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[ The Components and Monoclinic System of the Brick Samples
from Pakki-Kuti of the Ruins of Maheth in Kapilavastu, India |

ABSTRACT

Pakki-Kuti of the Ruins of Maheth is well-known as deep meditation
place for buddha in the world. Pakki-Kuti of the Ruins of Maheth
is located in Kapilavastu-ancient city and the capital of the Sakyas,
Uttar Pradesh State, north-eastern of India.

Kapilavastu (Gorakhpur), lying between 26°5" and 27°28" N. latitude,
and between 83°7" and 84°29"E. longitude.

It can be suggested that these facts are related to the chemical
composition formation, the crystal structure and lattice constants on
the brick samples on Confucian temple by X-ray diffraction method.
X-ray observation on the crystal structure of these materials is
monoclinic system. In the monoclinic system, it is found that the lattice
constants (A,B and C axis). and axis angle (8) are,

A=11.1573A, B=10.0243A, C=8.9757TA and B =127.54° in model A,
A= 7.6538A, B= 6.3518A, C=T7.1195A and B =109.14° in model B.

key words: Brick, Monoclinic System, Analysis of Lattice Constants
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Table2 The Qualitative Analysis of Ist Search-match for Brick Sample
from Pakki-Kuti of the Ruins of Maheth in Kapilavastu, India

JC H
No | #— KN ft 7 ey BHE— 7 | —HARMY | (G R
A #
1 33-1161 | QUARTZ, LOW 16 16 860
2 20-0452 | GISMONDINE 18 12 218
3 | 31-0966 | ORTHOCLASE 18 15 120
4 22-0687 | MICROCLINE, MAX 18 17 114
5 19-0926 | MICROCLINE, MAX 18 18 114
6 31-0261 | SCAWTITE 18 14 78
7 19-0605 | ENSTATITE, FERROAN 18 12 48
8 20-0528 | ANORTHITE, SODIAN, LOW 18 17 46
9 19-1184 | ALBITE, LOW 18 16 43
10| 22-0138 | ALUMOHYDROCALCITE 18 11 42
11| 11-0313 | KALIOPHILITE 18 16 34
12 | 26-0911 ILLITE-2M1 18 15 28
13 | 33-1205 | TETRANATROLITE 18 11 25
14 9-0478 | ALBITE,POTASSIAN,HIGH,HEATED 18 13 25
15 | 29-1360 | BROOKITE 18 14 25
16 | 22.0533 | VESUVIANITE, FERRIAN 18 12 19
17| 24-0495 | ILLITE-2M2 18 16 17
18 | 12-0625 | YODERITE 18 13 16
19 | 17-0514 | EPIDOTE 18 15 15
20 | 12-0229 | GMELINITE, SYN 18 13 14
21 | 35-0704 | VASHEGYITE 18 12 11
22 | 16-0333 | HYDROCALUMITE 18 12 10
23 | 15-0700 | NAHCOLITE, SYN 18 12 10
24 | 22-0675 | MICROCLINE, INTER 18 15 10
25 | 27-1056 | WOLLASTONITE-1TR, FERROAN 18 13 10
26 | 16-0167 | HOGBOMITE-18R 18 12 10
27 | 25-0156 | PUMPELLYITE 18 11 9
28 | 10-0495 | PHLOGOPITE-IM 18 13 9
29 | 29-0288 | PIEMONTITE 18 13 9
30 | 21-1272 | ANATASE, SYN 13 7 8
31 | 14-0426 | USSINGITE 18 13 8
32 | 29-1410 | GHANTALITE 18 13 7
33 | 22-0700 | HYDROTALCITE, SYN 11 8 7
34 | 26-1063 | COLLINSITE 18 12 7
35| 21-1365 | YAGIITE 18 12 6
36 | 25-0618 | SANIDINE, HIGH 18 15 6
37 | 31-0300 | PSEUDOWOLLASTONITE 18 12 6
38 | 19-1227 | SANIDINE 18 14 5
39 | 20-0223 | STANFIELDITE 18 13 5
40 | 29-1424 | PARAVAUXITE 18 12 4
41 | 20-0669 | NESQUEHONITE, SYN 18 13 4
42 9-0343 | ILLITE(TRIOCTAHEDRAL) 16 13 4
13 8-0151 | TINTICITE 18 12 3
44 | 15-0800 | NATRON, SYN 18 14 3
45| 11-0265 | GREENALITE-1T 10 6 3
46 | 15-0653 | WEGSCHEIDERITE 18 12 3
47 | 29-0308 | FUKALITE 18 12 3
48 | 19-1178 | HERSCHELITE 18 13 3
49 | 25-0808 | RICHTERITE, SYN 18 13 3
50 5-0616 | VISEITE 12 8 2
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2.3 ZRBREOEMSIT

