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enclaves in the Tanakami Granite pluton, south to Lake Biwa, central Japan. Bull. Geol. Surv. Japan, vol.
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Abstract: Microgranular dark-colored enclaves from medium-grained porphyritic biotite granites in the
Tanakami Granite pluton were studied petrographically, geochemically and mineralogically. Many of
them are ball-like in form with a diameter of ~1~20~ cm. They consist mainly of fine-grained plagioclase,
quartz, biotite and several accessory minerals together with porphyritic plagioclase (mainly) and quartz
(subordinately). The maximum biotite content is ca. 27 % in mode analysis. The occurrence of alkali
feldspar is limited to be as small patches seemingly replacing plagioclase interiors. Their occurrence,
textures, bulk rock chemistry, REE patterns, mineral textures and its chemistry seem to be totally
consistent with the idea that they are not a product of magma mixing but is a product of early-stage
crystallization from the magma forming the medium-grained porphyritic biotite granites as the host rock.
The MME often occurs with aplite-pegmatite facies (dykes), which suggests some common circumstances
such as relatively rapid cooling conditions catalyzed by some volatile components.

Keywords: Tanakami Granite, MME, occurrence, geochemistry, mineralogy, volatile, rapid cooling, early

crystallization
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Fig. 1 Index map showing the locations of granite plutons
around Lake Biwa, central Japan.

RNz (h¥, 2013) DT, Zhb & KMEOXTR
U7 Shoilki, FEdo [WEvEaaE] 18w
PETIE AL =T LEETH D (SiO0, = 63.39-70.02
%), @ENDHEHY (RER) OFGE ZEEES
B (AR 27 %) ARG aA SIE, DTICET T
B — %I X LT B MME (& 7213ME) O il
IZA%. bbb, MMER, #HEEAREH S (mafic
magmatic enclaves (Barbarin, 2005)), #F&BEMIRclA 5
(mafic microgranular enclaves (Barbarin and Didier, 1992)),
& B \THIPR KB B %5 (microgranular magmatic enclaves
(Slaby et al, 2004, 2008)) DO W5 TH D, kit Tld
mafic enclaves (Wada et al., 2004) °microgranular enclaves
(Donaire et al., 2005 ; Esna—Ashari et al., 2011) & ¥+ 3
LA H B, MMERZ, 7 ViRADENE X354
My (Vernon, 1990 ; Sergi, 1997 ; Wiebe et al., 1997 ;
Perugini et al., 2003 ; Barbarin, 2005 ; Kocak et al., 2011 ;
E2) #, w2 ORMEIMEEZ ST\ A0
& %\ (ffl 212, Fershtater and Borodina (1977), Best and

Christiansen (2001), Esna—Ashari et al., 2011 Z%Hd).
FAUSE &, MMEIITER S RIS T & h 50k ok
B (bR MR A A 2 W RES IS E S A Th S, L
725 T, KL COH EAGR S R O MR (4 a7
Z, LIFMMEL& itk 3.

MMEDIZEE, fEREREIER L 72~ 7~ D@ %
M5 ETEBELFEKRAAH S (Donaire et al, 2005 ; Esna—
Ashari et al., 2011 ; ). HAIZBWT & EH)ITER
AR (Wada et al., 2004), S {ERIFA (Shin ef al., 2009),
LBEHAE R A A GERTSIE A, 2012) ZETORE L WIS
BEEEN TS, LrL, ThET, EEWRIDLE
R 51, BAIWERE R TORBEaUaS (<13
HERCA RIS, I PIRE B2 - IR, 1999) & B
ITER AR T DORIR— R SRR OIS Gl (e KEE 10
cm) OFSHLZAFLEA B 5 HIEF - 448, 2002) DATH 5.
ARE T, H BRI R % R 3 2 Th—RDR R 22 R R
HHOMMEIZDWT, Z OFEIRCHE, 2Lk,
WEBCE DAL DO W TR L, ZORRIZDONWT
S5, =770, - FE (2006) IS O & Bk
HaREWwEE, ARAPEEFATERERNZLSGENT
WARIEIGETH 228, ThETHOEIAENI mOE
AL LUTHMTHRINTWIDOATH D, {LEOME
IZBEWTSHHRE LAZMMEE ZR A HAH D, Bl
[STS e IR @S LIIDAN SR YD R o

