B AR , 55 63 &, 5 7/8 5, p. 203 - 226, 2012

=& - Article

HBEEHEEEERNT Y24 rROT VO
FEIR - ORE - HHE - (LA

BARE' - WHRK® RHRES - BERET ' EHERT®

Yasuka Kakutani, Toshio Kohno, Satoshi Nakano, Akiko Nishimura and Mihoko Hoshino (2012) Case
study of zircon from a pegmatite in the Tanakami Granite pluton, central Japan: Occurrence, morphology,
texture and chemical composition. Bull. Geol. Surv. Japan, vol. 63 (7/8), p. 203-226, 14 figs, 5 tables.

Abstract: Zircon grains were collected from the graphic and large-crystal zones of a pegmatite dyke in
the medium-grained porphyritic biotite granite within the Tanakami Granite pluton. Type I (relatively
large tabular zircons of 0.05-1 mm in width and 3 mm-1 cm in length with considerable shape variation)
and Type II (finer string zircons of 0.01-0.05 mm in width and 1-3 mm in length) zircons coexist in the
graphic zone and large-crystal zone. BSE images and element maps show the morphological, textural
and chemical differences between the Type I and Type II zircons. Many Type I zircons consist of clear
interiors with zoning textures and spongy rims with mottled textures having many micropores, although
some Type I zircons are clear almost over a grain. Type Il zircon strings are generally spongy and show
mottled textures. These textures are mainly controlled by the distribution patterns of Zr, Hf, (U+Th),
REE and P. The totals of chemical compositions (wt.%) of Type I clear zircon are around 100 wt.% with
stoichiometry, but those of Type I and Type II spongy zircon, are often below 95 wt.% approximately with
stoichiometry. Especially, the totals of chemical compositions of Type Il zircons are often below 90 wt.%.
These textural and compositional data suggest that Type I clear zircons preserve primary compositions
in spite of metamictization, and that spongy zircons of Type I and Type II underwent secondary
hydrothermal reactions. It is compositionally noted that, differently from the Type II zircons, the Type I
zircons are richer in UO, among the Japanese pegmatite zircons.

Keywords: Tanakami Granite, pegmatite, zircon, occurrence, morphology, texture, chemistry, EMPA
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Fig. 1  Index map showing the location of the Tanakami Granitic
pluton (modified from the Collaborative research group
for the granites around Lake Biwa, 2008).
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5 AR $. EMPAIC K 220 DAFR, Typel
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JUR (REE) O& i E U TBHERZEFH SN T 58T
» 3 (21, Hoshino e al., 2012). HAD D L2 Vi
P03, WS BEHHITROBEEIZ L B LE L2 5 h B sl
DO7E (Tomita, 1954 5 T, 1956) 128 D (KA - JF
KH, 2008), ZDO#HIFHEIZLEH L THELIED &
7= (JEARH, 1954 ; Karakida, 1967 ; #k, 1989, 1990 ;
MRiZ A, 1990). /2, HEAERHY —-FLIX LV Z
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CRAEEA R LT EELLhTWS (A
Corfu et al., 2003). {2V )L a iF, U KO Th O G Ti
NREEFLI s, WEFERMEONR E LTl
H 5 C % 72 (Hanchar and Hoskin, 2003 ; A, 2005
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HE 2= PE 3 SUdZ e ATy A (Hanchar and Hoskin,
2003).
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Schaltegger, 2003), L RUHEICEMEIRO Y ILa V12D
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PHEA PTERERTER BB R 2 44 bhovLa it

— 204 —



WHEIRH LA akxs~v 24 bhovray (ARiE»)

Lake Biwa

Neogene-Quartanary
d I rhyolite dyke
v P
o I
ol
sa[ ]

Gdk@ Kan'nonji Granodiorite

m Tamba belt

+

Porphyritic granite dyke

Tanakami Granites

Kyoto-tonanbu District

Meishin Highway

+ o+

[ S

Minakuchi District

e

+,
++
+ 3
’

+ '
+

T+

g
S+%
=+

o
L

G

bttt +++++ 400 ++
e+ o+

+++++++++

A0+
PR /B i

R s

++++++

;;;;;;;;

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

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

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

+++++++++++

H2 X H RS AR (R, HIE ) Exs e 24 b o VR L Gt3 - rh—fDRERE RS,

RURIBEIR RS RH BRI, Gtl AR~ AR SRR RS2 R G

Fig. 2

Geological map of the Tanakami Granitic pluton, modified after Nakano (in press) and the sampling outcrop of the pegmatite zircon

in this study. Gt3: medium to coarse-grained biotite granite, Gt2: medium to coarse-grained porphyritic biotite granite, Gtl: fine-

grained to fine-grained porphyritic biotite granite.
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, BARIEROBED» L DRI AL FANDF M (4
B, 1991, 2001) & 7L H V) RO &I IRE T
PIZ 722 X7~ 4 4 bEEO—HRI] & oz (T
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1980 ; Cassedanne et al., 1985 ; Cerny et al., 1985 ; Wang et
al., 1992 ; Uher and Cerny, 1998) 1%, % DILFAKTD S
Rz Zr L HEIZIEE LT, fERE~EREH X7~ 4 4
F D= 7 HEALREIR R AC RS RN D2 S ORUKDFF
B RO ZARR S DORALR PO TH - 72 (e.g.,
Wang et al., 2000 ; Kempe et al., 2004 ; Hoshino et al., 2010).
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L= 2008)(FE 1K) ZD5H, SOOMENRT
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Fig.3 Photographs of the outcrop of a pegmatite dyke (a),
zoning structure of the pegmatite (b) and that seen in the
rock sample from the pegmatite (c).
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Fig.4  Close-up photographs showing the occurrences of the Type I (a, b) and Type 11 zircons (c, d).
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BEDETHD, AXT~va4 b atke LIERE
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Fig. 5  Microphotographs of Type II zircons (one nicol). Zircon at the boundary between quartz (upper part) (a) and alkali feldspar (lower

part) and zircons in host alkali feldspars (b, c, d). a: Approximately along the zircon c-axis; b, ¢, d: Approximately perpendicular to

the c-axis; ¢, d: Characteristic L shape zircons.
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Fig. 6 Microphotographs of Type 1I zircons (one nicol). Occurrences of Type I zircons in host alkali feldspars (a, b, d) and in quartzs (c). a,

b, c: Approximately along the zircon c-axis; d: Approximately perpendicular to the c-axis.
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TZB I 2 ARDOME AL —HL T3,

o a LB TR, TXTOEAFEH~AEHIR
REICVR L CRRMICRGE R LT 5. HEOMEIE,
Type IOBALDIRNE I IR A B, H=T )L TORIE
I2&D, FEAETRTOMET A 2 I MEAEE T
WA, MICTHEERNTIARDTNIHAET 5.

