mn (st. HU1, 390 Mkr/m),
Y, REE; pomaux y p. Xaropra Bomm3u a. Xoiiroron (st. 168, TDS = 0.35 r/m) — Co, Cu
(3.8 mxr/n), Ba, U; n. Typan, ckBaxkuHa B aBTomoiike (st. 169, TDS = 0.63 r/m) — P
(143 mkr/m), Cl, Mn, Fe, Co, Zn, Zr, Nb, Ba, REE, Hf, Th (0.005 mxr/n), U; poxuuk Mo¥irot,
46-i1 xm poporu Mouasl-Kynryk (st. 129, TDS = 0.29 r/n) — V, Cr (1.75 mxr/n), Ba, Pb
(6.2 Mxr/m), U.
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KnactepHas muarpaMma 3J€MEHTHBIX COCTaBOB Oaiikanbsckoii Boasl (BW), o3epa Caran-Hyp u
NOJ3EMHBIX BOJ LeHTpansHOU dactu Tynkunckoi gonmussl (Bypsrtus, Poccus). B pacder BxiroueHbt
48 nanexno u3MeperHsix tementos (Li, Be, B, Na, Mg, Al, Si, P, S, Cl, K, Ca, Sc, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Cd, Te, I, Cs, Ba, Hf, Ta, W, Re, Hg,
TI, Pb, Bi, Th, U), a Taxxke cymma REE u o0mas munepanuzanuu (TDS). KnactepHsiii aHanus
BBITIOJIHEH B mporpamme Statistica 8.0 MeTomom Bapma ¢ eBKIMIOBBIMH DPACCTOSHUSMH MEXKITY
KjactepaMu. B nmoanucsix BHU3Y: p. — CAMOU3IHBAIOILINIICA HCTOYHHK (POIHUK), C. — CKBKHHA, I.C. —
rirybokast ckBaxkuHa. PacinngpoBka HOMEpOB CTaHIUIT — B TEKCTe.
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N3oTomHOE OTHOLIEHHE AKTHBHOCTEH YypaHa BuAty (OA4/8) Bapbupyetcs B
npenenax OA4/8=1.02-2.94. Bsicokne m36pitkn U (OA4/8>2) oOHapykeHsl B
GonpmmHCTBE pOoAHUKOB XoHrop-Yyna (st. HU3-HUS, 2.05-2.94), a Takke B CKBa)XHHAX
Hunopoit Ilyctemu (st. NP-1 — 2.43, st. NP-2 — 2.21). HeoORIuHEIH pe3ynbTaT IONYIEH B
Boge st. 167 (c. 3axTyil) — CymecTBeHHO OGENHeHHBIH HyKmHmoM U COCTaB ypaHa
0OA4/8=0.77. IloppimuenHoe 3Hauenue OA4/8=1.75 nonydeHO [UIS YIJIEKHUCIOH BOJIBI
CKBaXHMHEI Brpimka (st. 52b). B MeraHoBoil Boge ckBakuHBEI Bpmmka (st. 52a) u3aMeputh
M30TOMHBIA COCTaB ypaHa He yAanoch U3-3a ero kpakne HU3Kkoro cojepskanus (0.0006 mxr/m).
B apmaHckux riry0OKHX CKBa)XKWHAX M30TOIHEIA COCTaB ypaHa BaphHUPYETCS OT PABHOBECHBIX
snaueHuii OA4/8=1.02—1.05 (st. A35 — 140 m; st. A34 — 314 M, t = 18-22 °C; st. 2a —
«Manpumk») 1o ymepeHHo BhICOKHX OA4/8=1.33 (st. A39 — 650 M, t =43 °C) u OA4/8=1.83
(st. A4l — 657 M, t =45 °C). 3a HCKIIIOUYEHHEM BOJIbI, 3aKOHCEPBHPOBAaHHOH st. A34, 3TH
3HAYEHUS JIOKATCSA HA OJHY NMPAMYIO Ha auarpamme cmemenns OA4/8 — 1/U.

HccnenoBanus BBHIMOJNHEHBE TPH COBMeCTHBIX pafotax B Kwuraiicko-Poccuiickom
HCCIIeJIOBATENIbCKOM — LieHTpe YjanaHpuu—baiikan 1o HoBeduieMy BYJIKaHU3MY U
OKpYJKalolllel cpeje.

