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KANAYA, H. and SASADA, M. (1990) Granitic rocks from the geothermal drillholes of
Z0-1 and ZO-3 in the Zao area, northern Honshu—Fracture zones indicated by
discontinuity of abundance of elements in rocks—. Bull. Geol. Surv. Japan, vol. 41
(6), p. 341-355.

Abstracet : The fracture zones in the granitic rocks deeply seated in the geothermal area
were evaluated chemically with reference to continuity of abundance of major and trace
elements in rocks from drillholes. The analyzed samples are the cores recovered from the
geothermal drillholes of ZO-1 and ZO-3, Zao area, northern Honshu. The pre-Tertiary
granitic rocks of 604m core from ZO-1 consist of tonalite, granodiorite and granite, and
those of the 50m core from Z0-3 granodiorite and granophyre. The several fracture
zones are observed in the granitic rocks from both of the holes. The thirteen major
elements were analyzed for 30 samples, and major elements Fe and K, and trace elements
Rb, Sr, Zr, Th and U were analyzed for 94 samples. The magnetic susceptibility was also
measured for the samples chemically analyzed. The abundance of K, Fe, Rb, and Sr

changes remarkably at fracture zones between the different facies.
trace elements of Zr, Th and U may also change at fracture zones.
considerably depleted in the altered granitic rocks.

The distribution of
Ca and Sr are
On the contrary, depletion or enrich-

ment of K, Rb, Zr, Th and U are samll in the alteration zone.
Those results indicate that the geochemical logging will be effective for determination
of fracture zones in granitic rocks in geothermal drillholes.
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Fig. 1 Generalized geologic map of Zao area and the
location of ZO-1 and ZO-3 drillholes.
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Fig. 2 Geologic column of ZO-1 and ZO-3 drillholes.

Symbols are the same as those in Fig. 1.
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®1& Z0-1, ZO-3 HiHoTtEEE0 FIFEHEM S L UMETTR. LOI AR EERT.
Table 1 Major and trace element compositions of granitic rocks from ZO-1 and ZO-3 drillholes.
LOI represents loss on ignition.

Z0~1
1 2 3 4 5 6 7 8 9 10

Depth 2039m 2167m 2293m 251.0m 273.0m 292.0m 3379m 3569m 3960m 417.0m

wt.%
Sio, 62.07 61.92 56.27 69.98 71.96 62.41 59.16 71.46 70.55 71.03
TiO, 0.72 0.72 1.24 0.32 0.24 0.73 0.25 0.24 0.28 0.31
ALO; 15.29 16.17 13.69 14.58 14.24 16.87 12.73 14.77 14.37 14.90
Fe,0; 541 1.60 8.49 0.87 0.49 4.40 0.23 0.49 0.47 0.44
FeO 1.55 3.98 4.25 1.81 1.77 0.93 1.84 1.62 2.14 1.97
MnO 0.06 0.09 0.16 0.04 0.04 0.09 0.26 0.04 0.06 0.06
MgO 211 1.65 4.88 0.64 0.42 1.61 0.86 0.55 0.63 0.92
Ca0 2.95 4.57 3.35 2.15 1.49 422 12.26 1.79 1.93 1.89
Na,O 2.83 3.36 241 3.44 3.42 3.66 2.57 3.48 3.19 3.25
K.0 3.67 2.66 2.68 3.74 4.17 2.54 1.72 431 3.92 4,16
P,0s 0.17 0.17 0.26 0.10 0.08 0.17 0.08 0.08 0.09 0.09
LOI 2.32 1.66 3.92 0.84 0.73 1.18 8.54 0.72 0.90 1.14
Total 99.15 98.55 101.60 98.51 99.05 98.81 100.50 99.55 98.53 100.16

ppm
Rb 141 107 174 128 153 105 33 124 104 94
Sr 224 263 244 153 126 264 182 131 163 187
Zr 202 198 305 126 102 200 82 113 98 120
Th 7.6 8.3 10.5 145 151 8.2 7.9 14.1 11.0 9.5
U 1.1 1.0 2.0 1.3 1.9 2.7 1.8 24 2.5 1.6
Z0-1
11 12 13 14 15 16 17 18 19 20

