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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-

. metry 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, µg/cm2, 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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Na 
K 

Mg 
Ca 
Cl 
S04 

� 1 :WU:: B ::$:O)ffi� (µg/kg) 
Table 1. Chemical concentrations in pure water, polar snows 

and urban rains, µg/kg. 

\ Ch6shi Mito Maebashi \ Nagoya \sapporo Byrd St. Greenland Pure water 

3840 700 
400 270 
240 50 
540 960 

6930 1440 
1320 2160 

260 440 

50 n.d. 
20 80 

50 130 

430 I 760 
240 340 

510 31 20 0.9 

10 1.5 2.4 1.0 

190 4.0 5.0 n.d. 
100 1. 5 5.4 0.4 

n.d. 60 31 9.2 

n.d. n.d. n.d. n.d. 
Analyzed by Y. MIYAKE I K. SUGAWARA

' 

:M*c f.t. 0:L�{ncv'i, �+-� ,;''' 7 A vCJ® �'f.t.\, '�;f-t.mJC J: ":) -c��:l:0)$:%z-:5HJr-t 0�, 

Jfvc;i§G ht-:. -: O)��' f8'.l{ft1*$��im�*�:l:%1'Tt*iJ��<X0)§�:1Jz-9et1JL t�. 

iJ:. < L -C, 1) dJ-Tvi�Di c .:c. '/ :f- t:' - 7 '/ r 0) �00�7j(q=r0) {t:�$:%0) �OCiJ��&C>-C 

$1tc·s 0 vc t iJ:.iJ:.b GfSfloos"Jvcv:t��c-s 0 � c, 2) 1f::�$:%�oc0) 90% tJ.J::v:twr$ 

�t&�c'S":)-C, 7.](ifa�c L-C�f'J::Lt�c=**-Gh0�:fi • �tjefo�$:%vi 10% tl.Tc'S0 

� ciJ�biJ-.":)k. 3) ;t;- v '/,;,-·-:::1 7%;tJrvcJ: 0{t:�$:%0)�{-\'.:�{t:!'i��c-c50iJ\ -l-CO 
DilzslvC--::>\,,-Cv'i, 4'�0)�itz-i--::>�,�iJ�S6 25. 4) 1)---2) O)mU5:i::*5*v=-�0(,-c, �rs,, 
3¥:17--c '/r� IJ O){f::�$:53-�T:l:7a:>l<660 � ciJ�c"t!t�. 

� 2 ffi:tttrn�:1.kr::.Jitffl LJ::5Hffl! 
Table 2. Applied methods for polar snow analysis. 

Applied method, I Applied method, II 
Elements 

\ Sensitivity \ Accuracy \ Sensitivity \ Accuracy Method Method 

Na Atomic absorption 0.5 10 Neutron activation 0.6 10 after freezing 
concentration 

K II 1 30 Isotope dilution 0.1 3 
mass-spectrometry 

Mg II 0.5 10 II 0.1 3 
Ca I/ 1 30 II 0.1 3 
Cl Colorimetry 50 100 Neutron activation 0.6 10 
Si Emission 2 30 

spectrography 
Ti Isotope dilution 0.01 3 

mass-spectrometry 
Pb II 0.001 3 

Sensitivity in µg/kg, accuracy in % error. 
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2. 5.HFrvHf\JO)�it 
ti:f-:!g�;)j(Sj'-;t)r� 13 EfJ c L, �tt L � 0 l 'vitffl¥6 L t:.1.F/.E.<1)�/.t c ffll.t c �� 2 vc. i c ?ht:.. 

t:. c x.v-!::tnl<:SJ'<l)�--:>-c-� 0 Na vc.xt L -evt, J]ff�J't1*-c-vt�J.t o.s µg/kg cMJ.t 10% 

-e, tj:ttt-=f:t&M11:5t;t)r1*-c-vt o.6µg/kg c IO% cc'-th-tnst;tJr-t0-=:ciJ�c-�t:.. �:I: 

ffltSJ'<l) Pb vc.xt LfAJ1:v:1*���1mm•1t:1:st;tJr1*��ffl L t:.��<1)�/.tvt 0.001 µg/kg -c-ffl 

/.tvt 3 % -c-� "':d:.. -:: ti G <l)jj1*vc.1 0 --c :f-:!g3*11:�EfJ��vc. JZ,�t.dSI:{@� >J<?h 0-:: c iJ�AJ 

2. 1. Na (l.)71':tfr� 

2.1.1. Na <1) � -"f�J'cSj'-;t}i 

13 *:) -v - v 1v 7 ':I -.:,, .1 •<1) AA �.vc. J: 0 t:.. st;t)r�{L:J:vttx <l)Ji 1:J -c-� 0. 

;i; i:z 7J 'J - i.:· 7 :/ 7°

: Westinghouse 23059 

J't�fflvfE: 7 mA 

3'cfflr�ffr1ffflEE: 420 V, (Rl06/1P28) 

� fl: H2 c EEii�� (0. 7 c 1.05 kg/cm2) 

�11<mfffl](q=t<l) Na <1) D "'71 :/vc.x;f-t0�3'cs5t$vtilffjj��<l)m1H7.Kl lJfl£iJ�0t:.iJ�G, 

�K�»��*�ffl&-t0-=:c�����0f:.. -t<l)f:.?hK�@-ffiL--C--:><0t:.l](�, � 

V .:J:.7 v :/UAAC.}..;h, -:: ;h��l�e�··e�t*L --C 9/10 :l:�*57j(-rt l,?h 0 c 1:iJmnx:st�i::kfm 

5tvi�ffiq:tvC.�ff-t0. �ffi��LL, 7J<�mMLt:.�, *57j(Jm:fiHif'F�fi?. ,::<l)�t*im 

�ti11= � 3 @� 1J jg-t-= c vc. J: 1:J �itoc <1) mt7t � x. 0 -= c iJ � -c-� 0. -:: <1) it * vc. 1 "? --c, 
Na <1)�$�1.tm� (� 3) �ffl& Lt:.. 

� L, �7J<mM7J(��t*"tt l,?h 0-:: c vc. J: 0 L, �ff11:�nl<:5t�7j(ffitj:tvc.t1ii-t 0 (� 4). 

� 3 Na O)�-yg&J't:5J":ffrf£ 
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 lOppbNa 
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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�4 �fr��YO)���M��� 
Table 4. Successive concentration of ions by freezing method. 

Sample (snow melt water) 

----1----;irst freezing concentration 

l 
Brine A 

l 
Ice A 

Melting 

Second freezing concentration 
1---------l 

Brine B Ice B 

l 
Brine C 

� 1 �M��;:: J: Q Na O)�� 
Fig. 1. Concentration of Na by freezing 

method. 

