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Abstract

We studied geochemical characteristics of water quality, major chemical components
and rare earth elements (REE) in the Goshikinuma water system flowing from Akanuma pond
to Aonuma pond of Urabandai in Fukushima Prefecture, and the formation mechanism of their
water system by the dissolution experiments of chemical components in rocks with sulfuric
acid. pH values increased from the upper (Akanuma pond) to the lower stream (Aonuma
pond) of the water system, together with changes in the major ionic components of calcium-
aluminium-sulfate type to sodium-calcium-chloride type water system indicating the supply
of new subsoil water. Low oxidation-reduction potential of Rurinuma pond and Aonuma pond
imply the supply of deep groundwater to the ponds. REE concentrations of the Goshikinuma
water system and surrounding rocks showed zigzag pattern, following Oddo-Harkins rule,
and also showed the right down chondrite-normalized REE pattern (REE/chondrite) all the
samples. Dissolution experiment of rocks by sulfuric acid indicates similar REE pattern between
rocks and the Goshikinum water system. These results reveal that REEs are disolved from
the rocks in the Goshikinuma water system. Eu is distributed in acid resistant matrices of
rocks, and thus negative anomaly index of Eu to chondrite shows deep (low) values.
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ARWFFETIZ, 1RSI O & HBH A F — 3 2R CHABICE L LABKIDOK
B, FEALERS B L OF HETE (REE) OHIKLFMWEEEZH S ML, M4 O A
T VMBI L B EAPLOBERERICLY, K—EAME/EHIC X %5 REE OB 28 % Mg
L, Bunofon7 /) —<Y —0OfW B L O REE 12 X 2 TAATB AR DHEKD 4 SR % %
21 7.

T AKRD pH 1Z 3.39~590 THIEAD S FHICH T T 5V E L kA HR %2R L,
FEALFER D DB ORI AN S 5 - TV = ARIH 5 BIBERHFETIEELLF Y 7 A
HORFARDPPAEE N T WD T EATRENT. $7-, BB L HFEOBALBITEMIZLS,
TR DT AP HAL TWE I EARBINT., SHEIPOLAF—E2 KRR LTHTFT S
—HOTATPARRTIE, HEIZBWT Na-ClHOKDHEADBHL LY, F0F513—E
TIEHBLEHLTWD ZEIRENT. HBBERAKZOKE SA O REE #JE1X, Oddo-
Harkins HINCTEVW Y 7 TRy — v %R L, ATHRYVDOREENY — YR L7722 &EhD,
REEZEAPOHBRHLAdD0EEZONL. HAEBHRAKRDOKDGH FIZLED LREE iE O
WA, R—AAMHEIERIC X 5E MBI pH A RS L, 22 TH U7k bek & 3k
FTHZEIWZEDKRZRDLOWMO BN DZ EARBEINS. 72, AOBEHRAKRZDKD REE
BRI L 5 TEALT 228, ZONRY —VIZ—ETHLIERHLNE L7 F7-, &
BEOWMBEA & VL5250 00BEERTIEX, 2 F5 4 P THIEILLZ REE /87—~
(REE/2 ¥ K54 M) PHMATPAZEELD L TWDE I 05, AMBAKZD REE ZEPHO#
e HSOMDOKEDHMEAHIZE VAR ENT-bDEEDLNS. 5|2, $HEDOKITEBLE
A F—HRTE LB B X OF B T3 58T, Euldfio REE & 87 V) jif B E oo 8k
WicEEFNTWDL I ERs, HRWICERES, ZODEu0BEOT /=< ) = KEL
TholzbEZz06N5%.

F—U— o AEEARGR, BRSNS, W IECE (REE), SAEHIER EuT / —
71)._

1. U &I

HKFADALZM R, R ORI, 3 HERE O M B L ONRE KO TREIREEE O M Bk LFAFZEIC I
FIEALF RS (B, 1986 5 AJIH S, 2002) % 6D % 60 7 &L D% AR (Sakai and Matsubaya,
1974 B - BRIEL, 2002) L EFHWOLNTWES. F72, METEIISLRED O E R % i
ET AR E, WIKLETOWEHERERAZWOMIT LI ENTE, LA IEHTE REE) #a2 VK
4 b+ (BlziE, Leedey Chondrite) THIHMALL 7z REE 7% — > (Masuda et al., 1973 ; Masuda,
1975) 1%, WEREOFIRICBIT 2 THSL LR T S LCHEELRBREOV LD LR >TSS, A
SRR DIEEIT L D MRS ORESES Y, KINPEEEYEK ® REE ©%8) (Gammons et al.,
2005) LHtElRF DT v ¥ 4 FuuEfifii (Kikawada et al, 1999), KF#ED REE 1T 5
HERLZZORFZE (R385, 2005) 7 &, Kk KKK REE ORFE G ShTn b,

