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Nd and Sr Isotopes and K-Ar Ages of the Granitic and Rhyolitic
Rocks from the Bupyeong Silver Mine Area

Kyu Han Kim*, Tsuyoshi Tanaka** and Keisuke Nagao***

ABSTRACT : Volcanic rocks including rhyolitic tuff, rhyolite and welded tuff in the Bupyeong silver mine area form a
topographic circular structure known as a resurgent caldera. Granitic rocks are emplaced inside and outside area of the
circular structure. K-Ar dating and Nd-Sr isotope studies were carried out to invesitigate the origin and petrogenetic evo-
lution of the rhyolitic and granitic magma in the Bupeong silver mine area. Whole rock K-Ar age ranges from 208 to
131 Ma for rhyolitic rocks. Radiometric ages for the granitic rocks are 167.6 Ma for pink feldspar biotite granite from
inside granitic pluton of the circular volcanic body, 178.8 Ma for the Kimpo hornblende biotite granite and 111.8 Ma
for the Songdo foliated granite from outside granitic plutons of the volcanic body. The radiometric age data indicates
that the volcanic activities which are partly overlapped by granite plutonic activities in the Bupyeong mine area had re-
corded early Jurassic and early Cretaceous in age. Initial Sr and Nd isotopic ratios of the rhyolitic rocks (¥St/*Sr=
0.710~0.719 and '°Nd/"*“Nd=0.5115~0.5118) are similar to those of granitic rocks (*’St/*Sr=0.709~0.716 and '*Nd/
"“Nd=0.5115~0.5116) from inside granite stock. This means that similar source materials of felsic magma responsibles
for the Bupyeong volcanic rocks and inside plutonic rocks. Based on the Nd and Sr isotopic compositions, rhyolitic and
granitic magmas in the Bupyeong area originated from the partial melting of the old continental crust which has Nd
model age ranging from 1500 to 2900 Ma. This is analogous to those of the other Jurassic granitoids in South Korea.
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AEA Al Aokite] HFoa Hrlhio} sk
gl AAE W AEZ BY E¥ax gt &
o} AN & Bo] FFET. TERE AFor IAE
Zol gon ML 0.5~1 cm A &S] 271E VERY
E 5UASEdT FANR APgA e vy & o
sto} A odo] Az FAETH AFFA (Angs)S AHE

o2 fBEo] FTZE Bttt ZHdA R ALHA
7292 -A1 -2 A Q3 o] Gl A S
4.83~5.4 kbaro|#] &%+ 786~823'CZ Ao Al (At
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PAr Az FEdozs lﬂ]lﬂ}ﬁ‘ro]‘s” LiASIAT

ook F2 FAA, njAgA o2 A E o] 3l FojAte]

Ex gaEch AP (Anp) T 9250 dFe=

¥ 2r7tolE 2% #2Ed (A d, o, 1977).
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s sl 42 FHYAENL U erfolulthE A
FURATL (Institute for Study of the Earth's In-
terior, Okayama University)oll AX8 A&A dA4E
FAr Agtol A5 AREE FHYEA A (Nagao ¢ dl,
1996) 0.2 A5t dakAe HA3dE VG 5400 2
FEAv|R AAsigieon St dAREAE 0.01~
1500 Maolt},
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K32 dAE4R3EMT XNGFEAHo R dE
vgokigteld 2REen o= +2%°]ch. Nd, Sr
E9R4EN S 9T Agxelel AFEAL Uaopdie}
AP etFA N AAsgen BE AHEE Fol
3} AarEA7| (Thermal Ionization Mass Spectrometry)
B (Doss, Murthy, 1980, Tatsumoto ¢f a., 1987) 2.2
Nd#} Sre] EALAHE 23 3. eye o, & m AN
Argd wd setue g (UNd/“Nd)awe=0.512638,
CSm/Nd) cnor=0.1967, (7Sr/*Sr)yz=0.7045, ("Rb/
¥Sr)x=0.0827 (Jacobsen, Wasserburg; 1980, Wasser-
burg et al., 1981)°]t}.
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Table 1. K-Ar ages of the granitic and rhyolitic rocks from the Bupyong silver mine area.

