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Abstract

Fumarolic gas samples were collected from two active geothermal fields, Yunotani and
Tarutama, which are located at the west part of central cones of Aso volcano, Japan; Tarutama
is sited at about 2km south of Yunotani. Inert gas compositions (He-Ar-Ng) of the Yunotani
fumarolic gases are similar to those of volcanic and geothermal gases in the Beppu-Shimabara
graben (Beppu, Kuju and Unzen) , whereas the Tarutama fumarolic gases are quite rich in Ng
compared with formers. Trends of inert gas compositions indicate that N 2/He ratios of magmatic
gases ascending to the Yunotani and Tarutama areas from deep are nearly 340 and about 1000,
respectively. These characteristics are difficult to be explained by the prevalent model in which
N2 in magmatic gas is derived from oceanic sediments with plate-subduction. This paper will
propose a new model, in which N2-poor magmatic gas ascending from mantle is given N as
contaminant from basement rocks containing nitrogen compounds. This model explains that
the Tarutama gas has been contaminated by sedimentary rocks (N-rich), and the Yunotani gas
by metamorphic rocks and/or granite (N-relatively poor) . In fact, the drillings in this region
show that the basements are granite in the northern part and sedimentary in the southern part.
The inert gas compositions of fumarolic gases from other volcanic-geothermal regions in Kyushu
Island (Beppu, Kuju, Unzen and Kirishima) can be also explained by this model.

Key words : Aso Volcano, Fumarolic gas, Inert gas, Magmatic gas, Basement rocks, Nitrogen
compounds
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1. EFL&®IC

AARADHNVT T+ LTAILR TS0k AL T 7 (B © HP918km » Fgdk25km, [HfH : 380km?)
2, $IB0FERTH D T HERICH T TR Z - bRk KRR Fih U 7o KB g KILTEB) TR &
hic. AAFIHREIEEB L FI5OHRRAODEAGTIEL, ThLEXREN LIRS E TEHES
BEGHLERIN, BHLVT 7 KEBC LB IR, ThAbhR kO ERITET 5T E
i, BaELESTOKLTHD, A Y RYROBKEEDEL, KEDOKIM 23 V7T -
KK A LT 5 0.

AR KILDOES AL, HATFINRCALEL, bEdofEE— kO, BETE, &E 2knD
BOR, WLt REE L R (FZCENOmELR G2 bh Th 5 BREREHCH 5D
—oDMIKkE Bt L, ARHTE TEE] L—FELTISTERTEH)D3 yTCHFETS. FiE
Bk RS ESN B TAH D, AR KOHNEEOR T T b RILRE R DT 5 kIl
HAREBCHHE L TWA. KINEBAERL & T, KBEQBKGGIEED)BT LMD
KOER S EHOBKGINBENS. FELBHH W ZERH A DMBRILERBFEE, DMMROI
I0EAMCTbh, FERSCHET2EERMRAESR TV 290, KRG 5 A BRI
FT AR TF IR T L. BOAOESHEICE LT, Wk SIC X5 ERBE2iIT
b ABEHEHENTHR TV Y. FORETEEL T ADESIHBTHOR TS5, T
EbHACET 37— 23BELh T, BEOHEE N DL « AMEEBE2WTIE, B
TRAF— o BEERTESHREMS(NEDO) OBEED TERT I LN TESH, ArDfbE
SHHERGHCHTWA X 2 CEbhAc®d, BRHEAZETS. LD X5 MERKILOFRK
OEEED SR INDWE N R, BCEDORENEF AMBCET 2R T Tithh T
Lo

