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Development of Sensitive Groundwater Thermometer which Makes Use of
Quartz Sensor and Its Observations
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A sensitive instrument to measure groundwater temperature, with a resolution of 10~° degree,
has been developed to make a clue to hydrology. Also in fields of solid earth geophysics, the
importance of behavior of groundwater is becoming to play an important role in understanding
generation of earthquakes, or in making detailed survey in crustal deformations, e.g. by use of
GPS. A quartz sensor was introduced, and the field unit has been made to a low power, rugged
design which can be powered by batteries. The advantage of this measurement is that it can use
any existing well, regardless of steel casing.

The observations have been made mainly in earthquake zones in wells whose depth ranges
from shallow to 1600 m. In many wells hPa{mb) atmospheric pressure change was found to
affect the minute groundwater temperature noticeably, however the coefficient differs by more
than 100 times from well to well. The effect was proved not to be caused by a simple change of
water table according to atmospheric pressure changes.

Many coseismic changes in the groundwater temperature have been recorded, with ampli-
tudes 1 to 1100 m deg, dependent on the magnitudes (Richter scale) and distances of earthquakes.
The coseismic changes have been also proved not to relate water level changes in the well.

Also some changes which preceded earthquakes in the groundwater temperature were
recorded in some wells in Hokkaido, Romania and China. However, the mechanism of these
signals are still unknown. The amplitude ratios between two sensors in different depths in a well
has shown that the ratios of these peculiar signals, those of coseismic signals and those of
atmospheric pressure effects are all different, which suggests that the mechanisms of changing
groundwater temperature are different each other for these phenomena.
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[, KEREABERMT KEFOREFEBH

HWFKASHBOWEBLWEL2EGL TWBZ ENEEZ S, Tk, #EYYL & o Bk pE S

THEHIN TS, ,
COBIZAE, EERAA T aY L A0 L ) T KEEERE CTE R CTORBRLEEREFRT LI L
HRE ESicte o205 #)) 741 V=T KREIFT-72EE (Tom McEvilley, #42) Tl3, &b
WzBBIZFD - 72 & B3, ERENBEZDLDOIEDb-72 L ICRZ 2BV MEN TS,
EBRIZERHOBINEDL L b TRLZWE S, HTROENIC & - THFRO h BN EE AR
FleEb->TwZ &R LTw3, 72, FRHREICEDb> CR#lIcfLNTWEGP S

(Global Positioning System) HIE& 3, EOHEEL D QRERBEI L - 24, WTFKIC L - THlE
EICHBEFBTLE ) I EGL N D055, DF Y, HWBROGBDKDRIE L EBHGH 54\ &4
FR 5> TABZDOBGPLEWVIEELNTH S, 0L ICHETFRRAUEATOD2HDORBERE
¥, R L ToBUBEZERAL CL ) IEMLEIN L T5201c), MRoYyENLHEIckKE
THEBELSZ TWBHTKIZOWTOBRBZIZ LY, [HWEKRTHEEKE (Hydrology) nEi L WEE
WUBBEEZNEDTAENDTH D,

F 2 EARHIEREEIC E 5T ) D EDDEBELH T KRKOFES»H 5. DF N MBENREDFIED
TOICHTKOBEEMBZ LY, HELAICEHINSZ LD TH S, BETHEIRET S LA,
DF VBRI TARYBEELES 2 LTI 2b )T TETHS,

TiE, WTROBEEZE )R- TSI EHHURLNESL S, BHICBMEI DO L), HTAD
FoBlZ T RX WL, FRZRTHCHENTWEZI ELENWEEZ LN DT, FESRHRZ
EHNLZ EEBEFRAETHSL. 2F VB TROBEFNDLDERLZ B2t 2R Ly T
»5.

IDRHDVEDDFHEE LT, TN HTRKBEOEILZBRAT L2 Lick > THTADEN &
FHMBRAZIR LD, WNLKEBENENZL > L) T WYHBNUV EDTH LT EPHENT
HoH, WTASGALTHENHE, HTKRIBEPICET S, FAEEE 1000501~ 2T, 2HMEEE
100,000 30 1 CE Vo 2BWERETHA ) LW DTH D,

T TIRATObNL T BT RP A EERS PRGN EZRE N [T RkOBEX] 25 HE
THd, LLbAAINLDBERIEE L L NIZH, WTFKNOBE ZBAT 2FHEE L COREIIEN
LOTE e, Bl 2 TN HIEAE (1 ~10C/100 m) 2FOHFFCLENEE CHREL T3
ETBE, L LHWTFARPETHmIC 1 ~10 cm 22BN HE, BBIHEK S Z &ick s, L L, (L%
SENRIIE, BRLEETRITE, ST oRBEESEOZ LN BV rLTH S,

—F, WEIFRBETLESICHENBOBEIC) - TESRET 3, ZOWH THOBRAPLIRIZBS
NTW 35, FKFROBERTOKEBH TR, 2V LHRICEROFSH»HEK L THeHIIEC 11
T, TNREATORRMRETEIMEHL L ERE, BIZIF1km TLHEE, 3 DITEND
THb. bHIAMTAIBC % &, BRMMZELAOEECRASEENEHEIE, ZhEN b To
EREUEE TRIERZ LN L, FRESAICEIRMRTHORMIC L2 LHHNE5,

II. AFOHR LR

ZORERTKEBRUANOKELIGERR, CALYBROFETCLHEZ2Z2ETHE, DF N 4»y— >
7 (BENE) DhruLicEbLT, HEOEZNRENEZIAT, NOWTANEELRAT S
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ZEDHIKL, BHELHA, VEDDHFOPOEENREINDEZAHTRIENZ T 52 L KB,
— B 2 ST ARALERGOBRITIEZ S dve T, ¥—i > 7Rt rv—F— (r— > 7I2H
7:R) OBFETRUNGERS 2 APBEINTLE .

HER Y —ICRKRIRE F 2 E - 72, ZOBOHKYWHEZNTHEICE, SWBELrEHicbn:
DEEBEDHEN E K ICUELD TR =2 - 12D TH D, o —i2 KGIRET 28w,
—WRTIRENEIL L ELN T — I 27— % bk > BRI, AErFLPIiblzb%
ERENBEI 2 B> ThHb, V—3I 25— REENENREl S (TSRENNENGEFER LW
X EbNEy, MAREL(bIcL B FY 7 FakE L, BoARU EOERIZ 1 2ESTO/MIIC
FRMETH 5,

o 2 KERIREN T3, BB LIc L Th S SR FBRN S v P HRER TV BEEERRE
AL IR IR LT, BEZICHL TREZRAEEEFRLNGEED Yy P Fme B
TS D EIZERNDOKE A — 4 — 2 3HTEE L TE> T 72 b5, BEIR XA RDKE A — 57—
DL 2BEROKSIRE F 2 W T 5, BEABERERII 8 ~11IMHz D30k 262KHz Db oo
ZoRMHo TS, BEFREIRKRICE > T3H~100ppm/CTTH 5. BERERATHY, METN
EEES BN 52 BICEREREESTH» 5, BEICHNT 2 BEEEE, BEYBEGRTRER
B ZEALT 2 b Tld vy, FnEnECOMTAEBEZEILZBIET 2 ZOBBO L 5 LHB&I3,
BEROAEAIZEEZ THHTH 5,

T8, ZOUER, MHNLTREEDERIBLEL L ZVDOIRFRTHLE. wWoltAHFORIZE
ELHEDREZLERUT 200HZH 5, MEXNNZIEEL LB TIUTV Y, 2RISR
ELTOBGHBIE® RERIZT 5.

