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Abstract

In the northern part of Aira district, andesites of Miocene~Pliocene age are widely
distributed, and propylitic alteration is observed in the andesites. Altered minerals
in the andesites in the Doyama area were studied by X-ray diffraction method, and
could be divided into three zones, Zone I, Zone II and Zone III by the differences of
mineral assemblage. The Zone I is characterized by chlorite. The Zone II is by mixed-
layer mineral of chlorite and montmorillonite, and the Zone III is by montmorillonite.
A mixed-layer mineral of mica and montmorillonite was found at a place in the Doyama
area. The formation mechanism of the mineral is thought to be different from that of
clay minerals in the propylites widely distributed in this area.
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Fig. 1. Lithologic map of the surveyed area and the sampling points.
A: pumice flow. B: augite hypersthene-bearing hornblende andesite.
C: Augite-bearing hypersthene hornblende andesite. D: quartz-bearing augite hypersthene
andesite. E: augite hypersthene andesite. F: hypersthene augite andesite.

BEYE, BOBRTNLEKEEERYZT CEEFINER L TWBEAHLH D, &1
Rz oo BaBER LA RERS (REBESLRIL) 2R, TOMIROMEIICEETS
B LITET 1977 BRIV,

Im. & " #& %

RELI20EOF e €54 MELERRB SIS THREL 8, KO L T 2um LUF
CLRBEE A S ARCIZ DO, EAMBREZIERL, XBIHELic. ZOKR, o7
rESA MELICHIBRIZE T MDA BEIHOB T L 5 TKEL 30D Zone KHEET X1z,
ThbbRFRENDIS Zone (Zonel LW.$5), RBELEVEY v 1 FORSBEHHYE
& 3% Zone (Zonell) LtvErmF A+ %EL T3 Zone ZoneIIl) LICHETE S, LT,
% Zone DEMFRIME AR BR5B,



BREREBITE LHIROZEEMCONT 107

1. #ER+#® (Zone I)

=D Zone WABRAENL, ¥k No. 1, No. 2, No. 3, No. 4, No. 5 TH 5, 5 2 KIZ No.
4 DR X BWMREFHEL R Lo =FL v 7 ) a—~L0BTHizE AL d-value 1B

7.4A
14.4LR
3.56A
4.76R
No.4 2.85A
1454
EG
14,28
600°C
7 10 20 30 40 50 50
20 (CuKa)

Fig. 2. X-ray powder diffraction patterns for sample No. 4 after various treatments. EG:
treated with ethylene glycol, 600°C: heated to 600°C for 1 hr.

Table 1. X-ray powder data for specimens.

Treated with
Sample No. Unl:lr(jf)ted e‘;tll;r(l‘glile H%ﬁf“%to Clay minerals Zone
Atk aid)

- 14.4 14.7 14.0 Ch.
2 14.4 14.4 14.0 Ch. I
3 14.5 14.5 14.1 Ch.
4 14.4 14.5 14.2 Ch.
5 14.8 14,7 14,2 Ch.
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Table 1. (Continued)

Treated with
Heated to
t
Sample No. Untreated ethylene 600°C Clay minerals .Zone
d(A) glycol i
d(A) c(A)
3L.5 32.0 24.5 Ch/Mont(reg)
6 14.5 15,2 13.6
7.2 7.62 7.2 Ch.
7.25
3L.5 33.9 23.8 Ch/Mont(reg)
1 14.5 15.5 13.5
7.3 7.69 Ch.
7.25
ok 33.9 23.8 Ch/Mont(reg)
13 14.7 15.5 13.8 11
7.25 7.25 Ch.
3L.5 32,7 23.8 Ch/Mont(reg)
14 14.7 15.5 13.8
7.2 7.25 12.2 Ch.
7 14.9 15.7 14.2 Ch/Mont(ran)
7.3 7.2 Ch.
10 14.8 15.1 14.0 Ch/Mont(ran)
7.2 7.2 Ch.
12 14.9 15.7 14.2 Ch/Mont(ran)
7.3 7.2 Ch.
8 15,2 16.8 14.0 Mont.
7.3 9.8 Ch.
9 15.7 17.6 14, Mont.
10.1 10.2 10.2 Mica
Ch.
15.2 17.3 14,2 Mont.
15 10.5 14.7 10.2 Mica I
7.1 10.1 7.1 Ch.
7.1
16 15.5 17.0 10.0 Mont.
17 15.2 17.3 9.8 Mont.
18 15.2 7.2 9.8 Mont.
19 15.5 17.3 10.0 Mont.
20 12,3 13.8 10.2 M/Mont(ran)

