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Fig.1 Volcanic activity histories of four mountain bodies in the study
area.
Drawn with reference to 1) Hayakawa (1983), 2) Nishiki et al.
(2014), and 3) lijima et al. (1958).
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Fig.2 Location of the study area. Dash-dot lines indicate watershed boundaries.

1-3) #'H - LIF - gL

312, EFENKRIEIRB O HE M & FRAK 2 RT.
LFENAGRBEGIE T, BEFENOMINFE B CTIL < Kl
FEVGMLTBEY, KILEOFTHRZINETEHBEL TV,
EEHPARIL & EMILE, BEL RO KILTH B 720,
FRIIZH LD LTwb, —4T, WifhE S
T KILEETIE, KINEEI2RIEL Twab 2 e, Hig
FIAR IR M N R TR WHIE 239504 L T 5.

BN KRBT AL $ 2 BB ILIL o T3, 8
ERDOEVERZ EPILL A LTS (5K, 2007).
COEEZ I, KIIDEVWHARTIRIEL AL TWS+
HThHY, 77IWEERMEL, B OIS R
RARBET CTEREIN, BHOERICX > THa)pRM &
o TWwWh (M - £l 2015). 2512, BR2 +13,
RURIRE R & > TILBRDYS <, PRARIERE AR DS R 720,
WP CENZHIETH L. —T, ) YBROWSE TR
< A S B 720, EOREAEICE, B
AR RTH 2D (ET, 1984). AWFFERS G & [H
ke, BURZ H2%A < 04 LT 5 B IR B LA 2 Ji o5 1 R 52
T, HHEREREEIERIATORTE Y, R EE
O EEZ ONDLERITEI - T, HTFRIHE RSN

TOVLAMEIHE SN TS (BICIED, 2005).

B FENARRBTILD B 5 EEBF L, K338 km* DTG O
A, IO RIREDH178 km> &, #0450 Db % 1114k A
O TWD (EEFR, 2023). BIENKRIBRI 50T
HIKICIE, AFRH TV R EDOEMILEFLT
BY, RERNL, 2553 XF 5% EDVIMKO—ERTE
BLTWS (UM - i, 1995).

1-4) /K3 - LH#bF| A
BZENAKRIEFR AL S 5 LK1 #E12 1, KD
BHEAEBGEALTWA. T2, RN, TR
7, WTEASE 2 SIS 2T RD S 5. TR Lo 1L TE
AT 2T KL, BEEF2200 mA HFE R A LT
MinaZ EndHEHLTWS (BB, 2025).
BZNKRBETIE T, 1RO A - 72 IR A
b Twa,. PTd, ELodkMoETIE, %2725
P L BICERHAREEZFHL T, FrXy i Ehvk
HENTWD (AN, 2025). M3EiEE) & il
OB LT ARONKEG & OBEIX, H#EIZA (1989)
KXo THRESNTEY, BEWHIHZ 21T, mENHIC
HIR 3 2 WIS X 2 M FKIGSSAE L3 5 W BBk 2SR g
ENTWD, LA, EeMESEE R OV ARk 43 3 5B s



20 AN - 8N - Aok sz

i
WRT 55840
I - TREELILE B8 - Kiks
K KILEERR I HER
LTI - TRAEELILE S« K
RIS - ZREBRZIE Ba - Kivs
LA - ZREBRILE B - Kiks
FI13 T 4ERT FAYA b - FECE TS KBS
KL | 135 4ERT KILE EHRRIENHERYD
B LZIE - TRETARILE S« Kiks
HERUE H BIEEE « (L - )1 - ¥R R HER Y

(3 A7t 5 it oo B 1K) & Rk Hh o
OWHIKOFRAKHMEL, A3 FAROFKITZIRL, i
PRSI CRge il - 48, PRl : A, SiH
TFKIEE <o, I ) 2oRs. M oB#iE, wEit
ZIRT
PERSHT ' XINavi https:/gbank.gsj.jp/geonavi/geonavi.php (7]
H 2 20254E 1 19H)

Fig.3 Geological map of the study area and water sampling points.
Circles (O) indicate river water sampling sites, and triangles
(£) indicate groundwater sampling sites. Colors represent the
mountains to which each site belongs (Kusatsu-Shiranesan:
purple, Azumayasan: green, Eboshi volcano group: red,
Asamayama: blue). Dash-dot lines indicate watershed boundaries.
Source: Geological Map Navi, National Institute of Advanced
Industrial Science and Technology (AIST), https://gbank.gsj.jp/
geonavi/geonavi.php (Cited 19 Jan 2025) .

HA | RER
KILE | #7305 4ER

KL | #926075 4ERif

#1605 41T
#7775 4R
#3675 4ERT

HAEME R D &) I TAKGRIGBII STz (7
UL, 2024).