=B AERENEEZRET 52 261013, KEREFORERAEED TG
TEGERBE L 2 E e b v, BRI K ERIESRE B T KIRET Tt 3.5~10X1071° ¥R
JAWEELERET 22 E12 L 5T 100,000 550 1 COTERER ZRL T3, ZBKEFE LT
FEEIZ 1000501 ~2CTh b, 203, SREENKBRREIC & » T, HFOFICEINE £ 4 —
YA DRET D2 L IZBIBIT 2 RELEH L, v TOBNHEERIEEL I CEMFE-T1
mW LI FE/RE R 2 T3,

29 LTS U K ESIRIEE M T KIEETE 993 B & £ Sz, Algsetkotillas s LTt
TAPIZNVEREFHAL TS, THuoZFRE VIRBREL YORBEOBLIZITL T8I EREL T
BY, HFCHLTCLBADDT 4 VINVEFROFETH 5.

BREOLFEEFRE L TCLTA P INVFREFE - TS, TAVINFRDEHEL T 70y
E— T4 RORRT — 7 E DREREAROREAR 2 ) L P ESET 2 F R R, D
BTS2 CRGROBFEITLHT 7 v 2 —FRE2HALZ., 20HERAIE, BRRLCICEHEE
FEET B & &I, #TLEEREYI G2, REAVGP L7200 TH B, BREERPFELR A ) —
R L1200, FOBTREFREEL W22 a0 6T, bE TREEPSH - T
b, FoM, REBKEIES ZLICL DRI 27206 ThH 5.,

T ZOBFAOW) L, BEERHCRBELZFRAL - TEFERC7 7723 TT—F2EXLTH
STENTRLZ ETH D, BEMEIRR T D L ER, AL DRI H > TRE LHEILRS
NpEahriciy, TOMRRRKEVWITTHSE, bbDHA, ZOEHLIHEERICITEFTET2HEA
LEFTE-T, BENRZEET22 & L HEKIFSLEFD,

TNy g—DFERELTEWREBETN v =% ->Tn 5B, L v 78R d v ZJHEEDBND W2
DITBAIZLNT, THWIZTL%2I—T 4> 7 LRESKICHEICL 2/M3WIHLEHIT L & THE
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TRy b, 10 Fy ofFEz2 T bHTHBEATH S, 7)) 9 —ICid U OBRFE2ITHHT LS
2% ->TBY, £20H bLKIRDEEKICIT 16 #1, FEh BHMSEIES 2N TN A TEREL T
3, BT v —DEREKIZERELSR T 250 HELERTIRETH 5.

T4 =NV FCE)BRBRICIEIZODDEBRLREEFH S, DD, MELEWIET, 0L
DIIBHEMIIEL Z 2 TH L, BETOMBERZBRT—F %K) 2 & 2FBWT 5D THRAET T
niEe o n, ECIEER, HERPEZEOBRAERE, HRUTERISZ2HB2LTLN 208N
BTT—#WEZEHBEELZ SN, Fh—, KERPKIIKDBIKSBEEL & TRl k-
THHEIF DL DI HUETH B,

TVl b, ZOREHTKER TR, HBECBAHELBIERCIELIZCEELH
WT3, IRICIES Z EEERDEESF DLW ETHY, EOTONKBGERIBICHELTI &I
AL THE, FlZE, BB TRy KGR TORBEEEY LEENEEZNLOEHE
LTRRLANEGLANTHI LI EAHATREY, Z0RHICEHIBOEELT 5 EIEZ AT
mlZziFiud b, MrouBEsfhind 22 i, T3 TE£E0MBrEEcLn, Bhi
v, BEELEETZ s (Fig. 1),

ZDRH I DOFREERTARIBFTIE, T4 VINEHFTLHHEMELC, BEZNINTIELLT, &
B —DOREREBOBEHEIC LT HEZHRBL T3, 23 ) Ly P —DKEREF2 LD
HWREDANES 2SR L TR MORMOEREICE THE L THEONE TRERAL, Z0ERHE
BRICLCELIZGRALEZA0ML L 2RME CORMD S — 2F- THEEREHE I LM
MHz DEEREE2W->TH 7> F 2HITCERTLIFRNTH 5.

EERBERL L UIBEOKERIEREZME ). 2 NRBESZEBOBIC L 2 BEE L WE
ERHENOKLREIRBTH L. ZOFARNICIBKRELFEI»S 5, ZUIEEHEER L EBENEIEDS T
BV, DENEENIAF I v 7L 240dB &, MO TKEVWENI I ETHE, 4+ 3y
TV IHBDHTCILL 74— FTOBRBBPIZEENI Xy —NT 7 T HHEEITWEW ) Z &
X, 74—V FTORFHE>TL - BEL I THD, L RFFOFTHKEBNETIE, #
OFEBEIEEI KB EEMEETLE ) Z L0986, BHBABMBOKE L EBCH LS KB L IZE
I EDTFICEZ LNBINTIC, THDAL—NLT 7 LEVEnIFERZEETH S,

Fig.1. Developed groundwater thermometers, type
993, which make use of quartz sensor. The
sensor is housed in a stainless steel pressure case.
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B, F308H 5 28T CcEWI BB, A7) v —c7) v VP A EIcb -
TEY, BEREBROBREROTRA AL SR, 74— FTOBENLBRADHIC 155,
304, 1K/, 2B ) b2 b2 v FTERBEIICL TS, ZoEBERNRDIZ, 7Y
T rOMBYERS 33T PO T, BRE L CEEMNENFBIRSET HRIC
ToTwdb, ZOERTIE, 7NV PO EDENTNOBEEEL2Y> 7T 5 FRNEES
1, HEMBOFERELM > T ERILIE LT, MEMBE2EZ LTV Ty 72kl
WEWSFIELH B,

23V REBEREFRAL 2O, SR LTOEBI T BT, 202 Ra
o T, BREIENFDBEV)FEEBLZ LKL, L ZoEBED Y — b 24> THEESRK
PHZ2B2ARNIL, LORSK SBOREEA VY I—DBEBENLNTH B, TN, BEMTK
BEFORBOFERSIzIZ, BBlor 7> 7—BBANCMOS — 1 C (HEEEEE) »F2L 505
BRIDD. ZHDICEFEZBLEIICL 7272012 & HIZERS S LI o872,

BEMENOKEBIRSEE LT, BEBEFICLF->- TV 2EEBENHOTCXORER
(Temperature Compensated Crystal Oscillator) #ffi-7:. Z k&R IRSBIZIEERBED2DHICE
B2 b Tld e CTERMICEEKGORIRB RS —EIcROEHAZFEOLOT, BISH
0B EIIH10~90 mW 23w, FAERENEICHT 2 RERREDOELIZBEIC L 2
A%, 0.1~0.5ppm (0 —40C) 13 THh 5.