Kitaet al.i3, HALEA L ARG AAD KL « MG S H S h 5 < 7 <5 A DHe/Arlt
AR BT D, No/Arkbi3 3L A AH4250TH 5 DXt L, PHEEHAZ424& % L < B
L LE®. LT, BOKILARADN (ZUFEEMR T L — F OWHRRA R & & 75 - THIERPIEIC
Bl 0RE N ENERYOBSRARY TH 5 L\ O HEERRED 2ZV, WTdDONz/Arlt
DOENE, BAFIETALARAL 7LV — b (KFEET V-7V VT V- M) OWE - b
2AREEDBNC LS DL Lic. 0%, BEDHIE, £0D X No/ArthD B 2 O HIE
R - B A DS DO TH B AHEE LY RE LY, KROIAHERKUTCET 2%
KB T A IS0 A R « 50T LT, % 2 Mg 5 4 A3 8L B A KL & AERIC N/ Ar
EREWC oo E D, AELOHEL YT LY. BILAKIhOhbaet al. DFHLITH 5
NAEEKUBEDES A ADT — 2 d, KRLMRELLT — 2 LAKOHEMCSH 510 ¥
to, BESDRARLDIRR LD EAENE 2%, L EERURHCARLTHS. H4
W3, U B B O B AL BT B BURR KL R T B MR T A D ANEHE 7 A ML (N2- Ar-He)
RED LD iR CE kR LD, REEHRRLTON LicE b, INVT IHOBET S
— S OHEHIBIC R\ T, MTEL,S LA LT 5772t ADONE] T ARBRICK & 1oE
WRESBE WD I NETEER LEh oo =— 7 iR 2B O THET 5. £, AWRT
3, FOF— ARERT S LA WBESOBR OV THETOERERT - 1.

2. EEHEER &S
WS PEGHOIL A LF 2 VA S W E T S B TBEASH IR A %,
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TR VB GM-KOH) % &1 2 NEHRICER L. /31 THEHBEBR O 1 731 T
oYY AV e Fa—TRIE, TARZRL « VRV EEXFF/ S THETOKKIDENES
P&, = THERBLAKSTII LRI DEHBHADEZH ADRASBHE L. BRH A
B DB HgE & 2L, 1) 2 EEELHEKILCHEAL, HWEAH A ZAE LAEORIC L LT
NEFZRNE HRAERIEL, ThERRT5H, 2) 1 FTo%#Hice — 2R G, o—
b DT HEKSICHTH, TOFAGE L3 LT/ IOk ST 2 & DR L.
BEL, HMRILCIEADEE - THE L TN B X 5B T, JBAkEEbRMBEHTEH 2%, B
KESHE LSRR T 2O S#ELTE D (I OBEIAE D), AP TLRME L.
R[H AL, Fig. 1R Lic O HiK (Yunotani area) & I F#bik (Tarutama area) i 34 C,
ATI0RAB B DR - 33Uk EMIR : TR ZBMM L. ik, HELE—KOHNOES T 2T,
COBHEMTRAED & 5027 K APIBER K DI LA LTE 59, FOREUIED T
ERTH DI D &R X527 h T,

EHSCERE N ICES T AL, KOFEC X045 L. [1]H20i3, SBHREGETE O 4
wOERBAL DRDL. [2] T H ) BERCRR S hish - 7o 5 & (He, Ha, Ar, N2, CHy) (2,
TR CRE L THA Licts, KEBPHLAFG-555SEI 5 2 7 0 < k 75 7G4 L1 (0s 3+ +
V7 —=). [81CO2i2, T ) W % HoOg THALALEE L 7oth, il % BileEeMEC L TCOs #
AT CRETEPBICE-235) TH#T Lc. HNEAIL, Rk IM-1BE A + v 2 — 2 Cindg L1-.
(4] ZSEHCLIZ 2\ Tid, HoO2 THALABE Li-7 A U RINHE S HIUHS 1 o+ v 3s s s 5@ L
THML, ZhE2HREREK, v 7Ly 3B+ v 27a< b 757 (CA-5000 SYSTEM) T4
Frlie. dok, MEZH A DSO2/HeSkid, SOz ¥ X OHSH # A Mg (Ab)I15%) % B FIIC 24 L
T, BHTHE L.
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Fig. 1 Map showing the locations of the Yunotani and Tarutama geothermal
fields in Aso volcano. For shaded zones, see in the text.



EEATH: (1997) BT 36 KL 7o 5 B HS & 25 SR A D ANTE A 75 A ALK 59

3. aER

SisER %Y, Tablel w3 (Y-1, Y-8, Y-4, T-1~T-8). ALK}, HEDOLDISEH
CEE U, EASRR (R0 RN & UEERR L « MR « REBF (K4 RIUEHRT) O B RHE
LKL SR E N EEEH ZAD5HT T — £ L #|/FTH 5 (U-1~U-4, KJ-1~KJ-12, C-I~C-
IV, A-D).

