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MEEX

Hirofumi Muraoka (2008) K-Ar ages and chemistry of the Miocene intrusive rocks in the Hongu hot
spring area, Wakayama Prefecture, Japan. Bu/l. Geol. Surv. Japan, vol. 59(1/2), p.27 - 43, 8 figs, 4
tables.

Abstract: To elucidate the genesis of the Hongu hot springs in Wakayama Prefecture, K-Ar dating
and chemical analyses of quartz porphyry intrusive bodies that control the discharge of thermal water
have been carried out. The heat source of the Hongu hot springs is ascribed to the high heat flow of
the spreading axis of the Shikoku Basin slab underplating the Kii Peninsula. K-Ar ages 14.6 Ma and
14.4 Ma are obtained on the Takayama stock and Kawayu sheet, respectively. Based on the Q-Or-Ab
residua system, the magma of the Takayama stock and Kawayu sheet is probably generated at a depth
of about 20 km. Major and trace element compositions of the Takayama stock and Kawayu sheet are
typical of the S-type granitoid and have resemblance to those of sandstone of the Otonashigawa Group,
suggesting that sandstone has selectively been fused in the anatexis of the flysch sediments when the
temperature and degree of partial fusion are restricted. The hydrothermal reservoir of the Hongu hot
springs is ascribed to the cooling joints penetrative in quartz porphyry sheets and dikes that have high
permeability in contrast with the surrounding impermeable flysch sediments. When a permeable
body is continued from the depth of 20 km to the ground surface in the high heat flow area, hydrother-
mal convection will automatically occur. This could be the genesis of the Hongu hot springs.

Keywords: Hongu hot springs, sheet, dike, K-Ar age, chemistry, hydrothermal reservoir, permeability,

heat source, Japan
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AR LR AR IR IR O R RGO 729, £ Ol % B
Hl LT 3 A58 B A S RO K-Ar SRR 02 5 i
S AR U7, ATEIRSR O BRZ DY E g K il o vk
AIABRIZ K B EOARRIZKD 6 5. K-Ar R0
DOFEFIT AR A 14.6 Ma, JIG SR 23 14.4 Ma &R
T, AL O Q-Or-Ab R X 2 &, EILERKRRI S
BRIZEERN20 kmfHECRAE L &SNS, &
LR R G TR O 32 543 R0 P i o3 1R LRI 72 S & A4
TERA T, FEIEHOMEIZENL, 7FT7 oY
2 DERIENIRE E 7240, 7V v ¥ L iR D
5 b, WA ARINIICREE U 22 REME AR . AR
ROBAEIEAD 7 ) v > 2 KRS IR T,
AV AGRE SR O O A RS R R TR SR
W HND ., HEEEGEO SIS, W20 km
2O M TEARBIACT AU, JAH 2 BT i »
23, THAKRERROKKE N K.

1.12C®IC

HAZISISE, Kbz v b &0 aiilfiic g &imo
WMEPLIELEAMALTED (FlAE, HEEIE2,

2007) , & 16 D FIRNE B O B 25 KL EOK R 0 35
AITHART, KRR O BN ERY , &L 550
ZW, WEI) CLLEDWIERICHEHT 5 &, KAED
Kz vy b &0 Eiilic 64 35, RO
A R & AR IL L O 5 O IR R O 2 1SR I BRE < h,
WM A2 M d 5. Sano and Wakita
(1985)1& Z 1 6 DIk D iR KD 3He /*He o AY KL
OEIZITHT 2IEFERETVT L ARRAL, Thiaid
ZHRy PEWAE, ZRhLR, ZOMIROERAKIZD
W 7 ORI B B I ER R i Bk A3 Rk L C
W3,

FRIL R O B O W R L, TR R PR & &
LICAEHRRE B ENh, KPEEICE T 25RO
R AL LTS, REilRRiEE 7, KEARE
M EOBEABHICHE X hZRRE LMo T
W3 (il ZE, BT R — - EEERNTR A PR R,
1994 ; JFH - R, 1999 ; VEAT, 2001). ZHh 6 DIEK
LM bk o FE iR SR O B RN, FR KR I A e & h
3 Jii 7 JIFE T T D = L NIV RGP R BRI AL 5y 35 D B
flitce>TY, EHEAMNILRETDH 5.