CHHCOK JINTEPATYPHI
MMaenos C.X., Uynuenko K.B., 'ony6er B.A., Oprunssnos A.W., Bagmunos I1.C., Kprokosa
W.I'. I'eonoruueckue ¢axropsl 1 (QU3NKO-XMMUYECKHE MPOLECCH (OPMHUPOBAHUS IIOJ3EMHBIX BOJ
Tynakuncko# Bnanuael / ['eonuHamuka u TektoHobu3uka. 2018. T. 9, Ne 1. C. 221-248.

CHEMICAL ELEMENTAL AND U-ISOTOPIC COMPOSITIONS
OF GROUND WATER IN THE CENTRAL PART OF THE TUNKA VALLEY
(BURYATIA, RUSSIA)

E.P. Chebykin L2 Yimin Sun’, S.V. Rasskazov !, Zhenhua Xie >, Chen Yang 3
AM. Ilyasova '

'Institute of the Earth's Crust, SB RAS, Irkutsk, Russia
ZLimological Institute SB RAS, Irkutsk, Russia, cheb@lin.irk.ru
*Institute of Volcano and Mineral Springs, Heilongjiang Academy of Sciences, Wudalianchi,
Heilongjiang, China
“Irkutsk State University, Irkutsk, Russia

The central part of the Tunka valley is characterized by mineral waters of various
compositions (Pavlov et al.,, 2018). Contents of 72 chemical elements, as well as the
U-isotopic compositions were measured by ICP-MS in 28 water samples from wells and
springs in this territory (sampling in September 2018). In terms of elemental compositions,
highly mineralized water from deep wells (> 90 m) are grouped into a separate cluster (Fig.):
Arshan (carbon dioxide water (g/1): st. 2a “Boy”, mixing of water from an outlet pipe from st.
A35 and a self-inflating well in the Kyngarga River bed — 3.3, st. A34 — 1.5, st. A35 — 4.5,
st. A39 — 4.4, St. A4l — 4.4), Vyshka (st. 52b — carbon dioxide water from a well, 5.5),
Nilova Pustyn’ (NP-1 and NP-2 — radon water from wells in a spar, 1.1 and 1.3). The well’s
methane water from Vyshka also has an elevated salinity (st. 52a, 1.4 g/l), but it falls into
another branch of the cluster, along with other samples (Fig.). This water has low
concentrations of Mg (3.8 mg/l) and S (2.8 mg/l), as compared to those in deep water from
Lake Baikal (3.0 mg/l and 1.78 mg/l, respectively), low concentration of K (3.1 mg/l),
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elevated concentrations of Na, Cl and some trace elements: P, Ti, V, Cr, Se, Br, I, Hf, Hg. The
carbon dioxide water of the Vyshka well (st. 52b) also shows relatively low concentration of
S (16.2 mg/l).

Each type of water in the first cluster is enriched with specific elements (in bold — the
maximum concentrations among all the samples studied): Arshan wells — Li, Be (0.3—
1.2 ng/l), B, Na, Mg, Al (8.6-22 ng/l), Si, S (0.06-0.25 g/l), Cl, K, Ca (0.24-0.73 g/l), Sc,
Ti, Mn, Fe, Co (0.4-1.06 pg/l), Ni (3.3-6.5 pg/l), Cu, Zn (5.6-42 pg/l), Ge, As (2.6—
8.7 pg/l), Se, Br, Rb (30-100 pg/1), Sr (3.7-12.9 mg/l), Y (0.24-1.07 pg / 1), Zr (0.13—
0.63 pg/l), Nb, Cd (0.01-0.026 pg/l), Te, Cs, Ba, REE (0.2-0.9 pg/l) , Hf, Ta, Re, Tl (0.1-
0.37 pug/l), U (1.03-8.7 pg/l); Vyshka wells (st. 52b, carbonic acid water) — Li (2.8 mg/l), Be,
B (5.2 mg/l), Na (1.06 g/l), Mg (0.21 g/1), Si (0.13 g/1), Cl (1.25 g/1), K (39 mg/l), Sc
(8.4 ng/l), Ti, V, Cr, Fe, Co, Ni, Cu, Ge (16 pg/l), As, Se (10 ng/l), Br (3.2 mg/l), Rb
(108 pg/l), Sr, Zr, Nb (0.03 pg/l), Ag (0.006 pg/l), Te (0.13 pg/l), T (73 ng/l), Cs, Ba
(260 pg/l), Hf, Ta, Hg, Bi (0.005 pg/1); Nilova Pustyn’ — Li, B, Na, Si, S, Cl, K, Ti, V, Cr, Ga
(0.32-0.54 pg/1!), Ge, Rb (93-110 pg/l), Sr, Mo ( 17-19 pg/l), Cd, I, Cs (33—41 pg/l!), Hf
(0.006 pg/l), Ta, W (54-77 pg/1!), Hg (0.2-0.25 pg/), U (1.17-2.0 pg/l). The peculiarities of
radon water from Nilova Pustyn’ are very low concentrations of Mg (1.9-3.9 mg/l) and Ba
(~7 ng/l) at levels of the Baikal water concentrations (3.0 mg/l and 10.1 pg/l, respectively).