Table1 D7 — & & KR MIC & D ARSI W FE KR E L OB MK OME KA A O
F— x9%, He-No-ArXA 7754 L7 uy b LD, Fig.2 Ths. ZO=ANEL
FEhibEE AR KLED < 7 <M 5 A (Magmatic gas of NE-Japan) DfEi%, KiyosudDamsL!®
oA L. Tt PR -ERMENOENSEE D~ 7 <t H A (Magmatic gas of Fugen-dake)

Table1 Chemical data of gas discharges from fumaroles etc. in the Aso, Unzen and Kuju volcanic regions
No Sampling Location Sampling Date Texip. SO2/H2S s z5 HCl He K fx He CHy
ce) (mmol/mol HzO) (#mol/mol H20)
Y-1 |Aso-Kanko Hotel’s well, Oct.4,1996 97.6 <0.01 | 21.2 0.205 0.001 | 0.148 99.0 3.77 373 39.2
Yunotani
Y-3 |Mud pot A, Suzume- Oct.4,1996 94.3 <0.01 |286 3.46 0.006 | 2.35 2410 18.1 2220 385
Jigoku, Yunotani
Y-4 [Mud pot B, Suzume- Oct.4,1996 95.4 <0.01 |234 3.52 0.005|1.28 522 5.68 924 181
Jigoku, Yunotani
T-1 |Gas-released pipe, Oct.5,1996 96.6 <0.01 56.4 1.77 0.001 | 0.190 128 10.8 983 52.6
Tarutama
T-2 |Fumarole A, Tarutama Oct.5,1996 97.1 <0.01 45.5 1.41 0.002 .190 5.73 13.6 1310 42.2
T-4 |Boiling pool, Tarutama | Oct.5,1996 91.7 <0.01 |368 9.98 0. 263 39.4 3210 359
T-5 |Fumarole B, Tarutama Oct.5,1996 96.3 <0.01 | 56.1 14379 40 202 1.85 288 45.2
T-6 |Fumarole C, Tarutama | Nov.13,1996 97.3 NA 48.6 1.59 O. 61.9 0.891 225 53.6
T-7 |Fumarole D, Tarutama | Nov.13,1996 96.5 NA 62.1 2.08 O. 2.97 0.539 173 42.5
T-8 |Fumarole E, Tarutama | Nov.13,1996 96.8 NA 46.0 1.44 O. 91.4 0.702 164 40.5
"U-1 |Seishichi-Jigoku, Sept.5,1996 | 111.1 | <0.01 | 33.4 0.717 0. 76.8 2.57 405 271
Yukemuribashi, Unzen
U-2 |Seishichi-Jigoku along | Sept.5,1996 95.3 <0.01 | 81.8 2.14 0.003 |1.23 120 29.1 3020 907
Route 57, Unzen
U-3 |Oito-dJigoku, Unzen Sept.5,1996 96.3 <0.01 24.4 0.704 0.001 | 0.410 37.7 2.27 365 206
U-4 |Oito-Jigoku opposite, | Sept.5,1996 96.3 <0.01 39.2 0.942 0.001 | 0.495 6.09 5.66 659 303
Unzen
KJ-1 |Kuju-Iwo yama D-region | Aug.8,1995 94.9 <0.01 10.3 4.69 0.008 | 0.0879 4.12 0.426 54.1 1.60
KJ-2 |Kuju-Iwo yama D-region | Aug.8,1995 95.7 <0.01 7.79 5.02 0.012 | 0.0926 4.77 0.421 53.0 1.92
KJ-3 |Kuju-Iwo yama D-region | Aug.8,1995 96.4 0.19 5.05 2.84 0.012 | 0.0520 4.24 0.271 32.4 1.26
KJ-4 |Kuju-Iwo yama B-region | Aug.8,1995 174.4 0.69 4.61 6.59 0.39 |0.0594 4.05 0.356 43.3 1.05
KJ-5 |Kuju-Iwo yama B-region | Aug.8,1995 95.9 <0.01 20.6 19.6 0.022 | 0.275 3.66 1.42 174 5.28
KJ-6 |[Kuju-Iwo yama B-region | Aug.8,1995 166.4 0.90 4.03 10.5 0.29 | 0.0634 37.9 0.416 47.5 1.20
KJ-7 |[Komatsu-Jigoku Aug.31,1995 97.1 <0.01 3.39 0.21 0.009 | 0.0082 2.62 0.259 22.5 1.40
KJ-8 |Kuju-Iwo yama A-region | Aug.31,1995 188.5 0.70 3.76 6.94 0.52 | 0.0269 1.41 0.135 19.0 0.758
KJ-9 |Kuju-Iwo yama A-region | Aug.31,1995 297 0.39 3.82 5.78 0.32 | 0.0246 14.2 0.200 22.4 0.907
KJ-10/Kuju-Iwo yama C-region | Oct.19,1995 198.9 0.73 3.34 7.69 0.94 |0.0217 28.5 0.386 33.9 8.90
KJ-11|Kuju-Iwo yama B-crater | Oct.20,1995 113.6 0.29 4.50 1.62 0.050 | 0.0415 308 1.16 91.8 2.35
in 1995 eruption
KJ-12|Kuju-Kanko Hotel, Jul.24,1996 1320 <0.01 11.0 0.19 0.004 | 0.0509 3.10 .1.03 95.4 12.8
Chojabaru
C- 1 |Kuju-Iwo yama C-region | Oct.9,1996 96.6 0.37 4.37 2.10 0.23 | 0.0352 3.32 0.277 31.3 1.45
C-1II |Kuju-Iwo yama C-region | Oct.9,1996 94.3 0.04 2.73 2.21 0.010 | 0.0182 3.99 0.190 19.6 0.615
C-1II [Kuju-Iwo yama C-region | Oct.9,1996 94.1 0.12 4.33 1.86 0.006 | 0.0362 9.60 0.282 29.5 1.21
C- 1V |Kuju-Iwo yama C-region | Oct.9,1996 251.3 0.31 5.89 4.63 0.095|0.0688 129 0.766 63.4 2.97
A- 1 |Kuju-Iwo yama A-region| Oct.9,1996 253.1 0.29 4.15 2.40 0.307 | 0.0378 8.86 0.242 25.5 1.12