5. EMPA &EIZ=IZL D
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EBAYDHRD Type 1 P a v (MAIFNZIZEEREY L V)
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W s 2 —FOMMER 21 5 DAL DS L I
B ==y IRWE SN TETHS (HlAR, Corfuer
al., 2003 ; Gagnevin et al., 2010 ; Fk - FrH:, 2011). AP
LA VITEWTE, SO Z AMEHOHMIE (HIR)
HEDEEARNTH 508, Ny FRY == 7 %5720
B PSR SN0 T2568 5 5. HMRT
==y 7oE, KDAMTEEEFES 2N E <
(BSE {2350 ), & 0 Sl TP+ 355 A K & W (BSE
BB ) 32 =R TH S (T g, h).

—7J5, turbid Z~v A4 70 RT7EESI VLA IZONT
BZhFETIZZ L OHED I TS (HlA1F, Corfu et
al., 2003). 7 DIFUJ5 1S porous & KBl X5 (Hoshino et
al., 2010) £ Efi— I N TWB DT TiE AW, AT
24 2 uETOLNT LT Y (H5) % Corfu et al. (2003)
HHZIZ LT spongy D)L v (spongy b4y ) EIERT &
129 5. 205, 72 5 IROBME R ML &R
LTWb, ZOMRE/ Sy FIRY —= v 7L SUER B 3,
ZZ T R clear #4530 — = v ik & X9 5 7=
DI T E 7SR EMERZ L1235, 2D spongy
EBAIZBNT R, clear N> TWBIGA, £
W2V == v SRR 6N e B, A TO
spongy B THOVA 70 RKT7 DY A TII RN EFXET
HBHH, REVLDRLMIPT, KF30 pm FREIET
5. ¥, BSEARIZHWTIL, clear #471d spongy #8757
IZHRTHB K B A B2, spongy #D % 72 6 FikkiZ T
B IR E FHEIZa Y b7 2 P EBL DT a0
HATZxmn, SEIffEdIb S CfERT 5 &, v 42
TR T ORITMEFBHR TS Z EPHBHL 2. T
7y TENS, ZONMEROKREBFE N L AEELD
ns.

52 Type ll >

TS TS X 7z Type 11 D)L 2 ¥ OZIRIEIE
2R R7=225, EMPARIZHEWT, K DFELWERAEH
AN (HIX). Tabb, RV LaIvyOKX
BIBATIC Xk > T2k L (F8Kle—h), REHEM (FAK
HHZT ) &) & ORI T AWMLY A %Ry 12
TS (FE8Klg, h). F/, V3O TOERE,
DT 2548 (B 8K e), MEAMIRIZT 5 s
HBHGE (8K, HRMMIE - & DT AHATEIRD
LA (B8 HEXFXETHAZ LML Hifl
T, Typel YLy DEEERU &5 KR (7 H )
MTETVWBLGENL W (B8 . Type Il YL /ig,
FHRMZ~ A 2 aR7 %ES spongy VLAV TH 5.
Type [ VLT A S 2 HUDES - BB OE N Y —
=V RGO & 5 s NEHRIZBISR S kb o 72, Type
1YL iid, BSEARIZH T Bl 0 £ 72 5 IR
FTd 5 (55 8 Xl g h).
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R PGSR 2 4 bho v ay (ARIER)

WX 7oA BAR Type IV YD BSE (a, c—e, g h) & SEf§ (b, ). cHlillifici I 34~ L ~aDEROE
R AP, a — d : (KF5EE, e — h: Hff

Fig. 7 Back-scattered electron (BSE) images (c-e, g, h) and secondary electron (SE) images (a, b, f) of Type I zircons in host alkali
feldspars. Morphological variation from rectangular to U-shape through L-shape secondary electron (SE) images (a, b, f) in the
section perpendicular to the c-axis is clearly seen in these images. a-d: Low magnification; e-h: intermediate magnification.

— 211 —



WEGHENR 20124 H63%& HT7/8 5

alkali felds
(host)

25, 0kV BEI

B8 TAHVEATO Type I V)L DBSE4 (a—e, g h) & SEME (). ABATZOBIRD L3 v R, a — d: (K55,

e, f:mffE g h: &g

Fig. 8 BSE and SE images of Type Il zircons. Irregular interfaces between string zircons and alkali feldspar are clearly seen (e-h). a-d:

Low magnification; e, f: intermediate magnification; g, h: high magnification.
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Table 1 ~ Chemical compositions of Type I zircon shown in Fig.11A. Analysis numbers correspond to those in Fig. 11A.

Sample ZIR-2-1

Type Type I - clear (core) Type I -clear (rim)

Analysis No 1 2 3 4 6 7 8 9 10
(Wt.%)

SiO, 31.10 31.86 31.74 31.48 31.60 30.65 30.71 29.62 30.30 30.50
ZrO, 49.82 52.45 53.16 53.04 53.55 48.27 48.87 49.71 47.94 49.99
HfO, 4.83 5.08 5.08 5.20 5.19 4.56 4.30 4.64 4.63 4.97
Y,0; 1.14 0.70 0.79 0.66 0.70 1.27 1.20 1.09 1.01 0.80
Eu,0; n.d. n.d. n.d. n.d. .d. n.d. 0.06 n.d. n.d. n.d.
Dy,04 0.35 0.20 0.27 0.21 0.21 0.41 0.38 0.37 0.30 0.41
Ho,0; 0.08 n.d. 0.05 n.d. .d. 0.06 0.15 0.04 0.05 0.08
Er,O3 0.77 0.45 0.60 0.66 0.50 0.77 0.98 0.85 0.84 0.88
Tm,04 0.13 0.16 0.24 0.18 0.15 0.24 0.27 0.22 0.24 0.16
Yb,0, 291 2.34 2.40 2.08 2.13 3.41 3.35 3.06 3.15 2.78
Lu,04 0.53 0.57 0.71 0.48 0.54 0.76 0.67 0.60 0.78 0.65
ThO, 1.68 1.22 0.88 1.00 0.87 2.09 2.14 2.34 2.37 1.97
uo, 5.55 5.27 4.08 4.85 4.61 6.03 591 6.31 6.67 6.12
P,05 0.83 0.60 0.54 0.55 0.58 1.12 1.01 1.13 0.99 0.94
Total 99.72 100.90 100.54 100.36 100.62 99.63 100.00 99.96 99.25 100.25
Atomic proportion based on 4 oxygen atoms

