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ABSTRACT: Zircon grains with high-U contents (> 2,000 ppm) are susceptible to radiation damage integrated
over the time by the decay of U. The effect of radiation damage can change the intrinsic physical (e.g., hardness,
crystallinity, and specific gravity) and chemical properties of zircon, which is called metamictization. The apparent
U-PDb age of metamictized zircon determined by SIMS (e.g., SHRIMP) tends to increase due to the matrix effect.
In a previous study on the Palbong and Backhwa granites in the southwestern Gyeonggi Massif, SHRIMP U-Pb
ages for high-U zircons have been reported, where a positive correlation between U content and apparent age was
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observed. Regression ages on 2000 ppm of U for Palbong and Backhwa yielded 174.94+ 1.7 Ma and 176.8 £ 9.8
Ma, respectively. In this study, we newly report fs-LA-MC-ICP-MS zircon U-Pb ages for the Palbong and Backhwa
granites, and compare them to the SHRIMP regression ages. The measured U concentrations of the Palbong and
Baekhwa zircons are 3,778-17,970 ppm and 4,760-25,700 ppm with Th/U ratios of 0.42-1.20 and 0.28-0.99,
respectively. Lower intercept ages of the Palbong and Baekhwa zircons are 168.3 + 1.4 Ma, and 174.0 + 3.6 Ma,
respectively. There is no meaningful correlation between the U contents and the ***Pb/>**U ages, indicating that
the matrix effect was insignificant during the LA-ICP-MS analysis. Therefore, the LA-ICP-MS U-Pb age of
metamictized zircons represents the emplacement age of the granites. If the SHRIMP U-Pb age of the Palbong
and Baekwha zircons is regressed on the y-intercept, the age closest to the emplacement age determined by
LA-ICP-MS is estimated. It is unable to specify the absolute U concentration to regress the SHRIMP U-Pb ages
of metamictized zircons to correct the matrix effect. Although application of simple linear regression for SHRIMP
U-Pb ages of metamictized zircons can be used to estimate the approximate age, it unconstrain the precise

emplacement age.
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Fig. 1. (a) Tectonic province map of the Korean Peninsula and eastern China (after Kim et al., 2019), and (b) simplified
geological map of the study area with sample locations (after Kee et al., 2019). Abbreviations: NM, Nangrim Massif;
IB, Imjingang Belt; GM, Gyeonggi Massif; OB, Okcheon Belt; YM, Yeongnam Massif; TB, Taebaeksan Basin;
GB, Gyeongsang Basin.

Fig. 2. Outcrop photographs of granites in (a) Palbong and (b) Baekhwa areas located in the southwestern Gyeonggi

Massif.
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Table 1. fs-LA-MC-ICP-MS zircon U-Pb isotopic data for Palbong (PBg02) and Backhwa (BHS04) granites in the
southwestern part of the Gyeonggi Massif.

