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Abstract—Fine fractions of soils on the Barton Peninsula, King George Island, West Antarctica have been
forming during the last 6000 yr since the last deglaciation. Texturally, they are mostly composed of mineral
and rock fragments with some volcanic ashes, which are also indicated by geochemical compositions
representing for the nonclay silicate minerals and low values of chemical index of alteration. No significant
changes are observed in major- and trace element abundances. Such geochemical characteristics suggest that
chemical weathering of bedrocks on the Barton Peninsula seems insignificant and that the soils are composed
of physically weathered mineral and rock fragments which are mixed with eolian additions of volcanic ashes
and Patagonian dusts. Chondrite-normalized rare earth element (REE) distribution patterns of the Barton
Peninsula soils are slightly different from those of bedrocks, indicating that the REE abundances and
characteristics were influenced by eolian additions. Mixing calculations, which mass-balance the REEs,
suggest that volcanic ashes blown from Deception Island were the major eolian contributor, followed by
atmospheric dusts sourced from Patagonia, South America. Even in the warmer and humid climatic conditions
in the maritime Antarctic region, the chemical weathering of bedrocks appears to be insignificant, probably

due to the relatively short duration of weathering since the last deglaciation. Copyright © 2004 Elsevier Ltd

1. INTRODUCTION

In Antarctica, chemical weathering is not sufficiently impor-
tant to cause major change in bulk composition of rocks and
soils (Kelly and Zumberge, 1961). The general conclusions on
soil formation in Antarctica are that chemical weathering pro-
cesses operate only to a very limited extent and that rock
disintegration and soil formation are brought about largely by
physical processes. The vegetation is restricted to mosses,
lichens and algae because of the severe environments (Seppelt
and Broady, 1988). Higher plants do not occur because of low
temperatures and strong winds (Pickard, 1986). However, in
the maritime Antarctica, covering parts of the Antarctic Pen-
insula and the offshore islands, the climate is warmer and much
greater quantities of free water are available. Soils in this part
of the Antarctica are characterized by much greater predomi-
nance of cryoturbic processes as evidenced by the presence of
patterned ground (Campbell and Claridge, 1987). Recently, it
was reported that the main limitation on freeze-thaw weather-
ing is not thermal but rather moisture (Hall, 1997), and that in
ice-free areas close to the coastal regions soil formation and
chemical weathering occurs to a greater extent than previously
thought (Blume et al., 1997; Beyer et al., 2000). In addition,
although the reactions are probably slow in Antarctic condi-
tions, chemical weathering was suggested as the main process
contributing magnesium, calcium and carbonate ions into the
salt deposits (Keys and Williams, 1981). Seabirds’ organic
matter mostly affects the soil formation in these areas.

Chemical compositions of soils vary as a function of various
soil-forming processes. To interpret the soil-forming processes
and factors operating at the soil site properly one needs to test
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parent-material uniformity. One source of nonuniformity is the
influence of allogenic materials, which may be important where
physical weathering is more significant than the chemical
weathering such as in Arctic and Antarctic regions as well as
cold desert regions. These areas are characterized by strong
wind activity, resulting in mixing of in situ soils with eolian
input materials. Eolian dust deposits are prominent in many
parts of the world, both on continents and in oceans (Pye,
1987), and play an important role in the formation of soils
(Simonson, 1995, and references therein) and deep-sea sedi-
ments (Rea et al., 1985). Eolian dust can also affect the com-
position of ice in glaciers (Waghenbach and Geis, 1989; De
Angelis and Gaudichet, 1991). It is now well established from
ice-core studies that the concentration of dust in the Antarctic
atmosphere increased by a factor of 10—100 during Quaternary
glacial maxima (e.g., Petit et al., 1999). If there are volcanic
eruptions, volcanic ashes are also transported through the eo-
lian transport (Basile et al., 2001). The proportion of the eolian
additions in the soils depends on the wind speed or direction.
Examples of eolian input to the soils developed in the ice-free
areas of Antarctica were described by Beyer et al. (2000) and
Jeong and Yoon (2001).

Chemical characteristics of soils in the offshore islands of
the maritime Antarctic region have not been studied before
although this region has a higher potential for chemical weath-
ering because of its warmer and more humid climate than other
parts of Antarctica (e.g., Campbell and Claridge, 1987). Instead
of studying total changes in the soil profile, this study focuses
on characterizing the surface soils in this maritime Antarctic
region. Soils in this region are suggested to have formed since
the last deglaciation, ca. 9500—6000 yr BP. By studying geo-
chemical characteristics of the reactive finer-grained soil frac-
tions we try to determine the degree of chemical weathering,
and the contribution of allogenic materials including eolian
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dered in an agate motar and fused-glass beads were prepared for major
element analysis by a Philips PW244 model X-ray fluorescence spec-
trometer. Total Fe content is reported as Fe,05. Loss on ignition (LOI)
was measured by weighing before and after 1 h of calcinations at
1000°C. The errors for geochemical sedimentary standards (Sco-1 and
Ipt-61) are within =10% for major elements. Trace elements and rare
earth elements concentrations were determined using a Jobin Yvon 138
Ultrace inductively coupled plasma atomic emission spectrometer
(ICP-AES) and a Perkin Elmer Elan 6100 inductively coupled plasma
mass spectrometer (ICP-MS). Analytical precision for both trace ele-
ments and REEs is better than 5%. For major, trace, and rare earth
elements concentrations three analyses were made for each sample and
averaged. All major, trace, and rare earth elements were analyzed at the
Korea Basic Science Institute. The total organic carbon and CO,
contents were measured by a UIC CM5012 CO, Coulometer.

5. RESULTS

5.1. Soil Distribution

Because the Barton Peninsula is a narrow area, 4 km wide,
and has generally been covered by a rather stagnant ice cap
(Lee, 1992), debris from glacial erosion has not been trans-
ported great distances. Therefore, rock fragments in surface
soils generally reflect the lithology of the basement rocks due to
the breakage of bedrocks and subsequent particle size reduction
by physical weathering, which is consistent with the observa-
tion of Jin et al. (1989).

In the Barton Peninsula an active layer is formed when the
snow dissolves and moistens the soils during the summer
period. Much of the surfaces in the central belt having gentle
slope are characterized by active polygonal patterned ground.
Half of the sampling sites are characterized by patterned
ground with well developed stone polygons, generally of con-
stant size, ranging from 1.2 m to 2.2 m in diameter, but stone
stripes and solifluction lobes are poorly developed, which sug-
gests that most of the soils are developed in situ. The bound-
aries of the polygonal features are marked by raised rims
composed of angular pebbles and cobbles. The inner borders of
the polygons are commonly vegetated by lichens, Usnea au-
rantico-atra. However, in the topographically controlled areas,
some mixtures of surface soils are expected due to solifluction
and wind activity.

Soils are unsorted and composed of mineral and rock frag-
ments derived from the bedrock and volcanic ashes. The ash
particles are mostly pumice glass shards both unaltered and
altered (Fig. 2), having a basaltic andesite and partly basalt
composition (Jwa and Kim, 1991). Petrographic observation
shows that pumice shards in the soils are most abundant in the
western region of the peninsula (up to 20%). Jeong and Yoon
(2001) interpreted that they were blown from Deception Island
located ~130 km southwest of King George Island (Fig. 1).
The most recent activity was an eruption within the caldera of
Deception Island in 1969 (Orheim, 1972), which formed a new
debris cone and destroyed several scientific stations.