FOEEREIBIC MY 5 Zh o RS EHS K E
TERSSEIR, KA DS 2 A4 FHERAETH D (hH - 5545,
1979), HERUSFESE MR L 2z e < (FTH,

Uyth [ TRBR B 2288 (AIST, Geological Survey of Japan, Institute for Geo-Resources and Environment)
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1982 ; EikG, 1986), L2 g, AL b HAEI0 % I2 5
& O 2B O K F 2 R A E i Tn B (FH,
1984 ; #riEIE D>, 2007). T35 DERFEZE I AR
FHICET 2R, MO TELETHS., LirL, FED
MBRY 725 KA FEO MK 2 B2 A O
HEFEAS R & I L 22 Sl v K S IR % 5.,

AW TIELL EOB 2 S | 20054 12 1 IR BB
B fiidRE (NUMO) OZEEMZE & L TIT - 72 AR
SR OO B HEIZ B B K-Ar AR fRHIE S O L2250 A
DFEREMET 2. ZOZFEWEICHE T, 200641
HA24H»51H28H & T, FEMIFTHIC L > THHH
HEIT->T0D., ZOBMAERKROGEME G072,
ARE WSRO K DA 2 B RN D0 TE R & i) TH
HLZ2W, KARTIE, RERRHIRO B ASHICE T
% K-Ar RN e O 2 A DA R & s L,
& U Z DAL % JEA O HERUE T & I 12 iR
5.

2. FFEEOHBMEZNE R

WIKNC, R RICE T %42 CU LOWRIED 5
BT, 2055, REFEHEIRWICAE T 2 50
13925 CITET 2 HRWHOWIE R TH D ,1,8004
DFERZEEOHARREDERED DL nbhTna,
JIGIR S 13.70.0 ‘CIZET 2 AR O ERIRR TH 5.
i OMICIE, 19654 LIFEIC, HE 110 ~500 m O i
HNZ & > TR SN EHRE RS B D, 74.0 CITET
2 (fr = AL X — - EEERANRA B TS, 1994)
NS OWRTHZRMMICARE R LR, Ko-EE
IZEsmEBmOmREENREZL TS,

AER R IR AW » 2B KL T v b
E DB 2IZHPVEINCRE L Tl D, EHEIIREKR
DB L DEZIEEFHKUNT AL Ty, 3T
EIZ A9 B i & B VKBS T, 15~ 13 Ma D REIT ik
PR R EERMAHTH 5 (AIFIEL, 1998 ;
3%, 2000 ; Sumii and Shinjoe, 2003). Z DHER 25
BEAT, ThHO3 I O BREICHALTWSZ
LIdFEWEL, IS Y DENE L 5T\ 5
ATEEME IR & > TR (FH, 2001). 72720, &
ER SR O R R MR R A 10, O EE ORR
DELH, IhshHHHEAREH,2 LWL T3 Z
Lid, L OMEIEMRL T THSE (Hlx
W, BT L X — - R ERITR A B R AR 1994 ; JFH -
I, 1999 ; 4T, 2001)

150~ 100 MallJgk & = W KSERET L — A%k
HAATOBHIEH AR & B v, PirE H ARO[
b7 7 Tlid, 28~15 MallB & h7zid 2 0 O &y
DFHDOKRECNUENGE 2 5 T HRAAATWS (H
1E A, 1983; #3%,1985). Mg b 7 7 OWEMIZ VT,

-
—

VY [l 3 4 D 5K HNE = = g VRIS B S B LB o
HEARPER->THED, Zho2ROH PRI A I
W2 > TR BEHE & & D, WHRHEW D5 MH» 5 A
5 &, MEWZEZ T 7O%k%E, M7 72 6/0
FETFICE» 5T, D& & 8200 kmFEEE, LARAA
T# Y (Hori et al., 2004), 744 23 v o (FEith
BUWD) hARAARDEY BAET L, BIZALHFET
YRAIA A TV B TATREME 2K Z Wy (Tio et al., 2002; Zhao
etal, 2002). ZHIZPE-> T, BEICWL D20 E 4
D Y5 K D 3 LB 23 AP ACGE AL LS T IZTR AR A
TV 3D LHEE NS, FJ2, Yamano et al. (2003)
WEF IR R TR b T 7128 > T, $9200+20
mW/m2D REIZE VAT E O &2 R\ L, ZOff
AR A6 Ma g THEEIN TH -2 LTEFMTE
KWEEDOFHWARGIRERE LTS,

