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HALOGENS OF GROUND WATER IN THE
MATSUSHIRO LANDSLIP AREA

By Ryuma YOSHIOKA, Setsuo OKUDA
and Yasushi KitaNo*

Synopsis

The authors determined the chloride, bromide, iodide and borate-boron of ground water which
gushed out in connection with swarm earthquakes in the Matsushiro (Nagano Pref., Central Japan),
from November 1966 to September 1968.

This paper shows the variation in the halogens and borate-boron contents, and bromide, iodide
and borate-boron to chloride ratios of the ground water with time. There appear to be no signifi-
cant compositional trends to become a conclusive factor on the origin of calcium chloride type
water discharged from the Matsushiro area.
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3.1 ZFHSORMEEE

Figs. 1~4 |z Cl, Br, I, Borate-B o F§ffy%8h & Br/Cl, I/Cl, Borate-B/Cl (£ 4 ER H) ORKHNEH %
Bllo TNHLOEBERAMEAT LRAFLTHMES % 5. b St 12 BRAKEESD 2O CcHIE
T 5o

3.1.1 St 1#w) ¢id, Cl, Borate-B ZrEEAMM & & HITEFL ML, 1967 4£ 9 FGEH O 12 #ikHE M
LT3, Brid Cl, Borate-B BEIETH A WARE L & JITRR OV BIML T 588, 6THEI AEHIH
BIE—EDME R LTnDo 1Id’6745 3 Cit, Ol Borate-B L [{ L & 5 ICHE BT MM LT 2
A, 6 HRBREA L, ThIUBRAHRUEELERL TV,

—%4, YCloBREEH B L, 1~4X10™ L% h OB, LTw5 48, Br/Clid 1.5~2.3x107% k%
D, ICL \Zl# LT £#Had % »o Borate-B/Cl o Z i 2.7x107% L 3iz—E 0t % LTw3 (Fig.
1),

3.1.2 St. 13 (EBE) 12 Cl 4B 42 0.3~1.4g/l Lk VEE L, Br, |, Borate-B |z Cl LR X
SEEHERL T 5o

1/Cl @ ##id 0.5~1.8x107* L% D, St. 1 Th# L TEEII/NX v, Br/Cl iE 0.5~3.0x10-2, Borate
-B i 2~3X107* Lpkh oEBHER LT3 (Fig. 2),
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Fig. 1 Variation in the concentrations of Cl, Br, I and borate-B contents, and
Br/Cl, 1/Cl and borate-B/Cl of the ground water in the Matsushiro area.
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Fig. 2 Variation in the concentrations of Cl, Br, I and borate-B contents, and
Br/Cl, I/Cl and borate-B/Cl of the ground water in the Matsushiro area.
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Fig. 3 Variation in the concentrations of Cl, Br, I and borate-B contents, and
Br/Cl, 1/Cl and borate-B/Cl of the ground water in the Matsushiro area.
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Fig. 4 Variation in the concentrations of Cl, Br, I and borate-B contents, and
Br/Cl, I/Cl and borate/Cl of the ground water in the Matsushiro area.
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Fig. 5 Plots of Br content against Cl content of Fig. 6 Plots of I content against Cl content of the
the ground water in the Matsushiro area. ground water in the Matsushiro area.
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Fig. 7 Plots of Borate-B content against Cl content of
the ground water in the Matsushiro area.
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3.2.1 I/Cl oER ML 0.5~6.8xX107* DRPHIZA Y, Cl & 40.8g/l LI 1Tk 2 & Z OffilL 1~4.3
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Fig. 8 Plots of 1/Cl against Cl content of the ground water in the Matsushiro
area.
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Fig. 9 Plots of Br/Cl against Cl content of the ground water in the Matsushiro
area.
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Fig 10 Plots of Borate-B/Cl against Cl content of the ground water in the
Matsushiro area.
Table 1 Ratios of bromide, iodide and borate-boron contents to chloride content,
and bromide content to iodide content.
I il m v
Ratios by | Ground water | Hot spring water Oilfield brine Deeper subsurface| Sea water
weight in Matsushiro |in Hokkaido and . water of ancient
Aomori Pref. Hokl;aldo Okli};oma \basin
Br/Cl 0.6—5.0x10-9 1—4x10-3 2-8x10- | 2785 138 7.5x107 | 3.4x10-
1/cl 0.5-6.8x104 1-10x10- | 2-7x10* | 1225 1054110 | 2.6x10-0
_ 5 | 0.4-1.5 2.3x10*
Borate-B/C1(1.1—3.5x1073 0. 3—2.5x 102 % 10-2 — — kg, 2% 10-4
Br/I 2—530 >2 <2 0.1-3.6 35—110 1100
I: This work
I: Uzumasa and Nasu (1960)!1%
IM: *Uzumasa and Nasu (1960)!®
II: **Collins and Egleson (1967)1%
IV: Chave (1960)%
V: *k¥Interstitial water, Kitano et al. (1969)!%