2. HEBIE

MR O REEWELIC G, LR U
PN R, SRREAIR, H LA, athiik, LRAK
s Al RKOBEEEOERER L, HEENRR
HKAEE DACMPIRR S — b — T IS B OISR, Filis
WHHERIZ ML TS GELIX) &L i, HEEERIM
HIN#EDN O FIZIREE L TV B (1BAIE 2, 2000 5
¥, 2013). Th b D&fEREEKRIZEFEZNETNFEL
SHIRAT I T & 72 (REEE MRS M EIZE 7L —
7, 1982, 1997, 2000, 2005, 2008 ; H1¥FIE A, 2003 ;
h¥, 2013).
HEWmREBEIZE, LA tko S 5HE, R, It
A, B, SEOMERERDS ML TS, ZThbidn
FThe LB OERAIICEL Tk, SfblamkidiE
FEWHERIC B W TR 60 km, 5G40 kmDBRIR
IZEIHIL, MO T —)L N o VTR BIR L 72 B R
ThdeEAZLNTWS (REIEA,, 1994). ZOI—)L
Fa ik, 4y (I - Fa ] L@tz (B
E2, 1979, 1983 PUsliIEA, 1991) A%, IWHNEA (1994)
EZNEIZS I BB KRS T -0 N a v &2 fEE L
7= GBI, ZOHBOMZEIZLD, REEA (1994) DR
BLZza—LFovid, #Hizic [EEa—-rray]
Lty Sz (EEEEWIAER S HARIZE 2L — 7, 2000



H_EAER AR rh Rk G afas (hEiE)

Lake Biwa

® wvMmE locality

:] Neogene-Quaternary
o [l rhyolite dyke
Pg Porphyritic granite dyke
o [
altit]
a3+ 4
Gakfx %] Kan'nonji Granodiorite

U/ Tambabelt

] Tanakami Granite

Kyoto-tonanbu District

Meishin

o

+ +9 4

Minakuchi DistrictW

+++++

¢¢¢¢¢

Highway

$$$$$$

AT v
b AT 44 N+++
Gob
(M +ShinmeishinHighwa
+++ RNy |
+ A ¥
++++++++

+++++++

+++++++
++++++++
|-+ R

+++++

+++++++

+++++
+++++++++++++++++++
+++++++++++++

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

52X MMEGCEHREUHE & /83 H BRSO E K. HEKIO MLGIE, 8 (2013) IZL 728> T0wb (LITORIZENTE
[AIBR) © Gt3 (MR ERHERS) - G2 (h—HUR BEIRERERER) - Gtl GHR—MHR SEIR R E R ER ).

Fig. 2 Geological map of the Tanakami Granite pluton showing the sampling points of MME. The abbreviations, Gt3 (medium- to coarse-

grained biotite granite), Gt2 (medium- to coarse-grained porphyritic biotite granite) and Gtl (fine-grained to fine-grained porphyritic

biotite granite), are according to Nakano (2012)(these abbreviations are the same in the later corresponding figures).
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Fig.3 Photographs of MME in outcrops, a, b: MMENSOI and MMENS 02, ¢: MMENSO03, d: MMENSO04, ¢: MMENSO5 (a-¢ in
medium- to coarse-grained porphyritic biotite granite (Gt2)), f: MME in medium- to coarse-grained biotite granite (Gt3).
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HaX H EMMERBIOFEFEE, a: MMENSOLb : MMENS02, ¢ : MMENSO03, d : MMENS04, e : MMENSOS.
Fig.4 Close up photographs of the Tanakami MME samples investigated in this study. a: MMENSOI, b: MMENSO02, c: MMENSO03, d:
MMENSO04, e: MMENSO05.
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Fig. 5 Microphotographs of thin sections of the Tanakami MME samples. a: MMENSO01, b: MMENS02, c: MMENSO03, d: MMENSO04.

Photos numbered as 1 are under one nicol and those numbered as 2 are under crossed nicols.
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Table 1 Modal analyses of the Tanakami MME under a petrographic microscope.

MME Medium—grained Aplite (Gt1)
Porphyritic bt gr (Gt2) pite
(%) MMENSO 1{MMENSO2|MMENSO 3|MMENSO4| KTMO1 KTM06 [MMENSO5| Hirano
Quartz 40.2 37.9 39.2 37.9 36.0 37.5 54.2 471
Alkali feldspar 0.0 0.0 0.0 0.0 30.7 281 32.2 374
Plagioclase 413 35.2 38.7 45.6 27.0 284 12.0 14.5
Biotite 18.5 26.6 220 15.3 6.3 6.0 1.6 1.0
X MME
H Gt2
¢ Gtl
o
e o o o o o
® ) > ©
Af Pl
F6X Q (Fd)—AF (771 V) Redn)—Pl (FHEA) =o€ — FRUKIX.
Fig. 6 Modal compositions on the Q (quartz)-Af (alkali feldspar)-P1 (Plagioclase) ternary diagram.
WEEAAL WA B, D, 49 bU7AZ40-114 ppmiZ3ET S| Z OFEUL,