BC, fr o oL — - BEERITRA M AR T
Ik BRI U 22 A A IR IS K NA-HG- U 03
J£1,002.0 m T56.5 'C %, N4-HG-2H 2% )£ 1,002.0
mT104.8 ‘CAEFLEEL T3, ZHudih EXiR% 15 °C
ERELTY,41.5~89.8 C/kmD B AR E &1 |
REM R A KL 7 vy P ORIMIIE LTidEsaD

BWHE AR EE DI AR LTS (it xb
X — - PEEFEMR AR TN, 1994). 20 k510, K

B IR 0D E TR S o0 B s DY [ 4 o0 B K il o Vi A
ABITHES BOWHREARE AT R LTS LI
birs.

. FERRMIEOMHAME B E

2N AEE SR HIRO M EHE BN TS, 20
K<, AR Z 0BT TUE HRBHO 7 ) &
Yo MR TR X NS . Z OISR N T+ REE I
A - BN E A BEAR & LT, BN A B A it
O & NN RERE & P o3 Al 9 2 Wiop - Wi ] ol it o
REREEL ST 605 (TERIEA, 1982). ZH3XIE
KW OHIAEH» S ILOWKELAE LD TH U,
BRI 2 7 ) » ¥ 2 HEREIC & % & 1)1 R BE O 10 5 e
BHREEZRT, LoD L 722 A @A RE T,
BAZHARMERAELRT. Wk, BEEEDLIC
ABbE, ThoJskEEDMIZIZY v — T RRiFERER
NHO, FANOJREREE DM TIERED WFEL T\Wa.,
D%, WEBEZO FNOJRERBS —HERY A 2L
TR EIN7-HEE KT, HFOE S1E5~15 cmFEE
DEDNLY, FZ =24 X TCHEST L, —
WIS ERRIEERENE LS, REZNE O, EREIE
2R MME LS, REBEME, L2rL, WEH IO K
SIZ) X IHNICHB LSS, BERNEEDRE
FIFIBEBR ORI B O = RICH S ) ¥ — B EE L
T, K< 230 EEL6NE. FEIZ, HADRE
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Outline geology and distribution of high-temperature hot springs in the Kii Peninsula. Geology is after Tokuoka ez /. (1982), Kimura

etal. (1991) and Kurimoto ez a/. (1998). Bathymetric data is after Lindquist ez /. (2004) and topographic data is after SRTM3, USGS.

IR A & A% L, PERE B AR o HEREES 5 A sk
TIHEWME A H 5 (Muraoka et al., 2006) .

F2NRT LIS REBIROBIERTH 5 5HDIE
WA, BERK ST S L TS, ZOMT
LUBARIAICT Y. HWHEICIZEATREO R S &
5N 3. T OBERIK R 5 i e s B
ICHNRTEREENGOEHME SN S, FEHEIZR
2D &S TN ERE B D EL L &3 R WE
Ehd (FE2IX).

F2XNIR T K DS, NGRS P AV - R Ay
10 kmiZh 72 > THME T 5 K (LR GO A ERE S
K2 B LT3, S4B RO MG
WETHEIRO G HIEEE 2 & BUK I L T 21 2R
T ZORKIZHEMIZA (1982) D 20775 D 1HVE X

[HZJ IS TnWa D, 241512561 T
Wi\, 20728, Muraoka (2006) 12 Zh%)IGE
fREMEA ., 22 TEINERD KD KERD S R
AL, NBAEREERT 5. JIIGAERIT, FEERRE
PUSE O KIS THM L 2245 R I g, AFm -
DAEMTDOMEIFI52mTH 5. ZOWHWA BEAMAS0°
P, dLICEEIL T3 720, BAICHEZE 1Mo B
DE X4 mIEE L HME 55, ZOHIKTI
)| B S AEIEH1230~50 ° FREMRIL TB D I
TR OB A R & T TH B, FA4XC
12, W E PN AEALO—M AR, JIGEERZ
F2D K5I, BIERAPEAETZZ L0 5 W6 2k

o0, HAmZHEmEFRZL TVWEETE L0,
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Fig. 3 Alternation of sandstone and mudstone of the Otonashigawa Group in the Hongu hot spring
area. The northern riverbed viewed from the Magarikawa bridge.
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JISERROBEAERIT I m IRV ER E &
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OMAIN 5 Bk & 352 0, B O )T+ RO i
WICHEEITM ke s Db AakEhd, koT, Z
hENGERETESR,