74— F TRER T KEHIEIN S FETHIEEDTGL, BERH»END, FLERZELLTY
REL/NBD E o 2&BTEDL LY, wWTFhcE Lt ZoFBEENETLICT 2 RIEFEENEL
P, BERTKES LTOBERBLTEEZ8DTLE Y 2 EiC% 3, #HIcE2E, ZORABERED
LI AT A REREBOEHIE LI/ N E LIBEREROKERIESRZE 2L, BEL - L
TOKBREERTFORERBERDEERGFEIFENCRBEND DD 5, BIEHRE L THOBRIEE
Bb-otbETFonbZ izl s,

I, HERERLBENGTFICH), POBYTIREELEREL VW CBRABES BT
Ve R, EREAE LBERERNOKRRIRSRTH 50 CXO0F{ES (Oven Controlled Crys-
tal Oscillator) £~ T3, ZHREERFIROKFIEEFLZERBCANTE>TW207T, BHHE
BENELIENT 2REREROZETCXORERL ) LM IHAZI L5, LL, RESRE
SOWBENL, LHEEPVEZBROLZEERETLH1IOWIIEH 5,

OB T KEFHT, HEORIZLrY—F AN, #H ETHETIHFRATH S, ZDzHL Y —
HELEREEE COEMEII A L O BEMIIMN S Z LRI T 52,

COMEH T KB FRE2TEICT 2 20N0FLL, €2 H—DKBIREITH 5 DEFRED AT
B2 AL THIBEROERKIcE THEL, ZOEBEFZEE A -, 2ERZAUED
EEEZ =T NTEETDIETH -T2, TDEFBEIR, ¥— 244> CTRERERD> LN 1 MHz
DREBEREZD > TEZ B2HDLDEH L, BREFICY—TINOSGER Y ¥ OMBTHEBED
ME EAN LS, FOEEENY— P 2FE- TEERERP LM 1 MHz 0RERBHE 2> €
B2 BEERZHZEL->TIIHES, LPLEBRDOT I FOEE, B2ELZWILL, BEHRICH
BAWZ EPTEPO LI, ABAABRETILENA P E—F v 3-+aE LT, HEEEITC
(LT3, COFRTR, Frr—7N3 I &ML 3mnk Vs —7 %M L9 L EEHc
o Tnahiy, &Ny AT L2 licfE->Tw b,

ZO& ) ITEERTKIBEHE 7 4 — NV FTOBBIZEEE LT BB TCOBCEHICLHZLNT,
L2 BEANERELZF L ) LBfHc > T d, &7, REZBABENT V74—V FTHLEME
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FTo L5, MNEROEMIC L 2BEHHEEIC K-> T3, 4k, HEFHAMEICHELNLBEICIT
SHIZAREHBRCE > Tz LTh, HEBREOMEIRELLECERL (& IkT-TL
FOZEERIT LT LT, ZORDICLEMICE ZBBID Ny I T v TUBELDTH S,
BEMTKEHOMEENR, b5 EERMELNOKRRERCI->ThHLNTEY, £1U
ADEIBROMEEEIIE, CMOS—I1CE2H>Tna2HIZT/IE W, Fh, 7NV F—rFn4
VI —=7 =R, BRI VI —HEET L EEICHFTLAERCERPRE L VDT, ©—7
BHEE L TEIHOSWIRLETZOTIHE I WA, FHMLERZH 1L mW & 247w,
R, BEMTOKEBHSEKDMEBRENZ, TCXOMOERBEHRL M -7230TImMW, OCX
OMDBEREZEREF 72D TISWTHE, DFNTCXOMNEHERERLM - 2RBEHTAK
BiTIE, BAEROEED (60 AH) 2423104 A, B—Ho7 b)) w27 Bit (8 HES)
TL 1y AZEiE3 ¥ o5,

Z 9 L1977 FIZ R OKEFERDBE T T ARIEFT 2535 L, 1978 4, LHRERER OB T 2 54
Iz, ARG MRDEMT, EEDT7 4 —N FBA£E2TT->Tv5 (Shimamura, 1980).

. 7+o7HAhRBRTKES

FAZE L 2T KR Z 74—V FCOBRICE S L &2, 2OBUBATT TIIBFEOTV A —
F—HENREBEIN TR EXDHD, ) - BEICE, BEATLA—F—DL AT LIRS
NLFEMZ LT, 2FN TV A—F—TEEL TV EBRENT— ZICHERT KB THAL 2
T %M TCT VL A—F—ICBELZ EHEE L WFEH S,

IV BEENT LV A—F—tnERERICE, FRVRLRE TV A—F—:LTRT4 2NN
DLNTYH, BEMTKETUTT? o 7HAa%R>Z D, Loidd- s iRz Mz T2HE
ThH5, 03, R TL A—F—HBOATMCIZNLF L 7Y —2 Y 7 NkRk—ILFEAD
BBV EMEIN T B LSRR L THDL, DD, THu B2 E OB T KIEST B
L7z, TR INBBLEMFIT LN, REMERTA AT P &b T2

Z OMEMT KBTI, £ P —DKERE T2 b DEBBEOATEE 2B L TH B2 5 2
B ORMOEREICE TEEL, ZOERBED Y — - TEHERER» L 0H 1 MHz DEE
B EY > TEZDFTIZ 9838 (T4 P N7) > y—R) OREEBEHTAER R UAHEATH
5, LrLEDE, BALT4o007r V8% vF (BE) LTDAC (F4220-7
Fa s aroN—F—) TRMECHFILT e 7 HAREL L)L TS, &b ERLEK
L7222 &migE LTHRRT, 93BT ) Ty FoBEEL {, 2 —DKBIRET
LNERRDANESTE2HRAL TE- 24 30 5 2 B o B EH S TR 7 221t
BT3B,

DFEFNDACICENAINAG A 7> FEIEIRH 0B 5 285 (1549, 304, 1EMEL#E~NS)
TEICELBEICL TS, T4 PINBOBERTAET AL, ZoOBBEIREL 25138 h
7y PSR ZT, BRE L TEERNEDTERIETHERIC > Twa, #2131 BHEE0REE
FOHEITITREE (T e 7 Hioi k2 biE) 13 55mT (0.055°C), 4##Eid 0.01mT, 154
DBFAIEZFNEF1N220mTC, 0.05mCTH 3.

DACOHENIEO~+5V, 0~10V, 0 ~—10 VLZEEBNABNIIERE L )T > Tnb, #
&ttf’,:m%ﬁ@#%ﬁﬁﬁ?ﬁﬁﬁm&ﬁﬁx#—w?ﬁft&w;im&ofwé:&ﬁ
LEROEM RO Z, BIZIFDACH 0L 5 10 VOFHED & X123, IR EITKEL L 5T
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W VEBZLERE, Z2OBEPRBFBOTIOHETHE 0 V677 A~ Tw{ LI
ToTwd, BLICHAPKRES UL, ZH2MEITLRYET., HIHWhEl k-T2 &
LR UEMATH L. ZChIIEEDTY—F T - BB E#Z AT —D T 12 By F 21T
#FDACICHI AL L)L TwE25TH B,
HBBRFENTV A= —0HbEZH5CHBHEE S22 LB ENT, 0 995 BOKER
TAIEBE CRBAREZ LT3 201 EEMLF - 2 BEMEROKGRIRETHL20CXORE
> T BDEERATLDITL 2,

IV. 74—V FCOHBERTKESR

1. BENTOERA

REH T AIRBHNE 1977 £ S BH 2 186 T 2, R OBLH AT ER OB FIBICH 5 210 moFHF
F (BEHF) © BHABMOEEICH), 1938ENBTFRMBE (¢v7=2F2—F6.0) DEEH 20
km & 3 WEMEO P RESGDOT CIES TH S, TCHNCE, TTIRBREL ThH - i & HES
IR = LD N2 EER TP HFETHEER T AKRRZESHEL T, 1978F12H 6
Bl =Fa2—FT75DMEN 24 kmBEN Tz 2 AICBE L EZIC1I3mCoE L ELEL 2

(Shimamura, 1980). Z#2sKéa L H—TEEFL LB VA X3 v 7 T REELTH -
AN

FOBAERIZABAT2 993 B, £ L T 995 BB EM T KBS OBZ £ 159, 19784k 5, EED
T4 =N FBEHEIT> T 5, ZOHBBRINZ REICHESL, dtilE GBTHE, #W, A¥il) 2,
R GRigHE), BER CEME L L), BIE CHERL L) (FRifh, 1984), #MmIE (&
WEZE) #i3ve, ETH, TARTYF, v—==7, FELZEICKATVS., 2D LEHE
M CREBBEDO TR EEEOEHA & L T, 0N B MEDEFHF TZORBER T KEFHC L 58
BlZ&EITTB Y, KRBT, BHEBHMENKR HREHEN, [RETRARHEN, HToBERE L
DI ERFT, 1979 ELIK 16 i bz » THBBICEREI L Tw b, WE F TIBHI 2T - 8Al8 %
Table. 1. 1277 F.