5.2. Major Elements

Major element data are given in Table 1. Loss on ignition
(LOI) varies from 1.6% to 9.4%, reflecting variable amounts of
carbonate, hydrous phases like clays, and organic matter. In
SiO, vs. Al,05 and SiO, vs. CaO diagrams (Fig. 3), the Barton
Peninsula soils show a compositional variability. For example,

Fig. 2. Photomicrograph of soil sample showing rock and mineral
fragments. Also shown are pumice shards (PS) that are partly altered to
clay minerals.

SiO, contents vary from 47.5% to 65.7% and Al,O; from
15.7% to 21.5%. As expected, there is a moderate negative
correlation between SiO, and AL, O; (correlation coefficient, r
= —0.55). Also, there exist good correlations between SiO,
and Fe,O; (r = —0.85) and between SiO, and TiO, (r =
—0.81).

Based on bedrock type, Barton Peninsula soils are subdi-
vided into four suites; soils on granodiorite (S-GD), soils on
basaltic andesite (S-BA), soils on lapilli tuff (S-LT), and soils
on the Sejong Formation (S-SJ). Soils on basaltic andesite are
further subdivided into two subsuites, S-BA1 developed on
BA1 volcanic rocks and S-BA2 on BA2 volcanic rocks. The
S-BA1 and S-BA2 can be differentiated in the cross-plot of
Si0, vs. Ca0, Al,O; vs. K,0, and Al,O5 vs. CaO except for
one S-BAI1 sample (U3) (Fig. 3). Compared to the S-BA2,
S-BA1 has lower contents of SiO, and K,O, but higher con-
tents of CaO and TiO,.

Total organic carbon (TOC) content of the Barton Peninsula
soils ranges from 0.06% to 2.97% with an average of 0.76%
(Table 1). S-SJ contains the highest average TOC content of
1.7%, followed by S-BA1 (1.4%) and the lowest TOC in the
S-GD (0.2%). LOI content is well correlated with TOC content
(r = 0.83), indicating that the LOI value represents the organic
matter content.

5.3. Trace Elements and Rare Earth Elements

Average concentrations of Rb, Sr, and Ba range from 18.7
(S-BA1)-51.3 (S-LT) ppm, 287.0 (S-SJ)-366.5 (S-BA1) ppm,
and 164.8 (S-BA1)-385.7 (S-LT) ppm, respectively (Table 2).
As expected, S-GD contains relatively higher Rb (48.9 ppm),
Sr (322.1 ppm), and Ba (359.1 ppm) contents than other soil
suites, whereas S-GD have slightly lower contents of transition
metals such as Cr (14.8 ppm), Co (17.3 ppm), Ni (8.9 ppm),
and V (148.4 ppm). For high field strength elements, no general
trend is observed among different soil suites.

REE data for the five soil suites analyzed are also given in
Table 2 and average values are shown as chondrite-normalized
patterns in Figure 4. Although REE data are somewhat variable,
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O Soils on granodiorite (S-GD)
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4+ Soils on lapilli tuff (S-LT)
X Soils on the Sejong Fm. (S-SJ)

@® Soils on basaltic andesite2 (S-BA2)
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Fig. 3. Bivariate plots of the oxides Al,O5, Fe,05, CaO, TiO, vs. SiO, and Ca0, K,0 vs. Al,O; in the fine fractions from
Barton Peninsula soils. Note the different symbols for five different soil suites.

biotite (~8), alkali feldspar (~0.8-1), plagioclase (~0.6), mus-
covite and illlite (~0.3), monmorillonite (0.13—0.3), and kaolinite
(~0.03-0.05) (Cox et al., 1995). Thus, immature soils with a high
percentage of nonclay silicate minerals will contain ICV values of
greater than one. In contrast, more mature soils with mostly clay
minerals formed under intense weathering ought to have lower
ICV values of less than one (Cox et al., 1995). The ICV values of
Barton Peninsula soils range between 1.00 and 1.44 with an

average of 1.13 (Table 1). The ICV values of S-GD ranges
between 0.9 and 1.3 (av. 1.1), S-BAI1 between 0.8 and 1.4 (av.
1.2), S-BA2 between 0.9 and 1.3 (av. 1.1), S-LT between 1.0 and
1.2 (av. 1.1), and S-SJ between 1.0 and 1.4 (av. 1.2), indicating
that the Barton Peninsula soils are compositionally immature and
dominated by nonclay silicate minerals. All the ICV values of soils
except for soils on the Sejong Formation are slightly lower than
those of bedrocks. This implies that most of the Barton Peninsula



‘K[oAnoadsor “{00Ipaq o) Ul pue 108 Y} UL [V JO PUE J JUSWI[3
UB JO SUONEBNUSOU0O Ay} aIe PPy g pue "°Iy/g yorym Ul

(1 (PP a)/("Tv/d) = A9

:uonjenba Sur
-MO[0J 9y} SuIsn SULIAYIBIM UO PALNI0 2ABY Jey) (JH ‘10198]
JUQUIYDLIUS) SaSURYD AU} JBUINSS UBD oM JUSIU0D QY JUBIS
-u0o Sunwmsse Ag JUSWA[S [IOWW Y} I0J AJePIPUBD I[qRIA
® 9Q 0] POIOPISUOD JOU SeM SQL], ‘90USH "B[NSUIIdJ UOLRq S}
UT S[D0IPaq SY) SJBUILLOP SYI0I OMUBI[OA YOOI OBIUBIS JO SIS
-ma8opad Suwmp [y uey) ofiqow diow Furaq se LT, uel (¢007)
‘e 12 KD pue (966]) WeyWIng pue UeplieH -oyuawWl IO
o[ONI SE YONS [BISUIUI JUB)SISAI-IOUILaM © UBY) ISRl SSB[S o1
-eo[0A UI 1u9saId JI PUB SUOTIIPUOD JIPIOR 10 SUI[LN[E A[QWIANXD
ur ssof 01 9[qrdaosns SI 1T “IOASMOF] JUIMINSUOD S[IGOUIT A[1Te]
® paIopisuod os[e ST “OLL (6661 ‘PUBINMIE ‘8661 NASIN

pue Sunox /861 ‘UOMIQLJ PUB [[BYWIIE) JUSWS[ 2[IGOTIL
) 10] SIBPIPUED € ST AJ0JaIal) pue sanfea Jd [eUIoU [iim suon
N[0S [10S UOWIOD UT AJ[IGNOS AMO[ (PIA JUSWI[S UE ST [V

sjudwR[y JoleIAl Ul saguey) °7'9

10405 deo 201 JueuSels oy Jo eoussaxd oy
0] onp 219y PAISPISUOD JOU ST UOTNUIIIO) [BIOR[S £q UOEULIO]
uonoely oury “Tremonred ur sse001d MeYN-pUB-9Z391 ‘TULISYIEAM
eotskyd £q peonpord useq oAry Aew S[IOS B[NSUTUS] UOMEH
oY) JO SUONOBI} QUY AU JO JSOW ‘SNYJ, JUBOYIUSISUT SUIAAS BINS
-UTUSg UOMEY S} UO SULIOYIEOM [BOIAYD AQ UOTEULIOY [BISUMI
Kepo ey pajerdiojur oy (T00T) UOOX Pue SUOS[ JO UOISNOUOD
o) s JuswaaiSe ut st uoneierdreur SIy T, ‘APUBOYIUSIS PALNoo0
10U Sey SuLeyIEaMm [BONURYD o) Jey) Sunsad3ns ‘ouru A1oA ore
s[eouT Ao se yons jonpoid SULILyIEaMm eIy JO sjusuodod
Jey) pue sY00Ipaq Jo uoneISauIsip [eowsAyd Aq pauLIoy Are S[Ios