Depth 4347m  4467m 4565m 4688m 4964m 509.2m 5182m 5380m 5588m 587.2m

wt.%
SiO, 63.72 64.62 64.90 62.81 63.13 71.66 67.50 67.61 66.34 68.78
TiO, 0.59 0.64 0.52 0.73 0.72 0.16 0.47 0.50 0.57 0.48
Al O, 16.36 16.42 16.61 15.65 15.85 14.52 15.07 15.66 15.25 14.99
Fe,0, 1.29 121 0.79 1.44 154 0.22 1.18 1.01 1.35 1.06
FeO 3.08 3.02 2.46 440 3.96 1.35 3.00 2.74 2.96 2.69
MnO 0.15 0.08 0.05 0.12 0.11 0.06 0.08 0.06 0.06 0.05
MgO 1.99 1.80 1.15 2.10 2.03 0.82 1.70 1.23 1.44 1.15
CaO 3.55 3.73 414 4.34 4.07 212 2.93 2.72 2.85 2.83
Na,O 3.12 3.58 3.94 3.44 3.45 2.88 3.18 3.80 3.68 3.73
K.O 2.38 2.16 1.91 2.29 2.41 4.39 247 3.27 2.73 2.44
P,0Os 0.13 0.15 0.12 0.18 0.17 0.07 0.12 0.13 0.14 0.13
LOI 3.62 1.99 1.43 1.16 1.36 1.88 2.95 1.00 1.28 1.12
Total 99.98 99.40 98.02 98.66 98.80 100.13 100.65 99.73 98.65 99.45

ppm

Rb 80 68 58 70 83 87 73 91 — 70
Sr 228 278 302 277 283 212 208 243 — 213
Zr 186 174 130 176 184 127 163 160 — 167
Th 8.3 7.2 8.3 7.7 6.4 10.2 6.7 6.3 5.6 6.4
U 2.1 2.2 2.6 2.3 1.8 2.6 15 14 1.6 15
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#w1E oTF
Table 1 continued
Z0-1 Z0-3
21 22 23 24 25 26 27 28 29 30
Depth 6125m 651.0m 6895m 731.2m 761.0m 801.0m 4545m 459.5m 4755m  492.0m
wt.%
SiO, 74.19 67.66 67.75 70.10 70.44 69.50 63.24 63.50 65.60 66.31
TiO, 0.22 0.47 0.45 0.25 0.28 0.16 0.63 0.63 0.63 0.61
AlO, 14.02 15.08 15.85 15.31 15.59 15.52 18.27 17.28 15.87 16.24
Fe, 03 0.33 0.99 1.01 0.64 0.60 0.16 3.39 3.70 1.76 1.92
FeO 1.65 2.76 2.54 2.29 1.87 1.20 2.28 3.00 3.08 3.10
MnO 0.04 0.05 0.06 0.06 0.05 0.10 0.15 0.26 0.13 0.17
MgO 0.57 1.25 1.38 0.53 0.70 0.53 4.83 4.52 2.87 2.99
CaO 1.26 2.47 212 2.05 1.96 3.47 0.13 0.50 1.24 0.41
Na,O 2.99 3.44 3.63 347 3.99 4.00 0.00 0.89 341 3.44
K,0 4.15 3.30 3.01 3.32 2.92 3.29 4.25 4.16 2.85 3.20
P.0Os 0.08 0.13 0.12 0.09 0.09 0.07 0.15 0.14 0.16 0.14
LOI 1.14 1.07 1.92 3.40 2.12 2.86 5.07 5.64 2.68 2.96
Total 100.64 98.67 99.84 101.51 100.61 100.86 102.39 104.22 100.28 101.49
ppm '

Rb 84 81 78 68 69 61 136 148 66 75
Sr 150 220 214 148 167 180 17 21 192 111
Zr 110 147 168 164 213 180 172 162 134 208
Th 6.8 6.8 6.9 5.5 6.7 7.7 5.4 5.6 7.3
U 1.3 1.7 1.5 1.2 1.5 — 2.1 14 15 1.2