The rest of samples, represented fresh water (TDS <1 g/1), are characterized by
elevated concentrations of the following elements: Arshan (st. 4a, spring near the waterfall of
the Kyngyrga river, TDS=0.29 g/1) — Mo, Re (0.007 pg/l), Bi, U (4.2 pg/l); Tagarkhay
(st. 163, 164, spring and well, TDS=0.6, 0.34 g/1), V (st. 163), Cr, Ba, U. Water of the springs
Kyngarga and Tagarkhay are resemble in compositions to the deep water of Lake Baikal and
form with it a single subcluster (Fig. 1). Sites of Taloe (st. 165, TDS=0.28 g/1) — V (3.4 pg/l),
Cr, P, U; Lake Sagan-Nur (st. 166, TDS=0.84 g/1) — Mg, P, Mo, Ba, Ta; springs near the old
bridge of Irkut River on the road to Arshan (st. 170, 171, TDS=0.54, 0.55 g/l) — P (168—
185 pg/l), Mn, Ta (st. 171 — 0.043 pg/l); 90 m well in the old shepherd of Zaktui (st. 167,
TDS = 0.37 g/1) — Fe (6.5 mg/l), Co, Cu, Ba, Re (0.009 pg/1); Hongor-Uul sources (st. HU1-
HUS8, TDS=0.16-0.33 g/I) — Mn (st. HUI, 390 pg/l), Y, REE; spring near Hayurta River,
Khoytogol village (st. 168, TDS=0.35 g/l) — Co, Cu (3.8 pg/l), Ba, U; Turan, a well in a car-
wash station (st. 169, TDS=0.63 g/l) — P (143 pg/l), Cl, Mn, Fe, Co, Zn, Zr, Nb, Ba, REE, Hf,
Th (0.005 pg/l), U; Moigot spring, the 46th km of the Mondy-Kultuk road (st. 129,
TDS=0.29 g/l) - V, Cr (1.75 ng/l), Ba, Pb (6.2 ng/l), U.

The activity ratio of “*U/***U (AR4/8) varies within from 1.02 to 2.94. High excess
%0 (AR4/8>2) was found in the most of the Khongor-Uul springs (st. HU3-HUS, 2.05—
2.94), as well as in the Nilova Pustyn’ wells (st. NP-1-2.43, st. NP-2-2.21). An unusual result
was obtained for water of st. 167 (Zaktui) — AR4/8=0.77, substantially depleted in the
34U nuclide. The elevated AR4/8 value of 1.75 is measured for carbon dioxide water of the
Vyshka well (st. 52b). Measurement of uranium isotopic composition in methane water from
another Vyshka well (st. 52a) is failed because of its extremely low U content (0.0006 ng/1).
In Arshan deep wells, the isotopic composition of uranium varies from equilibrium values
(AR4/8=1.02-1.05, st. A35 [140 m], st. A34 [314 m, t=18-22 °C], st. 2a [“Boy”]) to
moderately high (AR4/8=1.33, st. A39 [650 m, t = 43 °C], AR4/8=1.83, st. A4l [657 m,
t=45 °C]). With the exception of conserved st. A34, these values fall on one straight line in the
ARA4/8 versus 1/U mixing diagram.
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Cluster diagram of elemental compositions of the Baikal water (BW), Lake Sagan-Nur, and
groundwater from the central part of the Tunka valley (Buryatia, Russia). Calculations include
48 reliably measured elements (Li, Be, B, Na, Mg, Al, Si, P, S, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Cd, Te, I, Cs, Ba, Hf, Ta, W, Re, Hg, Tl, Pb,
Bi, Th, U), as well as the sum of REE and total mineralization (TDS). Cluster analysis was performed
using Statistica 8.0. In the captions below: “s.” — self-inflating source, “h.” — well, “d.h.” —deep well.
Stations are described in the text.
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This work was done in the Chinese-Russian Research Center Wudalianchi—Baikal on
the latest volcanism and environment.
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