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On the Chemical Compositions and Origin of the Lake Waters in the 

Prince Olav Coast, Antarctica 

Jun-ichiJHIRABAYASHI* and Joyo 0SSAKA* 

Abstract: Geochemical researches were carried out for the period 
from December 1972 to February 1974 on the lake waters in the following 
seven areas along the Prince Olav Coast; Sinnan Rocks, Cape Hinode, East 
Ongul Island, West Ongul Island, Langhovde, Skarvsnes and Skallen. 93 
lake water samples were collected and their major components were analyzed. 
The following results were obtained with respect to chemical compositions 
of these lake waters and the origin of their salts: 

1) These lakes along the Prince Olav Coast were classified into the 
following three types according to their topographical origin; lakes created 
by collapse down of extant glaciers, lakes created by the direct invasion 
of sea waters in the past, and lakes of meteoric waters in depressed ground. 

2) Total concentration of salts in these lake waters ranges from 6.7 mg/I 
to 3.26X 105 mg/I. Many high salinity lakes where the total concentration 
of salts exceeds 1 X 104 mg/I were found in Langhovde and Skarvsnes, whereas, 
in the other areas few lakes contained more than 1 X 103 mg/1 salts. 

3) The salts dissolved in these lake waters originate from sea water. 
The deviations of the chemical composition of the lake waters from that 
of sea water are ascribed to wind-blown sea spray which affected the chemical 
composition. 

� �: 1972 Sf. 12 J] iJ, G 1974 Sf. 2 J] vciJ,vt--c, 7" � :/ 7' ::t 5 7fiH¥=vC,�tEi" Q 7 
v::>O)ff::r5:l@� (�ffi::'r5, s 0)/:f:lil!lp, }R:;t :/ ;f';'v£, g_g:;t :/ !/'1'v£, 7 :/ ;l';t 7'7', 
7' n 11v 7'' 7' * 7', 7' n - v :/) tc1ftEi" Q ��O)WJrIH:-i:f:t,c_,, c Lt-::!@3*1t� a9w1,11t 
�rr0k. 93 !Oi'Mrmc.01,,--c, WJrB7lc�:l*J& L ::t::gjt?}l01t$:B-;j:Jy�ff1,,, .:t.nG 
(0 gjt?}ffifPJ t, t1:f V*vc 01,, --Ci!f=f O)�!v�rr 0 t-:.. .:tO)ffetij!J:t?xO)jm IJ -e4'.) Q. 

1) 7° � :/ 7' ::t 5 7 fB*O)WJrBv:t, :!@%fl9vc mtE lb 1JcfriJ ii•�'t:JJ2:A, ··e:-1,, Q lb 0), 

57](��-J&l)��h--C/±l*ftlbO), ffl:J@Ktiffl7lc���k�0--C/±l*kl'MrB�� 
vc:B-vt G.:hG. 

2) .:. h Gl'Mf§7}(0);f(i:tg?}:l:v:J: 6. 7 mg/1- 3 .26 X 105 mg/1 O)JAil(BfffivCbk0 L 
:tel), �tc, 5:/f,t7''7'', 7'n11v7'7't-7'tcv:t lxl04 mg/lt..,U:O)tgW];o•�<trtE 
L, L \, \ Q. -tl0ftl10):J@�'"c'v:l: IX 103 mg/1 �.:. .:t Q iiillrBv:l:vf CA, c'';t:g2io GhtJ:\, '· 

* JR�L*=:k�I$$:J@f/f �t/efo$1i}f'9'l:�- Laboratory of Geology and Mineralogy, Tokyo Insti
tute Technology, 12-1, Ookayama 2-chome, Meguro-ku, Tokyo 152. 
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1¥:iffi::k�O)fBW:r:Ji:t- 7 V 7' c llf�fnGm:!s-:f:l!fttril\�tE L, ,l.:. vcvi;Jik 0)7j(�O)�¥BiJ; 

�GhG. �®��O)�Gf9/7':t"77�7*:0)ff:!s-�ffiKt, -�<O)�m�frtf.LL�' 

G . .:.nG�1mc0�,L�t.:.n"i ··evct, ��1¥Jtv.Kli)c--:n,Lvi, �JJJ{ • .�,@(1959), *� 

ti (1963), YAMAGATA et al. (1967) GvCJ:QT/!/'Jv�O)�yB0)¥1H'ril;�,tJ. "it.:., �vc:!1[ 

�vc'0�,L�i, aB3 (1970) ,  tin (1971) vcJ: 0L¥!i�iJ;tJ:�hL�'G. �Jli--c·vtffi 13 {'k 

�O);t1LLJ (1974) ii;, .:. n G��O)�y,B0)7j(���ft LL :re tJ, "it.:., .:. n G�f,B7j(tj:t0)1i 

4:Jinlt5tvc '0� 'L vi, ffi 15 tk!*O){ti:ff (1975) vc J: 0 L �1til;fibht.:.. ¥�vi, m 14 tk 
�1r-��ftfr/�$f,O)?iff�O)�fflc LL, 7

° 

9 / 7-:i"-7 7zB:1¥0)%ffB��vc,�tf-tG�m 

0)71(:il{tJ: GcJ\vcfflm��ft L. .:. n G �m7J(tj:t O)ft�nJtJ}O) EB* vc '0� 'L �f G § 1¥]--c·, 

1972 :¥ 12 J3 J: fJ 1974 :¥ 2 J3 "i --c·O)is9, !B'JrBW:O)�WJ:!s-, B 0) f±'t!lJEjl, ** / !f 1v�, 5:t

/. !f Jv�, 7 / !f 7G 7
°

T, 7' 7J 1v 7
° 

7' ;t. 7', 7' 7J - v /tJ: c'O) %i!:!s-��VC.frtf.-t G �t 93 

0) � m 0) :mtt!!�ft �fi 0 t.:.. .:. n G 0) �ft 0) � vc:l*l& Lt.:. 7.K��f"'t vc '0 �, L, -l 0) :=:tnJtJ}O) 

ft�J};f:Jr�fi�'. -,lO)�*iJ" G.:, ;rL G��O)�m0)7j(�O)ffi[Pj C ��VC"J�'L, *r=fO)�w 

c�����t.:.. 

