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The wide utilization of radiometric ages for orogen analyses would not been possible with-
out monazite and zircon that are sufficiently robust to preserve their original U and Th and ac-
cumulated radiogenic Pb even through overgrowth during high temperature geologic events.
Monazite and zircon discriminate strongly against the daughter Pb during crystallization. The
CHIME (chemical Th-U-total Pb isochron method) is a new approach to the dating of
micrometer-sized domains in monazite and zircon grains on the basis of the precise EPMA
analyses of Th, U and Pb. Although the EPMA dating inherits the classic Th-U-Pb chemical dat-
ing, the CHIME method provides a significant advantage by adopting the regression-based tech-
nique that has the ability to work with minerals containing substantial initial Pb. The age- and
composition-mapping can identify two or more chronologically homogeneous domains that are
separated by age gaps within a single grain. Critical comments include the chemical criteria
that discriminate possibly concordant EPMA zircon and monazite analyses from discordant
ones. The in-situ CHIME dating and mapping of zircon and monazite in polished thin sections
coupled with compositional mapping of associate garnet has a great chronological potential for
the analysis of the detailed sequence of geologic events. The improved CHIME method revealed
that (1) the garnet granulite and the eclogite in the Hongseong area of the Gyeonggi Massif
within the Korean Peninsula have different evolutional histories as opposed to the current view
of the formation by a single Permo-Triassic collision, (2) the widespread Permo-Triassic parag-
neiss in the massif are in fact an exotic metamorphic terrain thrusted over the Proterozoic base-
ment complex at ca. 240 Ma, and (3) Permo-Triassic overprints on the latter are attributable to
contact metamorphism from the hot allochthon.
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situ 123 um BEO B EB SR LN ENTE LT L
RUMR T DERT Y EV IR TELZ L2 LT
%o CHIME #ORMOFHL (Suzuki et al., 1991)
MOH204EIZR A ) E LTS, FFEYE, 201k R
D O & P L7z CHIME 313, &0 Mk & ot
TELEMRMMEEL LT, 4HTHHHS kT T
b. L2L, SIMS %022 5 R FE L & in situ %
BT I FEFEICHES LT W B DT, CHIME A%
He#&zsHIZZNZELETE W2 LRy,
CHIME 4E/HIZH I o W CTIZMIcAZE BAIZ
A, 1999) ZiED & LT, £ OHESE (88K, 2005,
2006, 2010) THAL CT& 7o A TiX, CHIME
ERNWEEZBS LR, concordant L HEE S
% EPMA 5 #rE o # B8, FR~ v ¥ 7iZon
TRFHLL, RIBICKEHRTOEREEEZEZ N TS
) 7R E O R O SEACET I il T A7z,

2. CHIME FRAIEERENDE =

1980418 F T, HAOHEEMRNE D LKL K-Ar
BEERb-Sr7A VI a ETH o7, —7, 19704
R E ComiRE LR 2 B PO WFFei3 eS8 f ik
(=7 <)%ElE L CHERS L2 BAL) X5 LT, 20
WA R BIHBARZ I S 225 2 & h i EEwy
T\ 720 IS BT O [l R IR AG 77 & el IR AL i
HIIAEBOFERESRF S N7z, PHILTE O
K-Ar B CIIEREZMRBTE b o7z b T,
Rb-Sr &% 7 4 V 7 1 » EH GRS O AR 12 8
HaENnz, L2L, 740 7ar&25|{ &R TEL
W, 5V L N ERDTHE S B IHBILR &
FHL WL EERE Lo TH o7 Thi, #
2 Sr WAMBOREEITRE T 5 (Bl 21X Tsuboi and
Suzuki, 2003) Z & 2D H 7278, [ Rb-Sr
EETA V7O ECEEARRERH L LSS
L7

BA NV SRR L7 0 ORI I I B IR IR
EDOBEWEMOERNESLETH S, HRICHD
LTIV YO UPh RADBFHAENTE . L
L, HARTIZU-Pb FRMELEZD D DI KY
EBRWCHE o, THIE, ERHIICE ST, B
MEETH BT T v O PAHHE Lo 722 LA
KR DS Lk,

D v @ U-Pb SFEARIIEIC b BB 2 M 2% -
TW/zo, Z®O—2 % inheritance (i & H O H W AEA,
nay) ¢thHH, b9 —>22%discordance TH 5, —

AA

DOEATO VNI RAEIE, R LTI,
il 122PhAYU, #ME N IC*PhAU B L o 72K o
concordia & FERI Lo— G2 5D 5, 77— % H1A
concordia £ V) FlZ 71y M ENTHEMMWIZEF]T 5
D73 discordia TdH % (Wetherill, 1956; Tilton et al.,
19577 &) Z OB Pb O HKALEL (Tilton, 1960
&), BANXY M) A KL (Wetherill,
19567 &) , 25Vl OFEKOMAY (Allegre et
al., 1974) TRX 5L %2 5N TE72, concordia &
discordia ® Lz s & Vv a v OFEMER, THKE
MEEBAERE T2 DR EGEILEE TV AR L7
R TH %,

Schirer and Allegre (1982) i Pikes Peak batho-
lith B2 M1X0.83mm KD I )V 2 VT 2 110 12 5%
LT, £0#ERFOUPhEREZMELZ. TOXH %
AR OFERMEIZ Ny 7 7T v FE1~2pg UL
TETHELILTHMOTERHTEL L) IR o7
EPMA FRME X BRI L3505 A 5 &, Schirer
and Allegre (1982) OEEZLIRIBIEI N I VRF D
SEFIZIZE U TH Y 255 concordant D b DA
5L Thbo I LY, Krogh (1982) 13, YV 3
YRF O A BZRMECTHI DR S Z L2k 5T,
concordant & % \» & concordant (23> U-Pb 4EAX %
Blzo YN a Uk OO E U $HI88 discor-
dance #E LA DTH - T, FTOHNMOMEIFIL con-
cordant THh 5 & & % 72,

