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o] A= F3UY AMFEoNA HAHE ofgttoEF ofuls) YEZ W (Gomphinia veneriforms melanaegis),
E-g(Mytilidae)?} E-EF v 1% (Umbonium coastatum) ZH2 )¢} v ekl 49k A E A4 ko) 95 uf
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e A3 Bo|Au, WIExI)9] Zn §HFE F7Ishs AES Btk vy vdns e 28 b Tl
& AEE HolA gtk Z 489 24 U AaEdds oY A4S drers d49 Fut Al
TE fFErnt 24 Yehgth 2AME RE QB9 A ST AN ds ¢S TR Ve

T mE FRY IS BolA] Q) ol 7 ABEC] #59 ArTADLH 0 vH Y e
A 72 A7) dELE AZE. wEkA o] dAFelr 2AME BEEE 1849 e EE A3k
AetA] g Ao Alg gt

The objectives of this study are to investigate the trace elemental and stable isotopic compositions of
aragonitic mollusk shells, such as Gomphina veneriformis melanaegis, Mytilidae and Umbonium
coastatum, from the eastern coast of Korean peninsula and Cheju Island, and to compare their variations
with latitude, that is, the temperature of the ambient seawater at which the skeletons grew. The Mg
compositions of Gomphina veneriformis melanaegis tend to decrease with increasing water temperature,
whereas those of Mytilidae and Umbonium coastatum do not show any trend. Sr compositions of
Mytilidae tend to increase with increasing water temperature, whereas those of Gomphina veneriformis
melanaegis decrease. Fe compositions of Umbonium coastatum tend to decrease with increasing water
temperature, whereas those of Gomphina veneriformis melanaegis increase. Fe compositions of
Mytilidae do not show any trend with water-temperature variations. Ba compositions of all the skeletons
do not show any trend with water-temperature variations. Cd compositions of Mytilidac and Umbonium
coastatum do not show any trend with increasing water temperature, whereas those of Gomphina
veneriformis melanaegis increase. Cu compositions of Gomphina veneriformis melanaegis increase with
increasing water temperature, whereas Mytilidae and Umbonium coastatum do not show any trend. Pb
compositions of Umbonium coastatum do not show any tend with increasing water temperature, but
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those of other skeletons increase. Zn compositions of Mytilidae tend to decrease with increasing water

temperature, whereas those of Gomphina veneriformis melanaegis increase.

Zn compositions of

Umbonium coastatum do not show any trend with increasing water temperature. Estimated water
temperatures from oxygen isotopic data of all the skeletons are higher than the range of water
temperature of the shallow seawater of the East Sea and around Cheju Island. The oxygen isotopic
compositions of all the skeletons are well clustered, but they do not show any trend with latitude.
Therefore, this could reflect that the organisms may not have secreted their shells in oxygen isotopic
equilibrium with ambient seawater due to vital effect. Thus, isotopic compositions of all the organisms
in this study may not be suitable for paleotemperature estimate.
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Fig. 1. Geographic localities of the sampling sites.
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1971), oke}arctol 27k 90% ol 4l = Al Rk BAISL,
2 9] Tl S 97 91ste] AR S0mg 02%
HNO;ofl ¥+8-A)Z1 ¥, ICP(inductively coupled plasma spectro-
meter; Leeman PSO00)YE o]-&3&lo] BAlsat) 72+ 4o it
ICP #4ATe] e3l= 95% AHEE AMEsl Alsldt
(Mg: 2.75+0.56 ppm, Sr: 0.991-0.35 ppm, Fe: 0.84+0.17 ppm,
Mn: 0.574+0.13 ppm, Ba: 0.0003+0.0002 ppm, Cd: 0.0240.002
ppm, Cu: 0.051+0.005 ppm, Pb: 0.26£0.003 ppm, Zn: 0.02+0.01
ppm). A4 B FHLS S A3 Hdte, AE o
10 mg$ 50°Ce] 3h2Zol| A 8 A|ZHE<T 100% Q14tel] ¥WHg-A171
F CO, 7|AE ER5l AT YU FEEA] 7] (stable isotope
mass spectrometer; VG Prism IE o]-&3}o] 7] v}8kx) 9 Alet
A BAsgt gt Akh Y99 B eai= NBS-
197} 8°C=1.0940.83%«(PDB), §°0=—3.78+1.38%0¢(PDB)°]
o NBS-202 §°C=-1.2340.02%«(PDB), §°0=—4.6310.22%0
(PDB)o|t}. o] =5F-2] R} &= 25 PDB standardd]] w2 Zholr},