100 

; 50 

Melting 

Third freezing concentration 

l 
Ice C 

� 5 ffi:ffii§ = Y !/- t." - 5 Y F- 0)�7_)(9:i O){G�n\t0-tl!Jt 
Table 5. Chemical constituents in snow ice from West Enderby Land, Antarctica *. 

-----------------------------------------===== = ------ -------

Sampling 
station 

S122 
Mizuho-1 
Mizuho-2 
Y135 
Y200 
Y300 

Latitude and 
longitude 

70°01. 1 'S 43°06. 5'E 
70°42 .1 'S 44°17. 5'E 
70°42.l'S 44°17.5'E 
71°26. S'S 47°21. 8'E 
71°46.l'S 48°55. 6'£ 
70°54.9'S 49°52.9'E 

Date of 
sampling 

1 ______ 1 

Na 

I Jan. 18, 19711 53 
[ Nov. 17, 1970

1

1 14 

;, Jan. 9, 1971 14 
Nov. 24, 1970: 12 

I Nov. 27, 1970! 14 

! Dec. 4, 1970! 11 

Concentration (µg/kg) 

)K Mg ) Ca I Ti 

2.1 13 3.18 0.04 
1.2 2.1 2.78 0.01 
0. 88 2.4 1. 89 0.00 
1.0 3.0 1.81 0.06 
1.0 
0.56 

2.3 3.76 0.03 
1. 7 1.93 0.04 

Silicate 
dusts 

8 
2 
0 

12 
6 
8 

* Collected by Hiromu SHIMIZU, The Institute of Low Temperature Science , Hokkaido University. 
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�OJ�OJ�M$c, ft��%OJ.ffl$�OJaM$��1Kffi�. �M$5-8ffiOJaMn� 

� 3 @I< iJ ��-:. c vc J: '? --C, �7J<ffiMJJ($0J Na �OJftMt��%OJ 98 % �-ffl$vciffl� 

� Q S:. c iJ;�-� Q, %tlrM*OJ 1 fffi�� 5 vcffi�. 

2 .1. 2. Na OJ $ttr:t&Mft%tJr 

�7J<ffiMJJ($0J Na �%vc$ttr� 30 %rai�ML 
23

Na � 
24Na c L :¥�;M ·15.07 �rai 

0) r ��O) 1.37 :tu J: U 2.75 MeV 0) r *i�itfflU� -Q, 23Na2C204 �*ffi•OJ cpm c.lt� 

L--C�$•Jt�>l<� Q-:. c iJ;·-e� -Q, �ffl L t..:1*-r�vi General Atomic Division/General 

Dynamics Corporation, San Diego, California 0) TRIGA-MARK-1 �-$11:rJRvi 1.8 x 101z. 

n/cm2 ,s �-a5 -Q, �fl 10 g vc J: '? --C, � 6 vcffi� J: ? vc 15 ppb �]tOJ Na �ffllt J: < %:.tJr 

� 6 Na O)i:plt-=f-1f5cltt{l:%:fJT (1.37 MeV, 2.75 MeV r �Hill.U�:. J: Q) . 
Table 6. Neutron activation analysis of Na by 1.37 MeV and 2.75 MeVr rays counting. 

1.37 MeV 2.75 MeV Sample 
I I 1st 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 NH4Cl C-2 15.2 13.5 14. 8  15.9 Spiked with NH4Cl 
�QS:.ciJ;�-�t..:. �$vCviA�;fSj.O)��L%tlr*a*(A-1,A-2) c, S:.;hvc;f-V.:r:.-rvY 

Jr, NH4Cl ���:!Jll-tt L � t..:�f;OJ M* c � .lt'5l L --C a5 Q. ?G���ff!Jm� OJ��t.i: < % 

t}r�-� Q-:. c iJ;biJ� Q. ��0)�7j(�fl (-:. O)�fj 3l V - ':/ 7 ':/ F) O)fA'j-�flvc J: -Q�jg 

L%tJTOJ�WM*�� 7(a) vcffi�. 

2.1. 3. 1* r��i* c $ttr:t&Mfti*OJ.l:t;� 

fA'J-�f-J-vcfi!IT:1Ji*�fitffiLt..:*s*�� 2 vcffiLt..:. 1: 1 OJ:Mfit�ffi� B t;,tvc:x;fL--c, irr 

5E*5*iJ;$ttr:t&Mft-0Wvc f :h --c�, Q-:. c n�bn� ,Q. 1* r��i*OJfiJ5fLLJJ.··eOJ<t�aavc:to 

�,--c, -{ITT Na iJ;7j(ffl$vcc iJ S:. "!.:hf..:t..:�, 1*-r��i*iJ;{.[£�,5£:i:{@:��x.,Qf..:�c:7$'k. 

t) :h Q. fi!IT:1Ji*OJ�lt, ffllt�� 7(b) vcffi�. $ttrtfzMft%tJrvt, ffllt, �It, �fl�. 

�:l:�vc:to�,--c� <'':hk*s*��x. Q?J;, �r�OJflJffl�-�vc < � ,�f;vcvt�r��i*""c't 

JE%vc�ffl�-� Q c �, x. Q. 
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� 7(a) !/ 9 - -:/ =J-:/ F'�;,j(r:p(7) Na ¥1/.f (7)5£:l:{jg(7)%�1.f 
Table 7 (a). Scattering of measured Na concentrations in Greenland snow. 

2.75 MeV 

Age of sample 1st 

Summer in 7 .82 ppb 
1965 8.63 
1933 13.8 

13.2 
1815 20.9 

21.2 
1835 28.5 

27.9 

lg) 2 �-=f�lb't1£ c r:riiFftvciHt1£(7_)Jt� 
Fig. 2. Comparison of Na analyses by two different 

methods. 

2nd 

7. 72 ppb 
6.81 

12.8 
12.2 
20.8 
20.3 
27.6 
27.9 

10 20 30 40 

\..19 Na/kg snow by nelltron activation analysis 

� 7(b) Na :5J':tfr1£, �-=fil&J161£ctvcM1t1£(7_)Jt� 
Table 7 (b). Comparison of Na analyses by two different methods. 