6.2 REESHE

AFEIE A (2005) &, H _EAE R R K OXIE 3% o H
FAERE R HCE TR S M OREEG AR & 2 D34S
A= IZDOVWTKRDLIIZHERTNWD  [ZDOEHFEIL
@<, 179290 ppmTdh O, FRICHAG LHICHEATE

B3R & AT B K XN P Bl 0D 53¢ 41 3 5 [ ik
A 2 EAERS R RS & O SO
WTDSIHEIZ B IZIFEWMTH 5. 72721, i (2013)
DR —HR BEIR SR ZE BEfE R (Gtl) DOKTF01-04 (Hif;
BERBEREHEIR2A L 7 7 5 4 M EIR2A) DRSS
+JH1241-84 ppm & £ FIE A (2005) DA Bk
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Fig. 8 Spider diagram showing the contents of REE in bulk rock compositions. Plotted data are normalized using the chondrite values.
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Fig. 10  Plagioclase compositions of MME and each constituent rock facies of the Tanakami Granite pluton.

(MMENS04), Ab,An,Or,,~Ab,An,Or,, (MMENSO04t),
Ab, AngOr,,—Abg,An,Or,, (MMENSO04tl), Ab,,An,,Or,,—
Aby,An,Or,, (MMENS05) T& 5. MMEHhDOEHEA I35
fiRE LTk, a7 L0RHEMEERT GB11X).
PO RSO I TIZANKIZE AR, U AIEEAVKSICE
. a7 OMBITEIKERERL, ) LOMBEI Y
YINIZEKSTHE2R DD, IKEERAHOHMKEZRTE D
(MMENSO! - st.362 - st.368 - MMENS04 - MMENS04tl)
L, WROOMKETRT S D (MMENSO2 - MMENSO3 -
MMENS04t - MMENS05) &23% %. MME#% K9 5 7t
E, RS T 2 b MR BDIREB SR A R0 h—HUk:
HEREM S LT 2 &, AnRAICE AADK Y IZZ
L (B 10 [XD).

MMEH ORHERBESIZDWT S (MMENS0O3 # » 7L
P OEFE 14 mmiE & OREAIEE & st.368 T ORNEA M
i), T O A FANRz FI0RKOBSHD 3 7 EO
{b2EFHE X Ab,,An,, Or, «— AbyAn,Or,, TH 1), fiOMME
FOREAMEXD S, KDAVKFICEAEEALL
T3, ZOREOEEEIZFEIRRD (0.5 mmEl#k) #HRA
W AES LA R L TV B 00 H XD A, H
IZARE & DRI TZE D & S REAINERHETDH B
EENR). B L2880 Zh 6 OFHEAE I &4
P ESBR I NS, F OHKFIHIZAb,AN,Or, —
Ab,,An, Or,, & AniOMITE A, BEIZH X 72MMEA % 1
Y ARG EFPORMAERL T 5.

727IvHURA

9, HEfEREkEmRT 288l o7 ILhY
EOIEOWTELTS. ZhooT7n ) BRO/N L
7Rk CRYEME) &, DR BOR B ZRHER S Tl

OrgAbAny,, H—HIRIERZERER S TlEOrg,AbAn,; T
H 5. PR BEIRRZERHER S, rhoRR 2R BEAE
BOEBLDOT LAY RAE/S—H 4 MR TREL T
B, Ny FIN—=H A4 PROBRS=H A b, TAT
PRoS=H 4 bPEBALTWS, S—H 4 MRk L2EM
B, FhRRBEIR R SRR TIE, Orgg GRA M) —
Abg, g (772 1), KRR ERER S TlEOry,, (A
b)) =Aby g (7 A b)) END RN, F/2,
MR SR IR REAGR A,  H DR SR 22 REFE i A5 O Tl 2
M7 L5 ) BGICIEBaY — =V 74 RT8DhdH 5
(Aoki, 1995). &k, 774 b7 A ) BAHDILE
HUR L Org,Ab, , An, ,—OryAb,An, , (MMENSO5 it 15=K TF04
(ff ¥, 2013)), Org,Ab,An,,—Or,Ab,An,, (KTF03 (H1
¥, 2013)) TH 5.

