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On the Carburetted Springs around Lake Biwa

Susumu NisuiMural, Ikuo Katsura! and Jun’ichi NisHiDA®
! NPO Think-tank Kyoto Institute of Natural History, ? Otani University

Abstract

Some carburetted springs are registered around Lake Biwa. These springs are
pregnant with thick lake-sediments (called as Ko-Biwako Group) with no depositional
surface and containing pebbles. Main chemical constituent of free gas of these springs is
CH, (80~85%) and others CO; and Ny,

At the lakeside of Shin-Asahi Cho, north-side of Ado River, northwestern part of
Shiga Prefecture, we drilled 200 m depth for the determination to elucidate the origin of
CH, and CO, in spring water. Chemical composition collected from this spring water was
determined that main free gas is CH, (80.05%) and others CO; (3.00%) and N, (14.30%) and
in subordinate water are HCOs~ (334 mg/I), free CO, (75 mg/l) and NH, (10.5mg/l). Based
on the relation of CH,/(CyHs+ CsHs) to 6 °C (%) and 6D (%) to 6°C (%o) of discharged gases,
CH, gas is originated by some germ with CO, deoxidization process and remained CO..

Some methane originated germs are found in spring water of Onoe Spa, Kohoku-Cho,
and Spa of Yamada, Kusatsu City, and core samples and spring water of 200m depth
drilling hole, using DGGE method.

Key words : carburetted spring, water soluble methane, Lake Biwa, methane originated
germ
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1. IFLC&®IC

EEH MY O RIckiAE: 2 & v ORIGT 2HIEICHEEI L <€, HET 2EKB&FIcARon
3. NI, REHZRGHEMULEELTWS ZENEL, BEMEL GBYIDEWE BEE
WHLRE LT, BEXSV GEHIDEWD BERAERE LT BRESNAHINTO S, 2kE
LT, BHRBOSHERELD XA ¥ VOESHEEDIES ML, T ORBEROKKIC > W T E2H
KD TEHET 5.

S/ 5131F 115 FERiIT, [KD S kDS & LTEAZEN LI EY — KR 5 TL
5. WG 16 FEHE, Ko FEREVEAAT @RI THEIRY TH S - 7203, 30m 12 L -
12T A, TOHFMS L HES A ZRBRE . 5 HEHIZ D, BERINIC/KSH I LZ L ThH v
T IR DTICET A, KITKDBDEELDAHELERY, T OBEMNRA . HE2m 3 E D
WEAWIITL, SZLTP- EHL EDk. kINFm ENEEO X S RTINS BR 5.
ZDED, 33 BTADORE H 2 NMILEHINEENORE A LN [4 =] EFFENTOT,
HIT D BRSO BN EEITEIAATA ¥ v HAAFALE LD, COFEHDE - EEMLE
EA 5.

NS DRRA RDKITDERH A 2 DHY 2 F2dD 8,000~9,000 kcal/m® & d 2 T EAFIS N, HEH
THREMDAECLL oD iE, BHFI14 (1939) FETH 5. COFEOE, TILRARA 2 TERDHILES
N, IUED» O ZTUEKERE TH RAZEY, ThER Y NTED THREBO T/ S 2 9ILEHED
SUEE QRS U Cfib i, B0 18 Ficid, HRMFREOBbE & bicERKE LTl oHEE
DD B S, BEEITRAN 2 et &St b s M HEE A X & 4,000~5,000m?*/d & & - 72.
FIC, #IPETHMBE RN ARSI S, AR (I#E8GE) RO 7 5 X8 EfRT
~Msa N, o OEHNEE LRIES L < 3T 0 cb gL Ly ch - 7.

INOOHEFKEE & HIchB L, FEEMRARS 2L IZIE 25 4 12 Aok, @EK
PR AR L B IAFN 29 4F 4 HiciRZE LIRS La nisir - 72,

HAFD 29 LIRS, FEEM O © ORRH 2 13— BKER B E LM TR s & 2. B
26 FEREE RS VB A KPRt R Al & RS I LI A S s, BB o R 2 1A &
MTHREB VT, TORKNBIHSHICT 2 T &k, - k.