Sensitivity 
Accuracy 

Freezing concentration 
atomic absorption method 

0.5 ppb 
-10% 

�2. K0�m�•m���•�•�fi 

Neutron activation 
method 

0.5 ppb 
±3-4% 

-���*�K�, •ffl*, �1*':/**�K�, �M�Y=JAKl0t%��Q�C 

nt-eygg c tJ". 0 t.:... �:l:%�Hvi B jJ_ RMU6 ml��.u!�c-, 1 * ':/m(v:t ::J ':/ ::J 1v� '// Jl1v 

7 1 =; ,;{ / 1- t Lt.:... 1 * ';/m(11tvfE{i11�mw1tufD'lJ�v:tiP0t.:..ttt:c Lt K+ �:r.. � 'Y '/ 3 / 

n?�5£1!:: L, {.!£1itvfE{l11c'�i::ktJ". K+ �1 */.A-" :7 r ;vi7tmGnQ l � vC.tJ". 0 t.:... � OY}J1* 

O)�ocr:t 10-15 g -c:-, 39K+;4 1K+ � c:· - :7 J:tmU5i::J:��iJJ��v:t 1 % --c:·s �. 
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2.2.1. �fl�!JU: :9-tfr 
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50 ml ?G.fl:<1)7 7 p :/ �· --JJ -i=pvz:.�fl�vtiJ� fJ c fJ, � s vz:.�-t•Jlt • ffl,JiX:<7) 41K 7',,{ 

1 !I ffi.�� 
41

K C v-c 0.07 µg �llt�1Jll-t 0. �fl.fl: C L ""( viffi:ttf!ffl7j(<l)�i3-vz:. 5 g <l)�fl 

i:pvz:.�'i .n� K vi 0.005 µg, 20 g <l)�fnJti:p··evi 0.004 µg c tce �iJ�-::. <7) � llt iJ� j@j .fl: ··es 

� 8 41K .ii-7-.,{,{ _1,1ffi�O)-�c[qj{ftf,t,:,rt 
Table 8. The concentration and isotopic composition 

of enriched 41K spike solution. 

Total concentration 

Isotopic composition a9K 

Isotopic composition 41K 

1.415 µg/g 

0.82% 

99.18% 

�9 �1;;t:,,-;,j(.q:10) K 0)5EJt (�*'!-1*J&Jt 20.09 g, 41K 7- .,{ 1 _1,1 �:bi:tlt 1.64 x 10-9 M) 

Table 9. Determination of potassium in deionized water (sample taken : 20.09 g, 
41 K spike added : 1.64 x zo- 9 M). 

Time (min) after Filament Peak height (V)* s9K/41K 
onset of filament current Peak height 

current (A) a9K 41K 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 II 0.516 7.90 0.0653 

570 II 0.522 8.04 0.0650 

580 II 0.531 8.16 0.0651 

590 II 0.537 8.22 0.0654 

600 II 0.540 8.27 0.0653 

610 II 0.540 8.28 0.0652 

620 II 0.543 8.34 0.0651 

630 II 0.537 8.33 0.0645 

640 II 0.540 8.33 0.0648 

650 II 0.540 8.34 0.0647 

660 II 0.540 8.33 0.0648 

670 II 0.543 8.34 0.0651 

680 II 0.540 8.34 0.0648 

690 II 0.546 8.34 0.0655 

700 II 0.543 8.34 0.0651 

710 II 0.543 8.35 0.0650 

Average 0.0650 

* One volt corresponds to 0.6 x 10- 15 ampere of potassium beam current. 
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Q. 7-,.�,1 J�;/Jn��� Nd�tvtEi:p-e��il·L-C 0.05ml c'TQ. �7j(i:p0) K c�;/J07',.{ 

-1 Ji:pO) K vz::.IA.lfft-f*+�iJ�fflt:s'l--tQc, A 1 O)ti:ill�>J<�Q-=- cvz::.ct 0-C�t,ki:f:lvz::.,g-�� 

n Q K O)Ji:, x ��a Q-:. c iJ� 't' � Q. A 1 v-il]ff· J:t't'� Q. 

0.931x+ 
39K (7-- ,.� 1' J) 

0 .0688x+ 41K (7--,.� 1' J) 
.................. ···( l) 

�O)��-·�fl0)-$�1'*Y�71��Y�KP-�1YYL-C.ii:%�L-Cti:ill0) 

lt�, ]ffi]-1 * yO) ffl:VTEffi.f.tct 9 >l<�-0. � 9 vUi fill-1 * y7j(i:p0) K 0)%�1JU��ffiLk. 
39K;4 1K O)+:!eyfg 0.0650 � 1 :i:\O)ti:ill�Z::.�A --t Q-:. c vz::. ct 9, �flii: 20.09 g i:pO) K ii c 

� 10 �1 ;;t /7.K, W�f/il.K, ffiiilfrts= / !f- 1:::· - '7 / r'�:1](�flj-tj:t0) K O)JE_m 
Table 10. Determination of potassium in deionized water, redistilled water 

and snow samples* from Enderby Land, Antarctica. 

Sample Sample Spike a9K/41K C.V.** K K Filament 
and taken added measured found current 

location (g) (x 10-9M) measured 
(%) ( µg) (µg/kg) (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 0.18±0.00 0.600 

IFlOOA 5.11 0.742 0.787 0.35 0.0268 5.0 ±0.0 0.600 
F200A 5.20 0.681 0.855 0.60 0.0268 4.9 ±0.0 0.624 
No. 37-lA s.o

, 
I 

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 ±0.0 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 
I snow FlOOB 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 ±0.0 0.645 
No. 37-lB 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 ±o.o I 0.582 

Mizuho Camp A 7.84 2.63 

I 
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 0.89±0.0 0.696 
YA 8.20 2.17 0.109 0.43 0.00668 1.1 ±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 8.1s I 2.05 0.106 0.49 0.00881 1.0 ±0.0 I 0.790 

Syowa Station glacier A 3.161 0.773 6.41 0.57 0.436 132 ±0.7 0.690 

Antarctic snow "A", such as FlOOA, was analyzed just after melting of snow sample, while 
FlOOB was done 50 days after the first analysis; * Collected by Renji NARUSE and Hiroshi 
SHIMIZU, 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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L --r  o.00362 µg n-;x. G h 6 .  -ttJ:h't>1l!tt�Jff@Jr. 0.18 ±0.oo ppb "c'Jf> 0 .  *- 10 vc�:1Jc 

r:p K 0)5}-tJT*a*�� Lt-:. ppb 1t�"c'Jf> � .  
K ii, ��m•*���-- Lk�, ����5}-tJT���ffl-t � � c K l � --c%tJT-t � � 

c t  !:e* 6 .  

2. 3. Ca Cl)fiiJftL{;$.fiWR�imfl:lHIIHHJr 

°*- 1 1  vc�-t 
42

Ca 1lB.A,,� 1  J ��f--1-vc�jJO L--C, fAJ{ft,($:f{tj��� LJbt-: �vc nx;}[-t 

Run 

1 

2 
3 

4 

Sample 

Sea water 

Polar 
snow ice 

� 11 42Ca 7- ,.� 1 37 m� 0)11� c !EJ{ft�.lt 

Table 11. Concentration and isotopic composition of 42Ca spike solution. 

