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A Quartz Thermometer System
for Measuring Microtemperature Variations of Groundwater

By Hideki SHIMAMURA
Laboratory for Ocean Bottom Seismology
Faculty of Sciences, Hokkaido University

( Received January 14, 1986 )

An accurate thermometer system has been made to measure long-term variations in
microtemperatures of groundwater. A quartz crystal was used for sensing devices, which
has a resolution of 1075°C, and the accuracy of 107*C. There are two types of thermometers ;
one is with digital printer and the other is with analogue voltage output for telemetering.
Both types have huge dynamic range, 240 dB, so that no adjustment is necessary in its
installation. The thermometer has been designed to withstand harsh conditions, e. g. with
operating temperature range of —30 to +40°C. Battery operations are possible. The
sensor which is intalled in a well can “sense the outside” regardless of well casing. So that
any existing well can be used for the microtemperature observations.

About 50 sets have been installed mostly in earthquake impending regions, where some
relations are expected between earthquake generation and the movements of groundwater
that are sensitively caught by microtemperature measurements. In some observations,
observed microtemperature changes have been revealed to be related with earthquakes, with
their precursors, and also with atmospheric pressure changes.
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Photo 2. Microtemperature sensing units.

Quartz crystals are mounted on printed
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frequency division are made. Three
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Table 1. Observation sites of the quartz thermometers.

