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ABSTRACT : The geology of the weondong deposit area consists mainly of Cambro-Ordovician and
Carboniferous-Triassic formations, and intruded quartz porphyry and dyke. The skarn mineralized zone
in the weondong deposit is the most prospective region for the useful W-mineral deposits. To deter-
mine the skarn-mineralization age, U-Pb SHRIMP and K-Ar age dating methods were employed. The
U-Pb zircon ages of quartz porphyry intrusion (WD-A) and feldspar porphyry dyke (WD-B) are 79.37
Ma and 50.64 Ma. The K-Ar ages of coarse-grained crystalline phlogopite (WD-1), massive phlogopite
(WDR-1), phlogopite coexisted with skarn minerals (WD-M), and vein type illite (WD-2) were deter-
mined as 49.1+1.1 Ma, 49.2+1.2 Ma, 49.9+3.6 Ma, and 48.3+ 1.1 Ma, respectively. And the ages
of the high uranium zircon of hydrothermally altered quartz porphyry (WD-C) range from 59.7 to 38.7
Ma, which dependson zircon’s textures affected by hydrothermal fluids. It is regarded as the effect of
some hydrothermal events, which may precipitate and overgrow the high-U zircons, and happen the
zircon's metamictization and dissolution-reprecipitation reactions. Based on the K-Ar age datings for the
skarn minerals and field evidences, we suggest that the timing of W-skarn mineralization in weondong
deposit may be about 50 Ma. However, for the accurate timing of skarn mineralization in this area, the
additional researches about the sequence of superposition at the skarn minerals and geological
relationship between skarn deposits and dyke should be needed in the future.

Key words : Weondong deposit, zircon U-Pb (SHRIMP) age dating, K-Ar age dating, high Uranium zircon,
zircon metamictization texture, zircon dissolution-reprecipitation texture
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Fig. 1. The geological map around weondong deposit area, mainly consisting of Carboniferous-Triassic forma-
tions and Cambro-Ordovician formations intruded by quartz porphyry and dyke (modified from Chi er al. (2011)).
Black star spots indicate the drilling core sites, and blue and red spots indicate the sampling sites for age dating

experiments.
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Table 1. SHRIMP U-Pb Age Dating of the Quartz Porphyry in the Weondong Deposit (WD-A)

Spot 2‘:’;21)>C ooy Gpmy TN 4% S *ZOZI;ZSSU e
A-1.1 6.30 141 93 0.68 0.51 76 2.5 0.098 49 78.7 2.0
A-2.1 3.75 278 218 0.81 0.88 76 1.0 0.077 12.2 81.1 1.0
A-3.1 4.42 232 140 0.62 0.36 79 1.0 0.083 3.2 77.2 0.8
A-4.1 4.25 172 111 0.66 0.45 77 4.3 0.081 43 79.5 3.0
A-9.1 3.17 233 146 0.65 0.34 76 1.9 0.073 3.7 81.6 2.0
A-6.1 10.60 153 100 0.67 0.48 72 2.6 0.132 11.9 79.4 3.0
A-5.1 3.34 345 229 0.69 0.31 95 2.1 0.074 11.0 65.0 2.0
A-7.1 3.14 214 133 0.64 0.92 82 2.9 0.072 5.6 75.4 2.0
A-8.1 2.08 594 316 0.55 0.27 76 0.7 0.064 2.3 82.1 0.6
A-10.1 2.48 462 257 0.58 0.27 77 0.7 0.067 2.5 81.4 0.6
A-11.1 4.76 254 163 0.66 0.35 77 1.4 0.085 3.2 79.7 1.0
A-12.1 7.30 131 86 0.68 0.47 75 1.1 0.106 3.9 79.4 1.0
AC-1.1 2.96 211 228 1.12 1.33 80 33 0.071 3.6 77.5 3.0
AC-2.1 6.77 130 100 0.80 2.03 76 1.0 0.101 3.7 78.6 0.9
AC-3.1 6.45 128 138 1.11 0.40 75 2.3 0.099 4.0 79.9 2.0
AC-4.1 5.40 243 248 1.05 0.33 77 0.9 0.090 3.4 78.3 0.8
AC-5.1 9.60 191 183 0.99 0.37 78 4.6 0.124 7.5 74.8 4.0
AC-6.1 7.09 159 162 1.05 0.40 96 9.7 0.103 4.5 62.1 6.0

Errors are 1-sigma; Pbc and Pb* indicate the common and radiogenic portions, respectively.
Error in Standard calibration was 0.19% (not included in above errors but required when comparing data from different mounts).