. K *Ar “Ar (rad) K-Ar age  Atm.“Ar
Sample Type Mineral W%) (X10cm/g) (X 10 cm/g) (Ma) %) Remark
B29  Pink feldspar biotite granite Bt 499  29.1240.56 3402.79+34.30 167.636+5.066 24 This study
1-02  Homblende-biotite granite Bt 6.44 122.59+1.37 4698.88+47.42 178.802+5.388 71
DS3  Foliated granite Bt 625  58.65+0.79 2799.58+28.32 111.852+3.433 5.8
I-1 Rhyolite WR 372 9.331£0.21 1992.08+20.32 132.932+4.061 1.4
I3 Purple thyolite WR 472 1049+0.22 2493.39+25.13 131.1983-4.005 12
I-4  Rhyolite WR 037 9.17+£0.11 316.80£3.20 208.093+6.221 7.9
Biotite granite (Kyeyongsan) Bt 162 Ma Kim (1997)
Porphyritic biotite granite (Keomasan) Bt 148+7 Ma Seo (1985)
Sericitized welded tuff WR 137+7 Ma Seo (1985)
(Bupyeong mine-220 m/) (Sericite)
Rhyolite (Cheolmasan) WR 121+6 Seo (1985)

Abbreviations: Bt Biotite, WR; Whole rock

& 167.6+5.1 MaZ Kim (1971)9] 232437} (162
Ma)$te frAbstch 1e)m 4tdA)] o7 A2 244
A-EEE o] K-ArE2E %L 1788454 Ma
2 Frep] e SRl digsa glvk ey 9
FEAY G4 d0%] K-ArE SR 93 111.8+34
MaZ oAt} a2z 379 #ELAE (111, 1-3, [-4)
9 K-Ardetd®e 717} 132.9+4.1 Ma, 131.2+4.0

Ma, 208.1£6.2 MaZ2 Dozt SHAIZ 149 23
e At 82 2392 sg3itt 12 B
A gl wer AIREA 2ok 208 Ma2 239 &
T AlEE ekt 42 $3dd) A&k 7] At
259 ARgez AZE. ol atEEe] Fay] 2
o} wiely] zof ztzt dolykg ojulstm 9tk &, Fa})
29 FELE o) Mg T sdeE e

Table 2. Nd and Sr isotopic compositions of some granitic and rhyolitic rocks from the Bupyeong silver mine area in South

Korea.

Sample Type Age (Ma) Rb (ppm) Sr (ppm) Rb/St  ¥Rb/Sr 1St/ Sr eSr (T)
B29 Pink feldspar biotite granite 167.6 166 94 1.77 5.1113 0.727755+7 160.1

B29-1 Homnblende-biotite granite 167.6 274 96 2.85 8.2610 0.729192+18 73.9
S-1 Pink feldspar-biotite granite 167.6 148 51 290 8.3993 0.720160+8 -59.0
S-3 Pink feldspar granite 167.6 101 87 116 3.3601 0.719450+7 101.4
S-5 Aplite 167.6 154 368 0.42 1.2112 0.713464+9 89.0
102 Homblende-biotite granite 178.8 107 551 0.19 0.5621 0.711440+7 81.2
1-03 Hornblende-biotite granite 178.8 66 554 0.12 0.3448 0.711482+8 89.7
DS1 Foliated granite 111.9 116 478 0.24 0.6946 0.714861+6 1342
DS3 Foliated granite 111.9 136 323 0.42 1.2187 0.713386+8 100.6
DS5 Foliated granite 111.9 nd nd nd nd 0.712890+8 121.0
DS7 Biotite granite 111.9 108 684 0.16 0.4570 0.711482+9 90.7
DS8-1 Diorite 111.9 84 876 0.10 0.2775 0.709754+7 70.1

DS8-2 Pink feldspar granite 111.9 129 452 0.29 0.8260 0.712260+7 934
B1 Rhyolite with phenocryst 131.2 193 172 1.12 3.2477 0.720033+6 136.7
B2 Rhyolite with pyrite 132.9 184 255 0.82 2.3669 0.718022+8 130.7
B22 Rhyolite 1329 223 53 421 12.1782 0.737216+8 140.2
B27 Rhyolite 132.9 193 27 7.15 20.6894 0.757751+8 2034
B32 Rhyolite with phenocryst 1329 240 82 293 8.4713 0.726627+7 89.2
B35 Welded tuff 1329 132 83 1.59 4.6031 0.726877+7 196.5