LB DB TR T IR EDS SV NDIE, T 2T 1938—1967 £/ =F 12— F# 6 2482
SZHEETROMEI 6REE T3 (1938 Ficw S/ =F2—F 6.0, 1957 Fice/=F2—F5.7,
6.2, 6.1 3, 1967 2=/ =F2—F6.5 5.702E) NHT, ZOBHOMEEHMTAROBEEE
WRTDDICIIEBEDT 4 — IV FZLHBL 225 Thb, HBRAETIEDILINLOBMENE
Bix, wInd 20km & D%V, TP TEMFIERMTECHY, BREL THE-TWEHFENIZ
2, BROEHIZRL T2 EDHFEIELLVEFIERENTVRENT, ZOBOHTKBRDBEHHH
BN LR TFREBALEATH S, 2095 ZIBRBADR=Y > ZI3AFF e Mo HF o #EE
PR B-o>TnBdNEEST, BEEVWTH->TWB 2 0% L, HBRPHEZENICI L NERDD B
WTLEKLEELIRI IBENZNEFEILNE,

HbnBRB B ZFIE L - BRE L 5 5%, 1995 FHAEIIH 20 OB EH T KIBF»HREI L
T, BERBHET>TWD, ZOXTNFNIZ, BEBHIEAZLLIAD, FLEEERENL HIC
HETFMOLONOBAN@ERE L L I H52BATH S, £ 0ELICEBOBNERICLE»NT,
T ARIBERHBPIEEDE S Eh 2D NBENC LB & 1u/z (Shibuya et al, 1982, Nagao et al., 1985,
Nagao and Kaminuma, 1986),
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Table. 1. List of observation of groundwater temperature by the quartz thermometer.
OBSERVATION SITE LATITUDE LONGITUDE OBSERVATION PERIOD
(HOKKAIDO, JAPAN)

KUR (Kurotaki) 43° 32’ 55" N 144° 22" 17" E 17/11/1978 —~

MEI (Meisei) 43° 28 15" N 144" 12° 00" E 11/ 4/1979 — 12/1983

KMD (Kamata) 43" 28" 48” N 144° 27 50" E 11/ 7/1979 — 26/ 7/1982

TCY (Tsujiya) 43 28 49” N 144° 28’ 37" E 10/ 5/1980 ~ 12/ 5/1983

KNK (Kunioka) 43 29 33" N 144° 27 18" E 9/12/1981 — 28/12/1983

AKA (Akan) 43" 25" 53" N 144° 06" 12" E 8/12/1981 — 4/1984

USU (Showashinzan) 42° 32° 08” N 140° 51" 42" E 12/10/1979 — 12/1984

BRW (Biruwa) 43° 32 00” N 144° 20° 00" E 11/ 7/1979 — 9/ 5/1980

CHG (Chikashigen) 43" 04’ 41" N 141° 20" 12" E 16/11/1979 ~ 1982

BRO (Birao) 43" 28 99” N 144° 24’ 18" E 2/11/1984 —

KMU (Kamikineusu) 42° 14" 19”7 N 142° 58 02" E 4/ 7/1983 ~

TUT (Tsubetsu) 43" 40" 53" N 144° 00’ 50” E 15/ 4/1986 —
(FUKUSHIMA, JAPAN)

SHM (Sohma UT) 37° 46’ 41" N 140° 59° 11" E 2/ 6/1979 —

KSM (Kashima UT) 37° 41" 27" N 140° 53’ 31” E 5/11/1979 —

NRH (Naraha UT) 37" 15 21" N 140° 59" 05" E 5/11/1979 ~
(TOKAI CENTRAL JAPAN)

OMG (Omaezaki UT) 34" 35 58" N 138" 13’ 50" E 22/ 6/1979 — 24/ 4/1980

YSD (Yoshida) 34" 45" 24" N 138° 16" 177 E 22/ 6/1979 ~ 5/10/1982

IWN (Iwatanishi) 34" 42° 48" N 137° 51" 11”7 E 22/ 6/1979 — 21/11/1979

SZH (Shizuhataminami) 35° 00° 48” N 138" 22" 40" E 22/ 6/1979 — 5/ 5/1983

ARA (Araimachi) 34° 41’ 05" N 137° 34° 43" E 21/11/1979 —

FKR (Fukuroi) 34° 43" 40" N 137° 57 30" E 25/12/1979 — 3/ 4/1992

OSM (Osadaminami) 34" 56" 00” N 138° 22" 19" E 25/12/1979 — 23/ 1/1992

FIJM (Fujinomiya) 35° 12" 39” N 138° 35" 34" E 25/12/1979 — 7/ 6/1984

YIZ (Yaizuobama) 34° 53 36" N 138° 20" 54" E 16/.4/1980 —

MKB (Mikkabi JMA) 34° 48 20" N 137° 33 26" E 5/10/1981 —

TYB (Toyobou) 34° 41’ 46” N 137° 43 16” E 16/11/1981 —

MZK (Maruzuka) 34 43 21” N 137° 45" 30" E 18/11/1981 —

HIZ (Higashiizu JMA) 34" 48 45" N 139° 30" 28" E 15/ 3/1982 — 16/ 3/1990

AJR (Ajiro JMA) 35" 02" 34” N 139° 05" 45" E 11/ 3/1983 —

HNO (Hino JMA) 35" 38 51" N 139° 25" 01" E 11/ 6/1984 — 6/ 5/1988

YGW (Yugawara JMA) 35° 09’ 47" N 139° 05" 34" E 16/ 6/1984 —

OMZ (Omaezaki JMA) 34° 36" 06” N 138° 12' 58" E 1/12/1984 —

MAT (Matsushiro JMA) 36" 32" 28" N 138° 12" 34" E 30/ 8/1994 —
(ICELANDj)

HEL (Hella) 63° 50’ 24” N 20° 24’ 36" W 1/ 9/1982 —

STO (Storolfshvoll) 63° 45" 00" N 20° 12" 36" W 2/ 9/1982 —

SKA (Skalholt) 64" 12" 36” N 20° 31" 48" W 3/ 9/1982 —

JDA (Jadar) 63" 18 00" N 20° 09 00" W 4/ 9/1982 —

SAU (Saurbaer) 63" 59" 06” N 20° 25" 48" W 4/ 9/1982 —

GEL (Geldingaa) 64" 19" 30" N 19° 16" 48" W 5/ 9/1982 —

BUR (Burfell) 64° 06’ 36" N 19° 48 00" W 29/10/1982 —
(ANTARCTICA)

SWA 1 (Showa 1) 69° 00" 39”7 S 39° 35" 15" E 19/ 4/1980 —

SWA 2 (Showa 2) 69° 00" 40” S 39° 35 12" E 19/ 4/1981 —

SWA 3 (Showa 3) 69" 00" 29” S 39° 34' 18" E 7/ 6/1980 — 2/ 1/1981
(TOTTORI, JAPAN)

MSA 1 (Misasa 1) 35 24’ 41" N 133° 53 14" E 1/ 9/1980 —

MSA 2 (Misasa 2) 35° 24" 41" N 133° 53 14" E 12/11/1983 —

YDN (Yudani) 35" 23 09" N 134° 09" 23" E 12/ 3/1982 —

KRO (Karo) 35" 31 33" N 13¢4° 11" 51" E 14/ 8/1980 —
(ROMANIA)