206 238y 1 207 235

*Common Pb corrected by assuming = Pb/~"U-""Pb/~"U age-concordance.
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Fig. 2. (A) Cathodoluminescence(CL) images of zircons for the quartz porphyry with analysis points and

2pp/PPy ages. Yellow circle(WD-A) : analysis points at the center of zircon. (B) Concordia diagram for the

SHRIMP zircon U-Pb age dating analyses for quartz porphyry.
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Fig. 3. (A)Cathodoluminescence(CL) images of zircons for feldspar porphyry dyke with analysis points and
*%pb/**U ages. (B) Concordia diagram for the SHRIMP zircon U-Pb age dating analyses for feldspar

porphyry dyke.
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Table 2. SHRIMP U-Pb Age Dating of the Feldspar Porphyry Dyke in the Weondong Deposit (WD-B)

206 2067y, 238

Spot (};l)))c (pgm) (pgrln) PThAPU % 238;(/);?611313 (] 207;(:/2%le +% * (]:\/b};) u +%
B-1.1 1.83 1022 938 0.95 1.04 120 1.5 0.062 5.8 52.7 0.8
B-2.1 2.93 791 353 0.46 0.27 121 2.0 0.070 2.9 51.3 1.0
B-3.1 3.11 595 427 0.74 0.26 124 1.8 0.072 3.2 50.2 0.9
B-4.1 4.64 583 381 0.67 0.28 122 2.0 0.084 3.2 50.0 1.0
B-12.1 10.29 269 103 0.40 0.49 117 1.8 0.128 3.8 49.2 0.9
B-5.1 18.38 247 117 0.49 0.46 108 3.7 0.192 13.0 48.5 3.0
B-6.1 2.29 866 673 0.80 0.36 123 0.7 0.065 2.6 51.2 0.4
B-8.1 5.01 328 180 0.57 0.35 125 0.9 0.087 3.8 48.7 0.5
B-9.1 5.72 360 209 0.60 0.34 114 0.9 0.092 6.8 52.9 0.7
B-11.1  8.06 216 141 0.68 0.43 115 2.9 0.111 4.7 51.2 2.0
B-7.1 13.08 315 127 0.42 0.44 114 0.9 0.151 13.4 48.9 1.0
B-14.1 10.06 189 109 0.59 0.47 121 3.6 0.127 4.9 47.7 2.0
B-15.1  7.31 205 71 0.36 0.54 117 1.0 0.105 4.4 50.7 0.6
B-13.1 10.10 173 68 0.40 0.56 117 1.2 0.127 43 493 0.7
BC-1.1 4.13 401 195 0.50 0.34 120 2.2 0.080 3.6 51.4 1.0
BC-2.1 2.55 819 510 0.64 1.77 125 1.6 0.067 2.8 50.1 0.8
BC-3.1 747 274 143 0.54 0.41 117 2.6 0.106 3.9 50.6 1.0
BC-4.1 259 805 560 0.72 0.19 125 1.0 0.067 2.2 49.9 0.5
BC-5.1 4.18 314 226 0.74 0.35 129 0.9 0.080 3.9 47.5 0.5
BC-6.1 251 435 349 0.83 1.18 126 2.0 0.067 3.6 49.6 1.0
BG-1.1 2.93 478 169 0.36 2.20 128 2.0 0.070 3.7 48.5 1.0
BG-3.1 0.73 2247 983 0.45 0.15 125 0.6 0.053 1.7 51.1 0.3
BG-4.1 10.71 184 81 0.46 0.50 122 1.0 0.132 7.2 472 0.8

Errors are 1-sigma; Pbc and Pb* indicate the common and radiogenic portions, respectively.
Error in Standard calibration was 0.19% (not included in above errors but required when comparing data from different mounts).
*Common Pb corrected by assuming 205ppB8y-27p/ Py age-concordance.
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4 AHAA B33 = SHRIMPY]
1839 54 A ANEAG L 95t v
YAET 52 5%A (Duluth Complex)ol A
o] & A ZAZ(FCDHEA S A A3 tH(Paces
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Fig. 4. (A) Back scattered electron(BSE) images of zircons for hydrothermal alteration type of quartz
porphyry, with analysis points and **Pb/***U ages. (B) Concordia diagram for the SHRIMP zircon U-Pb age
dating analyses for hydrothermal alteration type of quartz porphyry. The *Pb/**U ages are represented as
age distribution from 38.7 Ma to 59.7 Ma. The difference of chemical composition between dissolu-
tion-reprecipitation (Red circle) texture and metamict texture (Yellow circle) in hydrothermally altered zircon
(WD-C) is distinctly shown in EDS spectra.
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Table 3. SHRIMP

U-Pb age dating of the hydrothermally altered quartz porphyry in the

Weondong deposit

(WD-C).