VIV a VHTIZ concordant Z IS HEAET H I &
S THhS, V77 LA AERIEEDOHIEA A
1271, discordance DJREHIIIH LA LNL L Ko
720 Suzuki (1987a) X, EPMA 5 #T TV IV a v
DU & Th KT % Pb DA LA Pb D BEABLIC
BRRLwZEZHOLRICL, 74y ¥arybIvy
% @HZ L7z Rn OB E)2S discordance D JF K & & 2
726 TOEFTIVIHES &, discordia ® T AR M %
TAvary Ty rRENS R EA XU )
ERBRTZENTE S,

Anderson and Hinthorne (1972) % ARL-SIMS
EHoTHOTINI DT T I LA VAERNEZ R
Hizo MED SIMS 13*Pb % Jll5E 3 % 721 O &K AT
ML, F2Po/U BMETE R o7/, FHITER
i IE DO Pb/Pb EfLICH E 2o 72 LAL, 155
D2 (Anderson and Hinthorne, 1973) %5 3&E )
N5 FHU—Pb/URE—EDHETIEIZXRA F D
Pb*/U" It & UO'/U" I A% I 5l B #2—2%, 1% @ SIMS
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2 & B R & 5 72 U-Pb SERGRIE IR E < HEk
LTWwb, TOZRA 4+ v OBIBERIZIED X, HEE
WM R T ARLHEYE % ff 5 T SIMS FER M %
1T - 72® %" Hinthorne et al. (1979) TH 5. HHD
WHETDH, SIMS OERDFEREIAT 5 %720, H5F
A F v OTHBHIEALETH > 72, Hinton and Long
(1979) 1ZE &5 %HE32000 AEI-SIMS T*Pb % ill
L7205, BEESMREIDOIRENMET LTl
WRICHEMEZE L2 EHMRSIMS L9570
W24E, B EEAL & K95000LL 1 o> B 45 RE & )RR LS
FEHRTBLENDH o720 A=A MF Y TEILRFED
Compston ##ZD 7V — 71, KBRKFOMHE AR
(Matsuda, 1974) Z£0O A F Y HFERZHRHAL T,
1974412 1w I L 5 B & 47 9 e > SIMIS D Bl 58 124 T
L, 19814EiZ SHRIMP (Sensitive High-Resolution
Ion Micro-Probe) i % BA4G L 720
RPNV Ty OF T 7 LA VERIIEZHERT 5
T, ZBERFHAMERRI A HE (B, BRBEENT
R ML BRBRIE L) O A SR e & R
B D, I OGRS HERR S DT L %
M 272012, FFHFA PRIV Ty Lo 72mE
W OEAHEZ HIE L7z Ter O HIETHEMBIEE:
&, 74—V FE#MOLY S, (1) B, (2)
JfEfE, 8) KEMlE, 4) I7urAXAF5r—LVoE
ZHMRETR TN b ko L2L, HifHY
WD EEMITBN— P E S THICH Z 2 #EH
mWH T, 41X SHRIMP # fif o 72 7 B 1 72 G
(Compston et al., 1984) #HIZT5Z LIl o7z
(Z OWFZFE1319824E D 5530H The American Society
for Mass Spectrometry 4% CT#Hf). SHRIMP ®OH
XYV 2 ~ @ inheritance & discordance O [ H %
FRCIRU L 72D TH Do TORIT, Fx idBlHH
D& % EPMA % ffio 72Ab5 W 2 AR E IS 6 % %
D7z,

3. {EEMERBEDER

Th-U-Pb 5% @ [FAARFEACH 2 1 Nier (1939) (244
%, L2L, KRulpetal. (1954) O LY 2 —{ZIE
& N7z Th-U-Pb FEAREIZ28M 128 X 22 v 1950
FFETICHE SNHEER DS IZBUGHL & B
DRI EALF5H THIE T 2L RYEAR E TRD S
NTE. ZOFBETIE, WRET 2 EWAH IS
BRH 2 KEICIY AAR, Ho, Wk 2 oA
ERIAEMD A E &) i LEN R RS A RO 2

EDVEETH L, v 7RO RT <5 4 M
W 281213, #EEEO Sr MR TE 5L 5w
LT, B%DRbO % & b 2D 5, Ahrens

(1946) 1% lepidolite (Li-Z#}) 7 & @ Rb/Sr It %
AR LT Rb-Sr 4EAC & HEE L 720

7T VS RIS A v v T v O
BE D I8 R A 5 2210412, Boltwood (1907) X U
OEEERZ1X10 Yy & L, fARKErSHks 7Y
THETOY I =F 4 bFRED U & Pb 2 L35 M7
L T410~2200 Ma O 44X % 1572, Holmes (1911)
13U OB B %1.22 %10 /y 122 % T Boltwood