REEWEAH T4 (Sc), 4 v bITA(Y) BLXUYT % /74K (La~Lu) 15 CEOBMTH
% (A2 TIE Pm 2B La~Lu® 5 ¥ % /4 F145t%% [REE] ¥ %). REE 0oL
DL, HFHFEZORME I A 4V EREERIHWAT LT 7 4 FIETH 5. it 4af
OB IR TR AE I N TV 2D TH Y, REEIZA & YV PEOENPKRE I KBENLTTHE
WTHO, Mer RN AEBEEZERT 2 L TAHLTFETH L. T/, JILEOFERIT Oddo-
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Harkins Hl & LTSN TWS X912, BHEOKET-FH 5O ILEDAEEDME O FEDOIETH 5D
ZTNEYRKREVDT, /7%70)/\7—/75:?? —77, REEZ#% 3ok A 4 2127 555,
BRICERSE FCIX Euld 2MioB A 4 > & %0, ZOREA 4V EEPE(L LM REE &2 7% 5
T2 EIRY. NS, BEuORE (7 /—<V—) L LTHN, SRR ZBOBILIND 5\
ERTERBEICDH > 2 E) P OEMEELZ LA TE L (BE, 1999). X512, k& FE (F
ZWIKREAA, Beaud Fiel) OMERISZEHT %5 ETREE /8% — Y IZHER{LEEN b L —
-t LToREERLES.

WERIENICH D HOFIE, 7, HH, i R SEOEOML R OE RS8R, W
W, IR, KR, BRMER EoMBEHETH L (TES, 1986 T3, 1989 : Takamatsu et al.,
2010). AAIFEATEHK S N7z D 1% 1888 D BB ILDIEK T, ZFOHAPOKFEDO—> & L CTHHA
(B E) 5D, TOEOKIAMIZ D 2 BB A F —IRIE L T, LEEORBBIEL,
FHHZ L TR RBEANHEIRAIN B PMIEAKDSEE L T2 (FES, 1986 ; T3, 1989).

ARWFFETIE, R OHE D O BB A ¥ — 12 B CHARBICE 2 LARKROKE R FEbE
58 & ' REE OMER LA EH O~ L, ENooREREE 27 72, pHRK
—ERLEEZIZEAP S OBEMERIC LD, K—AOMEMEMIC X %5 REE O 28 2 ] & 2
2L, BuBED7 7 —< Y —0H B X O REE 12 X % Tt AKR O WK DB HRE 2 % %%
L7

2. MHPETE

2.1 H ¥

2005 4F 8 HICHABIMANKZ L D 7308 (DFE, QBT OWH, OAF k-1, DA F—
BBK-2, ®RF—HK-3, ©RIERE, O ZRM L7z (Fig. 1). REE e i eHIFLEE 045
pm A Y75 YT AN —THM% LEROMELRNLTAY Yy VFIRE L. Ca, Mg, Fe il
EHB XSO MEHREL, ZNFNEY E L RILL, Ca, Mg, Fe HICIAYME, SiO, Ml H

A i g “‘\ £ N 2
i dalt 3 “1‘ tr (b
K—Bishamon pond
s ‘ ! iQ : Benten pond
@Aonuma pond
} ®Rurinuma pond#”

L 4
®B)Spring water in skiing ground-3
@Spring water in skiing ground-2

‘@rmg water in skiing ground-1
@Pond of the lower reaches

= \' of Akanuma pond
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!
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Fig. 1 Sampling sites of water samples in the Goshikinuma water system of Urabandai in
Fukushima Prefecture.
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IR 2 AN LIRAE L7z, KB pH, ORP, Jkilt, BAEEEX, ZH-ZN R TR
HM-14P, CUSTOM #! CT-500, Hifi?E T 2% CM-14P % J v CHRIUEF IC B cilE L7z, 72
[FIRF I8 & E RO ICALE 3 2 B85 A 3 — 8¢, JEEYL L Tw e wE ARk % 2002 45
(A A) BXU20054 CAA B) (CERILL 72,

2.2 #H E

ARI AT (ADGABE T3EM) F 7230 R S AEE RS (S B L2 1368, TAMAPURE-
AA-100) %H\72. REE OFLHERIZZL 0K R R 10 ppm  (SPEX Industries, Inc #) %
W7z BB X OHEORR, HEOWHFITIIHAI Y AR T HE Milli-Q Element A-10 #8Hfik 3
FEFEEIT X0 s Lok e vz,

2.8 H &
1) EHEIERSH LU REE OFE

KB O Nat, K3 JEFIOE SRR (HITACHI # A-1800 &), Ca*, Mg” idiFEise 77 A~
Sttt (SEIKO % SPS3000 &), SiO., IFe (&Mt bR (HITACHI % U-3210), k&4
F®dClY, NO;y, SO A+ v27u~x b2 57 (Dionex # QIC ANALYZER) # v CilllE
L7z, REEREIZFERFHG 77 A EH oM 2i#E (Hewlett Packard # HP 4500 3 X U Aglient
Technologies # Aglient 7500) % HV>CTHRE#EILFEIZ In 2RI LISE L 7-.