12 Rhyolite 1329 249 111 2.24 6.4928 0.725401+7 124.8
I-3 Purplish rhyolite 131.2 221 117 1.89 54671 0.723386+7 125.6
I-5 Welded tuff 1329 122 142 0.86 2.4867 0.720175+7 158.2
-7 Welded tuff 1329 243 83 2.93 8.4739 0.728989+7 122.7

-9 Welded tuff 1329 234 193 1.21 3.5092 0.725591+9 207.5

101 Biotite gneiss nd nd nd nd nd 0.721782+7 nd
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Table 2. Continued.
¢'St/*Sry Sm (ppm) Nd (ppm) Sm/Nd '“Sm/“Nd  '“Nd/“Nd  eNd (T)  (‘“Nd/“Nd)  T(DM)Ma)
0.71558 6.6 34 0.19 0.1173 0.511743£5 -16.6 0.511614 1989
0.70951 5.1 25 0.20 01233  0.511693+5 178 0.511558 2186
0.70015 6.1 28 0.22 0.1317  0511528+4 212 0.511384 2662
0.71144 72 31 023 0.1404  0511543+4 -21.0 0.511389 2916
0.71057 63 39 0.16 00976  0.511708+4 -16.9 0.511601 1718
0.71001 8.9 64 0.14 0.0840  0.511712+5 164 0.511614 1546
0.71060 9.7 68 0.14 0.0862 0.511714+4 -16.4 0.511613 1568
0.71321 54 34 0.16 00960  0.511768+4 -15.5 0.511698 1625
0.71145 96 60 0.16 00967  0511732+4 171 0.511661 1677
0.71289 nd nd nd nd 0.511738+4 -15.6 0.511738 945
0.71075 39 26 0.15 0.0907 0.511756+ 4 -16.6 0.511690 1573
0.70931 6.1 37 0.16 0.0996 0.511906+4 -13.8 0.511833 1502
0.71095 52 32 0.16 00082  0.511587+4 200 0.511515 1874
0.71397 5.9 32 0.18 0.1114 0.511785+5 -16.1 0.511689 1826
0.71355 5.7 32 0.18 0.1077 0.511797+4 -15.8 0.511703 1752
0.71422 59 27 0.22 0.1321 0.511688+4 -18.3 0.511573 2406
0.71867 109 57 0.19 0.1156 0.511660+t4 -18.6 0.511559 2075
0.71063 54 26 0.21 01255  0.511724+4 175 0.511615 2187
0.71818 55 27 0.20 0.1231 0.511704+4 -17.9 0.511597 2165
0.71314 6.0 34 0.18 0.1067 0.511774+4 -16.2 0.511681 1767
0.71320 40 19 0.21 01272 0511781+5 -16.4 0511672 2135
0.71548 6.2 30 0.21 0.1249 0.511792+3 -16.2 0.511683 2068
0.71298 59 35 0.17 0.1019 0.5117735 -16.2 0.511684 1698
0.71896 59 32 0.18 0.1114 0.511776+4 -16.3 0.511679 1839
nd nd nd nd nd 0.511089+4 nd nd nd
#jo] dojuha I thA] wiely] 2o FEYA shitdE ppmel™ Sm/NdulE 0.17~0.222 W3}k ¥} v 2o},
o] A7 HAe}. o] 2L 3tEFe] Al7|9) gaketel & SEotdore]l Nd/MNAEHS 0.511089+4~0.511797+4
F 542 resurgent caldera model (72, 1985)2] 8t (Enan=-15.8~-18.6)c|8 U oEe ZAXE (*Nd/
A Ezo] A7bHQl 7FsA & AAES 1 it “Nd)=0.511559~0.511703°]t}. &Y 2elo] 2eldP
(Tow)S 1698~2406 MaE AAHE T
Nd-Sr SQIfA EMAH FEotA o} 2423 5 ol WE olE B
A2n9) Aol el gl a3y ol YA
BEAY fEU GRS A ARG E 5 ko] Sr LN Wy} At ol V1Y BEY T
74eta niamle] 719 2 W= AFEr] Yste] Nd, Sr Aa BEdd wEo 2 sHddc) 2 Rb/Srvls} =&
FHLAHE BA81a R, Srg S-S FHslet (Table ¥Sr/®Sr B9 4n), Fe Sm/Ndy] 2 F-2o| g8t 5
2, Appendix 1). EAL RS AR AZ4EZ 7d9te] 5494 E4
(Depaolo, Wasserburg, 1979)3% < X3} o},
AR O| Nd,Sr SQIRIAH|
H242tRo| Nd-Sr S| AH|
F2eEet] Nd, Sr S2|aAd|
At Aolat, 384 5A19] FEST $A483Y T EHAF sHAebR| Lol SlzietR
o] Rb¥eHe 122~243 ppmeol™ Sr& 27~225 ppme|ch. 3 BAA W) Feb] g Re AYY 2
Rb/SrH)= 0.82~4.212 Rb/Sr8l7} & E4& 7hxich olAb alolof] Bl B AM-89w 3P7ketyl An}
o|E& 9Ale] Sr/¥Srr)E (.72017547~0.757751 +80]H 2 Qo)A BZo| Byl vkt 22w 3tgo s
2EZ2R0 24X (Sr/*Sr)= 0.71063~0.71896 ©]T}. FHch
783 Sm¥ Nd9| g3 247} 4.0~10.9 ppm 19~57 wkaL7ket (aplite) & A& o5 21724F2 Rb3} Srgd
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e 27} 101~274 ppm¥ 51~96 ppm (Rb/Sr=1.2~2.9)
ojck. ¥} ER-R 3% (ARME, S-S A9 37
2] ¥Sr/*Sru)E 0.7195~0.72920]M ~EE2FO] ZA
2] ("Sr/*Sr)ie 0.7095~0.71562 ZAX| 2] o] W3} &
I It} (Table 2). Sm#} Nd&#e 5.1~7.2 ppm# 25~
34ppm (Sm/Nd=0.19~0.23)°]th. o]& 9] '*Nd/
NAZHe 0.51154~0.51174 (engn=-16.6~-21.2)]c}.
AsrE mdlds e 1989~2916 Mao|th.