(REM) NA: not analyzed



60 R Bt

— LEGENDS
B Yunotani(Aso)
Nz ® Tarutama(Aso)
O Kuju
O Unzen
A Beppu 7 )
Magmatic gas of NE-Japan > Kirishimaah;awa etial (1399)

Magmatic gas of
Fugen-dake (Unzen)

1000 He = Mantle 100 Ar

Fig. 2 Relative He, Ar and N2 contents of fumarolic gases from the Yunotani
and Tarutama geothermal fields, Aso volcano and other volcanic and
geothermal areas in Kyushu Island. The open asterisk indicates magmatic
gas in Northeastern Japan estimated by Kiyosu (1986) and the solid asterisk
shows magmatic gas from Mt. Unzen Fugen-dake collected by Hirabayashi
et al. (1993). Thick and thin arrows show mixing lines between magmatic
gas and air at the Tarutama and Yunotani geothermal fields, respectively.
A broken line also represents a magmatic gas-air mixing line at the Kirishima
volcanic region. Data of fumarolic gases from volcanic and geothermal areas
in Beppu-Shimabara Graben (Beppu, Kuju and Unzen) are plotted in a hatched
part.
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(3, 19904 AHT 4 DM JOW RN % B LTEEH O B L TEREA W LIV ELRL DT
HbH. TOWEKHADHe/Artbik 2 TH D, HRAKEHMO < /<A CIBE LIHE(1~6)1D
DEHNCH A LD, EHELII<THETH D EHM Lic. MantleDfE i} Giggenbachd 3
XOEHLE[HLIESDT, &y b ARy MURPHRIBEK CERI N A AL DHEEI N
T2 DTH 5 (R TikBasaltic mantlek \» 5 ZH A AT 3).