Si 1.022 1.026 1.022 1.018 1.017 1.017 1.016 0.988 1.015 1.007
Zr 0.799 0.823 0.835 0.837 0.841 0.781 0.788 0.809 0.783 0.805
Hf 0.045 0.047 0.047 0.048 0.048 0.043 0.041 0.044 0.044 0.047
Y 0.020 0.012 0.014 0.011 0.012 0.022 0.021 0.019 0.018 0.014
Eu - - - - - - 0.001 - - -
Dy 0.004 0.002 0.003 0.002 0.002 0.004 0.004 0.004 0.003 0.004
Ho 0.001 - 0.001 - - 0.001 0.002 0.001 0.001 0.001
Er 0.008 0.005 0.006 0.007 0.005 0.008 0.010 0.009 0.009 0.009
Tm 0.001 0.002 0.002 0.002 0.002 0.003 0.003 0.002 0.003 0.002
Yb 0.029 0.023 0.024 0.021 0.021 0.035 0.034 0.031 0.032 0.028
Lu 0.005 0.006 0.007 0.005 0.005 0.008 0.007 0.006 0.008 0.007
Th 0.013 0.009 0.007 0.007 0.006 0.016 0.016 0.018 0.018 0.015
U 0.041 0.038 0.029 0.035 0.033 0.045 0.044 0.047 0.050 0.045
P 0.023 0.016 0.015 0.015 0.016 0.031 0.028 0.032 0.028 0.026
Total 2.011 2.008 2.010 2.007 2.008 2.012 2.013 2.010 2.010 2.010

6. YarHhOTER?

6.1 Type |l ZJLa >

BSE§I2¥%1F % Type I YL 2 V@ clear 85 & spongy
o TOW S oW, FHRTESOEVE S-S
TEHEAILHEDENLBZEDTHS. SRIDITCHE~ v E
VDR, Zr & B3 % HE O REE (Yb, Y, Dy %)
RBEFHEILE (U, Th) FO5A 84—V BMHERIZD L
AV == Sl EXRIL T DB Z e o7z,

Type [ D P03 VIZFFHRYICEER S N5 LB & R
B8 clear 843 & spongy HAMIZAr LT B EGR O %
DICEI AN E — v & BERITRT (—F1% 5 9 KR
T, Zr &L HEZ, AN —= vl LT, &
LA OB 32 % < & 0 SRR 53 TR 124
mVHHA AN % 0. REE RBESHEICE (U, Th) i,
Zr & HE L3O 5484 — v &R $ D, LRI DS
A—VOENEHD XISy FIRY =V IBAELT

WBIEARD S DM TIE LY. T, spongy i#i4rTD
LR SE — IO ThOIERIZOWT & IEFIZAY
BTHOILRTEDENEHDEMTH S, &k, L
A& clear Er DA S5 Type I VLIV IZHEWTE,
Hiflizy —= v 7l o051, AN LT
clear {73 DAL MK DOZEA L/ S8 — v LRI TH B, 7277
L, BRSGERZZE 5128y FRY —= v o RiRE) Y — =
VIRIAET 2B IR0 N8 — Il .
JEA D spongy VL VIZE T B ICE AL, BSE
gomismahz (BTR) & ICE 20 RMEE R LT
W3 (B, R, BEHEICR TH % U R Th D4l
72 6 Al BHE 1B B B8 2048, REE OB8
LEDTEMT LDt EH 5. Thix, UR REEDZ
oML 3BT L6853 8B L A0EE
by, BiHTH 5.

Spongy YL vHhOv 4 7 aR 7O TIE, A
PNZ KB BDOTTEIMIE L 725548 % — &Ry, Ly
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alkali feldspar
(h

st)

59Xl Clear #55 & spongy 8537 5755 Type I VL3 VIZDOWTH BSE B & 7THEOIEE~ v 7. FULED clear #57 Tld 4
HOV — =V Fflliih, JHIBEO spongy H5r TIIKND A o v R 7 LR ZITCR A BRI TH 5.

Fig. 9  BSE image and distribution maps of seven elements in a Type I zircon consisting of inner clear part and outer spongy part. Four zones
are seen in the inner clear part, and irregular element distributions with micropores of variable size are seen in the outer spongy part.
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alkali feldspar
(host)

b0k 1} Y

B0 Type O BRI T /IZDNTOBSEG & THHDOTTHE ~ » 7. ARl DL 3 V7 (a), ¥4 2 0K T D534 (a, b),
BERTIROICHE M (e, e, f, h) BREENTH 5.

Fig. 10 BSE image and distribution maps of seven elements for a Type II zircon having string to stringer morphology. Irregular interface
between zircon and alkali feldspar, distribution pattern of micropores and mottled pattern of element distributions are characteristic.
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. 10pm JEOL  2011/12/28

0 Ok B NOR WD Omm 4-0

F 1A X TJ:’EJM)FU#/J\ L Tdh BIEIF clear ForD AN 5
75 Type I VL3 VD BSEAf%. K& 72k %k
D3—4HEOY—-VRROEND.

Fig. 11A  BSE image of a Type I zircon consisting almost of
clear part on which quantitatively-analyzed points
are plotted. It consists of three or four zones with

intercalated crevices.

L, B2 R7Z=X 5124 208 87 ONERIZ 8 —ILAD
O AN T REARE L, Zhickh ThE
DILRDIFGITN I RE S 2 — U R 5N 5.

6.2 Type Il ¥JLa>

Type II VL2 YV IZIEOKOVEINE VLT Y DT, %
ZIZRO NN ERILEDAMINE — VIZDN T,
Type I DJEIED spongy &y D& LRI C < {53 % [
Ty V& iT-> COIHATTR S 4 — v 245 2 &
NTELVWEANZ W, 22 TIRIREN L OB I Type
NoLavkEvsy ¥y LEMREFRT 2 (F10X).
KaATOUNaiE, EANIZE Typel oLraryo
A spongy S ICHIS§ AR AR L THD (55 10
X)), 72 5KMMERIICRMMABMHERTE S, W
NOITLFIZDNWT Y, IFEFEISAE 5 725 K508
42—V ThDb. BEBNEMOGE (FIAE T —Lh)
LRAMRL T B~ A4 7 aR 7R TOILRIA D HHEIZ R
AB.