HEAMT ISR HD CEN TV A T &5, (HHTIEM 324 4 A2 SHHEIL 7275,
1,000m 3d % EFEZ SN TOIHED 409m TREEICA > 72D T, 416 m THHHIZH Z 50, £ &
VA b 120~145m OHIEIC 200 m?/d (F 2K 0.1 PIE) LAMKBL THE 69, HEIKES BV
L LTHEES T,

Z Dk, oOHBKICESRIESED T ENbr0HHLIE LTERRBE L TELRE L. 1,
PERED & 7 VA ETIEE S ER E LTflibh s L D12, REIEOHERTE %0 W& Tl
EBOEHIS N BICE - 12,

COREE, ToKEMA s vizA s VEREOBEICIZDTIREOLNEEZ, (WD HIEREREEE
EBINHFRE OBIIc X © T ORRRERES CEmTE .

2. EEHRIOKBMEXY v E8HT5EEH

NHFD 54, 55 FFEEICHEE IR RAN A [EMNEZE S (FRERMAES, MRERE T RFEH ) 8
fES N, EE R [EIREEIC L BRSO | ZEs s (Fuky, 1979 ; Ok, 1981 ; Fakf i
fth, 1991 : Nishida et al, 1990). %7z, ERICHEHIFEAH > TV DOT, TNODRFEOHEHIT-
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7.

MHFT 29 (1954) H X HIEFI 56 (1981) FEofEic, FEEMEBIC Ao NIokiEEx ¥ v 256 LT
W RIRAIE & Fig. 112, ZO{L¥45r% Table 1 1SR, oD% 3fFEK (GREK) D
DITIET TV B3R CO, © HCO;™ OEHFRICL DIRRBICEFESINTVS. I o DOkKRIE CO,®
IREVIDHERBYOFICEALIAD St & VAEKROE E XD * & Vi LI b D TR EDER
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Fig. 1 Geological map of Ko-Biwako Group, around Lake Biwa. (O1 : spring in Table 1).
1 EENRIOENR  TEESHEBRMER (Ol : 5 1 RORFEONEEZ/RT).



58 RIRFYE

Table 1 Chemical composition of Carburetted springs in Fig. 1

=1 1 ISR UIZREER (BBF129 (1954) ENDBRIG6 (1981) FEICBoNTz) OH RFHDILFESHT.
FEE IR IS D KIR AT 2 & AHREK (KRS 2 DRI vol% £ 72 BEK DIFIERA1E me/l TRENTWVS)

F 5] 1 2 3 4 5 6 7 8 9 10 11 12 13
THTAT | B BRMT | SFLLT | A AT | A E T | SAICET (SRR | 22T | <P | 22T | BEs T | ST | 21| <P

oo (B (vA - L HgR (RLARE | R EE | RE |- BE | W | & = G
FFovieT | =ER W Hzro7 | E— | = |HEQ M| %

PR (m)| 700 707 30 30 180 180 60 880 60 60 614 240 945

NI

KR (C)| 29.8 | 35.0 | 16.5 | 16.5 | 20.0 | 19.5 | 18.5 | 31.5 | 18.0 | 17.8 | 27 18.8 | 33.5

BANm/d)| — | 21.4 | <T.4| 7.4 3 — 12 — 2 — | >3.2| — —
Kki/d)| 298 | 324 — 110 | 21.6 | 86.4 | >2.4| 175 8 — 248 | 200 121
AR — |0.066| — [0.068| 0.14 | — |0.5>| — | 0.25 | — |>0.13) — |#0.2
#ooR

He 0.14 | 0.036( 0.000 [ 0.000 | 0.003 | 0.003 | 0.001 | 0.014 | 0.000 | 0.001| 0.006 | 0.003 | 0.013
H, 0.000 {0.0011| 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001| 0.000 | 0.000 | 0.000
0O, 0.160 | 0.00*| 0.13| 0.22| 0.50 | 0.34| 0.14| 0.28| 0.05| 0.19| 0.24 1 0.18
N, 81.54 | 24.5|17.96 | 7.72|26.24 |17.03 | 9.90|21.63|10.76 | 20.01| 14.30 | 15.28 | 19.62
Ar 1.08 1 0.279) 0.40 | 0.21| 0.45| 0.30 | 0.20| 0.31| 0.21 0.42| 0.23| 0.18| 0.35
CO; |0.005 1.95| 2.33| 4.88| 0.96| 1.77| 6.82| 3.48| 6.39| 2.90| 3.07| 9.90| 4.62
CH;, |17.02 | 73.23|79.18 | 86.98 | 71.85 | 80.54 | 82.94 | 74.28 | 82.60 | 76.48| 82.15 | 74.64 | 75.12