� 1 vc�Lk J: :> vc, 7
° 

9 / 7-:t-7 7{BW:vc�GhGff:!s-�ffiO) :> '0, �WJB, B O)f±\!lJEfl, 

* * / �-- 1v �, 5 * / !f Jv �, 7 / �· 7G 7·' 7\ 7' n 1v 7
° 

7' * 7', 7' 7J - v / 0) % �� --c·, ± 

vc.1.J<O)FM!vfL �'G ][:WHc, %�f,BO):g'l��ft�fi�'. �ffi7j(O)�f4�:l*l& Lt.:.. tJ::ro, wlilft 

B �O)t��--c-, ][WJvc�1t-r G.:. c ii; --c· t5 tJ:iJ" 0 t.:. 7 / !f ,G f 7\ 7' n 1v 7··7-* 7' 0)�$0) 

�1Bvc '0�'Lvi, *:re J: cJ\f;kvc�1t�fi0 Ltm 0t.:. . .:. n G�f40):l*J&�,��i, %���- c 

vc� 2- � 8 vc� Lt.:.. tJ::ro, .:. n G�flO) :> t,, B 0) 1:1:i!lJlfl H-3, ** / !f 1v� E0-7, 7' 

7J 1v 7·· 7' t- 7' SV-1 0) 3 �flviFM!�vfEJJ( --c· � G . 

.:. n G�1t�fi 0 t-:.%ff::ff��vevi, �%1¥Jvc� L gf;I Gil,.vcmJJJ(iJ; l& fJ � "i ht.:. � Q 'Ii:> 

ltt!, fit�ltt!. -tfJ�f'0�tJ:c·�. :mtEt:1.kfri.Jil;�O)J:f:tvcr!ti�1v--c-�,Q SV-16, �G�'vi, 

3-� vc �FM! vt 71( 0) t.:. "i 0 t.:. t 0) tJ: t:, ;Ji k 0) nit lzsl --c· --c· t! t.:. c ,f/f!, b h G � 1B iJ ;frtf. LL � 'G . 
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s 0)/±lUrEJl, ** / !f11.,�, @;;t / ,;1''11.,�·-evi, �=f0)�1f�;W!O)J1\.,,vi�.QiMfiJt� < �":) 

-c:to�. -f:O)fc:�-ifG, �,Q\.,'vi:::kfi!Htht�vc:to:tobtL-c\.,,Gf�?BiJt�<. 'if.::., 7--n-v 
:/ vc:to \., ,-c vi, :;)j(� 5-10 cm �f:lt"c'vi � G h\ 5cJdc*5:;)J< L-C \.,,,Qt 0) t \.,, < v:::>iJ.Ji!. GtL 
t.::.. � G fC, tl'K i� �c v:::> \.,, -c vi trJ-i.lt l'l:g, l5Q ,Q � r&, t:'' < 6 l'l:g vc :t,:, vt ,Q ::t A -f - r "c' 0) � �� 1t 
O)ffl*Cwiffivi2!J$�)h· G, ��JJU:: r�7Jcc'vi7t.ilit nx:73-11!:!tt.t 2::.:vch·t.t. 1? O)Jl\.,,iJ�B!J� G 
tLt.::.h\ *��"c'vi�ffiJtO) dj-. �xt* c Lt.::.. 

�l �9:/�*�7��K��G-��-t 
�it�/.'� earn, 1910). �1;v1�1t�• 

Fig. 1. Outcrops and survey areas in 
the Prince Olav Coast. 

2 Jon 

�3 B�lli�K��Gam7](���� 
(H-1,_,8) 

Fig. 3. Sampling points at Cape Hinode 
(H-J,-..,8). 

-,, " 
4 km =====�-, 

� 2 lfrffi��c�� G amJJ(tt��,� 
(SN-I,.._, 10) 

Fig. 2. Sampling points at Shinnan 
Rocks (SN-J,...,JO). 

II 

0,5 1 Jon 

�4 •*:/��-K��Gam7](���� 
(EQ-l,_,15) 

Fig. 4. Sampling points at East Ongul 
Island (EQ-J,-..,]5). 
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Ii 5 fllj;t :/ � 1v�vc:tovtGWJiBJJ(f*J&:J;tgg (W0-1--12) 
Fig. 5. Sampling points at West Ongul Island 

(W0-J,-.J2). 

li7 �����*�K:tovtGWJm7]( 
¥,fEJ&:J;tg,� (SV-1-- 16) 
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1i6 �:/Y*��K�vtGWJiBJJ(f* 
l&:ttl?.,� (L-1--20) 

Fig. 6. Sampling points at 
Langhovde (L-J,-.20). 

Ii 8 � � - v :/ tc :to V1 G WJ m 7}( 
f*l&Jfil,� (SL-1,...., 12) 

Fig. 7. Sampling points at Skarvsnes 
(SV-J,-.J6). 

Fig. 8. Sampling points at Skallen 
(SL-J,-.J2). 

G 0) � rmc � " � '"( fl 7j(VC /\�Ml vt' 1t lli Lt.: 7.K 00 0) 71( � tU& Lt.:. tJ: �' 7' 7J /V -f 7,. * 7,. 