BHBMTETT- 120 LEWMTICET 3 IR D EVEIT ORIELRME 13
RKDEBYTH B, OXBOEHKR (Cu). @FRMZY » b (1°), O8FEL =
Vo b (17), @EEIE 50k V), ©FEH (200mA), @A (260,/60).
@ZHZ Y » b (0.60mm), @4 > 71 ¥ 7l (0.020°), @FT 5 » 5 2 b
(BRHEGRR R L & =), @EMIE (3.00° /min), M= 4 — % — (L =
=A A =9 =) BLUOQF - MBIV XBOKE (1.54056 A) T& 5,

3 ®’ B
3.1 EBRAEBERMEDORDS

COEMSE (EREYRW.%) k. HBEEA — 7 — ek 2 &
ROIRATH B, THbE, ROLBHTH 3,

Na.O (0.78), MgO (1.80), Al:O (16.00), SiO. (70.00), P.0. (0.10),
SO (0.04), K.O (3.20), CaO (0.52), TiO: (0.83), MnO (0.08),
Fe:0. (6.70), ZnO (0.02), SrO (Trace), ZrO. (0.03). Au:0O (0.03).
COY ¥ T VERSHE. JCPDSHEOFES (No.33-1161) DSi0, & b
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VB) THEBo AEDALBREIMEET-> 1", SEIHMRZOEF LA
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e N cccosevesssnsssnsasnsravsamessassnsasesnmsanssnane NRENESEE]
T ®)
1 — X ............................................................... 4
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4 X,
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- 4 X1 X3—X4? (15}

LiztioTy &ff (x) o FEHCHE. X (16) DLHiKE %,
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3.3 FHRECIZEUHEXORE (75— *INOARN)

sk (d) »51/d (hkD*= u. HiEH (hkD) 25 h*=a, k=B,
1=y BLUVhk=06&EHBLEX 1, v X ERy B IEHR AR RED
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DRITIE,
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DkS5ictib, R (21 X MHELT, EF VA (Xau) 3-0.01934465T
Ho, EFNVB (Xw) 12—0.01348647TdH %,

3.4 EFI (ALB) ICHTIHMBEROBTEH

F—7aric L 2ERESE (wt.%) "3, Table3 DL S,

Na:O (0.76), MgO (1.74), Al,0s (15.49), SiO. (71.18), P.Os (0.10),
K.O (3.10), CaO (0.42), TiO, (0.78), MnO (0.07), Fe:0; (6.37),
BEDIKSTH B, DV N—THHFIC &k 2EBEDERD O ORFERA 3.
EFIVA (Ax) EEFVB (Ap) BLT, X (14) »5K (22) vk
Kk oh s,

Ar= 240.019737,/(4%0.012773 % 0.019737—0.019345) -+ (224)
= 11.15734
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= 7.6538A

BFEHBIE. EF VA (B 7B (Be) MLT, X (M) 6K
(23) DLH KB EN B,

Ba= 4 1,70.0099516 = 10.0243 A  veeeeeeerrresmmnmnnenneiennnns (232
Bs= ‘/ 1 ,/0.0247858 = B.3518 A vveerrrrnnmeeermmnniniiiiiniiiin. (235

BFEBCIE. EFVA (Ch) £EFWVB (Cp) icpLT, R 16) 5K
(24) LI iIzkBH LN B,

Ca= 240.012773,/(4 %0.012773 *0.019737—0.019345%) - (244)
= 8.9757A

Cs= 240.019128,7(4%0.019128 *0.021206—0.013486°) == (24s)