(1907) DEMRZHERE T 5 L3, Holc /v
YrI—ETFRIKRDOYTT=F A4 bOU L Pb 2L
SR (1T5HHE) L C370 Ma DERE 5 2720 2D
KA, U ORIMARREERYIOFEMIED & XY, Th
DFEETPoBELHLZEBHMOENT VAR Do T
Holmes 7Mbb EMRIEIZ Th DL %2 L ARA T
DIZ19144ELIETH 5, Holmes IEEICTF=F 1 b
ZWEREE UCTHEREZWE L 2D, 19484121
Cornwall B DE F ¥4 + #4EMRM % L 72 (Holmes
and Smales, 1948), 7272L, EF ¥4 b DILFWLE
M EDEIX Sarkar (1941) TH A 9. Sarkar
OMELZEFFA M (£ ¥ F, Gaya Hilgo 7=
% 4 M) 1& Th=10.55 wt.%, U=0.23 wt.%, Pb=
0.49 wt.% T, 4EACIZ965 Ma TdH - 720 & DAEARIZ
Gaya Hilid R 7~ & 4 b % 4 7z Satpure i85 [
D FRAREAR (1050-905 Ma; Lal et al., 197612 IU%)
WELE—HLTwa,

20T BT P I F M S N7 LA ER P E DO Rtk %
fili » 72 ® »* Larsen 5 ® Pb-« 3 (Larsen et al.,
1952) TH b, ZOFERFI VI OERNEDE
PR IERM L 2N CRBEND D, Uk, HESHET
Po ORIMAZEET 512id mg +—F—0ORE (V
VA BT 5 L100 g FRE) LB TH - 2I2E
WV, BEOEANH100g DIV Y ESEET A
DIXEMDNETH S, Larsen X, Pb =5 bk
TERL, e MMEZ U+ThEICHREL T, 1gl
ToBOIY NI Y TERERE L. Ph-aiED VN
a VAERIE, RIS, WESFNRBEREFAIL 20
T, YN VIERIED LR —RICE T - 72
19544F 12 1 i & 11 72 Nuclear Geology @ Table 91
981D Pb-a AR EN TV BIFETH S, Pba
B FEA AR R (ID-TIMS) 2oy va>o
EAGMSE (Tilton et al., 1955) %2 BIES ¥ E B A
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%o [KEIZ, H B 2 &0 7l iy 2 AL i 4R g i
2R Ko7

4. CHIME F#RAIE

CHIME 4EACHIE X, EPMA Of/NEI T % fifi 5
T, %1 Th-U-Pb FRMEZ RS E2HDTH
%, CHIME #:DLHi 12, Cameron-Schimann (1978),
Parslow et al. (1985), Bowles (1990) #%EPMA %
fioTyI=FA4 b DOILEMFERNEZ FEML 72
CHIME FEAMEE, X 0 EEMIZELT 5 EF VA
eI NarviEy—ry MILAZZ LT, HEFZEER
W72 L2 L, 2O, EPMA 5#rh—E &
WL eolze EFHFA PRI NVIVIZTTI=ZF AT
IDEBEMICThR U KR E L THREMED Pb) A
B, Y3 v ® ThO.E UO,DEHRIIKATD
3wt. 2%, % O¥41E Th0,<0.3 wt.%, U0,<
12wt.%T®» 5 (Fig. 1; Suzuki and Yogo, 1986), 1
BAERT ISR L2 U0 =1wt. %D ¥ v 2 ¥ i) PbO
1 130.0184 wt. 2|2 i# X 7 v U 4E §i @ ThO.=10

A A

wt. %D EF A F D PbO &130.0421 wt.2% T %,

EPMA (2130.005 wt. %% £ £ TOMRE R 5 % & &
SRT BN H B (Suzuki, 1987b) A%, FD X9
AGEEHEROERTIEI Ny 2 75 ¥ PO IEREICHE
THRIEDVEEE LD EFARIIH, 1999; &R, 2005;
Suzuki and Kato, 2008), /Xy 7 75V KL E—=27 D
X HmpE & KIER (800~1,000s) FEH T4 2 &2k
D, FHHOEFHFAL b (ThO,=5~12wt.%, UO:
=0.3~4 wt.%, PbO=0.006~0.017 wt.%) T =10
YDWMEE CTHERDPRETEDL LI E->TE

(Imayama and Suzuki, 2011)

EFHA MR VN T v & D EPMA 5# Cld, Pb
DOPEPE X FZ0HT A Th- U O45E X #E o T #1122
T, ATHITHERYOREXHBOTHED H 5

(Suzuki et al., 1990; Suzuki and Adachi, 1991),
Pb® 5 H i Ma#i (5.287A) % fli 9 & Nb-Lf s

(5.238 A), Th-M{, (5.245 A), Y-Ly.s (5.283
A), Nb-LB; (5310 A), Th-M{. (5.331 A) D1XK
BT WL, MM (5.076 A) % fli 9 & U-M(.

3 wt. % 5 wt. %
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Fig.1 Compositional variation of zircons in the Inagawa Granite, the Busetsu Granite, the
Naegi Granite, the Inada Granite and the Hiroshima granite (data source: Suzuki and

Yogo, 1986).
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(5.050 A), Nb-Ly: (5.036 A) ®1K #t A% T # ¥
%o ¥— 7 ORBITIEILAEITCHE O LRKRR H KA AT
Y %o M T LB 3 5 450 XA o Fli %
RNy 775 Y FOPENE % R#E L LCT#iE %
M3 BERD B, BIZ, HAREHNTIZ U Th OH
WE OB HEETDH 5728, POM AT 5 U &
Th OF¥AiIE L UM MICx 3 % Th OF ##hiE % K
REIEOWEDP S WD S22 HB eV L
L4 H b, EPMAMIE D 7T 2 )V iZ Suzuki and
Kato (2008) IZit# L CTH 5,

KO Th TEEH220KME2 L L, UkE

BEH235L238DBHEN S b I 5 DOBEHEILIK
WL CTPh 2 BT 5. Wb o4inE, HAR
B LM Pb) OEETH 5,

4 Pb=Pb, +™Pb +*'Pb +**Pb
=Pb; +**Th lexp (1.7) — 1}
+257 lexp (As7) — 1}

+ 25 lexp (As7) — 1} (1)