Ch: Chlorite; Ch/Mont (reg): Regularly interstratified mineral of chlorite and
montmorillonite; Ch/Mont (ran): Randomly interstratified mineral of chlorite
and montmorillonite; Mont: Montmorillonite; M/Mont (ran): Randomly inter-
stratified mineral of mica and montmorillonite.

** indicates very weak reflection.
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ft7c <, 600°C DINET 14A D~ 7 R 7t5D, ZhbDORBICITED THEDHERBA
EENDD, RRYTIRREEIDE L T oTco 1 BCREL 280 X R REHT i
BROBBAILE— 7 DF — Z &R LT, KOMZ X 5T 2um TORFE2ED, RO
BERPAERLHRL ZENRAETH 57D T, Onuma » (1972) DFHEET No. 1, No. 2, No.
8, No. 4 DRAKBDILERATZHEE L T H o No. 5 ORFCIBI IV EOHERBNREETNT
WAHDTHI, 4 2DRKFDEZ Oinuma LbDOREF e v P LADONEIRCRLTHb,
o y #FAHE D, X Brindley (1961) DR

d (001) = 14.55 — 0. 29,

XY Al DfE = 2R, (Mge—x—y Fey+2Alx) (Si4—xA1x) O1o (OH)S K—'ﬁ:]\"ré ik o Tk
FHWEREZHE L o 2:1 layer OF D ANHEBEFDOMA + v &, hydroxide layer DA A+
v DEL, E. Fe Off% Oinuma HORNHLHAED, F2ROIOICHEE L, ZThbHD
REAIEBNSGE~ 72 7 A0S VRRBET H 5, No. 4 DRABOREESHHBELE 4
RZmRL o

7&)

50 1@ 7A)—>

Fig. 3. I (14A)-1(7A)-I(4.7A) triangular diagram for random powder sample (after Oinuma et
al.,, 1972).
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Table 2. General structural formulas obtained from the values in the diagram.

Sample

Structural formulas

Cations in the octahedral site

In the 2:1 layer

In the hydroxide
layer

- w N -

(Mg1.68 Fes.s Alg,51) (Sig.ae Alg,51) O10 (OH)s
(Mg3.00 Fes.q Alg,51) (Sis.ae Alo.s1) O10 (OH)sg
(Mg3.53 Feg g Alg,17) (Sis.es Alg,17) O10 (OH)g
(Mg3.50 Feq,p Alg,52) (Sis.ag Alo,s1) O10 (OH)s

(Mg, Al)g,55 Fey 65
(Mg, Al)y s Fey s
(Mg, Al)y,; Fey g
(Mg, Al), ¢ Fey,q

(Mg, Al)y 85 Feqas
(Mg, Al)g,y Feo,o
(Mg, Al)y,; Fey g
(Mg, Al),6 Fey.q

e l\lv} - EW

No.14

No.16
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A
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Fig. 4. Differential thermal analysis curves for specimens No. 4, No. 14 and No. 16.