LOI (loss on ignition, 1000°C, 2h)
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Fig. 3 Harker diagrams of granitic rocks from the
drillholes of ZO-1 and ZO-3. Fe,O;* : total Fe
as Fe,0s.
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DOTITTRIIME, i b—FNERFIOT S T RT
PHDLoNTBDTHAEICHRLSB. ¥z, Z0-3
OIEERRRE L, ZO-1 OTERERRE L FH CEE» 5,
St ERENMBEDEBRANLEVLE T oy bENTWS,
ZO-3 DL E I EELNEE L bOWEL NI LEER
T3E, ZHEFHEGDLY VA MET Ca BBEILEE,
Sr bFEEDEEIZ L o7 I LORMTH S S,

6.2 U, Th, Zr

U, Th, Zr DRI OWT, U, ThB8XU'U, Zr
DEEELXTNEEMOS S 7icER L (86, TH). &
AP TU 2 SCESHYRABEIHY, Yrarb %
D—RBTHABINAVIRIr 2 EDE—DHMEE LS
NEDTIDEEERBLTBLLENDS, Tho %2R
3k, ZO-1D r—FNaE, LRSS L TIERERE
NENDEVEET L %L, BEns@Eicr oy b
ENTW3S, T4bb U ThoBFRZ, +—FLreeit
ERIRAEL Th i Z LW iR, TEME» Th B ©HE
Bieruybtah, 2LHECRERLERUSEEDE
SRR ->Tw3, Uk Zr BRI, bP—F1rEETh
FPIEE N Zr KEGHERIC, TERAED Zr WZ LW
wray bahd, 2030777 74T, wihb
ZO-1 OfEBIRE OB Ty b &3,

< 7=t USEEOEMRE, UNKHEHL
TeAMICEBE T AEAD, ZLOERTRDLNE D
(KANAYA and ISHIHARA, 1972), ZO-1D N —F VAL
TEERRETE, P —FVEDOABUKEATED, B
HELXBEOBFE LR o Tw3, Rb, St EEEDELOR
Fob, {ERRE ERER 1 2077/ <RF%, b—
FVEDBBID < 7= RF» S TE T3 AR 2R~
25, UDELE b —FVELIERERESRR 2 </~
RilpodbleoanibDEZ 2IFT 5.

Z0-1, Z0-3 A 53 U, Th, Zr MOBEFKIZSSHE
miz, —MEREHIEEZ Lo EHII V-
FENTWE, ZOBRINSTELESDEYHIEEE
FTRIBLTREBHZ L% LI REEEF > TR
WEEERLTWSbDEEZ N5, ZHIERDL Sr @
BEREFBECHENTH 3.
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%4 CaO-K,0-Na,0 &Mt HREZREIHIZAL.
Fig. 4 Ca0-K,0-Na,0O diagram of granitic rocks. Symbols are the same as those in Fig. 3.
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Fig. 5 Relation between Sr and Rb contents. Symbols are the same as those in Fig. 3.
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#F6N UAFE: ThEEEOHF HFTSEEIHCAL,
Fig. 6 Relation between U and Th contents. Symbols are the same as those in Fig. 3.
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Fig. 7 Relation between Zr and U contents. Symbols are the same as those in Fig. 3.
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7. K ¢ WETR

EADRLREKEE DSBS, U, Th 2S00
FLRBEOEROWR LIV EFERENLE R & T,
U kS48 s ) BA, BER, 774 b2LTY
NavigE»arh, ThrzEEHmLLTINvay, 5
AEZREBHSNTwS, —F U, ThizzotbZHHtE
DEVHLEL, EEOBRRLEFHE L 20, 5A
Ho s TROREEt, BEO 120 EKELT
FIFS 2 2 L NAlgELEZ NS, ThoDEEA»SE
TTREMEBTLZEOBRER 2 02RO T AFE
DhH5 KV (y AT boA MY —ik) EMETRO U,
Th 8 LU Zr 2XLEE ¥ TRET 2170 72,

7.1 K-U

U&EERT T2 U-Th, U-Zr DGR TA T & 5 123t
BERRE LD b—FVEOFHEEEDHHEL, b—
FNVEIBIT D USFEIERECEHT S, LerLZ0-
10K DEEEIR, F—FNVETHELEIEBIREZ
L CIEmEDIEICEML Twa, B%, K-U OBHMRIZE
HEZRTZ L5 b —F LENTEREIGE - fEEE
BRARTIDDDTHD Z L BESH» S LTINS,
1) BEOEL OEBOM R XREI L 2 0HHEIR L D KE 28

EEELRD, TITRYHARI hux b)Y -z L2KE
BEERRW..

