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XUMHUYECKHHN YJIEMEHTHBIN U U-U30TOITHBIN COCTAB
MNOBEPXHOCTHbBIX U IOJI3EMHBIX BOJI VIAJSIHBYH U CSOI'YJIUXE
(CEBEPO-BOCTOYHbBIN KUTAW) B COIMOCTABJIEHUH C ITYBUHHOMN

BOJIOM BAMKAJIA

E.IT. Yebvixun 2, Hu-muno Cynp 3 C.B. Paccrazos ', HKenxya Cue 3
Yenv Hune 3, AM. Havsicosa

lI/IHCTmyT 3emHoit kopsl CO PAH, Upxkytck, Poccus
*Jlumuonormaeckuii nactutyr CO PAH, WpkyTck, Pocens, cheb@lin.irk.ru
*UHCTHTYT BYIKaHOB H MHHEPAILHBIX HCTOUHHKOB XOMIyHIBAHCKO aKaJieMHH HayK, Y 1alsHbYH,
XolinyHuzsaH, Kurait
4I/IpKyTCKHﬁ rocynapcTBeHHbl yHuBepeuteT, UpkyTck, Poccus

MeTo/1TOM Macc-CIIEKTPOMETPHHA C HMHAYKTHBHO cBs3aHHOH Twmasmoi (HMCII-MC)
HCCIIENI0BAHO COJIEpKaHue 72 XMMHUYECKHX JIEMEHTOB, a TAK:Ke M30TOMHBIN COCTAB ypaHa B
38 o0Opa3iax NoBEpXHOCTHBIX U TIOJI3EMHBIX BOJI, 0TOOpaHHEIX B mtore 2018 1. Ha TeppUTOpHH
Vamanaapun («llate 03€p») m Csaorymuxe B Cesepo-Bocrounom Kurae. Haumbonee
MHUHEPaJTH30BaHHBIMHU SBIAIOTCS yrileKucihble ucTouHnkn CesepHbiit (1.5 r/m; Ca>Mg>K>
>Na>Si>Cl) u HOxnsni (1.0 r/m; Ca>K>Mg>Na>Si>Cl) B reonapke Ypansaeuu. B a1ux ke
UCTOYHUKAX OOHApYXEHBI BHICOKHE KOHUeHTpauuu Mn (4.9, 7.5 mr/n), Fe (29, 28 mr/n) u
MOBEIIIEHHEIE aHOMAIHH CIeI0BBIX demeHtoB: Li, Be, Sc, Co, Ni, Cu, Zn, Br, Rb, Sr, Zr,
Nb, Ag, Cd, I, Ba u U. YacTuuHo 5Ta aHOMAaNUs COXpaHSIETCS U B KyMaXUPOBAHHOH BOME
Sparking Natural Mineral Water (st. 40, bottled, 350 ml, «Miraculous Water», China,
Wudalianchi Volcanic Cold Mineral Spring).

Cpenu  JOpyrux TOJ3EMHBIX  CAMOM3JIUBAIOLIMXCS  MCTOYHUKOB  BBIIEISIOTCS
CJEeYIOIIUE MMOJIOKUTENBHBIE AHOMAITHH:

1) B 5naBOBOM MOJIE CEBEpO-BOCTOYHee BynkaHa Monabyman (st. 9-11): Be, Al
(1-2 mr/n!), Ti (27-43 mxr/m), Cu, Ga (0.3-0.5 mxr/n), Ge, Y, Zr, Nb, Ag, Sn, Cs, REE, Hf,
Ta, Tl, Pb, Bi, Th. Jlannas anomanus coOXpaHSeTCs, HO MEHee BBIPaKE€HA M JUISI HEKOTOPBIX
JIPYrUX MCTOYHHKOB BOCTOYHEE CHCTEMBI MATH 03Ep: st. 12 (BOmM3m Bik. Boiimian), st. 28
(8Omm3u Bnk. Cstoroman) u 1oxHee 038p, B TedeHHUH p. LIIMIOHT HUKE OKOHYAHUS JTaBOBOTO
noroka (st. 32, 33), a Takxke B OZTHOM M3 BOCTOYHBIX TIPHTOKOB 03epa Ne 3 (st. 35). Takas xe
aHomaius, HO ¢ nobaenenuem Sr, Ba u P xapakrepHa 17 1MOJ3eMHOTO HCTOYHHKA BOIM3U
BynkaHna ['ynmu (Coulee) (st. 20), pacnonoxennoro B 250 kv k CC3 ot Y nansHeuu;