7.1195 4

iy (B) . EFNVA (Br) EEFAB (B icBILT. X 12 »5
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: 1 0.019345 . R

Ba =cos ! ( 2 J0012773%0.019737 ) = 127.54 (254)
1 L 0.013486 = O seeeernus

Bs =cos ' ( 5 70019128 ¥ 0.021206 ) = 109.14 (258)

3.5 JI—THHELAFRROBFEHL OBIRK

4 v K OiKEN &, PROALFHPSrFv=2 97 41cdbsMILETHD
RS EAETH B, LEOFERMEIANHRRTHZ, TIT. NRRO
Al FERC Y 124.8TTA D 54.931 A £ TORPH T, FHIEI34.898A TH
Bo N7 ¥y =20y 7 4 HLICH BMELOM FER (Ah:4.8764A) &, %
HMPE & 2 & 0.0007 A DKk FEKD 7 — 4 (Table3 DAfll) TH
Bo NrFu=0 974 HLICHBMELOMTER (Ch:54109A) (&, il
WEEE Y &b B & RER S OB P L 0 K& <[ £ Ok
k/hEVwF—4 (Table3 1ifl)) TH %,

N d =797 1 1CH MO FEROMEN . ERESROMALE
MRS < IZ RN U THEREORPANTH 2. BT UL, SR
Kt picoh, BTER (AN 3bFhichik L, (Ch)™ 3 fin ot
MTHob, cNHDIRSEANTBROMTER (Ah&Ch) L oBfFR%E.
S ¥0 &S LR AERD . (Fig.d) o

Ah (10\) = 4.897 + 0.00001 (WL%) ................................. (26)
Ch (A) = 5.390 — 0.00001 (Wt%) ................................. (27)

C T, BLE 8k (Fig.3 ERIOLMIKED, Bik7 v =9 4 (Fig.3h
o FRohR ko HHKED, 18 (Fig.3 ho POtk o HHIKHED
BLOCTO 3RS (Fig.d FIXD) OWRESHR LN EROM TEH L ORIFK
ZFoRLt, ERESREALDROK FEMEOBFRXTR, N7 Fv=7y
7 4 lcd ARS8 (Fig.3 LX) L@k 7 v =9 4 (Fig3tho EXD
OERMEDIRIINPEL . 718 Fig3ho FR) BKEV, O3k %EL

,217
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Hexagonal Lattice Constant ()
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Fig.3 Relation between Composition and Hexagonal Lattice Constant
of Brick Sample from Pakki-Kuti of the Ruins of Maheth in
Kapilavastu, India
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B LteDns, Fig.3 FXTH 5, TD 3% EAF ORI ¥ (4.3Twt. %)
Bib7n s =94 (15.49wt.%) « 7 1 B (71.18wt.%) HEHBABEOSHR
THHENOLTHD, LIzH->T, Figd FroEHREAMRBKE LB LL
BoT, BFEMARRDTMICHAL, ChdbFhicEbLlTnas I R
MEaht, Thoo 3k EANHRROKFER (Ah) LoMEE, o &
D & 5 15 [AEHR S & e R R 12,

W (Si0: ) = 107 — 7.31Ah - (R*=0.021) «eeeeeeseens (28)
W (Fe:0:) = —67 + 14.86Ah - (RY=0.113)  weeeseneees (29)
W (ALLO)) = 58 + 14.91Ah (R*=0.129) w:seereeseesee (30)

BFEBAMBKEL B BICoN, r1BEbFhic/ha < (R28), BILSE
8 GR29) Bk v = 4 (R29) EOEMITKELS L AHEITH ST
LA, BUEMRNTIC K > THERE L 720 —H. TH 50 3RS EANHRROKTE
¥ (Ch) LoMFRE, 20X SRR & REREERD 72,