WIZ, MMEHO 7 LAY RRIZDWTIRRS. 7L
A1) BAiE, MMEO FEERE S - Btah & 81, #lR
BOaTEAEME L & B ICEWRT SR T, TN
T-FHIETIHIEEAE Y Y b TEARWVIRETHUE
LTW3 CGE1R2KD). &% Y F7ILOMMEHR 7L A Y B
DAL MK 1Z, OrgAb, An,,—Or,Ab,An,, (MMENSO1),
OrgAb, An, ,—Or,Ab,An,, (MMENS02), OrgAb,,An,—
OryAb,Ang, (st.362), Or,sAbsAn,,—Or,Ab,Ang,
(MMENSO03), OrgAb,,An,,—Orysy,AbgAn,, (st.368)
OrgAb,;Ang,—Or, Ab,An,, (MMENS04), Org,Ab,,An,,—
Or,,Ab,An,, (MMENSO04t), Or;,Ab,,An,,—Or,,Ab;An,
(MMENSO04tl), Org,Ab,,An, ;—Or,,Ab;An,, (MMENS05) T
H5. MMEFDO 7L A Y BA (GAiiics T )&
FRHHINTWED, ZhoDIEEAEDGET LA
VRALEITRETHDS ) BAHEMERSZDIEHEKZTIE
Orys mol %A EIAFE T E0ry %A LETH A D) I2id/ =4

’
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SR AR TR IIZ R & WA B RBEABURICRTEL T3 Z e nvba 5.

EMPA collage map of a large plagioclase phenocryst showing Na-distribution. The phenocryst appears to consist of lath-like small
subgrains that are elongated along the nearly the same orientation. Matrix part outside the phenocrysts penetrate into the interior
showing a worm-eaten texture, which consists of small grains of biotite (Bt), quartz (Q), alkali feldspar and so on. In this figure,

black grains are almost quartz so that larger quartz grains or aggregates are scattered in the interior of the plagioclase phenocryst.

Fig. 11
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Fig. 12 Element distribution maps in the part of a large plagioclase phenocryst shown in Fig. 11.
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Table 4 Chemical compositions of biotite in the Tanakami MME.

Rock facies MME
Samples MMENSO1 MMENS02 MMENS03 MMENS04
SiO2 (wt. %) 35.60 35.60 35.60 36.20 35.90 36.10 35.70 35.40 35.20 36.20 36.00 36.00
TiO: 2.85 3.31 3.75 2.22 2.62 2.22 3.45 3.31 3.42 3.63 3.64 3.74
Al20; 14.10 14.30 13.90 15.10 15.20 14.70 13.50 13.40 13.40 13.30 13.50 13.20
FeO 29.80 29.30 28.80 29.50 29.90 29.30 28.90 28.90 29.20 28.20 27.90 27.80
MgO 3.79 4.06 4.09 4.14 3.98 4.38 5.30 5.33 5.23 5.99 6.00 5.97
MnO 0.85 1.01 0.91 1.06 1.06 1.01 0.87 0.82 0.83 0.60 0.70 0.58
Ca0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.04 n.d.
Na:0 nd. 0.04 0.01 0.12 0.10 0.11 0.07 0.10 0.12 0.05 0.05 0.06
K20 nd. 9.65 9.67 10.02 9.60 9.70 9.48 9.74 9.81 9.84 9.63 10.03
Total nd. 97.30 96.70 98.40 98.30 97.50 97.30 97.00 97.30 97.80 97.40 97.40
Atomic proportion (0=8)
Si 5.677 5.630 5.652 5.663 5.621 5.681 5.635 5.620 5.583 5.659 5.642 5.650
Ti 0.341 0.394 0.448 0.260 0.308 0.264 0.409 0.395 0.408 0.427 0.429 0.443
Al 2.649 2.670 2.604 2.785 2.796 2.728 2512 2.507 2515 2.455 2.492 2.445
Fe 3.974 3.876 3.820 3.853 3.908 3.866 3.814 3.837 3.882 3.983 3.651 3.655
Mg 0.902 0.957 0.968 0.964 0.927 1.029 1.247 1.261 1.239 1.395 1.402 1.399
Mn 0.115 0.135 0.123 0.141 0.140 0.134 0.117 0.110 0.112 0.079 0.093 0.078
Ca nd. nd. nd. nd. nd. nd. nd. nd. nd. nd. 0.006 nd.
Na 0.016 0.013 0.004 0.038 0.031 0.033 0.021 0.031 0.037 0.014 0.014 0.019
K 1.979 1.947 1.961 1.998 1.915 1.949 1.908 1.972 1.987 1.962 1.924 2012
Total 15.655 15.621  15.580 15702 15.646  15.683 15.654 15.733  15.763 15.974 15.652  15.700
Mg/Fe 0.23 0.25 0.25 0.25 0.24 0.27 0.33 0.33 0.32 0.35 0.38 0.38
Mg/Mg+Fe+Mn 0.18 0.19 0.20 0.19 0.19 0.21 0.24 0.24 0.24 0.26 0.27 0.27
log((Mn/Mg)*100) 1.11 1.15 1.10 1.16 1.18 1.12 0.97 0.94 0.96 0.75 0.82 0.74