206Pb /238U

207 235 206 238 238y 1,206 207 206
POAU £ (20) *PHAUU £ (20) FUFPD +(20) PPHPY £(20) o Sy

U (ppm) Th/U

Palbong granites

PBg02 1 0.2287 0.0076  0.0282  0.0009 35.4484 1.2 0.0580 0.0006 177 +6 5,130  0.57
PBg02 2 0.1766  0.0034 0.0259  0.0005 38.6250 0.7 0.0490 0.0003 165 +3 10,470 0.73
PBg02 3 0.2029 0.0051 0.0273  0.0005 36.6166 0.7 0.0528 0.0008 172 +3 6,380 0.63
PBg02 4 0.1789  0.0032 0.0260 0.0005 38.4763 0.7 0.0492 0.0002 165 +3 9,370 048
PBg02 6 0.1870  0.0041 0.0267 0.0005 37.4672 0.7 0.0511 0.0005 169 +3 5540 0.89
PBg02 7 0.1863 0.0042 0.0265 0.0005 37.7644 0.7 0.0511 0.0006 168 +3 16,970 0.96
PBg02 9 0.1787 0.0033 0.0261 0.0004 38.2995 0.6 0.0505 0.0004 166 +3 5590 093
PBg02 10 0.1810 0.0038 0.0262 0.0005 382117 0.7 0.0507 0.0004 166 +3 5,150 042
PBg02 11  0.1891 0.0052 0.0266 0.0005 37.5375 0.7 0.0515 0.0006 168 +3 17,970 0.77
PBg02 12 0.1876 0.0045 0.0267 0.0005 37.4813 0.7 0.0512 0.0004 169 +3 8,130 0.53
PBg02 13  0.1946 0.0063 0.0270 0.0005 36.9959 0.7 0.0524 0.0008 170 +3 7,720  0.57
PBg02 14  0.2263 0.0071 0.0276  0.0007 36.1925 0.9 0.0596 0.0009 173 +4 3,778  0.68
PBg02 15 0.1895 0.0057 0.0264 0.0005 37.8215 0.7 0.0511 0.0009 167 +3 4,620 043
PBg02 16 0.2002 0.0045 0.0275 0.0006 36.3504 0.8 0.0526 0.0004 174 +4 5910 0.72
PBg02 17 0.1811 0.0032 0.0265 0.0004 37.7359 0.6 0.0493 0.0004 168 +3 7460  0.58
PBg02 19 0.2188 0.0076 0.0277 0.0010 36.1141 1.3 0.0571 0.0008 174 +6 8,600 0.51
PBg02 20  0.3090 0.0250 0.0293 0.0009 34.1647 1.0 0.0771 0.0058 177 +5 12,630 0.76
PBg02 21  0.1857 0.0066 0.0269 0.0009 37.1195 1.2 0.0494 0.0004 171 +5 9480 1.20
PBg02 22 0.3290 0.0220 0.0288 0.0008 34.7343 0.9 0.0809 0.0043 173 +4 8,160  0.68

Baekhwa granites

BHS04 1 0.1797 0.0025 0.0268 0.0003 37.2856 0.4 0.0478 0.0003 171 +2 24350 0.29
BHS04 2 0.2780 0.0280 0.0271  0.0005 36.9413 0.7 0.0747 0.0073 166 +3 10,400 0.66
BHS04 3 0.2157 0.0074 0.0286 0.0007 35.0140 0.8 0.0546 0.0010 180 +4 16,430 0.63
BHS04 4  0.2054 0.0039 0.0275 0.0005 36.4299 0.7 0.0536 0.0003 173 +3 14,630 0.64
BHS04 5 0.3290 0.0140 0.0307 0.0006 32.5521 0.6 0.0770 0.0029 187 +4 10,500 0.76
BHS04 6 0.2156 0.0080 0.0263 0.0007 38.0373 1.0 0.0607 0.0012 164 +4 8,870 0.28
BHS04 7  0.4020 0.0190 0.0287 0.0006 34.8189 0.7 0.1018 0.0036 171 +3 19,000 0.74
BHS04 8  0.2970 0.0140 0.0276 0.0003 36.2188 0.4 0.0779 0.0034 168 +2 15340 047
BHS04 9  0.2100 0.0029 0.0277 0.0004 36.0490 0.6 0.0549 0.0003 175 +3 18,030 0.56
BHS04 10 0.2800 0.0210 0.0297 0.0005 33.7268 0.6 0.0670 0.0042 182 +3 12,900 0.52
BHS04 11 0.2240 0.0110 0.0287 0.0006 34.8311 0.7 0.0581 0.0033 180 +4 8,500 0.63
BHS04 12 0.3590 0.0130 0.0266 0.0004 37.5516 0.6 0.0977 0.0033 158 +3 23,700 0.36
BHS04 13 0.1995 0.0032 0.0266 0.0004 37.5375 0.5 0.0535 0.0004 168 +2 9980 044
BHS04 14 0.1951 0.0038 0.0279 0.0005 35.8295 0.7 0.0502 0.0003 177 +3 15200 0.65
BHS04 15 0.3490 0.0150 0.0287 0.0005 34.8797 0.6 0.0871 0.0028 173 +3 8,670  0.38
BHS04 16 0.5930 0.0240 0.0293 0.0006 34.1880 0.7 0.1482 0.0045 162 +4 25,700 0.28
BHS04 18 0.2690 0.0130 0.0284 0.0003 35.1865 0.4 0.0684 0.0032 176 +2 12,630 0.40
BHS04 19 0.4230 0.0210 0.0278 0.0005 36.0231 0.6 0.1112 0.0055 163 +3 5160 0.40
BHS04 20 1.0810 0.0250 0.0330  0.0005 30.3490 0.5 0.2443  0.0049 158 +3 4,760  0.99
BHS04 21 0.8720 0.0710 0.0322 0.0010 31.0559 1.0 0.1950 0.0110 166 +4 16,700 0.97
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Fig. 3. Representative backscattered electron (BSE) images of zircons from the Palbong (PBg02) and Backhwa
(BHS04) granites. Circles indicate the locations of fs-LA-MC-ICP-MS analyses, and numbers represent the
26ph/>¥U ages of the zircons.
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Fig. 4. Tera-Wasserburg diagrams of fs-LA-MC-ICP-MS U-Pb isotopic analysis for high-U zircons from Palbong
(a) and Baekhwa (b) granites. Error ellipses are at 20 uncertainties.