W (Si0: ) = 40 + 5.76Ch - (R*=0.016) -oeoeeeeees (31
W (Fe:0:) = 87 — 13.44Ch - (R=0.122) weeveeemeeee (32)
W (ALLOs) = 81 — 13.94Ch - (R?=0.129) eoeeseesees (33)

CORICL VB TFERMChSREL BN, Y1 BiEDErickEL (R
3. B 8k GR32) Mk v = 4 (R33) @@hEMIT/NE {15 B
[ THHTLNBMTES, TTT, EREDPENKRE(HEE, AhRRKE
{, Chid/h& L Lz MOMBEMBROSNIDTH %,

3.6 JN—THAMELEMBROBTFEYR (Am) LORERK

42 MR < B 28T EE O Amililhi ™" (£11.1608 A A 511.2080 A o i B
T, FIEMI311.190, #130.0dU4A TH 3, N7 F v =2 v 71 1cH B FE
BAmMIZ11.15TA T, Y& D#130.033A ., M~ N5, KED
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\$Figd 4 LROLEMNEATH B, 70— 75MHTic L DRd - TREDRH 6
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wt. %L EDRRSY R, BIET VI =9 A, "1 BBIUBILE 280 KO T
Hho TO IS EMMBROBTER (Am) EOBR (Tabled &Fig.4 I)
. DED KD B AIRFRE E REREE RS 12,

W (SiO: ) = —239.88 + 46.16Am -+ (R*=0:321) =-oe (34)
W (Al:Os) = 139.53 — 11.14Am -+ (R*=0.07T) «+oe (35)
W (Fe:0:) = 145.59 — 12.54Am -+ (R*=0.085) «+++++++ (36)

COBFRRIC B 2 EQLYRREIZ 7 1 B (46.16). D RIGHRE(IEL 7 v
=94 (11.14) LREN 28k (12.54) TH 3, REFRMONE Wlid 5K
VMR, BAEH 2 8 (0.085) PBILT LI =924 (0.077) BLUH
18 (0.321) OliTH 2, ZOHBHIF, 0.774 50.321TH D, D% (20.244
Thbo MTEH (Am) DOEBKELBIc>h, BERESEIVNSL LS
R RRIET VI =0 ALBEB 2B TH D, KELBARDYIY 1 BTH 3,

3.7 TN—TAMELHMBROEFES (Bm) LOBMK

B 1 & 2 MBR O K FEE B m"~" (210.0451 A 4> 510.0624 A D i <.
FIfit1310.055A Z%130.0173TH %, N7 F v =2 v 7 1 12 5T EHKB
m(310.024A T, L DFE0.021 A, WHEB Y LB, KFEHO
Amiil &[RRI, BIEOKTEBTSH 5, #TFEHBm & BREHROMEFE
LT Nr ¥y =797 1 ORTEREFigd PROENKNTSH 3, D3
oY & RHER O FER (Bm) LoBMFRE. > F¥D L 5 SERHRE S RE
REERD 12,

W (Si0: ) = 52.54 + 1.82Bm - (R¥=0.001) --evevooooee (37
W (Al.O0:) = 98.95 — 8.36Bm -+ (R¥=0.01T) =eeeeeeeevee (38)
W (Fe:0s) = 237.78 — 22.83Bm == (R*=0.109) --eeeeeeeee (39)
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Fig.4 Relation between Composition and Monoclinic Lattice Constant
of Brick Sample from Pakki-Kuti of the Ruins of Maheth in
Kapilavastu, India
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3.8 TI—THELEMBROBTFES (Cm) &DOMK

I & 2 @B O FEB Cm'~"™ (38.9247 A 5 59.0229 A OGP .
Ml 38.972A, #120.9828TH B, N7 ¥ v =2 5 7 4 125 5B TFEKCm
@8.976 A, VL DFEF0.004AKE <, HUERY ™ LH~Z, KxWF
DI TEBTH 20 MTHICH 2 MEOK TEHCm & TRESROBET 13,
Figd FOHRKAITSH 2, Thod 34 & MMBROBTER (Cm) &
DRIRE, 2 D & 5 ISENRFER & RERBE RS 12,