BB A ¥ — TR L 72 AR RN, ERE N ~—CHIVEDY, TR Y G 2o dulEh
DOFEELRT 2 WY 2 KE S Th#E L%k, BHEILEE (HFFEE AMN-1000) THH#: L 200
Ay aFICLTCHmidel e Lz, o 01lg 2MFEL 720, Mk, 7 v IbREBRB IO
HERLKFEKRZMA, MESREEE (> 755 v 78 Super MESREELE) THR L2, D,
SERE T 70y MANB LAY 7 L— b ECTHBEZE S 10em® 2 A B OWEL, 7 v
EAREM 2 I &, RBICHELRNL CZEYWE2BMLER L. CoREzHWT,
Na', K', Mg*, Ca* &5 T WttEd: (HITACHI # 170-10 #), Ti", Al*, Mn* & ICP-AES #:
(SEIKO #2 SPS3000 #!), ZFe (W6 (HITACHI # U-3210 ) <cEhEhflE L7z, 72,
MERE 2R LTV A VBB ER AR L TAR LR, BEE 45 DIFICANELZI TR
LU= L7z, ST v bKREBAZRIML CARBZEL, BFOHREL TZ0ErS S0 A8'%
Kbz, H0 FEEFICE ) RO
2) BAOHEBAEICESBHER

FADOHEMFEBII Ny FHEICL D To72 (EHS, 2003, 2013). BUSEIZSHE O F L2 K55
WA+ > ThbrZeeZEL, (A)5x10%moldm™, (B)5x10moldm™, (C)5%x10 'moldm™
ORI L Lz, RO IZSEOKIED 239C o722 L #4E LT 25+ 1C Ik E L 7.

R XD ITHRE U 7R 300 cm’ & FUREAHIC AN, REE O RICHW 244 B LI Uik
B 10gmh &, RUSHEMRISMAL. F7ayBoOBRETZ2I) N0 2RoREREICT
#5200 rpm THEEE S, — @R (10, 20, 30, 60, 120, 240 B X U¥ 360 min) Z & 123K
Z9~10ecm’* §2o ) Y VTR L 72, I 723 0BHE I H IR 045um A V75 VT 4 Vv F —
TAHBL, Gl L.

F72, RO LIRS DI K—Ealb E A + VikER LR 0L LT, (D) 25+
1CT5x10 'moldm >, (E)60+1C T5x%10 'moldm ° DHEEERETEZ W 300 cm® 1254 1g Zh 2,
FRRIC I SR 2 17 - 72

S 512 pH A5 EHA-F 2 IHEVIKEELEk b 2 2B B L, L0 & 0 KR 2 5 REE 250U Y) B
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HIERMRTAHLDIL, (A) TE360min L 2BABE L TEAMEZ I w2 iEHwic,
FeSO, % BAK I L CHBILKZEKREZMZ 725 D2 RA L —BitiE L7z, Bl L 72 KmIbEE —
# (M) B EIE04Sum A VT T 74 V7 —Thi#iL, AH® REE #E%2H5%E L7

3. WRBIUEEZE

3.1 ABBRAKROMER{LZEVIFEH
1) XkKBHLUCEELZERS

HAFTAKROKD Tw (Kil), pH, EC (BRImEE), ORP (B LEICENM) B L AT
YR IRIE % Z N ZF I Table 1 B X O Table 2 12/R L7z, T B AKR DKL, 17.1~278T T,
WU IIRE DI /N K o 72, pH Id 3.39~5.90 & ZEI/NE L SHEA S FIBITH T T 5 126w
B R B EIME R L. BAUSEE L, 655~179.6mS/m THHEPE L O A F —HHRk-1 3K L, #
OO KIFEL SHEULOKREREHTH - 7. BALREICEMIL 206~491 mV T, BIEE & 50

Table 1 Water temparature, pH, electric conductivity (EC) and oxidation-reduction potential
(ORP) in the Goshikinuma water system of Urabandai (Sampling date : Aug. 11, 2005).

Sampling site Watzzorct)emp. pH (m%?m) ((r)n RVP)
(O Akanuma pond 239 3.39 176.6 491
(@ Pond of the lower reaches of Akanuma pond 237 348 65.5 477
(3 Spring water in skiing ground-1 264 372 91.5 452
(@) Spring water in skiing ground-2 182 3.93 179.6 430
(3 Spring water in skiing ground-3 17.1 4.09 166.5 471
(®Rurinuma pond 278 490 1227 288
(D Aonuma pond 25.3 5.90 1354 206

Table 2 Concentrations of major chemical components (ppm) in the Goshikinuma water system.

Ton
Sampling site Na®*  K' AP Ca® Mg® SFe ClI° SO& Si0. eggf;’ﬁii&“
(%)
( Akanuma pond 202 259 991 246 382 502 131 1380 117 —256

(2)Pond of the lower reaches _
of Akanuma pond 739 075 243 607 952 0811 0290 328 257 713

(®Spring water in skiing 163 331 435 117 196 0197 121 494 716 262
ground-1

(@Spring water in skiing 367 606 na’ 288 486 0057 189 1210 115 ~106
ground-2

(®Spring water in skiing « _
o 333 619 na’ 249 444 0287 160 1080 112 115

®Rurinuma pond 508 118 na® 150 312 0116 593 551 757  —065

@ Aonuma pond 105 183 na’ 125 302 0128 129 495 788  —064

*n.a. : not analyzed.

) (X cation — X anion
*Ion equivalent balance : - - ) X100
(X cation + X anion)
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OB EREL TR 25D 1 DIETH 72, ZD 2 DODIFKRPMMBOK & K L TEICHIZE > T
WEHDIE, WFEFPLOMTAIMAL TSI ERRBELTVAS.