7. JIvar O{bFHERK

T AR ANEIE clear 75 Type I DL T VIZDWT O
ZW L FAERE 2O EEZ, ThENE 1 RKEE
IHAREITRT. 72, FOED clear #43 & I8
spongy SR MIHLFL TV B Type [ VLT VIZDNTD
ISRl Z Do EE, ThEhE 2 £EH
11 BREIZRT. B2, Type I oLavmd bRER

BB EEOMEPRLTH S, NHIOD clear 355 & 4t
> spongy B4y H 6 7 5 Type 1 ¥ )L D BSE
1.

Fig. 11B  BSE image of a Type | zircon consisting of inner clear

part and outer spongy part on which quantitatively-

analyzed points are plotted.

B DORTIZDWTORHTERE i EE, 2hE
3, 4K LS 12A, BRIEITRS. Type YLy
O clear 2OV, L AHEORERESIE L
T 100 wt.% Hii % O A 5 Bh Ihor»oithahi
A F V8 (0=4) b min 2 (ZIX w72 3 iR & &5 -
7. Type I ¥ )L ¥ @ spongy nBﬁ&U‘ Type Il YL Vi3,
EHITHRERAFA 95 wt.% FE H 5 i3z h LTI
VAW R o N ARY/ NN (=3 & R A iThébﬁa
Mg, SRS, B1IE-HIRKOT-2D5b0DE
FRALIHK (Wt.%) 12D\ T ORI K O %
FeW 2FL, £DH HD Typelspongy PIL VIC
DWW, ZZTRLUZGIED 5 L) THAEVBDT
HEMICHEE 5. DT, $5K£%8 12, Typel & Type
H DYy Dbk & 2 OMBZELOEEIZ DWW T
ek g 5.

7.1 Type | 2>

Type I @ clear 43 - spongy &84y & €12, Hoshino et al.
(2010) WL LZHARXRZ w44 ROV LT Y HURT
L= DA HIPHIZ N E > T3 (55 14 X b). BEIC
WA= ESIZ, Type I VLT DS HOD spongy iB47 14,
A& nﬁv\ﬁﬁaﬁ FIX 100 wt.% TH 5 clear 47 & %t
HAmgs, MEPAEHRE RS 100 wt.% K 0 27 DK<
%35 (90 — 96 wt.%). L» L, Type I spongy YLD
FRIZOWTIE, BRICEkLZLS12, Y4 7aRT7H
22 & libuif%ﬂﬂf)’k\if: 5 KM AL AFAET B 1
EBDHLS T, (L¥EMMIEZTRD L > T D, HSET
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Table 2 Chemical compositions of Type I zircon shown in Fig. 11A. Analysis numbers correspond to those in Fig. 11A.

Sample ZIR-3-10

Type Type I - clear Type I - spongy

Analysis No 1 2 3 4 6 7 8 9 10
(Wt.%)

Si0, 29.70 29.41 29.25 29.53 29.66 27.41 29.17 26.84 26.57 26.57
Al 04 0.02 0.02 0.00 0.00 0.00 0.11 0.04 0.30 0.19 0.23
ZrO, 50.79 50.15 52.17 51.13 51.50 48.22 48.47 45.40 45.16 44.60
HfO, 4.81 4.72 4.88 4.97 4.90 4.72 4.97 4.61 4.72 4.56
Y,0; 0.91 0.84 0.88 0.83 0.81 0.78 0.68 1.66 1.36 1.35
Eu,04 n.d. n.d. n.d. n.d. .d. 0.07 n.d. n.d. n.d. n.d.
Dy,05 0.28 0.18 0.23 0.22 0.33 0.22 0.23 0.38 0.33 0.28
Ho,04 n.d. 0.09 n.d. 0.04 0.09 0.06 0.07 0.09 0.04 n.d.
Er,04 0.69 0.63 0.71 0.60 0.54 0.57 0.57 0.62 0.51 0.57
Tm,04 0.12 0.12 0.16 0.18 0.10 0.14 0.18 0.11 0.06 0.09
Yb,04 2.19 233 2.49 2.62 2.72 2.15 232 2.15 2.28 221
Lu,04 0.56 0.58 0.53 0.74 0.61 0.51 0.55 0.45 0.59 0.48
ThO, 3.01 3.15 241 2.35 2.07 2.08 1.94 2.18 2.00 2.97
uo, 7.23 7.17 6.53 6.91 6.77 6.03 6.20 5.30 5.65 5.13
P,05 0.73 0.82 0.86 0.84 0.81 0.83 0.77 0.74 0.91 1.07
SrO 0.13 0.18 0.19 0.08 0.10 0.14 0.11 0.18 0.06 0.12
F n.d. 0.31 0.23 0.03 .d. 0.42 n.d. 0.10 0.23 0.24
Total 101.15 100.68 101.52 101.07 101.01 94.46 96.27 91.11 90.64 90.44
Atomic proportion based on 4 oxygen atoms

Si 0.986 0.977 0.963 0.979 0.982 0.962 1.004 0.979 0.973 0.974
Al 0.001 0.001 - - - 0.005 0.002 0.013 0.008 0.010
Zr 0.823 0.812 0.838 0.827 0.832 0.825 0.813 0.807 0.807 0.797
Hf 0.046 0.045 0.046 0.047 0.046 0.047 0.049 0.048 0.049 0.048
Y 0.016 0.015 0.015 0.015 0.014 0.015 0.013 0.032 0.026 0.026
Eu - - - - - 0.001 - - - -
Dy 0.003 0.002 0.003 0.002 0.004 0.003 0.003 0.005 0.004 0.003
Ho - 0.001 - 0.000 0.001 0.001 0.001 0.001 0.001 -
Er 0.007 0.007 0.007 0.006 0.006 0.006 0.006 0.007 0.006 0.007
Tm 0.001 0.001 0.002 0.002 0.001 0.002 0.002 0.001 0.001 0.001
Yb 0.022 0.024 0.025 0.027 0.028 0.023 0.024 0.024 0.025 0.025
Lu 0.006 0.006 0.005 0.007 0.006 0.005 0.006 0.005 0.007 0.005
Th 0.023 0.024 0.018 0.018 0.016 0.017 0.015 0.018 0.017 0.025
6] 0.053 0.053 0.048 0.051 0.050 0.047 0.047 0.043 0.046 0.042
P 0.021 0.023 0.024 0.024 0.023 0.025 0.023 0.023 0.028 0.033
Sr 0.003 0.003 0.004 0.002 0.002 0.003 0.002 0.004 0.001 0.003
F - 0.033 0.024 0.003 - 0.046 - 0.012 0.026 0.028
Total 2.010 2.026 2.021 2.010 2.010 2.031 2.009 2.022 2.025 2.025