WP St 1,19 (2 e L T/h& w (Fig. 8, Table 1),

3.2.2 Br/Cl pERMHE 0.5~5.0x107 pfEPHIZA S, Cl A4 0.6g/l YEIRE2E, ZOWOE
I 1.3~2.3x107% L% b, ARt H'™ BRI A HBIMIES 0@ KIS, LEREE, 1€
BEHR OB RKOME 1.0~2.5X107* QFEPHAIZA %o

oAk ET LT H B E, St.1 ¢ Br/Cl oE&E L 1.5~2.3%x1073,St. 12 ¢ 2.0~3.3x1073, St. 13 ¢
0.6~3.0x107%,8t. 19 ¢ 0.7~5.0%x 1073, St. 20 ¢ 0.5~2.7x10-% & %, St. 13,19, 20 ¢ Br/Cl ¢l
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DEME St 1,12 o2 hizk~<TKE W (Fig. 9, Table 1),

3.2.3 Borate-B/Cl pZ &I 1.0~3.7x10"2 o@f@icd b, Cl 5B 0.6g/l P Fitk 3k 1.6~3.0
X102 T% %,

FAMET Eith s &, St.1|d 2~3%10-2, 8. 12 43 1.5~3.5x 1072, St. 13 ¢ 2.0~3.0x 1072, 5t. 19 ¢
1.0~2.0x10"2, St. 20 = 2.0~3.0x10-2 1% b, St 12 pIA it kR PRIz /X » (Fig. 10, Table 1),

3.24 Br/loERILIE 2~5 O®EITAS S OW 24%, 5~10 © 3 04 40%, 10~20 © 3 DA 24%,
20~50 DR DA 12% L% Do

KxZEL™ 3 Cl MESRTH Br/l 0BBHE 10D LIZA25308FL, T 0EREO/NEVEER
FORMAEKEBUOBRD ZVWIIKINEHOBRALMBICLE L3O TH S LB TV,

BRBETE B/l 0BBENIOLUTOMERTIOOFHI0 Y LOEERTIOL D RIE3FZ N,
% o ESEPF KA v 2 —RARITE RE &SN CHEE 1934m [TET2IR—-) Y7 iB T ko TBEIT,
Bl Lcko Br/l BB 1.9~6.5 %R L', BRMBERICHE Lcko Br/lokkipkh &4
HoTnbo Zhboliiid, dbifl, BHEROERKFO Br/l ol BRAOHBRERLTNDEA, T0O
BHEHTO LTS, BHTE %\,

FRo X 5T, BERMRHICEE L TR Br/Cl s TEmEHss, LEREHE, KlgiEo
BEEKOHEIZIEEIZLIBMTRB T &, Br/l oludik L V/NE L, HAKIDIKEWZ EAZELLLT,
Z OHIR O BK O IBEALFERSORBER Koo by £L b5 L, %7—J, Borate-B/Cl, Br/Cl,
1/Cl @ SRR, LBRKDIEIZRENT Ed b, HREAEOIDEIELLND,

L LEdS, BEDED S, ZokBKIUEOL DL, TN EJFAEDD DY, ThETTCEIER
HoFbhirnd, L3dh EBROERLEABECH, B2 U0H#EBPOPRRALI L LN, Z0BRE
T CaCl, OKREELTWL i EL LRI TLHELTB EBbR S,

5%, B4 4+ VI Mg, Ca, St o4HifERE 2 7R —) v 7 LcEEDABRFO v P EROMTE
PR, THLIBRO CaCly, F~HFROBELH Uic\o
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