HAATRIEAK RO pH DZALIZINE O pH 13 K339 T, M FLTWLIZONTHEL &Y,
FETIE590 & e o7z SED D A F =W K-312H0 17 TRK—aaMHENEH & IRKZR EDORKK
W& MUK - THRAIZ pH A5 L5 L, BT C Na-Cl Bl k2SR A LG9, HiH Tt Na-Cl#
DKOBEEEDHEMTHILEICL > TESLIWCpHAEALZEEZ NS (Table 1).

T EFEICB TS EC OZLIZO W TIEREMHEIE 1796 mS/m O A F —HK-2 T, wmAHEIX
655mS/m DB T DB TH o7z, PO A F—BHK-2, AF—HHK-31CHTL, BHEHE
TR, Na-ClE O T KROBAICE DAHMENEC 259 L, FIB Tl Na-Cl B O H T k)
BALZZZEICEY) ECHLERLZEEZ 505 (Table 1).

BE T OWIHFE L B LT pH B LU ORP 3% b 5 W15, EC R EEW I, kA + >~
EEEAMIEV (Table 2). ZHUTHL T KR ETRAKIZ X 2F WD 2 5 NEE D SHTE T OB~KDF
HixdnrwrZiohs,

A F —BrHRK-1 138 & i L C pH 23R LA L, ECA% 25D 1 £fk<, ORP b R MKW
ik o7, K USMOTEERSEELKL, THEAF—YEA-1 258E 5| T LTWw L &p
THTARRLERAKICEVFREINTWEDEEZS5ND (Table 1).

AF—HHK-2BLO-B31FAF—EK-1 LKL TpH 2R AL, ECOH2RELEHW
e ool EERSEEDE L, HFICNa, K, Ca¥, Mg¥, Cl BXUSOs #EIELLEL,
CHIEAF —HOBEAIHT LT EAET Na-Cl B X U CaSO B DM FARIBA L7200 &
Zxohb (THS, 1986).

FEACF S DORERP S RD 724 F VB EBEOE S Fig. 2 1R L. A 4 ¥ 4 EREIR AP
DWET — 7 HBENAF=EK2BL-3%2KE, 10%0OHHNTHE A+ v BXUEA+ T
NG VAN T Wz, BBEBIOHFRD AP OF—713Ews, pHBFNZER 490 B L O
590 T, #k& FARCILBA AR LIBAKD SBRESNEOREIIMKL EXFBDON L o7cdb L%
ZHN5. B, ECHLEALBHEERSAHMLTWAEA, ZhidNa, KR Cl »#"E55LTwas
bOEEZLND.

—F, AF—BREAR2BLI-3DA4F N v AL, FNEN-106% B L O -115% TH A
F U VKR ELRY, pHA4ATIRTH AL I L2 EET 5 EWERSE LTAFPELE LT
W nrlEZ5NAL (Table2). B, A+ NF Y AHLEE LMW EKTO AP HEEIX 90
ppm RBEE o7z, ZOREMIE A F = K-1 (435ppm) LKL TR 2 f50IEETH 5705,
Na’, K', Ca®, Mg” B LSO DRI 2 HBIEEE 2oTHBY, HBD X IR TOBER
T NaCl BB LU Ca-SOFDOM T AR AF —BDWFHKIZREALTVWEHDLEEZ LN,

B OWRIZMDOBE D S DIKRDFAD 7R  TOWEO I B %W ILT HS R SO, % &A% F A
ETHILE N, BHBBE 2o THAKICL 25 3NE 2 & THBIED H-SO OB AEZ>TWAS. £
7o, EAPACROPKIEEE» ST LTL % H-SO. MoK LM TEREO< 7~ bz68h
%KD Na-Cl BLOH FARDEIEEMETRA L TEKR LT b0 L shTwnd (T3,
1989). HAHEIE T Na' B L O Cl” DEEDGTE~ A F =B K3 OKIZHRIEFICHEEZ R L
CEIRBEES S Na-ClEOASRELTWA I EZRLTEY, HETIEESICINa BLUC
DWENFEL, BBHIVDZOFGHREVILERL TV,

FHE® pH B £ U Na” OiEZ L% 1999 4E2> 5 2005 4ED 6 4EMIZDOWT Fig. 31Tm L7z b
2 W OWEFERTIED 525, ZOMIIKRELLFHLEISICMT—FZIIFAMBLTBY, il
TEREBA S Na-ClFIOKDTHA L TWAH T ERR LTS, B (2008) 12X % &, Na-Cl B
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Aonuma pond : ] W

Rurinuma pond 1% M\\\

Spring water in skiing ground-3 &\\\\\\\\\\\\
Spring water in skiing ground-2 m

Spring water in skiing ground-1

Pond of the lower reaches of Akanuma pond

Akanuma pond

0% 20% 40% 60% 80% 100%
HNa* K* mCa? Mg?* HEFe* OAP*

Aonuma pond

Rurinuma pond

Spring water in skiing ground-3

Spring water in skiing ground-2

Spring water in skiing ground-1

Pond of the lower reaches of Akanuma pond

Akanuma pond

0% 20% 40% 60% 80% 100%
BCl- WSO, 0 HSO,~

Fig. 2 Relative abundance of cation and anion equivalents in the Goshikinuma water system.
Relative abundance of cation equivalents in spring water in skiing ground-2, 3, Rurinuma
pond and Aonuma pond were shown except for Al**,

