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and their relationship with environmental

conditions in the Antarctic area
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SUMMARY

(3 B 2 o B

I. Title

Study on the relationship between beach sands composition and

environmental changes in deglaciated areas

II. Purpose and Necessity of R&D

This study intends to identify mineralogical and geochemical
compositions of beach sands from the Barton and Weaver peninsulas,
West Antarctica and to interpret their provenance

III. Contents and Extent of R&D

Mineralogical analysis of beach sediments

- mineral composition of beach sands and their distribution
- evaluation of source rocks

Chemical analysis of beach sediments

- chemical composition of beach sands

- weathering intensity and role of beach processes

IV. R&D Results

The beach sediments are interpreted to have been derived from
volcanic rocks and conglomerates formed in the volcanic arc
environment. This interpretation is consistent with the bedrock
distribution and tectonic setting of King George Island. However, the
sediment composition of the Baton Peninsula and the Weaver Peninsula



is different from the distribution of bedrocks exposed on these
peninsulas. King George Island has experienced a mid-Holocene
deglaciation. The beach sands are interpreted to have been a
glaciomarine sediment that had been eroded and transported by
previous glaciers advancing to the environment covered by seawater
and deposited in front of the glacier grounding line. In other words,
the sediments in the sandy beaches of the peninsulas are not supplied
from the presently exposed bedrock, but rather they were sediment
accumulated on the seabed before the King George Island uplift by
isostacy. It is interpreted that these sediments were resurfaced to the
current beach environment and were reworked and mixed with sandy

sediments derived from currently exposed bedrocks of the peninsulas.

V. Application Plans of R&D Results

The interpretation that the current beach sands of the two peninsulas
are a mixture of pre-deglaciation sediment and recent sediment leads
to expect elucidation of the deglaciation history of King George Island

in more detail.
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Barnard et al., 2013).
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Fig. 2. Representative of (a) volcanic rock fragment, (b) altered grains, (c)

igneous rock fragment, and (d) possible altered ignimbrite fragment.

_17_



4.2. A188 =4

il o] FUa 2L K 20 A U FHA 2 AR oW 4
Tl A A A3 Choi et al. (2003)9] 4 A= z;;hzﬂ AbgEtdTh s ®m
ol FE 2AE DI 2y guutze] gula upEwEe] s me FUa
24 2 W

Aol 7k AR, Si0.9 ek ALOs%t MgOA FFeld bda Aol
FTHI;E 565%™ AlLOsst MgOe] F4zte 7

7]
Zb 181%%F 3.3%°] ARk, HIERIE SRl K] SiO, T4k 585-63.3%°]H
ALOs$F MgO°| T4k 727 152-16.8%%F 2.3-2.8%°]th. =, Si0; &2 HiE

HHe A ol A a1, AlOsok MgO9] &2 I uke x| qo] =] vehdt)

_18_



(a) Q (b) %
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Continental
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Fig. 3. (a) Sandstone classification(after Folk, 1974) and (b) clast source
terrane(after Dickinson, 1985) of the Barton and Weaver peninsulas’ beaches.
Beach sands of both peninsulas are classified as lithic arenite and plot in the
undissected arc field. Q: total quartz; F: total feldspar[K(potash feldspar) +
P(plagioclase)]; R and L: total lithic fragments.
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Fig. 4. Geochemical classification using log(Na;O/K50) versus log(SiOo/Al,O3) of
beach sands of the Barton and Weaver peninsulas, King George Island, West

Antarctica(diagram after Pettijohn et al., 1972).
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Table 1. Modal compositions of beach sands from the Barton and Weaver

peninsulas, King George Island, W. Antarctica.