VRI (Vrancioaia) 45" 52" 20" N 26° 43’ 50" E 9/10/1985 —

ODA (Odobesti) 45° 46" 48" N 27° 03 37" E 10/10/1985 —

BUC 1 (Bucharest) 44° 20" 80" N 26° 01’ 80" E 24/10/1985 —
(CHINA)

SCH (Sha Cheng) 40° 18 00" N 115° 30" 00" E 12/ 9/1987 —

v
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SENSOR WELL
DEPTH DEPTH COMMENTS
210m 210m Second sensor added 7/1980, water level gauge added 8/1994
480m 760m Sensor shifted to 220m 5/1981 (at maximum temperature gradient)
110m 493m Self flowing 150 liter/min, 93°C
68m 800m Self flowing 3 lirwe/min., 24°C, borehole narrowed beyond 68m depth
180m 270m
4m 4m Self flowing, 48°C
200m 376m
113m 113m
110m 110m Second sensor added 7/1981
140m 140m with geophpnes
60m 110m with borehole strainmeter
995m 1600m Self flowing, Sensor depth changed to 55m 9/1988
215m 215m with tiltmeter
200m 200m with Radon observation
200m 200m with Radon observation
100m 100m Second sensor added 11/1979
135m 135m with Radon observaton
150m 150m
100m 100m with water level observation
393m 393m with seismograph, Sensor depth changed to 170m 12/1992
130m 130m with Radon observation, Observation hut removed by owner 4/1992
110m 110m with Radon observation
130m 130m with Radon observation
484m 484m Abandoned hot spring, Sensor depth changed to 200m 12/1992
45m 45m with borehole strainmeter
125m 125m
330m 330m
245m 245m with borehole strainmeter, Sensor depth changed to 161m 24/ 5/1989
180m 108m with borehole strainmeter
131m 131m with borehole strainmeter
110m 144m with borehole strainmeter
180m 208m with borehole strainmeter
34m 50m with borehole strainmeter
393m 393m with borehole strainmeter
401m 500m with borehole strainmeter
125m 140m with borehole strainmeter
58m 70m with borehole strainmeter
118m 180m with borehole strainmeter, Sensor depth 37m until 6/ 9/1986
238m 238m with borehole strainmeter
170m 180m with borehole strainmeter
5,10,20m 20m Sensor 2.5m from 4/1981
1.4,7m 7m
7m 7m Deployed on the sea floor
350m 400m
140m 190m
0.3m 0.3m Deployed on bottom of fountain
90m 100m
70m 70m
50m 50m 130m deep well are made 16/ 7/1988 (sensor at bottom)
89m 159m
50m 500m Self flowing at 4 litre/sec, 86—89°C
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2. W—2 =7 TCORBHTKEERA

1977 e/ =F2—F 7.2 (Ms) DBEWHE (BFEOESIT 94km) »EE CTFEHT AT
LRANGHELR LI —e=T Tld, HEHKL IR HETFTHONELHED LN, V—==T T,
1980 £ L > T LTV A—F—FRIC L 2HMBBABEIrZELEL, EFELEEIER7THV AP TLE
LNbEHlck o7 (Fig.2). Lo L Z0oBEAMEIL, HEAOKERLERTICL» GEEINTW
2LNINBREANEEIIRT » &%,

| |

Rt - ,-\U' ,-f—'— £ O Telemetered Station
7 - v
.’.6EI e BMR .. MIT ® Conventional Station
W HNM d O Telem. 2 Convent. Stn.
6‘3‘5 o A Closed Convent. Stn.
NI g Data Recording &
Q CJR Processing Center
Q 5/ VCEE: ﬁs Vrancea Seismic Zone
.._/
S 46N
\\ [ ]
! TIM
LS
PN
¥
-
-
%
K03
<,
— Z 44N
BULGARIA
L]

22°E 24°e 26°E 28°E

Fig.2. Romanian network of seismographic stations. The dotted area shows Vrancea
seismic zone where deep earthquakes recurrently occur. We put our groundwater
thermometers at VRA, ODB, and BUC. Seismographic station VRI and ODB is near
to thermometer station VRA and ODO, respectively.

LY LHMBWEEDRBIEL, BHIPELNTWRETE, BEEOBHIC L - TRETH
WEFMHRLED L ) L3 2H/EHTR, BRI TR Z MG L 2 h* SRS BARTHOMBETM
MENEEZICL L L) LT aHEMEL N, ZOFHEIDE—FE & LT 1985 48k, BAD &5 ER LB
FHEIEZVRELRHN, BUROREICHE -,

ZOWEEETIE, HATHEBEA THAT, W—=FOHMETHD OIS L F ) BRI
BWEESL 2, KEESIEHC & 2 HRLEEY, BERTKEH, BRENMNMIBEBRNZ2>TH-
7z,

N—2=TOMEIRZEEHL7 AL A 54~ 150 km i3I L #ENT 7 7 > F TilEBE OHT 100
km i L VIRV EZ A TRIEIRE L LV IRRLEEPLZ L TWD, ZORNEI LD
HEWD, BDRAALTHS 7V —F (REMWER) B> THETIBEL LW THRIC EX > T3
EZAHIREET AV A IS, BEILEWEICIIRE LHELEAL.

BEMTKEFTZZOMEMBED 2 JATE 74V X F D453 HFTIC 1985 4 10 i@ 3 iz,
VRA (VRANCIOAIA, 77> %474 7), ODO (ODOBESTI, # F~<X+=2754), BUC
(BUCHAREST, 7#LV A }F) Ths,
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3. FETORENTKEHRA

KERERXEER T KB PEOMELRMBICLREL 2. ZDEEIZ 1987 ENZRELK, B
FOEFERIE S LTI SN T3, BERTKIER % 8E L 25 bR OB, # 70 km o
W (2Lt 9, ShaCheng) TH 5., Z ZiFdisE - K - Bl - 5BRRO (B [REBEER]) EoHh
B [88ETA 74— F] Ok THHBEFMOENBOV L OTH ), MWERRFIEDL
T3, ZoMlES TizdEic, 133746 (M6.5), 1484 4 (M6.75), 15364 (M 6), 1665
#£ (M6.5), 16794 (M8), 17204 (M6.75), 17304 (M6.5) % &, S DHMBEHIEBE TN
38, FHRIHBIEELZENFEINTHIEHRTH S,

BEMTKIEFTDRER, BNEL L PEERMERSHTFERAIGCOBE - RESL S, BHITH
ZEAKEEBL T BEHFET, 19879 A 12 Hicfr- 72, HFEOBRE(Z 500 M, 86~89CIiIENE
BOBKIEELTCED, TOHBRIEBIHNL) » P/ THLE, HEDLD, Lo —B3HFEZ T
ANT, BEIFS0miz L7,

AREBFV 23—~ I HEBBHFEENICH 53HF 5L 10mI izt h 2 REOHF T, BEFICIZA
PEHL TS, L) EERWZERLY, HE A VHURIREBAEY D 5, £ THTFKDIRA
EF 34T T, BROKIE, FEEFIAL Thiw, FEORKMIL, 282 mE Tl3, &kr—2 7,
PIF, 500 mZF T3 E8TORILTH 5, 2KGIE 294 mH» 5 500mE TTH B,

FOAR S N7z JKIRIR B ARADABE SIZ C 5T, 1252 EBHRE {, —AMT500mT, #
BIBAEAE— M T2 2000 mCiz LFEL 72, Fl 2 ITMOBR A TR B+ m CUR»EETH Y, KFEL
% &, B RECBANATY, WIRL VITT - 2 EFHI LT,

4, PA4R5 2 FTOBBHTKEERR

BEMTKEFTFIZTAAT Y FOMBLRMBIZLFREL T2, BENT 19824F9 ALK, 7HE
DHETRHEITLNTVSE, TARAT>Y FREEZEBELTBENRLI W) T LWEHITH 5, #
ETITZ58B0BANZLAT L NIZT 5 3220052 LTV 2, £72, »rHENVBEHIIZELDTH
YT, FOFRTCETAAT Y FRBEELTAL - 74—V FLZDTH 5.

