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stratigraphy of the Cretaceous volcanic rocks in Namhae and Saryang islands, southernmost Korea.
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ABSTRACT: The volcanic rocks in Namhae and Saryang islands, are lithostratigraphically classified as lower
andesitic rocks and rhyolitic rocks, and upper andesitic rocks and rhyolitic rocks. We ensured their eruption timings
and stratigraphic relationships, based on SHRIMP U-Pb dating for zircons from Bonghwasan Tuff of the lower
rhyolitic rocks and Saryangdo Tuff of the upper rhyolitic rocks. The results shows that the concordia age of
Bonghwasan Tuffis 86.69+0.78 Ma (n=10, 20), and those of the Saryangdo Tuff are 69.72+0.69 Ma (n=12, 20)
and 69.16+0.65 Ma (n=12, 20). These ages suggest the period of active arc volcanism during the Late Cretaceous,
and indicate the eruption timings of each tuff units of the Namhae and the Saryang islands, and enable them to
make a stratigraphic correlation to Unmunsa and Saryang subgroups. Moreover, it is expected that the subgroups
can make an indirect stratigraphic correlation to different volcanic units of the Late Cretaceous Yucheon Group
in the Gyeongsang Basin.
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Fig. 1. (a) Geological map showing the location of study area in the southern part of the Korean Peninsula (after
KIGAM, 2001); (b) Geological map around Namhae and Saryang islands (modified from Hwang et al., 2016), show-
ing sampling locations of this study.
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Fig. 2. Outcrop photographs showing representative stratigraphic relationships between the stratigraphic units. (a)
Bonghwasan Tuff on the Jangpyeongri Formation in the southern Songjeong Village; (b) Namsan Rhyolite on the
Araetseom Andesite in the northern coast of the Araetseom Island; (c) Namsan Rhyolite showing flow-banded struc-
ture on the Araetseom Andesite near the Neungyang Port; (d) The basal part of the Saryangdo Tuff on Witseom
Andesite in the western Suu Island; (e) The basal part of Saryangdo Tuff on Obido Formation in the Hwado Islet;

(f) Rhyolite dike intruding the Obido Formation.
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Fig. 3. Outcrop photographs and photomlcrographs showmg representatlve lithology and petrography of the vol-
canic rocks. (a) Outcrop photograph of the Bonghwasan Tuff; (b) Photomicrograph of the Bonghwasan Tuff; (c)
Outcrop photograph of the Saryangdo Tuff in the Suu Island; (d) Photomicrograph of the Saryangdo Tuff in Suu
Island; (e) Outcrop photograph of the Saryangdo Tuff in the Araetseom Island; (f) Photomicrograph of the Saryangdo
Tuff in Araetseom Island: Pl, plagioclase; Qz, quartz; Fi, fiamme; Sh, shards; Li, lithic fragment.
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(a) Bonghwasan Tuff (HT498)

Fig. 4. Representative cathodoluminescence images of the analysed zircon grains, showing the location of analytical
spots and *pp/ 2Py ages in Ma, separated from (a) Bonghwasan Tuff (HT498), and (b) and (c) Saryangdo Tuff

(HT387 and HT366).
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Table 1. Summary of SHRIMP U-Pb isotopic data of the analytical zircons from the volcanic rocks in Namhae,
Suu and Saryang islands.