1%, ZOspongy VLV ORERRD A TEE L TE
KT Si0, & ZrO, DEK I Th b L HIZB A 20, B
HFEDOEZAMETE SRR TIEAW. TypelVLa v %
WU THEHSNSDE, BMITTEO U0, GHE (4
—7wt%) & ThO, ZFH&E (K1 —3wt%) Ths. B
Hoshino er al. (2010) &, f&fS VL3 VIZARTIERS
BRIy A4 PYLT Y ORGHIEEEEREAE O E W
IR AT > T B0, KXZ~v & A | Type Il D)L
VORI U0, GRRIFZENEDOHTEFEH DL —
TIZAD. ZTHIZHANT, HREE O &H & (&8 13, 3.0
wt.% — 7.1 wt.% OB TEL L 2 U EE < L,

7.2 Type Il ¥var

Type 1l spongy YL 3 Y D EBLYIK ST DO AEH R EH =
1%, Type I spongy YL ¥ L[k 100 wt.% KD 27D
KL AEBHEANL N (BAIE->TE80 wt% &), 45
£ TiE, Type I D spongy ¥ )L & Type 11 @ spongy ¥
Ly OALFRBIEN D S B KD IZBA S8, WED
DR NOTFHIEIAHTH 5. 2 Z Tl Type
I clear V)L & Type 1l spongy YL VY DA L T,
i s 4 T O AR DEN %R R 5. Type I clear V)L
oV L LT, Type Il spongy DL VD DENL
WK, Y,0,, ThO, P,OsD3K4ThD, Witk
WAAZVERSHE, HEO,, Er,0, Yb,0, Lu,0, UO, D
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Table 3Chemical compositions of Type II zircon shown in Fig. 12A. Analysis numbers correspond to those in Fig. 12A.

sample ZIR-12-1

Type Type II

Analysis No 1 2 3 4 5 6 7 8 9
(Wt.%)

SiO, 28.81 28.53 29.01 29.93 37.38 36.36 35.52 34.00 33.76
Zr0O, 51.55 49.84 50.49 51.32 47.91 45.45 47.96 56.50 56.45
HfO, 4.08 4.10 3.98 4.02 3.61 3.56 3.80 4.44 4.30
Y,0, 1.06 0.50 0.67 1.23 0.66 1.11 0.88 0.39 0.59
Eu,04 n.d. 0.10 n.d. n.d. n.d. n.d. 0.04 n.d. n.d.
Dy,04 0.21 0.12 0.22 0.42 0.15 0.31 0.22 0.08 0.05
Ho,0, 0.08 0.05 n.d. 0.05 n.d. 0.11 n.d. 0.08 n.d.
Er,0; 0.43 0.33 0.31 0.34 0.28 0.30 0.33 0.21 0.25
Tm,04 0.07 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Yb,0; 1.52 1.57 1.54 1.49 1.03 0.91 1.05 0.85 1.10
Lu,04 0.49 0.38 0.45 0.26 0.42 0.24 0.29 0.25 0.34
ThO, 3.35 3.30 3.91 3.82 4.20 6.38 4.96 1.76 1.81
uo, 1.98 2.22 1.73 2.35 1.53 1.12 1.39 1.33 2.08
P,05 1.54 1.33 1.73 0.89 1.22 1.24 1.16 0.74 0.73
Total 95.17 92.38 94.04 96.10 98.38 97.08 97.61 100.64 101.46
Atomic proportion based on 4 oxygen atoms

Si 0.976 0.993 0.988 1.006 1.149 1.146 1.119 1.050 1.042
Zr 0.852 0.846 0.838 0.841 0.718 0.699 0.737 0.851 0.849
Hf 0.039 0.041 0.039 0.039 0.032 0.032 0.034 0.039 0.038
Y 0.019 0.009 0.012 0.022 0.011 0.019 0.015 0.006 0.010
Eu - 0.001 - - - - 0.001 - -
Dy 0.002 0.001 0.002 0.005 0.002 0.003 0.002 0.001 0.001
Ho 0.001 0.001 - 0.001 - 0.001 - 0.001 -
Er 0.005 0.004 0.003 0.004 0.003 0.003 0.003 0.002 0.002
Tm 0.001 - - - - - - - -
Yb 0.016 0.017 0.016 0.015 0.010 0.009 0.010 0.008 0.010
Lu 0.005 0.004 0.005 0.003 0.004 0.002 0.003 0.002 0.003
Th 0.026 0.026 0.030 0.029 0.029 0.046 0.036 0.012 0.013
U 0.015 0.017 0.013 0.018 0.011 0.008 0.010 0.009 0.014
P 0.044 0.039 0.050 0.025 0.032 0.033 0.031 0.019 0.019
Total 2.001 1.998 1.997 2.006 1.999 2.001 2.000 2.000 2.001

5K CHB. D Dy,0, & Ho,O, I3l & 4 7T &
DENZENVE WD, FHTD Si0, IZDW T
ETIEM & 4 TORNIZFEAEERENLSIZAZ S
A, Type Il spongy YL Vi3 Type I clear VL v IZtL
NTHRZENLDOIEAS K E V. ZrO, I2DWTTE, Type 11
spongy PIL VD FiH Type I clear V)L I VIZIENRT%
OFEMENFT TR, DIED S 5, B Sh b0,
U0, HOFEFEREWTH 5. ZHUIMA T, DEKST
13& %5 P,0, mDEWA, HREE™ + P7'=Zr" + Si*" L1y
HIBEWMDBE A SHEH SN S, s, ThO, HODEWIC
DN, Wil b = L OFAER MBI R L T

LH[REME S H B, A Type 11 spongy P VIZEBWT B,
Type I spongy VL2 YV LRIMKEEO~ A 70X T &S
Z &N A TARAN 2 R ZE L 03 & O Ml < FEAET 2 D
T, 44 T ZEDHROESH S OMKEL DRI DR
FHISHOBETH 5.

8. CLAXZ bV
Avravig, SAUCE 2R L s, Lo,
#ﬁf%ﬁﬁlﬂl: CL }é%ﬁ)éﬁy) 5 hé REE @*ﬁiﬁﬁ'\’ﬁl’é
SRS 2 VL3 v 0 CL R 7 O ARSI I 0 2t
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Table 4 Chemical compositions of Type II zircon shown in Fig.12B. Analysis numbers correspond to those in Fig.12B.