KEEFEZ I L L - KRR REBEIIT A AT Y FORBERICE-TF 7 X7 — 208D,
TARTY FOEDIIZE > THEADUTWE, ZLTC, ZZTELHEBRE->TTART > FOF
REINDLZH2EILICERBL T, TAAT7Y FOE~E-TB), 22 CTEFLZFTA 75—
LR (BIE) 122> THAVE, Z2ORTAANDF TV L KAEERREHICOLI > T, B
REHER, o5, THOMIT R 74 —2WEOELICZZITBECWS, 2NV TAZAFYFD
LR L LB L T B 2 ki B,

FEERTAKEFD 7T AOBRAIEITA AT FOEERO 1I00km A IcE P LTEHEI AT
5, 2RI RAT A —LWEIBELEESTWBEIHT, BEICELDERLHMERS~ 2L
4 % ERBREL KIIEADEENTWB EIATH S, TNTHBAILIE S — R X—FRFHT A
27 FRETEHBN L CEBLEKEEHOFF AL TEY, 2OBRIBFI T 5500mTH
5, BEIGEMRIEEICHEL, SCECESICUSREE CEL 0, KPORENRVHIZZ /—E—
ENLVTELPLPHEERLVWELNEL FICEREIN TS, 2RI BBS2HNIBEE(ES
N3, FREDBRASATRBERIAARESLEMTEL b TWa, XRORIBRET20ELY TS,
ZALEBICL D EBEBEOMAEE Ay bT—7, 7uvyE—F4 A7%¥) i1F -7 &I
el B, —F, T Vo 2BLWEBEEER, BARATEUTUIZEEIC L 3 L) & ABHLEE
FETEVEWIFEDL b TRV,
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V. ENBRATHON-ARBLER

WTFKEBNHEIR, EBICE, BHEFOP (ZLDBERFFORE) it —28EL TThi
5, HEOBRERL, ZOMEDKIHENEMIT L - T, BLNEEE, RUMIEBICH ST ¢l
DFHETH, FETLL LIRS, HEBEL CABERIZWEHICRZ2EETY, BTE - BH
HEDL S BIH T MC LT I2BAADL, LB FBICHLIME IHFOL S IcHE mCLT
LPELTWBREDLH 5,

BEWT KRB ORR CRREOHE LY - BFRICH 2—20FA S (KMD) Lot
NTCOBRAETRLN LD 572, KMDIZ 93CH®B%E5 150 1) » FALEHL T2 ERDER
T, RiEOH 1/100 DFBTHTKEIEILL Tz, 2k —L > 258 L7288, KBS 2 B
BN THTFKIEICHEEL T3 Z A5 - 72 (Shimamura, 1983. Fig. 3).

[ fal KUROTAKI WELL (depth : 210 m)

e PURS

—
T 1

KAMATA WELL {flowing well)

. oot

Ir [ AIR TEMPERATURE

[d] KAMATA WELL {air temperature
compensated)

1040 ﬂbj‘ el ATMOSPHERIC PRESSURE
3 -
gL
980 mb—p
- [f] SIMULATED TEMPERATURE FOR KUROTAKI WELL
g
El
o
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . L i ] 1 H g 1 -
Oct.27 n H 10 15 20
1979 Nov. Nov..

Fig. 3. a) Groundwater temperature record at 210 m depth of
Kurotaki well. The groundwater temperature is =22 "C. b)
Groundwater temperature record of KMD flowing well, record-
ed at 30 m depth. The water temperature is =93 °C. ¢)
Ambient air temperature at KMD. d) KMD record in which
ambient temperature effect and linear trend were removed. €)
Atmospheric pressure recorded by a nearby Japan Meteorologi-
cal Agency station. f) a synthetic record for Kurotaki comput-
ed from the impulse response calculated from KMD data and
the atmospheric pressure.
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52 m

-850

1030 HPa
1020
1010
1000
990

09/01 09/11

09/21 10/01

Fig.4. Records of water level of Kurotaki well, groundwater temperature
at the bottom of 210 m of Kurotaki well (both on relative ordinate, and
the atmospheric pressure recorded at the nearby JMA station, Kushir-
0. They were recorded in September 1994.

BRI SN TKETHWEITA B 2DOIRSE
DM TH 72, I LEFORZERHFICL -
TRELSRED, ZofEEKiE 100 L ELES T
W3, RECHOFIBFHAOTCYHE (BRE
800m, EIFE) 74 X7 FNDSAU (8180
m, HME) T6 m'C/hPa THY, EEHF (RS
210m, JEHM) 3£ 1/1013¢ TH 3, /hEn
FTiz, BTEME 1 HF (760 m, JEEE) Ok
3142 0.05mC/hPa LT N e, [IEDRED*
FoK RGNy H B (Shimamura et
al,, 1985). [EDHE»H 5 LN, wThLLA
JEHTFH - 72 & BICHTKIEY L2 HFTh-
72, —RESICIZEBL TW 3 HFENIT ) H»RED
BEKRE, LEALEELTCWEWHEEFOHT
b, RIEOFEEIT 10U RS, kBHERLR
JEEnBfRIZ, BEEBZIERICHLIZ 8LV
2, AEIHREN TV,

BTE - BEHOES, [EDBKRIIKENE
T EKMNMET 2> T B DH %94 -7 (Fig.
4, ZoZryb, REVFELL, FhicEnHF
FHROKEBMIZ EFL T, KEDBRENED
2D R KEDIET S, v REEL
R LKA T 2 BESE L oS, BR
HENBE, HFPOEEHEIZIERTTOIH
K&, BEHBTRENIWAL Tw b 0T (Fig.
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Fig. 5. Measured temperature gradient in
the Kurotaki well. The bottom sensor
is located at S1, where the gradient is
about 10 m°C/m, and the shallow sensor
at S2, where the gradient is about 120 m°
C/m. The temperature between 0 and
25 m varies according to the secular
changes of the air temperature.
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\—»\’“\\ I 200m°C

DEC JAN : FEB
1980 1981

Fig. 6. Comparison of recorded groundwater temperature recorded at
bottom, 210 m, and the middle, 100 m. TCY is another well also in
Teshikaga region. Atmospheric pressure apparently affects the
groundwater temperatures. TCY—PC is TCY record compensated
for the atmospheric pressure effects. Coseismic signals were record-
ed on 23 January, where magnitude 7.1 earthquake took place at 217
km distance.