Sample 
taken (g) 

60 . 32 

60 . 24 

30 . 28 

30 . 00 

Concentration 

42ca 

4oca 

42Ca/40Ca 

20 . 84 Ca · 1ig/g 

0 . 473 x 10- 5 mol/g 
0 . 0248 x 10- 5 mol/g 

19 .08 

� 12 fIHl�:zKlf' 0) Ca O)!E:I: 

Table 12. Determination of calcium in redistilled water . 

42Ca added 
Filament current 

42Ca+/40Ca+ c. v. 
{l0- 7 M) a (A) I fi (A) measured (%) 

0 . 309 1 .  21 1 . 69 6 . 65 0 . 14  

0 . 332 1 . 13 1 . 67 7 .08 0 . 27 

0 . 248 1 . 05 1 . 66 8 . 77 0 . 1 1  

0 . 255 1 . 15 1 . 68 9 . 16 0 . 085 

� 13 �:i:O)@.fiX:5J-�ffrv:::.:}5(;t � Ca O)�jg L:5t:tfr, 

WJ.Klf'O) Ca c ffi��lf' O) Ca 0):5t:tfy 

Ca found 
{lo-s M) 

0 . 296 

0 . 287 

0 . 153 

0 . 143 

Table 13. Replicate analyses of calcium in the presence of large excess of foreign 
components : Calcium in sea water and in polar snow ice . 

42Ca 42ca+ I c.v. Ca Ca 4°Ca+ ion 4°K+ ion 
Sample spike 4oca+ found concn. beam beam 
taken added measured current current 

{ X  l0-7M ) (%) (µg) (ppb) (x 10- 14A) ( x 10- 11A) 

10 . 8  µl 0 . 595 0 . 504 0 . 52 4 . 33 401 X 103 4 . 93 0 . 022 

10 . 7 µl 0 . 589 0 . 505 0 . 25 4 . 28 400 X 103 18 . 99 75 . 6  

5 . 4  µl 0 . 522 0 . 824 0 . 42 2 . 27 421 X 103 7 . 53 0 . 17 
5 . 6  µ[  0 . 546 0.873 0 . 18 2 . 24 400 x 103 67 . 4  254 

20 . 17 g 0 . 203 6 . 98 0 . 32 0 . 0686 3 . 40 9.58 0 . 26 

20 . 18 g 0 . 182 6 . 64 0 . 1 1  0 . 0666 3 . 30 9 . 16 0 . 026 

10 . 22 g 0 . 300 12 . 3  0 . 51 0 . 0323 3 . 16 8 . 59 0 . 16 

10 . 12 g 0 . 286 1 1 .  6 0 . 30 0 . 0360 3 . 56 8 . 80 0 . 000 

Ca concn 
(ppb) 

1 . 97 

1 . 92 

1 . 98 

1 . 89 

Filament 
current 

(A) 

2 . 220 

1 .760 

1 . 940 
2 . 010 

1 . 600 
1 . 645 
1 . 670 
1 . 410 
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� 14 ffi�:7}(r:p0) K c 

Table 14. Successive determination 

Sample 41K sp ike 42Ca spike I Measurements of 41K+ /39K + K 
Sample taken added added Filament 41K + ion measured 41K +/ *5 

(g) 00- 9 M) (lo-s M) 
current beam cur- 39K + c.v. (µg) (A) rent (10- 15 A) 

*l *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. 1 1  3 . 49 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 *4 
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. 37 A 20. 45 2 . 64 3 . 43 0. 630 51. 1  0. 793 0. 47 0. 152 
E. 37 B 20. 38 2 . 73 3 . 01 0. 686 45. 7  0. 550 0. 50 0. 238 
E.F 1 70 19. 61 2 . 05 3 . 31 0. 675 53 . 6  1 .  70 0. 1 9  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, *5 Coefficient 

0 2 �0)ti:Jll��:l:5};ifri" 0 -: c. K. J:  9�7j(q:t0) Ca -J.t�>JV0 0 -=:  ctJt ··-e � 0. 7{Jffi�� 

42Ca;4°Ca 
0.970x+ 42Ca(.7,. .rC1 � ) . . . . . . . . . . .. .. . . .  ,( Z ) 0 . 0 064x+ 4°Ca( 7' ,,{ 1 � ) 

c L "( O) fl}�fll7J(tj:t Ca O)'.xE:l:1YU�� 12 vcffi L t-:. -: h�@JK-"?�1](vc.J;t,ffi L t  t tffMi=': 
iJ�t!J G ;hk (� 1 3). ts: :J:olql��;fSl-vc 41K _7.. ,.. { "f'  � c 

42Ca 7,. ,,{ 1  � � /qi �  vc � :VIJ L t, 

� 15 7(?!$. Ti  c ?- .,� 1 � Ti O)firj{.\L.W.lt 
Table 15. Isotopic composition of common and spike titanium. 

HONDA ( '68) 
DRAWIN ('58) 
HOGG ( '54) 
MATTROW ( '52) 
HESS ( '49) 
NIER ( '38) 
MUROZUMI 

Spike 49Ti, ORNL * 
Spike 49Ti, MUROZUMI 

8. 01 
8.00 
7. 99 
7. 93 
7. 92 
7. 95 
7. 93 

1. 58 
1 . 78 

7. 34 
7. 29 
7 . 32 
7 . 28 
7 . 50 
7. 75 
7. 2S 

1. 58 
1. 68 

4BTi  

73 . 80 
73 . 98 
73 . 99 
73 . 94 
73. 09 
73. 45 
73 . 94 

18. 54 
18. 77 

* Oak Ridge National Laboratory. Oak Ridge Tenn. U.S.A. 

5. 49 
5. 38 
5 . 46 
5. 51 
5. 90 
5. 51 
5. 51 

76. 14 
75. 51 

5. 36 
5. 35 
5 .25 
5. 34 
5.59 
5 .34 
5. 31 

2. 16 
2. 27 
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Ca O)�?Jz:5ttfr 
of K and Ca in polar snow. 