Sample ZIR-12-3

Type Type II

Analysis No 1 2 3 4 6 7 8 9 10
(Wt.%)

SiO, 29.53 26.10 29.84 29.60 27.15 28.48 26.66 25.96 25.02 26.16
ZrO, 51.20 48.68 51.20 48.96 46.94 45.82 48.23 46.42 43.44 42.29
HfO, 3.60 3.70 3.63 3.69 3.70 3.62 3.50 3.32 3.15 3.04
Y,04 1.22 1.74 0.93 1.19 1.72 1.98 1.90 1.75 3.05 2.88
Eu,04 0.10 n.d. 0.05 n.d. .d. n.d. n.d. n.d. n.d. n.d.
Dy,04 0.19 0.33 n.d. 0.26 0.33 0.42 0.27 0.31 0.55 0.63
Ho,0, 0.06 0.09 0.08 0.09 0.14 n.d. 0.07 0.10 0.16 0.21
Er,O3 0.45 0.33 0.36 0.36 0.47 0.44 0.47 0.41 0.60 0.69
Tm,04 n.d. 0.05 0.08 n.d. .d. n.d. 0.12 n.d. n.d. 0.06
Yb,0; 1.50 1.20 1.69 1.35 1.49 1.31 1.41 1.44 1.30 1.70
Lu,O5 0.43 0.30 0.47 0.36 0.29 0.32 0.34 0.30 0.39 0.36
ThO, 2.00 2.93 1.79 1.68 2.00 2.50 2.82 3.52 5.41 5.24
U0, 2.84 1.48 3.20 2.09 1.96 1.59 2.02 241 1.39 1.44
P,0; 0.91 2.39 1.09 1.84 1.80 1.81 1.48 1.43 1.97 2.01
Total 94.02 89.32 94.43 91.47 87.97 88.29 89.27 87.37 86.41 86.70
Atomic proportion based on 4 oxygen atoms

Si 1.006 0.938 1.009 1.014 0.984 1.016 0.966 0.967 0.950 0.982
Zr 0.851 0.853 0.845 0.818 0.829 0.797 0.852 0.843 0.805 0.774
Hf 0.035 0.038 0.035 0.036 0.038 0.037 0.036 0.035 0.034 0.033
Y 0.022 0.033 0.017 0.022 0.033 0.038 0.037 0.035 0.062 0.057
Eu 0.001 - 0.001 - - - - - - -
Dy 0.002 0.004 - 0.003 0.004 0.005 0.003 0.004 0.007 0.008
Ho 0.001 0.001 0.001 0.001 0.002 - 0.001 0.001 0.002 0.003
Er 0.005 0.004 0.004 0.004 0.005 0.005 0.005 0.005 0.007 0.008
Tm - 0.001 0.001 - - 0.001 - - 0.001
Yb 0.016 0.013 0.017 0.014 0.016 0.014 0.016 0.016 0.015 0.020
Lu 0.004 0.003 0.005 0.004 0.003 0.003 0.004 0.003 0.005 0.004
Th 0.016 0.024 0.014 0.013 0.016 0.020 0.023 0.030 0.047 0.045
U 0.022 0.012 0.024 0.016 0.016 0.013 0.016 0.020 0.012 0.012
P 0.026 0.073 0.031 0.053 0.055 0.055 0.045 0.045 0.064 0.064
Total 2.006 1.996 2.003 1.999 2.002 2.002 2.005 2.005 2.008 2.009

FEOMZEICIERICEETH 5 (HlAIE, KL, 2006) (2
b oT, MUIMMEBIE LT TH S (Corfu et al.,
2003). HAREDOY LI Y CL AXZ FLF —ZIZDNWT
g, PP (1989) BV T Y DWMNRENHZOMBOH
TERLTOWAHERWTZINETIEFEAE NI EH
5, ZZTTPHMZEAIST S, Type I YL vizonWT
CL ZXZ P VHIE#IT>72& T A, clear {57 - spongy
By & BIZIZIFR R T =2 8RNz (5 13 X).
575 nm D ¥ — 7 i K5iE % € 5 475 nm, 550 nm,
520 nm T ¥ — 27 Lfi< . FEEHRE X clear 47 & 0
¢ spongy DIFE D B NTOMEETHEVY. 72, spongy
T B TXRIANC ORI 2 R T d 5 Z &4
Iz Hohz¥—2r0ERIEZVTNE IR
Vr =T DEIZEZ BN, FEE-sHhThEEEL
TW5 7D IEER E— 7 FHRIZDOW TS %Y — 7 ik
EEITORVENRD S,

9. iR

9.1 HENTTEZA DT IV DR
FLEALTRTOY LT VIE, —HEE9IZ {100} & {110}
OfREE {101} & {211} OWigEL» 545 555, k&l
HEDOR X DWHRITIIKRE BENAALN, £ DL
WEREEIE A GRS 2R F 3% & T 5 (Pupin,
1980 5 ¥k, 1990 ; #KiEA>, 1990). AW T L 7-H I
fEraRsy<24 oY La g, clirhiaicEF L <
HEL 2B (Type D) - O&IK (Type 1) TH Y, EFid
XHRITRENTWB 58 = VIZINE & R A R L
TW5, [HSHcBT 2 ZhE CoRERo b TRl E He
WX 2L, Rubin er al. (1989) NEETRL TS
£ 2D “hydrothermal zircon” 7> & {iTF % “stringer” ¥ )L
I v &, Smith er al. (1991) 3% F & Thor Lake 5 DY
NIAIZDONT, EDBBFTROMELS L g 4 TD
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Fig. 12A  BSE image of a Type Il spongy string-shape zircon on Fig. 12B  BSE image of a Type II spongy string-shape zircon on

which quantitatively-analyzed points are plotted.
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Fig. 13  Cathodoluminescence spectra of clear part (A) and spongy part (B) in a Type I zircon.
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553 Typel O clear 2 UF spongy T4y & Type Il spongy ¥ L3 ¥ DAL D2 AL HEH & SF-Hafi.

Table 5 Variation ranges and averages of chemical compositions of Type I clear, Type I spongy and Type II spongy zircons.