2) BOMM3M BYyJKaHa MaoroaHinasx (st. 23-25) noBeImeHHbIe KoHIeHTpauu P, K, V,
As, Se, Mo, Cd, W. Dra ke aHOMalis HacleAyeTcs B pa3NHBaeMoil OyTHIMPOBaHHON BOZe
Natural Mineral Spring Water (st. 39, bottled, 350 ml, «Miraculous Water») u peke (st. 34),
KOoTOpas OepeT Havaslo U3 BogoeMa, GOpMUPYEMOTo 3a CUET ITUX HOA3EMHBIX BOI;

3) B UCTOYHHKAX, OOHECEHHBIX OCTOHHBLIMM KOHCTPYKLIMSMH, PACMOIOKEHHBIX B
JepeBHAX Wwid BOAM3W HUX (st. 14, 15, 17, 18), HaOmrogaeTcs MOBBIMICHHOE colepKaHne Mg,
S, Cl, Br, Sr, BeposiTHO, BCIEICTBHE aHTPOMOTEHHOT0 BIUSHUS U (hOHA OT OETOHHBIX CTEHOK.

[TpoOsl BO/IBI, B3ATOW HA BXOJE B CHCTeMy mATH 03Ep (st. 26, pexa IlIunoHr, BEIIe
o3epa Ne 5), mexay ozépamu Ne 2/Ne 3 (st. 30) 1 Ha BbIXOHOe M3 CHCTeMbI IATH 03€p (st. 29,
HIDKe o3epa No 1), CBHJIETENBCTBYIOT 00 HW3MEHEHWH THIPOJIOTHYECKOTO CTaTyca BOJ
(pexa/o3epo) ¥ O BO3MOKHOM BIHMSHHHM IOJI3€MHBIX HCTOYHHKOB / PEYHBIX IIPHTOKOB HA
(hopMuUpoBaHHE 3NIEMEHTHOrO cocTara p. LLIunoOHT HA AaHHOM y4acTKe: KOHIIEHTpauuH Si, P,
Mn, Fe u Co nanaror, a Li, S, Cl, K, V, Cu, Br, Rb, Mo, W u U, Hao06opoT, Bo3pacrtaroT. B
HAWGONBIIEH CTENEHN yBemMuuBaeTcsa KoHueHTpanusa ypana (ot 0.0066 mo 0.3300 Mxr/m — B
50 pas!) npu yMeHbIIeHIH 10717 HyKIHaa > U: otromenne aktusrocTeit (U2 U) (OA4/8)
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cumkaercs ot 1.46 no 1.32. He ucximoveno, 4ro 4acts 3eMeHToB (S, Cl, K) mocrynaer 3a
c4éT CMBIBA YO0OpEeHHH ¢ CebCKOX03AHCTBEHHEBIX NONEH.

KrnacTepHsIii aHATH3 37IEMEHTHBIX COCTABOB BOJI (10 MeToy Bapsa) B mienmoM Xopoino
OTpakaeT HaiileHHbIe 3aKOHOMEPHOCTH (PHCYHOK). U3 mccireioBaHHBIX Hanboee OJMM3KOH K
cocTaBy IiIyOMHHOH Boabl 03. baiikanma semaercs Boma, moObiBaemas u3 180-meTpoBoi
CKBaXXMHBI BONM3H BynkaHa ['ynu (st. 21) u paznusaemas B 6ytbuiku (st. 38, bottled, 390 ml,
«Coulee Volcano», China, www.gulihuoshan.com). Ota Boma ¢ HH3KOH MHHEpaIH3alHEH
(220-260 mr/n) oTnMyaeTcs OT OAWKaAIBCKOH BOJBI MOBBIIICHHBIM COACPKAHUEM OCHOBHBIX
31eMeHTOB (B ckobkax B passl): Na (6.4), Mg (3.4), S (1.7), Cl (2.3), K (10.7), Ca (1.8) u
HEKOTOpHIX clienoBbix 3neMeHToB: Li (8), P (34), Si (11.4), V (4.7), Mn (4.6), Ga (12.8), Ge
(8), As (6), Sr (5.3), Mo (4), Cs (24). 1o ocTanbHBIM dJIEMEHTaM Pa3IUYds HE3HAYHTEIbHBI.
KonnenTpanuu smeMeHTOB COOTBETCTBYIOT HOPMATUBaM KauecTBa MUTHEBO Boas! Poccuu u