K Error Measurements of 42Ca + /40Ca + 
found originating Filament 42K ion in 42Ca 42ca+ / 
(ppb) spike ( %) current beam cur- 4oca+ 

(A) rent ( 10-15A) 

2. 79 1 . 1 4  1 . 915 6. 61 13. 1 
2. 65 1 . 32 1 . 980 7. 58 1 1 . 5 
1 . 59 2. 04 1 . 910  8. 52 12. 8  
4. 56 0. 764 1 . 830 4. 93 1 1. 6 
219 0. 016 2. 280 5. 48 0. 966 
155 0. 021 1 . 965 0. 567 1. 33 

I 

4. 38 0. 292 2. 240 8. 91 2. 97 
4. 60 0. 292 1 . 940 6.15 6. 13  
7. 42 0. 171 1 . 990 8. 13  6. 06 

1 1 .  7 0 . 094 1 . 890 2. 12  3. 75 
2. 6 0. 477 1 . 755 1 . 89 1 . 92 
2. 1 4  0. 733 1 . 850 21. 8 3 . 64 

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

59 

Ca Ca Error 
measured found orig inating 

*5 in 41K spike 
c.v. (µg) (ppb) (%) 

0. 54 0. 0426 4. 00 6. 41 
0. 55 0. 0638 6. 30 5. 09 
0. 49 0. 0907 8. 88 3. 39 
0. 61 0. 0625 6. 18  4. 92 
0. 25 1 . 84 1 78 0. 1 88 
0. 41 1 . 27 122 0. 264 

0. 27 0. 406 19. 1 0. 59 
0. 32 0. 1 70 7. 82 1 . 27 
0. 86 0. 1 54 7. 51 1 . 51 
0. 22 0. 253 12. 4  0. 95 
0. 40 0. 609 31 . 0 0. 30 
0. 78 0. 377 1 8. 2  0. 57 

39K+ /41K+, 42Ca + /4°Ca + ��?Xrn::.Ulll�-t 0 � c v::. J: IJ , K c Ca �;:J<oo � � c il� "c' � �. � 

0) 15� vi 5.Hrr J:: 0) � ric!,, '.;}J ft, �-0) dj. tJ: G -f, :lli:tJ: �fl :1: 0) ffi5*'9v::., � v:::. ::x 7 �fl5ttrr 

vC :l=c,\,  ' ""(�jL ,,:d-=: (� 14). 

2. 4. Ti <I) lii]{ft��fR�imiltltj{M:�*fi 

Ti vi� 1 5 vcffi-tlAJutf:*mnx:� t --::, --C\, ' � . �7.k�M:zfo::., � 1 5 v::.ffi-t 49Ti v.l;f{m7',..� 1 

J �1ffe1JQ L --r, IA]{ft1*fftsvcj¥� Lobt-::�nx:jL-t � 3 5;\0) E:J21��:l:5ttff L --c, �flq=iO) Ti 

Table 1 6. 

Sampling 
station 

F 122 
Mizuho 
No. 1 35 
Byrd Station 
Camp Century 
Tokachidake 
Asahidake 

� 16 �7.ki:p T i  c It�W.:4'01*J:f.ftO)fE:I: 
Determination of Ti and silicate dusts in snow ice. 

Sample Ti  measured Ti  
taken (g) (µg) ( µg/kg) 

106 0. 0046 0. 04 
203 0. 0012 0. 005 
100 0. 0059 0. 06 
100 0. 002 0. 02 
100 0 ; 010  0. 10  
27. 4 0. 012 0. 44 
24. 4 0. 012 0. 51 

S ilicates 
(µg/kg) 

8 
2 

12  
4 

20 
90 

100 
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jt X ( -e ;v�) �*� 0 ::_ c iJ� --(' �  0 ,  
48Ti0+/49Ti0+ = {48 

I · X · [O] + 48Ti0 . [S]}/{4 9  
I · X · [O] + 49TiO[S]} ................. ·(3) 

::. O)� --c 48
/, 

49
/ vi� 1 5 v:::.� L, t..: 48Ti, 49Ti O){ftEJ:t--C'af) IJ '  48Ti0 · [S], 49Ti0 · [S] vi ;<.. .,..� 1  

� Vj O)  48Ti0, 49Ti0 --C'a!> 0. 
48TiO+ , 49Ti0+ 

c L, --O'.e--ii-G 0 1  :t- :/ t:' -A 5lnit�J!U5:E L --Cli: 

JZl O)fif!�, � k, ktu'.J� G�f-+$ 0) Ti 0) -e )v�}t x ��!] 0 ::. c h� --C' � 0  (� 16), 

3. 1 .  {l:�Jt,)-�Jlll 

� 5 v:::. � f vl f.NJJJJi c 1!9 .:r:. :/ !i' - t:' - :J :/ F' 0) �ffi�7Jci:p0) 1t�fflt5t�lt� � L k. S122 

� 11 :&i �1]( $ 0) :filJiU!!J?o�*.ir:I:, rtg/kg 
Table 17. Amounts of s il icate dus ts in polar snow, µg/kg. 

Elements in silicate dusts Total amounts of elements 
in snow ice 

Sampling 
station 

F 122 

Silicate 
dusts 

8 

Na 

0 . 2  

K 

0.2 

Mg 

0.2 

Ca Na 

0 . 3  53 
Y 200 Ender- 6 0.1 0.1 0.1 0.21 14 
Mizuho by 2 0.02 0.01 0 . 002 0.04 14 

Land Y 300 
I 

8 o. 2 o. 1 5  o. 2 o. 3 1 1  
Y 135  . 1 2  0.3 0.2 0.3 0 .42 12 

�t�EI:ry�I �� . _  f �_�f � - f ! _r _Ji 
� 18 ffi:&i�7}( 1=p O)f[:$:Jrt5t{l�. pg/kg 

K 

2.1 
1.0 
1 .2 
0.56 
1 .0 
1.5 
3.1 

50 
40 

Mg Ca 

13  3.18 
2.3 3.76 
2.1 2. 78 
1.  7 1 .93 
3 .0 1 .81 
4.0 1 .3 
8.0 6.4 

200 100 
100 130 

Table 18. Chemical constituen ts in polar snow *, An tarc tica in pg/kg. 

Station No. 

F 240 
F 200 
F 1 70 
F 100 
X 37-1 
X 37-2 
Glacier 

* Collected by R. NARUSE. 

Na K 

1 9  3.27 
17 5 . 1 5  
22 3.19 
43 5.24 
23 6.45 
62 5.18  

2100 1 38 

Mg Ca 

2 . 5  4.7 
0 14 
3 . 0  26 
0.8 1 1  
0.9 30 
5 . 1  0 

292 250 
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.. 

Station 
No. 

St. 70 
St. 122 

St. 170 
St. 240 

St. 300 
St. 414 

St. 528 
St. 580 

St. 610 
St. 638 
St. 690 
St. 725 
St. 749 
St. 771 
St. 804 
St. 837 
St. 870 
St. 897 
St. 927 
St. 947 

� 19 jcijffi�7j(l:p O)fr,�$:%71� 
Table 19. Chemical constituents in polar snows, Antarctica . 