Type I Type II

clear spongy spongy
(wt.%) range average range average range average
SiO, |29.25 - 31.86 30.47 (26.57 - 29.17 27.31|25.02 - 37.38 29.88
ZrO, |[47.94 - 53.55 50.83 |44.60 - 4847 46.37 [42.29 - 56.50 4898
HfO, 430 - 520 485 | 456 - 497 472 3.04 - 444 3.73
Y,05 0.66 - 1.27 091 ] 0.68 - 1.66 1.17] 0.39 - 3.05 1.34
Dy,O; | 0.18 - 041 0291 022 - 0.38 0291 0.05 - 0.63 0.28
Ho,O; | 0.04 - 0.15 0.07 ] 0.04 - 0.09 0.06 | 0.05 - 0.21 0.10
Er,04 045 - 098 0.70 | 0.51 - 0.62 0.56 | 0.21 - 0.69 0.39
Yb,0; | 2.08 - 3.41 2.66 | 2.15 - 232 2221 085 - 1.70 1.34
Lu,O; | 048 - 0.78 0.62 ] 045 - 0.59 0.52]1 024 - 049 0.35
ThO, 0.87 - 3.15 1971 194 - 297 223 1.68 - 6.38 3.34
uo, 4.08 - 723 6.00 | 5.13 - 6.20 566 | 1.12 - 3.20 1.90
P,05 0.54 - 1.13 0.821 0.74 - 1.07 0.86 | 0.73 - 239 1.44
Total [99.25 -101.52 100.44 190.44 - 96.27 92.58 [86.41 -101.46 93.06
n=15 n=5 n=19

PIL 3 2 DWW “Such crystals locally occur in stringers
that may form the skeletal outline of a pre-existing phase, now
otherwise completely replaced by quartz.” & D—Cfilih
TWAHIE 2. MHUTTHHHTIE, SEA
D “needle-shaped acicular zircon” O 2 H K D REL
L L THIT EN T B “skeletal zircon” D (Corfu et al.,
2003 @ Fig.3.8) & b 528, HEHAR SR Bk 2R T
Hb. Tz, Type lOEMHIROVIL T v FESEOWIHIZE
W, BHEOHEDOAL ST LFE~aDERDO LS &

EOWTHTZIRZL B BE S b, TD &S 5RHe
FHE BB TIIEN - EfteEbTIEEAL
o, KR e B 30, WEklEhoviraro
JEHEL U T skeletal & ENTWBHaDFMO )L T v hg
VIR X T B (Schmitt ef al., 2011) O ME—DHITH
A9,

ENTIE2 DT D2DE—DO XS~ 44 PP La
VMU &5 B RAERD DRGHRIZPET 2 Z & ABRICH
HENT0E (KB, 19595 BE - BE, 1960). A1,
W (1959) I3tERE AN LT V2O T, [ #E (X
I AAL MUY BIKBEREH TR E & 5,
Flim, pDIEPIT/NRIEMNES Zenb D, BEHRIZE
BTHTENEL, $hE I 24 LEHMETEI L LD
B, | ERELTWS. F/, RE - RS (1960) 13
IR ARDZER YL 3 Y I2D0 T, [ RIS, 5
PEY 5. BIIMmE~IR, FREG, fmskE < FEE
UAEINIR IS DI E 5726 O, BIIZhn' ¥k
B U, PRI AL S AABIRIC Z 5 72 5K e £ 28
H5H. BETREEISmm, ££1 mm 50, EAEKR
DAL RIED SmmIFETHS. | LT3, B
ARz X D12, SHERE L7 Type LV IRDO Y ILa

ViE, TR —XRTHERTE 2550 H 55, —i%WN

RELhOKREGE T — & UTha B RS T 4 DO
iﬁkhaﬁ%f%# SHIEE & 5\ 13 EMPA {48152
IZE->TE LD TEDFEL WRLEATTEEIC A 5. LA L,
ERNORTw 24 F YT IZDNTIL, § N TORIL
EEDIFELOBISERA MG S tnkn, S RIELHET
L7208V ro kS RBENRHIIE, ZOEKT
EAN TR CHEEEZ 5.

Gk, HEXZ< 24 FEOYILT Y DIFREIZIRS T
i, ThETICKROEI Bil#lird 5. Tabb, [ M
Fes 2 85503 2 BORSRIC B & R AE T 5 HIE ~ T O
D=7 N M8 =NZE S IABMU T A H 5
FISEAR | (JIIG, 1939), [2 mm x I mm O HHFIRES
-1 mm x | mm DO RELE | (8, 1933), [ 4k
BHW (PREXFE) - LERREAK - P i—X D%k
M EEE S W22 Bk~ | (B, RS - RS
1960) & DK THB. ZDH 5, JIF (1939) 19 FED
2y FERL, KBS RS (1960) 35 HAZRLTWS,
Zho DEARIZSERE L Type - 11 &34 < ik
B0, HEAKREMKT 24D YL a v OBEIEERIR
THHDOTEORTOENARD LI LN TES.

925147794F9w:>®ﬁ$ﬁ&®ﬁﬁ

BEIZR R 7= & 512, spongy i3 2 OBRILYE R
HEND 100 wt.% 12k 563 95 wt.% L FOSGE N L .
Hoshino et al. (2010) 732 ¥53#7 L 72 HREE-U-Th-rich ®
Type ULV THIHEADRS 44 bEY LT Y
T, [FU XD ICHREREAL 100 wt.% KD 27 DK
RO OPOERDRTALGNS. LAL, 5 0=4
& UTER LR A & v iTTF e s 27z LT
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N ®Type | - ® i ) i Granite:Hoshino et al.(2010)
ype 1= spongy N 160 e HREE-U-Th-rich zircon from granitic
X Type ll pegmatites:Hoshino et al.(2010)
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090 C 0.05 - (@ d
—_ L ] Y
= R S 0.04 - o
2 080 - X oﬁ = &°
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@
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2
o & 5 x
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%14 HEXZ2 24 Yz MR ERS 8 FEOMBAKX (Hilh & felilid 9 h s 0=4 DBFAED A+ V).
(a) (Zr+Si) — & EIRICEOMBIX, (b) (Zr+Si) — (HREE+P) OAHBHX (Hoshino er al. (2010) D 4[X]), (c) Zr-Hf DFHRIA,
(d) U-Th ORI, (e) Ze-REE OABEIX, (f) (Zr+Hf) — REE OMBX, (g) U-REE OFIBI], (h) Th-REE DOFIBX.

Fig. 14 Eight diagrams showing correlations between zircon major elements (Zr and Si) and selected minor elements substituting them (Hf, U,
Th, REE and P), which correspond to the compositional variation of the Tanakami pegmatite zircons. (a) Correlation diagram of
(Zr+Si) - (all substituting elements), (b) that of (Zr+Hf) - (HREE+P) (including the data shown in Fig. 4 of Hoshino ef al., 2010),
(c) that of Zr-Hf, (d) that of U-Th, (e) that of Zr-REE, (f) that of (Zr+Hf)-REE, (g) that U-REE, (h) that of Th-REE.
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W3, ZOERKIZOWTRESHD X 5 & et A RET
HD. AROLLTO#ERTIE, Y k% clear ¥
LY g spongy I v IS 202, HE %
TEASTHEAX vV RE LICLTITS.