KD L IFBEEER(1,=4.9475x107", 1,=9.8485
X 107", 1s=1.55125 X 107"; Steiger and Jiger,
1977) TH 5, U OFNARL O BIAEA#E137.88 (Stei-
ger and Jiger, 1977) % flio>C, (1) i

4> Pb="Pb:+ Th lexp(1.7) — 1}

LU exp(As7) +137.88 exp (As7)
138.88

1 (2

LEXEESL, EPMATTh, U, Po2ERT 5L,
(2) XOPb & AR E L TH %, CHIME i
T, IR SN2HIROZBOME LD T — 5
ZHWT, P x —E L E BEICE, ZoREI
WL L) LT7A v 7aryziid (Suzuki and
Adachi, 1991), 74 V71 ¥ %8121, LA
B2 ThEUOWMAELLAL A%, H7250d Th
HALANVIUDNSHELZLHIICHMETLLEND 5,
%¥, ME L7 ThO,, UO, PbO DD » b
A5, Phi=0L LT (2) XoHEMR (1) 2HMT 5,
K, TO 1% (3a) XF/Aix 3b) MUMLALT,
W ThO. & M52 UOICHIN T 2O PO 24 L S
AR ThO;H % W I U0 % Al %, (3a) A&
(8b) X D W & Wy id ThO. & UOD 4> T 8 T b
%

UO: X W,
Woulexp (1.7) — 1}

lexp(/m) +137.88 exp (1s7) _
138.88

ThO; =ThO. +

1 (3a)

UO; =U0,+
ThO, X Wy x 138.88 {exp (1.7) — 1}
W fexp (As7) +137.88 exp (As7) — 138.88}

(3b)

ZZTHEOLNThO S H B WITUOS &y NI o
T2 PhO IZ X MEHNDOBRAEEZMARATT AV 7
o yHEERL, €O (m) L8R (Ph) %K
Db, TOHE (4a) XF7213 (4b) RITCAL
T, EROFELEPE (T) %2515 T 5. BRI,
FEROFELEYE (T) 2 (2) KXo ITRALT, %
WEH D ThO: H 5 W IZ U0 2 B+ 5, 2L T
BB LR U LI, 74V Z7ary®Om & Pb 23K
D THERDE22EPMEZFHT 5, TOTH L%
DRL, PhiffilE L7z, X D#EDLZREMR (T) %KD
%o PbO O TH (We) ETh/U KIS U TR S
A%, (4a) X TI13224, (4b) X Tl3222& fijRs b L T
I,

WTh)

-— In(1+ (4a)

/12

Ve _exp(AsT) +137.88 exp (4sT")
pr 138.88

-1 (4b)

SR I & o TUE, FRHCIEE S 7235380 Th
RPUDERERPIZIF-EDI DD D, T2, FI
WK SN THARBoT—4 &y baAS
BohEnWItddhdb, TOXIBLEERETA VY
gy RO T, Phi=0KELT (2) XH»H
HH Lt (202 ofeEHE) (CllEiimsE% T
T [RMFER] £T5, EFHFA FOPhIZTh R
U DOBWETELS Ph ICHRTHFITNE W L 2%
W (Williams et al., 1983; Corfu, 1988), L#» L, X
DHIBEARMEEROBNCH SN L H 12, WICEHTE
BRI/ E WV E W) EEIE v,

] O 5 RRAE LA I S A HUE B R A R A
7 UAMERE VA ES &S O AAZERET VA
VREAMERED» SR I N TV D, ZOfEREDE TS
¥4 MESE (Th-Pb) 44413208 Ma (Fang, 1992)
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THH, HEH O KAr 4 (156 Ma & 160 Ma,
Fang, 1992), Rb-Sr#i#7 1 v 7 o V4 (162+4
Ma, Wu et al., 2004), Sm-Nd #7470 V4
£ (162+4 Ma, Wuet al., 2004) & ) B 5 H 12w,
EF A MTIIRER S X ORI HLR R AT L
TWwa, L»L, FRNWEAHERIROA W
(Fig. 2a; Sun et al., 2008), #t-> T, 208 Ma ® Th-
Pb 4Eft1Z inherited domain & DEEFR TIZ RV,
Fang (1992) O TIZ*™Pb MEAXAATH B DT
T2 L IEE 2 DS, PIHISHAFAET 572012 Th-Pb
FERAE L o 22T REMED D B 6
SRR OEF 4 + PbO-ThO, 71 v t %
Fig. 2b 27”3, (Ca+8Si)/(Th+U+Pb+8) & K0
<0.02CTHEH L72T—FHOTA V71 i3159.0+
48MaTHY, % Pb:fitii£0.0030+0.0017 wt.% T
»% (Sun et al., 2008), ZL T, ThO.DA 7%\

0.1mm

X100 cps

A A

ARy PEERPTERSIE L 22 EA2DH 5
(Fig. 2¢) 0 ZMIIHIHEIER GHRDEFHF A T 2580
BEHEATWIZZ LERIET 2, b L, PHOFE
721 T Th-Pb 4£/4A7208 Ma (272 o 72 L IRET 5 &,
ThO.=1wt.% T b # H**PbO = 1320 ppm & 7 %,
ZihiE, Pb (3017 ppm) IZHRTKRETELA,
R EHER T 55 520~35 ppm D Pb 2 & H DT
FEHEM 2 METIE v (Sun et al., 2008) . HIEHA
Vi nweEZZONTWLEFFAL M THTA V7Y
ZEHAE LT P GRS 2 U EDH 5,

