49

AT REE BT ¥~ — 7 v FEKEOHERLERIIFE*
T & F O

Geochemical Investigation of Ice Sheets in Mizuho Plateau and
West Enderby Land*

Masayo MuRozUMr**

Abstract: Chemical features and profiles of ice sheets in Mizuho
Plateau and West Enderby Land have been revealed by means of newly
developed analytical techniques such as atomic absorption spectrophoto-

_Ihetry and isotope dilution mass-spectrometry. The chemical concen-
tration is at the level of only ppb even for the major components, Na, K,
Ca and Mg, chemical properties being homogeneous in the surface sheet
but of much vertical complexity. Silicate dusts which functioned as the
condensation nuclei for the formation of snow flakes are poor, while sea
salts account for more than 90 percent of the total weight of components.
Annual accumulation of chemical components, ug/cm?, is 0.1 for silicate
dusts and 0.40, 0.03, 0.1 and 0.06 for Na, K, Mg and Ca originating in
the latter source.
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Table 1. Chemical concentrations in pure water, polar snows

and urban rains, uglkg.

Choshi  Mito Maebashi Nagoya Sapporo  Byrd St. Greenland Pure water

Na 3840 700 260 440 510 31 20 0.9
K 400 270 50 n.d. 10 1.5 2.4 1.0
Mg 240 50 20 80 190 4.0 5.0 n.d.
Ca 540 960 50 130 100 1.5 5.4 0.4
Cl 6930 1440 430 760 nd. 60 31 9.2
SO, 1320 2160 240 340 n.d. n.d. n.d. n.d.
Analyzed by Y. MIYAKE K. Sucawara
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Table 2. Applied methods for polar snow analysis.

Applied method, I Applied method, 1T
Elements
Method Sensitivity | Accuracy Method Sensitivity | Accuracy
Atomic absorption S
Na after freezing 0.5 10 Neutron activation 0.6 10
concentration
K ” 1 30 Isotope dilution 0.1 3
mass-spectrometry )
Mg ” 0.5 10 ” 0.1
Ca ” 1 30 ” 0.1
Cl Colorimetry 50 100 Neutron activation 0.6 10
Si Emission 2 30
spectrography
Ti Isotope dilution 0.01 3
mass-spectrometry
Pb ” 0.001 3

Sensitivity in pg/kg, accuracy in 9 error.
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2. SHTHEA DA
BT HE B L L, 83T L B 5L R BIR L e Hik ORI & R & 2K 210 % 2 b,
ek 2EERAFO—>THB Na ikt LCit, BTFEEETILRE 0.5 uglkg LB 10%
<, hETHAHEATETIE 0.6 ugke & 10% & TERERIHTSC LATE:, BE
B o Po ok LR GHFREGBHEAESELEH L BEORREIL 0.001 ug/kg T
BiX 3% Thole, TRHLOFEZX - THIRILENZRC LBELBEY RD D Z &L 437
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2.1. Na OFE
2.1.1. Na OFEFBREFH

AR+ —UATy vaBlo AAFIC X 5o, DWEEIRDOBY TH 5,

drHhY —F35 7 Westinghouse 23059

FIFEEH: 7mA

KBTS EERE: 420V, (R106/1P28)

% B H, L FEfEZEK 0.7 & 1.05 kg/em?)
FXEBAKFD Na O D 54 AT 5REESRIERB—MROMAK L DB - 7eh b,
BRI e ik 2 AT 2 2 LM ETH o, FOIDIHUBZHEG L ToL wleky, #
V=F UV VUARAN, ChEBRFRETHEL T 910 XKL LD D & AIBRDIEAE
SIBHAPCRET A, WHAERETT KEBBLCHE, BKBERELTS. 20k
BREY IERVRT LTIV EMEOMAY 252 M TES, ZOMAKTLST
Na OEREBER (£ 3) ¥ AR LI, |

T, BREBKEBRELDHZ LITX T, BRLAERSZKERCEGET2 ED.

F 3 Na oFETHREITHE

Table 3. Determination of Na* concentration by atomic absorption
method. Calibration data for Na*.

Concentration Percent absorption Percent absorption
of Na*, in ppb of D-line by 10 ppb Na
17.2 1.9 1.11
34.9 4.3 1.35
68.6 8.2 1.16
139 16.5 1.18
281 30.3 0.97
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Table 4. Successive concentration of ions by freezing method.

‘Sample (snow melt water)

\ First freezing concentration

! !
Brine A Ice A
Melting

Second freezing concentration

! i
Brine B - Ice B
‘ Melting
! Third freezing concentration
|
! l
Brine C Ice C

—

-

=}
T

B 1 #HEEC X5 Na D
Fig. 1. Concentration of Na by freezing
method.

Na in brine/Na in snow sample
w
8
T

5 10 15 20
Freezing concentration factor
Weight of snow sample/Weight of brine

£S5 EBlE=vA—E—5 v FOFRpOILZERTRIE
Table 5. Chemical constituents in snow ice from West Enderby Land, Antarctica*.