Location Na K 
Latitude I Longitude in ppb in ppb 

69°07'S 42°28'E 93 I 5.3 
70°01' 43°06' 31 2.5 

31 4.5 
24 4. 8 

70°50' 43°05' 43 5.5 
72°01' 43°06' 19 4.6 

77 17.3 
73°02' 42°58' 94 26 
75°00' 42°50' 63 5.0 

38 2.5 
37 7.0 

76°58' 41 °50' 16 2.9 
77°51' 41°10' 35 13 . 6  

28 1.2 
18 1.5 
12 2.1 
13 2.3 

78°21' 40°58' 32 8.4 
78°84' 40°45' 42 8.6 
80°08' 40°30' 26 4.7 
81°18' 40°27' 26 4 . 5  
82°05' 40°26' 41 5.5 
82°49' 40°17' 32 7.5 
83°57' I 40°29' 20 5.5 
85°04' 40°50' 35 5.4 
86°12' 40°29' 68 16.8 
87°10' 39°30' 25 3.6 
88°09' 41°00' 22 3.6 
88°50' 41°00' 23 0.9 

61 

Mg 
in ppb 

12.4 
2.3 
2.7 
2.7 
3.9 
7.9 
3.7 

11 
6.5 
3.4 

12.8 
3.8 
6.6 
2.2 
1.6 
2 . 8  
1.8 
4.4 
4.6 
3.2 
2.0 
3.5 
4.2 
3 . 3  
3.0 

11 
1. 7 
1.8 
4.0 

0) Na c Mg {lti�fU� c L --Cfi!U��O){l:�ITTttJtiJ!:ieyJ{'"(·4!> 0 -:  c iJ!biJ� "? t:::.. � 17 v:::vi 
�twJ![ $ :5R: u.i � 0) + 1mm, m ifr u.i m 0) � J1{ � Jt� L --c 4!> 0 iJ ! , -t" h G 0) 1t� nx: %frnn: . .1t L 

1/50 �ffi):3m"?itJ: t 0) '"('4!> 0 -:  c ,  � � v::.filJ¥ffil{J£�0)�ffi��tj=tO)�)i):.Jt L 10-2,_,10-a 

�::. i" �-tJ: 1,, , -:  c iJ!biJ� 0. fi!U��O)��ffil, � 18, 19 �1¥:fffi::k���tJ: 1,, ,  L P� !.J � :/ 7 :/ · 

r'�l:$0)�7j(tj=t{t�nlt%itffi)::. < G �--C t ,  -: 0)��0)�1k$11::�nlt%it&vi1ffi: L --C;ffi°?i'"(· 
4!> 0 c § x. J: 5 .  1l:�ITT�Jt c ���{cf: c O)��'li.viA,1&0)7iff5e�M c tJ: 0 "c'4!> 0 '.5 .  
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Sample 
No. 

65-13 
65-14 
65-15 
65-16 
65-17 

65-23 
65-24 

65-18 
65-19 
65-20 
65-21 
65-22 
65- 2 
65- 5 

65-- 3 
65- 4 
65- 6 
65- 7 
65- 8 
65- 1 
65-25 

65-26 

66- 1 
66- 2 

66- 6 
66- 7 

66- 3 
66- 4 
66- 5 

) 

) 

} 
66-A- 1 
66-A- 2 
66-A- 3 
66-A- 4 
66-A- 5 
66-A- 6 ) 

66-A- 7 
66-A- 8 
66-A- 9 
66-A-10 . 

Location 

Virgin Trench Site 
80 km ESE Camp Century 

I 45 km ESE Camp Century 
I 1 km ESE Camp Century 

Virgin Trench Site 
80 km ESE Camp Century 

Inclined Shaft Camp Century 

I Ice Tunnel Camp Tuto 

I Virgin Trench Site 
I 215 km NE Byrd Station 

1 125 km NE Byrd Station 
35 km NE Byrd Station 

Virgin Trench Site 
215 km NE Byrd Station 

Inclined Shaft Byrd Station 

66-E I Erebus Glacier Tongue 
66-M Meserve Glacier 

I 
I 

: 

� 20 wrn:fi!ffffi7J<�O) 
Table 20. Chemical concentrations 

Depth (m), Greenland, I Density Aug. '65 =0, Antarctica, Jan. '66=0 

0.32 
0.64 
0.74 
0.84 
0.97 

0.51 
0.36 

I Bottom of layer 

} I Bottom of layer 

3.0 
5.8 
7.6 

10.4 
12.8 
13.1 
23.2 
33.6 
41.5 
46.7 
57 
67 
75 

100 

0. 5 
1.0 

0.5 
0.4 

4.4 
8.4 

13.0 
5.7 

11.0 
15.6 
20.1 
24.2 
28.5 
32.7 
35.8 
39.5 
43.5 

Centre whole-year 

) I Bottom of layer 

} I Bottom of layer 

\ 

) Centre whole-year 

-
-
-
-
-

' 

0.57 
0.645 � 
0.702 
0.734 
0.755 
0.791 
0.828 
0.849 
0.891 

-
-
-

0.46 
0.547 
0.598 
0.639 
0.67 
0.70 
0.725 
0.743 
0 . 762 
0.781 , 

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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63 
in both polar snow strata, µg/kg. 

Character Age ---,-----,----,----,---,-----,-------;--- %0 
I I 

Total concentrations (µg/kg) 
I 

oC18 

Pb · \ Na \ Cl I Mg \ Ca \ K Ti \ Si SMOW Summer '65 Spring '65 Jan. Wint er'65 Dec. Winter'64 Fall Spring Spring 

Composite  

'64 '65 1 '65 

1965 1965 1965 1964 1964 1965 1965 1963 1960 1958 1955 1952 1946 1933 1908 1892 1881 1859 1835 1815 1753 

0 . 15 0.19 0 .42 0.37 0.10 0.20 0 . 27  0 .14 0.084 0 .15 0 . 12 0 .12 0.16 0.047 0 .064 0.076 0.036 0.042 0.057 0.034 0.011 \800 B.c. \ <0.001 \ 
Summer'65-'66, 1966 1 <0.004 1 Winter '65 1965 I 0.02 I 

1961 0.05 1954 <0.004 1947 <0.004 1942 0.01-1916 0.005 1890 <0.001 Composite 1857 <0.001 1834 <0.004 1805 0.009 1775 0.006 1752 <0.001 1724 <0.001 1694 <0.003 

6.9 8. 5 2.-8 1.9 3.2 4 . 6  2.1 
-
-
-
-
-2.6 1.4 1.5 2 . 8  2.0 1 .  7 2 . 5 2 . 1 2 .0 

I 

I 

2 . 3  3 . 7  ' 6.2 3 . 8  6 . 2  
-
-
-
-
-4.9 2.5 2.7 5 . 1  3.1 3. 7 5 .0  3.5 5 .0  3.5 I 5 . 7  \ 

2.5 1 . 4  

-
-
-3 . 1  
-
-2 . 3  
-
-3.8 
-
-3 . 6  

I ; : ! I 

I =  I 
-
-
-6 .0  
-
-4.8 
-
-6 . 2  
-
-6.6 

3 
5 6 
5 7 

(11) 6 6 4 4 1 . 1  4 7 
5 
5 
5 7 8 
5 4.5\ 
� ! 