wpe W ME W Qgn g O By M m
(7o) (%) (o) (o) (o) (%) (o) (o) (o)
Weaver Peninsula
04-01 282 24.0 7.2 3.8 0.0 5.8 32 244 34
04-02 28.8 19.6 92 2.6 0.2 5.6 2.8 28.6 2.6
04-03 252 23.8 7.8 3.8 0.6 7.2 2.0 26.6 3.0
04-17 37.6 11.4 32 22 0.6 3.8 34 344 34
04-18 38.2 15.2 1.8 2.0 0.2 5.0 22 28.8 6.6
04-19 35.0 12.2 4.6 3.0 0.0 34 4.0 332 4.6
Median 31.9 17.4 59 2.8 0.2 53 3.0 28.7 34
Barton Peninsula
Northwestern beach
30-20 24.6 14.4 122 4.6 0.6 42 32 33.6 2.6
30-22 23.6 21.8 7.6 14 0.0 4.0 2.0 36.6 3.0
30-24 36.2 17.6 0.2 22 04 94 6.4 244 32
30-25 53.0 14.6 1.8 1.8 0.2 44 1.6 214 1.2
12-23-4* 52.0 11.0 33 1.0 0.0 6.3 3.0 23.0 0.3
12-23-6* 37.0 14.0 3.3 0.0 0.3 7.7 6.0 31.7 0.0
12-23-8* 16.7 29.7 1.0 43 0.7 16.0 9.3 20.7 1.7
12-23-9% 21.7 18.0 9.3 33 1.3 3.0 4.7 377 1.0
Median 30.4 16.1 33 2.0 04 54 39 28.0 1.4
Western beach
31-25 34.6 15.2 5.6 3.6 0.0 7.2 2.0 274 44
31-26 39.8 12.6 32 22 0.0 5.0 22 314 3.6
31-28 41.0 7.6 3.8 1.2 0.2 5.6 3.8 332 3.6
31-29 33.0 17.6 7.0 3.6 0.0 7.8 2.6 23.8 4.6
31-30 274 20.6 5.0 3.0 0.0 94 32 28.8 2.6
31-32 24.6 19.8 4.4 1.2 0.2 11.6 4.2 322 1.8
31-34 29.8 19.0 34 32 0.0 7.2 34 30.8 32
Sejong st.* 32.0 17.0 6.0 0.3 0.0 10.3 5.7 28.7 0.0
Median 325 17.3 4.7 2.6 0.0 7.5 33 29.8 34
Southwestern beach
28-01 38.6 11.6 3.8 32 0.2 3.6 4.0 30.2 4.8
28-02 40.6 7.2 4.6 24 0.0 1.2 32 372 3.6
28-06 422 6.8 2.0 04 0.2 2.8 4.8 38.8 2.0
28-07 454 5.0 34 0.0 0.0 1.8 0.2 40.6 3.6
29-05 41.6 52 2.6 1.8 0.2 44 3.0 38.6 2.6
Median 41.6 6.8 34 1.8 0.2 2.8 32 38.6 3.6
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VRF PRF SRF  Qm Qp Pl Heavy Al Etc

Sample (o) (%) (o) (o) (o) (%) (o) (o) (o)
Southern beach
29-10 46.2 42 3.6 0.0 0.0 0.8 1.2 42.6 14
29-11 48.8 32 4.6 0.2 0.0 1.4 24 34.8 4.6
29-12 452 44 1.6 0.0 0.2 22 1.8 414 32
29-13 49.8 0.8 1.2 0.0 0.0 04 6.6 38.8 24
29-14 44.2 52 34 0.0 0.0 1.8 22 39.6 3.6
29-15 49.2 3.0 1.6 0.0 0.0 1.0 3.6 39.0 2.6
29-16 47.6 24 2.6 0.2 0.0 1.2 3.8 40.8 1.4
29-17 44.8 6.2 4.6 04 0.0 0.2 5.8 352 2.8
12-26-8* 483 2.0 4.7 0.0 0.0 1.3 0.7 43.0 0.0
12-26-9* 45.7 1.0 0.7 0.0 0.0 1.3 1.7 49.7 0.0
12-26-10* 51.3 33 33 0.3 0.0 0.7 4.7 363 0.0
12-26-11* 54.0 1.7 0.7 0.0 0.0 1.0 5.7 36.7 0.3
Penguin 1* 57.0 23 1.7 0.0 0.0 0.3 1.0 37.7 0.0
Penguin 2* 50.3 5.7 3.0 1.3 0.0 0.3 4.7 33.7 1.0
Median 46.9 3.8 2.8 0.0 0.0 1.3 3.1 38.8 22

Southeasten beach

29-06 54.2 0.8 5.6 0.0 0.0 1.6 34 32,6 1.8
29-08 514 1.8 52 0.0 0.0 14 3.0 33.6 3.6
12-26-7* 51.7 1.7 4.7 0.3 0.0 23 4.0 35.0 0.3
Median 51.7 1.7 52 0.0 0.0 1.6 34 33.6 1.8

VREF: volcanic rock fragment; PRF: plutonic rock fragment; SRF: sedimentary
rock fragment; Qm: monocrystalline quartz; Qp: polycrystalline quartz; PL
plagioclase; Heavy: heavy mineral;, Alt: altered grain; Etc: other component
*Choi et al. (2003) based on 300 pointing counts.
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Table 2. The major element compositions of beach sand samples from the

Barton and Weaver peninsulas, King George Island, W. Antarctica.