SENSOR | WELL
OBSERVATION SITE LATITUDE | LONGITUDE OBSERVATION PERIOD DEPTH | DEPTH COMMENTS
(HOKKATDO)
KUR (Kurotaki) 43%32'55"N 144°221179E  [17/11/1978 - 210 m 210 m | Second sensor added 7/1980
ME| (Meisei} 43°28"15"N | 144°12°00"E |11/4/1979 - 12/1983 480 m | 760 m | Sensor shifted to 220 m 5/1981
KMD (Kamata) 43°28748"N | 144%27'50"E |11/7/1979 - 26/7/1982 110 m | 495 m | Sensor depth 30 m until 7/1980
TCY (Tsujiya) 43°28'49"N | 144°28'37"E |10/5/1980 - 12/5/1983 68 m 800 m | Self flowing 3 litre/min., 24°C
KNK  (Kunioka) 43°29'33"N | 144%27"18"E |9/12/1981 - 28/12/1983 100 m | 270m
AKA (Akan) 43%25'53"N | 144°06'127E |8/12/1981 - 4/1984 4 m 4 m | Self flowing, 48°C
USU (Showashinzan) 42032'08"N | 140°51°427E |12/10/1979 - 12/1984 200m | 376 m
CHG (Chikashigen) 43%04741"N 141%20'12"E 16/11/1979 - 110 m 110 m Second sensor added 7/1981
8RO(Birao) 43°28'99"N | 144°24118%E |2/11/1984 - 140 m | 140 m | With geophones
KMU(Kamikineusu) 42°1419"N 142%58'02"E 4/7/1983 - 110 m 110 m With borehole strainmeter
(FUKUSH1MA)
SHM {Sohma} 37°%6'41"N | 140%59'11"E [2/6/1979 - 215 m | 215 m | With tiltmeter
KSM (Kashima) 37%1°27"N 140%53'31"E 5/11/1979 - 200 m 200 m With Radon observation
NRH (Naraha) 37%15'21"N | 140%59'05"E |5/11/1979 - 200 m | 200 m | With Radon observatlon
(TOKAI)
OMZ (Omaezaki} 34235°58'N | 138%13'50"E |22/6/1979 - 24/4/1980 100 m | 100 m | Second sensor added 11/1979
YSD (Yoshida) 34%5°24"N | 138%6'17"E |22/6/1979 - 5/10/1982 135 m | 135 m | With Radon observation
IWN {Iwatanishi) 3%42148"N | 137°5111"E 122/6/1979 - 14/8/1979 150 m | 150 m
5ZH (Shizuhataminami)| 35°00'48"N 138%22'40"E  {22/6/1979 - 5/5/1983 100 m 100 m | With water level observation
ARA {Araimachi) 34241 105"N | 137%34430E [21/11/1979 - 393 m | 393 m | With seismograph
FKR (Fukuroi) 34%43140"N | 137%57'30"€ |25/12/1979 - 130 m | 130 m | With Radon observation
0SM (Osadaminami} 34056'00"N 138%22119"E 25/12/1979 - 110m 110 m With Radon observation
FJM (Fujinomiya) 35%12+30"N | 138%35'347E [25/12/1979 - 7/6/1984 130 m | 130 m | With Radon observation
Y1Z (Yaizuobama) 34%53136"N | 138%20'54"E [16/4/1980 - 484 m | 484 m | Abandoned hot spring
MKB (Mikkabi) 34%48'20"N | 137933'26"E |5/10/1981 - 45 m 45 m | With borehole strainmeter
TYB (Toyobou) 34041 146"N | 137%3"16"E [16/11/1981 - 125 m | 125 m
MZK (Maruzuka) 36243'21"N | 137%51307E |18/11/1981 - 330 m | 330 m
RIZ (Higashilzu} 34%8145"N | 139%03'28%E [15/3/1982 - 245 m | 245 m | With borehole strainmeter
AR (Ajiro) 35%02'34N | 139%05'45%E [11/3/1983 - 108 m | 108 m | With borehole strainmeter
HNO(Hino) 35%38'51"N | 139%25'01"E [11/6/1984 - 131 m | 131 m | With borehole strainmeter
YGW{Yugawara) 35209747"N | 139%05'34"E |16/6/1984 - 144 m | 100 m | With borehole strainmeter
OMJ(Omaezaki JMA) 34°36'06"N | 138%12'58"E [1/12/1984 - 208 m | 200 m | With borehole strainmeter
{1CELAND)
HEL (Hella) 63°50'24"N | 20%24736"W |1/9/1982 - 393 m | 393 m | With borehole strainmeter
STO {Stérolfshvoll) | 63%45'00"N | 20°12'36"W |2/9/1982 - 401 m | 500 m | With borehole strainmeter
SKA (Skalholt) 641236 N | 20°31148"W |3/9/1982 - 125 m | 140 m | With borehole strainmeter
JDA (Jadar) 63°18'00"N 20%09'00"W |4/9/1982 - 58 m 70 m With borehole strainmeter
SAU (Saurbaer) 63°59'06"N | 20°25748"W |4/9/1982 - 37 m | 180 m | With borehole strainmeter
GEL (Geldlngaa) 64°19°30"N 19%16148"W  |5/9/1982 - 233 m 233 m | With borehole strainmeter
BUR (Burfell} 64°06'36"N | 19%8'00"W |29/10/1982 - 180 m | 180 m | With borehole strainmeter
{ANTARCTICA)
SWA1 (Showa 1) 69°00'39"s | 39%35'1S"E |19/4/1980 - 5,10,20m| 20 m | Sensor 2, 5 m from 4/1981
SWA2 (Showa 2) 69°00 4a"s | 30%35'120E  (19/4/1981 - 1,6,7m| 7Tm
SWA3 (Showa 3) 69°00'29"s 39%34 118" }7/6/1980 - 2/1/1981 7m 7m Deployed on the sea floor
{TOTTORI)
MSA1 (Misasa 1) 35°2A‘M”N I33°53'1k"E 1/8/1980 - 30/6/1983 350 m 400 m
MSA2 (Misasa 2) 35%24141"N | 133%31147E [12/11/1983 - 140 m | 190 m
YON ({Yudani) 35%23109"N | 134%9°23%E [12/3/1982 - 0.3 m | 0.3 m | Deployed on bottom of fountain
KRO (Karo} 35%317330N | 134%1151%E [14/8/1980 - 90 m | 100 m
(ROMANIA)
VRI(Vranciocaia)} 45952120"N | 26%43'50"E |9/10/1985 — 70 m 70 m
ODA(Odobesti} 45%46148"N 27°03'379€  [10/10/1985 - 50 m 50 m
BUCt (Bucharest)} 44°20'80"N | 26°01'80"E |24/10/1985 — 89 m 159 m

TOTTORI, Antarctic observations, and FUKUSHIMA/TYB/MZK are mainly kept by Dr. T. Tsukuda, Kyoto University, NIPR
{National Institute for Polar Research}, and Dr. T. Kanazawa (Tokyo University), respectively.