K-U OxtHAER D S b —F BT LB & 7
Ty bEh3, LrLI0EHE»S USHEENKE 4
N35DHWVL{OH»HY (203.9m ; 1.1ppm, 216.7m ;
1.0ppm, 237.0m ; 4.1ppm), EHTEEEICL KEE
E3.54.0% W LENWUEEER2RTRABE T ZEN
WWEWDD D H B (208.0m; 0.8ppm, 299.2m ; 0.6
ppm). ZO-3 DILEBEED U B EiZ Z0-1 0ftEM
FEDEHEEICA->TWA DD, 93EF 4 52K0 K
4B 8 (454.5m; 3.42%, 459.5m ; 3.15%, 464.5
m;4.129%, 483.8m ; 3.30%) MRIhhSHNNTWS,

7.2 K-Th

K-Th OfERIz (B 9IH) K-U DR LIZEELOE
maHssns, Lirl, 3SEHOS BTERED ThEEE
WET2ZBLD BB MIEE N, £, SEHOZZ B4
HHEEENND LD DB Y ZO-1 D b —F AT
Th&FEOE 128 (237.0m ; 11.4 ppm), FEARIC
EHBEEETIEE (799.0m ; 10.2 ppm), EVEHE
ERRTLORTERNFEET2HRE (715.8m ; 3.0
ppm, 723.1m; 3.4 ppm), Tt & T1H ¥ (612.5
m; 6.8ppm) H5N3, ZO-3DIEHAGEEIIKEHE
BWIRiEH2 00 Th #F &I Z0-1 OTEEAREDE
EEBICA-> TS,

7.3 K-Zr

K-Zr OBf% (BB10K) 243k, ZO-1TR—F1

501
V]
ppm
40t °
(o]
30} ° °
R (o]
]
° @ o e °
e 0 X o 0
@ e
© .g °
20 ~ ° o o © 0 [o]
A (] % ()A
00 @ 009 00% g o o o
o o g0y 4o o
10F ® 08 oo"g a a0 o o a
% o
(o}
0.0 1 1 _ 1 1 i I 1
10 20 30 40 K%

B8N USHE:LKE&FEOMFE HRLESEHEI”CHEL.
Fig. 8 Relation between U and K contents. Symbols are the same as those in Fig. 3.
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Fig. 9 Relation between Th and K contents. Symbols are the same as those in Fig. 3.

A LTERPREED Zr SEERFERCENUL WS, Th
5DHH b—FNEOERIELMERE2 NN, BWE
229.3m ; 305 ppm) %2 RTEAE, EW{E (429.2m;
135 ppm, 456.5m ; 130 ppm) %R EESSWL Db
D, TEREPHFETHEVWE (799.0m ; 267 ppm) OFH
MBH5, MEEOEEERF 2 B IHAEL, K&
HNBHDIRRY SR, ZO-3 DILENRED Zr &
FEix Z0-1 ORBEEOEEHENCH 3.,

K-U,K-Th # LT K-Zr Khica b ZO-1 D b—
FLECKEEEDL VRE (FEE23.9m,K;
2.9%) BH5NE, IOBRHEFTCHET L, BEE
MNP E-BERTERIRECHEINEEATHSD
2, P—FTNVEOPTREEROENEZLVVRADS
YEHDLDTHY KEFEDL S HINSWIEAT S
YbOLrEbhz, DuTREEDOKEFRIZDOVTAD
&, ZO-1 D +—F V& LT RPIREA I3 —EEHE T 203
HRIRS L TERA IR EEE 2 L 0.3%FHBOF v v/
BRoNDB,

8. TERBEROHRHE

LR EBEOTRIZE X, BFRFb % AV T BISON 3101
BITHEERET CHIE L7z, BIERR (B 11K) & x E»
10—30x10~%(emu/g) :{&E<, WHEMEMLMERRT.
HEHEANCR S &, b=+ VED x EIE15-30X10°
(emu/g) T, {LEE D x fE10—14X10-%(emu/g) &
DRRFEDICZ->TND, INEHEHCESENZERH
YOI DOEILLDBHSERL TS HDERDLNS,
IS DMED S A THBERTOFSXIZLAETEYD
DEEZSNRD,

9. TRITOREE(L L HRH

TEEEEOLFHEROEES MO E AL 2720, M
BETR GRUE srvcnt@—RB0ERITE
K0 BL U Fe,0.* (28%) CDOWTHERLL., s
DFEERTTCIARR-LSI1CK, Th, Ul y RARZ b
v X b Y —¥, Fe,0:% Rb, Sr, BIESBBE X R %
vl ZHICHRER  —& SiO, 2 M EEE(L 2 FR
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Fig. 10 Relation between Zr and K contents. Symbols are the same as those in Fig. 3.

