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Alteration Minerals in the Suwa Area, Iriki Town, Kagoshima Prefecture

Chihiro MoriMOTOY, Katsutoshi ToMITAY and Motoharu KAWANO?

Abstract

Alteration minerals in the hydrothermally altered andesite and andesitic tuff
breccia of Imuta Volcano in the northern part of Kagoshima Prefecture were studied.
Alteration minerals were examined by means of X-ray diffraction analysis, differen-
tial thermal analysis, infrared absorption analysis, and scanning electron micro-
scopic observation. Hydrothermally altered rocks could be divided into four zones,
Zone I, Zonell, Zonelll, and ZonelV by the differences of the constituent alteration
minerals. Zone I is characterized by kaolinite, Zone I by mixture of kaolinite and
smectite, Zonell by smectite, and ZonelV by halloysite.

All smectites in the surveyed area were identified as dioctahedral type with d
(060) value. Alunite was often accompanied with kaolinite and found in only Zone
I . Jarosite and pyrite were found in some samples bearing kaolinite and smectite. In
almost all samples, cristobalite and tridymite were present. Feldspars were not found
in Zone I, and were rarely found in Zone Il . Most of feldspars in Zone I and Zone
II was transformed to kaolinite and smectite under hydrothemal conditions. But it
is considered that only halloysite in ZonelV is a weathering product by the observa-
tion of the outcrop. 7 A -halloysite in ZonelV was formed by dehydration of interlayer
water from halloysite.

Key words: Hydrothermal alteration, Imuta volcano, Kaolinite, Smectite.
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Fig. 1 Geological map of the surveyed area.

1: Alluvium, 2: Ito Pyroclastic Flow Deposit, 3: Ata Pyroclastic Deposit, 4: Two Pyroxene
Andesite, 5: Two Pyroxene Andesitic Tuff Breccia, 6: Hornblende Andesite, 7: Tuffaceous silt.
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Fig. 2 Distribution map of the sampling points.

A - B (1989) 1245 K-Ar ERFIEOHE, BULEHFHOEHEY TH S Z LA HIC
SNz, TARMIEE L O FORE AL, EEEOMEE AR KBIRHEEY S AESICE) £
VKL BHALTW5E, RSO EX % Fig. 1 125R7.

AT OFEHIFEHIEA D104 52 5 1218 % L 72, SEHREUE, B X 2825
FOICBEERBE, 547 &b 10emiZiE o 7250 547 % o 72, REHRROME & ABES
% Fig.2,3, BLX U4 I1IRT. ML -EXHAB2 S FBREL 72 2 pmUTFORTFIZOVTX
#EHr (XRD) 347, REHSH (DTA), FAMERIL (IR) 447, #£EEIETHEMSE (SEM)
BE 21Tk o72. XRD SHIZEZERUY S H—T7 Ly 7 2% H\v, 30kV, 15mA, 2°/min
DOREFRMETITR 7>, DTA FEZERHY - 7L v 7 2% B\, 10C/min® F 7 EE T
1050C % THRZRME L7z, IR 4TI, HARGIERNGIEERT (A-302) % FH vy, KBr §E#%
TH040~330cm D EFH & PIE L7z, EERIEFHEMKEEZE L, JOEL JSM-25S % fv, MMEE
FE25kV CTEIZ 21T o 7.
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Fig. 3 Distribution map of the sampling points.
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Fig. 4 Distribution map of the sampling points.
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Fig. 5 Zones of alteration minerals.
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Table 1 Mineral composition of the specimens.