Sampling Latitude and Date of e Concentration (ug/kg) Silicate
station longitude sampling Na K Mg ‘ Ca ! Ti dusts
S122 70°01.1’S 43°06.5’E | Jan. 18, 1971‘ 53 |21 |13 3.18 | 0.04 8
Mizuho-1 | 70°42.1’S 44°17.5’E | Nov. 17, 19700 14 |1.2 2.112.78 1 0.01 2
Mizuho-2 | 70°42.1'S 44°17.5°E |Jan. 9, 1971 14 | 0.88 | 2.4 1.89 | 0.00 0
Y135 71°26.8’S 47°21.8'E | Nov. 24, 1970, 12 | 1.0 3.0/1.810.06 12
Y200 71°46.1’S 48°55.6’E | Nov. 27, 1970] 14 [1.0 2.313.76 {0.03 6
Y300 70°54.9’S 49°52.9'E | Dec. 4, 1970i 11 |0.56 | 1.71.93 |0.04 8

* Collected by Hiromu Suimizu, The Institute of Low Temperature Science, Hokkaido University.
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FOBEOHEHERL, (LFERGTOWHEPNDORBMHERLN 1 12T, HER 5~8 f£0BMHERE
3@ VETZ LT X 5T, FXEMEKFD Na ZOffb2ERS D 987 R iHE
THZENTED, PHHBERO1HEES TR,

2.1.2. Na oFp¥EFHEMES T

FKBAAF D Na AT H¥EF% 30 HRHIMBSH L “Na % “Na & L, 5 15.07 &R
D BT EED 1.37 5 X0 275 MeV O 7 % EHAIT 5. “Na,C,0, FEEERIKD cpm & HE
LTEPEEYRDDHZ ENTE D, #HALKETFIHIX General Atomic Division/General
Dynamics Corporation, San Diego, California ® TRIGA-MARK-1 CH#:Fgiix 1.8 x 10
nfem®.s TH 5, R 10gic L 5T, FO6IWTRT LI 15ppb BED Na #¥EE L 447

% 6 Na Ob¥THRAMESH (1.37 MeV, 2.75MeV 7 Gz £ %)
Table 6. Neutron activation analysis of Na by 1.37 MeV and 2.75 MeV 7 rays counting.

1.37 MeV 2.75 MeV

Sample

Ist . 2nd 1st 2nd
A-1 14.7 ppb | 14.8 ppb 13.6 ppb 14.1 ppb Plain sample
A-2 15.2 15.2 14.5 15.0 Plain sample
B-1 16.5 15.2 14.5 15.5 3 polyethylene strips
B-2 17.0 16.5 16.6 15.4 3 polyethylene strips
C-1 15.8 15.2 15.0 14.6 Spiked with NH,Cl
C-2 15.2 13.5 <] 14.8 15.9 Spiked with NH,Cl

THZENTE R, EPTL ARMOBELSMER (A-1,A-2) &, ChZK)=F1v v
K, NHCl E2 5N LB EO KR HBRLCH D, BROXFEDEOHE L &S
MTEDZ Libnd, EEOEXRAR (ZOHE7Y —v 5 v F) OF—RAKC X 58K
LA OEREE 1@) wrT.

2.1.3. FEFBRKE L PEFRIMEEDLE
AR A AL ERY R 2R L, 111 oxtisa =T B oLt
EREENPETHIEMC TR B Z &2 %, BEFREEOAE TCOLHREMRC K
T, —&8 Na a0kHPic & 0 2 Fhicked, BTREENMBEVEEBEY 52 21cdsE 2
bhn, MAEOKE, BELXE 1) ornd. dHFHRIMESIE, BE, BRE, AL
EEFERWTTSCAIEERYE X 55, RFFOFATE WBEIIRERFREETL
FHRATED L V25,
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Table 7 (a). Scattering of measured Na concentrations in Greenland snow.

2.75 MeV
Age of sample 1st 2nd
Summer in 7.8z ppb 7.7: ppb
1965 8.63 6.8;
1933 13.8 12.8
13.2 12.2
1815 20.9 20.8
21.2 20.3
1835 28.5 27.6
27.9 27.9

2 FRFRNEL & T REHMEE O g

Fig. 2. Comparison of Na analyses by two different

methods.

ug Na/kg snow by atomic absorption analysis

10 20 3 40
19 Na/kg snow by neutron activation analysis

% 7(b) Na ik, RFURIEE & B Lk DL
Table 7 (b). Comparison of Na analyses by two different methods.

Freezing concentration

Neutron activation

atomic absorption method method
Sensitivity % 0.5 ppb 0.5 ppb
Accuracy [ —10% +3~49%

2.2. KOORUFEFRFTOEHEE S

BB KD K 2, BBK, BA+Kkbo K%, RERI/ 72k THHT52&
MAJfE L e ote, BESWIHIBYZ RMU6 OKAF T, 1+ vz vzrD v I L
7472V rELR A VEBREOHEBHEEZ I R LTK 0=y va v
NRELL, BEBRECTHEAKL K O+ vARI PABBLRD X Sl wle. ZOFHE
DOREEEE 1077 g T, YK'/MK" 0 ¥ — 7 RIE EOEBHEIL 1% TH 5.
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2.2.1. FARFAMEL 5

S0ml FEDTF 7 r v E—h —dhicRBRIE2 b & b, F8ITRTEE - D “K A
1 7%Wx K L LT 007 pg BEWRMT 5, AREL L TinBeFHkoBec Sg ORK
FizgEh5 Kix 0.005 ug, 20 g DFEEAKFTIX 0004 ug LI HNZORBENEHE TH

x 8 UK BEA M s BROBRE L A&
Table 8. The concentration and isotopic composition

of enriched 1K spike solution.