ey Wiabgel2- SrakeF (368 ppm), Rb/SrH] (0.42),
Sr/86Sr] (0.7135)2 718} 3173¢t72] ol5 423} tha
2o 7} itk

Ehal stAtobH| QiR Bl2ketR
¢ BPIAA| 2o £X sl e AFEAY ZM-
B 334e Srad (551~554 ppm)o] sHbetA] Ul
B¥3a o= PSR (101~274 ppm)ol ¥l&] =
I Rb/SrHlE 0.12~0.192 2 W9 373k (116~
2.90)0lA B} ok AN -1 s7kete] USr/*grx
AR e 0.7100~0.7106°1% Sm/Nd=0.14, &yyn=-16.4,
Tou=1546~1568 Ma® 3l Wite] s3dFode
YA 54o] dar

AH FEAY Wetr|e] G4 273 LdFE Rb, Srifeko]
7}t 84~136 ppm, 323~876 ppm (Rb/Sr=0.10~0.42)°]
o} (Table 2). “Sr/*Sr S 2] 0.7097~0.7148 (A=),
0.7093~0.7132)°1t}. 28l3 o] #H4tRe] Sm/Nd=
0.15~0.16, **Nd/144Nd=0.51158~0.51176 (exy=-13.8
~-20)°17 29AdH-& 1502~1874 Mao]c}.

Nd REo

A Nd 2493 (TN Table 29} 2t} 2dd
B AR AbgE 29 sEels N/ “Ndow, 1=
0.51235 (McCulloch and Black, 1984), (““Sm/"*Nd)pus, 1udey
=0.225 (McCulloch e al., 1983), A=6.54 %10 o]},

9 FEGAYTY B e Yol Tew 317}
oto] mddAHe Zzh 1700~2400 Mazk  1900~2100
MaZ M2 frAlsith. 22y Aupit A odo] vt Son
3p7rete] BYAHL 2600~2900 Maz o] 1} o7t 3
719] A%E& Yehhnglth o]& 0|5 % ko] nlan}
o] 29 E4o] Y9N X (early Proterozoic)dl| o]u] 2

3150} QAL ovjata Yt} 1 m PEAY Bow
ZAA gt (REEE, 1546~1568 Ma)3} 91 £ %
7

A F4 AR (A8, 1502~1874 Ma)el 3
¢d viavle) 290 AL thA 7)o AskE Qe

TR G silerio} sk oY AU AL &
Ao 2ddH L 1500~2900 MaZ k% 7]e} X Q9] F
g7 HE dehRel a9 Tou=1610~2763 (Kim
ef al., 1996)F% fAkslt), 18lm L) Wle) Feb) 3t
73k mddd (1580~1970 Ma)# = FAHSE d3
& 7145} (Na, 1994; Cheong, Chang, 1977).