SV-16 0)7j()!JLt 2. 7 m "c'l) IJ, 3 )=J �c�}1t�f.f -0 t.:** :/ .tl1vf,)h E0-6 �'i. 0.3 m 0)7j()!J 

. "c'l) ":) t.:. 
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3. {J!U5£ t.£ G v< vc 1t*Jr7J� 
�M0)1*J&rct5k--:i-C, :!Jl:tt!ucu1..,,-c7](fJ&, '.�U:/iil.O)tJ!U5E�fi--:ik... ik.., 1*:l&fikts:.G�< 

lp. < aB5fQ£tt!n�- pH �iJ!U'.;(E Lt..:. 1*:I& L t..:�f-Hc "J 1, ,-c vi, aBl!J£:t:i!!U J: v<1w�ftk. .UTvc 
�-tjjr.*--c-11::�Jtvr�rr \, ', �nx:Jt0)'3'1=f:l:�)J<�t..:. 

Na, K 

Ca, Mg 

Cl 

*:Yc:Ycocl! 
EDTA 1f:ij5£i'!t5G 1,,vi!itl:� 
µ 3?'' :,;7J��.lUtel!t5 G 1, 'vi .:i:- - iv$ 
1ifiE�,,,� !J 11 Altel!t5G 1..,,vi1i:l:l! 

4. % i!MB (!) rtJ. ;t c *='f le 

4H'il1Y�O)fl:/15tifrO)�i;!-f��� 1 K .. ij�-t". t. ;}He l:hvi, pH fL�Hiv:U: A, c:· 7-9 O)lfi'flillHc7" 
--:i-C\.,'G11�, **y�··1v,�b0) E0-5, E0-10 --c·vi, -t:h.:f;h 4.7, 4.5 c1}2-ts:.f@:�ffi L-C 
1,, G. it..:, �t\H1\.il:vt 6. 7 mg/1- 3. 26 x 105 mg/1 O){@:�� L, t. :h ��JJX:5t:31JvcJ% G c , 

Na vi 1.9 mg/1- 6.54 x 104 mg/1, K v:t.0.19 mg/1- 1.05 x 104 mg/1, Ca vi 0.2 mg/1- 1. 55 

x 103 mg/1, Mg vi0.3 mg/1- 4. 76 x 104 mg/1, Cl vi2.5 mg/1- 2.09 x 105 mg/I, S04 Vi 0. 7 

mg/1-1.47 X 104 mg/1 C ��mvcr.tfriftIHc:ht..:--:i -c \, 'G. LiJ• L, ;:_ ;h GO)JJX:Jj'�OCvi, �:ttg 
:lglZtc J: --:i -ct��iJ�t5 1J, �i'W:!s-, S 0) /±lll!Efl, **:,; ;�,.. 1v,W:h, @;t:,; �-- 1v�, 7' :n -v :,; vc:to 

\, ,-c vi' �mJt:1:--c· 1 X 103 mg/1 � ;:_ *-G t 0) vi vi C A, c:· ts:. < ' ;}y-f iJ. vc* * :/�··Iv � BO-

Table 1. 

Sample 

SN- 1 1974-2-11 

SN- 2 

SN- 3 

SN-4 

SN- 5 

SN- 6 

SN- 7 1974-2-12 

SN- 8 

SN-9 

SN-10 1974-2-13 

�1 7
° 

� :/ 7' * 7 7{tiJ¥�C'.7}ffi-t � WifH7](<i'){r,�nl<;7} 

Chemical contents of lake waters in 

W.T. ! pH I Na K Ca 

289 55. l 30.5 

7.7 1.78 2.2 

13.2 2.83 3.9 

189 34.7 24.5 

67.5 10.6 5.3 

25.8 6.60 7.7 

1.9 0.20 0.2 

53.7 6.27 13.5 

92.3 19.9 19.6 

5.4 0.81 1.8 

the Prince Olav Coast. 

Mg Cl 
29. l 504 

1.2 15.9 

2.0 24.5 

19.5 325 

6.6 123 

2.9 46.8 

0.3 4.8 

6 .1 93.0 

13.0 204 

0.6 8.2 

(nl<;'.7}�{:s'.rvi mg/1) 

S04 Total 

61. 7 969.4 

0.8 29.6 

7.2 53.6 

57.0 649.7 

12.5 225.5 

5.0 94.2 

3.4 10.8 

12.5 185 .1 

8.5 357.3 

3.8 20.6 
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Sample 
H-1 1972-12-31 
H-2 1973- 1 - I 
H- 3 
H- 4 
H-5 1973- 1 - 2 
H-6 
H- 7 
H- 8 

EO- 1 1973-2 -15 
E0- 2 
EO- 3 
E0-4 
E0-5 
BO- 6 1973-3 - 3 
EO- 7 1973-12-26 
EO- 8 
E0-9 
E0-10 1973-12-29 
E0-11 
E0-12 
E0-13 1974- 1 - 1 
E0-14 
E0-15 

WO-1 1973- 2 -16 
WO- 2 
WO- 3 
WO- 4 
WO- 5 1974-1 -17 
WO- 6 
WO- 7 
WO- 8 
WO- 9 
W0-10 1974-1 -18 
W0-11 
W0-12 

I W. T. [ pH j Na 

I 

11.0 7.6 130 
1.5 7.6 47 .1 
3 .1 7.3 45.9 

12 .1 7.8 84.1 
4.3 7.4 5.6 
5.2 7.3 6.0 
6.9 7.3 5.3 
9.4 7.7 8.5 

5.0 7.9 267 
4.5 7.6 75.8 
4.5 7.8 55.3 
1.7 6.9 54.5 
4.3 4.7 124 
0.0 7.0 62.9 
6.5 7.2 90.8 