4 MREEEE T, WThOFHI VT3 Ory, Rl 2
DOTRFFIZRRZ LW T IL ) £A & Ory, i # DOk
TSRO T LA ) BAEDO OO M arhTng. =
DESHTH)EAERZ ORGSR HRZE I,
FRMZREE T H 2 b MR BUR B ERE RS O 7L A
VRARZIDZRG ERUTH Y, FEEMRLOEA
BAEREAT L A ) BAD/S—5 4 FlfEEZ b Y B
TR e KA 2 - L8[ TH D (G
AIEA, 20053, b).

73EER

MMEH O HER O FMK 2 4 RISTRT. i,
P (2013) ODF — 4 ERINERTDE 6% 5T — 4 %
AT, HEfEREHRPORENEEROMRZEN R L
72ONHEBXTH 5. ShlsHr L 7=l EEfES RO Hh
—MRRERHER AR ORERE, ZhE TGN T
W= BRSO HEEEREIK (Hiraoka, 1997, 1998) K
D EMelEiZEEr. ZoEWE, H (2013) 2fERL T
W5 K9, RO OISR T S ATREPEA K
1, MMEHTOHEZERNE, & EMgOIZE A (3.08-6.00
wt%), FeOlZZ L\ (27.3-31.2 wt%). MMER Z [} T
1%, MMENSO03 2% it $ Mg ( wt%) 125 &Mk 2 7 L
MMENSO1 # ~ F L OMgOE K. —FF, 7T F4 b
O HRERED, IR EMgOIZZ L < (0.52-1.17 wt%), FeO (
wt%) 1B (30.5-33.7 wt%). & 13 XAk DR ZE L &

LC, MME, wh-HRHEERHERM S, Th-HRBOREE
REfERas, 7774 FONEIZ, MgOAIA LFeOA Bl
LCn<. R R E RS P ARZERNT, MMERE
R & B 23 22 2857 & &0 ¢, BN Fh—fURL SR
BERTEN S K OMMERZR & OB OMKER LT
W3,

TALIVAFA b

F oA U 7250k (MME - rh—FURBREIR R 22 REE
(G2) - h—RDK B BHER S (G3)) 1, RIS §iv &
LTANLXFA MEGEE, AL AT 4 bOLFEHKR%E
FHSRIDRT. W EAERE A OMMEZ & ¢ &G IS
BT, WIhE 4L X F 4 FEMnOIZE & (8.3-13.2
wt%)(H FAER & % & i~ rhE 5 O AER &k
DAL A F A4 b OALEHKIZ DWW T, Tsusue, 1973 ;
Tsusue and Ishihara, 1974 ; Czamanske ef al., 1981 ;
Takagi, 1992 ; HEHE A, 2003 ; 4 5.

8. &
MMEDOEHGETFE (KK 1220WTiE, ZhFEFThkE<
WODKAAEZ 6N TETHS:(1) L AZA L, ()
A, 3) v ~iRGH, 1) THlhLAER (Fershtater
1977 ; Best and Christiansen, 2001 ; Esna—
LZaA4 FEN, TG~ o~ &R

and Borodina,
Ashari et al., 2011).
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Table 5 Chemical compositions of ilmenite of MME and each constituent rock facies of the Tanakami Granite pluton.