4. 5 AAR ORI

K-Ar 4 ACHIE R A6 553 A O GORHE 58 2 [X] 0 3 A 3 3%
2B WT, E ISR A & BN RS 30, K %= AER
FHOEILCE R & A IEHES LIE | KA S D)5
AR S O BEE S 2 PRHU L 72, FREXL 7255 O Al
EH2MIC, 7o, AOOMRELBNE & B 1ERIDR
T, ZOEMIHED 20, RS OEME RS

VEZREL 72, Z OB O AL, FREULE 35 21X D
SMUNZ 72 % 728, 5180 FIZGPS THIE U 72 H8 1% - %
BEMLT S, DT, SlOME+L#HkdT 5.
FREH060125-01 0 5 M) 1 g 0D B EURDRY i 3 13 = il
TR L7280 TH D, {EMIEAH (1981) 23FeE At
FlikE LTk L, #i=xL¥— - EEERRA T
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W3, LAaL, EHEOMEMERTIZ, XD X512,
KO HH OBEERK S RE 2 5 MBI T X B
TOBERIZ BT MBS & LTHELEA LD,
ST OBIEIC K R 0.5 mm FEE O UK S
Thd. WHNIS BEETH, WRIZAE-> T
5. Whida%E, FHRA, 7V BA, Ren, S, e
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Fig. 4

(A) BOWERREOFRR?» & O ERFHHI. (B) JIGERROMAGEDNEER. (C) MUNKER O VE O35 R T

(A) Natural boiling spring at the riverbed in the Yunomine hot spring. (B) The Kawayu sheet discharging thermal water at

Sennin Spa in the Kawayu hot spring. (C) Lower contact of the Kawayu sheet at the west bank in the south of the Magarikawa
bridge. (D) Upper contact of the Kawayu sheet at southwest of the Watarase tunnel.
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Table 1 List of collected samples and their treatments.
; ; g ; Chemical|K-Ar
No. Lithology Geological unit Locality analysis |dating
060125-01|Pebble-bearing very coarse sandstone |Otonashigawa Group |Mitsukoshi Pass O
060125-02 |Pebble-bearing very coarse sandstone |Otonashigawa Group |Yunomine hot spring O
060126-02 |Pebble-bearing very coarse sandstone |Otonashigawa Group |Kaki O
060126-01|Quartz porphyry (stock) Omine Granitic Rocks |Takayama O o]
060126-03|Quartz porphyry (dike bottom) Omine Granitic Rocks [South of Watarase tunnel ®]
060126-04 |Quartz porphyry (dike middle) Omine Granitic Rocks |South of Watarase tunnel o O
060126-05|Quartz porphyry (dike roof) Omine Granitic Rocks |South of Watarase tunnel O
060127-01|Quartz porphyry (dike roof) Omine Granitic Rocks |Magarikawa bridge O
060127-02|Quartz porphyry (dike bottom) Omine Granitic Rocks |Magarikawa bridge ®] O
060127-03 |Granite porphyry Kumano Acidic Rocks |Tanagatani* ®]
*Latitude 33.78337°N and longitude 135.88778°E
B2k KAr FAGHERR.
Table 2 Results of the K-Ar dating.
y ; ’ : Potassium | Rad 40Ar | Air cont. | Agex1 SD
Sample No. Litholo, Geological unit Localit 2
i - gorm i wt% | (10%n/g) | &) (Ma)
_n¢ |Quartz porphyry |Omine Granitic |Kotsuka
060126-01 (stock) Rocks (Takayama stock) 4.78 2673 308| 146%04
- Quartz porphyry [Omine Granitic |Watarase tunnel
06012604 (dike) Rocks (Kawayu sheet) 4.28 2218 420 135%05
o Quartz porphyry [Omine Granitic |Magarikawa bridge
060127-02 (dike) Rocks (Kawayu sheet) 4.79 2637 325 144%04