18.9 7.8 148 
10.6 7.2 208 
12.0 4.5 144 
12.6 7.4 353 
9.5 7.0 73.8 

18.2 6.5 67.3 
19.0 7.2 94.8 
8.5 7.4 55.6 

3.2 7.2 35.3 
0.3 8.8 4680 
4.2 6.9 22.0 
4.0 7.3 36.0 
1.2 6.2 26.0 

12.5 6.5 25 .1 
0.7 6.8 34.5 
7 .1 6.4 42.4 
7.7 6.9 83.9 
2.2 7.7 14.0 

18.0 8.2 529 
16.3 7.4 69.2 

K 
7.60 
2.56 
2.31 
3.97 
1.21 
0.97 
1.17 
1.11 

12.4 
2.82 
2.28 
1.97 
5.64 
2.56 
1.40 
7.05 
6.40 
8.60 

13.9 
2.99 
3.29 
4.35 
2.13 

1.55 
18 .1 
0.98 
1.41 
1.03 
1.34 
1.52 
1.72 
3.76 
0.61 

22.1 
2.86 

Ca Mg Cl S04 

23.2 17.7 255 32.9 
4.5 4.7 70.3 9.7 
2.1 5.8 82.2 7.5 

11.1 13.9 172 17.0 
2.2 0.9 9.4 3.2 
3.7 0.9 10.7 0.7 
2.3 0.9 8.1 1.0 
3.3 1.4 14.8 2.0 

22.2 32.4 471 54.5 
7.6 9.6 127 19.2 
6.4 8.9 106 9.5 
6.5 9 .1 100 17.8 

16.1 19.4 196 92.5 
11.6 12.5 114 42.8 
6.2 8.6 137 43.8 
4.4 5.7 203 53.1 
9.6 15.6 246 62.7 

43.1 43.2 291 160 
33.0 49.0 633 103 
4.0 6.6 118 28.1 
2.4 4.5 89.9 40.1 

18.6 8.1 125 81.8 
6.7 8.2 91.6 20.1 

4.0 5.8 66.5 10.0 
33.9 52.2 595 9540 
2 .1 3.3 40.0 9.0 
3.9 5.0 62.2 12.7 
1. 7 3.4 49.9 7.0 
2.1 3.0 45.7 8.9 
3.0 5.0 65.2 18.4 
3.2 6.2 82.9 8.0 
4.6 10.1 160 25.0 
1.5 1.6 25.0 4.0 

39.6 73 .1 999 130 
10.1 14.0 149 26.8 

61 

Total 
466.4 
138.9 
145.8 
302.1 
22.5 

I 

22.8 
18.8 
31.1 

859.5 
242.0 
188.4 
189.9 
453.6 
246.4 
287.8 
421.3 
548.3 
689.9 

1184.9 
233.5 
207.5 
220.1 
184.3 

123.2 
14919.2*1 

77.4 
121.2 
89.0 
86.1 

127.6 
144.2 
287.4 
46.6 

1792.8 
272.0 
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Sample W.T.! pH Na K Ca Mg Cl S04 Total 

L- 1 1973-2 - 7 4.6 8.3 5540 217 295 743 9820 1414 18029*2 

L-2 1973-2 - 8 3.6 8.1 1520 53.8 150 247 2870 336 5176.8 
L-3 7.2 6.7 44100 10500 172 47570 209000 14710 326052*3 

L- 4 9 .1 7.7 65400 2640 1550 9320 123000 5601 207511 *4 

L- 5 7.0 8.0 5620 214 404 970 10600 1531 19339*5 

L- 6 3.2 7.4 1390 66.0 104 248 2650 328 4786 
L- 7 3.3 8.0 1860 81.2 233 327 3450 518 6532.2 
L-8 1973- 2 - 9 4.2 8.1 298 8.6 72.8 56.8 620 105 1161.2 
L- 9 3.4 8.2 390 12.2 55.5 65.8 753 103 1379 .5 
L-10 4.2 7.8 1450 55.3 320 262 2710 866 5663.3 
L-11 3.3 8.3 18600 711 987 2400 32500 6566 61764*6 

L-12 1973-10- 6 0.3 7.3 8.9 0.62 1.9 1.3 17.7 5.8 47.9 
L-13 1973-10- 8 0.2 7 .9 I 39.l 2.71 17.4 9.2 55.8 9.2 126.2 
L-14 0.3 6.6 I 10.4 0.81 2.4 2.1 22.7 2.0 40.4 
L-15 1974-1 -24 71.7 8.2 I 12100 252 671 1370 21300 3547 39242*7 

L-16 11.2 I 8.o I 762 30.5 70.7 73.0 1070 396 2402.2 
L-17 14.0 

I 

8.0 
I 

1740 59.9 263 246 3010 984 6302.9 
L-18 14.0 8,2 5530 173 293 588 8480 1180 16244*8 

L-19 1974-1 -29 11.0 
I I 3310 133 289 705 6500 1180 12117*G 

L-20 
I 

10.2 
I 

! 953 45.7 259 143 1550 868 3634.7 

-·-

SY- 1 1973-2 - 2  5.7 8.9 36.1 2.30 15.3 16.5 69.7 32.5 172.4 
SY-2 6.8 8.5 125 6.10 24.7 23.3 226 32.2 437.3 
SY- 3 7.7 8.3 341 15.0 22.9 69.6 625 11. 2 1084. 7 
SV-4 6.6 8.2 251 14.2 23.4 56.3 478 11 0 833.9 
SY- 5 5 .1 8.4 210 9.2 22.9 48.4 372 30.2 692.7 
SV- 6 1973-2 - 4  3.8 8 .1 16100 674 408 2500 33900 1056 54638*10 