Total concentration : 1.415 pglg
Isotopic composition 3°K : 0.829%
Isotopic composition 4K : 99.18%

£9 BA+vkho K oEE GEHEIRE 20.09g 4K 241 7 HinE 1.64X10-°M)
Table 9. Determination of potassium in deionized water (sample taken : 20.09 g,
4K spike added : 1.64x 10~°M).

Time (min) after Filament Peak height (V)* | wRpEK
onset of filament current Peak height
current A) K 4K ] ratio
220 0.666 0.000 0.002
540 . 0.794 0.456 7.00 0.0651
550 0.796 0.505 7.75 0.0652
560 ” 0.516 7.90 0.0653
570 ” 0.522 8.04 0.0650
580 ” 0.531 8.16 - 0.0651
590 ” 0.537 8.22 0.0654
600 ” 0.540 8.27 0.0653
610 ” 0.540 8.28 0.0652
620 ” 0.543 8.34 0.0651
630 ” 0.537 8.33 0.0645
640 ” 0.540 8.33 10.0648
650 ” 0.540 8.34 0.0647
660 : " 0.540 8.33 ~0.0648
670 ” 0.543 8.34 0.0651
680 ” 0.540 8.34 0.0648
690 ” 0.546 8.34 0.0655
700 ” 0.543 8.34 0.0651
710 ” 0.543 8.35 0.0650
Average 0.0650

* One volt corresponds to 0.6 x 1015 ampere of potassium beam current.
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s9p, a1y, 0.931x+PK(RA-31 7)
K/"K= 00688 LK (2ot ) (1)

ROEREFARO—HAAFVE 74542V MEr~F 4 v LTEBSM LT ELAD
HE, WA+ vo BRMEHEL Y RDD. F 91k Bi1 4+ vikdo K OFHHER R L.
¥KJUK DFfiE 0.0650 & 1 ROLEDZRAT A itk h, RBE 2008 F0 K F&

F* 10 iAo+ vk, BEGK BEBExv L -E—5 v FEXxRAeF0 K 0ES
Table 10. Determination of potassium in deionized water, redistilled water

and snow samples* from Enderby Land, Antarctica.

Sample Sample | Spike 89K /1K C.V.** K K Filament
and taken added measured found current

location (@ |(x10-spp)| measured | ory | " g) (ug/ke) A)
Deionized water 20.09 1.64 0.0650 | 0.63 | 0.00362 | 0.18+0.00, 0.796
Redistilled water 20.43 0.995 0.0909 {0.41 | 0.00361 | 0.184+0.00 0.600
F100A 5.11 0.742 0.787 0.351 0.0268 5.0 £0.0 0.600
F200A 5.20 0.681 0.855 0.60 | 0.0268 4.9 40.0 0.624
No. 37-1A] 5.01 0.742 0.943 0.30 | 0.0325 6.2 £0.0 0.590
No. 37-2A} 5.05 0.842 | 1.46 0.23 | 0.0596 |11.3 40.0 0.616
F170A 5.14 0.883 0.415 0.47 | 0.0162 3.0 £0.0 0.624
Antarctic | F240A 5.14 | 0.639 0.585 0.37 | 0.0168 3.1 £0.0 0.664
snow F100B 4.94 0.776 0.571 0.40 | 0.0199 3.8 £0.0 0.621
F200B 5.16 0.410 1.23 0.10 | 0.0241 4.5 4£0.0 0.645
No. 37-1B 4.77 0.422 1.26 0.21 | 0.0255 5.1 £0.0 0.640
No. 37-2B 4.85 0.442 2.37 0.29 | 0.0552 |10.8 +0.0 0.636
F170B 4.92 0.551 0.610 0.38 | 0.0148 2.9 +£0.0 0.696
F240B 5.07| 0.493 0.461 0.21 | 0.0101 1.9 +£0.0 0.582
Mizuho Camp A 7.84 2.63 0.0900 | 0.54 | 0.00952 | 1.2 +0.0 0.666
Mizuho Camp 2A 8.00 1.99 0.0934 | 0.50 | 0.00744 | 0.894+0.0 0.696
YA 8.20 2.17 0.109 0.43 | 0.00668 | 1.1 4+0.0 0.585
M370A 8.33 1.77 0.0714 | 0.50 | 0.00491 | 0.56+0.0 0.693
F122A 8.29 1.67 0.258 0.25 | 0.0186 2.1 £0.0 0.713
No. 135A 8.15 2.05 0.106 0.49 | 0.00881 | 1.0 +0.0 0.790
Syowa Station glacier A 3.16 0.773 6.41 0.57 | 0.436 132 +0.7 | 0.690

Antarctic snow “A”, such as F100A, was analyzed just after melting of snow sample, while
F100B was done 50 days after the first analysis; * Collected by Renji NARUSE and Hiroshi
SHmMIzU, The Institute of Low Temperature Science, Hokkaido University; ** C. V.: Co-
efficient of variation, standard deviation/average, in measurements of peak height ratio.
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Table 11. Concentration and isotopic composition of 2Ca spike solution.