WA 3 R PH 1 D N5 R O 9B 060126-04 & |
DS R D 5B 060127-02 D B2 DWW TIT -
7o (BE14k S 2IX) . K-ArfEfGIIRE 13 4 F & @ Activation
Laboratories Ltd. {Z{&§H L , A R EHZ D W TT - 7=,
K IXICP A Mric KD ME L 7=, ArfllE & & 47 2 H
B rErE G, FGARGETREIC LD T - 7. FXR
i, kX» o Ry 7=,

t=1/ ptA) In((PAr % gtd.)) / (YK*A,) +1))
2720, (1D)RDOEKIE A:=0.4962x109y-!,

2.=0.0581x10%y' T & % (Steiger and Jiger, 1977). %
ZIIXRA» 5 KD 7=,

error =1* \/ Qe[afive error “Ar rad )3+ (velative error K)’
2

BRRHZ DWW T 2EE U, 2 O P& JlE R e L
7o, W2RIZZOMRERT.

5.2 2B{tZFARVCER
LA IEE1ED 10O REHZ OV TIT- 72, 1k

FONIE A F 2 DALS Canada Ltd IZfRHE L, 4k
BHZDWTHT 5 72, i B0 EREFES AT 7 X
v N (ICP-AES#E) Th D, HEFEL THM
NI D B0, HIKREFELRTIE, 2055, v
L OMEEDE NSO &M L TRL 7=,
FK 5 D Si02, TiO:2, Al:Os, Fe:03, MnO, MgO,
Ca0, Na:0, K20, Cr203, P20512 DWW T H XIS
KOS L. S, HeOF, CIZ DWW TR ARSI IR Bl E
% (LECO-RMC 100) {2 & D#EIFE L 7. H:071ZDW0 T

13,105 ‘CIZHZMEL 2% EHBIKIZKDER L 72, FeO
I3 HCI-HF TRRALEE L 7= 8% BB Tt L7z, CO:1d

HCIO: TRLBR L 7%, B EMEEETHE L 2. 5
5N 7=FeO o & KT, OEXERT T D Fe0: 857 (4
) % Fex0:8 7 L FeO A L ICHBL 7 L7z, ThHd
AHFERIZEIROLE B THD  FIRITIZ /L LK
Ty DEHRAERE R T,

WME K DSh, As, Be, Cd, Cr, Co, Cu, Ga,
La, Pb, Hg, Mo, Ni, Sc, Ag, Ti, W, V, ZnlZ
DWW TIZHF-HNOs-KCIOs TELEE L, HCITAM L
72  ICP-AESER CHFEA A 7' 7 X~ FOLE R0
% (ICP-MS#:) THM L7z, =k D Ce, Dy, Er,
Eu, Gd, Ho, Lu, Nd, Pr, Sm, Tb, Th, Tm, U,
YbiZ DWW TIE ) F v AR RFEIC L, ICP-MS ik
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Table 3 Results of chemical analyses of major components of bulk rocks. Geochemical reference samples of the Toyoma slate JSI-1 and JSI-2 in
the Kitakami terrane are quoted from Imai ez @/. (1996).

THM L. MEK D Ba, Nb, Rb, Sr, Y, Zric
DWTE, VF Y AMBEGRIZL, ICP-MSIAT
INSDRMERIZFELLRDOLEBDTHD
F2 P AT R D BERS & TR R oy D oy Wk I BR AL & f+F