242 4A|

gk AMESl HE e HAgRith 12y LA-ICP-MS
Z| Ao A= HE7F A (carrier gas)ZE T2 AR
Sl o2 7k Yol A5k *He7t B
< do7]7] wio FUsHA *PbE SAF BA
of| ARE37 |17} otk HEHE BASHA] 92 U-Pb
YA BEXATE Tera-Wasserburg Tho]o] 13
o] =AJSHH 1Y 49f o] PR FA oA f12 Hlof
U= Ao E9A7F Uehg 4= et olE €4
T4 92 AANA BAARE TP, BEol
BAE AE 22 AhE 42T % Yrklackson
et al., 2004). 9] O 2 ANE TR WAL
Aolzo] WAt 22} 168.3 + 1.4 Ma®} 172.0
+ 4.7 Mao]th

T, WS AolEe] BHAES TALE 7]
Fo2 HO2 BAT e HATKLH 4b).
= Aolze] AR} o) WAT AU s
U-Pb 594 A|2H" o] W(perturbation) =] o] Ly
ERLRe B0 sjaEc, wisp olze] ojan

200

195 (a)PBg02 (SHRIMP)
® 190 F
\E., 185 -
8 180}
© 175 <=2 [5) © Regresslor] age on U = 2000 ppm: 174.9 + 1.7 Ma
w: Regression age on U =0 ppm: 172.7 £ 1.3 Ma|
n\ 170
L 165
[+
g 160
]

1585

150 1 1 1 1

0 4000 8000 12000 16000 20000
Uranium concentration (ppm)

240

230 (c) BHS02 (SHRIMP)
T 220
£ 210}
Q -
g 200
S 190
33 180 Regression age on U = 2000 ppm: 176.8 + 9.8 Ma
&L
i 170 Regression age on U = 0 ppm: 169.2 + 8.0 Ma
e 160 [
~N

150 -

140 1 1 1 1 1

0 5000 10000 15000 20000 25000 30000

Uranium concentration (ppm)

= FAREAA QA o157 veh e, ol
G2 QIR HAzg o= Qs Zrit Si PaE9
£A18 7 Holzoli B Solc Takehara
et al., 2018). T3 WAL Aolze] YhrolA] Tt
i AEAPEE vjstEst 80w Q8] &4
° Aol e P4t WEs B4 A0 4
X =Elth(Nasdala et al., 2009). 9} & EAEL
Hi3LAE A o] Zo] G52 QIR HAS A= A
ATk @4 HAe vt EskE Aojze] U-Pb
Y AAH WS 2T 5= QITK(Geisler
et al., 2002; Herrmann et al., 2021). 71 A3} W3}
At AojEolx] Tkl At 22 FARE eS| U-Pb
UL 2Ao] oF7|E 4 JrtHTakehara et al.,
2018). £3|, THAM] vl Aid o=z U ol
8 s Aof2o] weulEs} 288 s Zlo]
A4 WA e o Bl W Aoz e,
Kim et al. (2019)- Z-5-4ta} ¥4k S17)Qkof A
E&5t AojZo] tfal] SHRIMP U-Pb AL