C.Hs |0.005(0.0064| — — — — — 1 0.004|0.000| 0.000] 0.002 | 0.000 | 0.006

CsHg | 0.000 | 0.000| 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000| 0.000 | 0.000 | 0.000
N,/He 582 681 — — | 8,747 | 5,677 9,900 | 1,645 | — 120,010| 2,383 | 5,093 | 1,509
Ny/Ar | 75.5| 87.8| 44.9| 36.8| 58.3| 56.8 | 49.5| 69.8| bH51.2| 47.6| 62.2| 87.3| 56.1
itk

pH | >84| 7.3 | 6.5 | 6.6 | 7.2 7.2 | 6.6 | 7.1 6.4 £ 7 6.6 7
HCO; | 51 397 | 116 | 172 | 402 | 406 | 305 | 366 | 261 %7; 384 | 185 | 350
free CO,| 14 24 102 | 190 36 36 170 50 180 fig 70 92 60

Cl- 67 383 | 10.6 9 14.2 | 14.2 ] 9.2 | 177 | 7.8 41 7 74

NH,” | 0.26 | 11.6 | 12.1 | 16.8 | 14.2 | 14.2 | 22.4 | 12.1 | 17.6 11.2 | 14.0 | 8.4

*BRO*EONEEZN TN 143v0l.% BL UV 14.08vol% TH Y, TDTNTEZELRAICLE bDE L.

[ % & 5 —RER Ol BIFE, AT b, FoulTeyn, sFilm - EEti oM, KR HE oM
FRIZ, COMMORFENRLNS T EAMERLI. MCN#Od 2 L AITZTORFEENH 5. L
L, JLoE MK 5 1,400 m #E F THENRY: GRVLIEGEER) OMFocdicigdlsh
THP O A 5 v 2D - 72 GETL, 1988). £ & 2 ICEEHOHER GO & TicT b kst
A5 VIREEN D B DTSV, £ TED XD BHEREEREED & T AITKIBEMEA & v ISIRIET 2 0
M, SEEITETEE L.

3. IKiBEMA S VRIRE DEIE

EEHMELZS a2 VEIEMEEE LTHY, BEEMOBIEDOEIIZ 200m FEE THIETE S
J =27 A ) H VIBIEEIEEH OB SEDIEE Lz (faR, 1981). ZOfEHE % Fig. 2 IR
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Fig. 2 The distribution of Bouguer anomalies (Nishida et a/., 1990). Contour intervals are 2 mgal on
land and 5 mgal in the lake. Average density is deduced as 2.4g/cm®. Solid circles are gravity
stations. H and L mean positive and negative anomaly centers, respectively.

2 BENERIOT—47—2R2FX (Nishida et al, 1990). ZEE/JFEERIIFE T3 2mgal [HE
T, M TR Smgal B TH 5. T—H —HEEHIEMIEICH O IIRERE 1L 24g/cm® TH
5, BEEENAL HELEZAZTN 7 —FrF—REOEBIUCAREO Yy —-Th5. L
DETAHIFEMT, FENROBEEDSGVWEIAREEDHLLEIATH .
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9. 1981 MR REEEHOMBENS —>Th 5 L OER L EHOMATH 5 L OBERSHEYEDR
HThHY, TOFEJPFEICL D #EIT 15~20km OEZEEFESOVWL Sh OB TH S EERLT
W2 (PR, 1981, ThidiEl (1973) oEZ 0, EEHOMEI _FNcERS 0, RO S
JEAKITPERNZFE D D SIEANFEEL TV A T EART HDTH » 12,

TR LT, Pallo EFERIFICK X SrElLEROTERTENS R S, BN bulifEnss sh
INSOWETHRENIHTEIRD & A TRMICHERENAEL -/ & 2ATA Y vOMaHA 51
TW3.

LB O OUEOFER T b 2 HE RS A SN 5. FEEBAB O & E U & 5 75 HER
BEiNd Dz 5 Th Lo TEO, EETLNEO S0 &, B0 E ] ORIER (ZEH 6 = &
JTAEDSSFLWRLSEEIFR T L E N - 120, TORMHMOKETEHEN T T4, S 5ICHlFEREH»S
SR L2729, BISIEDSAIREICTS » TX DT, Y 14 RIS S EIE ST 7. 20
0, MHREAEROMERVTH 5 T EAURENTK. 1o OHEREHIOH /KI5 LT\ Tl
SHTHBEBIEETEL.
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Fig. 3 The character of groundwater around Ado River, northwestern part of Shiga Prefecture.
% : 200m drilling site.