Sample No. K S H M Q C T A J P F Zone
SH-01 + + +++[+++ i
SH-02 |+ +++ + + i
SH-03 ++ + ++ |+ + I
SH-04 |+ ++ + +++|++ + i
SH-05 + ++ + + I
SH-06 |+++|+++ + + i
SH-07 +++ + + 1
SH-08a + ++ |+ + Jif
SH-08b |+ Jif
SH-08¢c |+ +++ + + Jif
SH-08d +++ + + + I
SH-08e |+ ++ Jif
SH-09 + +++ + + Jif
SH-10a |+++ + I
SH-10b |+++ ++ I
SH-10c  |+++ + I
SH-11 + + Jif
SH-12 + ++ + + I
SH-13 |+ + ++ |++ + i
SH-14  |++ |+ + + I
SH-15 +++|++ + Jif
SH-16 + ++ + + I
SH-17a |+ +++ ++ |+ + Jif
SH-17b +++ + Il
SH-17¢ +++ + + Il
SH-17d +++ + + m
SH-17e + + + + m
SH-17f + + + + I
SH-17¢g ++ + i
SH-18a - ++ ++ |+ ++ | I
SH-18b ++ ++ |+ ++ | I
SH-19 +++ |+ + + +++| II
SH-20 + +++ |+ + + I
SH-21 + ++ ++ |+ i
SH-22 + + + i
SH-24 + ++ | ++ |+ ++ i1
SH-26 + ++ |+ ++ \Y
SH-27 ++ ++ |+ ++ \Y
SH-28 - +++[++ + Vv
SH-29 +++ + v
SH-31 + +4+ |+ +++| N




Table 1 (Continued).
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Sample No. K S H M C T F Zone
SH-32a ++ |+ + + +++| W
SH-32b ++ |+ + 1+ +++| N
SH-32¢ + ++ + + +++| N
SH-33 ++ +++|+ + v
SH1-01 |+ + ++ |+ Jif
SH1-02 |+ - +++|++ |
SH1-03 |++4+ |+ I
SH1-04 |+++ + + I
SH1-06 |+++4+|+ Jif
SH1-06 |+ + +++ |+ I
SH1-07 + +
SH1-08 |++ I
SH1-09 ++ | ++
SH1-10 |+ I
SH2-01 + + +
SH2-02 ++ |+ ++
SH2-03 ++ |+ ++
SH2-04 ++ |+ ++
SH2-05 ++ + +++| 1
SH2-06 + ++ |+ ++ | N
SH2-07 +++ +++ |+ ++ i
SS-01 + +++ + Jif
$S-02 ++ |++ ++
SS-04 + ++ |+ + \Y
SS-05 + +++ + + I
SS-06 + + 4+ Jif
SS-07 ++ |++ + + I
SS-11 + + +++|+ v
SS-12 + + +++ |+ + \Y
SS-21 +++ + + m
S$S-22 +++ + + + i
SS-23 +++ ++ il
SS-24 +++ ++ [+ i
SW-01 + +++[++ + v
SW-02 + + + ++ |+ +
SW-03a + +++|++ + i\
SW-03b + + +++|++ + I\
SW-04 + ++4 |+ + v
SW-05 + ++ |+ I\
SW-06 +++ + ++ I
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Table 1 (Continued).

Sample No. K S H M Q C T A J P F Zone
SW-07 +++ + + + m
SW-08 +++ + + + il
SW-09 ++ + + + m
SW-11 +4+ |+ + ++ |+ + v
SW-12 ++ + + + v
SW-13 + + +++|+++ + v
MY-01 ++ |+ +
MY-02 +4+ [+ +
SY-01 ++ |+ + + v
SY-04 + ++ |+ + I
UH-01 + +++ |+ v
UH-03 + +++|++ I\
UH-04 ++ ++ |+ v
UH-05 + + + v
UH-06 ++ |+ +4+ |+ I
UH-08 ++ + + ++ I\Y
UH-09 + ++ |[++ v
UH-10 + ++ |+ + v
UH-11 + + v
UH-12 + + + 4+ ++ v
UH-13 ++ + ++ v
UH-16 ++ ++ |+ + v
NS-02 ++ |+ +++|+ v
NS-03 ++ ++ |+ + v
NS-04 ++ + ++ |+ v
NS-05 + + + +++ |+ + I\
NS-07 + + + +++ |+ + v
NS-08 + + v
NS-09 ++ +++|+ + \Y
UT-01 ++ |+ + + ++ v
UT-02 ++ |+ + +++ |+ + v
UT-03 +++ +++ |+ + v
UT-05 ++ ++ |+ + I\Y
UT-06a + + + + I\Y
UT-06b + + ++ |+ + Y
UT-07 ++ |+ + + + v
UT-08a ++ |+ + v
UT-08b + + ++ |++ v
UT-09 ++ |+ + + v
UT-10 ++ |+ ++ |+ + v

K: kaolinite, S: smectite, H: 10 A -halloysite, M: 7 A -halloysite, Q: quartz, C: cristobalite, T: tridymite, A:
alunite, J: jarosite, P: pyrite, F: feldspar.
+++ : abundant, ++ : common, + : rare.
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Fig. 6 X-ray diffraction patterns in zone I.
K: kaolinite, A: alunite, C: cristobalite, T: tridymite.