Concentration
42Ca
40Ca
2Ca/4Ca

20.84 Ca- ngfg
0.473 x 10~ mol/g
0.0248 x 10~5 mol/g

19.08

® 12 @EEKF 0 Ca OER

Table 12. Determination of calcium in redistilled water. -

[FIAZ (P % 3 L odTc BRI BRL T

Run Sample 42Ca_added Filament current 42Cat/90Ca*; C.V. Ca found Ca concn.
taken (g) | (1077 M) a(A) B (A) measured (%) (108 M) | (ppb)
1 60.32 0.309 1.21 1.69 6.65 0.14 0.296 1.97
2 60.24 0.332 1.13 1.67 7.08 0.27 0.287 1.92
3 30.28 0.248 1.05 1.66 8.77 0.11 0.153 1.98
4 30.00 0.255 1.15 1.68 9.16 0.085 0.143 1.89
F 13 ZEOMESGHETECET S Ca OFBE LG,
fokrho Ca LEE X0 Ca DoHr
Table 13. Replicate analyses of calcium in the presence of large excess of foreign
components: Calcium in sea water and in polar snow ice.
2Ca  #2Ca*/ C.V. Ca Ca 40Ca* ion | 9K* ion Filament
Sample |Sample{ spike  4Ca* found | concn. beam beam | current
taken addgd measured . current current - (A)
(x10"M) %) (vg) (ppb) - [(X1071A) (X 10717A)
10.8 ul| 0.595| 0.504 | 0.52 |4.33 401x10% | 4.93 0.022 2.220
10.7 /| 0.589 | 0.505| 0.25 |4.28 400%10% | 18.99 75.6 1.760
Sea water | 5.4 u/| 0.522| 0.824 | 0.42 | 2.27 421 x 103 7.53 0.17 1.940
S.6ul| 0.546| 0.873 | 0.18 |2.24 400x 108 | 67.4 254 2.010
20.17 g 0.203 | 6.98 0.32 | 0.0686 3.40 9.58 0.26 1.600
Polar 20.18 g/ 0.182 | 6.64 0.11 | 0.0666 3.30 9.16 0.026 1.645
snow ice | 10.22 gl 0.300 | 12.3 0.51 |0.0323 3.16 8.59 0.16 1.670
10.12 g/ 0.286 | 11.6 0.30 | 0.0360 3.56 8.80 0.000 1.410
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Table 14. Successive determination
Sample |4K spike |42Ca spike Measurements of “K*/¥K* K
Sample taken added added Filament | K™ ion K+ 5 | measured
@ [0 M) |ao-em | et oy BKT | CV. (ug)
*1 %2
A. 76 10.65 3.09 4.55 0.630 66.0 4.26 | 0.47 0.0297
A. 98 10.12 3.69 4.73 0.700 77.9 5.56 |0.25 0.0268
A. 161 10.21 3.50 4.42 0.627 22.1 8.43 | 0.26 0.0162
A.222 10.11 3.9 4.73 0.600 12.5 3.15 | 0.33 0.0461
A. 290 10.35 3.91 4.76 0.810 5.44 0.146 | 0.38 2.26
A. 306 10.45 3.81 4.63 0.640 5.35 0.172 | 0.37 1.62
%3 k4
E.F 100 21.29 2.72 3.64 0.680 161 1.28 |0.43 0.0932
E.F 200 21.72 2.43 3.92 0.684 64.9 1.08 | 0.29 0.100
E. 37A 20.45 2.64 3.43 0.630 51.1 0.793 | 0.47 | 0.152
E. 37B 20.38 2.73 3.01 0.686 45.7 0.550 | 0.50 0.238
E.F 170 19.61 2.05 - 3.31 0.675 53.6 1.70 | 0.19 0.0519
E.F 240 20.66 2.42 4.33 0.595 77.4 2.31 |0.97 0.0442

*1 Amery Ice Shelf,

*2 Depth (m),

*3 Enderby Land,

*4 Sampling station, *3 Coefficient

22ROEWEBEEDNTHZ LR L VFEKRPD Ca BEARDDLZENTED. FlHER

“Ca/*Ca=

0.970x+**Ca(A -1 7)

L L TOEEAKF Ca DEEFI®FE 12 1T/RLI.
NES R (E13). hBR—RFW 'K 21 2L PCaxsf s ¥ AIBECEML T

7T0.0064x +*°Ca(A <1 )

S harBKLEXCIGA LT FER

£ 15 KATi L2217 Ti oF(LEK

Table15. Isotopic composition of common and spike titanium.

4Ti 4T 48T 49T} 50T
HonNDA (’68) 8.01 7.34 73.80 5.49 5.36
DRAWIN (’58) 8.00 7.29 73.98 5.38 5.35
Hocac (54) 7.99 7.32 73.99 5.46 5.25
MattrROW  (°52) 7.93 7.28 73.94 5.51 5.34
Hess (49) 7.92 7.50 73.09 5.90 5.59
NIER (’38) 7.95 7.75 73.45 5.51 5.34
MUROZUMI 7.93 7.28 73.94 5.51 5.31
Spike 49Ti, ORNL* 1.58 1.58 18.54 76.14 2.16
Spike 49Ti, MUROZUMI 1.78 1.68 18.77 75.51 2.27

* Oak Ridge National Laboratory. Oak Ridge Tenn. U.S.A.
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of K and Ca in polar snow.