AR KN TET— 2D 5 b, HBO% (Yunotani)id, FIKF (Beppu) « JLE (Kuju) * EAili(Unzen)
DR EIF b 7 v — 7 DR (K OM@MH T O EH 0D, BOSMIRICEET S </ <K
HADNe/HeLiZ3TORETH D LT IR D, ZOEIE, WEHADF — % (HlA) % i SHE
L CHe/Artb i = v MV DAE(2.9) 2 WY T 5 HDON2/Helh & LTRD LS DTH 5. —7,
# K (Tarutama) (i, HALH AR KILF O < 7 < H 2 L 225 (Air) DEEH (KB OFERK) & 560
BIRF B 0 7 v — T ORREICALE L, ZOHIRIKE R LT %<7 <WH ZADNe/Helbiz B
L Z£1000TH 5 LHEEI N HEFEIGOBERAL), BO/MBMO < /<~ H A L N ITH
ATWS. 78R, RILABARKIHEE LOZMEREDO < S <A A, <V bV H A DNz/He
ik, Lo~ 0hG, EROETE, BOSREABEOHELLD, FhFh2000, 170, 10
CHEEZINS.
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4. & B

F—D kI, b 2kmiz s LR ThiWESHECEWT, EFLTL %<
TWEH ZADARENE S AR (He-No-Ar) C K i WA R B hicDid, Al dFanch
FTEHELTELAMBT G « BE « LE - B TRUDTTH L. 2 TOHEHRT, £
MECIDRINTBOR EEBEOESHIBLD < 7 <M H A DRTRIERE H 2B O OB K
ZHATHETNVERRTHIEREMET 5.

4-1. RERDETILICED &R

[T/ TUHACEETNENZT V— N T X T o VICHED W EEEHERE Y O By 1R AE LY
THL] EWHBELVN, ELOMEBCLDFZHINTHEDT, ZZTHEY, OELR
Do &> THRTS.

JIMBHEBFE7 1+ VeV V— FOWERARLZFHABRBBURAILATH S L102E
BToL, T /IUTACEETNIN DR & I 2WHEMHERY L REL TV — M2, 7l
&b Fig. 1 /N o F % £ 7o 881K (Front of subduction-type magmatism with oceanic
sediments) DE TN EFTELTWA T LA, IREHERNWLMERICE LD, Fig.
3TH%. BRICECUWHFMEAEY LT L — b &K FERIC L T200~300km=~ ¥/ b L%
REMAATHFEKLOEEHMIBOE FTICELTED, ThREDFT XY 2 vBIO=< /< (X
1TEMNRBELTHE. —F, BREBEBIAHTD LN, HBOSHRE FTikrhn & ik
T2 (FATEVMRERLTED, METPIORKE R L > THRETNE TLEAE L TET
WA (X DIEREIE, Ne BB O S THhr LB EHT 5 ¥ TRERIL ) DR
MZzET5LBbh 20T, BEZREACELILKEEOG T ZA TELRRE LT L— ME
SHLEALFANHEAL TS TH
A5). LbLl, &HHEEE
&, MR B O P fE
X7 4 VEVET V- b DA Ar
AR S THEL TS KILT
il £FEZTED, Tok
RIS T TR N GrAV A il S U
ObEBE Licd e b, ne
B, ERFEETEIH>W,
RSB TE W T L —
NRFEETAELTE, 2D
V— b R R % T ‘
T B IS GBHHD &% 5T 248
I\ ar G 23 D, BlAE “ Mantle
F DR DR KL D D AT
ETHZEERDTNET D
. EDTB L, ZOHEAD Fig. 3 Conceptual model explaining the characteristics of inert gas

200~300 km

Yunotani Tarutama

Mantle

WHAB B IRDT-EIC 7 1 V) ¥ compositions at the Yunotani and Tarutama, Aso volcano in
Setd ) £ 5, central Kyushu, based on the prevalent hypothesis, in which Ng
VW7V — b OWHBHPREC in magmatic gas is mostly derived from oceanic sediments drugged

KELEBABEZ o139 TH into mantle by subducting plate.
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h, FOBEOHEECHE LELHRENRENELERDS . ThiUMCD, 1) Kkm
LS R RAE L, WEWILEEE SN ANEET ADHB) DRILS 22072
RATE) 9 7R TIREWCHELYRIFETEHE~BEHTEL00, 2) BOXHMBOH T
CARE X Lt /< RS L X BT, S0 o EEL I ERLREDWT T iR
mE R hiE b,

DEDXdiE, R7IUFACEGENRBEN DML 7 L — F OLHAKRICHE D G EHERY
DEG IR B DI KD B E 2 VST LIcBRICIE, tRE O NERERERSI LT,
5. Lo L, HEHERKEFEREG TR ERSOREOMIIERIAD T, BAFEOHES L S M5
OWFEFEOEAD D VIIHEBNIHRRIELILETHD, 0L KRR OWTIESHE
DOBEFEL L. DT, AR IhEF TERRE - BELZRESWIBR(ET VIEDONWT
L CThIL.