SV- 7 6.2 8.7 3830 167 34.3 578 7320 116 12095.3*11 

SY- 8 5.7 7.9 814 34.5 64.7 156 1741 184 
I 

2997.4 
SY- 9 5.5 8.4 596 31.0 47.4 157 932 274 I 2028.6 
SY-10 5.5 8.4 1930 84.8 49.7 663 3860 850 6840.8 
SY-11 5.5 8.8 190 10.0 11.6 50.6 323 47.6 632.8 
SY-12 5.0 8.4 190 8.10 21.4 54.1 373 39.6 686.2 
SY-13 4.1 8.5 84.4 4.70 17.8 19.7 140 5 0 271.6 
SY-14 4.3 9 .1 14.6 1.11 7.3 4.2 71.2 3 7 102.1 
SY-15 1973-2 - 6  6.3 7.7 62700 2550 2300 9370 122000 2994 201914*.12 

SY-16 1973-10- 1 0.2 6.8 2.0 0.19 0.3 0.4 2.5 I. 3 6.7 

* 1,._,12 20°c �ctui,t Q Jtm: 
1. l.Oll 4. 1 .144 7. 1.030 10. 1.041 
2. 1.014 5. 1.041 8. 1.010 l l. 1.008 
3. 1.229 6. 1.046 9. 1.008 12. 1.137 
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Sample \w.T.I pH \ Na K 
S L- 1 1973-2 -12 1.o i 8.9 2.6 0.18 
SL- 2 5.5 7.8 16.4 0.64 
SL- 3 1.1 7.3 11.9 0.47 
SL- 4 4.6 8.4 14.6 0.62 
S L- 5 4.0 8.6 22.0 1.02 
SL- 6 5.9 8.9 14.7 0.81 
SL- 7 1.5 8.8 26.5 1.84 
SL- 8 1973-2 -13 2.1 7.7 9.8 0.51 
SL-9 1.4 9.0 7.2 0.62 
SL-10 0.8 9.1 6.9 0.41 
SL-11 

! 

1.3 8.7 8.6 0.29 
SL-12 2.4 8.8 9.2 0.62 

Ca Mg Cl 
2.7 0.7 4.8 
4.3 2.8 32.1 
2.0 1.5 21.9 
2.8 2.7 28.7 
5.1 3.8 41.6 
6.3 3.6 30.6 
8.9 5.2 46.1 
2.5 2.7 19.6 
4.8 2.9 12.6 
8.5 2.7 13.7 

12.9 3.5 17.6 
14.7 4.2 20.4 

63 

S04 I Total 
3.2 14.2 
4.0 60.2 
1.0 38.8 
1.2 50.1 
1.9 75.4 
6.9 62.9 
7.5 96.0 
0.9 36.0 
6.3 34.4 
7.2 39.4 

11.5 54.4 
17.8 66.9 

11, g§;;t :/ Jl;v� W0-2, W0-11 O)�yBO)�iJ�;: O)filI:z,;: x. ""C\..'G. 7' -JJ - v :/V( .. :;f:o\.,,""( 

vi, �vc .. .:tO)•[tiJ� 5 --t < ",f,tt, t .:tO)filiiJ� 1 x 102 mg/l :z-c. x. Gt O)vi tJ:: "'· "i t -:13 0) 1±'1 

lllffl 0) J: ? K.#lJ,fJlU 0) H-1 "-' H-4 "c' vi, 1. 39 X 102 - 4. 66 X 102 mg/1 "c' t5 G 0) vc. < � �' *� -fJlU 

0) H-S""'H-8 --c·vi, 1.88 x 10 - 3. 11 x 10 mg/I c lqJ-:lfu:wxP'J vc.:;t=o" ,--ct �fBO)f¥tE{ftiltvc. J: 

0 ""(' •1tiJ�� L, < � tJ:: "? ""( \, \ Q. ;: ,h G.lt®(i¥)t'fil5Hlft0) ,J\ � \.,' t 0) vc. < ��. 7 :/ !/' ,G 

7··:y-·� 7' -JJ 1v 7' 7' * 7' vct.n ,--c vi, ?@jt'fili}•[tO)�fBiJ�� < ,  �K., :::; :/ Jl ,r- 7··-r O)lfl 0):§

J: IJ �tg§-fJlUO):lfu:WX (�t:::; :-1 37·· ;J, f :Y-') --c·vi, \.,,f,tt, tt@:t'fil5.titiJ\ 1 x 103 mg/1 tJJ::O){@:--c·, 

:ft?@jvi \, ''0 C < rtll,O) 3. 26 x 105 mg/1 --c·t5 1J, 7' -JJ 1v 7·· 7' * 7' O):!fr�rtll. t 2.02 x 105 mg/1 c 

:k � tJ::{rn[ '.z' � L ""C \, ' G . k. tf.. L, 7 :/ f ,G 7'' :y-· vc. :;f=o \., '""C , q:t 0) :§- J: 1J 1¥J -fJlU :lfu:WX 0) � rmi, \., 'f 

.htm0-•ociJ�{!i< lxl03 mg/l .UT--c·t5G. "it.::., ffl.tEt:1](toJiJ��vc.1JfEJ,.L--C\..,G7'-JJ1v 

7'7- t-7' SV-16 vi, A,@]�1i:O)��rBi:f:t--c·t@;mi}itiJ� t 0 ct ,YtJ:: < ,  bfir�vc. 6. 7 mg/1 

"c't5 0 t.::.. 

1c vc.� L, t-:�1B1](0){�$i}f}r0)*5*iJ� G, �iix:0-¥llt C �tfil:0-it C 0) �i* vC."'.::>\.,,""(�W L, 

t.::.. "if, � 9 vc.m� c t@:m0-it c 0) �i*vc. "'.)\., ,--c� Lt.::.. c. .hvc. J: .hvf, bftJ�o- c "'.)O) 

{J!Jj'f-:z,� \., ,--c ft!!O) �¥-§vi, 7' -JJ ;t, 7·· 7' ;t- 7' SV-16 c \.,, 'b
l : < rtg :z,*5 ,l:-I[�J:.vct5 I), -z:-

0) Fd'.l 0) {rnivif&�il¥J vc.lK W � ,ti, Q t 0) --c·vi tJ:: < , vi c 1v c:· 3:tm'c L --c f¥tE L --c ", Q. "i t.::., � vc. 