Sample S102 A1203 Fe203* CaO NaZO MgO Kzo P205 TlOz MnO L.O.I Total CIA PIA

Weaver
Peninsula

04-01 57.5 18.0 7.87 510 366 319 095 020 075 017 242 997 524 509

04-02 57.1 18.4 7.42 463 370 331 1.03 018 072 015 281 995 541 525

100.

04-03 559 181 8.93 560 335 356 098 0.17 083 018 243 520 505

04-17 580 17.1 8.16 501 331 28 124 021 080 016 246 993 518 498
04-18 559  18.0 8.62 584 348 315 091 020 081 017 238 994 509 495
04-19 556 182 8.53 569 347 333 093 020 078 017 239 993 51.6 501
Median ~ 56.5 18.1 83 53 3.5 33 1.0 0.2 0.8 0.2 2.4 994 519 508

Barton

Peninsula

Northwestern

beach

30-23 64.9 15.8 5.49 349 323 194 222 012 0.62 0.13 2.36 1g0‘ 529 488

12-23-4* 620 168 5.53 476 3.88 241 135 0.10 069 012 226 999 504 66.1
12-23-6* 634  17.7 5.02 409 392 235 142 009 065 011 217 999 534 512

12-23-8*  60.7  17.7 7.13 231 251 0 229 184 011 071 0.09 448 998 632 603

100.

12-23-9* 633 16.4 5.68 470 3.66 197 172 0.12 0.70 0.11 1.75 50.0 47.0

Median ~ 63.3 16.8 55 4.1 Bu 23 1.7 0.1 0.7 0.1 23 99.9 536 494

Western beach
28-02 589 163 8.18 460 362 278 1.12 028 090 017 260 995 512 493
29-05 573 173 825 467 345 318 117 025 0.84 017 3.04 997 528 509
31-28 60.3  16.6 654 400 390 279 116 020 0.75 015 280 992 526 507

3134 613 167 667 429 368 259 125 019 078 015 2.66 1(;0‘ 523 502
Sejong 604 173 617 502 380 280 131 017 070 012 231 100 508 456

st.*
Median  60.3 16.7 6.7 4.6 3.7 2.8 1.2 0.2 0.8 0.1 2.7 99.7 515 495

Southwestern

beach

2803 579 161 965 501 350 289 114 030 106 019 272 1%0‘ 500 48.0
Penguin 591 161 788 575 353 276 107 030 100 015 26 9 481 462

Median 585 161 88 54 35 28 11 03 10 02 27 190 490 474

Southern beach
29-15 59.8 15.8 8.12 372 432 237 0.69 030 096 016 3.00 993 520 5038

12-26-8*  60.8 15.3 7.87 333 428 249 121 022 086 0.13 344 999 515 492

100.

12-26-9* 563 15.8 8.53 503 393 305 097 032 133 013 469 48.6  46.9
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Sample Si0, ALO; Fe,05° CaO Na,O MgO K,O P,Os TiO, MnO LOJI Total CIA PIA
122610 6h0 152 768 347 384 235 114 025 085 012 295 998 523 502
122610 604 159 792 517 390 226 077 017 097 015 243 10 4g9 475
Peg%}‘in 558 161 926 605 3.68 299 096 028 1.04 017 346 998 471 455
Median 60.1 158 80 44 39 24 1.0 03 10 01 32 999 506 489
Southeastern
beach
2009 619 153 801 320 389 229 124 030 084 o014 298 00 530 s07
12267% 632 151 686 311 409 223 122 020 081 011 291 998 523 50.0
Medion 626 152 74 32 40 23 12 03 08 o1 29 9 57 s04

*Choi et al. (2003).
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Table 3. Rare earth element concentrations in ppm for beach sands from the

Barton and Weaver peninsulas, King George Island, West Antarctica.