4-2. FfcRETILOIEE
CITEY»IRNETLIRL S TELEZ, [T <N AhDON DRI EE=HOERE
FORFILEYMCHEKT S LW RDTHS. RO Y PVHTRE LTI ER
LCHBHNEEREL, = 7<@BOEUR L TWAETL20BR—BNLRFTHS. B~/
<Y, FEOERSES» SEREOSWIE T 1 BE A v MTBRINED B % I65E & B IRRY T Hh
HLEkD, BECd-TREREEAFEFZIMORAARDTATHA S . ERTHDOERIINHS:
D TKH 2B L THFEL TV 5200, &
PR MKF & MR L2209 [F bk D 35 B) %
FTHDOEE URE (1 A VRO T XD &
LDOTH5D. KBEERACET KT TEME 117
AV aAVvART  TALRTH DY, A

NADOBRMEERENC LA EET S L, R
DREFEERE T IIREFTE X O REHRT
i, EREEATONHS E < 7w ~BfTLR
TWhDEEZBhA. LT XT3 T 1 v
JIIREE « FEJ) « BRFR 5 4 T TlEN2 I
HEANH3 O0fFfET R c& 2D T(Fig. 4),
FDXHt A H= ALk HNHat B HNH3
CEATADOPIARPTH HH, <7 <ICE ]
DA F e NH T IR AT iENe 28169 % 3

LOLEPRD. bl ORI FE <, | 7~ s

KA DORREFRIENDED 55T, '

=Y N PHTRE Lic < 7 < ORI 200 | 400 | 600 800 1000 1200

HAMENREZTHRLTH -1k LTH, Temp. (C)

FNNED LD IeEEOEAD DI A HEREN ; LA . :
Fig. 4 Variations in nitrogen-ammonia ratio
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Magmatic
environment
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Log ( N21-2/NH3)

CEMTINEE - T, MET AN
A DGR A AR (B 2 (X N2/He k) 18\
BROIDITTHSE. FHE, HATOEER
DERECIV )L, BREOBESCEMIC X
D ppmA — & —h H3100ppm & ZALITE {5

( Nigi 42 /NHj3) in gas phase buffered by
fayalite-magnetite-quartz as a function of
temperature at various pressures (construct-
ed using data in the data book [Kagaku
binran]2®) .
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CEDRAMBRTWA2Y. EREFRBEAAEDOBERCOVWTRERE TITHENE AL
TED, ROV EFERIIHERE FUE) « BAERE « BAERE « EREDIHCE TS %
HED S 52020, §6 5T, MBRVERTIELNEBEOBEDOHN, BREOHEIN L <
TN ADN/HelbiZ @< e 5 & FHTE L. ok, PRGEHDH » b AL o MK TEDS
NAMEXREFOEKEEZ0.9~2.8ppmTH D29, <V N AWHD MR X 04 L5
RIRBLVETY MAWEED S DDOEREHBIIHREE PE AT AMEEN S D &
Bbhs.

Fig. 5 (Xl LN D M AR5 29 (B Paic 0 HT 8 =F0 DM 2 B D B\ 72 )) 1w 235 5 A3n
FLLDDTHS. Zhid, TRELD LODOE X30km20 (T 3 K S HuEE D HESHY 7x VB e 2 3
LTED, ThbDOKREMEDBT LU — bEENCHE S MR Y P B O M INPERC X 0 24 U
TATIETH 5 29, i Ncid, RKiEH (Nagasaki Belt) « =2F#5 (Sangun Belt) « JR#%: (Higo
Belt) « #H5¢HT (Ryoke Belt) « =3¢J11#; (Sanbagawa Belt) « #:42%5 (Chichibu Belt) * P475-1# (Shimanto
Belt) B34 LT\ 5A. IhALDOERAIEEHRTCIORYLATLAE, BbEEAEEHIIA
Fr=/\ k&R (Usuki- Yatsushiro Tectonic Line) Th 5. ik, PEfEH AR HPEIE 5 hips
EROMUDER L EL LN TV ABERTH D, ThIVEHOEBE IHBEEE,LS L DI
HOLIECEBSEEN OB IR 5D, EREPTERED DR BEFRH L= TLE LT
W% B (Beppu) « JLE (Kuju) « 2l (Unzen) TidNe/Helb DEN < 7 < ¥ 4 2 DM HI A HEE X
noDEH L (Fig. 2), BWHRAEL LRI MEHH 2B E T 5 FE KLEED bR
=\ N2/Helb (~2000) D= 7 < HADEH LTE D, FHEBDDKETE LI ENn0h5.
WICPIER KILDBOR L FEFELOWTHTAZ LI LLD.