ML 7=,

Ll

6.1 K-ArEfDEHE

NS AR D K-Ar4EfC & LT, P HiRR % e V5 9 ¢ 13.5
Ma, Bl T14.4 MaDER AR SN (5F2kK). Th
5DHEMRIBHE L, AEROBRAENRE ATI ., i

060125-01|060125-02}060126-02]060126-01 060126-D3|050126-04 0601 25—05'06012?-01 060127-02|060127-03] JSI-1 JslI-2
Unit Sandston | Sandston | Sandston | Quartz Quartz Quartz Quartz Quartz Quartz Granite | Toyoma | Toyoma
e € e porphyry | porphyry | porphyry | porphyry | porphyry | porphyry | porphyry slate slate
Sio; wt % 70.84 78.18 79.59 76.37 76.14 76.42 77.74 7491 74.50 70.15 59.47) 59.45]
TiO; wt % 0.75 0.23 0.19 0.08 0.25 0.29 0.08 0.11 0.20 0.64 0.73] 0.75
Al Oy wt % 13.56 11.30 10.32 12.46 13.19 12.74 12.58 13.02 12.84 13.87 17.60] 18.17|
Fe,0y wt % 1.10 0.80 0.99 0.78 0.57 0.36 0.45 0.97 0.81 1.05 1.88] 0.96|
FeO wt % 415 1.34 0.89 0.83 0.38 0.71 0.71 0.58 1.09 3.13 4.52 5.05
MnQO wt % 0.08 0.02 0.04 0.01 0.01 0.01 0.03 0.07 0.09 0.07 0.08] 0.08]
Major MgO wt % 1.46 0.57 0.33 0.15 0.14 0.1 0.21 0.09 0.18 0.99 2.41 2.39)
component oao wt % 1.14 0.12 0.10 0.12 0.11 0.13 0.09 0.58 0.84 1.96 148 189
Na;O wt % 2.74 2.59 221 0.81 1.24 0.18 0.06 0.90 1.06 2.56 2.18' 1.34|
K0 wt % 1.92 241 247 5.96 4.89 5.02 5.07 5.84 5.90 3.29 2.35' 3.01
Cri0y wt % <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
P,05 wt % 0.07 0.02 0.03 0.13 0.09 0.12 0.08 0.14 0.1 0.14 0.20 0.16
H;0+ wt % 2.10 1.33 1.1 1.22 1.38 1.81 1.59 1.32 1.04 1.20 3.82 416
H,0- wt % 0.19 0.33 0.3 0.28 0.23 0.20 0.19 0.15 017 0.25 0.65 0.36
Total wt % 100.10 99.24 98.58 99.20 98.62 98.10 98.88 98.68 98.83 99.30 97.95 97.77
Q wt % 40.66 51.95 56.28 48.41 50.03 55.80 57.24 46.13 44.68 35.68 27.15 29.43
or wt % 11.13 14.47 14.47 35.06 28.94 29.49 30.05 34.50 35.06 19.48 16.70 17.81
ab wt % 23.07 22.02 18.87 6.82 10.49 1.57 0.52 7.86 891 21.50 18.35 11.53
an wt % 5.56 0.56 0.56 0.00 0.00 0.00 0.00 1.95 3.34 8.80 6.40 8.62
c wt % 5.00 4.18 3.77 4.69 5.81 7.03 6.93 4.49 3.47 2.85 8.66 9.48
CornN;)OrT;UOn hy-en wt % 3.61 1.41 0.80 0.40 0.30 0.30 0.50 0.20 0.40 2.51 6.02 5.92
hy-fs wt % 5.54 1.45 0.53 0.79 0.00 0.53 0.79 0.13 0.92 3.83 5.54 7.25
mt wt % 1.62 0.80 0.96 0.80 0.32 0.32 0.48 0.96 0.80 112 1.92 0.96
hm wt % 0.00 0.00 0.00 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
il wt % 1.37 0.46 0.30 0.1 0.46 0.61 0.15 0.15 0.46 1.21 1.37 1.37
ap wt % 0.00 0.00 0.00 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01
Total wt % 97.56 97.29 96.54 98.12 97.67 96.66 97.68 97.38 99.05 98.08 93.11 93.38
s 00150 % 0.01 0.02 0.02 0.07 0.37 0.14 0.21 0.01 0.07 0.09
H,0+ oo0i100]l % 2.10 1.33 1.11 1.22 1.38 1.81 1.59 1.32 1.04 1.20 3.92 4.16
H,0- oo0i-100] % 0.19 0.33 0.31 0.28 0.23 0.20 0.19 0.15 0.17 0.25 0.65 0.36
FeO ooz-100l % 415 1.34 0.89 0.83 0.38 0.71 0.71 0.58 1.09 3.13
c oo0i-100l % 0.07 0.08 0.07 0.04 0.02 0.03 0.01 0.13 0.28 0.12
co, 0.2-50 o <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.40 0.90 <0.2 0.77 1.24)
Method S, H;0+, C: Leco furnace and infrared spectroscopy
H,0-: Gravimetric procedure after drying at 105°C
FeO: Ferrous iron by HCI-Hf acid digestion and titimetric finish
CO;: HCIO, acid and coulometry
6. #& =R
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Table 4 Results of chemical analyses of trace components of bulk rocks. Geochemical reference samples of the Toyoma slate JSI-1 and JSI-2 in
the Kitakami terrane are quoted from Imai ez @/. (1996).