5. Concordant % BIFET — % DER|

Schérer and Allegre (1982) X° Krogh (1982) @
ES R ID-TIMS 0#T1& Y )V a k¥ 112 concordant
BB OSAAE LSS 2 L R L72AS, il # ® EPMA
53 M1 fl 2% concordant %* discordant 7> ix ¥ & 72 W,

wt.%

Pbo wt%) (D)

0.12 -© 0.95 <(Ca+Si)/(Th+U+Pb+S) < 1.05
K20 < 0.02 %
% Rejected data points

- 159.0+4.8 Ma

5 10 L5
ThO2* (Wt.%)
(©)

Apparent age (Ma)

200 i

il O 0.95 <(Ca+Si)/(Th+U+Pb+S) < 1.05
K:0<0.02

X Rejected data points
- | 1 1 1 L

2 4 6 8 10 12 14
ThO2 (wt.%)

Fig.2 (a) BSE image and compositional and age maps, (b) PbO vs. ThO; plot and (c) plot of ap-
parent ages against the ThO, concentration of monazite in the garnet-bearing two-mica
monzogranite from the Dongqing pluton in SE Jilin, China (Compiled from Figs. 4, 7 and 8

of Sun et al., 2008).
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discordant % AT IZ L RK 25 > TW B 2 & 28
MET&xb, Yvaryor7ivil), Ti, Al, Fe, Mn
&4 m X EPMA ORISR T TH 5 (Suzuki and
Yogo, 1986), b L, Febfhdh sz &, ZOAKRY
I — R L R 8 0 R 2 SR B D S LA W ASAFAE S
5o Fe MBI ENTIZS DA I/ ARY b
WX TSRO MM EAMDBHELET 5 Z LB S v, K
AR ENBEITIE ARy PEEIC K-S H W)
HFET 50 KKa BSU-MBOE—2 RNy 7 75V F
WCFHTH20TU OERBMEAAHENCE 5,
INar® CatAREITEMANPKE (Suzuki and
Yogo, 1986) OT, BURHHEEICBIFRT 2 LAAL O
ZALOIENC 2 B0 AL, dAR, FHERDOY VT
OUGH®EE Ca A mOMR%E Fig. 3a IR 7
FAROI VI VIZUIKEATWY TS Ca@H Il
AT OZ 2%\, THICH LT, dEMAREA
ROZNVIEZURLHRLTHCaz G bor%
{Tehe AF3I7 MEL72Y Va3 ry® CaO &1Z P.Os
HICHHIT % (Suzuki and Kato, 2008; Fig. 13) 2%,
A5 37 MELTWRWE POV VA vidCa kA

TWZ\W (Suzuki and Yogo, 1986), Ziiix, Yo
YY) F A4 L (YPO.) HorHht Ca BRI IZE#H S
N7z & ZRET 5 DT, Ca DAFAEILBHBUR OFEHL
\27 %, Geisler and Schleicher (2000) X))V 2>~
® Ca0<0.2 wt.% DI L concordant & # z 7273,
FERFITIE CaO ¥ - £ A7 { TR discordant %2 Z &
»dH %, Kusiak et al. (2010) & Ca0<0.03 wt.% &
K.0<0.03 wt.% D 5t % /S A L 727 — ¥ & CHME
44 (347.8+18.6 Ma) %% SHRIMP 44t (341.6+2.8
Ma) IZHRFIT % L L7z, —#IZ, Ca0<0.03~
0.05 wt.%, K:0<0.03wt.% (U-MBOTHTIZH
U ARIBRA) ERHIBRAL T O S L v ) 354 % %
ALTF—=FmiE—ARo74vrurz|EKkt s

(Fig. 3b) s

EFHA F HIEFHE D S concordant 7 43T il A
discordant % A2 % # 5T 5, % - 5K (2004)
E#AR (2005) 1 EK & S EELOHTE% discordant
EEZT LML, EFFALAPESEELILEND
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Fig. 3 (a) Plot of CaO against the UO, concentration of Mesozoic, Paleozoic and Preterozoic zir-
con and (b) PbO vs. ThO; plot of zircon in the Inagawa Granite from the Ryoke metamor-

phic belt.
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Fig.4 (a) Plots of the (Ca+Si)/(Th+U +Pb+S) atomic ratio against the S concentration for S-
bearing monazite as old as ca. 1600 Ma from a variety of rocks (modified from Fig. 11 of
Suzuki and Kato, 2008) and (b) plots of the (Ca+ Si)/(Th + U + Pb + S) atomic ratio against
the ThO; concentration for over 8000 monazite analyses. Solid circle represents data point
with an age that accord with the geological estimation and open circle represents data
point with a geologically unacceptable age.
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Fig. 5 (a) Simplified tectonic map of the Korean Peninsula and adjacent areas, (b) schematic geo-
logic map of the Hongseong area with stereographic projection of foliation and lineation
(simplified from Fig. 2 of Suzuki et al., 2010) and (c) schematic geologic map of the Hwa-
cheon area (simplified from Fig. 1b of Suzuki, 2009).
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BSE image and X-ray intensity maps of a garnet grain (a) and a zircon grain (b) in the gar-

net granulite from Baekdong in the Hongseong area of the Gyeonggi Massif, South Korea
(compiled from Figs. 4 and 5 of Suzuki et al., 2010). bdl: the PbO content below the detec-

tion limit.
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Fig.7 (a) BSE image, (b) plot of Y;O; concentration against apparent ages and (c) PbO vs. ThO;
plot of porphyroblastic allanite in the garnet granulite from Baekdong (taken from Fig. 8

of Suzuki et al., 2010).
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Fig. 8 (a) Y-compositional and age maps of monazite grain, (b) Mn-Ka and Y-Le« intensity maps
of a porphyroblastic garnet grains and (c) PbO vs. ThO; plot of monazite in a granulite
sample distant from the ductile shear zone in the Hwacheon area of the Gyeonggi Massif,
South Korea (compiled from Figs. 3, 4 and 5 of Suzuki, 2009).
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126 #