DTH -7, Table 2. Specifications of the quartz ther-
- 75 g8 o - mometer which was temporarily de-
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BOEAL RMIEIZHEICE - T 20~80mT) »° Northwestern Pacific Basin.
QE\’:T:@Z%’TB k& V‘*ﬁ@g E’H—T L, ;T:hg:tl &5 i’@—F SPECIFICATIONS OF THE DEEP-SEA QUARTZ THERMOMTER

DB X HKIBEB TS TRENTS SEnsoR ¢ QuARTZ CRYSTAL. CuT AT -26.5° FRoM Z-axis,
Accuracy : BETTER Than 1/1000 °C.

(Shimamura, 1983), %, U HIT KGN ResoLutron : 1/100,000 °C.
BB A L COKEBOTALTIE 2o = & & B~ RecorDING PER1OD / RECORDING INTERVAL
- m.Y ) Az — )

250 pavs / 1 HOUR

"oﬂfl_ 125 pavs / 30 miIn.
64 pavs / 15 mIn,
D 175) %?E@ 210 m o) &] #ﬁ (1979 200 Hours / 2 MIN. (SELECTABLE BY SWITCH)

CONTAINER : GLASS SPHERE. 33 cM DIAMETER.

ﬁi 4 R 7‘\"{ CENTY v 5’—@0)%%@]/;(7? UsaBLE DEPTH : 7500 METERS.
LMIEEEINT W) T, Bl a4 ATy BuovANcY OF THE WHOLE THERMOMETER : PoSITIVE,
— X - y <
7 BKBZALD B E N, X OWRIEDY, WED>7=F 2— | LES TORMTRIIICE?
Z & 4 yr& N7z (Shimamura, 1983), BEI SN -IRIEIZ 3 ~170mCTH ), FD3 LY HER
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No. Date MaoniTupe  Temp, Step
1 Ara.13,'80 4.1 2.4 n°C
2 Fes, 2,'80 4.1 46,2 n°C
3 Me, 8,80 4.2 +10 n°C
4 Mar 23,'80 4.1 +

5  Jan,23,'80 4.2 +6.3 1°C
6 Mr.23,'80 3.9 -2 Mt

7  Fes.27,'80 4.0 -3.8 m°C
8 My 12,'80 4,1 -3 n'C

9  Apr.30,'80 3.9 -2m°C
10 Mar.22,°80 4,0 -4.6m°C
11 Apr.24,°80 3.9 -1m"C
12 Mav 14,'80 3.9 -ln°C

OBSERVATION WELL

CUSU/SHOWA SHINZAN WELL)

500 M
—_

1. Location of earthquake epicentres and the observation well in Usu volcanic
region (USU). Solid circles indicate epicentres of earthquakes which were re-
corded by the quartz thermometer with negative temperature offsets (1—6mC).
Open circles are those with positive offsets (2—10m°C). The earthquakes are
listed in the inserted table. The magnitudes of the earthquakes were 3.9—4.2.
No offset was observed with earthquakes whose magnitudes were less than 3.7.
The U-shaped solid line in the volcano crater is a major surface fault zone.
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L | o o 1 ] |
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Fig. 2. Microtemperature: steps

recorded at KUR station by a
210 m deep sensor (KURjzp).
The recorded amplitudes in
m°C are shown by large cir-
cles with numerals. Open
and solid circles are positive
and negative steps, respec-
tively. Small circles rep-
resent the compilation of vis-
ible coseismic signals of hot
springs and groundwater by
Dr. S. Hiraga. 34m°C, which
was recorded with deep,
170km, earthquake, and
17mC are a few exceptions
from the lines. (Shimamura et
al., 1985)
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Fig.3. Coseismic microtemperature signals re-
corded at KUR station by a 210 m deep sensor
(KUR,y0) and a 100 m deep sensor (KUR,q).
Dotted lines indicate exponential increase
with time constant of 5 hours, and broken
lines, of 10 hours. The observed micro-
temperature increased with a time constant
of about 5 hours at first, and later with a time
constant more than 10 hours. T, to T, are
the times of earthquakes, which coincided
with the onsets of the observed records.
Earthquake dates, magnitudes, depths and
epicentral distances are A—23/2/1980, M6.8,
30 km, 176 km ; B—14/12/1979, M5.7, 70 km,
89 km ; C—21/3/1982, M7.1, 40 km, 219 km ;
D-—23/1/1981, M7.1, 130 km, 217 km, respec-
tively. All the polarities of these records are
positive (temperature increasing), however
other earthquake can generate negative steps
also.

