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Chemical Characteristics of Antarctic Saline Lakes 

Tetsuya ToRII*, Noboru YAMAGATA**, Shyu NAKAYA*** and 

Sadao MURATA* 

Abstract : Chemical characteristics of main Antarctic saline lakes found 
in the oases of McMurdo, Vestfold and Syowa are reviewed. 

Lakes are primarily classified into the fresh and saline ones and then 
the latter into coastal lakes and those located in the glacial trough such as the 
Dry Valleys, Victoria Land. The coastal saline lakes are characterized by 
that the elevation of lake surface is below sea level and the chemical com­
position, such as M/Cl ratio, isotopic ratio of oxygen and hydrogen, and 
also the nutrient elements resemble those of sea water, while the saline lakes 
in the Dry Valleys have a complex origin. 

From the geochemical point of view, it is suggested that the formation 
of the coastal lakes is much younger than that of the lakes in the Dry 
Valleys. 
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Table 1. Outline of main Antarctic lakes. 

Name 
Lake Vida 

Lake Vanda 

Don Juan Pond 

Lake Bonney 

Lake Fryxell 

Lake Miers 

Figurnoe 

Polianskogo 

Edisto Kakapon 

Club Lake 

Deep Lake 

Lake Stinear 

Lake Dingle 

! 
Crooked Lake 

Glubokoe 

Lagernoe 

Lake Hunazoko 

Lake Suribati 

Lake Skallen Oike 

Lake 6-ike 

Ozhidaniia 

Lagernoe 

Glubokoe 

Length (m) 
3,500 
5,000 

700 
7,400 
5,000 
1,500 

25,000 
2,300 

3,240 
1,290 
3,390 
1,310 
8,700 

850 
380 

750 
900 

1,150 
500 

1,950 
530 
700 

Max. breadth (m) 
1,000 
1,400 

300 
840 

2,000 
700 

1,200 
700 

800 
960 
440 
700 

2,500 

460 
220 

250 
700 
250 
220 

900 
180 

; 350 

Depth (m) 
11.5 
68.5 
0.1 

32.7 
18 
20.2 

. 137 

103 

193 
36 
15 
15 

143 

35 
10 

9.2 
31.2 
8.5 

11.2 

105 
39 
32 

11 

I Area 
(1,000 m2) 

5,400 

I 
16,000 
1,600 

I 447,000 

1,070 
720 
950 
780 

I 9,000 

280 
53 

1,359 
90 

130 
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Type of lake 1. Glacial lake 

2. Relict lake 

3. Epishelf lake 

1. 

�2 m ffi � m � � ffi 
Table 2. Classification of Antarctic lakes. 

Typical lakes Water Outlet Lake ice Lake Figurnoe Snow and ice I Open I Melt in sum-(Bunger oasis) melt I mer Don Juan Pond Glacier melt Closed Unfrozen (McMurdo oasis) Lake Vanda ,, " Perennially (McMurdo frozen oasis) Lake Vida " ,, Perennially (McMurdo 
I 

I 

frozen to oasis) the bottom 

Temperature or I I Fresh stratification saline Normal Fresh None Saline 
Inverse Saline 

Fresh 
I 
I Lake H unazo- I Snow and ice ! ,, IM 1. I 

1 e t  m sum-1 Normal [ Saline ko I melt (Syowa oasis) I Deep Lake " (Vestfold I oasis) 
I Lake Ozhida- Snow and ice niya melt plus sea (Schirmacher water oasis) 

m 

500 

0 

500 

I I 
I 

mer 
,, [ Unfro'.?en 

i 
I Closed, I Perennially connected frozen underwater I to sea 
I 

-t + -------

+ + 
... 