e SrL s Tes LT e L69 99T 6L LI'E T 9T T0T  0E9 1€ b9 v9S 2oL 188 u(ax/eD
LI 99T seT vIT 170 €Ll 0T 9ST v61 69T Tl ¥ST 00 01T 991 07 90T €T vrT  u@Amo)
€61 Tt 961 66T 0F0 1L 1T 951 191 LT SET €Sl €0 T 991 €T STt 6LT  8yT  u(WwseD)
76°0 6L°0 £8°0 201 100 S6'0 60 $6°0 60 $6°0 €60 96°0 ¥0°0 960 S6'0 L60 00T 160 96'0 *30/3D
980 060 060 L80 900 001 0’1 860 ¥6'0 760 801 660 01°0 €L0 19°0 990 L0 L8°0 9L'0 #0d/MH
601 $'8tC 9661 78Tl 9Lel 8T¥6 Sz8 8'L6 0011 8'601 T8L ¥'L8 Y0'LT  9LPEL €yLT TLer gevl 6'801 1011 HTAZ
oo 970  8I'0  ¥I0  v00 S0 900> ¥I'0  ¢r0  SI0  ¥I0O €0 €0 LZO €SO 600  LyO  II0 110 P
e oF1 TL0 0TT 61 64T LT TOT T8O L90 PO €8T 090 L8 887 €LT 98T 9§l €1 oW
Iv'IE STvE S1'6T 86T 98’ ST9T £9°C¢ 66'€C LSt 09°ST €78  SEIT 691 wLe 19T 979t 80°0¢ LT 819C D
81z LeT ' 6ST  I¥0  oLT  eI'l  ¥6l 9Ll LIz 96T 0TI 9SO  ¥6T  9ST b6l €€T LT or't g
vT1e 0T'8T 01'9c 68T 9T'S TeeT L00T (4844 €r'Le YTye 606T  LSVI 007 S¥Sl €081 £6'6 1€91 96'61 10°¢tT By
€Tl w'eT 86'9C €9 8¢€°¢ oF'0¢ LT9t 96'¢E L8'EE v9'LE  8EYC  T99T or's 9Ll Syl 124 S1°0T €91 jaadt D
Tee8 67607 0L'SOT TI'8LT 86T CC'LIT  TETCT 0€TCT  LI'6TT  vL'LTT 91°0ST 09°€ST  €l'ey  6€8yT  60°9ST  TE'S8 96'81  7990C  66V¥I A
96'98 SL'€0T  TO'06 €796 €TST ST'8L LT8y P98 8768 $698 11°08  +T'8L yL'0S  vITIT  99'IST 1899 01°08T TI'68 00°€L uz
g8zl I8'TST  8€'€T  TOHELT  LLLY TIPET  €LT8 €56 $LTPT 8T'801  L¥'99C IT°0TT 808 ITEEl 89601 6T'SY LTTILT OY'8¥D  TY'IL e}
LE'8T 09T 89vC  ¥9'E€C WL 16'€T (491t 98'8T 609 0L'8T 80t TTOE 1S STLL 86°ST $9°01 v9'7C 6061 67’8 oD
99Tl S8'el vl we wy 1691 086 9¥'81 ULl €L1T S9ST 8981 107 £6'8 €L'el (44 69'11T 80°'TT oty IN
670 %60 £5°0 Se0 01°0 8€°0 610 S 40 6£0 124V 6£0 1340 170 8€0 €L0 €0 LEO ST0 0T’0 ng
0T 69°¢ we SeT 99°0 09C el elie $9'T 60'¢c 86T 08¢ se'l 86T S8y 0€cT 86T SL'T w1 qx
620 $S°0 1294 €€°0 170 80 LT0 70 6€°0 70 LEO 544 020 LEO o €60 9¢'0 ST0 120 wr
(44 LEY 0g'y 96T L0 98'C wl we w'e we 98'C 0t el 8LT 61°¢S hax4 6LT L6'T [4! RC
18°0 8¢S'1 €51 880 920 86°0 Ly'0 or'1 901 9I'1 660 0’1 870 60 SL'T 80 ¥6'0 890 %50 OH
L0y T8 L 6EY ST Ly €€T €9S TS 89S Ty v0S  LTT vy 98 E€IF 6LY  s¥E 9LT £a
9L’0 o1 [45R! 80 00 £8°0 70 $6°0 ¥6°0 L6'0 18°0 $8°0 LE0 880 0S'T 9L'0 060 99°0 cc'o qL
SS9 et 9601 0€9 LTl $S°¢ e €r9 9’9 859 ws 17'S 9T'T 0%'9 €rotr €8'¢ 999 LOS (44 PO
€T 6ve 90€  OLT sTo  ¥9T 8T LT €8T ¥8T 9T 8§l 0€0 wFT 06T YT ST Tl 1% ng
0g's 0s'11 €001 6L'S 6L°0 69v re 16'v 9¢°¢ 1349 (204 14 11 809 £6'8 79°S 979 S6'v (24 ws
16'9T So'LS 1008 wie e 61°CC L6'61 86°CT ¥$°9¢ 88'ST  S08I  60°0C 16'S LETE 111y 1LTe P6'¥€  T9'9T 6¥'LT PN
143 17e1 St S6'S 990 (%4 S6'c LeY 11°¢ 0'S 0S¢ e8¢ LTl 9%'9 SI'8 899 SL9 6T'S ws d
69°LE 61 1L Y79 89y 8LV £e°0¢ 8T°0¢ LE0E e8'¢ce SIee  LI'eT 9TLT L8'L L6'LY 6L°9S 06'0S 09°CS P1'8¢ 6¢' 1y D
6591 8¥'6¢ S8 IE 9981 LI'T 6LCl 96°¢l 9¥'Cl 10°6T L9V 056 11t 09T LT'TT €0¥T 14854 9L'1T LE8IT 9581 k8!
LO'89F  LL'STY 90'¥TT T898C 116L QP91 1L91E  ISTTEl  9SE€LT  6S¥ST  SOTIT 9TI0I  LI'TL 90'6SE  EL'E6T LOBIY  86'99E  EV'96T or'oLe g
660 LTS 68T 96T €80 8T 86T  ¥60  S61 SI'T 880 L60  ¥60 LLT 0¥ I€T  8yE 16T 01'c D
€'l 8T’ Tl el 170 b0 LOT  T90 80  S90  9¥0  LLO  €TT 68T 18T  TI'T  vL9 8T ST n
L6'E 617 8L £9°¢ €60 SeT 107 81 89C 14%4 6T'1 11c €91 0g9 SLS 6L'8 9 8T¥ €C9 4yL
coe  9gv v 9TE 660  vob  oLT  98F oS  I8F  sgE  TI'v €60 pEE  6LE  SLE €9f 9T LLT aN
s LTS €IS 08y SOT 99T  9§T LTy  STT  €LT  80E 90T TEO0 L9 18T 9LT wT 0T el JH
€Ozl E€I'b6l  LL991 TLILI  TLSE  SSOIT  6TE€8  CEVCl  €6TL  G0°ELL  TOOIT ¥9'66  9¥'09 S99L  1§'SS  SCIT 6669 STET  LOOY 1z
yO'ST 609E  SLVE  6L6T 98°'S  65TC  TTIl  T€9T  L9EC 089  10TT €€ST 6801 LvTT  S60y 6661 1TTC 69l 6VEl A
CTChE  65°S0E  L'9EE  €6'SLT  SS'SOI  9¥'99E  OW'S9T  STYOE  LTESE OUEly TT6TS I¥Lec IvTL T1'TCE  0TSTE  €00TE  9STIST TTOEY  TSWLT BN
J0TF  90'8F 96T 9L0F  L6TI 9981  pLTH 96T 8§91 06SI 00Tl 9LTL 06T L88y  IL6E  LI'S9  OTY9  PEBT 98I R
10 8X [9'¢ [2'¢ as Av €n rL or pIX  IX  [l€c @S A® H fatel €a 1a Lgg ordueg
7 9Msapue onfeseq uo S[I0S 1 Q)ISIpUE ON[BSEq UO S[I0S Q)LIOIPOUEIS UO S[I0S
“sordures [10s BOSIUSJ uolled oyl Jo (wdd) SuOpEHUSOUOD JUSWS[A YIIBS SIel PUB 30BLL, T 9[qBL
uooX ‘T 'H pue ‘wr 'S ‘H 9T T A yeey