200
195 | (b) PBg02 (fs-LA-MC-ICP-MS)
© 190 |
2 iss5|
(]
o 180
S ¢
175 | +
2oL 8 T By
& 170 ) §§ ®
8 165} %86 ® °e n
o é Intercept age: 168.3 + 1.4 Ma
g 160
155 |
150 1 1 1 1
0 4000 8000 12000 16000 20000
Uranium concentration (ppm)
240
230 - (d) BHS04 (fs-LA-MC-ICP-MS)
o 220
2 o0
[ L
g 200
T 190 .
o Intercept age: 172.0 £ 4.7 Ma
g 180f ° S o0
= [} s ° ;
8 170 Cpe & ! °
o ) ] b )
=4 160 o Q@
N
150
40 1 1 1 1 1
0 5000 10000 15000 20000 25000 30000

Uranium concentration (ppm)

Fig. 5. Plots of *°Pb/?**U ages (Ma) vs. U concentrations determined by SHRIMP (a and c; Kim et al., 2019) and
fs-LA-MC-ICP-MS (b and d; this study). Black lines in (a) and (c) are linear regression lines. Simple linear regression
has been applied on 0 and 2,000 ppm of U to correct the shifted apparent SHRIMP ***Pb/***U ages. Error bars represent

10 uncertainties.



HIEFRIESHE 11 -22ks 4 01Z2| U-Pb HCiZ4: SHRIMPR fs-LA-MC-ICP-MS HCHEAM H|w 243

YAt F e AojZ2 U o] wij¢ =
< Ho|H(Eg1t = 1,723-9,378 ppm, WPk = 1,978-
12,938 ppm), 71 Fefo] Z7}8l=2 21 7] SHRIMP
pb/AU At STV o] ATRIAIS Bk 1
] 5a, 5¢). Tera-Wasserburg To|o} 1ol 2°Pb/~8U
A= YX]=HAl(concordia curve) AolA Y2 HE
o 24 =AIEH(Z1H 6) FYm|gt 7Hs B At
WAATE 78 4= glct Williams and Hergt (2000)
+ U gF0] 2,500 ppmETH 22 1-L-2HE A]o]&
9] SHRIMP **Pb/*U ¢itj7} A Hc} &4 23
e A& Bugch ZR7] P/ U At U @
F2 AFTAE 7HA™, U & 1,000 ppm F 2F
3%9] At 78-S 12 2lIt} White and Ireland (2012)
o W= o] AA-E A o|Z 9] Hete ES} g0
A opZ|Els AL R, I A ] BA x| o
2t g2bd 4= Qo HEH ES} XY= Ao

24Pb-corrected data-point error ellipses are 10

(a) PBg02 (SHRIMP)

0.054

0.052
10000

o
=)
a
S

U (ppm)

207Pbl206pb

1000
0.048

0.046
34 35 36 37 38

238U/208Pb

24Pb-corrected data-point error ellipses are 10

(b) BHS02 (SHRIMP)

0.053

o
0.051
13000

U (ppm)

207Pb,205pb

1000

0.047

26 28 30 32 34 36 38

ZGBUIZDSPb

Fig. 6. Tera-Wasserburg diagrams of SHRIMP U-Pb
isotopic analysis for high-U zircons from Palbong (a)
and Baekhwa (b) granites. Error ellipses are at 1o
uncertainties. Ellipse color represents the U concen-
trations of zircons.