Spot No. ZO(ZZS’C (pgm) (pg;) 22?33/ o 22%761;,%/ £ ZZ;PI?/ +%% py  Wpg oy
Age Age
Sample HT498 (Bonghwasan Tuff)
HT498 1.1 0.17 141 44 03245 0.3 0.0491 2.6 0.0291 33 869 1.0 - -
HT498 2.1 -0.08 178 52 0.3007 1.7 0.0471 2.6 0.0258 49 86.7 0.6  -- -
HT498 4.1 0.09 151 58 03984 2.5 0.0484 4.7 0.0274 38 862 14 - -
HT498 5.1 020 190 87 04709 19 0.0493 2.5 0.0250 33 847 1.1 - -
HT498 6.1 -0.11 141 33 02446 04 0.0468 2.8 0.0264 4.1 851 1.7 - --
HT498 7.1 028 132 44 03464 03 0.0500 2.7 0.0285 4.0 86.6 0.7  -- -
HT498 8.1 0.04 132 36 02804 1.4 0.0482 2.7 0.0291 39 954 15 - -
HT498 9.1 -0.13 215 116 0.5555 1.0 0.0468 2.1 0.0301 2.5 883 0.6 38 5l
HT498 10.1 033 162 47 0.2998 3.1 0.0503 2.5 0.0277 46 857 14 - -
HT498 11.1 0.01 136 62 04697 1.7 0.0478 2.6 0.0296 1.5 847 12  -- -
HT498 12.1 0.11 332 189 0.5882 0.2 0.0486 1.6 0.0303 2.6 86.5 0.7 -353 165
Sample HT387 (Saryangdo Tuff)
HT387 1.1 0.84 410 367 09232 0.9 0.0540 1.8 0.0219 22 685 04 -1034 449
HT387 2.1 0.07 237 225 0979 0.2 0.0480 24 0.0252 2.6 713 0.5 -463 267
HT387 3.1 0.08 92 68 0.7698 0.3 0.0481 3.9 0.0249 3.0 70.7 0.7 1088 165
HT387 41 0.70 103 71 0.7157 0.3 0.0530 4.1 0.0232 3.5 69.0 1.8 514 102
HT387 51 032 158 146 09555 0.6 0.0499 3.0 0.0244 38 699 0.7 -- -
HT387 6.1 030 101 103 1.0539 0.3 0.0498 3.6 0.0250 3.5 693 06 - -
HT387 7.1 -0.26 162 167 1.0658 1.5 0.0454 3.0 0.0245 22 71.8 1.1 - -
HT387 8.1 0.06 90 83 09489 0.6 0.0479 42 0.0225 42 714 10 - -
HT387 9.1 0.19 191 123 0.6638 0.2 0.0489 2.7 0.0240 3.0 702 09 - -
HT387 10.1 035 144 111  0.8001 0.2 0.0502 3.0 0.0235 2.5 695 05 -- -
HT387_11.1 0.53 150 167 1.1484 0.2 0.0516 2.9 0.0239 09 685 0.5 - -
HT387_12.1 045 130 73  0.5804 0.3 0.0510 3.3 0.0236 1.1 70.0 0.6 -- -
Sample HT366 (Saryangdo Tuff)
HT366 2.1 046 281 264 09710 0.3 0.0510 3.8 0.0825 8.6 69.5 0.7 -31 202
HT366 3.1 -026 296 303 1.0572 1.3 0.0454 5.1 0.0656 10.0 70.2 13 -854 517
HT366 4.1 054 293 263 09275 1.8 0.0517 34 0.0942 63 69.0 1.1 68 154
HT366 5.1 024 238 178 0.7723 0.3 0.0493 4.1 0.0879 74 70.1 1.5 -424 347
HT366 6.1 0.18 221 180 0.8455 0.8 0.0488 4.4 0.0788 7.2 68.7 0.7 -377 339
HT366 8.1 0.09 268 215 0.8279 0.3 0.0481 3.8 0.0923 7.7 67.7 24 -657 396
HT366 9.1 042 296 252 0.8816 0.5 0.0507 3.8 0.0788 85 682 1.0 593 160
HT366 10.1 0.07 210 143 0.7065 0.4 0.0479 4.8 0.0819 83 69.5 1.5 -188 259
HT366 11.1 0.76 285 230 0.8353 0.3 0.0534 3.9 0.0826 82 682 23 -365 367
HT366 12.1 022 265 259 1.0111 0.3 0.0492 39 0.0862 8.0 692 20 -134 214
HT366 13.1 096 260 140 0.5574 1.0 0.0550 4.0 0.0843 6.5 699 12 412 90
HT366 14.1 0.86 241 182  0.7815 0.4 0.0542 4.7 0.0786 8.1 693 19 -77 303
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Fig. 5. Correlation diagram showing the proportions of
Th to U concentrations (ppm) of the zircons analyzed
by SHRIMP. Symbol &, Bonghwasan Tuff (HT498);
Symbol @, Saryangdo Tuff (HT387); Symbol O,
Saryangdo Tuff (HT366).



Hol=2t AREE0| 2Eok= o] shitefRel SHRIMP U-Pb M0IZ JEH M 629

Aol B4 WEFoz wstslo] o] o3l AU
HA] Well F 913 S3HHRRg-S Yol wiory)
THOE AT A&H 0|1 B FsHA dofut
‘dsE TS FASH7] who|th(Klimetz, 1983;
Ryu et al., 2006). ool whe} B3HHS- 3]t Al =
S oIZ TR Az }lell sl AEsHA U
ol TepiIRNg-0] AbEoltal & 4= glon, B3}
A BT ARFES- 3] Abelofl E3Edh= oFiA
QbARSTT} G ARGEQH(71.74+0.47 Ma; Hwang et al.,
2018b) = 22 ou|& A drkar & 4= glch