HAda}
2z 3|

WE 27N (Gomphinia veneriforms melanaegisy= ©| x| = (Hetero-
donta) ¥ ¢} 3(Veneridae)ol| &3}m, ¥ & H(nacreous) W] Al 7-2 2k
ZhE(prism) Wl o32] ojztarfo|E o] obd Y So] FHYTRE
o} F(prismatic) VATEE olFold Yk TS RS
(Pteriomorphia) &-32H(Mytilidae)o] %30 215274} o}2k7}x)
2 olzhurtelER ofFold HEA nATES} YHYOE of
Fol7 54 HHTEE HOIFT. 53] #4 vATEE 455
o ZHamRel Azhgoz EAe, AP OB olFol T
oz o)Folx v} NI LE(Umbonium costatum)S QA
B-Z 5 (Archaeogastropoda) ¥ 325 3H(Trochidae)dl] €535}1], o}} i
olER olFolnl WE4 mATRS AP (crossed-lameliar)

ol Pz, 2E s BEA o R ool F HHTRE o)Fo

) QTHA S 4, 1995).
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D29 BAANE g 4 & 32 7 A7
7 B Ag)e] Hrgrol IAE Aot

ZAE FRE, 4H, A, vt 223 AFEY ojdt
9 Aste] BABIG ol o] ER o] Foil
g Fe SR LA uiA G 7R = 369~
A 9] o dr} shEA| oAM= 322~430 ppm
oli, N EA Al AFEAG 2 A5 Fachs s
BRIKFig. 3). NE27) 2449 St FF2 LA o] 835~
894 ppm, 413, x9S 908~1069 ppme] FEE Ho|H,
npabA] e 821~988 ppm, AFEAHL 753~889 ppme] F
& vehdth 392X GA ANEY AFEARLE A
% Sr §FL tha A THFig 3). Fe FF2 vhtA 9 S A9
g 14w A] Aol A 100 ppm ©}3te] FEE BoH, A=A
o Ay Zlee AFS BIth(Fig 3). Ba e 33
F A Ho] 3~4 ppm, 4123} HHAHL 5~10 ppm, vHFA] H L
10~13 ppm O & PliAY Zo 2 Z4E ZIleHs AFS B
oluf, AFEY oYX AE& 2~11ppm, FEA AL 2~26
ppm O 2 ThA] Ztolr| = Aeg welth webA ZAR A ¢l
A Ba e xmo w2 3T WUsE HolA] ed=rh(Fig
3). Cd F& 9~14ppme] ZL FEAO|E Holt A9 &S
AFEAGoz A5 A Friete 3FE BUAHFig. 4).
Cu %2 29~33 ppmo) S =W A E Holm mhdx|H(36~41
ppm)e] AFEA A (33~38 ppm)Rt} T FEIF =A VERY
71 3h, diAR A=A o R A4S S713THFg. 4). Pb
FBE A AFEAGOE AFE FrIt FrleEH, 33

A9 85~92 ppm .2 Y] XA (123~175 ppm)e] H] 3]
#he UEATHFg. 4). Zn FFS JAHLZ 5~31
Holn, ulikA] o] AFEAGRT 5~7 ppm
s, At oz AYER ZA5E Frlske B

t}(Fig. 4).

S S E, Hall, 34 2E|n AFEY fdt seAg
oA st EAEIGITH(Table 1). Mg &3 3R EA]Ho]
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& YehhA g, ARFH R o wE Fg vstE HolA
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Qth(Fig. 5). Fe 3k 3px1%9] 1 7] A 89 849 A&7t
106 ppm3} 105 ppme] F =5 HojA|TH(Table 1), thHF-&2] A
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Table 1. Stable isotopic and elemental compositions of aragonitic skeletons in this study (8°C and 80O values are in per mil (%0) relative
to PDB standard; elemental compositions are in ppm)

Locality Sr Fe Mg Ba Cu cd Pb Zn 8°c 80
Gomphina

Hwajinpo-1 892 24 391 4 33 10 87 7 -0.1 -1.83
Hwajinpo-2 835 25 379 3 29 10 92 5 0.4 ~1.44
Hwajinpo-3 894 17 416 3 29 9 85 5

Samchuk-1 908 37 417 6 35 11 127 5

Samchuk-2 924 41 393 10 35 12 133 295

Samchuk-2 1069 26 481 7 34 12 123 14

Punghae-1 1064 55 420 9 32 13 139 16 -1.8 ~1.44
Punghae-2 915 26 369 5 31 12 127 12 -0.5 -0.25
Punghae-3 987 63 465 6 31 12 133 13 -35 -2.92
Masan-1 988 102 489 10 41 13 143 31