W (8i0: ) = 295.67 — 25.06Cm -+ (R*=0.5090) «weeeeeee (40)
W (Al:0:) = 9.86 + 0.57Cm =« (R*=0.0004) «------ (4D
W (Fe:0:) = 10.83 — 0.61Cm ++--+- (R*=0.0003) «w=---- (42)
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3.9 74M<&(Na.0+K.,0) DK
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ZFR L1 Tabled (EBY) LFigs (©S7%9=2 95 « OHELHED) ol -
T VA ) IR DHEENTDIE 0T B, RO T A A B
20, TAA YRS SFRRICHELTVWA T EBRONE, 25, T ToORL
R TIRAShE WV, Figs F& Ficdk 3RS 1, TNENIMKENE & ic b 2 Hf
RO MR &IcH 2 Y, LTBICH A, ALFliich s 1 B X
Uy dy =797 4ICHbBME (RAD® T 3,

CCTRMBEEDOMM TS 20 2 MBS 2 dic, 71 BOBEREHED
SHELEDLUMED SHETE LY, COMFIZED 71 BRIz, BALHE
(72.47wt.9%) EBUIME (69.44wt.%) & OFRE (70.708wt.%) T %,
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Fig.5 Chemical Classification and Nomenclature of Volcanic
Rocks. using the Total Alkali versus Silica (TAS)
Diagram (after Le Bas et al. 1986. Fig.2) .
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Fig.6 Division of Basalts (with SiO 2 >48%), Basaltic Andesites,
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Andsites, Dacites and Rhyolites in Low-K, Medium-K and
High-K types. Note that High-K is NOT Synonymous with
Potassic. The thick Stippled Lines Indicate the Equivalent
Position of Some of the Fields in the TAS diagram.
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Fig.7T Relation between Composition SiO. and MgO, Fe:0;, K:0 of

Brick Samples from Pakki-Kuti of the Ruins of Maheth in
Kapilavastu, India




12 Fy w~— FBMEOPakki-Kutiic & 2 MEOBERR & s GR. W)

Hééﬁﬁ@&&ﬁﬁ&LrM%LtoLtwat\ﬂr$y=7yf4oﬁ
3. WREOhTHRENSY - EEHEYE bic, PREOSERTE L - HiTHE
333 é nf: U~17 o

4 EhHh VY IC

TYFESNrF =297 4 10HMEBMH LTy XEEREE 2~
Ea— S MBEET- 1 ZONBRKTERORE. BTEREAHEEEOM
fris LOBLAVHMOBIRERIT LD TH B, & 5 ICHHEO DL RO RS
LOHBRETVEGRICEL DT, T CIcBWT 3,

(a) E—=7«4—FOEMHSH

EHrHED 2 6 (8~80°) DOfEficE VT, FHENIUED E— 2 %+ —
F LI M (5 %LLE) ofitEliz. €7 VAT 8 HiEKE €7 VB
TRTHERTH 5. ChoOHMMIE. 4.5128 4 514858 ORPHTH 3,
g (0.33ALL L) offifEliz. €7 VA TRI0EEKE 7B T2 9
EMTH 5, o OMHMFRIZS.941A0 52,1294 OHPEHTH 2,

(b) ZRIRROEHSH
Nr¥v=797 415 5MEDOMN L. FhEhO(bFR %R Lo
Bob, BMEITEWVICPDSHES « {L¥K « i s & Ok BM# 3. JCPDS
#%5N0.33-1161) DSi0, &5 HK (Quartz) DAHRZTH 3. KICHE L
D3JCPDSHS (No.31-0966) DKAISisOs & W5 EH (Sanidine) @ HiflfH
B (EFVA) THB, RFEREORUGY) & O HBED 1= 1 (SHEME R 4
51:%, JCPDSHES (No.20-0452) ®Ca (Al:Si:06)* 4 H,0 & W 5 Gismon
dineDHRRHR (EFVB) conT b ET-1DTH 3,
(c) HaRmEIBTFEH
Nr¥o=29 T4 HHMER. A% (KD LELGLABTHBC &
B HOEXERAHT O BHR & XEAMTOEHF 1< & - THIRIHE: % Lo &/




