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Abstract: The U-Pb isotopic and rare earth element compositions of zircon were measured using a
SHRIMP from a tonalitic gneiss sample DE43 in Daeijak Island, central Korea. Zircon crystals, up to
~300 um in diameter, rarely contain thin overgrowth rims. In contrast to Paleoproterozoic cores, the **Pb/
8 ages of 256+23 Ma (1o), and 221+7 Ma (16) were yielded from two spot analyses on the overgrowth
rims of zircon. The rims are geochemically characterized by low Th/U ratios (<0.01) and strongly depleted
light rare earth elements. The Permian-Triassic apparent ages of zircon are consistent with the **Pb/**Th
ages dated from allanite (227+7 Ma (¢c)) in the same sample within uncertainties, indicating an equilibrium
growth of allanite and zircon at ~227 Ma. On the other hand, the younger *Pb/**Th and **Pb/**U ages
(213+4 Ma (fo0) and 186+9 Ma (ro), respectively) of allanite may result from Pb loss due to the infiltration
of alkali fluids from Late Triassic and Jurassic granitoids nearby.

Keywords: allanite, zircon, equilibrium growth, U-Th-Pb age, REE pattern, tonalitic gneiss

A 2 SFt A 2%Fe] S, Th(1,000-16,000 ppm),
U(Th 3] oF 10%)S skl o] ARAAZE

Z+& A (allanite, CaREEALFe*'Si,0,,(OH) =4 2 A Ho] =& F3Eo|tH(Giere and Sorensen,
2004; Engi, 2017). Z#g4e] =& BF Pb(common
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Pb) HFe I F8AS A oFs) $hA vHGabudianu
Radulescu et al., 2009; Gregory et al., 2012), Al
S B g nAwe] wige) wEl ZRdae] A
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Ak &go] A FiEi JrH(Oberli e al,
2004; Gregory et al., 2007, 2012; Smye et al.,
2014, and Rubatto, 2014; Korh, 2014
McFarlane, 2016). Z8A9] A2 Ca FHgo] =&
s, aEd mokel Wik 9 wAolESelN &
B I ETHGiere and Sorensen, 2004; Engi,
2017). 53], Ca &&o] &2 nlanle} 1388 B

o] WA el ZAEAe Ay AIEFde

Janots

3]

el 0 with ol sk el olF 94
WA SERALS] Fo AL 4B @

(Hermann, 2002; Oberli et al., 2004). 3 &=
Aol Bl M ABAE AgHe] S0

&= = ol WESE SrE F58k] Aty
2 & Sr 55 7FXtHRubatto et al, 2008;

Cenki Tok et al, 2011). Ao AgollA Zgae]
e AR Al ES X|gheb A oR A
HAA QA o] Fo] X tHe.g, Wing et al, 2003;
Janots et al., 2008, Kim et al, 2009a). o]&s+ Z
HAol AEFA 5493 7 ZEA Wl U-Th-Pb
FAYLAL] AEHoE EE HHEE(~T50CE F
A, Oberli et al, 2004)= TS AHAAFEES
7ol AFET AU F9e] Az =REo] A7)
£ deledl f&aith 3, FUT AR Ao,
Aol E, HERC]|E T Ago] 37 7Heek 7
ol Ao Hlw &&E T3 viant st ¢
L &5 5 5o Aol rhssl, AT 4
1S B AFHO=Z olg|d 4 Uthe.g., Janots et
al., 2008, 2009; Rubatto et al., 2009; Gregory et
al., 2012; Steck et al., 2013).

ox N Ho o o

o] zhe FETA Polw Eetal 24
Mo ARBH @ UTh-Pb B992Ae] 299 &
o)

A= sl ZEA Th-Pbet U-Pb A% Atolel] £
A E=7t =ol ¥ A Fort &2 StH(Engi,
2017). =2 H%E pPbe &3 A a-dAF WAL
(radiation)2] A7}l A5 (recoiling)Z 213+ 72+
Ao MAdske ARAAGERA 7P F AR
A Aol tH(Meldrum et al., 1998; Smye et al.,
2014). olHgt AAEH =) wi= vjgd 29
219] AAAsHannealingy= ThE FEEC vla] Ay
o2 HHs| dojul=Hl(Gieré and Sorensen 2004),
o|Z I8l A8d ZAHAe] AfolE thE ARAA
FEo Hl3 #dL dA"S vEkd F Utkeg,
Catlos et al., 2000). = &= RFUR|E 5 7]&

7]

4

AHFAAZES X3sk= AAAAA o]5<] Pb &9
i w7y FEHOE ZAgMd] Hold F gloH
(e.g., Romer and Siegesmund, 2003; Romer and
Xiao, 2005; Romer and Rétzler, 2011), ©]&s+ H
$- 2% Pbe] H|7F Pb s} A ge] v)e} dASH
2FolE& YEPAtHe.g., Gabudianu Radulescu et al.,