N T v ¥ T ¥ T T T

Str

scalel

1m

Fig.7. From top to bottom ; a) theoretical volumetric strain calculated
from earth tide, B) groundwater temperature at ARA well, ¢) water
level at ARA well, d) record of tide gauge at Maisaka, and e) tide
gauge record at Omaezaki. Maisaka and Omaezaki are 4 km and 60
km from ARA well, respectively.
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5), REDIEZ TKENFTHS EFCHICT 2RERTHIFE NS, Lirl, BEHFOSE,
oY —@dHBEN 210 mE G 100mD E ZAHIZHREINTE Y, PHADEESRE,HFE
DENEN 2FELREVDICHL2LLT, AEIREZKEBEMIZ3.6MICLPX>» Tl (Fig
6). L7z#»> T, ZoHTH - BEHF CREEEMICHE ) KBEE(LEAMO L T2T THRET B2
BARTDTHY), botBOAH= XL ENTWBEEZ LN B,

—%, BREBHBEITOHE (490 m, JEEHBE) DFE, KIBEIZFR EAMELTHBALRS, 20
AKIR, KALICiE 12 KB & U° 24 BRI AR o IRSE) (BEEEwIC L 5 #BR) 2@l (5 (Fig. 7).
Ky F—iZ 170 mcFEINTE Y, ZOMMEDBESENEILX 26mT,m Th 2, 12 FHEY
DR E KIBDEREIZ 5 21 mC / mATKF Y, ZHNREBEENELBR—HLTWEEEZLNLD
T, KEBEIIFEEAKMBLTHAT A Z KL, &8, I TIIAKM ERSKIE ERICHIEL
Tw3, KELEA»KELER, 5w, KETHKEETIINGT 2013, HEO—RIEE T
b5, i, BEIBROKICELNG L) IcHFEORDKEL, %L OHFHGSEEELEI
ToTED, Lizd - TERENIRARETH 500E@BI1 5 THSD,

VI. S$HEEE & BB T KRR O R

EN GiEi)y 8 # & LERFOHHERNA) ¢ TA AT F (THS) OFF16 AT,
HREEFZHEL CH 2 HF0PIcKEE2HE L TE & ORIRREIRER 217> TWwa, IR
8IT, TARZ7>Y FRZET, KB —FX—WEHOBS 215372, KEEFH L IBRWFFOFICAN
THEDINEARM D L DT, KRETIIHBHEDOTH O 72601 il BRI FICER L T 5,
ZOREBEIC L > THTANE S LEBEEEA L DBEELARLZOIEHNTH - 72,

HEEHIBRENFWHRTHENT, MTKEDOHES URTITE, Ty, BEORELH
ELCEELERY KO LIFELRBIDIBMEBNDO—DTH -2, FEEBORMFAL TIIEFICH
T2 o THRMEFHCMUDPERFEN T od, THIEHTRKEFEFHIZETL TR LicE bRy
TEDNRGZTHEZ WAL -7, &8, ERATIZERMTFICHY, HFPHKIRL 50CLE
EE, T TOMTKENETIR, MOBRESIZEL—HRTELW TR TS, TARATVF
OREFEMT BB TL, BEEHOREGE OB TR, W 2D Hm TIHEBOMUY & KIBDOTH
DHIIELCEBY, TNRERETHEBLNALERE—BL T3,

TBENYE, KFEOERBEHREHSINTH LWL O BREEN, UBIEIZEIEFNLHEA,
HTFAREBREFHEAIFFREIN TS, [KETORMNLRBICL 2, BARKRCEALZZREDK
DENTIRED TH - CRERZO—RNLTH? LOREBRICH 2D TR W EEZ LD,

FHTBRMEI NI TAKIEN AT P Y, SOBRATI2 KL 24 RS- 755
3, BHEAIC LTI REBMASHOL— 2733510 12.0 L 12 4BMor—7ic58T 5, 2h
LIREH DS, & My, FEIcxHG L T % (Fig. 8), HBRIEEW OB K E W, HREENY OBEH K
XnpriRHFICEEE ) TH S,

REFHHBRREERT & RSN TV 3B S TIIBAER T 5 KBELE B> S Ked B Z &7
Wz, ZoBREFDEEOMBBEELZRETIZ izl » T, KEHOHBEOHF L HEK
Bn#E(OSH) To 12 BREY O TIEEZLEZ, kd 2 WidEBENEOMELIL L ARETH -
fz. %D, IhLOKEBELORREE, EHHS L0 LBRNOEATbIR I L 2 KEEb
LTz Eich 5,

LaL, 253 ThvWBRlEL v, FZITHEARN=rHoHFE LBETHOHF (SHZ) To#
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GROUNDWATER TEMPERATURE/STRAIN SPECTRA
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Fig.8. Power spectra of groundwater temperature and volumetric strain (with
asterisk). Station names are indicated on each spectrum. OSH and SHZ
are operated by JMA.
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Fig.9. Schematic diagram of precipitation, water level, groundwater tempera-
ture and volumetric strain at Yugawara well. To the right, measuring
apparatus are shown.
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BB, KBEOELIZKD 5 IZEOMBEL LHFSNEHEL NI EPICKRES L 72, ZOHE
e LTRHEFORY) OMTROBE, 2F NV KOBAS 5 idFEb»Fz b s, ERE, #HHEOHF
BTk 1 BEOKMED ETo#5 ), HROESZOMOIKRBICKMD EADSH B, Zhiztedikic
BIfR L 22T KDOBA EIFICBIRL T b 2 &I3HL»TH 5, 12 BHAMOERE L, HWEREW S 2
WISHEREEING 12 T, MTTKIBEEZBEIL TWw 2 KB ICHIT AR R AT 5 D2 RETH 5 TREM
A,

ARz & ) I B RIBET OHF LA, KIBEILIRTE EAMNELTRIEK S, KHEKT
HHDT, BAFEHRRALTVEILRBALLTHSE, DF ) ZOHFDKIBRERIIEFHLIE
LT3 (Fig.7). ZOBBABELTOBASO L TR L CEIFRARICMUL KBEILETT.
b AT, Y & HF OKGELDOIRE & A T b & AR OFEREL M S Z L D HIKRS,

B, BAEROMTRE~NDZEL, BHREEZOHFOMBNBEARDOHFN L I ICFMEE
LTKBEEED S L WBRAIR ZBRWTIIFEE R b i v,

Bk DB M IRNEEAIL, Fig. 9icRHN5 &) I2KiR, KL N 2BIRIcH 5. 2 Z TiEkk
KHid B EKEFTHY) (Rl LEUDEZE(), Kz sz (RrTEEANDESEN).
7z, BERDHD B E, KBIZ B, KAIZTHN 18D 55, ZOETREMICEANDD S, O
BEFIDZDRER, BARMBUC IZAKIBOREIH, BABRTHLUIES T 5 RO EI/ 5.

VIL a8 4 X3y 7 5T KEESL

AN A RIy 7T AKIBZEL, W OLOBALE THBICBME Lz, 294 X3 7 (coseis-
mic) ZfE5 i3, HMERICHAESTHL., ZBREEIVREITHAERIC L 2EELR (b wi
ZOBICHBAERICL ZEEET) 31 mCTE D 33/ &{, ZZTHRNLE{LE ALK
LDOTIL e,

B 2 T b E O ERRAIIC H 2HF (Shimamura and Watanabe, 1981), db#EOBFMICH 5
AEHF (Shimamura, 1983), FEFBORFEAHF T & (It 2, ZOEREIZAE VD TIZ 100
mCE2BI20LH 5. HEDEHELDHFE TR, BHIIT - &3, FlIZ ITREICHT 5T AIE
ALV FHC KR E D > 2B FRAT CYHP T, 34 X3 v 7EFRRER» v, —RICREIC
42 KEBEIKKRECHFIZ YA 2y 7EEEIWNIE v, ZRIBRENE LI 5 KiEE(L
OBREEL a4 X3y 7 KB REIBENIREL > TWB I EERLTWS,