In matrix of In plagioclase phenocryst of
Sample G2 Gt MMENS03 P MENS0S
SiO2 (wt%) n.d. 0.06 n.d. 0.07 0.02 0.02 0.28 0.24 0.08 0.04
TiO: 53.70  53.90 5400 54.60 52.30 50.20 53.10 5450 5340 54.00
Al2Os 0.01 0.02 0.02 n.d. n.d. n.d. 0.04 nd. 0.02 0.01
FeO 36.20 35.20 35.80 35.70 4160 4240 36.90 3840 4020 38.30
MgO n.d. 0.02 0.01 n.d. 0.03 0.04 n.d. 0.02 n.d. 0.01
MnO 1250 12.80 1320 13.20 8.30 8.70 11.30 1040 9.00 10.60
Ca0 nd. n.d. n.d. nd. nd. 0.03 0.20 0.20 0.01 nd.
Na:0 n.d. n.d. 0.01 0.01 n.d. n.d. n.d. 0.01 n.d. 0.01
K20 0.01 0.02 0.02 n.d. 0.01 n.d. n.d. 0.01 0.01 0.01
Total 102.40 101.90 103.00 103.50 102.10 101.30 101.30 103.30 102.60 102.90
Atomic proportion (0=8)
Si n.d. 0.00 n.d. 0.00 0.00 0.00 0.01 0.01 0.00 0.00
Ti 1.00 1.00 1.00 1.00 0.98 0.96 0.99 1.00 0.98 0.96
Al 0.00 0.00 0.00 n.d. n.d. n.d. 0.00 nd. 0.00 0.00
Fe 0.75 0.73 0.73 0.73 0.87 0.90 0.79 0.82 0.85 0.83
Mg nd. 0.00 0.00 nd. 0.00 0.00 n.d. 0.00 n.d. 0.00
Mn 0.26 0.27 0.27 0.27 0.17 0.19 0.24 0.22 0.20 0.22
Ca n.d. n.d. n.d. n.d. n.d. 0.00 0.00 0.00 0.00 n.d.
Na n.d. n.d. 0.00 0.00 n.d. n.d. n.d. 0.00 n.d. 0.00
K 0.00 0.00 0.00 n.d. 0.00 n.d. n.d. 0.00 0.00 0.00
Total 2.00 2.00 2.00 2.00 2.02 2.04 2.02 2.04 2.02 2.01
7
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Fig. 13 FeO-MgO variation diagram for biotites in the Tanakami Granites (Gtl, Gt2 and Gt3 show their facies variation
according Nakano (2013)) and the MME.
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A L 72 IEE DT RO AMMET & % &9 % (White
and Chappell, 1977 ; Chappell, 1978, 1996 ; Chappell et
al., 1987). L7 L, Barbarin and Didier (1992)%°Vernon
(1990)1F, V244 MIMMEEIZEZLBEDTHHZ L
AL TS, L2AZA ME, MIZSa A TIERE
IZBWTRDONTETED, 144 FEMETIZZ R
Z 5 ZFDRENHL W E N D (Esna—Ashari ef al., 2011)
5 A, 144 T{EEE O ARMMED R Sk ~ 2
VT E NS LTE A 088N TH
DL ZZA PFUSE U E A0,

ARG, 20 K<HMoN T3 K51, fERE
v I VICHD A E NSRS R (B A2 SHERE KR
PEESOREE 2 E&D) OHME L 728 DHAMMETH % &
T 5. ZOBUTDOWTIIHE 4 5 IGENMRET AR B &5 2
5N 32, AMMEIZOWTIX, BlfixcEoh7—
2 DFEPHINT Z DPEIK - TR0 R 2 B 5 3 2
ARLTWD K5I bNIT, BRTIEINLL LD
ETHANGE- SR

L7=h->T, AFTIE, AMMEDKRKIZOWT, 8
EETIIF/ENTWDE T — 40~V 7 viRGH & T
H#HOZODS>bDELLIZHE LD NS B,
5, UToOamzirnizn, w7 viRd (%) &, BUE
RELEHENTORH (ETN) Thb. ZOHI,
MME®D K K % FER R RS & ORI R A 6 FERE ~
IO IIMEDICEATIHPE YV L DR
& REBROFEMTh 5 &3 % (Vernon, 1984, 1990 ;
Wiebe et al., 1997 ; Perugini et al., 2003 ; Barbarin, 2005 ;
2. A=~ <2505 EHAMMETH % &0
P, cognateEFILE LTCHIGENTWBREDTHS. Z
D 3i1E, Esna—Ashari er al. Q011)IZ k5 &, X 5ICH
féi~ 7w b (cumulate clot (Dodge and Kistler, 1990 ;
Dahlquist, 2002)), S EIHH 5 #ERi(distupted chilled
margin (Donaire et al., 2005)), HFREAH D BES(disrupted
cumulate assemblage (Platevoet and Bonin, 1991)){Z543
ns.

WO~ 7 vRAGHIE, BEREY < IEN TR
T OIHPEAIN T ERZBELTED, ZoMid
HEXh TR, BRICT OOV YOREMEI N
I (v 2" v A =magma mixing) Z DHZIXEA L7z—D0D
Y Y OEFFOMBEIZ LS. BELKRSITObNE L, 5
72354, Bk B~ 2~ b OFEEEH O Rl gk A S A
Z UTHBEEHICiR S 5. Z0—2DH3MME
THbHEEZEZOLNTWS (72 VIR =magma mingling).
Lo T, —iciz~ o viRa Lw s HEEEEy©
Fa <, FZEFEICE~ v IRZOMEREYT 5. FEO
Witvd, IEMEICB VI VRZETRETHIH, v/~
R EGOIAFROMGEE LTk~ < iRA 2601
T5.