1H!:£VC J: G 'biJ�" 'viJ! G.h f, c. ,ti, G�:lfu:WXO)�yBJJ(O) Jix:JJ'VC.vi, �ji Lt.::. ���iJ�t5 G 
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Fig. 9. Plots of Cl content vs total concentration of salts in lake waters. 
0 Shinnan Rocks, e Cape Hinode, 6 East Ongul Island, 
A West Ongul Island, D Langhovde, Ill Skarvsnes, + Skaflen. 

c }/!lb ;h Q . --'t t. "c' ck vc. fm 0) i7X: 53-K .. "J 1., , --C, :ffi][ [*1 � � Jl Q tc. ob, Na- �� 53-:1:, K - �� 

:5]\.:1:, Mg- ��5t:l:vc."J1.,,--c, Jc;h-f;h� 10 (a), (b), (c) vc.� Lt-:. t-:t.3. L, !7X:5t?IPI 

O)ijmlffliJ;):t 1., ,fc.oo, �- § !Mtj1;Hc.-t""--C O)�fl �gi3A -t Q c c iJ; lli*f, §1 !MtiJ, Gtt f ;h Q 

,bO)vt., )cO)f@:�Jc.:h-f.:h, 1/10, 1;100, 1;1000 vc.L--c 7
°

P 'Yr Ltc.. l�I 10 (a) vc.J:;h 

vi, vt c A, t:'O)�rmt. �9=10)#FJ1.KO) '7X:5tiu11-�� L tc. UTIJ,t.1: vc. 7
° 

p 'Y r � .:h, � 10 Cb) 0) 

K- ;f(€�5}:I: t ��vc., w1.Kiu11-2:: -f{(-t Qt 0) t � 1., ,tJ\ �ffi='E-O)�flO) vt c A, cvt., t. 

.:hc�tj:- ,:Jk'gfU{1-0)wU,jLJ:vc-:'*--:Jt1.,,Q, � Gvc., I� 10 (c) 0) Mg- ��7i'it0)�{1-t, 

tf()v:1:. Na-*1:;:�53-:1:cMfW-O)f�rtiJ��L--C\,'QiJ\ C;hvc.< G.r(iJ,ts:. 90) viG"J���L--C 

1.,, Q. c 0) vi G ":) � vt.t!Ef.r� 2::::' c 0) *1 -i"r��ffi L --C 1.,, Q ii 0) c ,�,hn Q. i k, Mg-Ca 0) !*1� 

�� 11 vc.�Ltc.iJ\ C;rHc.l.tHi, fi!jj�O)rsivc.vt.�vc.*§oov:1:.JlG;hts:.iJ,.,::d-:. L,iJ,L,, '7 

Y�'',t-;7'7\ 7-:fJ1v7··.7,*7,0)-$0)�fR��1.,,--cv:t., wjJ(O)'gfUifl 1:Jv:1:.�L< Ca l'C.&A, 

t.3. t 0) iJ; � 1., ' C c iJ � flJ 00 L k . 

t. C "c' � G vc., 4S-!7X:%:ffi][O) [*1� vc. "J\, ,--c�W-t Q k.ob vc., Na-K-Cl, Ca-Mg-Cl, 
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I@ 10 ii'illl'B7J(OJ Na, K, Mg c �ra'.7.t:I: 
c OJf*Jtf-
(a) Na c �t\IJ.t:I: 
(b) K c �ra5.t:I: 
(c) Mg c �ra'.7.t:I: 
O vi�ffiB, • vi B OJ l±l iIJ�1. L q;t 
}f[;;l- :/ ;'.l 11v!zi, A vi[/3:t" :/ ;'.l 11vth, 
o vi '7 :,, f ;t; 7·· 5::, 111 vi 7' /J 11v -:1· 
7' t-, 7' , + vi 7' jJ - v :/ 

0, ()}, o�i tMrB7tOJ -l-.n.:f:h 
1;10, 1; 100, 1;1000 OJM!, WI� 
vii'ia7JcOJ•/lt.tt��-t. 

Fig. 10. Plots of Na, K, Mg content 
vs total concentration of salts 
in lake waters. 

(a) Na-total concentration 
of salts . 

(b) K-total concentration 
of salts. 

( c) Mg-total concentration 
of salts. 

0 S/zinnan Rocks, 8 Cape Hinode , 
t:o. East Ongul Island, A West On
gul Island, 0 Langhovde, a Skar
vsnes, + Skallen 

0 : multiplied by 1/1 0  
0) : multiplied by 1/1 00 
O= multiplied by 1/1 000 

The straight line shows the ratio of 
constituents of sea wa1er. 
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Fig. 11. Relation between Ca and Mg 
content in lake waters (refer
ence to Fig. JO). 
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/ 

Ca 

'\ 
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e 
0 0 

(b) Ca-Mg-Cl 

(d) Ca-Mg-S04 

� 1 2  (a-d) �/ttztO)=:/ttzt!Uii- C�.m.Jt) 
(a) , (b) , (c) �C :}c,Vf 6 A ,  (d) �C :}c,Vf 6 ®viw1J( O)f1Jt0-!Uii-, (d) 0)0 vi�ffl£, e vi B 

0) 1:f:i Jllff!, L. vi}it:t" :/ ;1·1v!z,;, A vii§:t" :/ fl'' ;vJzJ, O v:J: 7 :/ ;1· ,J-; 7'' 7, ll f;J: 7. 71 ;i,, 7• ,7, ;t- 7� , 
+ � 7- 7] - � :/  