. i fon . .+ 140 +7 -

i K . " Error Measurements of 42Ca*/4Ca Ca L Cad Error

oun originating |.. . measure ound |originating
inCa ~ AN - | SCat | B in 1K spike

(ppb) spike (%) (A) rent (10-15A) 0Cat C.Vv. (1) (ppb) (%)
2.79 1.14 1.915 6.61 13.1 - 0.54 0.0426 | 4.00 6.41
2.65 1.32 1.980 7.58 11.5 0.55 0.0638 6.30 5.09
1.59 2.04 1.910 8.52 12.8 0.49 0.0907 8.88 3.39
4.56 0.764 1.830 4.93 11.6 0.61 0.0625 6.18 4.92
219 0.016 2.280 5.48 0.966 0.25 1.84 178 0.188
155 0.021 1.965 0.567 1.33 0.41 1.27 122 0.264
4.38 0.292 2.240 8.91 2.97 0.27 0.406 19.1 0.59
4.60 0.292 1.940 6.75 6.13 0.32 0.170 7.82 1.27
7.42 0.171 1.990 8.13 6.06 0.86 0.154 7.51 1.51
11.7 0.094 1.890 2.12 3.75 0.22 0.253 12.4 0.95
2.6 0.477 1.755 1.89 1.92 0.40 0.609 31.0 0.30
2.14 0.733 1.850 21.8 3.64 0.78 0.377 18.2 0.57

of variation (%) in measurements of the isotopic ratio.

PKFMKY, PCat/Cat H BRICHIET B2 L2k b, KL CakRDDZ ENTE B,
OFHER G EORE, #E), BEOAILLT, BELRABEOENC, = 7R k5
ZEWTEIL -7 GR 14),

2.4. Ti DR{EHFREOETREAEST
Ti 135 15 CRTRMERRE b - T 5, BB, £ 15 @rd T EEA-A
I EHEML G RMAERECEE LDEERTT 2 3R0EAYEESH LT, REt+Fo Ti

Table 16. Determination of Ti and silicate dusts in snow ice.

% 16 ke Ti LEMIWERIOER

-
N

Sampling Sample Ti measured Ti Silicates

station taken (g) (ug) (ug/kg) (ug/kg)
F 122 106 0.0046 0.04 8
Mizuho 203 0.0012 0.005 2
No. 135 100 0.0059 0.06 12
Byrd Station 100 0.002 0.02 4
Camp Century 100 0.010 0.10 20
Tokachidake 27.4 0.012 0.44 90
Asahidake 24.4 0.012 0.51 100
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Table 17. Amounts of silicate dusts in polar snow, uglkg.

! Elements in silicate dusts Total arir;o;llrll(t;v%t;glements
Sampling Silicate
station dusts Na K Mg Ca Na K Mg C?
F122 8 0.2 0.2 0.2 0.3 53 2.1 13 3.18
Y 200 Ender- 6 0.1 0.1 0.1 0.21 14 1.0 2.3 3.76
Mizuho | by 2 0.02 0.01 0.002 0.04 14 1.2 2.1 2.78
y30 |Land 8 02 0.5 02 0.3 11 0.5 1.7 1.93
Y135 ) 12 0.3 0.2 0.3 0.42 12 1.0 3.0 1.81
Byrd Station 4 0.1 0.1 0.1 0.1 31 1.5 4.0 1.3
Camp Century 20 0.5 0.5 0.5 0.7 21 3.1 8.0 6.4
Tokachidake 90 2 2 2 3 750 50 200 100
Asahidake 100 2 2 2 4 | 590 40 100 130

£ 18 FES Kb O(LFER DT ERE, re/ke
Table 18. Chemical constituents in polar snow*, Antarctica in pglkg.

Station No. Na K Mg Ca
F 240 19 3.27 2.5 4.7
F 200 17 5.15 0 14
F 170 22 3.19 3.0 26
F 100 43 5.24 0.8 11
X 37-1 23 6.45 0.9 30
X 37-2 62 5.18 5.1 0
Glacier 2100 138 292 250

* Collected by R. NARUSE.



No. 54. 1975)

ZTRER Bz v 4~ — 35 v FEKBOHBRLFERITIZE

Y BERESKFOERTRE

Table 19. Chemical constituents in polar snows, Antarctica.

61

Station Location Na K Mg
No. Latitude Longitude in ppb in ppb in ppb
St. 70 69°07’S 42°28°E 93 5.3 12.4
St. 122 70°01’ 43°06’ 31 2.5 2.3
31 4.5 2.7
24 4.8 2.7
St. 170 70°50” 43°05’ 43 5.5 3.9
St. 240 72°01’ 43°06’ 19 4.6 7.9
77 17.3 3.7
St. 300 73°02" 42°58’ 94 26 11
St. 414 75°00° 42°50’ 63 5.0 6.5
38 2.5 3.4
37 7.0 12.8
St. 528 76°58’ 41°50’ 16 2.9 3.8
St. 580 77°51’ 41°10’ 35 13.6 6.6
28 1.2 2.2
18 1.5 1.6
12 2.1 2.8
13 2.3 1.8
St. 610 78°21° 40°58’ 32 8.4 4.4
St. 638 78°84’ 40°45’ 42 8.6 4.6
St. 690 80°08’ 40°30’ 26 4.7 3.2
St. 725 81°18’ 40°27" 26 4.5 2.0
St. 749 82°05° 40°26" 41 5.5 3.5
St. 771 82°49’ 40°17’ 32 7.5 4.2
St. 804 83°57’ 40°29’ 20 5.5 3.3
St. 837 85°04’ 40°50’ 35 5.4 3.0
St. 870 86°12’ 40°29’ 68 16.8 11
St. 897 87°10’ 39°30" 25 3.6 1.7
St. 927 88°09’ 41°00’ 22 3.6 1.8
St. 947 88°50” 41°00’ 23 0.9 4.0