9] Bt A =7t g4t "t o] E SHRIMP
HE EAT B 71danz Qs LA} o] 2ol
AolE EH FE3| o]atol2o] A4E w Pb 9]
ol &3}t 80| UFE(U’, U0, U0yl B3 )
Moz Z7ks Bk ool 29| Pb'/UHIZ} A
A Po/U E9iamnt B4 SHH, Anao
2 AR &e Aoyl A& vjxe] B-9a
Aol Aot 7] 0) SRPEU A 8 72
2 Ex(ete Este HE, = o)) So] YX|sHe
BE AolE AR A AS | AEIZ A
27| Ae Z7HE WA 4 qlork Aol
ol BEARE FoHs 2L 7M. Kim e
al. (2019)-2 White and Ireland (2012)5 Zars)] T
BAR} WiSEAE 2|02 9] SHRIMP U-Pb $Atiof A
vehd 7|dans 245 s deAdd AR
A S 28 2H Sa, 5¢). U & 2,000 ppm=
71202 33| ALE At TEAte] 1749 +
1.9 Ma, W3hAk2- 176.8 + 9.8 Mao]ch.

s, dlolA AL BEI AR ER B4
(ablation)3}] ©] 23} A]7]+= LA-ICP-MS #AH|& &
£ B, 718 AT oJgt Hatt FEe I 4x
7F alalsEAY SAYSHA] gh=thal HarE| Rt Horn
et al., 2000). Zhao et al. (2014)= U g=Fo] 558-
30,827 ppm¢Ql i-$-2HE A o]Zof djgt SHRIMP
¢} LA-ICP-MS U-Pb |dj& B3l O 2iE
uo o] AP Ar Zd| E(plateau) Fche} v w3t
vl Qlek. s Aol A Aol2e AR &8
$F A= ZHZF SHRIMP 112} 193 nm ArF QA ™
AolAE AAF AFIA SEAT Sepza} Ao
£47]0]t}h. SHRIMP U-Pb dt= 7] @& }o] ¢
3 Awy) Ade] 2712 Qs We Wele) e 7t
Ao, AT U FFo] 52 A7 AHolZ=°lA
=& ET e vHFH AR Adivt S
AE7| = sttt BHA, LA-ICP-MS ddl= 7|28
ko] Fro| mlu]sto] A= w2 A S Bl
AHE A= o AT Ao}E9 LA-ICP-MS &
e el YArPAr ZHE Ad2 239 3}
TS 2AstAiet e A 9] Wol A AR
=9 A= s wianirF Bl & A4St
7 @S| 7HA] dRbA o2 1 Ma mlRtke] A|7to]
285= Ae AP W, AoFolA o &
dchel W roA Hdojzl ARt A7F L



244 44|

BHIEF9 A7 E AT 7FsAdo] =rhaL SR
o} wEba] Q2P 9] oA dA|st= F BEY 4

=, e ESRE #ojZoA S4H LA-ICP-MS
Aol gk 4 =g Hlsia= A2 4 E
At

LHEA} WAl & o] Z9] f5-LA-MC-ICP-MS<]
2°pb/ AU Adie U gt 5-oju3t AT 1
o)A G=TtHE 5b, 5d, 7). ol= 7|2 &I} 23]
oF7|H Pb2t U ¥ax7he] B o] nju|3i3-3 A| A5t
o], whab] THEAK168.3 + 1.4 Ma)Th WER3H172.0
+ 4.7 Ma)9] fs-LA-MC-ICP-MS Ath= st7-et
9] IIA71E A ASkE A2 4 Hct. Zhao er
al. (2014)9] Aot 2 AoA ARE-E oA}
AFEA719] TR/ dolstt, F 3% =5+ vEt
9 ESLE AolE B4 A 7| anrt v|njsitt= 2
s EE3 HL2 5T T oir) ojek 2 A=

Uncorrected data-point error ellipses are 20

wosl . (a) PBg02 (fs-LA-MC-ICP-MS)

0.08 ’
18000

0.07

U (ppm)

3000
200 <

207Pbl206pb

s
31 33 35 37 39 41

238U1206Pb

Uncorrected data-point error ellipses are 20

(b) BHS02 (fs-LA-MC-ICP-MS)

.. @
@ 26000
018 :

207Pb/206pb

N U (ppm)
0.14 - O
0.10 ®: — 4000
P e—1

Ry g,

0.06 - [
220 200 180 S 160
0.02 >
28 30 32 34 36 38 40
238UI208Pb

Fig. 7. Tera-Wasserburg diagrams of fs-LA-MC-ICP-MS
U-Pb isotopic analysis for high-U zircons from Palbong
(a) and Baekhwa (b) granites. Error ellipses are at 20
uncertainties. Ellipse color represents the U concen-
trations of zircons.