2009). Wb, 2 AHS A3 dMsir] S8l
AE ol 7 A B S $AFHo= o

shafot gk,

kel 2@ e SEMAY 3% A
WA, 27143 AR At ol Edet

o|EA #nigk, 7715 EEF sk WgdelA B
25 ATHSuzuki et al., 2006; Kim et al., 2009b;
Yi and Cho, 2009; Cheong et al., 2015). Z&2
3}8t % (chemical age)g H3F AFLE AlQshH
(Suzuki ef al., 2006), Th-PbZ} U-Pb L4 45
< BIgk YHR] AellA BT Th-Pb %o #4¢
ol T YA Atelo] BYR|/do] el
H At go|zie Edeto|ER HulA
HA3} A AEete Aole] A3 wel AF
JEF A4 FEE 543, o] EERHE ZHEA 9
A3 S AHEH on g Al R
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Sample DE43
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Fig. 1. Cathodoluminescence images of two zircon crystals from a tonalitic gneiss sample (DE43) with thin

overgrowth rim. Black ellipses represent analytical spots.

A3t TH(Cho and Lee, 2016).
o]zt oA BuE Z=E4 U-Th-Pb 27
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(DE43)ll e 274 2ppf2Th A3z 20pp/Ay
AE Atele] AX=7F F3] HojA|H, o] A|F]
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7 drdslarl, 7138E dshe
S aFe o] AR AP} A
o] o= FEwmxortelEd 9
o, 3]4, e, AHA
Z3HKim et al., 2009b). ZFEA]
22 EZFO]E(ThSIO,)9F EUAlo|E Xf-E3} 7
zZte W HEYE HE Ce AFHEE] EA3HKim
et al., 2009b).

o] AlZeA AFHS AHojFE AHS H=
~100-300 pme]™, - 218 RExpge] 4
ERdTHFig. 1). AoZ 249 WiE 4
oFst XF ] TRE UERH, dF Ao A2
ue SAdggdor FREE F wrt 3
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1993). JEF Y& T 4L 93 EFAEEE
H= 7R A4 SRM61 fEld HIEE o]
B3kt dArke Aol Y=o Wi 23 &
A7 ARG R SIS F7)
ZHALATE 7 AF 2ol AXE FARIAA
1]7Z(SEM; JEOL-6610LV)S ©|-&3&to] ZHAgsl9int.
Aol U-Pb 5992 247 JEFIS Tes
=7|2AA AT 0 A2 AAHo| =
il oAt A B4 7] (SHRIMP-lle) ¥ ©
&3ate] 4513

AolFZe] U-Th-Pb &9l91h B SEF i #4
< fIsted 0, Aol W& ARE-sISlaL, Wle] =7]
o} AFe 24 20 um 2 ~3 nASIt} o|xjo]LE2
A7le A2 SuEe ol8ste] S5k, AtsHA
52 A FEje 2t olksel % A 1
(mass interference)yS A A3F7] 3l ~5,0009] H#F
35 (mass resolution)S ©]-&31%th AHZSAHS ¢
g AP YL Williams (1998)0]] A|A|E HPR o
upel FYSIAL, E4F Aol U-Th-Pb &¢94a
H]E= PRAWN/LEAD 6.5.5 ZZI3(T. R. Ireland,
written communication, 1996)S ARE3le] Al4kstS]
o} HE Pbo] AL HE Pb 2Y HES o83}
o AA|SIH S ™ (Cumming and Richard, 1975),
1200 Ma Xt} QE ool tsir = *Pb B4
HE, ojHTh Fe AojF& Pb HAAHES 283
l3]—(W1111ams 1998). E-3H % (uncertainty) ALkl =
AlZFAIEH (counting statistics) 22}, w7zl 7191
g Qape} A HEAIES] A SN S
LAH+0.5%)5 WIS K Table 1). AolEe] SJEF

0_]/\ o= U-Pb o:]e:] Z;(—]& /\1;\]3]_ o]'?f 501{5]_

R RS

A Al AEA AT Aol SRM61T fr
E]’é‘ HERRE 7Zr' o8 Al7|E 345t THH
AGE ARSI o5 o83l + =4 7+ 714
IE BAs JEF Ao s SA4¢)
(Table 2). oI JEF Aho] Y 2 BAYL
Hoskin (1998)2] WIH-S wsit},

1—‘%}1 ojzte| A FREA7|E olget] FAT
T e Fo| M wE T e e ZM
2 AAe] FARNM Z4E VPbPb A
1.68 GaZ JLgAThe] AFE HofFil EAD}(Table
1; Flg 2a). X{O]-'T’— AHA o] =4 _‘f_oﬂ/ﬂ _.24?5]— Th/U
H]= ~0.3°]3(Table 1), ZE=BOIE o2 FFs)eh
ER 94 e 29 AIER das) Fukd

O

L

data-point error ellipses are 2
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Fig. 2. The U-Pb and REE compositions of zircon
from sample DE43. (a) Tera-Wasserburg concordia
diagram showing four SHRIMP spot dates of zircon.
(b) Chondrite-normalized REE patterns of four spot
data of zircon.