O Na & Mg fifz it & U TR O LEORBENEE TH 5 2 Lavbh ol #1712k
JegEFRIUEOTBE, BEUHOSEALEL TH L2, ThbDERFEBECHKL
150 BECHFHFLLDOTHHZ L, IOLCREBEROBRESTHOBE KL 107°~107°
T ERNC Lavbhrh. TIUROBEER, # 18, 19 SEBEAEEBRIIVLSY vy
FILEDOF kbR TBEC S 5T, ZOHIROTZKPLFRFTEBEIEL <FET

HoHLEZX LY. LFENTE LR 5MH L OBEEIISEROMARELILZTHAH 5.
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Table 20. Chemical concentrations
Sample . Depth (m), Greenland, .
No. Location Aug. ’65=0, Antarctica, Jan. ’66=0 Density
65-13 0.32 —
65-14 Virgin Trench Sit 0.64 —
65-15 1rgin. 2 rench Site 0.74 Bottom of layer —
65-16 80 km ESE Camp Century 0.84 .
65-17 0.97 —
65-23 45 km ESE Camp Century 0.51 Bott 1 —
65-24 1 km ESE Camp Century 0.36 > ottom ot fayer —
65-18 3.0 —
65-19 Virgin Trench Site 5.8 o
65-20 80 km ESE Camp Century 7.6 -
65-21 10.4 —
65-22 12.8 —_—
65- 2 13.1 0.57
65- 5 23.2 Centre whole-year 0.645
65-- 3 33.6 0.702
65- 4 . 41.5 0.734
65— 6 Inclined Shaft Camp Century 46.7 0.755
65- 7 ’ 57 0.791
65- 8 67 0.828
65- 1 75 0.849
65-25 100 0.891
65-26 Ice Tunnel Camp Tuto — — —
66- 1 Virgin Trench Site 0.5 Bottom of layer —
66— 2 215 km NE Byrd Station 1.0 ¢ . —
66— 6 125 km NE Byrd Station 0.5 Bottom of laye —
66- 7 35 km NE Byrd Station 0.4 } yet —
66— 3 ' 4.4 -
66— 4 Virgin Trench Site 8.4 —
66— 5 215 km NE Byrd Station 13.0 _
66-A- 1 5.7 0.46
66-A- 2 11.0 0.547
66-A- 3 15.6 0.598
66-A- 4 20.1 Centre whole-year 0.639
66-A- 5 . . 24.2 0.67
h .
66-A— 6 Inclined Shaft Byrd Station 28 5 0.70
66-A— 7 32.7 0.725
66-A—- 8 35.8 0.743
66-A- 9 39.5 0.762
66—-A-10 43.5 0.781 ,
66-E Erebus Glacier Tongue — — —
66-M Meserve Glacier — — —

Parentheses () about a number indicate that it is unreliable because of contamination.
Brackets[ ]about a number indicate that it is approximate because analytical procedures were
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in both polar snow strata, uglkg.
B Total concentrations (ug/kg) oC'8
Characte A : 7

racter ¥ P | Na |C[Mg| Ca | K T | Si |sMow
Summer ’65| 1965 | 0.15 6.9 | 23| 3 2.9 1.4 | 0.04 | — | —22.6
Spring 65| 1965 | 0.19 8.5 | 3.7 5 9.7 3.0 | 0.05 | — | —26.4
Jan.Winter’65 | 1965 | 0.42 2.8 62| 6 1.1 2.5 | 0.03 | — | —31.5
Dec.Winter'64 | 1964 | 0.37 1.9 / 38| 5 4.8 2.5 | 0.08 | — | —24.2
Fall 64 | 1964 | 0.10 3.2 | 6.2 7 2.6 1.6 | 0.01 | — | —28.1
Spring 65| 1965 | 0.20 4.6 | 2.0 3 1.1 1.2 — — —
Spring 65 | 1965 | 0.27 2.1 | 42| 71 2.2 2.4 — — -
1963 | 0.14 — — lan | ©.5 | a4 — — —