060125-01|060125-02|060126-02/060126-01 050126-03'0501 26-04 060126-05'060127-01 060127-02|060127-03] JSI1 Jsi-2

EtementlLimit Unit Sandston | Sandston | Sandston | Quartz Quartz Quartz Quartz Quartz Quartz Granite | Toyoma | Toyoma

e e e porphyry | porphyry | porphyry | porphyry | porphyry | porphyry | porphyry slate slate

Sb 0.05-1000 ppm 0.35 0.26 1.08 14.00 10.35 5.66 21.60 1.92 0.62 0.48 0.83 0.91
As 0.2-10000f ppm 1.0 24 3.6 26.2 33 229 5.6 2.5 1.8 4.6 14.9 11.4
Be 0.05-1000f ppm 1.40 0.96 1.04 1.77 1.80 1.84 262 2.58 2.90 1.86 2.28| 2.68|
Bi 0.01-10000| ppm 0.13 0.07 0.09 0.07 0.01 0.02 0.51 0.46 0.13 0.10 0.53
Cd 0.02-500 | ppm 0.12 0.02 0.06 <0.02 0.1 0.08 0.85 0.21 0.09 0.06 0.12 0.1
Cr 1-10000 ppm 85 14 13 28 24 5 22 3 34 24 61 65|
Co 0.1-10000f ppm 9.6 3.2 37 0.6 1.8 1.2 0.7 1.0 21 6.7 15.5 15.7
Cu 0.2-10000f ppm 18.1 9.6 8.2 7.2 46 8.2 234 6.2 47 17.3 40.8| 44.5
Ga 0.05-500 | ppm 18.20 11.756 11.65 18.50 16.35 17.30 18.05 17.55 17.20 17.40 20.70 22.80)
La 0.5-500 | ppm 41.8 26.0 24.4 4.0 19.5 15.4 27 8.0 125 326 29.3] 32.7)
Pb 0.5-10000f ppm 26.3 14.4 15.1 16.5 11.9 21.7 50.5 61.6 26.9 19.4 17.4 19.7]
Hg 0.01-100 | ppm 0.02 0.02 0.03 2.03 0.19 0.09 0.22 0.01 <0.01 <0.01 0.07 0.04
Mo 0.05-10000| ppm 0.36 0.30 0.53 0.54 0.32 0.35 0.44 0.28 0.54 0.83 0.82
Ni 0.2-10000f ppm 27.6 8.7 10.0 8.4 5.9 4.2 29 3.2 4.8 12.3 37.6 40.6
Sc 0.1-250 ppm 10.8 4.2 3.6 286 3.2 3.6 2.6 28 3.3 74 16.7 16.8
Ag 0.01-100 | ppm 0.18 0.06 0.07 0.09 0.04 0.09 0.24 0.23 0.10 0.10 0.12 0.06]
m 0.02-500 | ppm 0.29 0.43 0.51 251 1.93 1.59 212 1.64 1.62 0.61 0.63

0.1-10000f ppm 0.9 0.7 0.7 T 20 22 27 2.3 1.9 1.2 2.5 1.7
v 1-10000 | ppm 65 25 21 2 8 9 1 2 i 41 131 122
Zn 2-10000 | ppm 88 28 27 5 18 26 36 134 51 59 1081 101

Method Four acid (HF-HNO:-KCIO4 acid digestion, HCI leach ) and ICPMS and ICPAES, Hg detarmined using separete digestion