E 9

Nd, Sr 4davE rtant EAAFAME T ¥)7}
AgE A ¥a FAHE F9943 540 vlas) g
49l 719 A X 594 EXo) A= g VY
239 £F (mixing)d]4 F7F 2ol sMdde] 7199
A9 23} ATl 143 o] H1 3t} (DePaolo,
Wasserbug, 1979; Hawkesworth, van Calsteren, 1984;
Landoll ¢f al., 1994).

2 233 A9 3 st el gad gias
7 443 M9 E%F 7 $ resurgent caldera modelZ A
et AT} (#1712, 1985).

2 479 F2 B2 Rurde gt 4B
A g} o] A o) Uil Kol EE3L T e AL
2edd (FAY2e) 13Y FEGE vlantg 87
A viambe] 719 13} s 4ol mebA K-Ardud
3 &37 Nd, Sr FALLHE B8 w3 o]
A el ti3l Rb, Sr, Sm, Nd = Fksln vln HE
et

HA spaberaok s3] Rb, Sr, Sm, Nd9] =) 3}8
A EA4S vu sl 2ok fEEde] Rbd S ke
2z} 132~249 ppm, 27~225 ppmoE Sr §Fo] Wals}
sttt ol Mol Rb/SrH] GA] 0.86~7.152 WaHE
ol tieks] Act. A g7kebel Rb, Sr FFS 66~274

0.5120 T
L
0.5118
°
z 0.5116 |-
3
3
£ 0.5114 - e Bupyeong granite
3 L 0 Kimpo granite
i A Songdo granite
0.8112 O Bupyeong rhyolite
[ A 4 Gneiss
0.5110 1 L i i .
0.700 0.710 0.720 0.730 0.740

875r/885 ¢

Fig. 2. Variations of “Sr/*Sr vs. "“Nd/"*Nd for samples of
the granitic and rhyolitic rocks in the Bupyeong mine area,
Gyeonggido, Korea.
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Fig. 3. Plot of Rb/Sr vs. ’St/**Sr for the rhyolitic and gran-
itic rocks from the Bupyeong mine area. Symboles are the
same as in Fig. 2.

ppm, 51~876 ppm 22 LAl whel Rba} Sro) el
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Table 3. Summary of the geochemical data for rhyolitic and granitic rocks in the Bupyeong mine area. Gas chemistry and

fluid inclusion data after Kim, Ha (1997).

Inside of the circular volcanics

Outside of the circular volcanics

Bupyeong rhyolite

Porphyritic granite

Kimpo Songdo

Granite
Rock type Rhyolite Medium grained
Welded tuff  pink feldspar granite
131(early Cret.)
K-Ar age(Ma) 133(early Cret.) 167(Jur)
208(early Jur.)
(V'S1/86Sr); 0.710~0.719 0.709~0.716
("*Nd/*“*Nd); 0.5115~0.5118 0.5115~0.5116
ENg(T) -15.8~-18.6 -16.6~-17.8
CH./CO. 0.01
Th(°C) 0.004~0.005 316
Salinity(wt% NaCl) 20.9

Medium grained por-
phyritic granite

Fine grained horn-
blende-biotite granite

Foliated granite
Pegmatitic granite

179(tur) 112(Cret)
0.700~0.711 0.710 0.709~0.713
0.5113~0.5116 05116 0.5115~0.5118
-16.9~-21.2 164 -13.8~20.0
0.001~0.005 0.14~0.27 0.12~0.29
270~500 500 289~580
17.1~-30.5 323 21.2~27.0
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Appendix 1. Sample location of the granitic and rhyolitic rocks in the Bupyeong silver mine area.