Wk, B Y ) ADE (246 + 16 Ma; Fig. 9b2) 133
BOWAEH LIZEF A M TOEMR (245+11 Ma;
Fig.9¢2) 12— ¥ %, MWL RHEHEO ST =25
A b=y MIBREWOLEETI SR T L) B
W A-ZBAOERIER 22T T b,

KA LI=y " o8N/ =254 h2=v b
KRRV A-ZEROBAXRY PARBRDOLNLEZ VD
T, WHIIWETHET L THEOMERTH 72k
HE SN D, Suzuki (2009) &, BHROWEER (K
JE) WARN YT 2V ARRICHEA S L T239:11~
24716 Ma DEFHA M2 ELTWB I LIZEFHL
<, 1) AMEL=y bdr5=254 4 b=y b
WCHELELERXVA-ZEBREREL O R ABIRDOF v
TThHY, (2 ZORTUNERFFRLEOLED S
FZag4 b=y MM L7, LR
RO R G L=y b ORESEIRE Lo xHh =X
L7 ERE ML O M L R 2 RETSNETH B DS,
in situ 7 CHIME EAHIIE & 4ER~ v ¥ ¥ 7055k
WO - LE2MEIHL20H 5,

8. bW I

4 H, EPMA 13% £ O EEF RO 5B T
LB HTEEE L LTI Tw5S, i F]
M L7z CHIME 12 X 0, PIEIREED S THE
WCERTBEFFAL IR NIy OYT 7 LA VAR
WEDN— FNHHEENAK L 72 > /2o CHIME 13 3 [H]
MREEDORVTFHLOMHTH L. ZOHMITIE [
P OERE =R wmOWTE] &% 2035 % Bo~0E
WD HNTW5SH, CHIME FRI2I1Z% DBk E
B R I) NI 215 2 KR D 50 72, K&
WD MIBT & 2 RHE LR EETH S, HET
W72 X I, BEOWER N LT in situ % 22
Mo fRRellE & SR F O ENR < v ¥ ¥ 7% CHIME
FERWEORKDOIFHTDH 5o Ak E B 72
BT 7V A VAEARIE L E I ORI TR 8T ¥ A
LAY 7 bbb LEBE LTS,

O

CHIME 4EAGHI 2 13 32 S 2 T Al i & o 3
FIFEDENTH B X DORIE L RIHZERT 5I12H
72oC, RbFERHEL, WAL, AIEESEA,
e #RHITHRSE A, Aok —SEk, SRHE Sk, KB
GARIEE, Mok, R, BOEIERE 1,
L2 XL, CZCICHEERLTILNTE

A A

BWIIEDE L DA, e, FEREELORE,
Wl LS Rz vz, Il T EICB HIC A,
PHECHICLEZY VA YEn) F—17— k8
CHIME ZEDF M TH -7z, WiEmEEL L/ IREE
LI OB 2K 2 Wiz 72wz, TZICEL
TEH 2L ET,

51 A X ®

Ahrens, L. H. (1946) Determination of the age of minerals by
means of the radioactivity of rubidium. Nature, 157, 269.

Allegre, C. J., Albared, F., Griinenfelder, M. and Koppel, V.
(1974) **U/*Pb-**U/*"Pb zircon chronology in Alpine and
non-Alpine environment. Contributions to Mineralogy
and Petrology, 43, 163—-194.

Andersen, C. A. and Hinthorne, J. R. (1972) U, Th, Pb and
REE abundances and *"Pb/**Pb ages of individual miner-
als in returned lunar material by ion microprobe mass
analysis. Earth and Planetary Science Letters, 14, 195—
200.

Andersen, C. A. and Hinthorne, J. R. (1973) Thermodynamic
approach to the quantitative interpretations of sputtered
ion mass spectra. Analytical Chemistry, 45, 1421-1438.

Andreoli, M. A., Smith, C. B., Watkeys, M., Moore, J. M.,
Ashwal, L. D. and Hart, R. J. (1995) The geology of the
Steenkampskraal monazite deposit, South Africa: Impli-
cations for REE-Th-Cu mineralization in Charnockite-
granulite Terranes. Economic Geology, 89, 994-1016.

Boltwood, B. B. (1907) Ultimate disintegration products of
the radioactive elements; Part II. Disintegration products
of uranium. American Journal of Science, 23, 78-88.

Bowles, J. F. (1990) Age dating of individual grains of uran-
inite in rocks from electron microprobe analyses. Chemi-
cal Geology, 83, 47-53.

Cameron-Schimann, M. (1978) Electron microprobe study of
uranium minerals and its application to some Canadian
deposits. PhD Thesis of the University of Alberta, pp. 343.

Chakhouradian, A. R. and Mitchell, R. M. (1998) Lueshite,
pyrochlore and monazite-(Ce) from apatite-dolomite car-
bonatite, LesnayaVaraka complex, Kola Peninsula, Rus-
sia. Mineralogical Magazine, 62, 769-782.

Cho, D. K., Suzuki, K., Adachi, M. and Chwae, U. (1996)
CHIME age determination of monazite in metamorphic
rocks and granite from Gyeonggi Massif, Korea. Journal
of Earth and Planetary Sciences, Nagoya University, 43,
43-65.