Fig. 12(a-d). Triangular diagram (eq. ratio) of the chemical contents of lake waters. 
A Sea water in (a), (b), (c), ® Sea- water , 0 Shinnan Rocks ,  ell Cape 
Hinode , L. East Ongul Island , A. West Ongul Island D Langlz ovde, 
Ill Skarvsnes , + Skallen in (d) . 
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Na +K-Ca +Mg-Cl + S04 , Ca-Mg-S04 0)4§-=:fflt?t�lttUit-'.z>-t".h.:f;hiZJ 1 2 (a) , (b) , 
(c) , (d) O)=:fij ,;$f' 1 ..Y fl '7 A vcffe l,k.. iZJ l2 (a) 0) Na-K-Cl 0)'8Uit-'.z>J!G l g';,< O)™ 
rmt, $1J(tUit-fil[O)Jlr < vc�i:p L, --C � �, (b) , (c) 0) Ca-Mg-Cl, Na + K-Ca + Mg
Cl +S04 vc -0 1.,  ,--ct,  (a) l [PJt)Hcw:zl'CtUit-O)Jlr < vc� G �OCO) �i:piJ;J! Gh G. LiJ, L, 
B 0) llilli!Jl, 7' :n -v :/ 0)™1Jocvt, ;:. O)w1ttUit-iJ, G* � Ot f.hG t O)iJ;� �, *r- vc, B 
O)llilli'Hr.� 1., ,--cvt*�� � O)™rB, 7' -JJ -v :/ vc:to1., ,--c vt, a:Bi:p�$0)�rB vc-t" 0)1firPJiJ; 
� L, 1., , , 'i k.  (d) 0) Ca-Mg-S04 vc-0 1., ,--cvi, (a) , (b) , (c) 0)*5*l vi�tJ: �. -t"O)fflt 
?ttUit-vt:hfiJ, vc:l:!g�i¥JtJ:�i:piJ;J! Gh G n\ �f*O)t�¥B1t0) J»t?ttUit- l v·nt, $ffililffl vc 

?t� L, --C \, 'G . 
;:. ;:. ··e ;:. ;h G=:J»t:B-tUit-lZl'"c', *r vcw1](0) tUit-iJ, G, f ;hO)* � tJ:�rBiJtJ,,.. G.ntc. B 0) lli 

llilfl , 7' -JJ -v :/O)jwj:l:ig� vc-0 1., ,--c ,  Ca-Mg-Cl , Na + K-Ca + Mg-Cl + S04 , Ca-Mg
S04 0) =:J»t?ttUit-'.z>-t" ;h.:f ;hiZJ 13 (a) , (b) , ( c) vc 'i l 2ib --c ffe l, tc.. ;:. ;h vc J: .hvi, jwj:l:!g� 
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Co 

• . 

( a )  Ca-Mg-Cl 

.. . . . . 

Ca 

. . 

, . .  
o o  

( c )  Ca-Mg-S04 

No+K 

o· o 
o4 

0 •• Q:, 
0 .. • • . 

' . .. . 

( b )  Na +K-Ca+ Mg-CL+S04 

Iii 13 (a-c) 8 0)/±ll!/(jl, 7' :h - v :/ �Ciovj-G ;g.nx;:5t 
O)=:nJt:B-!Uir (�.:i:.lt) 
Q 8 0)/±ll!/ljl, • 7' 7J - v :/, A @J7]( 

Fig. 13 (a-c) Triangular diagram (eq. ratio) of the 
chemical contents of lake waters at Cape 
Hinode and Skallen. 

O Cape Hinode, 8 Skallen, 
• Sea water. 
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C t vt 0 � 9 c 2 "'JO) �l ;v - 7
°
VC. #vt G:h Q .  -t'tJ:b'b 8 0) /±i�Jfjl vCU \,, ,"( vt, W.AHCJli \,, ,  

H-l ,_,_,4 c :*�{t!lj O), H-5,____,8 ,  7. -JJ - l/ :/ vCU \,, ,"( vt, tt:!g-JWJjll{ITTO) SL-2"-'8 c i:p�{ITTO) 

SL-1 , 9,___, 120) 2 Jl 1v - 7' vcnvt G:h, fitTI:ttgj;gjz c t w. vc.ili \.- ,fM1B "c' vt#Ii7Jc 0) ifiijit vcili \.- ,iJ\ 

7/iJ.iJ· G Ji \,, ,  t 0) vt-t 0) ilJitiJ· G vt f :h --c \,, <!) .  ::. 0) J: 5 ic frIJ -t-igj� F9 vc� \.- ,  --c t ,  % 1M rel 0) 

{ft 1'i:a"J �{L� vc. J: 0 --c,  % n1t * (!) iu it vc. * � tJ: i!ir \,, , i7: d-J- G n Q . 

::. ;hi "c'O) ,J�-;� • XtE· ( 1959) vc J: Q :t- Y y·· 1v� 0) 1MzB7Jc0)1iJHE, tJ: Gtnc rt-Ifm ( 1961) 
vc J: G afffr:I�Jt!!JWJ ill 0) ,,� F 1v7]( vc. "'J \,, ,--c 0) 1j}f� vc. J: :hvf, -t:" 0) ��n\t#O){�*a'V!vt, w.1J<.iJ. 

G�r* vc J: 9 �vi:hk \,, ,;bvp Q fii�t'l["'(-� Q c ti r. G:h--c \,, ,  Q .  4-@lwl-OJt L ts: 7
° 

Y / 7. * '7 

7 �*0) --r-�--c O) ™fil O)�� t .  •�*• t %nlt# c 0) ���. %nlt#�O)��#�it O)M 

*iJ· G J! G  c ,  1i}tw.1JciJ:J& 9 � i :hk c �it. G:h Q JB-�1tl1. -t- 9 vf'b1tl1, \.- , ti t. < 1tl1, "2:
0 

< 61tl1, � Q 6b 1tl1 tJ: c'li t 'b 6 A, ,  -t:" 0) {ill 0) ¥iR.7Jc IM vc. U \,, ' --C t , ffd 7]( VC-t:" 0) ± � tJ: nit #{�M� 

V!7a:>}6b G 0) iJ:��"'(-� Q c � x. G:h G .  L iJ• L ,  Na � Cl vtw.7](0)if;iJit c J: \.- ,  - 3& n: J! 