Sampl 1, Ce P Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Tol EwEw* (La/Yb
Weaver
Peninsula
04-01 138 313 42 225 43 14 47 06 32 06 19 02 17 02 907 0.92 5.62
04-02 109 248 34 181 37 12 40 05 29 06 18 02 15 02 739 0.95 481
04-03 13.0 29.7 40 214 42 13 46 06 32 06 19 02 17 02 867 0.93 533
04-17 155 349 47 252 48 15 53 06 36 07 21 03 18 03 1012 0.88 5.74
04-18 154 342 46 245 47 15 51 06 35 07 20 03 18 03 992 0.91 5.83
04-19 148 333 45 239 47 15 51 06 34 07 20 03 18 03 967 0.94 5.70
M‘;dia 143 323 44 232 45 14 49 06 33 06 20 02 17 02 937 0.92 5.66
Barton
Peninsuala
30-23 180 397 51 263 45 12 47 05 30 06 18 02 16 02 1075 0.79 748
28-02 193 434 59 313 61 18 67 09 46 09 27 04 24 04 1266 0.86 543
29-05 157 351 48 254 49 14 53 07 36 07 21 03 19 03 1021 0.86 5.65
31-28 147 331 45 236 45 13 49 06 35 07 21 03 19 03 959 0.86 531
31-34 168 37.1 49 258 48 14 53 06 35 07 21 03 19 03 1055 0.88 597
28-03 172 385 53 280 55 1.6 61 08 44 09 26 03 23 03 1139 0.85 5.05
29-15 140 313 44 233 48 15 55 07 41 08 25 03 22 03 957 0.86 424
29-09 209 464 63 329 62 16 67 08 45 09 26 03 23 03 1328 0.77 6.24
Media 170 378 50 260 49 14 54 07 38 07 23 03 21 03 108 0.86 5.55

n
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Fig. 5. Chondrite-normalized rare earth element patterns. Chondrite normalization

values are from McDonough and Sun(1995).
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5. & ¢

51. 7149 33 A=

=

Liu et al, 2015). o]l we} B FHA =9 7]A¢kS FA e H7] Hol Qﬂu4
T3t ArE WA FQlsta HES Bzt g

Nesbitt and Young(1982)¢] A|<¢tgt s}et¥ A 2] 4=(chemical index of alteration:
CIA)= 719A A F8tt8 e AES AFHORE /5 5 de AFz 2 o
|5 o, CIA A5 ol&ste] 477 A EFERE o= A=7A HdHA
=4 =48 = i (Selvaraj and Chen, 2006; Selvaraj et al., 2010, 2016). CIA %t
2 = HE o] &3] CIA=[ALOy (AlO3;+Ca0"+Na0+K,0)]x 1009 2oz xd
th o714 CaO'= rAatelvt Eolle CaO s 7He 7l o] A9 2

o X

o 2
128 CaB WA 9, Bd A5 WA OR WG e 2ol
e o, F4-97149 sl thl A4S 22 ekstel ®AH

Young (1982)°l &3t WS wkx] b2 ARPGA v Aol CIA 32 W= 50
et olBt o £ CIA #h2 3te4 Fstzh8o] dolutas A%t 1¥
ARk g8l Ao A CIAE 712, 9=, 281 f53dt 22 3 kil
st2 wrgstr] wol tEolA e Fahabg e dEE dolr
A2 AFEE we FoE da=

al., 2013; Zhou et al., 2015).

M=} vpEME SRle]l B AlsoA CIA #2 22t 5167541 (F%ak:
51.9)¥ 47.1763.2 (F%ak: 51.7)¢ HLE Hol=d, ALt CIA F%akel 500 7+
7] wzol(F 2) dubAem vldA oA Faag2 Ao dojuA F2 AL
= A Enh vl vpEREE SNl o] CIA #e EAIAo= fFondh X
o]& HolA F=thH(p=0.484).
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X
>
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714k gty T3 A APEAY WE A (plagioclase  index  of
alteration: PIA; Fedo et al., 1995)=% &d& 4 o} PIA #2 PIA = [(ALOs -
K»0)/(Al;03+Ca0"+Na0)]x100= Al4tE =H, CaO'= 919 CIAdIA ¢} nmlz7bA =
AR &0l Ca09 s 7H A 35 WA &2 APEA S TH09] g
< 7HA =, F87 2go] "nkd PIAS] @& HA F7hsth i ukE siwl 2
gle] PIA #(E 2)2 4957525 (44 50.8), whEw= sinl mee] PIA g
46.2760.3 (T ok 4972 AW ut=el vpERE 7 iRl 2o PIA g2 TA142
2 Fon|gt ZolF HolA Feth(p=0287). B A5 T4 A=A FEH g
2k (Choi et al., 2003)2 ¥ 2 ko] w9 kA Al =
259 CIAY PIA® ol w9 YA yeiu=d 7]
& CIAS PIA gto = mFo] & uf 7]QdA]e A9 stst2 &3}
5