Masan-2 927 48 491 13 36 14 143 15

Masan-3 821 162 385 12 36 13 147 29

Aeweol-1 753 63 349 2 37 13 164 12

Aeweol-2 862 34 333 5 33 12 134 10

Aeweol-3 821 43 322 11 36 13 145 24

Hwasun-1 889 35 372 3 38 13 146 10 -1.14
Hwasun-2 835 80 369 2 38 14 158 16 ~0.7 ~1.54
Hwasun-3 857 103 430 26 36 14 175 20 -0.9 -2.03
Mpytilidae

Hwajinpo-1 937 40 395 2 30 10 101 12 0.9 -~1.14
Hwajinpo-2 1093 106 667 8 59 20 188 36 0.7 ~1.79
Hwajinpo-3 674 34 392 1 30 10 93 9 0.1 -1.63
Punghae-1 658 17 385 2 32 11 111 8 -0.1 -1.44
Punghae-2 1315 52 340 2 32 12 132 19 0.6 -0.84
Punghae-3 815 52 364 1 36 12 108 16 0.2 -1.34
Haseo-1 868 105 378 9 33 13 143 25

Aeweol-1 940 51 415 2 37 13 151 11

Aeweol-2 1029 45 353 5 37 13 155 12

Aeweol-3 833 47 395 2 38 13 152 11

Hwasun-1 1121 56 342 2 37 13 161 11 0.1 ~1.44
Hwasun-2 1293 49 363 2 37 13 150 12 0.4 ~1.63
Hwasun-3 887 61 343 1 36 14 151 14 -0.6 —-1.04
Umbonium

Gwangjin-1 1181 136 640 10 62 21 204 10

Gwangjin-2 947 410 1368 1 138 58 567 43 1.3 -0.45
Gwangjin-3 1080 110 332 2 31 11 110 8 13 -0.25
Gangneung-1 1367 87 330 3 34 11 131 10

Gangneung-2 1181 288 330 2 33 12 133 9

Gangneung-3 1199 75 296 2 31 11 100 9 2.0 -0.15
Punghae-1 929 100 329 2 33 12 147 29 12 -0.54
Punghae-2 946 36 313 2 32 12 124 16 0.7 -0.74
Punghae-3 1024 94 619 2 62 23 258 26 0.1 -0.74
Aeweol-1 1256 27 320 10 36 13 146 12

Aeweol-2 1069 36 306 2 41 13 148 13

Aeweol-3 1126 4 318 2 36 12 147 21

Hwasun-1 982 87 378 1 37 14 171 22 1.0 —0.64
Hwasun-2 1108 95 320 1 36 14 134 13 1.1 —0.84
Hwasun-3 1020 101 330 1 38 14 171 19 13 ~0.05

13~14 ppm, 3tXo]A] 13 ppm, Haho)x] 11~ 12 ppmo}r}(Fig. o7t Z71eE AES ¥ QtiFg. 6). Zn TS A B
6). Cu 2% XX Ao A 2 7] A|&7F 30 ppme] FEE W A QoA 936 ppme] EEZHE LERiE] B ZA A
oli, 1 7] A8E 59ppmoe 2 AL F o] sjFdh= & G AFEAYGCR AR Rt gashe FEE HRlkFig. 6).
£ JEhdtH(Table 1). AFEAGA A= 36~38 ppm, SpA{ oA WS A$ B, A5, FaA Gl Mg IS 296~
= 33 ppm, F A= 32~36 ppme] FEZHS VERITE Wl 640 ppme] FEEE Koy AFEA YA T 306~378
A Cds} Cu ke 9o wpE Fels)h wxe) 2Ho]S Holxl  ppme HEE vjERIthFig. 7). Sr L AEAHedA
Sk=tH(Fig. 6). Pb &ske 314 Exloﬂoﬂ/ﬂ AFEAdoz A4 1181~1367 ppme & o2 KA rc} g4 vepty] veA] A

rin J}m



Fig. 3. Scatter diagram of Mg, Sr,
Fe and Ba compositions vs. latitude
for Gomphina veneriformis
melanaegis. Each point represents the
averaged value of three data.

Fig. 4. Scatter diagram of Cd, Cu,
Pb and Zn compositions vs. latitude
for Gomphina veneriformis
melanaegis.

g A&7t 288 ppme] ¥2 FE “ERATH(Table 1)
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Fig. 5. Scatter diagram of Mg, Sr,
Fe and Ba compositions vs. latitude
for Mytilidae.

Fig. 6. Scatter diagram of Cd, Cu,
Pb and Zn compositions vs. latitude
for Mytilidae.