Spot ziil;l))c ( plljm) (pql;}rlrl) PThAPU % 238;(/);33]},'3 =% 207;;)/%le +% *206(}1:2;2)3311 +%
C-1.1 3.90 17267 18010 1.08 0.66 131 0.6 0.078 0.5 47.2 0.3
C-2.1 4.90 16723 32289 1.99 0.08 158 0.5 0.086 0.4 38.7 0.2
C-3.1 0.61 9963 4612 0.48 0.39 107 0.5 0.052 1.0 59.7 0.3
C-5.1 13.24 16194 17813 1.14 0.89 117 0.5 0.152 5.1 47.6 0.6
C-6.1 3.76 16385 16910 1.07 0.98 135 0.5 0.077 0.5 45.9 0.2
C-8.1 5.15 18319 20925 1.18 0.62 136 0.5 0.088 04 44.8 0.2
C-9.1 12.71 12892 11366 0.91 0.38 104 0.7 0.148 2.0 53.8 0.5
C-10.1 6.08 16140 20869 1.34 0.79 135 0.7 0.095 0.4 44.5 0.3
C-11.1 7.12 16817 27805 1.71 0.76 147 1.2 0.103 1.1 40.7 0.5
C-4.1 22.63 16681 15226 0.94 1.25 116 0.8 0.226 1.6 429 0.4
C-12.1  39.17 13874 16945 1.26 0.63 90 14 0.357 0.4 43.2 0.6
C-7.1 5.61 13916 12395 0.92 0.56 115 0.6 0.092 0.4 52.9 0.3
C-22 6.77 18343 25145 1.42 0.83 148 0.7 0.100 1.3 40.5 0.3
C-23 4.64 18230 30061 1.70 0.56 156 0.9 0.084 0.5 39.3 04
C-112  5.11 17299 25418 1.52 0.30 157 0.8 0.087 0.4 39.0 0.3
C-11.3 579 16584 26626 1.66 0.07 149 1.0 0.093 0.4 40.7 04
C-13.1 5.85 18722 28700 1.58 0.74 152 0.5 0.093 0.7 39.9 0.2

Errors are 1-sigma; Pbc and Pb* indicate the common and radiogenic portions, respectively.
Error in Standard calibration was 0.19% (not included in above errors but required when comparing data from different mounts).
*Common Pb corrected by assuming 205pp/B8y 27y age-concordance.

stk 28l 3709 ZHE(Three collectors)E
OAr, PAr, YArs Z2A3I 1% A5 Ar T
9] dHE A= AFEAZ|HIRU)E ARE-3H]
“Ar9 e =431 th(taya, 1991).

2 I

AFA A AGugtel A AHAZ AAE ZAHE
Th*U7) 0.55~1.128 YR 9F 100 pm
A718 7 4P RGO st &
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AT EAAHe FEE, AYRARE 5
Aol 235 & 4 e Aesta AA
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Table 4. K-Ar Age Dating of Some Phlogopites and Illite in the Weondong Deposit

Sample name Potassium content Rad"Ar K-Ar age Non-rad*’Ar
p (Wt.%) (10-8ccSTP/g) (Ma) (%)
WD-1 (Coarse Phlogopite) 7.307 £ 0.146 14124 + 15.0 49.1 £ 1.1 10.4
WDR-1 (Massive Phlogopite) 6.115 + 0.122 11829 + 18.3 492 + 1.2 25.7
WD-M (Phlogopite) 0.513 + 0.010 100.8 + 7.1 499 + 3.6 80.2
WD-2 (Illite) 7.927 + 0.159 1504.2 + 163 483 + 1.1 4.6
MNE 7hs BHstA L, MSWDE 172 YERR 1410411} 01 & 3 R A g2 38.7~53.8
CHAE AYuido Ao HojE AH(WD-C)L  Ma, 2 JAREL 507 MaZ YEOon T
A 4% 5447 44 Ao)Z ANgEFHE T2 AE SHRIMP 3 A]Z(20~25 um) Wl o] F
Fe HAth UZF2 9,963~18,722 ppm, Th & AT L} SHFL| 22 o] FgHo] Z4
F 4,612~32,289 ppmoi JulAel Aol g dfs ue AL w HEo| BnosE
EFEI = U, The] ¥ET IR B & 597 Maoll 7MHIAE 2 S Bt
z3stx 9, PThPU g 0.48~1.9901 K-Ar ddZ3245, WD-1 (432 F&8)