Soil geochemistry of West Antarctica 4325

Table 2. (Continued).

Soils on basaltic andesite 2

Soils on lapilli tuff Soils on the Sejong Fm.

265 266 X9 X10 av. SD M3 P4 261 av. SD

Sample O12 261 262 263 264 233 231 Bl11 av. SD
Rb 3285 2379 2177 2345 3329 3579 3440 3339 3288 8.06
Sr 493.64 367.49 342.85 414.66 379.29 369.93 32596 434.68 366.23 59.00
Y 20.94 1692 1722 1989 2241 1558 14.69 1326 2083 7.40
Zr 19440  40.18 47.01 4733 49.68 5330 50.71 42.82 98.22 65.60
Hf 5.64 1.14 1.19 1.38 1.57 1.94 1.88 1.51 295 1.83
Nb 4.90 3.26 2.94 3.00 0.42 345 2.90 2.88 331 116
Th 5.46 3.89 3.96 3.06 3.99 4.46 4.83 4.43 4.14  0.61
U 1.82 0.88 1.34 0.98 1.14 1.43 1.32 1.38 1.28 0.24
Cs 0.83 2.10 2.06 3.05 2.20 1.33 1.19 1.43 219 124
Ba 369.03 274.19 260.91 24475 356.14 304.29 280.69 31540 316.93 73.02
La 2446 17.09 16.88 1624 2836 16.86 16.64 1631 21.62 7.74
Ce 5496 3876 3839 37.53 6518 3730 36.83 3584 4698 13.08
Pr 7.38 5.24 5.19 5.13 8.48 491 4.83 4.89 6.67 247
Nd 36.51  27.07 2678 2653 43.66 2500 2463 2439 3336 1122
Sm 6.55 5.17 5.03 5.19 7.94 4.43 4.33 4.36 630 2.34
Eu 2.01 1.42 1.38 1.48 229 1.30 1.19 1.32 1.85  0.74
Gd 6.85 522 5.06 5.45 713 4.44 4.16 4.38 6.54 2.62
Tb 0.92 0.68 0.66 0.74 0.97 0.60 0.53 0.57 0.87 0.36
Dy 4.80 3.50 3.52 3.99 4.96 3.09 291 298 453 179
Ho 0.93 0.66 0.67 0.77 0.89 0.61 0.56 0.58 087 034
Er 2.70 1.87 1.90 2.23 2.46 1.80 1.68 1.71 249 093
Tm 0.35 0.25 0.25 0.30 0.31 0.25 0.23 0.20 032 0.11
Yb 2.48 1.55 1.61 1.91 2.00 1.67 1.57 1.58 2.18 0.78
Lu 0.35 0.22 0.23 0.27 0.27 0.24 0.23 0.21 031 0.11
Ni 10.93  21.87 13.66 15.04 7.54 6.90 7.09 8.90 11.52 4.62
Co 20.29 3095 20.60 24.18 18.08 1253 1555 12.66 2134 5.84
Cu 16531 177.50 137.40 18451 11970 67.36 66.66 94.76 132.64 40.70
Zn 66.58 9825 88.19 88.19 9313 6543 06383 7196 8438 13.84
v 187.10 184.70 168.19 183.86 56.98 148.57 14336 169.92 168.43 57.44
Cr 18.69 39.03 2480 3358 1229 1412 13.88 17.01 2034 9.47
Sc 23.14 18.85 1682 1841 1727 1173 11.32 16.03 1950 537
Be 2.37 1.17 1.31 1.16 1.69 1.09 1.10 1.76 1.88  0.75
Ga 29.66 2470 23.88 2452 26.66 22.82 2222 2542 27.04 3.5
Mo 0.49 127 1.49 0.72  <0.05 1.67 1.69 2.12 135 055
Cd 0.12 0.18 0.12 0.21 0.09 0.10 0.10 0.08 0.14  0.05
TREE 1512 108.7 1075 107.8 1755 1025 100.3 99.3  134.88 43.94
EwEu* 0.92 0.84 0.84 0.85 0.90 0.90 0.86 0.93 0.88  0.03
Ce/Ce* 0.97 0.95 0.95 0.95 0.97 0.96 0.96 0.95 0.92  0.06
(La/Sm)n 2.30 2.04 2.07 1.93 2.20 2.35 2.37 231 2.13 017
(Gd/Yb)n 2.20 2.69 2.50 2.28 3.08 2.12 212, 2.21 238 030
(La/Yb)n 6.58 7.39 7.00 5.69 9.49 6.71 711 6.91 6.71  1.14