1960 | 0.084 | — — 6 60 | 4.8 | — — —

1958 | 0.15 — — 6 58 | 4.5 | — — —

1955 | 0.12 — — 4 7.0 | 4.6)| — — —

1952 | 0.12 — — 4 78 | 5.3)| — — —
1946 | 0.16 2.6 | 49| 1.1/ 5.3 2.5 | 0.1 — | —28.6
Composite 1933 | 0.047| 1.4 | 2.5| 4 5.0 2.3 | 002 | — | —28.5
1908 | 0.064| 1.5 | 2.7| 7 7.1 2.3 | 0.1 5.7| —30.0
1892 | 0.076| 2.8 | 5.1| 5 5.5 2.8 | 0.1 —27.8
1881 | 0.036| 2.0 | 3.1 5 5.4 2.6 | 0.1 — | —28.9
1859 | 0.042| 1.7 | 3.7 ) 5 7.6 2.3 | 008 | — | —29.7
1835 | 0.057| 2.5 | 5.0 7 6.0 3.0 | 0.2 7.9 —31.4
1815 | 0.034| 2.1 | 3.5| 8 9.4 3.1 | 0.1 — | =295
1753 | 0.011| 2.0 | 50| 5 6.0 2.6 | 0.08 | — | —30.0

—  [BOBC|<0.001| 3.5 | 57] 45 1.7 | 1.6 | 006 | 21| —
Summer'65-"66 1966 |<0.004| 2.5 [ 51 1| 10| 14| — | —| —
Winter  *65 | 1965 | 0.02 | 1.4 26 2| 0.5 0.8 — — —
Winter  ’65| 1965 | 0.9 — =] 2] 13] 15| — | — —
Winter  ’65 | 1965 2 —_ — —_ 2.0 2.3 — — —_
1961 | 0.05 — — | = 1.0 1.6 — — —

1954 (<0.004 | — — | = 0.9 1.5 — — —

1947 |<0.004 | — — | = 0.9 1.4 — — —

1942 | 0.01 3.1 | 6.0| 4 1.5 1.5 | 0.02 | — -

1916 | 0.005 | — 3 1.1 1.4 — — —

1890 |<0.001 | — — 7 1.3 1.6 | 0.006| — —

Composite 1857 [<0.001 | 2.3 | 4.8| 3 0.9 1.3 — — —
1834 |<0.004 | — — 5 1.0 1.4 — - —

1805 | 0.009 | — — 3 1.1 1.3 — — —

1775 | 0.006 | 3.8 | 6.2| 4 1.5 1.9 — — —

1752 |<0.001 — 3 1.1 1.6 | 0.01 | 0.4 —

1724 [<0.001 | — — 6 1.2 2.5 — — —

1694 [<0.003| 3.6 | 6.6| 6 1.4 1.7 | 0.01 | — —

— — | = | = | = | @ m| 204 | — | —

— — — — — | 431 | [450] [50] | [4] — —

not well adapted to such high concentrations.
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3.2. ARGYUEREREE

EokdD Ti EEEIL 0.0 n ugkg DV XA TH D (FE16). X T ¥ K+ D Ti/Na DED
107" BETHBORK L, BHALEHFTIE 10'~107° tH 2, Na 04 3ERERLEL
Shannb, Zo T 3BEFERCIIMSEL L TEREMREEL 2O8RE4THA 5. Ti
B 250 5L C, AAEHERTES LTE 1T %27, %16 ® Ti E%, Byrd Station %
Greenland @ Camp Century b3R5, #£20 © Ti & & L TH % L, Byrd Station &
RRBETH 52 Camp Century @ 1071 123 Xic\ = &b d, UL EREYHRLT D
B TH 2 KEEDOHWIRIERRKC BT 2 4P RIAKBRC 1002 DTHH S,

S TEREMBRLT OFPHILEARCE ST FRPE ST rEREHED Na, K,
Mg, Ca 2HIHT 5 L% 17 OF 3 MOBELRE 5. ORfEIL, 5 4 HORSEETS
SXR10TPEECTEi o &5, %211k Na, K, Mg, Ca IEEEI2o\C, 55414
EEIMEDEFERR LI, 2y aNOREIXThHETIED Na ZE5IECH T 281G
TH 5, BEKFPTE TS K/Na, Mg/Na, Ca/Mg Dffiix, FhFh 0.038,0.120, 0.038 T
BB 0, F 2 OEXEEWCIIEHEBECELL CWT ZhbORSIEHETEL b2
SEE S, L L K/Na 23, 0.036~0.086, Mg/Na 7 0.14~0.24 T % DIkt
L, Ca/Na i 0.055~0.26 THLMCEWMERRT. Ca ORGBHIISEDOFETHA 5.
Z 2Tk 21 05| Na fEX ¥R & (RE L7, Byrd Station & Camp Century ® Na/Cl
ExF 22 1R Ly, EEEAK+BD Na/Clix 0.55 THh % h biAEERE D Na/Cl {E13Fi4+
IESEKEL DININWE Eavhon s, BEERED Na & C CIXEFESCES T TRHESEP
fe2]R Na, Cl O Zit 22 L 23B 22 L 2mThDOTHSH 5. 2O ClOJFIEIL Na &
FtRCPETFERIMESINC L ok, ZTEERETA= v ~E~-F v FED0Th, Fis
BROMBEHRIC D SHHOWEENRAIN D2 E2nEE L,

£21 =va-E¥—-5 v iEkhopEE
Table 21. Amounts of sea salt contained in Enderby Land snow.