7- 00 T T T T T T 200
MK REE BRI EAEEEN TV AW
i N VL7 > W) T 3 > NESWY
- 180 k?ﬁ%‘?}ﬁk&o“(«fok), Im}%(gioilv‘ﬁ(g
B 160 ICH T EE A 5 Na-Cl E o H F K 233 A 3§
1 . HEREERAMSHHI LAY, &512
T 6.00 | 10 g ZORAMAES L T IUL REE D K
. S XEWTLILNEZILND.
550 L 1 2) #F1ETF (REE)
4100 T TBFHAKE D REE %13 A F — 35
IK=2 @ Ce %38334ppb Tk d &L, ST O
5' 00 1 1 1 1 1 1 80 . . —
1999 2000 2001 2002 2003 2005 WD LuA012ppb THk b K2 > 72 (Table
Year 3). WK b Oddo-Harkins ® ¥ 74

Fig. 3 Chansge s in pH snd sodium ion concent- TR =V ERRLTWE 2, AR A

\r/\?;%rr]sngteAn:)'numa pond in the Goshikinuma K% D REE CIXBA 1HICE La? b Sm

LREE) #»'& < = LHIHE (Eun b Lu;

HREE) 2MKWAT2) o8 % — %Rk L72. LREE Tid Pr Z iy Bl o %2k L, HREE

TIEGd 25 Lu FTHRRVICA T OEMZR L. 72, WTHORFIIBWTY Eunfl
DT ==Y —PHFIH LN (Fig 4).
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Table 3 REE Concentration (ppb) in the Goshikinuma water system.
%15?(1)1\;17 eorf ® Spring @ Spring ® Spring )
(D Akanuma reaches of  Water in water in water in -~ ®Rurinuma (D Aonuma
pond Akanuma skiing skiing skiing pond pond
pond ground-1 ground-2 ground-3

La 15.75 3.60 10.72 28.10 26.10 15.84 9.60
Ce 46.36 10.63 29.50 83.34 74.10 3552 19.74
Pr 6.96 1.57 418 12.39 1093 5.32 3.00
Nd 34.77 7.94 19.68 5849 51.86 23.84 1363
Sm 10.06 215 5.04 16.33 13.80 591 3.34
Eu 223 0.52 0.81 250 2.32 0.86 0.46
Gd 12.37 275 6.33 20.15 18.76 759 422
Th 1.94 0.44 0.94 3.16 239 1.22 0.64
Dy 10.99 2.37 5.38 1842 16.61 7.18 371
Ho 211 048 1.06 3.66 3.37 142 0.74
Er 5.55 1.23 277 10.22 9.27 398 2.03
Tm 0.70 0.15 0.35 1.31 1.18 0.52 0.25
Yb 4.06 0.88 2.10 8.06 7.58 311 1.38
Lu 0.60 0.12 0.32 1.19 1.09 0.45 0.21

——1) +—2 =3 -0
w® #® -

[

201t

5

&

=

4

L

=

S o001}

0.001

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
REE

Fig. 4 Chondrite-normalized REE patterns in
the Goshikinuma water system in 2005. (D
Akanuma pond, @ Lake of the lower reaches
of Akanuma pond, ®Spring water in skiing
ground-1, @ Spring water in skiing ground-2,
® Spring water in skiing ground-3, ® Ruri-
numa pond, @ Aonuma pond

WIZREE X% — V OZALDIRIED —D>TH
5EuDADT ) —< ) —FERNICEEMT 5
728, 2000 4F, 2001 4F, 2002 4F 3 X OF 2005 4F
D 6 4RI ERI S N7 AT AR DK
DEuDBEDT ) —<) —% EuwEu* & w9 ig
1% (Worash et al, 2001) T&Fli L 7z (Table 4).
COEIMENITZE Eu0BEDOT ) —< ) —HE
WZEERT. WINORELLINICE ) Zo
fEIC 7213 D 5 AMEEENI/N S { (BEHREUT &
KT40%), ZIEF—EDOHEEZRLTVWEI LD
HENE o7z,

BT LR TV &, SBEEMETOHET
3% 062 TIZIZE UAET, AF =K1, -2,
BI1XLBICHOLLBTHFERID DO EuDHEDT
=) =R otz F 72, BEEE (0.37),
HB (0.39) LADHEF LT LAV Eu 0fa
DT =) —=PEL ol ThEEAPD
REE 283 A8, Euldfhoo REE & #7420
T ERVE DS & T 5 7207 B ANE
W7, K—AMHEIERIC BT A RRIEEIC X

N7 )= —DRINGEVHPHENIEEZZ 51D,
S EHE T OWD REE 784 — ¥ % 5 DOREECRHE L, $ffifk L T Table 5 I27/"3. LREE/
HREE, Lay/Yby, Lav/Luy i LREE & HREE O inz £ L, 2 OfEAEF1UE LREE Y HREE
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Table 4 Annual changes of Eu anomaly (Eu/Eu*) in the Goshikinuma water system.