53.01 4652 6206 4345 5126 823 4129 4196 3205 3843 554
22595 25145 294.66 329.96 27551 46.07 297.97 285.86 277.07 286.96 10.49
25.14 2227 2718 2736 2549 237 2175 2837 2788 26.00 3.69
107.43 154.82 22585 209.26 174.34 53.95 181.55 163.57 144.60 163.24 18.48
3.00 5.01 6.43 5.84 507  1.50 4.60 4.53 4.07 440 029
333 3.72 4.03 4.47 3.89 048 422 5.24 3.08 4.18  1.08
4.65 5.18 5.86 4.65 5.09 057 3.50 3.78 2.76 335 053
1.40 1.51 1.78 1.50 1.55  0.16 1.06 1.33 0.98 .12 0.19
3.28 1.28 3.85 2.08 2.62  1.16 4.26 3.25 3.38 3.63  0.55
346.86 398.52 463.26 333.98 385.65 58.77 301.39 343.71 212.35 285.82 67.05
2622 19.69 3293 2699 2646 542 17.02 3267 18.05 2258 8.75
59.27 4624 7558 6441 61.37 12.17 4026 6541 4036 48.68 14.49
7.94 6.23  10.27 8.67 828 1.68 581 1026 5.85 7.31 256
4047 3205 5186 4445 4221 825 29.12 4953 29.66 36.10 11.63
7.38 6.08 9.38 8.26 737 139 5.96 9.65 6.15 725 2.08
2.00 1.58 2.53 2.38 212 043 1.87 2.72 1.94 217 047
7.48 6.13 9.81 8.72 8.03 1.59 6.39 9.98 6.80 772 1.96
0.96 0.83 1.24 115 1.05  0.19 0.90 1.27 0.97 1.05 020
4.98 4.38 6.24 6.00 540  0.87 4.98 6.36 545 5.60 0.70
0.94 0.87 1.19 1.19 1.04  0.17 1.00 1:21 1.07 1.09  0.11
2.70 2.57 3.40 3.44 3.03 046 2.92 3.37 3.10 3.13 023
0.36 0.36 0.43 0.45 0.40  0.05 0.39 0.42 0.42 041 0.02
2.39 2.40 3.02 3.09 273 0.38 273 2.84 2.80 2.79  0.05
0.35 0.36 0.44 0.46 0.40  0.06 0.40 0.41 0.40 0.40  0.00
8.11 7.85 528 10.23 7.87  2.03 9.32 8.31 9.78 9.14 075
2230 2097 18.81 2385 2148 213 21.64 1878 2336 2126 23l
13720 91.68 16440 115.76 12726 30.97 16592 92.60 113.70 124.07 37.75
86.62 89.03 91.36 100.62 9191 6.2 9949 9336 88.58 93.81 547
171.84 17870 175.66 205.05 182.81 15.09 254.89 174.55 18525 204.90 43.62
11.30 1645 627 1607 1252 478 2068 1277 1436 1594 4.19
16.25 18.03 19.60 22.09 1899 248 29.06 21.74 1679 2253 6.18
1.62 1.43 293 2.40 2.09  0.70 1.95 2.79 1.32 202 074
2651 2551 3560 3177 2985 472 29.61 31.68 2371 2833 4.3
1.67 1.06 1.25 0.46 .11 0.50 1.58 1.86 2.21 1.89 032
0.23 0.22 0.16 0.36 0.24  0.08 0.13 0.17 0.19 0.16  0.03
163.4 1298 2083 179.7 1703 3277 119.7 196.1 123.0 1259 43.17
0.83 0.79 0.81 0.86 0.82 0.03 0.93 0.85 0.92 0.89  0.04
0.96 0.97 0.98 0.96 0.97  0.01 0.95 0.86 0.92 0.90  0.05
2.19 2.00 2.17 2.02 2.09 0.10 1.76 2.09 1.81 1.95 0.18
249 2.04 2,59 2.25 234 0.25 1.86 2.80 1.94 207 052
7.32 549 7.30 5.84 649 0.96 4.16 7.68 4.32 529 199

Generally, compared to bedrocks (Table 3) enrichment or de-
pletion of major elements in Barton Peninsula soils are slight,
except for Ca and Mn depletion and P enrichment in some soils
(Fig. 5). For these elements the changes are less than a factor of
2. Phosphorous enrichment in S-BA1 and S-SJ soils appears to
have been caused by the influence of excreta of skua gulls and
penguins. This interpretation is supported by high correlation
coefficient (r = 0.78) between phosphorous enrichment factor
(EFp) and TOC in soils. Especially, soils with high TOC
content were collected close to the nesting sites of skua gulls
and to the coastal areas where a penguin rookery is situated. Its
characteristic is something like ornithogenic soils as described
by Tedrow and Ugolini (1966). For the King George Island
region Myrcha and Tatur (1991) postulated that iron was en-
tirely leached from the soil by strong action of guano solutions.
However, relatively phosphate-enriched soils, S-BA1 and S-SJ,
do not show any Fe depletion phenomenon (Fig. 5), indicating

that probably these soils were not affected much from guano
solutions. Slight K- and Ti-enrichment is also noted in S-BAI.
K,O content in BA1 is quite low (Table 3) and thus mixing of
soil materials from K,O -rich bedrock, most probably neigh-
boring granodiorite, might have caused the K-enrichment in
S-BA1. The converse may be applicable to slight K-depletion
in S-GD. Mixing of pumice shards that are abundantly ob-
served in S-BA1 may have influenced the Ti-enrichment in this
soil suite.

In the Barton Peninsula lichens growing on rock and rock
debris surfaces or on soils seem to be an important agent
bringing about chemical weathering (e.g., Schatz, 1963; Jack-
son and Keller, 1970). Among the major elements Ca is the one
most depleted in the S-GD, S-BA1 and S-BA2 soils compared
to the bedrocks (Fig. 5). Such Ca depletion is more prominent
in soils developed on basaltic andesite (S-BA1 and S-BA2)
than those in other bedrocks. Depletion of Ca associated with