Element|Limit Unit

Ce 0.5-10000f ppm 85.2 548 471 96 42.4 36.6 8.0 19.4 s 74.4 60.§ 69.6
Dy 0.05-1000] ppm 4.65 1.99 2.64 2.68 5.70 5.88 3.94 4.52 5.21 5.28 5.11 4.7
Er 0.03-1000] ppm 2.59 1.18 1.58 1.84 3.68 am 2.53 2.96 3.26 3.07 1.15} 2.24
Eu 0.03-1000] ppm 1.49 0.62 0.82 0.14 0.53 0.43 0.21 0.24 0.43 1.00 1.22 1.14
Gd 0.05-1000] ppm 6.52 291 3.18 1.50 4.57 4.59 2.03 3.00 4.07 6.41 4.84 4.90
Ho 0.01-1000] ppm 0.91 0.40 0.52 0.58 1.23 1.24 0.85 1.00 1.10 1.06 0.69| 0.67]
Lu 0.01-1000] ppm 0.39 0.18 0.21 0.32 0.47 0.47 0.37 0.45 0.43 0.40 0.44 0.40)
Nd 0.1-10000] ppm a7 201 18.8 3.8 17.4 16.0 42 8.7 14.3 324 28.8) 32.0
Pr 0.03-1000] ppm 10.20 5.89 5.45 1.12 4.92 4.38 1.04 238 3.84 8.74 6.07| 6.44
Sm 0.03-1000] ppm 6.88 340 3.35 1.32 4.40 4.14 1.74 279 3.93 6.58 6.02 5.95
To 0.01-1000] ppm 0.82 0.35 0.42 0.34 0.78 0.79 0.53 0.68 0.80 0.95 0.72 0.73
Th 0.05-1000] ppm 14.25 8.85 7.67 5.78 911 10.05 6.95 7.33 8.61 14.70 9.97| 11.50]
Tm 0.01-1000] ppm 0.35 0.15 0.21 0.31 0.49 0.52 0.41 047 0.50 0.45 0.27

U 0.05-1000] ppm 1.22 1.16 1.10 5.61 3.76 3.75 4.93 4.62 3.84 2.44 2.63) 2.92
Yb 0.03-1000f ppm 219 1.06 1.24 1.98 312 3.04 2.53 2.98 312 2.82 2.31' 3.15|
Method Lithium borate fusion and ICPMS

Element|Limit Unit

Ba 0.5-1000 | ppm 1005 479 478 520 891 516 617 829 663 684 305| 302
Nb 0.2-10000] ppm 1.7 4.3 37 74 8.1 8.8 75 7.6 7.8 12.3 9.5 12.3]
Rb 0.2-10000] ppm 47.7 79.3 84.8 289.0 187.5 216.0 267.0 236.0 221.0 124.5 117.0) 118.0]
Sr 0.1-10000] ppm 212 113 60 61 75 58 56 129 203 160 193] 230
Y 0.5-10000] ppm 219 9.3 13.6 15.0 313 329 235 277 309 287 30.0 31.3
Zr 0.5-10000] ppm 259.0 118.0 86.7 48.0 95.1 98.3 64.9 729 87.2 226.0 174.0 191.0|

Method Lithium borate fusion and ICPMS
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ACF diagram showing intrusive rocks
and sandstone in the Hongu hot spring
area. The Outer Zone Granitic Rocks
are after Takahashi ez /. (1980).
Geochemical reference samples of the
Toyoma slate JSI-1 and JSI-2 in the
Kitakami terrane are quoted from Imai
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Q-Or-Ab phase diagram showing in-
trusive rocks and sandstone in the
Hongu hot spring area. The phase re-
lation is after Tuttle and Bowen (1958),
Luth e @/. (1964) and Steiner ez a/.
(1975). Geochemical reference samples
of the Toyoma slate JSI-1 and JSI-2 in
the Kitakami terrane are quoted from
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Fig. 7

Trace element abundance pattern diagram showing intrusive rocks and sandstone in the Hongu hot spring area. All the samples are

normalized by C1-chondrite after Sun and McDonough (1989). Geochemical reference samples of the Toyoma slate JSI-1 and JSI-2
in the Kitakami terrane are quoted from Imai ez @/. (1996).
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slate JSI-1 and JSI-2 in the Kitakami terrane are quoted from Imai ez a/. (1996).
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