B2 AoR A H AR 2L v F i A2 VFA9e AolH,

rlo

A= ek CIAREe] 469, T4 SHFe-Qhikehe 458-46.1, 22 3¢

583, 18 AlFF2 60.7¢ CIA#LS Hlth wf

d

Aul mA Aol b Be T4 ARe FAgHelnm sy mae Fu

(Dickinson, 1970). o]&3t a4 A o] H|E 10% vIvte 2 AEH AT AL AR

S
Aolgte Hognx WA FETCH Dickinson(1970)-2 3FAkeF Aol A Frefsl= A
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o AbEA/F &AM HZE 075914 1.000. 2 Yebdrhal &k qiTh

T8 da FFH o5 A v kA 5SS sl AF o8
tH(Purevijav and Roser, 2013; Armstrong—Altrin et al., 2015a, b). A A ¥ & &
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(a) A (b) A

100 4

@il + sand (Weaver Pen.)
+ sand (Barton Pen.)
= @ basaltic andesite
+ @ granodiorite
< 60
+
_— o Pl r} S +
7 5 .
L
20
o
CN K CNK FM

Fig. 6. (a) AlO3-(CaO+NaO)-KO and (b) ALOs;- (CaO+NaO+K-0) -
(Fes03+MgO) triangle (molar proportions). The relation between the CIA scale
(Nesbitt and Young, 1982) and the triangles is shown on the left side of the
diagram. The average compositions of representative granite, granodiorite,
gabbro, basalt, andesite, and rhyolite are plotted on (a). Abbrevations: A= Al,Os;
CN=CaO+Na20O; K=K.0; CNK=CaO+Na:0+K20; FM=Fe;O3+MgO; IL=illite;
Mu=muscovite; Pl=plagioclase; Ks=alkali feldspar; Fs=feldspars; Ka=kaolinite;
Gi=gibbsite; Bi=biotite; Gt=garnet.
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SHl 2 A5 74 YAE vFY S Z Dickinson(1985)¢] 71¥9A] T A E
Fex] e 343 $H7 (undissected arc setting)oll EA| E

14 dAE "o R VAAY 4% e AT
gsto] A5 F Aok HAEY F8 dax =4S
3lo] Verma and Armstrong-Altrin(2013)8 A4 HAES 0]k A
(high silica)®} A o] 4F3liF A (low silica) LF O 2 Yol HAE 7]9A %
Z2384e FEEE T MY gAY =xE ASHsATh o714 oltslat s T
e fdd 5HA J i

=
ALst 10719 Fo Y9428 T3t

o

ZAE oAt A FEFolgta IS V|Fo R Fid, 2A4E oAt A o
63%795% AtolE 71d wlE po|ibsbarA el A HAER, 183 35%763% A

1% Hd Wi Ao stita H4A €4
A7 HAE A9Ae  zTx
(Armstrong-Altrin, 2015, Armstrong-Altrin et al., 2014, 2015a; Zaid and Gahtani,
2015). o] Aol EAE AT7IA FHe] Nl HAES F 1449 249 AR
ol A HpEWLE BAqZ giule] 17] Al 2(30-23)%to] o]ttt Aol sl RYgE
TH L YA 13708 AlEe 5 Aolitshata sl Refol] et o]FA &
e AFT7A F3 SRl B A E o] aro]ikshataty Aojqtsbara diNl B RFE
Verma and Armstrong-Altrin(2013)2] a9 =3 (1¥ 8 H

AN Y ARES BF sitee] 2z 34 e =AUV =Y, s 1
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Fig. 7. Total alkali versus silica classification scheme of volcanic rocks (after Le
Bas et al., 1986).
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A Collision

DF2(Arc-Rift-Col)m2
(=]

I
DF2(Arc-Rift-Col)m1

Collision

DF1(Arc-Rift-Col)m2 DF1(Arc-Rift-Col)m1

Fig. 8. Discriminant-function multidimensional diagram for high-silica clastic
sediments(Verma and Armstrong-Altrin, 2013). The subscript ml in DF1 and

DF2 represents the high-silica and low-silica diagrams based on loge ratios of
major elements.
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