L7 (8B 11K).

%7, Si0,, Fe,0s, K0 DEESIDWT, Z0OEA
PEBRTD L, BRE» OROWEE E TOBTRE, ©»
THORFDHFE D RELE(LL TR, 272, Z0-1
YiFHD 456 m-507 m DR TIE, KO K RHFHIRELIE
EEALED SRV, Fe,0s, Si0,i13 460 m fHE TR
PHEMT 2EARA OIS,

ERSRWRAE 2 BCEENER 25EE, TwmAS
BEAMBRD 5N 5H, RUEHEIERET 2550, B
FHEPRCEEECEMSRDOND ZenH B, ZO-1
OIERRRETIE, T200m HEOBREEHICL T, &

flo7ay 2z e FEOTay 7T, £ 2 KM RHEN
READBTED 6D, Thbb, SO RTEO oy >
TRREWER LD, Fe,0, R THIO ay 7 THLMIZ
BEEZ>TW5,

7z, Ho»ITEEOERD S50 DhORE
Bhb, TOXIREREIN—F—K FEIH) B
THhREOEA»SHANTVS, ZO-11229.3m D b—
FEE, D b —F Vs & R SiO, DESS 5% LI EE
V, COBARIZEERSARLTH 0% EEN, 28,
MgO & B ENL R EOFEMBROBES L, 0k
> RBHEYOELL 2 KM LT3, U Z0-1 0 337.9

—352 —




BEMSOMBARHRZ0-1 - ZO-3DTEREE (&8 5h - HHECGE)
1 x1076 9 i Rb
01 | 5 1 5% Rkl w0 a0 opw | L
m K90
200 — — e =
|
et : A 2 [-3e] * °<> EY e Y -
& © I © < ° A A
4 db ° o ° ¢ A A
1
B e | o8 ¥ 2% 4 2
I [TTTT1] PN o O o ° A A
g | * - -
++++ N
© 9} [ I Xl K3 y S—

300 —++++ © ® [<] o 3 la A
EE o L e © o @ A A
p5i (1] Y . o o e N N
jiiji""' ° e o LS a A
e dh Q 00 S <O -3 A A
FH+ ]

I e

EsEm 3. % (R
++++l“m : : ’ d ) 2
+++ ° © [} ¢ A 4

s Y o [e} [ 4 A A
i o % PO

400444+, © F Y 3 & A A
R - rom— X < = &
4+ 3 o 3 W & Pd p A

= P — -« —= 2- A—A

FEe z jaN t
S

e 7;

1o+

b o ool

SHEd

1e4+%

G

< e |

5005383 ) S

: [:] [} T hXd re) r:3 A 7oy
° o e P o ° A A
o %oe ® g S : a%s
R & * o § N
{1 <4 * ¢ L Ry
° o o o ° N
E s L prd [ &
° oo o o A A
HHI 3 oce Lo o A A
8 8% % kS & 2 A
)t SN J S 11
[
R I S : $e°
© o e * < < :AA
¢ e & 1 s
8 g LN s &
E RS A 2
%o’ © ASPY a a
Aﬁ.TAfArgrﬁ—WAﬁ‘#ATArgfﬁgséﬁ . oy o —— ——
$ & o> * ?zg — <, '
EENI SR e b
ranophyre o K0 o Fep03 Y Si02 o Rh @ Sr Al ATh
Granite
Granodiorite
Tonalite

Crushed zone

1 Z0-1, ZO-3 iHAOTCEEEDO ETLR, METRSL L UHHEOEEEL
Fig. 11 Vertical variation of the major and trace elements and magnetic susceptibility of granitic
rocks from ZO-1 and ZO-3.
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