3 MILRZNIEZOHTKEROERF. S 4EO 200 m HHIHEA.
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5. TOLEEXAULHEOHBNEOEASMON TV S, HED O AN, B2 =AM A
FIELTVWBEHICAHZ B, EIJHETRZENN ORI LSRN EnbhD,
LS ZANTRBWC EPHETE S, BROZr-1cdbEOHFOFHATH - 7275, Fig. 31
(E ORI FKDIRREEZ R Lc, HIEEAFEL THB O, HF/KIGER L Tl T, B
ZJOJLM O FKDBRIZEENE L, BRELTVAEANEZ VW EEARLTVWS, JOHIET
bIPRK 16 4 3 AT ENEZIT - 7o, = OFER, FEITEHTA> ST EER < 1 Tl
MR T, MERWVIC 2 ROWERHETE /. ThoDEEDRZVEEDH BWEDITHIZ A ¥
VISR L TWA T Ebh o T,

4. FHEETHTE

IKIBMEX & v DIRIE L TOW AHIBREE OIS & * & VERER EDEEE . L) 5101,
SERY 15 (2003) AEEFUERTHT ORI T, 200m ORHIZIT-72. TOH b T, HEEHOH:R
PZ 700 m FEEEHERE T & 3. B TIHIL 72 » e S FE A THETH - 72 (NPO v v 7 ¥
v SESE RS IIZERT, 2003 5 2004).

AN 2 7 ORI EHHIHOMEZTT - 2. £ OFER
O HEREBREE  HERE I3 Dsd &b, b RIORBMSHEREOIE 2 ¥ v IIMRESEShic LHEET

x5,

@ FEESOEE : 142m DR IZERECE OMHEENE L - T0 5, #IEERECS R EEH o his
U LDEELBEVWDOT, COMWREYIEHE,PORIEDTHL EMETE S, 142m LIE
WFFHRD m v v 7 2 V2 DN E EN, HHEFEEGGEOMES LBV, ol iiFInsd
HERED P SR 7c b DTH B LHIEETE 5. HIFEEOEREEZ SN b DT 142m OREE
BOXRMAIIH 26 FERIOLEEHRBE TH 5 LHETE 5. ZOMRBEIICHED FRE
ColcbiffETX 5.

@ WSUE : o ORI, HREMKOBRP OATT IV VIEHm 7 o VIcHRE Lt
T, KIWKDBRSNIE D o 7ehy, HORUHERE L/ b DTH S T EMHEETE 5.

I TAIIEDSTEIp - 72D A 5 VR O FAE IRBD SN - 7z,

Table 2 On-the-spot investigation of some selected depth

® 2 RoncREDBEKORMSHT.

No. A Bmg&E(/5)) | pH | EC(s/m) | @ (°C) | Fe(mg/kg) | F(mg/kg)
No.1| 56.17m (53.44~58.90) 7.24| 0.399 16.6 6 0
No. 2| 184.27m (181.54~187.0) 0.16 7.91 0.409 17.6 7 0

184.27m (181.54~187.0)
No. 3 0.11 7.64| 0.457 17.7 10 0
156.97m (154.24~159.7)

184.27m (181.54~187.0)
No. 4| 156.97m (154.24~159.7) 0.18 7.42 0.448 15.7 10 0
143.35m (140.62~146.08)

184.27m (181.54~187.0)
156.91m (154.24~159.7)
No. 5 0.18 7.71| 0.308 15.5 6 0
143.35m (140.62~146.08)

87.43m (84.70~90.16)
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Table 3 Chemical composition of spring water of 200m drilling

xR 3 200m DEFHIFHOBEKDH X - KEDBHS T

P HIEREE 187.00 m H 2 He 0.004%
KR 18.6°C H, 0.000
2 >30Nm?®/d 0, IR
1N 432kl/d Ne 0.20
HZ/KE | >0.15 N, 14.3
Ar 0.20
CO, 3.00
CH, 80.05
b7k | pH 7.60
HCO;~ 334 mg/I
FreeCO, 75
Cl 8
NH,* 10.5