LGBNAE TR Aold 24 94< &
T 8101 BSE%‘%QE Aolg 2 9 &
A

A5 T 27F BSE 4894 B2olA AU,
A% W oo e IS H EqEH
T HATHIH 4). AojZ 2A | oF

d ?_r%ﬂ—‘:‘r FHES AR ) A B3
HAREo] e 3, Aol ZA

T um® FFEFH dEo] WIHEHA TA
#HES & Aok e 34 Ao A9
oo E #%J_ffl ZA& Holy of
g ok 17709 &4 AR AA
< A8, YA+ (Concordia curve)

S8 A EH, dXNAHA A A

—% & 4 QIth(38.7+£0.2~59.7+

3). o}ZluJ, MSWD3%ke] 343

Oi Hop 7z} A3} g URER

ddE syl ofHoh

o] &3t WD-CAl&

SIS
"“l"r
;ﬁmlo °M>‘o>4

1o gjo rlo

o ob Lo e X Hr e rfr 2 oo O o% o2 He L5
5
mﬁ.l?&_]

s
03 Ma)(:L% 4,
=7

méﬂ ”@ Ll
SEM-EDS (JSM-5610LV)<
of gk A 2P EAE AASAT. ofF
& ARG E Aol 24(Zr, Si, 0)Y =

Ca, Fe, Alo] AEH & SASATHIE 4). °ld
HIaj A B2 A G2 YA O R AolE 24
o7 dAFPY o o] A YA BLE ZTIFET

U &2 The Eg3st= X8 E(inclusion)o] 7
A (2E 4). WD-C AojZdA FEHE o] F
A 21 AnZAATIAE G2 e e

WDR-1 (% F&5), WD-M (3|43 FA3}
T 7v5) 9 WD-2 (A dFelE)Y Algd
el 2zt 49.1+1.1, 492412, 499+3.6 4
483+ 1.1 MaZ YEGTHE 4).

E 9
HojZ elchel 9n|
A GHRKWD-A)9] Aol 243 43 F(WD-B)

o Aoz 2HEE AMuY PThUe o)
Oso]}\].o]a,‘— 24 15,]7(401-01]}\1 H"ﬁE]E X‘]ﬂ%i}

= g2y vhed 2io| glo] WEFYTEE of
SUE 4, 249 mool AR Aolz 2SS

ALt 2 Ay JeE Ak HS At
& w 7Y AE AAYS ¢ F U
(Ahrens, 1965; Shore and Fowler, 1996; Hanchar
and Hoskin, 2003). =3 Atjdzd] 9F& =
T Ue Aol ZAA A W E E A o] H (Meta-
mictization) =+ §3l|-% A 2+-8-(Dissolution-Repre-
cipitation Process)?] ZZ o] #&AF A it} uw}
2hA o] F AHoA e AE(WD-A, WD-B)Y
SHRIMP 9tj34 2371 37 9% 8902 o
& o] gle #AYY AA - AN IHE
g BoEga s 4 Ao shAw HEddE 4
FHFH(WD-C)oll A o] Ao AL 47 F A
29 Aol AR A= OE FFS Uehdth. WD-C
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A5 T4 27120 9] BUYLF} 271235 vl g U-Pb (SHRIMP) % K-Ar Aol

Holg AR oFe 84 Aee vk Ael
A Agos Qa A4E 20w AZEr1d
4). AolZ A4 HelMY U, The BAE B3=
Ao E Wi 72 A FEFE Fof WEYE
A o] A& oF7| 5=t (Geisler et al., 2003), A
Aol FFS W AHolFL YFTFxY A=
1] A F(Amorphous phase)E A3, Zr, Si,
WA Pbe S olEH, ARHOE FxF
3] E(Structural recovery) &2 st #¥FS o
Z7] 93] Ca, Al, Fe, Mg 59 %o]&Eo] Y
2 FETGy R tHGeisler er al., 2003;
Geisler et al., 2007; Utsunomiya ef al., 2007). ¢
oF e degY Aol A& g 27 54
& HoFE WD-C A9 ofF3 JAFTELE
Adigkol FHskA F1, B ANEER Ve
Us EAS HAH(aE 4). Xu et al. (2012)F
detg Aol d A4S AX AAZH Add ¥
A3 Pbo EAE Aol HA Adig AFH
t} 37 Y42+ ‘Reverse Age Zonation’ < A| s}
ATk & AZ(WD-C, o7& AR $ehg
Fe AHEHE by ol B B4R ] tA
2 ¢ de ddE Ugve Ao2 FlEiid
(9 4, 5 3). ol& B2 g ds & A
ojZo| WEIYEAc]AY ARE FUAA A
A Pbe £4E FrtFog WMAYAZE Aot
AR o8 WA APuigto A9 &2