1 day

BTNy I BT TEEES 2w L 10BERDA 7 ARA > » VR GREILTE 2. 4 B,
BREEEL T b WHTFRIBLICIZECER %, ZNHDRBEITNY 90km L) L&
WLADTH 72,

F72, ZOBDBERT, KRENELTHRINSKENEZ, $km UNORG-HEETLH
Ficlk-TELCEY, B/M20.05mC/mbar LIF, &Kkid 6 mC/mbar LiEE, 2754 55¢
95 Z kdhh o 72 (Shimamura et al,, 1985), # L €, REIHTEREVFRVWHEI»LT LD,
AFARI y IUHEEFRECHITTL W ELREINS, BAC, FJEICHT 5REIRK
Tnl, BFBOTEHET, BE800m, #20ChHKkEES3 [IZXEEL TS, —FA, 2
HARIy 7UBEEIFL > IRELSEHININRERIHF T, 22 TOREFREIE 210m D
FEIKT, 0.53~0.59mC/mbar, 100m NEENEZAHT1.9~2.1mC/mbar T 5,

BREWZ EiE, 20210m OHFOEEFHIZANTSH 3 2L F—DFEEFNLIWT
Hb, ZHZOonk 3L FALEEE L0, INLICEEINLETNRBOIZES
TERB 2T BE I EWRREIN: (Shimamura, 1983), —MzEyiIciRIEI FRD L F—nT
HREWD, ZORIBOLIE, RECHFEINLKENEFTTIE3.6 %I, a4 239 7%k
BRIOWTIHASIKLE S, ZOZ LY, ZOSHENEENZNENID 2 H= X o bk
TWbZ iR TELLIT, HERNNKNENL, 2F ) HFERANKEEKNEEELEICLEHNT
LawZEERLTwWA, &od, TOZBOEENREKIZIZ-FLTH Y, BEECL LT
KDBED LD EZEZ LN\,
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BEHFE T, HE TESHIKAGA QT ARRAY T
. |
|

DHIE L 2 b Bk | | |
BOBED, TTicw W T 20me
OPR2P TS
(Shimamura et al,
1985). Z #1144, 200 km
SN o= =
Fa—FT7T772ANDM
BOICRALNAZLD
T, WENHIL~2 7
H#% 6, kg 30 mTCi3
&, B~ 2 HOBS
PN ARDZALH 2, Y80 181 I

RREI SR> S W (PAR S Fig.4. Comparison of KURs, (bottom) sensor and KUR,e sensor.

DT, ZNbDIED Both records are before compensating for atmospheric pressure

’ (TCY ;. is a pressure compensated record of TCY). In general the

RILAMC T LTRSS KUR, signal is 3.6 times larger, but for the coseismic signal, e. g.
- e i f EQ, it is 4.5 times larger. Also, the precursors, e. g. A—

ny, ¥HEY TS at time o s

mew A C, is only 1.5~1.6 times larger. The earthquake (M7.1) occurred

THD EALHEIZE on 23/1/1981. A very small negative coseismic signal is seen on

KL e Z e b, TCY;TC record. Atmospheric pressure is also shown, with the
polarity reversed.

WESHIREFZ 5N

T, SRELICBAMPERINIL, INbLIANLNLIES S,

CORFE NZROBTER SN S Z 21k, HENDE - 2RS TRFHS N IREBRS, B
ISRz, RIEIC K BKIBEN 3.6 & h, a4 23 » 755D 4.5 L b2 - T, 1.5~~1.
6 THBEIEThHoT2. ZHUL, TOEFTEEL A=A LD, DZENELLELHA) T E
2RL T3, F72, Zolnbrvd s, MENFIESE [E5] &L, SFEICL2KEE
oz THEF] $E2 5 L 510, E5MMEL SNR) 3, HFEOEN > H—DHH 31D &
WIZEizh b,

b. B TOEHA

EEEA DT, 1979 FIZIIBBROREFERICITV ZHE TH 993 Bz & 2 KIBEEIA93 L
DL, ZNEEMEOT GRS TH Y, FEW - BEMEDOMOER L iEREEE O
CTHD I e LBHMSERIZN: LD T, HAEEROHER L F BN S TOMEBHE8R &
DB TH B,

