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Abstract

Altered tuff breccias similar to the “Green tuff” in northeast Japan are developed in
Hiwaki-cho, Kagoshima Prefecture. These rocks are stratigraphically correlated to
the upper part of the Koriyama tuff formation. These rocks are divided into three
zones, inner, intermediate and outer zone, by the differences of mineral associations.
The intermediate zone is divided into two subzones. These zones and subzones are
characterized by the following mineral assemblages.

Inner zone: Kaolinite-chlorite-sericite-calcite.

Intermediate zone

A: Kaolinite-chlorite-randomly interstratified mineral of] mica and mont-
morillonite-calcite.

B: Kaolinite-randomly interstratified mineral of mica and montmorillonite-
randomly interstratified mineral of chlorite and montmorillonite-mont-
morillonite.

Outer zone: Montmorillonite-heulandite-mordenite.

Quartz and feldspar are found in all these zones.
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Fig. 1. Geological map of Hiwaki area.
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Fig. 2. Distribution map of alteration zones and localities of samples.
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Table 1. Mineral compositions in alteration zones

Zones Inner Zone {gf?ﬁzdiate {tr)l)tezrcr)rrllzdiate Outer Zone

Sericite

Chlorite

Kaolinite

Randomly interstratified mineral of
mica and montmorillonite

Randomly interstratified mineral of
chlorite and montmorillonite

Montmorillonite

Zeolite (Heulandite) | e—————

Calcite

Feldspar

Quartz

Sample number 2303 2502 | 2503 2505 | 2506 | 2507 | 2509
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AKelzdy, 2p¢ UToOoRB2HIWML, ZhxXEoie L CB8ITICk > TEEEYW 2 FE
Lize XAOWMBEFMREIZL > T %070 BAOMIEWOREITR, BLEELLUL
HMOBEBNE 2L %o THB L 720

[I1 po& : 308 (2303) o XgkREigICIE, 14A,10A, 7A ORI AL NL, ZHZ
NORSR, BA, B, #4)F4 11030 THb, #4 ) F+4 F0oFEER, HCl LE:
LUMBMETHED. 24 Y F4 P, o= ooMEEmIcE L THPETH 2, ZoRE
%, COHMTRD > EIEEES F7FOIDTD 5o

HEE [al: 308 (2502, 2503) o XEMAKEHFMHESESRICRLTH 2. 43A o
HBERALNDEY, ZORHE, 500°C FTIRIEEAEEMRRALNE WY, T00°CMEATH%EY
BlkoTnhe 3, =F LY/ ) a—RBTHELZWOTEYEY nF4 FEET T,
BREBEEINTVI, 1L3A ov—213, 300°C M#Tsa41c 10.2 A 12§t 72, 900°C
FTRETHLOT, ER-NAZROFBEUREBHEN TS 2. 12A OC—21E, H4 )+
A FEBREOEC— I BEE>TnDe T2A QD=2 BHEVEADE, ZhAs 700°C O
BB THLALDT, WAV F4 I BBRICEINTWI EEL DN S, Bk (2502) DR
SFHRPEARITR L TH b REHMTHRIE, @4 10°C THRELTHELLZIOTS
%o 3B (2502) OfigT, 148°C om#v—21d, ZRLe=rE)uir 4 F ORABHED OB
KiZL230TH 5, 600°C Op#E Y — 21, RIBA, 74V F4 1+, BEEEYOEEKDRR
RKiZL23DTHh 2,

iR [IIb]: 3k (2505) & Zzhzmeme L3 0L o XEmRaFrihiRs, S5REE
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Fig. 3. X-ray powder diffraction patterns of specimen 2502 after various
treatments.
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Fig. 4. Differential thermal analysis curves for specimens 2502, 2505 and 2507.

normal

300C 1h

500C 1h

700C 1h

900°C 1h

l ] I I ]

2 10 20 30 40

50

26(Cuka)
Fig. 5. X-ray powder diffraction patterns of specimen 2505 after various heat treatments.
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Fig. 6. X-ray powder diffraction patterns of specimen 2505 after various treatments.
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Fig. 7. X-ray powder diffraction patterns of specimen 2507 after various treatments.
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Fig. 8. Differential thermal analysis curve of heulandite in Hiwaki.

CaO

Table 2. Chemical composition of

heulandite
SiO, 56.12%
TiO, 0.62
ALO, 15.14
ggzooa} 2.52
MnO tr.
MgO 3.73
Ca0O 4.23
Na,O 0.60
K,O 1.20
P,0; ‘ tr.
H,0(+) 11.40
K20 Na20 H,0(—) 4.76
Fig. 9. Diagram of CaO-K,0-Na,0. Total 100. 32

hl: Terlitschno, Krapina, Croatina, Yugoslavia
(Her1TscH, 1940).

h2: Cape Blomidon, Nova Scotia (Coomss ef al.,
1959).

h3: Lanakai Hills, Hawaii (Dunuawm, 1933).

h4: Jonai, Hiwaki-ché, Kagoshima Prefecture.
Data except h4 used in the diagram are those
shown in the Rock-forming minerals, Vol. 4,
p. 381.

(Analyst: H. TATEYAMA)
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Fig. 10. Relationship between SiO,/Al,0; and
(Na,0+K,;0)/(Na,0+K,0+CaO0).
hl: Terlitschno, Krapina, Croatina, Yugoslavia (HeriTscH, 1940).
h2: Cape Blomidon, Nova Scotia (Coomss ef al., 1959).
h3: Lanakai Hills, Hawaii (DunuaMm, 1933).
h4: Jonai, Hiwaki-cho, Kagoshima Prefecture.

%, 5% NaCl BFikiIC 24 ReBGE L ¢, AL L5 (020) & (200) ov—7 om#EAZElLE:
AT, RLBOREO L) WHBAZEEZRDON AP o7 5%D CaCly 2L U5 %D
KClLEmHIT 24 BeRIE L 7-306HE, 400°C om#ACEICEE s BIE I i, LA L, NaCl
CEOYDR, hEYVRETD T BB (2507) OREZEBSTHBBHEARITRLTH S, T
OHUR TR L 7 MG 7200 OB O RZEBS T 4112, FEHITRLTH 5B, 150°C £300°C
CIRER C — 7 038 545, THIR/NG (1953) D#ERICUcifErR T Hilka OSHTER, 22
IR LTH B, HH (1963, 1964) 0 FkT, (NaO+K;30)/(Na;O+K;0+Ca0) —Si0,/Al03
ORICFmy b Lcd 0%, MHBREOHERGOT — 4 L—HITEIRITRLTH b oKk
AOMEICHBIBENEEZ R Lo Ca0-K:0-Na,0 0=ZARIZFry F Lcd 0%, & 10 KIT
A Lo WAL TR, Ca0 #34% <, MgO #Bnk 5 TH b,

IV = =

ZOHIR T, WEHLAEICERoT, 4A HUE, BREBRE—EvE)arg b
ORBAREBHEY > ) uFf PAELTVD, 10A g, BR-ZH—IKEE
DABABEBEHEY > vE) v 4 PTEMRLTWS, BA Y F4 I, FHEFICI- LIS
, B TRIBEAERELLZV. 24V F4 2B EVBNWI E, BHEABBENTSSC
EHREDLD, TOMBOEEL, BAEEErELLLIOLELONDY, RibEFDs7 ) — v
2 7 HIBITH LN B EBRIEAIC L > TTE LRELSY O 5 B EE S TR b Mo
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