Sheet . .
Sar;llgle Natlg;;l{)Gnd Latitude/Longitude ri, myeon, gun, do Rock type
(1:25,000)
B29 Geysan 174.55/4482  37°322"/126°42'59"  Hyoseondong, Buggu, Incheonsi, Gyeonggido Pink feldspar biotite granite
B29-1 Geysan 174.59/448.06 37°32'15"/126°42'51" Hyoseondong, Buggu, Incheonsi, Gyeonggido Homblende-biotite granite
S-1  Sosa 180.6/438.24  37°26'48"/126°47'25"  Sincheondong, Siheungsi, Gyeonggido Pink feldspar-biotite
S-3  Sosa 180.44/438.11 37°26'40"/126°47'15"  Sincheondong, Siheungsi, Gyeonggido Pink feldspar granite
S-5  Sosa 181.48/437.78 37°26'24"/126°47'40" Obogdong, Siheungsi, Gyeonggido Aplite
[-02 Geysan 171.45/451.08 37°3323"/126°41'13" Geumandong, Seogu, Incheonsi, Gyeonggido Homnblende-biotite granite
[-03  Geysan 171.53/451.08 37°33'23"/126°41'36" Geumandong, Seogu, Incheonsi, Gyeonggido Homblende-biotite granite
DS1  Incheon 16823/436.44 37°25'55"/126°38'33" Ogryeondong, Namgu, Incheonsi, Gyeonggido Foliated granite
DS3 Incheon 168.04/436.38 37°25'52"/126°3820" Ogryeondong, Namgu, Incheonsi, Gyeonggido Foliated granite
DS5 Incheon 17226/436.23 37°25'47"/126°4124" Munhadong, Namgu, Incheonsi, Gyeonggido Foliated granite
DS7 Incheon 172.61/437.39 37°26'04"/126°41'46" Gwangyodong, Namgu, Incheonsi, Gyeonggido  Biofite granite
DS8-1 Incheon 172.53/437.03 37°2626"/126°41'40" Gwangyodong, Namgu, Incheonsi, Gyeonggido ~ Diorite
DS8-2 Incheon 172.58/437.16 37°26'33"/126°41'44" Gwangyodong, Namgu, Incheonsi, Gyeonggido  Pink feldspar granite
Bl Sosa 178.24/439.99 37°2734"/126°4537" Jangsudong, Namdonggu, Siheungsi, Gyeonggido Rhyolite with phenocryst
B2 Sosa 178.24/440.06 37°27'37"/126°4538" Jangsudong, Namdonggu, Siheungsi, Gyeonggido Rhyolite with pyrite
B22 Incheon 175.41/440.54 37°28'01"/126°41'31" Mansudong, Namdonggu, Incheonsi, Gyeonggido Rhyolite
B27 Incheon 173.39/442.45 37°29'13"/126°42'34" Bupyeongdong, Buggu, Incheonsi, Gyeonggido ~ Rhyolite
B32  Geysan 174.31/449.44 37°32'44"/126°42'52" Gyeasandong, Buggu, Incheonsi, Gyeonggido Rhyolite with phenocryst
B35 Geysan 173.91/449.59 37°32'51"/126°42'27" Gongchondong, Seogu, Incheonsi, Gyeonggido ~ Welded tuff
I-1 Incheon  177.58/438.98 37°2722"/126°44'56" Jangsudong, Namdonggu, Incheonsi, Gyeonggido Rhyolite
12 Incheon  177.58/438.98 37°2722"/126°44'56" Jangsudong, Namdonggu, Incheonsi, Gyeonggido Rhyolite
I-3 Incheon  177.63/439.05 37°27'26"/126°44'59" Jangsudong, Namdonggu, Incheonsi, Gyeonggido Purplish rhyolite
I-4 Incheon  177.53/438.98 37°27'21"/126°44'52" Jangsudong, Namdonggu, Incheonsi, Gyeonggido Rhyolite
I-5 Incheon  177.55/439.14 37°27'31"/126°44'55" Jangsudong, Namdonggu, Incheonsi, Gyeonggido Welded tuff
1-7 Incheon  177.48/439.05 37°2726"/126°44'51" Jangsudong, Namdonggu, Incheonsi, Gyeonggido Welded tuff
I-9 Sosa 177.73/439.84  37°27'26"/126°45'05" Jangsudong, Namdonggu, Siheungsi, Gyeonggido Welded tuff
01  Geysan  171.58/450.13 37°33'16"/126°4120" Geomandong, Seogu, Incheonsi, Gyeonggido Biotite gneiss