G;hQ iJ:, � 10 (b) O)K-amJt:l:O) �f*, � 1 1  0) Ca-Mg O) �{,f, � 12 (d) 0) Ca
Mg-S04 0)=:$;7}ifiiJitvc� � ;h--C \.- , G  J: 5 vc, K ,  Ca , Mg , S04 0) %nl/.:5}vt, w.7](if;IJit c 

vtiJ•tJ: G f  L t -3& L tJ: \,, ,  t 0) t � 9 ,  L n· t :tm� vc J: Q it \.- ,  t Gf6b G:h Q .  ::. :h Gw.7J(O) 

iUitiJ· G vt f h Q nx:5}vc "J \.- ,--c vt, J!Iil�m�Hc J: Q m§ft.l 7a:�d-J-, ::. :h vc.1Jo it. m�tFrtt\tJwO)� 

� t � x. --c ;J-;_t-: .  -t:"::. "c'4-@Ht ,  w� GiJ, ::. :hi "c'ffi \.- ,f-: c IP] t. 1fr.* "c', 41-t-lli� c:· c 0) ™1B 

:zl(i:p O)  nx:#i!:fii�m c L --c vt ::. vi:ht-=�. -t:h-f ;hO) �m vc� vt Q ti /-{ 0) nx:5li1\ w.1Jc vc:xt 

L --cWlm � :htd'fiJit7a::>l<6b, -t:" O) iJU!tl:IEfJR 'la: � 14 (a) - (g) vc� L k .  ::. :hvc J: :hvf, Na 
vt�tt!!�'la:'JH[ t- --c ¥!lm�uitO)ftilfflvt-tti < ,  iJ·"'J-t"O) 1::

0 

- Y 1i�:Vt v1 Vif 1 vc.Jli \,, ,. i k ,  vi c 

1v c''O):ttg�"'(- K c  Mg t ltJ!ixB'9 J: \.- ,�r:piJ:;J-;_ G;h G .  L iJ• L , Ca vt*, iz.§:t- Y f 1v�'la:� 

\, , "( vi.,  l'Jlmi1JitO){@iJ:7tjl& L, "( \,, , Q .  {JC VC, � 15 vci]IlBEfv'R"c'm Ghk 41-$:#0) }&7( 1::
0 

- .:7 {@'la:ttl!:i!tJZ c:· c vc., 7' Y Y 7. * '7 7 ®*O) �t*-fWiz.§ O)JI� vcf='i�fU L .  IP] t.n\G5t7a:*! 1v "'(-� 

L ts: .  ::. ;h vc J: .tut, ttg:lglZ c:· c vC.-15-$:#0)�t@!Uitil:�tJ: 0 --c � 9 ,  ,5JZ7t;Blj vC;J-;_ Q c ,  Na 

vt�t-ig:l!t.JZ'la:'Ji r. --c 1-1 vi 1 vcili \,, ,{@'la:� L --c \,, ,  Q .  K 0) �m{@vt�IW :!g-"c'J& t * � < , i23 * / 
y·· 1v vc.rtJ i!· 0 --c 1J, � < tJ: 9 ,  7. -JJ - v Y "c' 1} cf �� * � td@ 'la:'� L k .  Mg vt ::. :h c vt� 

vc, �1¥J:!g-"c'J& t {@iJ:1} "2: < ,  7. -JJ - v Y vc.lP] i!· 0 --c y L f"'J:* � < tJ: 0 --c \.- ' Q .  Ca vt� 

:!:tB� 'la: JH[ t. --C {ti! 0) $; # vc. < G � --C :* � td@ 'la: � L --C � 9 , % vc, � fW :!g-"c' Lt J&:k "'(· '7 Y Jl * 
7·· T. vcrtJ i!· 0 --c 1J\ � < tJ'.. 9 ,  7. -JJ - v / vc.1P1 iJ.  0 --c 1} U:ijJ:k-t- Q .  so4 a ::.  :h c vt� vc., � 

ffi�·"c'vt i} � td@"c·� G i!\ *· iz.§:t- Y :f iv .�,  =; Y y·' ,G 7··T"c'\.- ' 0 k 1v :k � < tJ'.. 9 ,  7. -JJ 
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Fig. 14(a-g). Histogram of enrichment ratio in the lake waters compared with sea water. 

Ordinate: number of lake, abscissa: enrichment ratio. 
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Fig. 15. Enrichment ratio of the lake 
waters in the Prince Olav 
Coast compared with sea 
water. 
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(J:83,  197 1) 
Fig. 16. Orientation of sastrugi and 

pitted patterns, and fiow of 
prevailing winds (after AGETA, 

1971). 
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vt G 1¥i�Jl. c -if- 7" -;; Jv "¥'* 0) nffi1 ia: � 16 vcffi L, t-::iJ\ C. :h vc J: :h ti, C. O):t(g�0)1¥f.�}OO.O) 

n[P]vi, -v:::>viWw-YB \, , vc5[;frffi:!s J: lJ 8 0) /±l JIJEJl, :;t / y· ;v� ia:mE-C Y ;ct. -;; * • ;J> IV A �O)q=t 
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:to IJ , L iJ, t -t  O)tj:t r�, O)t&l:)!tO) t 0) t Vii c ,\/ c�iw'EB"J vc�� L --C 1.., ' G .  
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