GG o N7 L2 (55 1 — 4 %) &, JE7iEik
DBt% (5] Z1F, Hoskin and Schaltegger, 2003 ; Hoshino et
al., 2010) 575 7L L7=ONFE 14X TH 5. Eib
NBEHE LTiE, HREE' + P* = zr* + Si*', HfY'= zr",
UY=zi", Th"=zZt"" 2% 5. H 14K ald, (Zr+ Si) &
K% HFREE+ BUHEICER (U, Th) +P (P i3 Si & Eik ) 28
B L LRGSR L TWE ZEERL TS, K
~R72 a4 PO YLa vy o{bERK L, Hoshino ef al.
(2010) 2 LT3 H FfEmAEHh O ILa v LIdH S
MIZH T, MUK RSN LIEHRDRS < 4
A rHOYLT Y OMRZENEBENTH S (141X
b). Zr & HfOBRIZOWTIE, YLray—n7 7 V[
BAL LTHIS T3 & 912, Mg i 2 B (A
OB I2H BT THD. L2rL, KXTvHA
ULAVDOILEY Y FITENT, g Zr % T4t H
£ %<, Zr DTS HE D200 v S JlkZE (b $
B—=VMALEND (FIKX) 512, SHOTFT -4 Tl
EOHBENED 5D (F 14K ). ZOBIRIE, (Zr+
Hf) &2fk% REE & MR B Zh ThiEfi L T 5 #H
AEWROMEE M AN — & —TORRELORMED —
DORERIPEL > TOBHERTHA 5. WRIZ, Zr (+HF)
EERT BB EITTE L REEIZDWTAS. 7, K
BHICED U & Thiz DWW T, Type I clear YL /12
BWTIEOMENH 5 (45 14 X d). Type II spongy V)L
I ZTEBEOTEME DA R % <, JTTHRHMMD &
T ATHRNRI=EICEDDIAGINE — v s 2 & % B
T3 (14X d). REEZ Zr (+H) Z &L T3
DT, HRMHIITEOMHBEBAGRAALNSIETTH
5. 20—l LT, 14X e lZHBWT REE &fkE Zr
IZDWTOREDHBEBGRAREh TS, 2720, 20
X2 ¥ 2T & Type Il spongy YL 2 v T EDOMHE R A
59, spongy T TOEITCRD I/ Z — ¥ DM X
N LT3, Zr & REE L OBEBRBIGRA Yb Al
LCRLEDORE 4K THS. ZORIZHWT Type
Iclear YL Y TIRIEFICHIOVEOHBEAH B L5128
HABH, WEDOELIZARKE L THKRABEKRS RN
B, SHMEICE & REE & OBRIZOVWTRLED
A, F14Xlg hThHhb. Typel-Typell VILa v & iz,
MFIZIEDHBIER® 51§, HMLITCREROF
MRl d 2R E B> T 5.,

v A o a7 DAL & AR £ 72 5 R R T
H B A spongy VI T VIZEWNTHIMEDRER % 2 H
DKL B 2 HANZDOWTE SR DR A BE T D 5 23,
WIZHEAR D & D B $ 5788 A T3, Spongy
WA TiE 2 2 37 MLOBITRMAE B Z > T 5 1]

e A3 & 5 (Aines and Rossman, 1986). Smith ez al. (1991)
1%, 517 & Thor Lake YL v DALEAMIR & W12, K

DHEIESFT O DI T VI EKER L (14 wt.% PIL),
Si-Zr-Hf B42fhkE LT26 wt.% FEEEMRI N TS

Z & %&m L7z Corfuetal (2003) i, spongy ¥ILaV

% hydrothermal zircon DFFEAHIELE U THRIGL T\ 5.,
RV TIE, spongy (& %\ ME microporous) V)LV A3Ek
KR BER L7280 ) RENTEIZ—RIZE &> T

%D (e.g., Hoskin, 2005 ; Pelleter et al., 2007 ; Hoshino et
al., 2010), Zr & Hf % &% 7= 4 FhE 5 T35 0 Bk SIS I
128 5 ZE) & L CD “hydrothermal zircon” X “hydrated
zircon” 23 H XT3 (Hoskin, 2005 ; Johan and Johan,
2005 ; Lichtervelde et al., 2009 ; Hay et al., 2010 {5 ). A&
spongy VLIV HR—RIZ N — LA DOWKITEES T3

Z & &, hydrothermal zircon IZk< REhsbZ & ThH S

(Anderson et al., 2008 ; Soman et al., 2010). Rubin et al. (1989)
12, BRISHEIT L7220 a v stringer DK & LT vapor-
phase 2OV L 728 DTH A S EHEim L T 5. F 7z,
Soman et al. (2010) 1&, Malawi D T7IL A1) X7~ 2 4 b

FOYLT Y EFLLSIHTEL, A spongy flfk & 6 U &

I IRk A R L T B Zirccon I 23 E ALYy Th b

Zircon I ZEOKKIBETEMRL 22 L AW ST L 7.
IhoDZ e, KXV A4 PHOYILT VIZDN

T, clear {73 WAEM 2889 Tdh % —J5, spongy VL
I NFBORIRB & 52 72 RN 2585 T db B mTREME A B

5. L»2L, HEXZ~ %4 bpEspongy DL U HIC

BOWTRERE % 225 DK< o T B HRIZOWT

13, MERZEKINTED ZOMHIZSHORETH

5.

B AMEEIT) DO B >72DIF, FEHOD
— N () BEERMRAENIZET WEFAERA ¥V
A —1ZB 5 [ st AR | ERcb o, [5654
BEEHACREH | 2HEST P TXT Y24 FIFRO
HEV AW TR L2 TH D, ZORMED K
T, HEEMTR AU BRI Hudts it
RN —TONNERKIZEE A KE BIUEEEZ VW=7 0
7o F7- B EAEERE, TR AT
FAAE HUE AR L — T ORI B - ek, -
BHASEDO S RIT > T2 Wiz, £, REKED
KIE = FHIZI2IE, Y3 VIgeE F T RO SN
DWTHY A T A W A0, B GRS Dk
RN — T DI 41213, A RETIICH-DELD
TEti e T WA T R L I, WEAEERE
SR 4 AR - WP TR IR R IS I LT e 72
Wie, ERERRERIE, A ReE OB RIC T s IC A
L T2 E RO & w2 < & & g Ic|
FaadET 2 2 < OEBRN L CfafiEe Wiz 72 0wz £/,
WHERB 2R EROEHESRIC S TEIZFEMICH %
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WML T2 2 FEMORKERAZ T iz72n7z, HU<
WEZESOHH BT RIIGEF O D o icBd 2
RO BHEEE W20z DEOF 2 IZEL B1laH
L B,
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