Station No. Na K Mg Ca

F122 53 1.9 (0.036) 12.8 (0.24) 2.9 (0.055)
Mizuho-1 14 1.2 (0.086) 2.1 (0.15) 2.7 (0.20)

Mizuho-2 14 0.88 (0.063) 2.4 (0.17) 1.9 (0.19)

Y 135 12 0.80 (0.068) 2.7 (0.23) 1.4 (0.12)

Y 200 14 0.90 (0.065) 2.2 (0.16) 3.6 (0.26)

Y 300 11 0.41 (0.038) 1.5 (0.19 1.6 (0.15)
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Table 22. Chloride and sodium concentrations in polar snows.

#* 22 ®&FXKFo Cl &L Na BE

65

» Cl concn. Na concn. (Na/Cl)
Sample age (ugfkg) (ugfkg) Wt. mean
Greenland interior 3 52+ 2 21+ 1 0.40+0.02
1815 { 2+ 2 21+ 1 0.40+0.02
1946 { 66+ 2 26+ 1 0.3940.01
68+ 2 29+ 1 0.433+0.01
1892 { 71+ 2 30+ 1 0.4240.01
73+ 2 324+ 1 0.4440.01
1938 { 414+ 1 14+ 1 0.34+0.02
394 1 13% 1 0.3340.02
1881 { 40+ 1 18+ 1 0.454+0.03
38+ 1 19+ 1 0.5040.03
1859 { 43+ 1 17+ 1 0.4040.03
45+ 1 17+ 1 0.3840.02
1835 { 60+ 2 29+ 1 0.4840.02
58+ 2 28+ 1 0.484+0.02
1965 { 30+ 1 8+ 1 0.27+0.03
Summer 30+ 1 9+ 1 0.30+0.03
1965 { 724 2 294+ 1 0.4040.01
Winter 69+ 2 28+ 1 0.41+0.01
1964 { B3+ 1 21+ 1 0.494-0.01
Winter 9% 1 2+ 1 0.454+0.01
1964 { 69+ 2 31+ 1 0.4540.01
Fall 72+ 2 3BE1 0.46+0.01
1965 { 26+ 1 6+ 1 0.23+0.03
Spring 26+ 1 5+ 1 0.1940.04
1965 { 50+ 2 21+ 1 0.4240.01
Spring 53+ 2 24+ 1 0.4240.01
1753 { 58+ 2 20+ 1 0.3540.01
58+ 2 21+ 1 0.36+0.01
Coastal { 570+23 350+15 0.61+0.02
800 B.C. 580+23 350+15 0.60+0.02
Antarctic interior 68+ 2 31+ 1 0.46+0.01
1942 { 72+ 2 30+ 1 0.42+0.01
1857 584+ 2 22+ 1 0.38+0.01
1 { 59+ 2 2+ 1 0.374+0.01
1775 | { 71+ 2 37+ 1 0.524-0.02
75+ 2 34+ 1 0.454+0.01
1694 { 80+ 2 35+ 1 0.444-0.01
75+ 2 38+ 1 0.514+0.02
1965 { 344 1 15+ 1 0.4440.03
37+ 1 14+ 1 0.38+0.03

3.3. {EFERSERETER
HS & (annual accumulation) *{LFERFTEE LD, (LEROSOFEHETEXRDSHZ
LINTED (& 23), ERTEMERED 0.1 pglem®, WHEEFRO Na 2% 0.4 uglem® T, Mg,
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& 23 FRIGEE, uglcm?
Table 23. Annual amounts of fall out in ug/cm?.

Camp Century Byrd Station E Enderby Land
Annual accumulation 20 x 108 10x 108 30x 108

Si 0.14 0.004 nd.

Ti 0.002 0.0001 0.001
Silicate dusts 0.6 0.03 0.1

Cl 0.80 1.2 n.d.

Na 0.40 0.62 « 0.40

K 0.054 0.032 0.03

Mg 0.11 0.074 0.1

Ca 0.13 0.026 0.06

£ 24 FfExvs—v—- 37 FEKhoNa: Mgy 57, prelke
Table 24. Vertical distribution of Na and Mg concentrations
in Enderby Land, Antarctica, pglkg.

Depth (cm) ‘\ Na Mg
1884 ~ 1889 314 21
1923 ~ 1933 48 3
2645 ~ 2660 | 54 10
2742 ~ 2755 57 7
2882 ~ 2893 358 44
3309 ~ 3313 107 67
3460 ~ 3470 156 76
3992 ~ 4006 858 125
4500 ~ 4512 33 37
4987 ~ 4997 170 58
5985 ~ 5996 11 2
6086 ~ 6095 5 3

Collected by T. YAMADA.

K, Cali+hFHh 0.1, 0.03, 0.06 pg/cm’® 52 TH 5.

3.4. (EFRNBEOEEST

24 1A~V v a7 R L DEERFOEESMOEEETR LIS, RS KADRDEMN
FK DA B3 5 HEMECHE L € BESMOBEMNRKRE N L23br15, [EEMH
DREEE DBIEMEAXER L TR TXETH A5,
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4 & T U

BEEL) OFHELL >, EUORBKIEEL ) OBMETS S5, BMEOLFILIE
CBEBTHE L NDEIIPIN, B DOBKOEEROWNT L > T LI 2~3 7
BRETEICLEL LS, RS ECLE RO, kR (ampling B R AEIC 75
BIhTis), SHEE THCEBELERETHS. L LTERALIRELALLTTIX
HBENEBRICRE - T 5,

(197571 2 AXHE)