52 BEAI7| & M

B 5LAR2- 5] oo A 86.69+0.78 Ma2] SHRIMP #|
o} U-Pb k2 2T =2EATHIH 6). Aol
9| w27} ufl9- 7] tiEol|(Brouand e al., 1990;
Vavra, 1990; Hanchar and Miller, 1993) o] St
B2ESBe EEAVIE Bl A o2 siAE
t} o= B33 S0l wiolr] S¢dof B UL
o AFFES 3T WE A7|of EESI2= A
Ay,

AfEFE S 3]0ko] L. 69.7240.69 Magh 69.16+0.65
Ma 2] SHRIMP Ao} U-Pb A7} =& =St 13 6).
o] A= AFFESI e EEAIZIE UB= A
° 2 sjAEct B3, 3334 dAE Y
29| SHRIMP A o]= U-Pb At 7k} 88.95+0.44
Ma$} 71.74+0.47 MaZ Adj7} 2= itiHwang
et al., 2018b). wEhA] AFFE=G-3 o2 Wiol7| S o
FHugon A7xoe) shierF 5 7 nixle
of| E&3}3irt.

BT AN =SB Y-S oF 17.53 Maz}
AT & 24 Aol Helth o] Aol= F
S U] FEHEEA FARE 24S 7HAIAT F
AA o2 5] thE Folghs Ae AR 1
U F 439 BA= S Y] oHeh
fufstd F Aol vitkz A Fo| A= e Hof
AU, AFFE A Fofl= E9 9 47] ofFto] B
AHEEE BH, Fole FRols SR okt AR
oFol &k YSEol AF AEEA 7] W
of| AlFE-- 3]t B 3HAES-E] o] TAl= A &
4 gloh. 289 B3kahg-3] bt AlFE-3-3]9he]
AtE Edlz B3HHSIUS SHE e g E gl
235131 86.69 MaZ A SFEAPoIEH O R B2,

ARFES B AR SER] $811L 69.72~
69.16 Ma A Aol o2 BRe) E3h, Al
=895 o)A A3t SHRIMP Hoj2 U-Pb <y

203pb correctd / data-point error ellipses are 68.3% con.

HT498

Weighted mean of 207Pb corrected
206pPp/238|) ages= 86.69+0.78 Ma
\: n=10 of 11, MSWD = 1.7

0.085

0.075 |

0.065

o
£
a
o
8
& 0055 -
Y
< o © o
0045 + 2 o > o
0.035 . . .
60 64 68 72 7% 80
2381 206Pp
0.085 298ph correctd / data-point error ellipses are 68.3% conf.
(
HT387
0.075 Weighted mean of 207Pb corrected
206Pp/238 ages= 69.72+0.69 Ma
I\ n=12, MSWD =3.0
0.065
-]
i
S 0.055 -
o
5
&
0.045 R e 8
0.035 -
0.025
82 86 90 94 98
238Y205Pp
0.10 208 corrected / data-point error ellipses are 68.3% conf.
o %
0.09 |
Mean =69.16+0.66 Ma
L n=12, MSWD =0.34
0.08
F-]
o
é 0.07
r]
s
]
0.06 |
005 |
€ e ( 3

0.04 - . - . - .
80 84 88 \!9:_'/ 96 100 104
295Pb
Fig. 6. Concordia diagrams for SHRIMP U-Pb ages of

zircons separated from samples (a) HT498, (b) HT387
and (c) HT366.



630 WESIRE-UNE

S - 07|15

Table 2. Stratigraphic correlation between two regions of the southern Yucheon Subbasin based on zircon U-Pb ages.

Mireukdo region

Saryangdo and Namhaedo regions

Grou Subgrou i i U-Pb ages
P group Stratigraphic (Hwang et al., Stratigraphic units U-Pb ages
units
2018b)
69.16+0.65 Ma
Saryangdo Tuff 69 7710.69 Ma
Saryang  Namsan Rhyolite ~ 71.74+0.47 Ma ,
Subgroup . Namsan Rhyolite
Gollido Tuff
Obido Formation Obido Formation
- Dara Andesite 73.01+£0.75 Ma
Yokji Madong Dacite Aratseom Andesite
Subgroup
Yucheon Mireuksan Andesite
Group Chudo Tuff 82.56+0.95 Ma
Bonghwasan Tuff  86.69+0.78 Ma
Unmunsa . .
Subgroup Jangpyeqngrl Jangpyeqngrl
Formation Formation
Punghwari Tuff 88.95+0.44 Ma Punghwari Tuff
Yeongwado Andesite Ungbangsan
Jusasan Hansando Formation Andesite
Subgroup

Tongguji Andesite

Witseom Andesite

ZA 2= 242 69.72+0.69 Ma2} 69.16£0.65 Ma=
A 0.56 Ma®] A7Extol & ek, o] Zol ©

#
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