FIFF - /AR SRR O dL i 3 2 5 & IR E IR RS s & O B iR E B 28R 4 07 i
HEAELDRBH, KO-EABEROT CHARCIATROEREN LD LTS LTE

LEGENDS

- Upper cretaceous
sedimentary rocks

GH Goshonoura * Himeura Group
M Mifune Group
O Ohnogawa Group

Fig. 5 Pre-Neogene tectonic framework of central Kyushu. B. and T.L. are
abbreviations of Belt and Tectonic Line, respectively. Triangles indicate
volcanoes. Chichibu and Shimanto Belts are mostly consisted of Jurassic
and Cretaceous to Tertiary sedimentary rocks, respectively. Nagasaki, Ryoke
and Sanbagawa Belts are characterized by Jurassic regional metamorphism.
Sangun Belt is mainly composed by Permian to Triassic metamorphic rocks.
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b (Fig. 5), Panm OMPTHIEE: « EHETE - MNER - KEFIIERCHBESRD. 2055
BT, REARMMAKLO FRCETHMTLEIRTEDY, KBV T 7 OEBE
(hr kO EREOR) THbhif— ) v 7 TRE2242m TAFROHREICEL TS5, —
¥, kO EBOIMDO AT FEDFE—Y v 7T, 150~480mDF S THIEALDIER SR
BHR I X N T2, E3FH TR~k 51 (Fig. 2), HOAMIKE BEMIMIC LR LTS~
7 <k 4 ADNg/Hektld, FhFh370, 1000/ & HE Sh, WHMCHEDOADE 2 kmi fi
BYLEEBEDO< I AD BN CEATWA. EEOLRE L HEFEDEANEDOR
LEEOTMICSH S & ThiE (Fig. 1 O/~ » F 2 {13 1 i (Basement boundaryl), ftfa
EEBOBICALET 2BOA XD SRS LB L TIRENLDITA L DN E A7 (N2/He
HOBE) R /< HARBHERT WA L2 FERCHPTE S, BEBRCHETE <7
<Pk H 2 DNg/Helt (~1000) 78, FRCHERE S & HARIC & D F B K LR D £ h (~2000) & D 1K
WD, HEE EMBR L PG D) ORBEOBE VAR IR TW AL THS . U EDOHE
B PR Lo PR KL 10 % By fe it T X (FadL 5 ) A3, Fig. 6 T» 5. bk
KILDEGERL, —2D=<Y MAEALTEALRHKLY, HAT I7ERFH LI 7@ R
DEC L > THEZh, KIEOBERBIC LA L TELIIRLLIDEDLDF 2 RIHBEDL
MBI EREDT /2R EREFRESICHEL, FRAAEHOEKIIEPRT S LTl 572
LEZLRTWS. Fig. 6 DEFARREINLT/TOBRIE, TO XD ERYF « HEFH
R X DEINICE DRED TR DTN TS 5.

LLED XS, Dl & bEERER < SIMA LD KL « #BGBICE IS 5 < 7/ < A1
SLWTiE, FREEEINRBN2DREZEE=MROFEREFORRILEWTHRKT S LT 5 RH
CESL IR E S THFERLSHATEED> THS. SEOHEADET VORI RFEIE, TV —
ROWIBALC L AEZFEREZDPEVEL LTI ETHAS. HICHRLIEIDE, TV b
B OMARMBC LD ELET/THE RV MWEEDOLDDOEREGH R, HEEST
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