BCGMHpHOﬁ OpraHHM3alvi 31paBOOXpPAHCHHA.
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KnactepHnast auarpamMma 3J1eMEHTHBIX COCTABOB OaiKanbckoil Boas! (BW) 1 moBepXHOCTHBIX U
noxzemubix Bon Cesepo-Bocrounoro Kuras (Vazamsanpum, Csorynuxe). B pacuer BkiloueHsI
64 snemenra: 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, Ag, Cd, Sn, Sb, Y, Cs, Ba, REE, Hf, Ta, W, Re, Hg, TI, Pb, Bi, Th,
U. Knacrepnslii aHanu3 BBINOJIHEH B nporpamme Statistica 8.0 amst 39 nepemennsix MeronoM Bappa ¢
©BKJIH/IOBBIMU PACCTOSHUAMU Mexy KiactepamMu. CHHUM HIpH(TOM B LBETHBIX 3AIHBKAX MOMEYEHA
OyTunpoBaHHas BOJIA, 3€IE€HBIMH 3aIUBKaMH — IOBEPXHOCTHBIE BOJIBI (pekH, o3epa), O — 03epo, p. —
NOJ3eMHBI HCTOYHHUK (JKEITOH 3aIMBKOM — B JepeBHsX). Moaaby Bocm. — UICTOYHHKHA B BOCTOYHOM
J1aBOBOM I1OTOKE BIIK. Monaﬁymaﬂ Xyo — B I0TOKe BIK. XyoOLIaoniaH (sIMa — Ma ¢ BOJOH, B KOTOPYIO
BBLACIAIOTCS Taskl), Hao — B motoke Bik. MaomoaHman, M—B — B IOTOKe MEXIy ByIKaHAMH
Momnabyman u Boiiman, Iyru — B notoke Boiu3u BiK. Csorynuxe (J1aBa — B IOTOKax JaBsl), JJuno — B
JIaBOBOM I10TOKe BOJIH3M 03¢epua JIumo.
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WzotonHeii coctaB ypaHa Bappupyercsi B mpenenax  OA4/8=1.11-4.74.
3HAYHTETBHBIN H36BITOK U 0BHAPYXKEH B MOI3EMHBIX Bojax st. 22 (OA4/8=4.74, y moporu
Ha mwiaHTamuax ~ B 120 kM ceBepo-3amanHee YpansHeum) u st. 21 (OA4/8=2.41-2.56,
ckBaknHa 180 M Bo3ne Bynkana ['ymun). B oObektax Y nansupun 3Hadenns OA4/8 HeBenHKH
(1.11-1.71). 3nauenue OA4/8 st. 21 mpubimxkaercs K 3HAYCHUIO B IIyOuHHOH Bone FOxHOTO
Baiikamna (1.96).

HccnenoBanue npoBeleHO Tpu coBMecTHBIX pabotax B Kuraiicko-Poccuiickom
HUCCIIEJIOBATEILCKOM  IIEHTpe  YansHpun—baiikan 1o HOBeilieMy BYJIKaHU3My U
OKpYXaroliel cpene.

CHEMICAL ELEMENTAL AND U-ISOTOPIC COMPOSITIONS OF SURFACE
AND GROUND WATER FROM WUDALIANCHI AND XIAOGULIHE, NE CHINA,
AS COMPARED TO DEEP WATER FROM LAKE BAIKAL

E.P. Chebykin 1‘2, Yimin Sun 3, S.V. Rasskazov '*, Zhenhua Xie >, Chen Yang 3,
A.M. Ilyasova '

'Institute of the Earth's Crust, SB RAS, Irkutsk, Russia
*Limnological 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

Concentrations of 72 chemical elements, as well as isotopic compositions of uranium
were determined in 38 samples of surface and ground water (sampling in July 2018) in the
Wudalianchi (“Five Lakes”) area and Xiaogulihe of North-East China using the inductively
coupled mass-srectrometry (ICP-MS). The most mineralized are the carbon North Spring
(1.5 g/; Ca>Mg>K>Na>Si>Cl) and South Spring (1.0 g/l; Ca>K>Mg>Na>Si>Cl) in
Wudalianchi Geopark. In the same springs, there are high concentrations of Mn (4.9,
7.5 mg/l), Fe (29, 28 mg/l) and elevated anomalies of trace elements: Li, Be, Sc, Co, Ni, Cu,
Zn, Br, Rb, Sr, Zr, Nb, Ag, Cd, I, Ba and U. Partially, this anomaly is displayed in blended
water — Sparking Natural Mineral Water (st. 40, bottled, 350 ml, “Miraculous Water”, China,
Whudalianchi Volcanic Cold Mineral Spring).