Sampling site 2000 2001 2002 2005 RSD (%)
(D Akanuma pond 0.615 0.621 0617 0.632 0.379
(2)Pond of the lower reaches of 0615 na® na® 0651 404

Akanuma pond
(3 Spring water in skiing ground-1 na* n.a* n.a** 0.445 —

(@ Spring water in skiing ground-2 0435 0.430 0427 0.426 1.02
(®Spring water in skiing ground-3 na* n.a* n.a** 0.446 —
(6 Rurinuma pond 0.375 0.360 0.371 0.375 1.87
(D Aonuma pond 0.378 0.370 0.398 0.398 3.17

*Eu/Eu* was defined by EuN/y/(SmN x GdN), N = chondrite normalized value
**n.a. : not analyzed

Table b Ratio of LREE to HREE and selected elements in Akanuma
pond and the lake of the lower reaches of Akanuma pond.

@ Pond of the lower reaches

@ Akanuma pond of Akanuma pond

LREE/HREE 1.05 1.06
Lax/Ybhy* 255 270
Lav/Lux* 2.67 297
Lay/Smy* 0.95 1.02
Gdx/Yby* 244 251

REFE1 ./ REEchondrite

*REE1W/REE2y was defined by -
REE2m./ REEchondrite

WCHRTEHBECEENTWSEZ L ERT. —7F, La/Smy i LREE OfiEZ 2/R L, Gdy/Ybyld
HREE O & %717

LREE & HREE O HAZEHEA 1.05, S8 T OEA1.06 TIFIF—3H LTz F72, Law/Yhy, Lay/
Luy (B T OHEOER TN D RREmEE 2D, SIETOFEO LREE 2585w 2 L2 /R L TW
5. 72, La/Smy B LV Gdy/Yby 1F1FIZM UM E % 1), LREE & HREE O X X U TH - 72.
UEDZ Eens, §ETOHED REE 287 — ik, iEOZFN L) LREE R EWEEZR L TW
%73 LREE/HREE, Lay/Smy B & UF Gdy/Yby ZFAFEDMHETH 5 Z &5 5 DO DED REE /8% —
VIEEEDLTWAZ ESH SN E o T

Db Z & H8E LSBT OWE, HAKOEEBEHIFEBL T EEZ LN, BIZIXRES
AL R OBEEREE VB K AEA L CZ OMBECTRAOSAR G ZHE R L Twb eE2z 615, L
ML, B X ICEERGWEBERTRR A 4 VIRENR LR L 2 L2 s, SEIEEET OWENOFS-
3P hnweEZLNS.

3.3 (LZEWMPDEREKE
1) BROERIERSREL REE RE

Table 6 12 2002 4 & 2005 4F 12 ZE8BE A & — 3 TIRIN L 7250 O BAR TR O AT R 27w L
720 MPEADALFHBII R —HLTBY, MHMOEHATHLEEZLNDL. IhLDEADILS
B OAFHIIZIT 99% T, # 0K UKD ZERETHR A 39% TH ) HHHIREIRZULEERDS
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Table 6 Comparison of chemical compositions (%) of rock A and rock B
collected from the Goshikinuma water system.

Chemical Rock A RSD Rock B RSD

component (collected in 2002) (n=6) (collected in 2005) (n=5)

SiO. 59.50 117 58.44 1.81

Na,0 3.00 056 352 275

K0 1.00 1.00 112 3.86

MgO 6.77 1.16 354 2.50

CaO 3.22 0.32 5.60 3.29

TiO. 8.18 0.38 0.76 0.72

ALO; 15.78 0.73 16.26 1.16

MnO 0.85 0.52 0.16 2.76

>Fe,0; 0.16 0.72 790 1.18

H:0 (+) 0.18 354 1.29 2.60

H0 (—) 0.16 3.53 0.57 201

Total 98.80 — 99.16 —
N5, ZOHEAD SO MREIL 25k L b 60% 25
LR, BHARILE R L T oA T RoxA
FRINETH Y (I, 1978), ZHEKEAKIL 20 T Fex®
DEF (B LTRINE) O SOBED 60% &
BETHSH (WM, 1980 : Fujinawa, 1992 § =
BEHL - BRI, 2005) SERD b, SHOME  E
FCHEABRETHLOTEINEETHD L §
W SN 5. T72, ALO;IREEDH 16% THE 5
KEKINOERD ALO, iR (M, 1980 ;
JHEHE - #ltH, 2005, RALR - BEH, 2007) LT 0 —
TR Gl 15~20%) THAHIEDLLLFD La Ce Pr Nd Sm Eu Gd Thb Dy Ho Er Tm Yb Lu
EHEZOND. wic, BULIC X 2B HIZ REE
FEERSTIE, Si0., AlO; CaO, FeO (EFe) Fig. 5 REE concentration of rocks collected from the
sepimEEcHEiT 2 2 LA TE L (FH, Goshikinuma water system in 2002 and 2005.

1987). T4bh, GAABIAEABOZ

NOOREL, HADOFEERTS %2 SMIHE LSS NI E COREME (M, 1980 ; Fujinawa,
1992 ; BEAE - ST, 2005) LWEKT 2L WITNIFABETHLDOT, FEHITENIOTHLEH
ZoN5.

JURE 2 3 — 350 2002 4 CA 1 A) B X 082005 4 (40 B) ICERIL L 72541 @ REE £ % Fig. 6
\ZRT. WA AT REE ISR E R L RIS L C—FLTwiz, o & b Eniig,
Ce ® 237ppm Tl b KW ilild Lu @ 0.33ppm T - 72. REE iR BT F 5 AMB 0 e 313
BT HOITLHE LY S ERIEICHIAET 5 &9 Oddo-Harkins HIZHE - 72 81Ky 72 & 77 7%
y—ERLT.