ZOV—=VIZETARBO) BT R VMR A1) S 4 o DTA #i#f (Fig. 8) & IR 5#rks
£ (Fig. 9) #/8¢. DTA Tid, 585 COWEY — 7 3EREIERE 0> OH EDMKIZPE S WEKE T
HY, WIS SIB0CHOWEY — 27 FTIIAT A A1) Y EMETN S X AT E DIREET
H5H., WOCHRBE— 21 ZATHFH ) D5y -ALOs (RAELXNVA) E L T4 bADELIZE B DT
H5. IR SR T, OH OIRENC L AT & L T3500~3700cm 12 3 ARFZD SNE. ZNHD
JREAZ DV TIE3625em I OIINAT 1 - 1 BER OH, 3650, 3700cm e dIINAS 1 : 1 /E41ER
D OH IZEHETHLDTH 5. 3400~3500cm I DIENL WIRIUIHAE KD DO TH 1, 1000~1100
em MfFHTIZIE Si-O OYRENIC X BIRIHEAY 3 A (1105, 1040, 1015em™) FBH S A, 1000em LTI
(3 OH (940, 920cm™ fif+r), Si-O (690, 475, 430cm™Fir) DIRENZ L AIHHFED HL 5.

HA)FA MO REERTRELE 255 DI2 Hinckley 8% (Hinckley, 1963) »%&% 545, #
WLz F T4 BABoOARBIETE, ZoEF 118 (RKBFFS : SH-10a), 088 (SH-
10b), 0.75 (SH-10c), 0.67 (SH1-08) T#»-7:. SH-10a D SEM BEE% Fig. 7 IZ/R 7.
FEFFIIABDICE B &, ARD 4 VHRD SR L7244 74 b @ Hinckley $88ULHKA0.
86T, KEHFHLOLLETHY), AKAA) NEFHWICEEREEZELTWD, 2O ErHEL
REBD /40 F4 M, SERFICRONE A F) 4 Mo ThEERERHEFVRIAVEH
EIND.
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Fig. 7 Scanning electron micrograph of the typical kaolinite in zone I.
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Fig. 8 DTA curves for kaolinite, smectite and 10 A halloysite.
1: kaolinite, 2: smectite, 3: 10 A halloysite.
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Fig. 9 Infrared absorption spectra for kaolinite, smectite and 10 A halloysite.
1: kaolinite, 2: smectite, 3: 10 A halloysite.

Zonell (HAUF A bP+ARXZ 74 M),

HAVFAVERARAZ 54 bORETIH SR T/ =V I ETHE, ZOV—ViE, V=V
I (HFAYFA M) ERICERE Y=V (RAAZ 54 M) EOBICHAT A, BEOHAMK
HEARR 2R3 L 2 ) TS ), KEfR, FIKAR, kFEEER EOBROELIE
LW, ZOV—r® XRD /8% — % Fig. 10 12777, V—rIIZaTNsREPICHF) F4
FNBLUAX 7 74 FERFETBHEDELTIE, ZVAMNNTA M, P TF4<A MHELOHE
THOLN, AE, YyudA( b, BHEORONLLIALH L. —EHOREHII0ANT A H A
FEELLDOWH LY, TNIZBALDEDTH L EEZONLDTHHTIIV =V TIZEENS,

yutrA MEFbhodrut g b EDOEBEEZTH, XRD TiE d EICEENALRN,
AEMBAOY yaH 4 MI K- Vy ¥4 POWESICEVWEB THEEEZONS, F120 %
T4 4 biZDOWTiX Burnham (1991) ®7a 45 4 LCLSQ # AW THRFER 2 RKD. 0
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Fig. 10 X-ray diffraction patterns in zonell.
K: kaolinite. S: smectite H: 10 A halloysite, C: cristobalite, T: tridymite.

st

FEFR, a=Db="7327 (£0.005), c=17.179 (£0.023), «a=p=90°, y =120° THbH, V¥
0% 4 PORKRRIEIANHTRRTHAHZ EHbrs (Table 2, Fig. 11).