-p1suod v (1007 ‘00X pue Suodf) 10npoid JuLIeyIedm mis Ul
U se ue) Joyjel spIeys oorund UBI[OS WOLJ UISLIO 13U} JO 9AT)
-gotpuI ST yorgm ‘e[nsuruad o) JO UISTBW UIA)SIM PIBIoR[3op
-Kpeo o ur Aeroadse ‘sros o) ur spaeys dorwnd peards
-OpIM U} I PSJEIOOSSE ST 9)1I0SWS PIINqLISIP A[uLIojrun
ST 9)0JWIS SBAISYM ‘SYO0IPIq PaISI[E 9y} UO A[ISOUI ‘PaZI[BI0]
A[ySty st eIrurioey pue SNII JO UOHNQLUSIP 1By} Pamoys AL,
gsew 07> so[duwies [10s Jo 90¢—(7 dSeroae uo asuduwod
pue “Q)IUI[oRY PUB ‘J[OAUWS ‘[T ‘ILIO[YD B S[EISUI AB[O
T1os oy ey pajtodar (1007) UOOA PUB SUOS[ “SULISYIEAM [BOL
-woyo SULMpP PIULIO] S[EISUI AIZPUOOIS SUIOS UTEIUOD P[noMm
S[T0S B[NSUIUSJ UOLEY ‘sanfea AD] 9y ur juaredde jou ySnoyye
‘A[SUTpI000Y “SULISYIEaM [ROTIIAYO JO 92I59p SWOS QUOTIop
-un 9ARY SY00IPaq Jey) SUMBOIPUL ‘SYO0IPaq UBY) SN[eA VID
1oy3ry Aqrereuas oaey sojdures [10s 9 ImJL] Ul UMOYS SV
“(m0[2q
995) JUAIUOD QY SSI] SUIARY S[BLISIBW [I0S JOUJO PIM PIXTW
u20q 9AeY JYSTW puor) SULIAYILIM LIOIPOULIS Y} MOJ[0] 10U
op 1t s[1os Jey; st uoneue[dxe oqrsne[d souwr SY L, “SULILYIEIM
[eoTwayo £q Pasned 9q 10U ABW SILIOIPOURIS UO S[I0S 19)IE[ )
ur wonjerdep O ‘sny], “Sueyizam Sulnp sferourw Ae[o oy Ul
poxIy 2q 01 spua) O ‘%N pue Qe 01 paredwo) “uona[dop
0% £q Ajqeqoid jsowr ‘our] 9N ND-V Ul SpIemol poyIys
QI® JTRY JSYI0 SY) PUE PUSI) SULIAYIBIM S MO[[0F WA} JO JIeH
“puan) Kue oys j0u op sjuorpouess oy uo ssjdures [10s Jo sjord
‘TOAOMOT] “SY00Ipaq 9A1OAdSaI JO Spuan) SULIAYIRIM [BIOUST )
uo 10[d (Zvg-S pue TVg-S) SAIsopue on[eseq UO S[I0G 9ILI0
-IpouRIS pUE S}ISOpUE ONeseq JO SPUI) SULISYIEdM o) UoM)
-0q ooeds oy ur jord S[I0S [V SMOLE UNY0Iq AQ pajussaidar
oIt Q)LIOIPOURIS pUE )ISOPUE ON[BSEq JO SpUSI) SULIOYIEaM
siqeqoxd ayy 9 oSt u ‘uonsodwod 0Ios 2y} syuasaxdar
urof redsprey oyi pue eiep ySnomp saul jo jurod UONOSIAIUT
o pue ‘Arepunoq ND-V oy 03 [offered isowrfe puen sd[yord
[10s ur sq1os jo sjord ‘Aq[ereusn ‘uoneurio] suofeg oy pue ‘i
mride] “onsopue onfeseq ‘diorpourid jo suonisodurod yooIpaq
oSeloA® oI UMOUS OS[Y ‘9 2In3Iq Ul UmOys aIe S[IOS B[NS
-utueg uoueg Jo weiserp O°N-(0“EN + xOBD)-*0°TV UL
(1007 “Te 10 InH 0661 “red “5'9) Aanoe
[euooIpAyosred £q uonerelfe OM[ISIe 01 oM[AYd suogropun
SuIABY Y00Ipaq JO QINJEU YY) 01 dNP I ‘FULIYIEIM [BITUISYD
Jo 20180p ySty 03 enp oq jou Aew SW) ‘WOREBIO[ S) FuLI
-prsuo) *(] S[qeL,) sordues [10S 1910 Y paredwiod sjueIuod
O%N pue QeD paw[dep pue Q7Y pue O payorue £q
pozirayorIeyo st oydures [10s SIYY, TV uo padoaasp ¢ ojdures
Ur poAIasqo ST (§°L[) onfeA VIO 1s9Y3W Sy "eouedyrusis
JO [9A9] 9G Je [enba ore sayms [I0S Om} AU} Ul sAn[eA VID
aferoAy *(§'LS 95RIAAR) £'¢9 PUB L' TG USIMISq 0D-S PU® (9°8S
= TVE-S ‘SLS = TVE-S ‘T'8G 95LI0AE) €'L/ PUR 9"} USIMISQ
soSuer yg-S ‘(I 9[qel) T'6S JO oSvIoAe UB UNM ¢'// PUE
0’6 U9aMISq SoSUEBI S[I0S BINSUTUSJ UOME( JO senfes VID
‘monewo] 3uofeg o) JO Iy} Se JUSIUOD WNWIXEW I} QAR
0] POUINSSE SI S[I0S PIYDLIUS-EY) ST} JO JUAUOD BY) UIESE QI0H
‘sonoyoor umgued Aqresu Aq BD Ul PIYOLIUD OIB UOBULIO]
Suoleg oy uo padoeAap S[IOS ‘OS[Y Y00IPaq Y} JO IUAIUOD
J WNWIXeW 2y} ALY 0} PIWINSSE oIt ()'[ UBY} JOTIE] san[eA
dqq ym sordures ‘@ouenpuI SIY) 193100 0], 'SY00Ipaq Y] JO
Lysuoiur Sureyieem JO UoneIIdIoIul oY) ISNU0d ABW SI0JOR)
0130[01q WOIJ UOHNQLIUOd Yong (9.°0 = +4) *0°d Pu® DOL
UeoM]eq TOTR[SLI0d POOS B AQ PIdUSpIAd St SK ‘sumsuad
pue s[[nS enys jo €10af6 WOIJ UONNQINUOD 3Y) 03 g ‘iede Jo

JUNOW® YY) 0} PAJE[oI JOU OIB S[I0S PAIPIIS S} UL SIUJUOD SNOI
-oydsoyq ‘sedures [10s 9y} Ul JUSWIYOLIUS J IOPISUOD 0] SPasu
QUO ‘san[eA YD JO UONEB[NO[ED IO "G/ put (L Udamlaq [[e]
So[eys oSeIoAR,, JO SJRWISS SNOLIBA I0] SIN[BA VD 9¥18qqI3
puE 9)TUI[O’Y SB Yons S[eIOUIL AIEpuodas Jo A[21ud pasoduod
‘53001 pateyieam A[o3o[dwod 10J OO 03 ‘S}O0I Ysaif 10] ‘0G~
woIy seSuer [ ‘A[[ens() ‘s[ereur Ae[o se yons syonpoid Are
-puodas pue sferour Arewtid ‘[BUISLIO JO ONEI A} JO AINSBAW
e SoAIS YD oYL ‘A[Uo [eieumu oJedlis ur Qe sjuasaidar
0D pue suontodoxd rejow se passardxs are sen[eA dI9yYM

(@) 001 X [(O%] + O%N + 0" + ‘OIV)/FOIV] = VID

BINULIOJ 3y} UO paseq ST ‘(YD) UONRBIdIE JO
XOpUI [BOIWAYD AU} PO[[Ed ‘dInseat sy, "poyoafqus ueaq dAey
001 OTYM 0) SULISYIEaM [EOTUAYD JO 99ISap Ay Sutkynuenb
I0] poylouw e pjsassns (861 T8GI) SUNOX pue NIGseN

SULIDYIBIAL [BITWAYD) JO I3 ‘€9

‘porrad rourwuns
o) SULIp 9ATIOR ST pUE UONBIOR[SP 1a)Je uB3aq SudydI[ 0} anp
SULIOYIROM [BOTWOYD JEY} PUE [EWIUW SBA SOWI) [BIOB[S o)
Surmp SumeyIEam J150[0Iq 0} UONNQLNU0d Koy ey Surk[duwr
sny) pue (¢O0T “Te 10 ZIMAUUER]) JOA0D MOUS Japun 2ATIOL 10U
ore suayoI| 18y $1s988nS Apnis JU9daI (00T T8 30 SOUIZIANA
©§9) BINSUIUSJ UOMEBY SU) UI [RUITUTI SeA S[I0S 3U} UT AJALIOR
[B1qOIOIU TeY) SOJROIPUI o UI oSURYD IMI[ Yong -ofeurep
100d pUB JUSWOAOW I9)eA USISSN]S 9 01 anp ‘UA PUB o [Ioq
Jo uonardep WSI[s moys seare mo A[feorydersodo) ur pajoaqod
sordwes A[uQ *SUOHIPUOd SUIZIPIXO I9PUN PSLINOJ0 SULIAYIEIM
oY1 18y} SSIBOIPUI UTA] PUB 9 JO 95ueyo SNIT (0L6T I[[O3 pue
uosyoe[) jeseq MemeH Jo SULIOYIBOM OU} Ul PJEISUOWP Sk
suayo1] £q PataIoxa Juade Surereyd £q pa[[onuod A[e5Ie[ ST uon
-o1dep ©D 1oy SunseSSns ‘sueyol] AQ PaIA0d YONT I8 ALIOIP
-oueIS pUE A)TSIPUL ON[BSEQ UO SLIGAP YOOI pue s[ios ‘A[qeqoid
olow pue A[PADRUIRNY ‘osepoorSerd jo uoperoye Aq pa[on
U095 ST S[I0S 989y} Ul (7 9[qel) IS pue eN Jo uons[dop ysis