G| AgEo] 12~14 ppm¥] FHS



118 Agu) - $744

500 1500
x
1300 4
x Gangneung —% %
400 4 3 x
- _. 11004
& E | - .
x ~
g . . & o0
300 4
7004
200 T T T T T T 500 T T T T T T
32 33 34 3 3 37 38 3B % 3 34 3 36 37 38 3
Latitude {°N) Latitude (°N)
200 15
150 4 x
10+
— E 3 -~
£ £
£ 1004 a
o x 8
o« . @ x
5 x
50 4
x L] 3
9 0 * Fig. 7. Scatter diagram of Mg, Sr,
2 3 34 35 3 3 %W 8 2 3 a+ 3 9 a7 3 9 Fe and Ba compositions vs. latitude
Latitude (°N) Latitude (°N} for Umbonium costatum.
20 50
x
-
x x
154 x
’E‘ x g 40
g * g x
8 3 *
x 8 s
104 x
304
5 Y Y Y T T T 8 T T T u T T
32 83 34 3 36 37 38 39 @2 33 34 35 3 37 38 W
Latitude {°N) Latitude (°N)
200 30
x
% -4— Punghae
» =
1504 x 204
3 = x
£ g
x ~ x
& &
100 4 104
»
® Fig. 8. Scatter diagram of Cd, Cu,
r T T r y v 0 v T : y y T i ;
% 33 34 35 38 987 38 ® w2 3 o o 9 & 3 g Pband Zn compositions vs. latitude
Latitude (°N) Latitude (°N) for Umbonium costatum.

PHAHL 31~62ppme] FEE UEhAT}. Cu FF= Cd & (Fig. 8). Pb $F2 23, A%, FehXF o] 100~258 ppm2]| 5
Fik vp7HA R fko] wE T3l AL JehiA gt =¥9E U1 AFEAYS 134~171 ppme] FEFHE B
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°l Bojm AFL R o] 12~22 ppm, B,
7} ZA o] 8~10 ppm O 2, Pb Frekw} npA IR 2 9w e) w2
S| W37t glok(Fig. 8).

MeE FAER DA §*0=~1.44~—-1.83%, 8°C=
—0.10~0.40%0, B3R el = §°0=-2.92~—0.25%0, §°C=
—3.50~—0.50%2] W E Hojxoh T3 AF x99
N#E §°0=-203~-1.14%0, 8"C=-1.10~—0.70%02] Z+-<
¥ o} F-rl(Table 1).

g9 80 ge mEzAe e
—0.84%0)F HolFA|uk §7°C e ok 1%0
(8°C=-0.60~0.90%0, Fig. 9), 5=
sict

Hle e §°03} §UCo] R ojujs] MEZAY TR}
£ %E HAFU(Fig 9). FREA G M= §°0=-045~
—0.15%0, §°C=1.30~2.00%, H3A Do §*0=-0.74~
—0.54%0, 8°C=0.10~120%, AFE QA §°0=
—0.84~—0.05%0, 8°C=1.00~1.30%02] 7t< UIET(Table
1), Y=o M& T LA o) 8} FalshA) gt

2F=THFig. 10). Chave(1954)= §-3-%
FAFE, SAMLE, TAE, 97, 95F, =25, I2F
uhulol AMNEEE So| wakd 24 U] Mg $HaE

T =
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Fig. 9. Scatter diagram of carbon vs. oxygen isotopic compositons

for aragonitic mollusks.
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(1965)= AA| olFfartfo] ER o] Fo]Z Mytilus UjF-2-9] Mg
Fago] o] FrHgl wet Frbgvtn B usigivh 1y
Pilkey and Goodell(1963)0] ZA}g 7 £9] AAEE FA

2 Z9] AATEL 257} £7)8| wlal Mg gheko] A A
s, U z] 52 g AAd3AIT itk 2usty of
Aol Al AN FIERI) 74 o) Mg ko] 28] Frtel wh
2 W5z o] Mg Frafute] Aol uhet of

w0 Pilkey
and Goodell(1963) Dodd(1965)= ztdo| wheA AAss s
o] =& Sr gEFS Bof Frla Aekslgd o), Swan(1956)L
NgE T WSS Sr ol Bl A ol KA wg]
9ol | e S HFE welFria Aas S
Hallam and Price(1968)= A5 & Z+4 W] Sr g3ke] Zo]7}
RBE] A& ERTHEE AEAA Y A2]F 8l ofs) =4
Atk Adsoln AWHoE ANTES T hE AR
74 o] st ek} £Esle] B Avu Yo &
S ZARSE S Bl BaFIE SATPikey and
Hower, 1960; Dodd, 1965; Hallam and Price, 1968), 4=%7}ol|
wel Sr dEE Zrlels A Bolv|E FTHDodd, 1965;
Dodd, 1967; Schifano and Censi, 1986). 53| Dodd(1965)= "
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Fig. 10. Compositional variations of Mg, Sr, Fe, Cd, Cu, Pb and Zn compositions with latitude: G=Gomphina veneriformis melanaegis,
My =Mytilidae, Um= Umbonium costatum.
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