Compston, W., Williams, 1. S. and Meyer, C. (1984) U-Pb geo-
chronology of zircons from lunar breccia 73217 using a
sensitive high mass-resolution ion microprobe. Journal of
Geophysical Research, Supplement, p B525-B534.

Corfu, F. (1988) Differential response of U-Pb systems in co-
existing accessory minerals, Winnipeg River Sub-
province, Canadian Shield: implications for Archean
crustal growth and stabilization. Contributions to Miner-



EPMA 12 & % Th-U-Pb {bZ:7 1 v 7 v Y 4EAGIIE B D B 5 &SPk 4 A E A~ 0 Ji Bl 127

alogy and Petrology, 98, 312—-325.

Cressey, G., Wall, F. and Cressey, B. A. (1999) Differential
REE uptake by sector growth of monazite. Mineralogical
Magazine, 63, 813—-828.

Fang, W. -C. (1992) The granitoids and their mineralizations
in Jilin Province. Jilin Publishing House of Science and
Technology, Changchun, p. 271.

Geisler, T. and Schleicher, H. (2000) Improved U-Th-total Pb
dating of zircons by electron microprobe using a simple
new background modeling procedure and Ca as a chemi-
cal criterion of fluid-induced U-Th-Pb discordance in zir-
con. Chemical Geology, 163, 269-285.

Goncalves, P., Williams, M. L. and Jercinovic, M. J. (2005)
Electron-microprobe age mapping of monazite. The
American Mineralogist, 90, 578-585.

Hinthorne, J. R., Andersen, C. A., Conrad, R. L. and
Lovering, J. F. (1979) Single-grain *"Pb/**Pb and U/Pb
age determinations with a 10-um spatial resolution using
the ion microprobe mass analyzer IMMA). Chemical Ge-
ology, 25, 271-303.

Hinton, R. W. and Long, J. V. P. (1979) High-resolution ion
microprobe measurement of lead isotopes: variations
within single zircons from Kac Seul, northwestern On-
tario. Earth and Planetary Science Letters, 45, 309-325.

Holmes, A. (1911) The association of lead with uranium in
rock-minerals and its application to the measurement of
geological time. Proceedings of the Royal Society, Series
A, 85, 248-256.

Holmes, A. and Smales, A. A. (1948) Monazite from Bodmin
Moor, Cornwall: a study in geochronology. Proceedings of
the Royal Society of Edinburgh (B), 63, 115-129,

Imayama, T. and Suzuki, K. (2011) High-precision CHIME
monazite age from leucogranite in the far-eastern Nepal
Himalaya (forecast). Summaries of Researches using
AMS at Nagoya University (XXII) , 55-64.

Jercinovic, M. J. and Williams, M. L. (2005) Analytical perils
(and progress) in electron microprobe trace element
analysis applied to geochronology: background acquisi-
tion, interferences, and beam irradiation effects. The
American Mineralogist, 90, 526-546.

Krogh, T. E. (1982) Improved accuracy of U-Pb zircon ages by
the creation of more concordant systems using an air
abrasion technique. Geochimica et Cosmochimica Acta,
46, 637-649.

Kulp, J. L., Bate, G. L. and Broecker, W. S. (1954) Present
status of the lead method of age determination. American
Journal of Science, 252, 345-365.

Kusiak, M. A., Dunkley, D. J., Suzuki, K., Kachlik, V.,
Kedzior, A., Lekki, I. and Oplustil, S. (2010) Chemical
(non-isotopic) and isotopic dating of Phanerozoic zircon-A
case study of durbachite from the Trebic Pluton, Bohe-
mian Massif. Gondwana Research, 17, 1563-161.

Lal, N, Saini, H. S., Nagpaul, K. K. and Sharma, K. K. (1976)
Tectonic and cooling history of the Bihar Mica Belt, In-

dia, as revealed by fission-track analysis. Tectonophysics,
34, 163-180.

Larsen, E. S., Keevil, N. B. and Harrison, H. C. (1952)
Method for determining the age of igneous rocks using
the accessory minerals. Bulletin of the Geological Society
of America, 63, 1045-1052.

Matsuda, H. (1974) Double focusing mass spectrometers of
second order. International Journal of Mass Spectrometry
and Ion Physics, 14, 219-233.

Nier, O. A. (1939) The isotopic composition of radiogenic leads
and the measurement of geological time, II. Physical Re-
views, 55, 153—-163.

Oh, C. W., Kim, S. W., Choi, S. G., Zhai, M., Guo, J. and
Sajeev, K. (2005) First finding of eclogite facies metamor-
phism event in South Korea and its correlation with the
Dabie-Sulu Collision Belt in China. Journal of Geology,
113, 226-232.

Parslow, G. R., Brandstatter, F., Kurat, G. and Thomas, D. J.
(1985) Chemical ages and mobility of U and Th in anatec-
tites of the Cree Lake zone, Saskatchewan. Canadian
Mineralogist, 23, 543-551.

Pyle, J. M., Spear, F. S., Rudnick, R. L. and McDonough, W.
F. (2001) Monazite-xenotime-garnet equilibrium in
metapelites and a new monazite-garnet thermometer.
Journal of Petrology, 42, 2083-2107.

Sarkar, T. C. (1941) The lead ratio of a crystal of monazite
from the Gaya District, Bihar. Proceedings of the Indian
Academy of Sciences, 13, 245-248.

Schérer, U. and Allegre, C. J. (1982) Uranium-lead system in
fragments of a single zircon grain. Nature, 295, 585-587.