Z O3, B LU < 1979 F20 5 1%, HEMEOR LI BE I N T T, MEFMOBEGE b
CHRE S LT\ 231 - ERARMS I L FRET E RRTOM N2 B OKBFHORE» L LD 5
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N7z, 995 MEFRBENETL A—F—HEEHTHREZ TICZOWFIZT TONIT HEIZ T B,
FRADBENE, AMEBHOREFWE IATITHOIL TS, & ZIFHF2HLE Lz
500m LIPHCEEHFEORIH B & 2 AHDUNT & A E7205 KIBICRITT A& #2882, IBOEFED
eI KENDKEZT CIL TRALETF TS 1787 FHE]) 2BITE, 1 ZEAE W EDD
iz,

BAEZOMFNDHEESEIATEANT, WEFTHEZATIIITAZI v 73R,
HEDNHIHREZZ GNBEFEIRO2 > T, LarL, 1979 FNLEREV 5 6 FOEH
PEELI120I, WAL ZANESTILEY, BRLLINE 7777 FEL o
MES] okiz & &1, ZNERETEZEETRICZL > T EBbiLs,

F72, 1980 45T BB A DB RY & C, HIBOMEREE: DEE L RS 2HIC, TKES
RHFFERT & D RIFFE T 993 BUIDERBM A B4 51TV B

ZOEH, 1982 o b 12 EMBMAT AT & O EITIE T, EROBFIZE T L EREHo%G
s, HENOEMEOZEE T E» LT, HEREFENLIMARL S HhNL Ty 5 (Shibuya et
al., 1982, Nagao et al., 1985),
ZOMENTIE, TA X7 FORET L KE
DA—FX—WEAEHHL T, 1982 F0 5T A
A7 v FEIROMETFICH LRI CERERD
B HNTW B, 7TED 993 BUEE KRS A A —
F X¥—HF e f ) & B k% £ 5t (Sacks and
Evertson, 1970) & B U HFICEHE I N2, ik
HAEE L BT L KRB FRRCHEI 2 & & 3R
TE) & HFRNDH T RN OEEL &, wEFE

Photo 5. Deployment of the sensor into a

THLN T D> b DEWETEDICERT Romanian well in October 1985. Sim-
) . . b

%72 (Shimamura et al,, 1985). =78, T4 ple and low cost twisted wires can be

used for the system. The cable has
27 FIZIRST, ENTYH, ZoEHIEITEE steel conductor wires so that it is

EMLTH Y, B WS YT I3, e SO0 b ot
T b, 1985 FFkiiz, BERE N —==T DD

HWETFTHOWENES S FEETIZLED, ZOE—FREL T, 3ED 993 BOBEEKIRETH
ﬁamw%%%mmﬁﬁa7§y+7ﬂﬁ&8m#ﬁmﬁﬁént(HmDa.w%ﬁu%,§
LICHEERENDZEHFEEINT NS,

. BE TORBEA

993 BN IKIRET L AT LAGBIRD L D ICHBENID L, FLLE0BFELNE v, 2o,
Tk HOBRYER & MERALZEDBHIPHBENDBAGLRNIFEE L XI2 & > TUTEELD, $7#HLA
H12Z D\, BETOKENBINES 2 BRI 722 (B4 - P, 1980).
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BN 1980 5 7 A, bR VEEM
A= %> T4 AHNT—F (699 F
>) T, =B 310 km (40°30°N, 145°28°
E), JKEE 5100 m 0L KFERE DT
HE 7 HE CIiThil/z (Photo 6). 993 &4
DY AT LT T AEOBKDTIEE 75

(NE3Bcm) 1MADLLIcEME & D
AL, BRETA & FEYHEES

N O CHEALD S, TRl Photo 6. Quartz thermometer deployed
on the ocean bottom. An experi-

gL 3 = 4=

BEHDBEREDT A F &M TTHIL mental deployment of 6 days was made

24T, KEBFHOMNEIZEBERT 3 in 1980 on a flat deep ocean basin with

N . . a depth of 5100 m. All the thermom-

m, HETHBRMIMIL 6 B (150 B eter system was contained in a 33 cm
) Th-72 (BF-TEIR, 1980). il diameter glass sphere.