2) WAz
PRI, 20214E11 H 2> 520244E6 H 1222 T8I 43T T
To7z. BokHEIE, EFNDKRFGIRICB VTR Z

PUBT O VAL 3 2 W) 161, B S
FICRKREITo 72720, WTAKRELTHS. #HEL97H
MO L, 0HIIZB VT, 2072 5 8H OB F A %
EiiL7z. Folo, AROGREIE, 27138 L o 7.

2025-12

FIL 7238 o izid, B S 2 ICpHAMR W 2 &, RILE
BOWEZZIT 2, HAHCIIHEKPRALLEELSR
LRFDD o7z FDI, KRFETIE, W52 KILE
BoEEL, WRAKORADHEN & 2 TR L 72,
Ailsottini, 235BCREmE T o 72 (K3). W)lIIAKDEF
ML, FRARIGET & D BRI B2 XM RE D e Wi
e IR L7z, WIARERENE, NS 2D TE S
WA, EHEHRARY Ta¥ L Y BoMmICERAKL, @l
WD S EDRTERWYAE, MEDTNT Y ZER
5TFALTHKLZ. AT, WFgek St s 2 5
KREFRM L 72, BHMEORLZNGEL T, HEEHRRY
Tu¥ L YBOBICERAKL, KT, BARE TR
FEEDT, TR E LTINS E Lz T2,
AEOFKIE, pH, BXURENE, 14+ V50, KOEEE-
IR FE L E AR LTI I 2 508 & Si0, 70T I 0 3k
ST TAT o 7.

3) B &
3-1) KEOHFHE

RIL 2B 2 PR ISR B0, FLEE0.45 pumd X
YTV YT AN —TAHBL. FO%k <IVFKRE
il (TOA-DKK, MM-60R) % i\ C, pH, ERImEE%
WE L RIS, £+ 27a=< b2 57 (Thermo Fischer
Scientific, ICS-1500) % v T, FE AL + ¥ (Na', K,
Mg™, Ca™, C1",NO; , SO, ) EAME L7z, HCO, W
¥, WAL EREE (TOA-DKK, TP-70) % AW T, #i
Wi EECTHNERZITo 7. 72, BAh 50 Lo
YOI T B720, SiOEEDNIE % Fii L7z, Sio,ik
FEOME, 20234F4 H LLREICEREL L 721683 F T1T - 7-.
SiO i EE DY, AT B HOLEERT (Shimadzu, UV-
1280) % HC, LEAPKRER A (JISK0101) €Y 7
FUMPOGEE R TEE L 72, SOOI, 7295
RBANDSIO,D B 2 B 72, WA ORI A S, A#
IHTCELFET, I AHEEHWY, 7I9AF v 780D
MAZHOCTIEREZITo 72, ¥ 5612, WIKB L OHITF K
ORI SIS BFE MRS 5720, KOME - KELRER
fifkit (6%0, 6D) OPEEIT-72. KOFEH - KER
SEFSARIE O, KL FA AR HT R (Picarro,
L2130-1) & M7z, KOBRHE - KEZERMARIE O,
Lt gk (SMOW) D[RRI & O T- 43384 75 % H v
72, X (1) THOHbINS.

0 (%0) = IR G/ R smowy — 11 X 1000 (1)

fZ T, dexcessld, §0BLUSDOZEIHVT, KX (2)
TRD7.

d-excess (%) =(dD—8 X ¢ '°0) (2)

3-2) M ER OB G
WNAKB X OCHTROKEE, WERLME, AHRIGE) &



thoFE 8 KUNEB DA A 2 2 IR O IFHEITNC BT 20117k B L OHE T K DA T AR, O f 1 21

DM E WA T 5720, KHROBBESR (RAKEKE, e wwmmewemnLEER
VUIBARR, BHERR) RO ThThoMIBERE, B 5 UM FABK O ENRE AR
250005 D VIR AR L TR L 72, £5, RAMEE 65 } : SEEAML
&, HIEROF GRS RRIIEZHANY, wlI & o y=8.00 X 8'°0 +10.0 ST
FHRE D 2O, IV ET, Fkir S0 70 I AR
WMHOREEETO, ROBFVIRBEORS 2D, —5 | |
R 2 BN CHEBEMIICIRA Lz, ik, BRI £ i ;
mnjRE A TEE L, KRBACH SO ARE @ o
Bz, EWBIIRE L7 BHEIRE L, Google Maps (Google, |
2025) DHLZETIN S BIE N L, FRT R 1 o | @B e
mm GO~ AH B2 CTHE L. !
y=6.99 X580 — 2.47
3. #ER -90
-13 -12 -11 -10 -9
1) ZENKRIFEFILDKDESE - KFERGLAL O 3130 (%o)
K412 6 "0 6 DOBIFREIRT. —MHlZ, FE—/VLR M4 5"0% 6D DG
Awd, X (3) TRENS. O NIAKRE, Al T ARRHE KT
Fig.4 Relationship between 6 'O and J D. River water samples are
SD=800 X 5"0+100 (3) shown as circles (O), and groundwater samples as triangles (£).