BBFERP a 7 ORE 16, * 5 vk , .
. - Table 4 Composition of soluble gas in No. 1, No. 2 and
NEFAEDHETE S ETAITRAY v b No. 4 (shown in Table 2) samples
D& Br—v v rEnint. *OEEIR &4 B2RXRISRLIENo. 1, No.2, No.4IZEEND

—5344~—5890m, —84.70~—90.16m, H RS

—140.62~—146.08 m, —154.24~—159.7 ik No. 1 No. 2 No. 4

m, —181.54~—187.00m TH 3. D[ CH,(vol%) | 55.7 16.8 65.1

SRIRFECHMEL, +4.00m BEOSHS T C:Hs(vol%) | <0.01 | <0.01 <0.01

WELT. o B CsHs(vol%) | <0.01 | <0.01 | Not Detected
* 5 Y ERGHE S ORET DO 4 COx(vol%) | 0.465 | 0.646 0.76

HfFET 0T, EREANTRESKS

L, TITRY v FERATN Y A —% Navole) | %3 | %3 2.

miF, HET ZHITFKAFRIL 2. B 0(vol%) 6.11 8.85 5.11

DEEVEAIE R Y » P AL XA TH Ha(vol%) 0.05 <0.01 0.02

EXH, FK -T2 L.
5Bk LB o 8 8 i o 3R
% Table 2 1T/R9. EDO KD HIE

K - # 2 O5MEEE A Table 3 1224 Table 5 6" C and 6D compositions of CH, in No. 1, No. 2,
M =1 /N .

No. 4 samples

HAD 0% (A5 ¥ TH -1 %5 No.1, No.2 and No. 4 KD X & »® 6 C, oD 1A
Table 2 @ No. 1, No. 2, No. 4 ®=Fi B No. 1 No. 2 No. 4
D -ﬁ;g s, N ,(\‘ D e X
HE © enTni %00 ml O 8"C(CHy) (%) —63.9 —61.9 —65.8
ZiTWaH L. iR % Table 4,
SD(CH) (%o —185.7 | —185.6 | MIEE

Table 5 CCZTT? CH4/ (Csz"’ CsHs) -
CH, D 63C (%) DOE% (Fig. 4) 5, CH./(C,Hg¢+ CsHs) >5570 >4680 >6510




55 54 % (2004) FEEMEL ORI R 63

100000

iﬁi%ﬁ;ﬁﬁ?\
10000 | % o) f O X#kfE
&a i
CH 1000 2 9___‘_! X ®56.17m
4 fe%e) °§c9 BEHR
CHgtCHy) (0| S | | at1812/m
P | RABRAR
o ¥ Q W181.27m+156.91m+
10 OWQ’ 143.35m
1 .
-70  -60  -50  -40  -30
4 13C (%o)

Fig. 4 Formation process and the relation between 6"C and CH,/(C,Hs+ CsHs) of gas in
No. 1, No. 2 and No. 4 samples.

4 HROERTOEZREXY VD ®C & CHY/ (CHs+CsHy) DRIZ.
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Fig. 5 Generation process and the relation between 6™C and 6D in No. 1 and No. 2 samples.
K5 *5UHRXOERERE 0”C & oD ORI

CNODOHZIMEYHIES 2 TH D ERENnG, £ CH D 6D (%) —62C (%) DB%
(Fig. 5) o X 7 VHEDH A TIFE L, CO,DIMILTHLETWS I EREEN/. —/, RITE
TS/ DGGE ¢, watfilhH, Wit Lo AEHOEK» - 7 —F 70RO 0D x 7 v A
BN FET B T EMbhD, s LT I200m EHH» o0 a7, HkLb, * 5 v EKE
DIFENHED SN, flic s SICHITNERD S Roh > TOAMENELET 2| O THLED Off
Rz,

5. ¥ & &
FEEH ORI OEEHMOHERY) (REEMERH S EFGH SN TOLY, LT REEOHERY)
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FTHEHLTWDE) ObIEICEN S, KEEA Y Y OEGETIEREAPHMONTNS, Thbld
(M2 57K L LTHIGND DI > HBEKTH D, TROHDHITKICERLTVSEH XD 80~
85% A & v, O IIIRE _BILIRFZTH 5.
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