2. BRAE—ELEYOFM FEABITYE (Zone II)

D Zone Tit, ERMEARTRIEE—EvEY) v+ A 'O HRBESRIEW L, NHRAE
DREBHEINHLOND, FiZOREE L Tk No. 6, No. 11, No. 18, No. 14 2% 5 Th
A0, Thbo X MEFHBIXIZIERLAZ - v ERLAEDT, No. 14 ORI X HE il
BAREBERICRLI, ZORIIFAEDORIET 4001) OfEH 3L.5A #RL, =F1v v/
) 2 —VALET 82.7TA 1Y, 600°C DinET 28.8A R L1, ZORABHGOEERE
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%% Kakinoki and Komura (1952, 1954) DR % > THEHT L1z DR Jagodzinski (1949)
T X 9 MA X hic Reichweite (BRROBEE) Of&arRWik—BRATHY, TRORTH
bhIhbd,
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2 0 20 30 40 50 60
20(CuKat )

Fig. 5. X-ray powder diffraction patterns of specimen No. 14 after various treatments. EG:
treated with ethylene glycol.
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1;1132........13,
P=| :
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}.)(1:—1)!+1,(q-1)l+1’ ceetet P(¢—1)t+1,qz
Py =\
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ZZT
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R: 7, l=r*1
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Fy: &¥ ! oxfafrsl
Ep;: k¥ 0 BALTE

N\

()

60H 11.36

6Mg 10.41

60H 9.46

60 6.62

Chlorite 4si 6.04
so+20n  4.33  14.208

6Mg 3.31

4O+20H  2.29

ysi 0.58
—— 60 0.00 -—é?é—-

1.7CH20H 14.00
/\/ /\/l.TCHon 13.20

0.3Ca 11.88

Ethylene glycol

montmorillonite 1.70H20H 10.56
complex /\/ /\/1.7CH2OH 9.76

17.008

60 6.76

483 6.13

40+20H 4,48

6Mg 3.38

40+20H 2.27

: 4si 0.62

—l, 60 0.00

Fig. 6. Structure models of chlorite and ethylene glycolated montmorillonite used for calculaton.
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3278 1554

768A

6.39A
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L | | ] |
2 5 10 20 30
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Fig. 7. X-ray diffraction patterns for specimen No. 14.
A: calculated pattern. B: observed pattern.

169 A
7.30A

No. 7

15.7A 7.254
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428
sodc |
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20 (CuKa)

Fig. 8. X-ray powder diffraction patterns of specimen No. 7 after various treamtnets. EG:
treated with ethylene glycol.
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¥, HERE (1978) X2 vEa— 2~ KIHEFRELEE LIS D ETHDHANS A
ZEBCANTHAELTR), EELLIOAETHE L, BEHEOEFALLTIIES
RIZRLIc XSGR AE L Ev Y na A b OBEY FRALC, 4HEEBTO Al ITHEEC
BEALREYEZIL VWO TLE S L LTEHELK, Zone II KTTL 2RABICIT, KA
—EvE) v M OREBIEHOMTHFRENE TR TR, No. 14 ORI EET
Who TDIHDRMEBOREID X BEIFHBCIZBEABIEYOC ~ 7 LRERDO Y — 7 N E
5LDRHY, BEXYEBELIEL VDT, =FLrv 7)) a—A0Be2 LR oE TR
RBCHER L, £ 7R No. 14 0RBO=F1L v 27 ) 2 — LAY Uic X 0 RE s
L, 2V~ R —TETAREZLTHELILAZ—VERLI, TOFELICAZ— VI,
BARBILHORIEARBI 0.60, Y wrAf FEMN 0.40, EVEY RIS P—FEVEY R
FTAMBERNDHERNO0, BOKEIZ N=20, EERFEZE o=2 XFHALTHELLLDT
BB, RROBRNI=F LV 7)) a2~ BEYTHLEABECDLHLNS E— 7 A BIRICEE <
£AHDT, 20 TAEUTESIbbIAY - 7DNEBEBLHEXLKETS L2002~k X
=T 5, ZORFOREHARGHHEFESY &4 KECRL oo No. 4 DRKID RERSHTHIHR

15.5A

No.16
17.3A
EG
10.04
2 0 20 30 20 50 60

20(CuKa)