‘Arewroue winidons ou
seyy pue wroned pareuOnOBIy 19ssa] € sABdsIp 1y g-S 9y L ‘usened uonng
-LOSIp [BIOUSS JB[IWIS B MOUS [V g-S 9 10q [[V 'SSYNS [I0S e[nSUIUS]
uoyreg jo suroned uonnquISIp gAY PoZI[EWIOU-LpUoy) ‘4 SIi

N7 gA Wl 43 oH AQ 9L PO N3 WSWd PN Id 80 B1

T T T T T T T T T 1 1T 71 ]}
. ]
3 °
Jo0 32
]
S
7 3
i (o]
. =
] o
rs-s x ] S
17 + — 00} W
Vs @ D
Lvg-s O = @
oS W .
11os "AY 4
3 0001

uooX T 'H pue ‘W] S ‘H ‘NT T A 9cey



Table 3. Average major, trace elements and REE data for the source rocks for soils on the Barton Peninsula.
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Granodiorite Basaltic andesitel Basaltic andesite2 Lapilli tuff Sejong Fm. Pumice shards Pampean loess
Sample (n = 18)* (n = 23)° (n = 14)° (n=3)° (n = 2)° (n =9y (n = 8)°
Si0, 63.22 51.48 54.90 58.46 51.30 53.11
TiO, 0.50 0.72 0.81 0.89 1.09 2.28
Al O 15.69 19.12 17.16 16.92 20.30 15.49 15.24
Fe,04 4.79 8.40 7.96 7.60 9.75 9.46
MnO 0.11 0.16 0.14 0.14 0.29 0.20
MgO 2.12 4.52 3.58 2.56 2.87 3.84
CaO 4.36 939 7.27 2.75 3.11 8.30 5.42
Na,O 3.91 3.08 3.21 3.06 3.30 3.86 2.36
K,0 3.15 0.50 1.43 1.93 1.92 0.64 2:31
P,05 0.15 0.16 0.27 0.33 0.22 0.46 0.16
LOI 1:53 2:52 3.18 4.27 5.62
total 99.52 100.02 99.91 94.63 94.16 97.64
Be 1.63 1.13
Sc 14.50 24.81 25.39 16.54 21.63 30.33
v 215.66 193.59 177.46 180.37 278.67
Cr 14.52 11.93 8.36 12.65 49.67
Co 19.73 26.05 23.02 17.32 27.96 31.56
Ni 14.43 17.95 5.66 8.02 62.78
Cu 168.21 108.57 134.31 81.51 62.85 50.89
Zn 90.49 69.66 83.31 93.47 140.80 75.67
Ga 18.26 20.27 25.71 26.17
Rb 80.55 7.46 21.80 44.01 48.76 12.11 80.88
Sr 383.71 608.86 622.44 346.33 335.90 366.00 306.25
Y 24.06 12.27 21.13 22.23 20.10 38.11 22.98
Zr 121.2f 50.70 144.50 134.40 90.42 164.22
Nb 10.98 1.38 3.34 14.27 3.39 5.89 9.98
Mo 0.65 1.52 1.25 0.66
Cd 0.19 0.26
Sn 1.13 1.22
Cs 0.97 0.69 1.26 4.58 4.93
Ba 382.29 133.08 367.22 387.34 276.08 94.89 575.25
La 18.22 8.39 18.51 21.26 12.94 11.64 24.01
Ce 40.69 19.21 43.70 48.48 31.65 30.22 49.21
Pr 2.64 5.52 6.67 4.15 4.28 6.51
Nd 20.71 12.37 25.40 34.12 22.01 20.64 23:30
Sm 4.25 3.03 5.72 6.42 4.52 5.03 4.76
Eu 1.08 1.05 1.45 1.58 1.52 1.85 1.11
Gd 4.74 2.81 4.70 6.49 4.94 6.39 4.17
Tb 0.43 0.69 0.84 0.70 0.63
Dy 3.79 2.54 4.22 4.44 3.98 6.74 3.67
Ho 0.50 0.86 0.85 0.80 1.28 0.75
Er 2.09 1.42 231 2.48 2.31 3.60 2.07
Tm 0.33 0.31 0.33
Yb 1.94 1:27 1.94 2.22 2.05 3.41 2.17
Lu 0.18 0.29 0.32 0.29 0.52 0.32
Hf 1.57 3.73 3.71 2.40
Ta 0.14 0.31 0.79
A 7.44 0.24
Pb 14.33 4.69 6.63 8.22 5.89 18.01
Bi 0.55 0.28
Th 7.47 1.41 3.13 4.75 1.79 8.88
U 0.40 1.06 1.38 0.50 2.03
2REE 97.52 55.85 115.31 136.50 92.17 95.61 123.01
Euw/Eu* 0.74 1.11 0.86 0.75 0.99 1.00 0.77
(La/Sm)n 2.65 1.71 2.00 2.04 1.77 1.43 3.12
(Gd/Yb)n 1.94 1.76 1.93 2.33 1.92 1.49 1.53
(La/Yb)n 6.27 4.42 6.38 6.41 4.22 2.28 7.40
Th/Sc 0.51 0.06 0.12 0.29 0.08

* After Lee et al. (2001).

b After Yeo et al. (2004).

¢ This study.

4 After Jwa and Kim (1991).
¢ After Gallet et al. (1998).

f After Jin et al. (1991) (n = 5).
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Table 4. Oxide ratios of bedrocks and soils of the Barton Penin-

sula.
Sample Y,04/ZrO, (X1000) ZrO,/TiO, (X 1000)
Bedrocks
granodiorite 186.6 32,7
basaltic andesitel 227.5 4.8
basaltic andesite2 137.5 13.8
lapilli tuff 1555 20.4
Sejong Fm 209.0 11.2
Soils
S-GD
237 270.1 8.7
D1 504.5 4.7
D3 298.3 133
D14 103.5 447
Hi 693.5 8.2
S-BA1
2311 239.0 8.8
X1 188.1 11.8
X14 145.6 15.4
J6 305.2 6.6
T4 200.6 10.7
U3 126.6 13.8
S-BA2
X4 108.3 212
X5 196.0 15.1
X8 176.7 21.3
01 140.6 21.0
012 101.3 23.4
261 395.9 6.0
262 344.4 7.0
263 395.2 6.3
264 424.1 6.8
233 274.9 9.4
2310 2724 9.0
Bl1 291.2 7.7
S-LT
265 220.0 14.1
266 135.2 17.2
X9 113.1 31.6
X10 122.9 23.6
S-ST
M3 112.6 19.5
P4 163.1 17.3
2612 181.3 13.8

ated REE pattern with (La/Sm)n = 2.0, (Gd/Yb)n = 2.3 and
(La/Yb)n = 6.4. The negative Eu anomaly is similar to that of
granodiorite, Eu/Eu* = 0.75, and characteristically lapilli tuff
has lightly negative Ce anomaly. The least REE fractionation is
also observed in the Sejong Formation, which has REE con-
centration of 92.2 ppm with (La/Sm)n = 1.8, (Gd/Yb)n = 1.9
and (La/Yb)n = 4.2. The Sejong Formation show no Eu anom-
aly (Euw/Eu* = 0.99).