8A1ERL SHFE SN ZHEMMEDKHA

MME®DK K % %5 Z % B4, FEARMN &3 O i
RN ZOFEIRTH A 5. B TORERIZAI U 72 B GR
NEELEZZ NS, vIYRAYZZDI8EE, HE
B 2WEDICTEASHALCE LR~ s~
DORENEELMETH 5 (Wada et al., 2004 ; SEHIFIF
A, 2012). W EfERAKR T, EHEME~Y S vOEAR
THERTHATORRSISGDEZA/ERT AN,
W E TOBIDB B NVERERIZ BT 2 EREE 5 TOR
BT — 4 &F LT L DL ETEIZTE B0A, Wi
Z N HHRIZT 2 23R 2o,

H EfERAE R IC B W TiE, PR BRER B R G S
rhL DR RS P OMME, & IIRIF
WOWIRMFFAA L TW5. 205 5% EDOMMER,
ERKIBOH FAER S RGO RS < & 4 b Hiagic
FELTWA., ZOTFHHTOMMEDREH L, SHRKH
HTOHMHBEEITHIBL T EELDL T ENT
X%, —F, MiZEDOMMEIZ DWW TIZRD X 5 AP )
WHETH D, T4abb, hHRBIRRELERSEHE S
R DR TR SR REE I A A AR Ze fEDE SRR T
WS (RE - B, 1993 5 IAIE A, 2012) A5, w—fH
R BEAR B2 REFG 5 23 5 AH oo KR R ZE REFE R 45112
VUL T8 TREALTVWE XIS ICRALZEAKH S
(EFEE WA S NRIZE 70 — 7, 2000 5 B, 2013).
& 72, WA A O B R E o T HUR BOIR R R AE R
DOVEIRAMIE A PEF 124 0 — RBAEN 2 afic %% (h
¥, 2013). HMHAMOIRE, SHRTEHOH.OMHEE
Z 515 P HRBRER L E B A (RIEEE W GRS F
WWFZE 7L — 77, 2000) B FEEHTH 5 LR h—HDR
ERHERSE NEIRK GES) ITHEALTWS LS IZA L
5. 20X KR, FEROIEHIZE T 2K
FERFI B0m St A ¢ REIR & Hmlrs, SRS A
BEWRENRI 5722 E2RBEL TS L HIZEZ 5.
ZD &S Y, BETEIAFETOTmEEE UTH
TR DZEEIC K B A HIHE N Z OERKE LTELS
T3 e - 48, 2002 5 JEFEEWAE RS HIARFZE
0 —T, 2008 ; WPFIE A, 2008) k512, U< R
MR DZEEHAMMEDTEEA & 20 ) F — O f%E]
BRI LRt LT 5.

FH Fs f R SR FE 22 BEAE 0 45 A o T OMME
&, BRISGERZZXSICACHEIATT 794 b RUOXS <
A4 HDEIVEBRERLATY VT (Va)—LY) &
HELTOBEABR L. —J, R EERIEMHS
FFMMEZ, 7794 b RORZIYZ A4 b, HEHNITE
FERILVA TV S (v a) LY, RGNS (R
HH, 1966 @ TTARIEA, 1977 5 ¥, 2013) MEEH L T
BEARRIERICPET 5 Z PR oED ThH B, Ihb
OHFE, LETE R LR RS &I S BAENTH
5. Thbb, TTI34 b - Xy x4 FORKIZEL
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I TIRFR R LR S Al & LT T d 726 &
NERWEHETTCOREEEEEZ L 5D XEMNTH
% (London, 2005 ; %7 - B, 2002 ; WHHEA>, 2008).
2EL, TTI54 b - RV EA NIV < RSO R
KU TOBKRLS ZNE TO—RN LR E DT, WED
R OBRR S HOMBE L 5. ZOBSE,» 51,
HERY 1) =L VIZONWTEINE TORMK 21,
Kubo, 1976 ; Af%, 2000 ; Pupier et al., 2008) 7513 T <,
MMEDEKRT 754 b - Xo<v 24 s OFROME
LR X THREN T 2B ER DA S .