st =akel Hojze] Athg 24 w, LAICP-
MS H|E BE3He Flo] A FIHYD 5 U

= A A%t

Kim et al. (2019)°|4 2% SHRIMP U-Pb &
oi(ZEAF=174.9 £ 1.7 Ma, 93}k = 176.8 £ 9.8
Ma; 13 5a, 5¢)+= & HFo)|A] fs-LA-MC-ICP-MS
2 3 A} o 2po)7} Qi SHRIMPR 57
gk Aol gt deAF I ARA B yEH
ARG o, fs-LA-MC-ICP-MSZ 3t I )
o 71 ZARRE Adi7F AAFE T =EA = 172.7 £
1.3 Ma, H83}AF = 169.2 + 8.0 Ma; 718 5a, 5c¢). ©]
£ 7|2 AT LA ARgRE A FY
3t ZHH](SHRIMP 1D E -85 vk J91(2F 180-
200 Ma)®] TS 714 Het et Aolag
B3t A HLE(White and Ireland, 2012; Zhao
et al., 2014)2] B 119} A}o]st Afo|tt, White and
Ireland (2012)9]| 4= ¢F 180 Ma9] 11-L-25 E|=
Wyl ZHAFU(Tasmanian Dolerite) #|o]ZS
SHRIMP II12 EA3S o, 7|dayte] &gt 25
7] At 2717 U @] oF 2,000 ppm T
vehdth weba] U 5 2,000 ppme 7|20 2 1
B EStE #ojF o 2E7] A E IAFS W A
A A dg= 4SS 5= 3o, y52 2 3|9shd
AR EoE 2 A7t AEEo g2 H 02, Zhao
et al. (2014)9] Ao A= SHRIMP 115 &3l
HER ESHE oF 203 Ma®| AtiE 7HA]&= A ol&
= 2APe ), yFo2 AT Azt A4 A
AR ET A vehdth 7188y ot 2R7)
Ad) S77F e Al U okt = 1 A
HBA7F EAA A 7PAA Q] A2, SHRIMP &
Aoz dE ZHIARE U FFo s HAs)A 4
HAHE Aitsks Aol AV A= E=dch
&, AR IS 283 RS vEY ek
A olZo HAA7]00 sl h=Fa <l H RS A5t
= d3Hol 2 e ot AEe B2 dhdd
S AFE3L7) st o 2 AR E Y] = o HL)

6.2 E

f5-LA-MC-ICP-MSE 283 38 B4k} o)
3Hike] 31- ks A olE<] U-Pb Ath= 22t 168.3
+ 1.4 Ma (n = 19, MSWD = 2.3)2} 174.0 + 3.6 Ma



HIEFRIESHE 11 -22ks 4 04Z2| U-Pb HCiZ4: SHRIMPR fs-LA-MC-ICP-MS HCHEAM H|w 245

(n = 20, MSWD = 19)0]ch. WShF RJo}Ee] MSWD
7t A Uehhs AL, g58d 93 Pbat U &
Aol Azl At AojZe] U gt *Pb/ U
Af Atolofl F-olulgt AT Al= TEE R Y=t
ol "B EStE AojE-E A5k oA 7]
Aa izt u|Z FgFo| ulu| -2 A A5k, whebA
SAE ddl= AR Wik BAIZIE YEr
U Ao SJAET. Kim ef al. (2019)0)4 U &
o] 2,000 ppmAYE 7|ELE 7|HAAINE 3|7
RHAe ZeAk wikike] SHRIMP U-Pb A=
AR B AR ok A ALERYH AoE B
oAzt Y ALt 71 ZARRE SHRIMP U-Pb &
e yEe 71Eo = IS o AEE 2ev
1-92hs Ao|&Z SHRIMPE S o 7|4
A2 Qs yehts 2R7] 2P/ U Adie &
7he A= 9] Wit ES} H o} AH| o BA 20
e} 71 Aol 7hAZA oot webA Y H U
< AP BA AR o glok &, %
s A©]2¢] SHRIMP U-Pb AHE 3|4 EA3|
A AFE Qe AYAHE AEste A2 o8
Ao g Aot 9 s S & o, a2t
' AolZ9 dAtiSHol= LA-ICP-MS AH|E &
&5t= A o] Agtsittar Azt 274 A5
8l Y ARE R et 79 €&
Z(pulse duration), Wj&, I} 52 7HA| &= Flo|A
A2 TFY =AY Sohzut AR
7153 oheket 20 2 A3t FEATE S
gde7t ot