AAXT A MEAFT)FA D d (001) FEQOREITE — 7 OEELERN, FoRLTHF
(1989) dARXZ 54 e ht ) F 4 VOEERRER AWK (Fig. 12). $iKOEF
#500m fHEIZA X 7 A PE DA A ) F A4 PBELETNLEGHH DAY, ZHITHEK %55
PPN Z ZIHFEL, BB ERLTELOEZELONE. ZOMBBEOMETIZIA RS
YA MNDEINLEDPEVEMIZH S, HF ) YHROE L OREHRIIE TH S SHI-01,
SHI-06 IZAXZ 5 A4 NS AA) FA P ENELFET LD, REULEIEAROR EEIZH 72
LI THBIDEHEINS,
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Table 2 XRD data and unit cell parameters of jarosites.

1 2

hkl 1 4
101 5.98550 5.93000
003 5.75310 5.72000
012 5.12570 5.09000
021 3.12110 3.11000
113 3.08940 3.08000
024 2.54950 2.54200
107 2.28690 2.28700
033 1.98280 1.97700
220 1.83160 1.82500
a(A) 7.32737 7.29000
b (A) 7.32737 7.29000
c(A) 17.17983 17.16000
« (DEG.) 90.00000 90.00000
8 (DEG.) 90.00000 90.00000
vy (DEG.) 120.00001 120.00000

1. Jarosite from Suwa, Iriki Town, Kagoshima Prefecture.

2. Jarosite. Data from Smith, Plessey Co. Ltd. Caswell,
Towcaster Northants, U.K.

Fig. 11

Scanning electron micrograph of jarosite.
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Z

Fig. 12 Quantitative analysis of kaolinite and smectite.
smectite/ (kaolinite + smectite) %.

Zonell (A X7 %A Mif).

Wt E LCIARX I 94 NDARFETAHEdbo T/ —rMEeT5, BEHIZBWIRED
R ILEABARE CHIKE, BRELREDBREZRLFEFEICKRETHSL. A A7 54 MiH oM
BB AAZ 74 b XRD /8% — % Fig. 13 |Z/RF. 15.5A0EHRRXSEVEHEETHY, 71
AMNTGALA PR M) T43A PLRDOONE, BRAZECHE LS 5.

TDOAA2 54 bo DTA e IR 5HT#ER % Fig. 8, B L M9/~ 7. DTA Hi#100~200
CIilHHr_EOY— 7 IEHEERH O HO ORKIZE ARBARIETHAS. Z1id Grim (1953)
WL B LEBRERTU— |[CREEFE /2R, BRI Ca, Mg, LiA 4 V2R DAX 7 14 POk
BMTHAHEINT VD, 53BTLE6LTIZ2 DDOWEY — 7 H3d %25, 500~570C KD 2L S
EHA) VEBOFEICLAEDOTH Y (RE]-FE, 1974),664CHOE— 7 IZEMIER+ © OH £
DFAKIZEBLDTHA.500~T00CIZZ2DR/KEAE -7 % H DA X7 % A M abnormal
montmorillonite” (Greene-Kelly, 1957)12&7:%. Y — 7 HBITCICAR S, TOFRH Y —
7 DERNZH B /NS RFEE — 7 (3/VEFRE I Mg* h 7% { Fe* 8% WA X7 54
DY TH B (I, 1961). IR 4 Tld, EEBERH O OH OIRE)IC & 2RI AT 3630em™fF
WIS, BRI OKGFORENS X 2 WIHEAB420em™ T UL IZGRD H L b . D, Si-O #REhIZ X 5 W%
IR 251040, 625, 470em ™M1, X-OH DORENIC £ 2RI A%920cm™ & 840em M 12588 H b,
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Fig. 13 X-ray diffraction patterns in zone II.
S: smectite, C: cristobalite, F: feldspar.

Fig.14 Scanning electron micrograph of the typical smectite in zonell.
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SEM BiIECIZ—MICAX 7% 4 MI 7L — 2 IKRONBIZRT A, Fig 14 (32 OHE T
FEETH 5.