Fig. 9. X-ray powder diffraction patterns of specimen No. 16 after various treatments. EG:
treated with ethylene glycol.
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EHEVELIH 300°C LATIC &5 N 5 BREIKEBREKDBIKC X BREE — 7 23KE
DHRFADBND, ZD Zone WIXFRAE—EVEY v+ 4 F OHANERESEBIM D IR
BOBEBIEWLIET 5. VWThORCLRBELZELCE Th, FTEEITRIETDH -,
No. 7, No. 10, No. 12 OFREIF Ukk/e X FEIFTHFE LR TOT, 28 i< No. 7 DR¥
DX BEFHEY R, RLUBORED 4(001) 1k 14.9A #RL, =F1r v 7Y a— L4
T 15.7A 0, 600°C DB TIIMBROC— 274 14.2A By, BEBEHOLE -
713 12.6 A 27T, BRELBESBEWODENTRIUER - 0T, BEBEmoEBRE
KT A ERARAEETH o 1o,

3. ELEYAQFA I+ (Zone III)

D Zone 1%, EvEY R I A PN LAHELTEITNAIHIK TH 5, F 9 KTRE
No. 16 D X K EHI MR AY R L o FLEDRE D 4(001) 1% 15.5A #RL, =FL v
7Y 3~ VBT 17.8A U, 600°C DINET 10A A7, No. 17, No. 18, No. 19
DEFHE No. 16 DRBERM L X 5 75-% — v &R L T2 No. 16 DREID REESHT R A
AR LICH, BEKOBKC XZ2REE ~ 7 0BHETHD, ChboRBIIEVE) ®
FA4 VUANDOKE LT E T EAEEEF VN, TD Zone KEEFNHRKOFICIZEV/EY B
74 P OMICRFRERERLEL )M rHELLDLHY, hbikeEvEY riA b LRABILY

15.2A

No.8

16.84
EG
1
0A 9.82A
600°C
2 0 20 30 20 50 80"

20(CuKe)

Fig. 10. X-ray powder diffraction patterns of secimen No. 8 after various treatments. EG:
treated with ethylene glycol.
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No. 15
1474
10.1A
EG
600°C

2 10 20 30 20 50 &0
20(CuKka )

Fig. 11. X-ray powder diffraction patterns of specimen No. 15 after various treatments.

treated with ethylene glycol.

No.20

EG

600°C

L ! Il 1 1 )

2 10 20 30 40 50 60°
20 ( CuKe)

Fig. 12. X-ray powder diffraction patterns for specimen No. 20 after various treatments.

treated with ethylene glycol.

EG:

EG:
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oL bTEBACBEAWELTEERA T W5, H10RCRL X 51T, No. 8 DREHC
TEVEY RIS L ERBENS ENTED, 600°C DIMBATEVEY R4 b ERBREDOY
~ VBT D, Fhe, BIIRE AL X5, No. 16 oRBHCIZEvEY »F 1 b LR
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Tk, MY LU TET 5, No. 20 DRENE, REE—ETvVEV RIS tHE EVEYRTAS
FEOERMETET A0, EU~UEMEDRENL S = €54 MEFRATERL IcD T
74, HEHMORUEDOKR THCHMT 5BKAREOBTNLBKERC X > TERIhTD
DEEXLID, H 12K DRED X #BRET R Z & L1cst, 600°C DN CERO
RE~VETT, CORFMIERE =vEY v F 1 O RRNESBHEYTH %, MacEwan
(1956) DHET7— ) =FHasdy L, ERBLEVEY) v ( }BOFEERLSIVZEALD
N DHERE TN, FHLALRIT

I

T, W EREREOME, |Fi|? off L L T, Cole and Lancucki (1966) DFEDBEIIC 1KT,

Component A B AA AB AAB AAAB
Cale.height 0.62 0.38 035 054 0.50 0.38
WR)

1 1 1 L L 1 1 |

10 20 30 40 50
R.A

Fig. 13. TFourier transform of basal reflections of specimen No. 20.
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Fig. 14. Zoning map.
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