—

O

SN KEESI 11 mCIIEH Y, BE
TOWKDBHICEEL 2L DL BhiL o | (NREsIN 1

SRRAMOANT T roln s M
10 b
5.

(DECREASING)

1

kB, Lt —DKEREERFIIESH
1.5ecm D47 RERONEEICHEEINT
BY, BLRFERIL2RMTH - 72, Fig.5. Microtemperature record taken on a flat

0 L ' '
24/7 26/7 28/7 30/7
1980 1980 1980 1980

N .= . . i i i he
L Lk —% 4T 2RO EET, deep oceanic basin. The location was on t
B . B Northwestern Pacific Basin, 40°30'N, 145°28'E ;

REHUIMDBAMALITICE T - L 5L depth is 5100 m. The quartz thermometer, which
%05 BNT, KRR BET b EE was containeq in a 33 cm diameter glass sphere,

o i was temporarily deployed 3 m above the bottom.
Kimgt e & 2B & 21213, £ volz Six-day record shows the maximum variation of
BEER /NS WA T B D L A E S 11 m°C, with a 12-hour peak in its spectrum.
T 5,

Iv. % & )

BENSFEEH 107°C % 2 2 2 REENE VKB 4R L, BRI T KOBEZ -
VB, B R EREEIC DWW CR RS CRRET 5 2 LA CE VIR TH
DREIZI mTC (107°C) BE» BN 3.

ZDBIE L AT LIHBRHEZD 7 4 — L FEHCELNTE D, BB TOREITREL I 2,
WEELBIRAMCHT 2, 2 ERE L TEETH 2.

LAT MFBIAEE TITH 50 oL REEE TS 1, £ & L CHETAIFRED 2251 BNAo
FRICEREEINTVS, Zok 3 HFRNOBRICE S HAICIE, ZOKEFHT EA XBERNHF
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FTLEBTELEWIFEEF LD, 2F D, KEBREIZ, ZoHFIyr— > 7 (8EFNEE
DRENTHBDEI»PrbLT, HEONDBES [RLB] 2L TEL, Z1UF, K%
DLDEBRE LTI % & T WHERIEFBEHCERCEEORTZICI TELVBETH 5.
Fiz, > —Th L KERHFFHOKRE S DV
BnDT, BEIZL » T~ %EEIC
MNELEL ZEHTE, ROFAF TCHOBM/NES
WEA L REER KD S B & &I XL RE
T# 5% (Photo 7),
INRETOERBENE TV A S, TR
T 100CLLE &RV, 2 b nfRERIZ, HET
MBGEST Th <, MOHERSFICD, ZOHi%E

DENE I BTEANESKE LT WD, Photo7. A §ensor pr.essure case for bo_re-
o o o B holes with flowing water, or with
Az LTT > BlRoBucEL, BHTHE smaller diameter. The outside diam-

%E‘Iﬁ%) —'%—l/x: (‘: 751 6’ /:I\'f(iy § ﬂ) Llﬁ?ﬂu%%%ﬁ L, eter is 26 mm. A lead we1ght, shown

] ) ] ] below the pressure case, is used to

HBEWEZLICRBEE LU T, HTKENHK make the installation of the pressure

INESED, T HUT KD B 7 25 85R0 7 ) B case in a flowing well smoother.

GEEERTWELZY, ZNZ &3, HENRIKEMAETHICLRL2ETTH 5,

B

BEKIRFTORENHEAL LK 50 BV BIBICHBEI N TV IHAES T, TORESEKER, §
NTHREDF TITbNIz, T, BE HE L ZOHRICIIEZ DA BIMERC L - 72,
&I, MERE (HAAERFE, BAKE), WMAKT, SWER, MER, BEUER EHE
7 (U Edek®E), &REZ, BRE CLERKHE), TIRE— RBREAR, HHER, SHHEX
(U ERST), HEHk (BREMENER) OBKRICIZEELIZRET, - LE0iir, BE
BN, SrEZE— (USRI, (CRREARER (BEREET), SAE FEEEFRET), S8
(R IREE) OBKICIIRE C EFOE TBHEEW2 5w Twa, L THEEEL 2w,

X [
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