1 ¥ F, =~— FBMOPakki-Kutilic & 2 SO BMRHER LS (R, #E)

37 Tge

3.6 @O wEERS WA

gi a8 @3.40 @ EEmS L1

ol ® LFH WK
§‘ 324 ®3.10 @ fLre |
5 314 @ ® v~—t MK
>0l §
v 2.9

2.8 -

2.7 <

2.6 -

2.5 T T T T T T T T T T T T T T

0.7 0.9 1.1 1.3 1.5 1.7 1.9

Na.0 (wt.%)

Fig.8 Relation between Composition K:0 and Na.O of Brick Samples
from Pakki-Kuti of the Ruins of Maheth in Kapilavastu, India

7

@ O WEENYS ME

~ 76.57
X @ EEe +E
S 767 @ fLFH ME
3 75.5- @ fLrE +H"
iy ® =~—t+ HE
o 75+
=

T74.54
: @o
& T4+
S ®o

73.5 T T T T T T

8 9 10

MgO+Fe.0:+Ca0 (wt.%)

Fig.9 Relation between Composition MgO+Fe;0;+Ca0 and SiO:+
Na:0+K:0 of Brick Samples from Pakki-Kuti of the Ruins of
Maheth in Kapilavastu, India




1Y F, =~— bllBfOPakki-Kutiic & 2 IO BFHRHR E K5 (R, W%

FEEE BN RR L MMRREL SN IRE LERRTHE T & bR
SN, CCTREMBRICBI 2B FEREEBERE LI, +HbE, ®
FUATHETESIZA#N=11.1573A, B#i=10.0243A. CH#h=8.9757A &
K UM B =12754, EFNVATRIRFEMIEAM=T7.6538A. Biili=6.
3518A. CHi=7.1195A % £ vdilify 12 8 =109.14° T& 3,

(d) ERESERLBEUSROBFEH

NrF®Fy =297 4 LHIMAOBRKENTHEY 1R -BILTLI= 4
B L UM 2 BRICBE L THERE 29 & BMERAOMK FERE OMFRE T v v a —
SREHTIC L > THO Mz E Nt 51T, NrFuw=2 97 4 1cdh BEO
Y% $Quartz (53 : Fk%}) &Orthoclase (B4) » Muscovite (ER) @
tEMTH S EBESNEDTH 3,

(e) s A4E&ENa.0+K.0& DB

NrFy=2797 s OMETIE, 7VH ) EIHBLEIISDIT 0T &5
b0 IEWAHTRYABAMATZIco0, 7Ah VS bEEIC LTV S
CEMBHRONE, B, TTTORVWFIRTIRESHE L,

COMBUT LD r A BRIE, BeANl (72.47Twt.%) &Ml (69.44wt.%) +
KOG (70.708wt.%) TH B, COF—% (Fig.s FX) oz LS
N7 Fy=7y7 4 OMELBARZNECHRES (B7Lvh )R T, FK
NIOKTHY, ROLENTH ST LMHRI NI,

(f) TABMEBMILT T ROD L, BIEE 28, BIEH U 9 A E DK

—MIEVWAREFIZO VT, YA BROSHERSDEVEC BT, Blk< /%
YOLLBEB 2R L IBUHRNTH B, —Hr 1 ROSERMSE LT
AT ML= 720 ALILB2BALEBDB VI TH B, N7y =
797 4 ICHZMELEB IROAHFTOME LU L TV T EAMRS NI,

(8) TABMEBMLH YUY ALLDBERK




v, =~— billBFOPakki-Kutiicd A ML OHEHRR &S (R FIE)

rARRICd BERIES Y v A EDOMFRIE. TR ) ESOHTRIES Y Y A
DB E VR TH 5, TbLE, LAY v 2dlREEOhTHETS
%, b b, KRS &L Pl ohiTH 5. F chigh-K & medium-K
O Eo Tz ® 5 72 medium-KTdh 5 T &SR S i,