2725 ORI X AMMEDERLAE Z 6 h
TWb A4 7V DAligoodarzi K DA, Er~ 7~ %
D OBERFORME ZDBROVY TR TOZ N6 OB}
EGEREORARMET LE L TEZ SN TS (Esna—
Ashari et al., 2011). —Ji, ®IETIE, ZAUEEMKD
EOWOEWHRE~ 7 <AL~ 7 v BB “self-
mixing”F & LTI IR TS, $Thbb, Alves et al.
(2009)1%, HEfLL72v2o~ ERBOHESDORE) 2D
Tlioh 3 ENE~ LDV v REAZ L CHEY
AUEEDKRKNES 272, $£72, Self-mixingBi% D —1f| &
LT, R (BERE) ~ 7 v DFHANEBIC K B0~
7w OMHBEAERREEMEE LTHE 2 55 (Dodge
and Kistler, 1990 ; Donaire et al., 2005). H FAEEAT
& RIFHH O MR HERAE e 5 & 25 HH D H—HDRI A E e
EOBHNTOEMEEBIRAER XN T\ 5 (EFEEWITE
A RARIIZE 20 — 77, 20005 A EPIE A2, 20085 HEF, 2013)
DT, AMMEDEBOHEEIZE W T L Taim L 72 &>
BRWMENEHETIHE, 0L kv r~va 453
27 2O, 5 EMMEDA K & MRETd 2 L EAH 5.

8.2 &AL » 5 DMMED R D5t

N=F = GETK) IV T, Kif%E TOMME% &
L EAER SRR DO B LA @ L TO—HEOMKZE
b2 e5Nh5—J7, A - L (2006) O EE A
H (MME) RZ N5 D34 — V2 bs WIRVE 5 {7
HTHBZEeNbNrDE. v/ IRETIE, ERE~Y S~
E (B D) EEE ~ 7~ ORI ZEIZ IR I I E R
RORIIT 2 5139 TH 25, SHOLGAERIROZAL
B TIREVEL L Y PRV ONPDOTLETRO 6 R
5. ZhoDZE 2 — V%, HESKREROEMZL
(MME=H—HDR BEIR R ZE R E R S = rh—HDR SR 2 R E R
AR R RERAER S (7774 P EEED) 2L
TOftE~ 7 DMUITHG LR E LTEZ B 2
ENHUHETHAD. ZThoDzE s — i3, BRIZE K
L 72 AR H_EMMERMRES T & % ipoRi BRIR B ERHE A <
I b DRI I Nz DEDE L &L DEA
mizidbh s,

H FfErmah&aGtHioa Yy F 54 FEIS{LREE S & —
VB X, b EAD D a — v T o B MR-

NBRORBERHERES L &0 T, SEMHOREE 4 — U
ERELTIET T v MR = VISEWREA AT 5 M
THEPLTWAZEERLTWA, HEfERA KD D
MME# &G H A2 OREE/ S 4 — U AL TWB Z &
1%, MME# &® 78 EHOEKER —~ 7~ 25 D5
LI kB FRHOEMESZEZ B Z L EFELEW. 7
7ZL, Ak - A E (20060 OMMEIX B T o1 2
TETH 5.

8.3 8B = H» 5 DMMED R EFEMET
FHEA B ORI

VO VIRAENRI 5 2GS, EREY S LR
7' OB LRI OfESE ~ 7'~ L R 3 LA
123 LW S T CORMMER TS 5. 208
R, ERE~ /v OMKSEY & S8 E ~ 7~ Ol EY
DMITT, IS S A FH O Bl iR 2 B AR S 12 Al g
N3 (il z1E, Baxter and Feely, 2002). 7D &k > % f#
Mrods, SHEABEAZEL X384 WA,
Alves et al., 2009) & 7L 7)) BABESEASFEL < f@tF & h
848 (W 21E, Slaby and Gotze, 2004 ; Slaby et al., 2008)
Ndhb.

H Lt adkho & sHOFRA 2 7 DA AR,
MMEZ e KA & 78 U, H—HDR BEAR B 22 REAE i 5 — -
R R EZ R ER S MR —HR BEIR B S (7 774 M 5%
EED) OIETEKLS &5 GEI0X). ZOZiE~ o7 ~D
U TR 5728 F A5 Z L DARETHD, 2D
B ZATBRI B R 72 AL RPREE Y 2 — V2B %
Ham s AN TH B, —F, EMMEIZHUE T 2 B
EAOOAMKIZ, BT aWEBEOMMERERK - &
LTCOREADME LD, AnR4I2Z L < AR ICE
ATVS. BEEFEHRAOKIA FRERHRA & H U < FH
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Fig. 14  FeO-MgO variation diagram for biotites in the

granites around the southern half of Lake Biwa. The plotted data

consist of the data shown in Fig. 13 and the data of the other nearby granite plutons of Hira, Hiei, Yasu and

Shigaraki. An arrow shows a variation trend that is considered to be plausible due to magma differentiation.
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