2002 4E B X U 2005 4F (2 AR TRILL 725 41D REE /8% — ¥ % Fig. 6 /R L7z, WiE 41 D
REET 5 EBATHTETHETOENEDOONL L ODIEIZFAMER Y — Y ZRLTEY, &
HTHETEPERTETE LY RRED o7, 2. EunfD7 ) —< ) —3#O 5N hdo 7.
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LV s s s e e e e B e L 2) BMEBBAREZAVEZBAERRICLZ1LE
. RS DR DR
“ FISEWAY (A) 25TC D 5x10*moldm %,
(B)25C @ 5x10*moldm™, (C) 25T ®» 5x
10'mol dm7* B X OK—FRHLIHRL B,
i (D) 25C » 5%10 'moldm *, (E) 60T ® 5x
10 ' moldm * D ENENDFIEA + i
DEUTIBIT LM FERRD REE /85 — &
Fig 72 L7. B, Lad7s v 77
ANDPOINESRICL BN 2 7TV RO
N S S S S S S S S S R LHEAMBER S NI-OT, Tay eSS L
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 7 4EFTh HREE 127 21200 T
e BTV BNT—Y%ERL, TD/RY—
Fig. 6 Chondrite-normalized REE patterns of VI HMBERAKZOKDREE S ¥ — v
rocks collected from the Goshikinuma water . N .
system in 2002 (Rock A) and 2005 (Rock B).  (Fig.4) EHMBL T2 2 &4 5 hliRiA
AKADKD REE 138 TERINL 7254 & H-
SOBDOKREDHEEHIZL DD 263N THEEEZLNS. /2, FEADREE /8% —
YT EUOHADT /) —<1) —IZBAFE TR 5 724, BEHERTIZZNDHFICEN. Ih

(&, Eu?Miio> REE & R8I ) AT N TWE I EPERO—D2 L LTEZLN, D
BHHFEBROK RS S Eu 13l REE & HB U Tl EtE o WIS A F T 2 T EEMEASE 2
bk,

BMEEFH L (A), B) BLY (C) 2lKT 5L, pH 2 —FK (A) O REROZ(LIK
ELHEHEDS V. ‘Zﬁﬂjﬂifﬂﬁi‘?ﬂﬁﬂ@%{ﬁ (1043) TITIMBEL IR L TRWeD, Zibmsd
G RZZD, TNERVERBTAHRICAENLTwL20THL,EEZLND. 72, wThoss
5 —vH EuOADT /) — v1)~%/TLTa‘oD, BRI O 2 5% L CERKE L TW 551257
5. (C) IZEHIZpHBHVOT, BIMAENECHENROD R -oTwS, KIZ, (A) ©
KIRALSE 8%k (1) (2 X 28Ik ERD REE #E D2 L% Table 7 (278 L7z, REE H38kILiLIC
IO AEN, KRPOBRESNTVEZEDPHOENE L o7, TR TSV pH 25 AL,
KRBALERSAEL B Z X DAKRD S REEPBRESNLG—DOERICR L LEDNE. EHS
(2006) FEMIN BV TH NIECEELEWIC X ) REE 25K OBRESNSL I L EZRL
THEY, COBBIZINEHRINTH 5.

KIZ, K—ahaltLimEEZE R &0 ERER (D) LY (E) T, W&fFEd Eu @E
0)7’/ <) —=RHLN, FBD 3oL MLFEUEmSRONS. 2, BESEV (B) |
WEIME (D) LR LTEREPEL L Z->Twa. ZZTHEBNZDIE (BE) O5%M4T, ‘Iﬁﬂj
KHELIZEuDRDT ) —<) =2VN S B D —E#ZEWVREE 8% — Y &oRr L7z (BE) X
BOLBEHLRTVEAETHY Ok—AAM 1300 1, pH~01, ik :60C) #¥HEIC X% REE ©
BHROEPHETH LR, AN —ERICEWENIC R o722 EARBEN S, KIZ
(D) L (E) oEiBEmMIC X 5 EwWEW* ®Z k% Fig. 8 \Z/R L7z, Wil + v ik, K—aakix

U4 T, WEOMBEORELR L5, WEH25C o (D) Tld Eu O B XA BRI BIFR
&(Liaf~%’6‘1&wiif“§>of:7bf, WEAT60T D (E) TIEEAD 5D Eu OB EAE HIFH
EERBITEAL COZERSBEMTRILZZAAH 5 O Eu O A EIZHEREICKE CXRL S
NHEZEDPHLNERY, HENE < pH PMEWESICIZY BRI 2 2 L0309 h o 7.