STIER die}t Al Ceol el o149}t Eu 29
o dAE BOFETHFig. 2b). ook B 27he] AefE
Ao I WENE 93 PbtU 2RI A

L 256423 Ma(lo)2 22147 Ma(lc}‘li A7)
oﬂ‘“;‘ Z}o]E HQITKTable 1; Fig. 2a). 3 WA AX
7] oqe:lo /\h:Hz%oi HE pbo] ﬁ.ﬂgo] QA
(-8.40%) 2Pb/%Pb A} 20ppLBU A 7F B
X E7F E=THE8.7%). F WA ARy] dBe At
o8 RBE Wppo] FeFo] EATH0.32%) *Pb P
Aol AL ofefoll fIAIsl o] *Po/AFU AR
o] AALE Aake 4= Uk AojZe] AF wo)
Al A e A A B w32 Thu
Hlel A ulg e A EF A4 s BT
(Tables 1 and 2). FEE|ER RF3)et S EF 94
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e FAFe HE) Ces XTI HIER Uit
> A9E JEE Holn FIEF diox
Hog =& 7875 YeEIth(Fig. 2b).

o]zt Edte|Ed AnQl A5 (DE43)IA AF
Zohs AojTe] FAlFolA 8% 7 e A w4
207pp %Py PR 7] AL ~1.68 Ga2 LY =of
Tuke] AR SjAe ¢ 9l ol9) g g
 W2RE 9% e A 24 Ph/tU HEY)
A3 (256423 Ma(lo), 221+7 Ma(le)yS 57| #HE
7]-57] Egfolotr]e] S YeRALh o] 5 A

WAl QRS WE b o] $4E, 3 WAL
4 7199] poel ABE RIS, ol Aol 7

= & U(12 ppm)ZF Th(<I ppm) o] w wf

R
S ke PAM 719e] 2P Fo] whE £4 2o
ol % Aom M. F WAl ] A¥e
FHECR EE U FEH(~100 ppm) 2 Q13 HF

200ppe] Fhgo] Wl ofzke] HE Pb HEACF <l
g Ago] FAIM ool Xk ZoZ k).
wEbA, o5 I wel st dEfog 3]
HE71-571 Egfolopir] Atelof] dojd Aoz 3
A A, o] AEe FYS AR AT 2
WAje] 2Wpp P Th 9182271472 Ma (10)8 2132+
4.1 Ma (o)) & 7] Egfolofr]o] xRl a3t
= A WA AF3 expaLfleM LA TH(Table 1;
Kim et al., 2009b).

Aol FAFOA S A 4] FEgolER
#7ohek S| ER A4 He E oA, =3
ER dae] ¥3lE giiEe s mlantERE
HEF Aoje] EALS & BoFh(Fig. 2b; Hoskin
and Schaltegger, 2003; Rubatto, 2017). |2} €2
4 mollA Uehbe ZEgo|ER RFs)e SE
7 94 e A3ER dart AshAl dgEo] o
3L, FIER 949 o] Srteke FHIE HoAE
CHFig. 2b). o]2]g Fel= ZHdedl sigsi= W
AA-E T sk Aol 54 sigshe, Ao
2 3 woA TEEE JdFeR W2 ThU
Hle} 3] AojFe] ek HolM HIER ¢
A& FulAlgTE 22 3E, 5 484 FYE olF

=
Aes 32 TS et (e, Rubatto ef

=
oo
o

al., 2009). ol¢} 3 FHElol wet E¥Esh=s Ad
A9 AR E doldtx Edete]
ZEo Z4H ~227 Max A4
28 A71E HEE 5 Aot

to|zxe EdElo]Ed HnQl AS(DE43)PIA =
HE 5 WA 284 2pbAPTh 1% (213.244.1 Ma
(to) HF Y7 7= @A Pb/AU T E
A (185.649.0 Ma (fo), MSWD=2.7)S Sukxl&}=
AFE Aol HH 2R 8T F UUTh
ol ZA AAe] YR vl e Eglo]Eg}
Tzl E X/4E7 37 Ce AtglE=R o]Foixl o
o] AFHTHKIm er al., 2009b). FAAEZ ZEA
o] &= tist FAFQA AT A §IAIEE, o]
ek W 22 BuAtolE, A|:=E}9) (xenotime),
134 T Ak FECM &3] e fAlel ¢
3l galle} A3 A (dissolution-reprecipitation) g 3}
] % &A}3tthe.g, Hetherington et al, 2010;
Budzyn et al., 2011; Harlov et al., 2011; Seydoux-
Guillaume et al., 2012). Wb, Z2&4 Wi %=
22 fAlol os AeAlo] YN gL, o] W F
=¥ JER 40 The] HUA|E, Egfo|E 1|4
A7} Ce Atsl=e] FHIZ AFAE o2 A€t
o] 2=} = E=XoA] HZ Effolokr|of FHet
7] el 9ol A&siA BarE i dth(Cho
and Lee, 2016). wEbA], dellx AFE ZHEA 9]
~213 Ma Egfololx A8 2 186 Ma Hg) &
B2 o5 sPdete] Ay ool W A fA
o oJaf &afiet AR 28 T WA 71 Pbé
AR Z2 HA BH o8k o= A ET

A A

AARE okl ol MR ol e] AR
Al FAERUDE o] =E-E 20179 SR A
A AFeE AAagle] ] Ao ofsted
AT A
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