—75T, ARBFFE G M TRICL 7201k B L OH TRl LTz, HDHVIERED 6°0B LU DEFROKOWRED

JpEATIX, X @) SN bz GacAhon s (Fw, 2020).
WIS, AT L DR EMETT 5720, KSIZ)IIKE
0D=6.99 X §'"°0-247 (4) FUH T AROFRAME T E D 60, 6DB X Vd-excess%

R, BB, KPEOLHOMIZIRAKH Z2/7RT. Kif%kT

AMFZERT S 1 TEREL L 723017k B & OV F 7K o) [al Jit i I, EEAARIL, BETKLER X ORI oR)IKS X

&, 70— NV RAKED S HEBIOY R 2N o U FARREHZBWT, 60X I DOFHIEE VN EH o

Tz, 50T, ARWFFE 4t TERIL 720K B L O 7. LA L, MELom)IkB X O FARRE O 6 *0%

TAROBUFEREOTTAS, 7a—=rOVRAKME D P oH 6D, 6HB X O9OHICHRIM L 723 Ccm <, 4FICHRILL
PNIAE LTz, 2o X ) BH5IE, WK TH B TR W E I O EIZE B DS A S 7z,

@20214E 117 ©20224E 4/ 020224E 8 ©20234E 48 ©20234E 9/ ©20234E12 020244E 48 020244 6 A
5 FEERIL P Baf 1Ly J=1.-E NI} R
| ° Lo P
~-10 .} e | L | 0.
Saile Q%g‘ 8”6‘8:".0({.}:&s ° X 856¢O “ |
[<] [5) [ ) ~ )
) e 52 $TE %%&59&”#’?
= e e :
-65 B —n 1 ™
375 m ooo(;o;." S (oo og © &P
&9 51 0PI T [ 61 O
< e © o, o & e o
8 85 bw‘ \I},,,‘# ° s %8 ? Jo° aﬁ@g’&p 3—}—}?@. 9
o o1 o ol i
95 | | 1 1 1 1
15 ———— -
- o | ! | . | | | | | . | ® |
£ [t S e B koot B el
2 of b Cﬁ_ ) e
§ 5 Q. [ ) o. () f%tﬁ“ © () ij i"
$ [ ¢
= 0 o

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85

X5 #EZTED6%0, 6 DB & Ud-excess.
ODITIRAK L7 4EH 2R,

Fig.5 6 "0, 0 D, and d-excess values at each site. Circle colors indicate the year and month of sampling.



22 AN - 8N - Aok sz

2) BRIIKRIRERDILZR D DFEE

Bl6lz, KB L O T RO BELURELE & pHO Bt %
Y. B ORFHE, pHBTRETH ), Th b0
BARIRE R 3D o 72,

9 T T
O BRI
8 @ UL §
® Bk L
7 @ L 1
3 S S
= l |
= | |
S G I I
4 SIS B -
K ] ST B b--0-g@o-——-
2 : ’
0 20 40 60 80 100

BRKEEE (mSm))

[Rl6 A1 ¥ pHO MR
OWFMIAGRE, Al TR EZRT

Fig.6 Relationship between electrical conductivity and
pH. River water samples are shown as circles (O),
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Fig.8 Chemical composition of river water and groundwater based on
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(O), and groundwater samples as triangles ().
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Research Article

Elucidating the mechanisms of river and groundwater quality formation in mountainous
headwaters with different volcanic ages

Komaki ENOMOTO" + Sumito MATOBA?” « Takayuki KURAMOTO"V*

The headwaters of the Agatsuma River system in Gunma
Prefecture include four mountain bodies with distinct ages of
volcanic activity. The quality of river water and groundwater
in these regions is believed to reflect differences in the degree
of weathering associated with each mountain’s geological age.
However, few studies have compared water quality among
multiple mountain bodies within a single river system. This
study investigates the mechanisms of water quality formation by
analyzing the chemical properties of river water and groundwater
in the headwaters of the Agatsuma River system. From
November 2021 to June 2024, water samples were collected

from 97 sites. These samples were analyzed for pH, electrical

conductivity, major ion concentrations, SiO, concentrations, and
water stable isotope ratios of oxygen and hydrogen. The results
indicate that rock weathering is a major factor influencing the
water quality in the headwaters of the Agatsuma River system.
Distinct differences in chemical composition were observed
among the four mountain bodies. The proportion of HCO;~
among anions increased with the age of volcanic activity,
indicating that differences in the degree of rock weathering
affect river and groundwater chemistry. In particular, the river
water quality in the Mt. Azumaya watershed appears to reflect
the permeability and solubility of weathered rocks distributed
throughout the catchment.
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