ALl =

o] ATE 20219E Eyrfst T
ola) ALE| &t ALH HHE o F41 o
o] £ £ A1 2ol A=Y,

REFERENCES

Andersen, T., 2002, Correction of common lead in U-Pb
analyses that do not report 2Pb. Chemical Geology,
192, 59-79.

Cheong, A.C. and Jo, H.J., 2020, Tectonomagmatic evolu-
tion of a Jurassic Cordilleran flare-up along the Korean
Peninsula: Geochronological and geochemical con-

straints from granitoid rocks. Gondwana Research, 88,
21-44.

Cho, D.-L., Kim, Y.J. and Armstrong, R., 2006, SHRIMP
U-Pb geochronology of detrital zircons from iron-bear-
ing quartzite of the Seosan Group: Constraints on age
and stratigraphy. The Journal of the Petrological Society
of Korea, 15, 119-127 (in Korean with English abstract).

Geisler, T., Pidgeon, R.T., Van Bronswijk, W. and Kurtz,
R., 2002, Transport of uranium, thorium, and lead in
metamict zircon under low-temperature hydrothermal
conditions. Chemical Geology, 191, 141-154.

Hanchar, J.M. and Hoskin, P.W.O., 2003, Zircon. Reviews
in Mineralogy and Geochemistry, 53, 1-500 p.

Herrmann, M., S6derlund, U., Scherstén, A., Neraa, T.,
Holm-Alwmark, S. and Alwmark, C., 2021, The effect
of low-temperature annealing on discordance of U-Pb
zircon ages. Scientific Reports, 11, 1-11.

Hom, I., Rudnick, R.L. and McDonough, W.F., 2000, Precise
elemental and isotope ratio determination by simulta-
neous solution nebulization and laser ablation-ICP-
MS: Application to U-Pb geochronology. Chemical
Geology, 164, 281-301.

Hoskin, P.W.0O. and Schaltegger, U., 2003, The composi-
tion of zircon and igneous and metamorphic petrogenesis.
Reviews in Mineralogy and Geochemistry, 53, 27-62.

Jackson, S.E., Pearson, N.J., Griffin, W.L. and Belousova,
E.A., 2004, The application of laser ablation-inductively
coupled plasma-mass spectrometry to in situ U-Pb zir-
con geochronology. Chemical Geology, 211, 47-69.

Kee, W.S., Kim, S.W., Kim, H., Hong, P., Kwon, C.W., Lee,
H.J., Cho, D.L., Koh, H.J., Song, K.Y., Byun, U.H. and
Jang, Y., 2019, Geologic Map of Korea (1: 1,000,000).
Korea Institute of Geoscience and Mineral Resources
(KIGAM).

Kim, D.H. and Hwang, J.H., 1982, Geological Report of
the Daesan-Eigog Sheet (1:50,000). Korea Institute of
Energy and Resources, Seoul, 27 p.

Kim, J.I. and Choi, S.H., 2021, Petrogenesis and tectonic
implications of the late Paleoproterozoic (ca. 1.7 Ga)
post-collisional magmatism in the southwestern Gyeonggi
Massif at Garorim Bay, South Korea. Journal of Asian
Earth Sciences: X, 5, 100050.

Kim, J.I., Choi, S.H. and Yi, K., 2019, Petrogenesis of Mesozoic
granites at Garorim Bay, South Korea: evidence for an
exotic block within the southwestern Gyeonggi mas-
sif?. Geosciences Journal, 23, 1-20.