-
-
-4 3 7 3 

5 3 4 3 6 6 

not well adapted to such high concentrations. 

2.9 9 . 7  1.1 4 . 8  2 . 6  1.1 2 . 2 (9.5) 6 .0  5 . 8  7.0 7 . 8  5.3 5 .0 7 . 1  
5 . 5  5 . 4  7. 6 6.0 9 . 4  6 .0 1.7 
1 .0  0.5 
1 . 3  2.0 1.0 0.9 0. 9 1 . 5  1 . 1  1 . 3  0.9 1 .0  1.1 1.5 1.1 1 . 2  1 . 4  
[11]  [450] 

1.4 3 .0  2 . 5 2.5 1 . 6  1 . 2  2 . 4 (14) (4 . 8) (4 . 5) (4 . 6) (5 . 3) 2 . 5 2.3 2 . 3  2 . 8  2 . 6  2 . 3  3.0 3 . 1  2 . 6  1.6 
1 . 4  0 . 8  
1.5 2.3 1.6 1.5 1.4 1.5 1 . 4  1 . 6  1.3 1.4 1.3 1.9 1.6 2.5 1.7 [22] [50] 

I 

0.04 0.05 0.03 0 .08 0.01 
-
-
-
-
-0.1 0.02 0 . 1  0 . 1  0.1 0.08 0 . 2  0. 1 0 .08 0 .06 

-
-
-0.02 
-0.006 
-
-
-
-0.01 
-0.01 [0.4] 

[4] 

- -22.6 
- -26.4 
- -31.5 
- -24.2 
- -28.1 

I I 
- -
- -
- -
- -
- -
- -28.6 
- -28.5 5 . 7 -30.0 
- -27.8 
- -28. 9 
- -29.7 7 . 9 -31.4 
- -29 . 5  
- -30.0 

I 2 .1 I 
I I 
I I 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -0 .4  -
- -
- -



3. 2. ��Bl!#J1iiUatti!lffi: 

�:;,}(tj=tO) Ti tlllJi 0.0 n µg/kg 0) v �;t., ·-es 0 (� 16). � -C W i$ ::,j(tj=tO) Ti/Na O){iiJ� 

10-1 �gr-·es 0 0) f::.:xt L,  B1i�4m4tc-v-i 10-1,_,10-2 --c:-s 0 .  Na O)� < vtwi$1U:: �x. 

G h 0 b· G ,  :::.. 0)  Ti vtwi$V]{--c-vttJ: < ::t::c L -CBE�*1W: c �x. 0 0)iJ���--c:-s 0 5 . Ti 

:I:� 250 {.:g- L -c, B1i�4mff&filr:l: c L -C� 17  � x.t.::.. � 16  0) Ti :!i:�, Byrd Station � 

-Greenland 0) Camp Century 0)1t.�nlt5t, � 20 0) Ti :I: c .ft� L -C .7,,. 0 c ,  Byrd Station c 

JA'J�l!tc'S 0 iJ� Camp Century 0) 10-1 vc i" &'tJ: 1., , :::..  c iJ�hiJ• 0 .  :::.. hviBE�*1lf&fil-=fO) 

�--c:-s 0 ::k�O)Jfu3*fiEIT�:fjcvc�vt 0 5tifff �::k�::kfmfflvciJ.iJ·h 0 t 0) -es 0 5 . 

� -CBE�*1lf&fil-=fO)f;iey1r.�*13.nx:vc�"51., , -c, � 1}( 4t vc � vt 0BE�*1tt0) Na, K, 

Mg, Ca ��/±Ii" 0 c �  1 7  O)ffi 3 ffii�O)�{filil�>J<i 0 .  :::.. O)�{filvi, ffi 4 ffi!IO)n\(;5t¥Jlgrvc < 

0 �  10-
2 �ocvci" &'tJ: 1., , :::_  c iJ�hiJ• 0 . � 21 vc vi Na, K, Mg, Ca •ocvc"':>1., , -c,  ffi 4 ffi!I 

c ffi 3 ffi!I c 0)�5 l{fi1�5r- L t.::.iJ�, -JJ 'Y ::q:13 O)�filivi-th G�5 l@:O) Na �5 l{filvcxti" 0 !Uit

···es 0 .  Wi$JJ(tj=tvc�vt 0 K/Na, Mg/Na, Ca/Mg O){filvi, -th-th 0.038, 0.120, 0.038 c' 

� 0 iJ. G ,  � 21 O)ffilvi:@:1*®vcvtwi$@:vcili:{J1 L -c 1., ,  -c, :::.. h G 0) nlt5tn�wi$vcV]{� t "':> 

:::.. c � ? iJ.iJ�h-:i:t 0 .  Lb• L K/Na i)�, 0.036,-,0.086, Mg/Na 7'.J• 0.1 4,-,0.24 c'S 0 0) vc:xt 

L,  Ca/Na vi 0.055,-,0.26 c'§..§ G iJ,vc�i., ,{@�5f-i". Ca 0)¥Jl�.EtviA,�O)�:,ffic'S 0 ? . 

:::.. :::.. c'vi� 21 0)�5 I Na {fil�Wi$V]{ c fR5E Lt.::.. Byrd Station c Camp Century 0) Na/Cl 

f@�� 22 vc5f- L t.::.iJ�, wi$1J(tj=t0) Na/Cl vi 0.55 ··es 0 iJ. G filu::k�j:13�0) Na/Cl filivi'f7U7!

tJ: < W7t{fil J: I) 1} � \, \ :::..  C iJ�hiJ• 0 .  wi$V]{O) Na C CI vc vt��vc� 0 i c'VCffi1[5t1r.� 

ft!!�V]{ Na, Cl O)jl#jJQ��vt 0 :::.. c iJ�S 0 :::..  c �5r-i" t 0) --c:-s 0 ? . :::.. 0) Cl O)ffiU5Evi Na c 

,fEJ�vc4ttt-=fMc!tt1r.5ttfrvc J: "? t.::. . .7,,.fv��J]( c r§.:r.. './ ,f - 1::" - =J  './ r vc":)1., , -c t ,  i t.::.A, 

�O)rnffifl.if!Uvc t �iJffiO)ffiU5E1.*n�1*ffi � h 0 :::.. c il��i L "' ' · 

� 21 � ��- �- 7 � �����w�• 

Table 21. Amounts of sea salt contained in Enderby Land snow . 