Steiger, R. H. and Jéger, E. (1977) Subcommission on geo-
chronology: convention on the use of decay constants in
geo- and cosmochronology. Earth Planetary Science Let-
ters, 36, 359-362.

FRUEA - SORTIEE (2004) RIS, SR IS0 5
AEf %5 © CHIME 40l 2. 4 B KW i, 20
i, 15-23.

Sun, D-. Y., Suzkuki, K., Kajizuka, 1., Kamikubo, H., Lu, X-.
P. and Wu, F-. Y. (2008) CHIME dating of monazite from
the Dongqing pluton in SE Jilin, China. Journal of Earth
and Planetary Sciences, Nagoya University, 55, 23—-37.

Suzuki, K. (1987a) Discordant distribution of U and Pb in zir-
con of Naegi granite: a possible indication of Rn migra-
tion through radiation damage. Geochemical Journal,
21,173-182.

Suzuki, K. (1987b) Grain-boundary enrichment of incompat-
ible elements in some mantle peridotites. Chemical Geol-
ogy, 63, 319-334.

SRR (2005) BT 7u—7~A27u7F 54 FrHW
CHIME 4EUHIE. M ZAERE, 111, 509-526.

FARMIE (2006) EPMA I & 2 S 0ERPE. SAEE,
2006447, 152-159.

Suzuki, K. (2009) CHIME dating and age mapping of mona-
zite in granulites and paragneisses from the Hwacheon



128 £ N

area, Korea: implications for correlations with Chinese
cratons. Geosciences Journal , 13, 275-292.

AR (2010) EPMA. HAMIRALASEAS. HPH - 50
B LR M ER AL 22k S Hb ERAL A2 SEBR L, pp. 230-
237, HEJME, WAL

Suzuki, K. and Adachi, M. (1991) Precambrian provenance
and Silurian metamorphism of the Tsubonosawa parag-
neiss in the South Kitakami terrane, Northeast Japan,
revealed by the chemical Th-U-total Pb isochron ages of
monazite, zircon and xenotime. Geochemical Journal , 25,
357-376.

Suzuki, K. and Adachi, M. (1994) Middle Precambrian detri-
tal monazite and zircon from the Hida gneiss in the Oki-
Dogo Island, Japan: their origin and implication for the
correlation of the basement gneiss of Southwest Japan
and Korea. Tectonophysics, 235, 277-292.

Suzuki, K. and Kato, T. (2008) CHIME dating of monazite,
xenotime, zircon and polycrase: protocol, pitfalls and
chemical criterion of possibly discordant age data. Gond-
wana Research, 14, 569-586.

Suzuki, K. and Yogo, S. (1986) Microprobe analyses of zircons
in some granitic rocks with special reference to the distri-
bution of uranium. Bulletin of the Nagoya University Mu-
seum, 2, 27-53.

Suzuki, K., Adachi, M. and Yamamoto, K. (1990) Possible ef-
fects of grain-boundary REE on the REE distribution in
felsic melts derived by partial melting. Geochemical
Journal , 24, 57-74.

Suzuki, K., Adachi, M. and Tanaka, T. (1991) Middle Precam-
brian provenance of Jurassic sandstone in the Mino Ter-
rane, central Japan: Th-U-total Pb evidence from an elec-
tron microprobe monazite study. Sedimentary Geology,
75,141-147.

SRR - JSLSF - sl - HEEHEiA: (1999) CHIME R
gk e 2o @I BB~ OIS, #HIRILS,
33, 1-22.

il

Suzuki, K., Chwae, U., Dunkley, D. J., Kim, S-. W., Kajizuka,
I. and Minami, M. (2010) CHIME geochronology of grani-
tic gneiss from Baekdong in the Hongseong area of the
Gyeonggi Massif, South Korea. Journal of Earth and
Planetary Sciences, Nagoya University, 57, 19-41.

Tilton, G. R. (1960) Volume diffusion as a mechanism for dis-
cordant lead ages. Journal of Geophysical Research, 65,
2933-2945.

Tilton, G. R., Patterson, C., Brown, H., Inghram, M., Hayden,
R., Hess, D. and Larsen, E. (1955) Isotopic composition
and distribution of lead, uranium and thorium in a Pre-
cambrian granite. Geological Society of America Bulletin,
66,1131-1148.

Tilton, G. R., Davis, G. L., Wetherill, G. W. and Aldrich, L. T.
(1957) Isotopic ages of zircon from granites and pegma-
tites. Transactions of the American Geophysical Union,
38, 360-371.

Tsuboi, M. and Suzuki, K. (2003) Heterogeneity of initial
¥'Sr/*Sr ratios within a single pluton:evidence from apa-
tite strontium isotopic study. Chemical Geology, 199, 189
-197.

Wetherill, G. W. (1956) Discordant uranium-lead ages, 1.
Transations of the American Geophysical Union, 37, 320~
326.

Williams, I. S., Compston, W. and Chappell, B. W. (1983) Zir-
con and monazite U-Pb systems and histories of I-type
magmas, Berridale Batholith, Australia. Journal of Pe-
trology, 24, 76-917.

Williams, M. L., Jercinovic, M. J. and Terry, M. P. (1999) Age
mapping and dating of monazite on the electron micro-
probe: deconvoluting multistage tectonic histories. Geol-
ogy, 27, 1023-1026.

Wu, F. -Y., Sun, D. -Y., Jahn, B. -M. and Wilde, S. (2004) A
Jurassic garnet-bearing granitic pluton from NE China
showing tetrad REE patterns. Journal of Asian Earth
Sciences, 23, 731-744.