(h) FHEiysREiNY L0k

gy (MgO+Fe.05+Ca0) &G (SiO: +Na:O+K:0) & D
MR TR GRS EENERE B Y baD= 2y 9Ll Ly AT,
By zadF L) I AENY I ARTH B, LED->T, NrFv=7974
OME . WEEOh RO E GO E bic, TRIOSARTHH L
MHERR & Ntz

# [z

COWRIE. AFUIEFHUSICLBRETH D, TOMXDT— 7 ERICH
Fo o T. HAFEE T (bR PSSR « (BD) ) 4 7 o ATLECGKR RN D T
AV . — PN RS2 o T ATHEE . BEREMICEHOEE
xLZ9,

2 & X M

1) REy s Frilife— ;. [24iETE- 1= (BiSb) : (TeSe) s T D b TRk & #EHE |
JEHPER39 (1970) P.1028~1033

2) Isao SAWA and Saichi KATYAMA: [Lattice Constants and Densities
of (BiSh):(TeSe) ;s Compounds Prepared by the Annealing Technique]
Technology Reports of Kansai University 16 (1975) P.75~85

3) MEEH (o EEBHURE L I G130 MRS, (1986)

4) RBY e BHSF : T4 » F KBRS & IS L T O oL O HOE XFR5 7
KERF R w40 (1990) P.25~44




5)

6)

7)

8)

9)

10)

1D

12)

13)

14)

15)

16)

17

18)

17 Fy w~—= FBBFOPakki-Kutilc® 2 SO WEHRTR L5 (R, %)

R B T4 > F, WREDR& 3 L < 2 B 0308 X 850 |
REEFFERRFRE 41 (1990) P.1~19

IRy FIEFARE © [, (SR OFL TR I & 2 B O D% X o7 |
KERREFEFERERE 51 (1993) P.1~24

IR« FIEFAGE : THHEROFLTEIE A~ F OB S 1< 3 HE ok X
BROMT ] KRR AR 63 (1993) P.1~24

IR WIEFAGE : T4 > Ky = ~- b 8B o Pakki-kuti ic B8 L T O 72 4
FLOBOEXBROT | KBRS LRI EHRE 48 (1992) P.23~48

Ry BHHSE 2 T4 2 Ky BRI L T W A XBRIEIHT | ABR
REFERIERE 39 (1990) P.23~34

IRMy « RYHISF @ T4 > Fo KBRS TS LT+ o XERIEHT T
KBRREFHERERSF T ¥ 7WFRATES 1 (1990) P.79~88

Ry« FIEFALE © (o, LSRE OFL TR 2 B O X BT | ARREE
FHERERSRE 49 (1992) P.1~16

IRy » FIBFAGE : MhEOILTHIE A ~ F OikE S5 2 +Ho X0
Proxtir | KBRS RIS 52 (1993) P.1~20

Ry« PIEFAAE : [4 >~ K, =~— b #BFOPakki-kutiic 5 L T\ - 4
o XBREHr 0| KBEEEMNKET o 7HRFTER 3 (1992)
P.25~36

IR« FIEFAAE « YEEEZL : (3 ¥ Ea— S BIFIC X B4 v FIKES 2125
ST O YRR & a5 | KBRRRHERIAYRE 71 (1998) P.77~111
R - FIEPAGE « YEBB . Ta v Ea—9Tic L 34 v FikBENE 2125
% LHOBHRER LSy | KRR ERAFRE 72 (1998) P.1~35
IRy« FIEFAGE : [3 ¥ € 2 — 9 Hric & 2 chEAL FEIFHT IC & 2 8O
HRHRR LS | KBRS R 74 (1999) P.1~34

Ry FIEFALE : [2 ¥ €2 — s e & 2 hEALTFRIMHEc 3 +EO
HRHRR & RSy | RBRERBFERIRRE 75 (1999) P.1~35

A. Miyashiro : [Nature of Alkali Volcanic Rock Series| Contrib.
Mineral. Petrol. 66 (1978) P.94~104




{ v K, =~— | #iliOPakki-Kutiicd 2 ELOBMER LK GR. # %)

19) R. W. Le Maitre: [A Classification of Igneous Rocks and Glossary
of Terms) (1939), Blackwell Scientific Publications