AX7F AL MNEEERED, AAZ5L FPOEINLETNTOREHZIOWT d (060) EEHEIE L
2. BEAETRTORED d (060) EIZ149~150ADMICEETNTEY) 2 /NAKE DO R X 7
A4 RNTHLI VDDA,

ZonelV (' A H A MNHF).

WWANTAH AN (BEIVRIANTAH A M+ TANTAHAN) OEREL T =&
5. BEHICBWIWEAANRAR LS ERKAR ST O~ H A IIRE ~RREOBHEZ R
L, FEOHBIIHEICROL I L TEL. ANAFEOAEBIEYICIIFELHIEEL T5 D
DLROLNE, TV — OB XRD /3% — % Fig. 15 1ZR-¢. 10A8 £
A MITRTOFHBIIBWTERDLN, TANTGAH A MR OOLNLHBEHSH. TANTA
YA POEIFE—=2ik, 70— FTI0ANTAH A b d (001) KEOMEF TILA > T b,
CHIRBEEHIZBWTHLWIIHAB 2RI T2 5 XRD M & 45 FTOMIZ, 10ANT A4 A
FORBE® HO DAL TER SN2 D THEEEZEZ NS, ZOE»0{EHEHE LTS Y
AMNTGA N, NITFTAYA FBIUREALRDOONS.

SW-04

SW-11

F
UH-06 hﬂ~fjb““kka
M

NS-02 \ VA’/\}’\WMWW%M
UT-10 Mw‘z—kw ‘

] 1 1 1
10 20 30 40
‘260 (CuKa)
Fig.15 X-ray diffraction patterns in zonelV.
H: 10 A halloysite, C: cristobalite, F: feldspar.
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Fig. 8,9 I1Z10A/ T 444 + @ DTA #ift e IR oAk R% 27T, DTA I2BWT60~120C
FEDE -7 ZBHICEEINS HO ORFKIZEATREBTSIZE 20D THY, S558CHEIZES
N5 Y — 7 3EMBERHR O OH £2OBKIHE) REAKISICLAE—-27ThH 5. 36CHREHKY —
JIELTA MEy-ALO; ICEDLBHI EIZL A, IR 447 TiE, OH OIEE)IC X 5 WRILE 33690,
3620em™MFIIZFRD b B, EEFRIER T OKSFIZ X B IN1E3500~3400em ™ fF3 12, Si-O Dk
B2 X A2MRINA1090, 1040, 470, 430em™yEiZgd b5 b, Z DM Si-O-Al (750, 550cm™) @
REIDFEO SN,

4. EE

SR THD SN8ME, HF ) FA N, AXZ5 4, "NafHA4 b, BE, 71 A
FNTA N, PUTaA L, #EA, BEA, Dyui A PBIUERKLTHoZ. INHOD
S FITRE LI OV THASEDLE LY L TE-EDIC L 202 1T o 1ofR, KD 4212
T HET ENTE.

Zonel. A1) FA Mo
Zonell. AV FA M+RAAT A N
Zonell. A X7 ¥ 4 huF
ZonelV. N Af A h4f

LA CIE, BRI AT ) T4 Mk b RoTRGN, Yyuad A b EEKIIIN A
VFARMERRAZ A4 POFFETEHBICWORBOON, ZJYVAINTAMNEN) T4
A4 PIFRIPEABOIZLALIZEEN TV BRARIA A ) T4 MFICOARBD LN o7,

CDADD =X, REPITHAY) VHEIROEER 2.0 & LIMIICE 2o T =2 I b Y —
YIVANERBHBE R SFHIRES LTV A,. ZO5FF - ERIZOWTIZHEK (1985) A5—f&Ay 122k
KEBERBAMER IOV T, (DBKEE I KBIEECEEES ) O TREMICES NS,
BIKIEB DO F.0d B VT BIKO@EEE D S B D 5\ IZSMINZ A2 - T, FE LTREB LML
FHARICHIG L TR S NS, (3)5EDBKBEEIMHE SN TE U 7-HE 2 BKEEH T3
WK OB R OND, REDEHEMIHLELTWEZE, FER (1987) »%, Xl - &
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