6.5. REE Distribution Patterns of Soils

The REEs of studied soils have slightly different distribution
patterns from those of respective bedrocks (Fig. 8). Also, all
soil samples have total REE contents ~30% higher than re-
spective bedrocks. The REE enrichments in the studied soils
compared to bedrocks would indicate some degrees of chemi-
cal weathering of bedrocks. Most soil samples show slightly
fractionated distribution patterns compared to bedrocks except
for S-BA1. The latter displays lesser fractionation than the
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Fig. 7. Chondrite-normalized REE distribution patterns of Barton
Peninsula bedrocks showing different REE characteristics in terms of
fractionation and Eu anomaly.

bedrock [(La/Yb)n = 3.6 vs. 4.4]. REEs are known to be
mobile during weathering, at least within the profile, particu-
larly during the early stage of weathering (Nesbitt, 1979; Con-
die, 1991). Nesbitt (1979) showed that REE net losses or gains
of specific REEs are not observed, that is, they do not leave the
system. In this study REE mobility in surface soils is assumed
to be negligible based on the low chemical weathering degrees
as evidenced by slight changes in major elements compared to
bedrocks. Homogeneous REE distribution patterns in each soil
suite also suggest that the soil REEs were not affected much
during weathering, but rather are controlled by source material
characteristics. In the S-GD, S-BA2, and S-LT the REE char-
acteristics are similar but with slight differences to those of
bedrocks, whereas slightly lesser fractionation and slightly
more fractionation in REEs are observed in the S-BA1 and
S-SJ, respectively (Tables 2 and 3). Thus, it is interpreted that
mobilization and fractionation of REEs during the chemical
weathering was relatively insignificant and that the REE char-
acteristics resulted from mixing of different source compo-
nents. Considering that REEs are transferred to soils quantita-
tively from bedrocks during weathering the different REE
distribution patterns of the soils compared to corresponding
bedrocks indicate that the REE characteristics of each soil suite
were not solely inherited from the bedrocks, but may reflect the
varying importance of extra materials, such as adjacent parent
materials and eolian additions relative to contributions from the
respective parent material. This interpretation is supported by
the presence of pumice shards in the studied soils (Fig. 2) and
by the deviations of soil compositions from the predicted
weathering trends of bedrocks (Fig. 6). Considering the pres-
ence of altered (smectite-bearing) pumice shards in the studied
soils the enrichment of REEs in soils compared to bedrocks
may not have been totally due to the in situ chemical weath-
ering, but have been largely controlled by the mixing of altered
allogenic materials.

Very slight negative Ce anomalies are observed in some soil
samples, although they are not observed in basement rocks
except for lapilli tuff (Fig. 8). This observation is interpreted as
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Soil geochemistry of West Antarctica 4331
Table 5. Mixing parameters and results.
Mixing end members Soil Mix results®

Element GD BAl BA2 LT SI PS PL  S-GD S-BAl S-BA2 S-LT S-S] M-GD M-BAI M-BA2 M-LT M-SJ
La 5539 2550 56.26 64.63 3935 3539 7299 64.36 38.86 65.70 8042 68.64 52.65 35.70 57.64 63.17  47.79
Ce 47.04 2221 5052 56.04 3659 3493 56.89 5545 35.07 5431 70.95 5627 4497 32.01 50.35 5452  43.03
Nd 32.87 19.63 40.32 5416 3494 3277 3698 51.70 35.21 5296  66.99 57.31 32.60 27.29 38.69 4999 3831
Sm 2094 1493 28.18 31.65 2224 2477 2343 29.94 23.11 31.05 3829 3574 2146 20.01 26.57 30.14 2473
Eu 14.07 13.64 18.83 20.53 19.75 24.04 1440 18.74 21.32 23.99  27.58 28.24 15.58 17.90 17.95 19.92 19.33
Gd 17.19 10.18 17.03 23.50 1790 23.14 15.12 23.20 20.08 23.68 29.11  27.98 17.53 16.21 17.06 22.00 18.10
Dy 11.05 741 1230 1295 11.61 19.64 10.69 13.81 13.91 13.20 15.74 1631 12.12 12.81 12.30 13.00 11.87
Er 9.28 6.31 1027 11.00 1025 16.02 9.19 1237 12.73 11.07 1346 13.92 10.14 10.63 10.30 11.00  10.28
Yb 8.84 5.77 8.82 10.08 9.33 1551 9.87 11.72 11.81 991 12.39  12.69 9.79 10.23 9.31 10.21 9.31
(La/Sm)y 2.65 1.71 2.00 2.04 1.77 1.43 3.12 2.15 1.68 2.12 2.10 1.92 245 1.78 2.17 2.10 1.93
(Gd/Yb)y 1.94 1.76 1.93 2.33 1.92 1.49 1.53 1.98 1.70 2.39 2.35 2.21 1.79 1.58 1.83 2.16 1.95
(La/Yb)y 6.27 442 6.38 6.41 422 2.28 7.40 5.49 3.29 6.63 6.49 541 5.38 349 6.19 6.19 5.13
Eu/Eu* 0.74 1.11 0.86 0.75 0.99 1.00 0.77 0.71 0.99 0.88 0.83 0.89 0.80 0.99 0.84 0.77 091

@ Source proportions: M-GD: GD (70%), BA1 (5%), PS (15%), PL (10%); M-BA1: GD (5%), BA1 (45%), PS (40%), PL (10%); M-BA2: GD (10%), BA2 (70%), PS

(5%), PL (15%); M-LT: BA2 (10%), LT (75%), PS (5%), PL (10%); M-SI: BA2 (25%), LT (10%), SJ (60%)., PL (5%).

materials were also mixed in the Barton Peninsula soils. Gen-
erally, the Patagonian dust proportion is estimated to be in the
range between 5 and 15%, whereas pumice shard formed the
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Fig. 9. Chondrite-normalized results of REE mixing calculations
compared to averages of the Barton Peninsula soil suites.

significant contributor to the fine fraction of the soil in S-BA1
comprising ~40%. The latter contributed ~15% in S-GD, but
its contribution to S-BA2, S-LT, and S-SJ is generally ~5%.
The high pumice shard contribution to S-BA1 can be explained
by the valley-like topography with gentle slope dipping to the
southwest, the direction of the pumice shard source. This area
would have been the main pathway of the southwesterly winds
carrying pumice shards, which were deposited as the wind
speed decelerated upslope. Other allogenic materials were
sourced from neighboring bedrocks. However, this source did
not play a significant role, but became locally important in soils
located closed to the boundary between different bedrocks.

7. CONCLUSIONS

Fine fractions of soils in King George Island, South Shet-
lands Islands, West Antarctica have been studied texturally and
geochemically to understand soil-forming process. We con-
clude the following from the data and the discussion presented
here:

1) Soils are unsorted and composed of mineral and rock
fragments derived from the bedrock and volcanic ashes. The
presence of both unaltered and altered pumice shards seems to
indicate the importance of eolian additions to the soil formation
in the Barton Peninsula, King George Island. Soils are subdi-
vided into five suites depending on the different lithology of
bedrock.

2) Chemical weathering of bedrocks on the Barton Peninsula
seems insignificant based on the major elements abundances.
Of the major elements, CaO is slightly depleted with respect to
bedrocks except for soils developed on the Sejong Formation,
the latter being very slightly enriched. In contrast, most major
elements do not show any significant depletion or enrichment
compared to the bedrocks. Only P,O5 enrichment in some soils
developed on basaltic andesite and the Sejong Formation, prob-
ably due to some influence of seabirds.

3) Geochemistry of soils on the Barton Peninsula has been
more influenced by eolian additions than the chemical weath-
ering, as evidenced by rare earth element compositions. Fresh
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