e 7IAI Y WD-C AoZE vEYEA
ol Zgoz Q3 WAA PbY EHE st
Adiazre] FAAAT}E o] Aur|EY, of| A
2o oWl EV} dojd wo] tig H A
719& 7ML e ASRE F4o] JHssit. wH
ol Geisler er al. (2007)5 EFEd o) &
a-AAAEE e AE AAHLS F um 79
&=o] Wl Thorite, Coffinites 2] X2 Fo] HIH
atH, &3f-JAAEE we AV|ERYH F994
i B8kt WD-C A o]
2 AR U2 3 BEL Y] Med &3)-F
AAEE e Ao E AAY EAEF frAlstt

2

AR B HAzAd 3 w7t S
& AF7F F7hE ook AR Aol Ze 24
ERog & o, WD-C-3.19 BAZAZt 59.7 Ma
= Ao AA9 ga-H4d Fgo= s 59
H2A7E AHFE o] A7jgtn AZtE oA H,

=
o AvlE A5 BAL FUF E 2 FHTFA

718 AN 7540l St

S SHYYOMC SHYBS U YoHE S
A7

Freo] FAUTY] LS AHEY Ft
7] 3719] Z4H)¥(Continental Margin type) 3}
AeEa Aol JE REIEE A BF(200
~160 Ma)?} $7] @Wobr]o] ¥ ZA4Ho) ¥ (Post-
Orogeny type) &= A 34 25(110~50 Ma)o. 2
TEE A=, 24 sEdAE FHebr] 27]15H
A7l AAA AR wjgHIOH M=
O Zojdi A - 14" Ao=2 A ok
(Choi er al., 2005a). ol FAH FHFY =
T2 Wil WA #AVE ok FAY 27
A A7 e o] 27|74 Ze}EF(Farallon Plate),
o] 2k}7] ¥H(Izanagi Plate), B3 % ¥H(Pacific Plate)
of HYL=E oJojxlon, oja}7|H(Izanagi Plate)
o ghtso ok A kel 2 ZH(orthogonal)
&3} AbZb(oblique) B S HHESIH M2 O X
A4 =T wet AN 349859 &
o] A=K Maruyama et al., 1997). 7] #
7| FE F7] Aol Zztddle oA H
(Izanagi Plate)d] &% o], 7] W7o
SotAOMIYBAE Fal FALFO R Ao
Z+z} 2] 744 Q) (orthogonal subduction) S ©] 531 &
o sgdso] FAsHA ol FoHT L B uf
ATH(Choi et al., 2005a; Choi ef al., 2005b; Maru-
yma et al., 1997). =3t 24X AAYAE o] &g
HEZEE719 34857 EASAEE 57
o] AAAE o] 247 3.4~7.8, 0.8~2.8 kbE
zkol 7t YERUH, ol HATE ARSAHEA, &
A7F AR BYA Y] PR AA - 1AHAS
S A AFTHCho and Kwon, 1994). $1¢] d+4
HEE PFoE w, AFAGAA L APt
(79.37+0.94 Ma)? HHF(50.64+0.44 Ma)=
ETAL SIS E79 dAdEo] wiely] $7]5E
A7 P27 A AFzeEls U AT
Yo E A - 124" AYEY 7hsAol A
oj¢} Ze Wty ZI)/AMT] JABF L FEL
4 FHEA FAY ste A
SMEE FEe JAst tefd 34 wiH
3l="t(Choi et al., 2006; Choi and Pak, 2007),
AEZd AL olg w=y A-ofd F3&E,
AAA FAE, A BAEo] oy A Y

oo
ol
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Fig. 5. Thin section images of phlogopite coexisted with diopside and magnetite at the WD-M sample. (A)
Open nicols image of the WD-M sample. (B) Crossed nicols image.
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