Lee, S.R., Cho, D.L. and Wu, E.Y., 2016, Contrasting source
domains for the Phanerozoic granitoids in South Korea
revealed by zircon Hf isotopic signatures. Geosciences
Journal, 20, 585-596.

Ludwig, K.R., 1998, On the treatment of concordant ura-
nium-lead ages. Geochimica et Cosmochimica Acta,
62, 665-676.



246 4A|

Ludwig, K.R., 2008, User's Manual for SQUID 2. Berkeley
Geochronological Center Special Publication, 5, 110 p.

Nasdala, L., Kronz, A., Wirth, R., Vaczi, T., Perez-Soba,
C., Willner, A. and Kennedy, A.K., 2009, The phenom-
enon of deficient electron microprobe totals in radia-
tion-damaged and altered zircon. Geochimica et Cosmo-
chimica Acta, 73, 1637-1650.

Paton, C., Hellstrom, J., Paul, B., Woodhead, J. and Hergt,
J.,2011, Iolite: freeware for the visualization and proc-
essing of mass spectrometric data. Journal of Analytical
Atomic Spectrometry, 26, 2508-2518.

Paton, C., Woodhead, J.D., Hellstrom, J.C., Hergt, J.M.,
Greig, A. and Maas, R., 2010, Improved laser ablation
U-Pb zircon geochronology through robust downhole
fractionation correction. Geochemistry Geophysics
Geosystems, 11, QOAA06.

Schaltegger, U., Schmitt, A.K. and Horstwood, M.S.A.,
2015, U-Th-Pb zircon geochronology by ID-TIMS,
SIMS, and laser ablation ICP-MS: Recipes, interpretations,
and opportunities. Chemical Geology, 402, 89-110.

Slama, J., Kosler, J., Condon, D.J., Crowley, J.L., Gerdes,
A., Hanchar, J.M., Horstwood, M.S.A., Morris, G.A.,
Nasdala, L. and Norberg, N., 2008, Plesovice zircon-a
new natural reference material for U-Pb and Hf isotopic
microanalysis. Chemical Geology, 249, 1-35.

Speer, J.A., 1980, Zircon. Reviews in Mineralogy and
Geochemistry, 5, 67-112.

Takehara, M., Horie, K., Hokada, T. and Kiyokawa, S.,
2018, New insight into disturbance of U-Pb and trace-
element systems in hydrothermally altered zircon via
SHRIMP analyses of zircon from the Duluth Gabbro.
Chemical Geology, 484, 168-178.

White, L.T. and Ireland, T.R., 2012, High-uranium matrix
effect in zircon and its implications for SHRIMP U-Pb
age determinations. Chemical Geology, 306-307, 78-
91.

Wiedenbeck, M., All¢é, P., Corfu, F., Griffin, W.L., Meier,
M., Oberli, F., von Quadt, A., Roddick, J.C. and Spiegel,
W., 1995, Three natural zircon standards for U-Th-Pb,
Lu-Hf, trace element and REE analyses. Geostandards
newsletter, 19, 1-23.

Williams, L.S. and Hergt, J.S., 2000, U-Pb dating of Tasmanian
dolerites: A cautionary tale of SHRIMP analysis of high-U
zircon. Beyond 2000: New Frontiers in Isotope Geoscience,
Lorne, Abstracts and Proceedings, 185-188.

Woodhead, J.A., Rossman, G.R. and Silver, L.T., 1991,
The metamictization of zircon: Radiation dose-depend-
ent structural characteristics. American Mineralogist,
76, 74-82.

Zhang, M., Salje, E.K., Farnan, 1., Graeme-Barber, A.,
Daniel, P., Ewing, R.C., Clark, A.M. and Leroux, H.,
2000, Metamictization of zircon: Raman spectroscopic
study. Journal of Physics: Condensed Matter, 12, 1915.

Zhao, K.D., Jiang, S.Y., Ling, H.F. and Palmer, M.R., 2014,
Reliability of LA-ICP-MS U-Pb dating of zircons with
high U concentrations: A case study from the U-bearing
Douzhashan Granite in South China. Chemical Geology,
389, 110-121.

Received : November 7, 2022
Revised : December 1, 2022
Accepted : December 5, 2022