10

Sample/Chondrite
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Fig. 7 Chondrite-normalized REE patterns in the dissolution experiments of rock B (10g) with
sulfuric acid 5x10?moldm™ at 25C (A), sulfuric acid 5x 10 °*moldm~ at 25C (B). sulfuric
acid 5x 10 “moldm* at 25°C (C), sulfuric acid 5x 10 "moldm at 25 (D), and rock B (1 g)
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Table 7 The ratio of REE concentrations after the precipitation with ferrous hydroxide to the
concentrations after the dissolution from the rocks by sulfuric acid at condition (A)*

REE concentrations (ppb) after the

REE concentrations (ppb) after the

REE™ dissolution from the rocks (a) precipitation with ferrous hydroxide (b) Ratio (b/a)
Ce 2447 2077 0.849
Pr 345.1 2914 0.844
Nd 1835 1564 0.852
Sm 584.3 499.8 0.855
Eu 142.1 1204 0.847
Gd 899.0 756.7 0.842
Th 1514 128.8 0.851
Dy 985.7 844.7 0.857
Ho 206.0 177.1 0.860
Er 602.2 516.8 0.858
Tm 80.4 69.6 0.866
Yb 4771 411.0 0.861
Lu 75.0 65.3 0.871

*Sulfuric acid (5% 10 ?moldm ? at 25C.

*Excluded La (lanthanum) because of high blank concentration.
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Fig. 8 Time course of Eu to Eu* ratio under
(D) and (E) conditions (see Fig. 6). (D),
H.SO. solution at 25T ; (E), H.SO. solu-
tion at 60C.

REE (3% 3D A & > & 72 %25, §EMAHS
BT B RVPETHER THO T 21 & %2 5.
ZHIZ L Y Euldfibod REE & A1 o ¥ 2PEH R
A NBAET L. BEHFEEBRIZBWTI O Eu
OADT ) —=1) —=PROENLERIE, Eu2s
fi> REE & SR 2 M HICEHE TN LT LI X
DEHOMMERESIZB VT, FF EuilZLw
ST TR D 55 \ N D 53 RS U % 7289 72
EEZON, —TRHOBORENE VWS H W\
ITREEA A VIR DS WA E I — RIS W
BOGH AT L, Mo REE & & 312 Eu %A 1
LAERWIZEuDBEDT /=< ) = ELR0
LHEMENS.

INSEDZENPLEuDEDT ) —<Y—0
RSB E LT, B2 TT 5I20EnE
NG o722 (Tabled) 2835 L,

S DK REE 13 #5125 5 BRI TIIEDB X OB A F Y iRERSWRET TEA» OB LT
WhHEEZONL., FLT, SBOKIGERES A 3 — YR LEIEEDL L OHBICH T T 581K
T, fio> REE & 7% ) O S ITHFNICEZ L EETNTB Y HEHENL R W2 Eu DA D

T =) =R o2 ERALOND.
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b6 & OF HFeHE (REE) OMBRKLAIIFH AW S 2L, Fie OFEE A + Y iREIC X
LEADPLOBEMERICEY, K—EAMEMAEMICX % REE OB HEE 2L, EuofoT
7 == — OB X O REE 12 & % A ABTAKRZDOF KDL Z 5L 72

AP AKZOKIE, 17.1~27.8C THRIEDZEII/NEH o 72, pH IZ 3.39~5.90 THITEAH 5
HHICH T T 21 WE L 22 ERL, FELERGISEOWBEAN T 7L - TV I=T A
B LEEE L W TIIEIL S MU Y ABORFEARPMER SN T DL LavRah/z. F72, S
B HFBROBALETEMIIL L, MTETI OO TAIHAL TVE Z EAVRIBI N, $HEH»
DAF =Y ERME L TR T 25 O HMBPEARRTIE, HRIIBWT Na-ClEOKDIHEAD S
PR, FOFLIZ—ETREELERHLTVL I EIRENT. LABHRAKROKE HHD
REE i 1%, Oddo-Harkins HIIZHEVY 7787 — v &R L, A FAYDREE 8% — V&R L
722 &6, REEZEAMSHEMNLZbDEEZONS.

FABPHRAKROKOTE FIZHES LREE E QA @I, K—aAHEEHIC X 25
WpH 2R LA L, ZZTH UKL L322 LICX DKRD LY A s 2 L AVRIE X
N5, F72, AOPHRAKZOKD REE BEIFEICL > TELT D, 2085 =V IE—ETH
LI EVPHLNE ST

FHREOHEEA 4+ VX2 5000 OB IMFERTIX, 2 74 P THEILL72 REE 787 —
Y (REE/2 Y FI4 N) PREAFERREFELDLTHEZ 25, AMAFERSRO REE ZFEMOHE
& H-SORDKEDHEMERICE W ER SN0 BbNRL. X512, $EOKITFERE A
F=YRE LBEB L OHRICH T3 28 T, Euldfbo REE & #7200 &
INTVBEIEDL, HHERES, 2020 EuOEDT ) —<) =B KEL holbEZ
b,

SRR CRIN L 72 B O S O 2 247V, SIS LT REE 2 L 08mic &h
COVWEFTNTVE 22T L, REE ORERERMEAK & O ENEH R % JIC B3 2 LEH
boH. Bz FEA CAE A ANASEEEINRTL20THILUE, IS OEY O
M%7 LT, REE ®OKE OMANEHOEEIZOW TR Z2HED T T ENFHETH 5.
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RIf7E% BT 5125720, BIRRARFABEH AW ZER OB BOCK S X OHIRR B AR b
Fr OB —HLRIZIZER ORI, oArFE Tz W72 L RELTEHPLETE Y. £
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