Among other groundwater self-flowing springs, following positive anomalies are
found:

1) on a lava field northeast of Molobushan volcano (st. 9—11): Be, Al (1-2 mg/1!), Ti
(27-43 pg/l), Cu, Ga (0.3-0.5 pg/l), Ge, Y, Zr, Nb, Ag, Sn, Cs, REE, Hf, Ta, Tl, Pb, Bi, Th.
This anomaly persists, but is less pronounced for some other springs east of the five lakes
system: st. 12 (near volcano Weishan), st. 28 (near volcano Xiaogushan) and south of the
lakes, in the course of the Shilong River at the end of the lava flow (st. 32, 33), as well as in
one of the eastern tributaries of lake No. 3 (st. 35). The same anomaly, but with the addition
of Sr, Ba and P, is characteristic of a spring sampled near the Xiaogulihe (Coulee) volcano
(st. 20), located 250 km NNW of Wudalianchi;

2) near Yaoquanshan volcano (st. 23-25): elevated concentrations of P, K, V, As, Se,
Mo, Cd, W. The same anomaly is preserved in bottled water Natural Mineral Spring Water
(st. 39, bottled, 350 ml, "Miraculous Water", China, Wudalianchi) and is found in the river
(st. 34), which originates from a reservoir formed by this groundwater;
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3) in springs surrounded by concrete constructions located in or near villages (st. 14,
15, 17, 18): elevated contents of Mg, S, Cl, Br, Sr, probably, due to anthropogenic influence
and background from concrete walls.

Water samples taken at the entrance to the system of five lakes (st. 26, Shilong river,
upper lake No. 5), between lakes No. 2 and No. 3 (st. 30) and at the exit from the system of
five lakes (st. 29, lower lake No. 1) indicate a change in the hydrological status of water
(river/lake) and possible influence of ground sources / river tributaries on the formation of the
elemental composition of Shilong River in this area: concentrations of Si, P, Mn, Fe, and Co
fall and those of Li, S, Cl, K, V, Cu, Br, Rb, Mo, W, and U, on the contrary, increase. The
uranium concentration increases to the greatest extent (from 0.0066 to 0.33 pg/l — 50 times!)
with decreasing the fraction of the nuclide ***U: the activity ratio (***U/~*U) (AR4/8)
decreases from 1.46 to 1.32. It is possible that some elevated concentrations of elements (S,
Cl, K) come due to fertilizer washing from agricultural fields.

The found features of elemental compositions of water are illustrated through
comparisons of results obtained with data on deep water from Lake Baikal using cluster
analysis (Fig.). The closest composition to the deep Baikal water is defined for a water sample
from a 180 m well near Coulee volcano (st. 21) and its bottled portion (st. 38, bottled, 390 ml,
“Coulee Volcano”, China, www.gulihuoshan.com). As compared to the low-mineralized
Baikal water (mineralization about 100 mg/l), these samples also show relatively low
mineralization (220-260 mg/l) with a higher contents of basic elements (in brackets several
times): Na (6.4), Mg (3.4), S (1.7), C1 (2.3), K ( 10.7), Ca (1.8) and some trace elements: Li
(8), P (34), Si (11.4), V (4.7), Mn (4.6), Ga (12.8), Ge (8), As (6), Sr (5.3 ), Mo (4), Cs (24).
Other elements reveal minor differences. Concentrations of elements satisfy to standards for
drinking water quality of the Russia and World Health Organization.
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As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, Y, Cs, Ba, REE, Hf, Ta, W, Re, Hg, Tl, Pb, Bi, Th,
U) in the Statistica 8.0 program. Bottled water is marked by blue color text, surface water — in green
fillings (in villages — in yellow fillings). L — lake, S — ground source. Molabu East — springs in the
eastern lava flow of Molabushan volcano, Huo — in a flow of Huoshaoshan volcano (pit — a pit with
water into which gases are emitted), Yao — in a flow of Yaoquanshan volcano, M—W — in a flow
between Molabushan and Weishan volcanoes, Coulee — in a flow near Xiaogulihe volcano, Lipo —in a
lava flow near small Lipo Lake.

Isotopic compositions of uranium in water samples studied vary (AR4/8=1.11-4.74).
High excess ~'U detected in sample from st. 22 (AR4/8=4.74, on agricultural plantation
~120 km north-west of Wudalianchi) and st. 21 (AR4/8=2.41-2.56, 180 m bore hole near
Coulee volcano). In the Wudalianchi area, AR4/8 values are low (1.11-1.71). The AR4/8
value of st. 21 is close to the one of deep water from Southern Baikal (1.96).

The work was done in the Chinese-Russian Wudalianchi-Baikal Research Center on
recent volcanism and environment.
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