I LAEBRALUD L1 km HHOHF TIE, #30 F£KIRIRZICEE 22 1977 FI2EE - €
1978 £ 10 A F THV BB X ILOBE AL, 1979 F 10 AL b BER T KEBERAU:THhIL. FFEOB
B3 3BOMTH -2, HEHRDEIHIZBN T 2DT, v —3RBURLRERTH S 200 m
NDEWIITHEBEL 2. LEL, FLoo/ o TLLEN>TETWRRFT, A4 LOESH»EH
H U T EETH-72, MEBBHIEAT, A/ =F2—F430HEIRE, HWEED
132 1980 FEIZ A » T LT 7z,

BB ORER T, BHIS N TAREIZ 0.3CLEAL, TRBERLTETw w7 L EHE
LTwae#Ez b, ZOLREERBHIE & LICRA L2, TS, =7 <oBHalan
WBREESSREE L LICNE > TN ELEBTH -2, ZBEINIFHBOFY) 7 TlrZ
Vv, BERTAREBIHC: 2hnBR&E TR, ZOBRAINL 5 —Fl%EESE, BRTIHHAR
FBROTIRBRI LTV,

ZOREWTAKIBBRITIR, KIUDOKMT CRELZMETEZS DAY A X v 7% AT v 7HAKE
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Location of observation welt

&

(Usu/Showa Shinzan well}

OUTER RIM

Fig.10. A map showing locations of earthquake epicentres which generated
coseismic signals on the groundwater temperature, and the location of the
well. Solid circles and open circles indicate earthquakes with negative and
positive offsets, respectively. The U-shaped solid line in the crater is a
major surface fault zone (Shimamura and Watanabe, 1981).
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FNENOHER  COFHOFERERRZ, CRBAOERTIX 2.7km, KEEREOMERTIZ 1.5
km ThH 72, ZOZTOOMBEBHLMMC LS THBIXAHRXUOBR TRE Tz, ZNLEED
NBELHETIE a4 R 3 y 7 KB LITBI S Lk - 72,

—%, EERTFROBEHF TR, L DaVA R v I7EF2EHLTE), KELINTI
ZORIEIL 100 mC 82, X TIRILBERFMBE (1994 4) 0L 20 1100mTCicdb i -7z
NETH-72, LL, BEABIEVCBTFBOWL Dr0BERTKERB TIZ, chbnatAq
R 3y I RERREEL Twiyv, DF N T RO LBA LA L, #HFICL - TESD
WHEPKREL RT3,

BEHAETOIVA A v 7 EB5RREIE > TL L (WS EAT) 2R LT3 (Fig 11),
DF ) REH 5 R ORHEIS T b EAT Y, HER 6, 7 KM%Y S IEREERH 10 B LB bl
NicZe->T, Z0H#H2 » BT TEET 2 (Fig. 12)., B>y Y—a2=y F HXBTORERIL6



KEFRDE T T AR BRI & Bl 239

D 217 H 130

1 day

Fig. 11. Coseismic groundwater temperature signals recorded at
Kurotaki well. Ta to Td are the times of earthquakes, which
coincided with the onset of the coseismic increase of the temper-
ature. K210 and K100 are records from 210 m depth sensor and
100 m depth sensor, respectively. The magnitudes and
epicentral distances of each earthquakes are shown on each
trace. Earthquake dates and depths are A : 23/2/1980, 30km, B
: 14/12/1979, 70 km. C: 21/5/1982, 40 km, and D : 23/1/1981,
130 km.

ATHY), INLDULEHN I HTBEREL TS, ZORBHFOBEIR, WTKENIHA 2
Ly 7B EIBBELATHY), AHRTOBRMLIZIRL S (Fig.12,13). 2RI HEL0%54E
RRBEZ TN KFERD L Z DM TOBHT, WEORBERBLFADLOHTE 48
v, HEVCRHEKEOMEICLELNTHS ). —F, RPENHFTRHEINZ a4 23 v 7
LEFREICKENET TH- 72,
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Fig. 12. Groundwater temperature record at Kurotaki well (bottom sensor) and
the felt earthquakes (vertical lines) at Kushiro JMA station, which is
located about 75 km south of Kurotaki well.
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LTw3 (Fig.13), a% 423 v 7ESHPHLMEDN ) b—FEW L DIZERER 90 km Th- 7z,
ZBEE, NIV ESBRITTER (1981 a, 1981 b) Ik 2 BADIBER CHREOE N KIE, RE, B
HEL EEEHOINTA R v 7BILE ZORMBRE2RL T b5, MERTKERUNN YA X
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BioLbavA X3y 7 0BbnRIBA 4.5 &, REIC L BZELO3.6 EFEIEY ZETH S,
BB L 22 & 5 RAEELKEWHETIVA 22 » 7R EEIWNEWI L EHEE-T, 2Y
ARy 7382 0D, MTKEFREICHEINLIMBLBZRELLIZ E2ERL TS,
SRIEDEALL IV 4 Ry 7 EFOREHIIZFNITIEE S ThhvwnT, ZHEFZITAESC L
LHTIKDIGEDENEIZEZ v,
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Fig. 13. Recorded amplitudes of coseismic signals at Kurotaki
well (bottom sensor). The amplitudes are shown in m°C by
large circles with numerals. Open and solid circles indi-
cate positive and negative offsets, respectively. Small
circles are visible coseismic signals of hot springs compiled
by S. Hiraga.
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Fig. 14. Groundwater temperature and water level in
Kurotaki well of Hokkaido-touhouoki earth-
quake of October 1994, Magnitude 8.2, which
occurred at 250 km east of the well. The first
spike of the water level is 40 cm amplitude, and
the groundwater temperature change eventually
reached to 1100 m°C on 11 October, five days
after the earthquake.
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Fig. 15. Groundwater temperature recorded at Usu volcano well in 1980. Spikes correspond to
relatively large earthquakes, whose dates and times are indicated. The changes in the
gradient of the increasing temperature preceded the seismic activities (Shimamura and
Watanabe, 1981).
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A4 73k E A HESFRL T 5 (Shimamura and Watanabe, 1981),
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16b). 8 HOHMEIZ =/ =F 2 — F 6. 4(BENHE ST 132 km) T, # 50 mC DBERINKIBELHH -
7z, 7212 RoMBR e/ =F 2 — F4.7(BENES 2 138km) T, # 8 mCHOKELLHH - 72,
BRAD HBRFEFE TOERBII VT ILLH 150 km ThHhot, TNLDMEIR, 1977 FicEE w7 =
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Fig. 16a. Groundwater temperature record in Romanian wells, ODO, VRA and BUC.
ODO recorded a peculiar signal about two
months prior to the magnitude 6.3 earthquake which occurred in August 1986.

Atmospheric pressure

is also shown.
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Fig. 16b. Groundwater temperature record in Romanian wells, ODO. Peculiar

signals, resembling each other, about two months prior to the magnitude 6.3,
and magnitude 4.7 earthquakes, respectively. Epicentral distances are about
150 km for both earthquakes. Ordinate for december earthquakes are
exaggerated by five times for comparison.
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Fig. 17. Groundwater temperature, reversed in polarity, recorded in Sha Cheng

well west of Beijing in China. The well has a depth of 500 m and water of
93 °C is self flowing at about 4 litres/second. The variation of the water
temperature is around 500 m’C/week or 2000 m’C/year. Two remarkable
decreases of groundwater temperature, with amplitudes of 500 m°C—1°C,
were recorded 30—50 days before earthquakes, with magnitudes of 4.2—4.6.
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Fig. 18. One month records prior to Hokkaido-touhouoki earth-
quake of October 1994, with magnitude 8.2, at a distance of 250
km. Record of ground water temperature, water level, ac-
cumulated number of nearby local earthquakes, and precipita-
tion of Kurotaki well, Teshikaga, eastern Hokkaido.
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