Station No. Na K Mg Ca 

F 122 53 1 . 9 (0 .036) 1 2 . 8  (0 . 24) 2 . 9  (0 . 055) 
Mizuho-I 14 1 . 2 (0 . 086) 2 . 1  (0 . 1 5) 2 . 7  (0 . 20) 
Mizuho-2 14 0 . 88 (0 . 063) 2 . 4  (0 . 17) 1 . 9 (0 . 14) 
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 1 1  0 . 41 (0 .038) 1 . 5  (0 . 14) 1 . 6 (0 . 15) 
------------------ -------------·-------·------
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� 22 ffi�7J(i:p 0) Cl c Na ¥Ill'. 
Table 22. Chloride and sodium concentrations in polar snows. 

Sample age 

Greenland interior 
1815 

1946 

1892 

1938 

1881 

1859 

1835 

1965 
Summer 
1965 
Winter 
1964 
Winter 
1964 
Fall 
1965 
Spring 
1965 
Spring 

1753 

Coastal 
800 B.C. 

Antarctic interior 
1942 

1857 

1775 

1694 

1965 

3. 3. {l:�Jl��raillff"Ffi 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

{ 

Cl concn. 
(µg/kg) 

52± 2 
52± 2 
66± 2 
68± 2 
71± 2 
73± 2 
41± 1 
39± 1 
40± 1 
38± 1 
43± 1 
45 ± 1 
60± 2 
58± 2 
30± 1 
30± 1 
72± 2 
69± 2 
43± 1 
49 ± 1 
69± 2 
72± 2 
26± 1 
26± 1 
50± 2 
53± 2 
58± 2 
58± 2 

570±23 
580±23 
68± 2 
72± 2 
58± 2 
59± 2 
71± 2 
75 ± 2 
80± 2 
75 ± 2 
34± 1 
37± 1 

Na concn. 
(µg/kg) 

21± 1 
21± 1 
26± 1 
29± 1 
30± 1 
32± 1 
14± 1 
13± 1 
18± 1 
19± 1 
17± 1 
17± 1 
29± 1 
28± 1 
8± 1 
9± 1 

29± 1 
28± 1 
21± 1 
22± 1 
31± 1 
33± 1 
6± 1 
5± 1 

21± 1 
24± 1 
20± 1 
21± 1 

350± 15 
350± 15 
31± 1 
30± 1 
22± 1 
22± 1 
37± 1 
34± 1 
35± 1 
38± 1 
15 ± 1 
14± 1 

(Na/Cl) 
Wt. mean 

0.40±0.02 
0.40±0.02 
0.39±0.01 
0.43±0.01 
0.42±0.01 
0.44±0.01 
0.34±0.02 
0.33±0.02 
0.45 ±0.03 
0.50±0.03 
0.40±0.03 
0.38±0.02 
0.48±0.02 
0.48±0.02 
0.27±0.03 
0.30±0.03 
0.40±0.01 
0.41±0.01 
0.49±0.01 
0.45±0.01 
0.45±0.01 
0.46±0.01 
0.23±0.03 

. 0.19±0.04 
0.42±0.01 
0.42±0.01 
0.35 ±0.01 
0.36±0.01 
0.61±0.02 
0.60±0.02 
0.46±0.01 
0.42±0.01 
0.38±0.01 
0.37±0.01 
0.52±0.02 
0.45±0.01 
0.44±0.01 
0.51±0.02 
0.44±0.03 
0.38±0.03 

65 

ffl�:i: (annual accumulation) c {r.�1*:5hl� c tJ� G ,  {r.�1*;5tO)if:.r1:1i�r :i:�>.1<60 0 s:. 

c il�-e �  0 <* 23). :¥fEjl!�tt,jUa�i7� 0.1 µg/cm2
, iH$�0) Na ii� 0.4 µg/cm2 

""(·, Mg, 
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� 23 if.F�j�ffi:I:, µg/cm2 

Table 23. Annual amounts of fall out in µg/cm 2• 

Camp Century Byrd Station Enderby Land 

Annual accumulation 20 x l06 l O x  106 
I •  30 x 106 

Si 0.14 0 . 004 n.d. 
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 ffiffi.:r.. '/ ::f- 1:::.··- =J '/ F�l](tj:iO)Na c. Mg oxtz:.Pfi::5};fp, pg/kg 
Table 24. Vertical dis tribution of Na and Mg concentrations 

in Enderby Land, Antarctica , µg/kg. 

Depth (cm) Na 

1884 "' 1889 314 
1923 "' 1933 48 
2645 "' 2660 54 
2742 "' 2755 57 
2882 "' 2893 358 
3309 "' 3313 107 
3460 "' 3470 156 
3992 "' 4006 858 
4500 "' 4512 33 
4987 "' 4997 170 
5985 "' 5996 11 
6086 "' 6095 5 

----�----" 

Collected by T. YAMADA. 

Mg 

21 
3 

10 
7 

44 
67 
76 

125 
37 
58 
2 
3 

K, Ca vi -th-th 0. 1 ,  0.03, 0.06 µg/cm2 
�oc-e� 0. 

3. 4. fl::�nx:71-ilifit0)¥�7J'� 

* 24 v::. ;f-- !J '/ !J' -;:z  7v::. J:  0 1t�nx:%0)i{gfillJt:;{ff O)ffl���Lt-:. � s v:.:. 7:,,.. 1:::> h 0 �iii 

�1Jc 0)  J.ttm�v::.uvt 0 :Iey�t:tv::.Jt� L -c, i{gfillJt:;{ff 0) �1!::ii�:k � \, ,  � c il�biP 0 .  ���ftf: 

0)*��1!:: c 0) �lH:i�a: § L -c�it-t-� � -e� -6 25 .  
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4. ts i" ry 

�v�::R J: � O)�Jt c 1, ,  5 ,  ffi:i'mO)fflJl::,kvt::R J: � 0)3$� '"(-25 ;;s 5 . 3$�0)3'C=tvt1J\ � 

< :to�f )S 'c'WC� c n � �viYfJ: \,  ' .  �� < 0)�7j(O)���O)S:1Jv;:. J: --:>  -C, c r:.� 2--3 IT 

amwc'"(- f!t::. c § x. J: :'i .  :i'm3*11::��v;:.�,�tce O)vi, mll!»tce�f-+ (sampling ��f*fFi:pv;:.r5 

� �  n -c 1,  , tee 1, ,) , 5.HJr�tl, :tnv;:.ftlflttce��'.¥:'c'a5 0 . .:t L -c  :tn G vt�� c L -C 'c'vi 

215 0 iJ��mv;:. lPJ iJ� "? -c 1, ,  0 .  

(1975 :4:- 7 Y3 2 E �J.!11.) 