-t 

sea water 

� + + 

1000 '----:-::----'-:---�---� 
10 20 30 40km 

ljgJ 1 = 1::." � .::r.. lv 7���Altlrim� (S1M0Nov vcJ: Q) 

I Saline Inverse 
I Inverse Fresh 

Fig. 1. Schematic profile of the epishelf lake (after I. M. StMONOV). 
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i" G ii\ ffl{ITT i:::· :7 r Y 7 7 :,- F 0) F 71 /� v -:tf!!·O) J:: 5 vc., *flirB*iJ\ G� 10 km �*1, 

kWffi•�:t7V.7-0)�ft�KttftEi"G. 

c.c.�mE:t7v.7-c�. fflE*fliO)•��:tf!!•O)*�t��1..,t-:•a�t-0tO)� • 

100 km2 t-AJ:O)ff:W-imfff� t 't>, JWJ:illO)*fli:1](0)�{� c i '? t-: < JJidJ: '? t-:!JatWdJ:riDffl®�{� 

vc.3z��;t1,--ci.,Gm�l!SJt-�C.cvci"G. S1M0Nov (1971) vt, fflffi:t7v.7-�Jtffit,, *fli 

rB*:t!!!.vC.dj. t);rLG t O)�f.!£:tl!!:t 7 V 7', F 71 /� v-:tf!!·O) 71 r �� 71 7 -�VC.dj. G 

*1, G t 0) � W ffi • � :t 7 v .7-c L "CI., G (� 2 ) . 

12. Zimmermann 

120
° 

� �: �::\� Hill 
15. Bellingshausen 
16. Alexander 

150° 180" 

ii 2 W:iffi -;t- 7-;,, 7-. 0)7.t-;fp (SIMONOV K. J: 0) 

Fig. 2. Antarctic oases (after I. M. SIMO NOV). 
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™VC J: '? "(7.J(�i.)!� l, < ffi;j; l,, @JtfflffltvC.;i[\.,, t 0), 7J Jv :/' '7 A rC'&dj.�:!;'i!zilfltO)-:fiillJ:!;'i! 

7Kvc. 1rtt..: t 0), tf> Q 1.., ,vt -c.r �--* :/ '7 A i.l�� < JE@0)7.K�vcirr\,, t 0) tJ: c'iJ�tf> "".) t, 1t�mnx: 

iJ-. G�Mnc-tO):t'i!�lt��ifu t:iJ;f-:1,,. L,iJ-. L,, :ti!™O)mJillvcvtfB™W:tii.l;/ffi�vcdj. G.hG c 

t. 6i.l�� <, i t:Jmill-ffl=vc � 7 1::' 71 r, ;;1J 1v-it1 r, ,,... 71 r, Et. 5, �EtJ: c', � 

i �·i tJ::ti!ffi:11U!tlmiJ�dj. G.hG. t. :h,v1�*0)�1I�U!tlb0) t. 6, ™Jtffii.l�* � < �lb-t G c 

ct re, �:!;'i!:53-0)14'J7Ki.l�f�mlf,JUi L, t.::. t. c �tlm�G t 0) 't:'tf> Q. 

Coastal lakes 
Lakes in the Dry Valleys 

�3 :fit �  (J) � � 
Table 3. Characteristics of Antarctic saline lakes. Geomorphological Chemical 

Lake elevation Evaporites M/Cl Stable isotope ratio, 8D, 8180 Below sea level Mirabilite, cal- Similar to sea Similar to sea cite, fossil shell water, chloride water type Above sea lev- Mirabilite, cal- Deviate from Similar to con-el, +12m,....., cite, halite, gyp- sea water tinental ice +122m sum, sodium Chloride type nitre 
I 

Nutrient elements Similar to sea water 
Rich in N-com-pounds 

rltW:::t7S/7.0)f-'<;�1¥JtJ::tiI™c l,"(, ;Jit�¥lt1,vc"':)\.,,"(j£-"'Q. ¥lt1,v1�ffi�fltiJ;toJ:)c - 25 

m "c', Jti*vtifB 9. 2m cm\.,,. ¥[gO)*��v1:Bt�ifB 750m, �i 250m •;1:', @cvtwtt�flt 

5 m vi c'0)1J,� 1..,,l*tm--c:-""-t-:t G.n t1,, G. ¥lf1,0)ffli'§vc.vt, Jl1tE�?i"'tsiY�fiiiJ� 2 m ft c' 

0) 1� \,, '"'< '7 / r � t.t 1.,, t to 9 , :/ IV r to J: urti ±JI 0) r1 iJ-., m�tt:fft� c 1.,, t � 7 1::·' 7 1 

r, T:r1v3t''1 r, n1v-it1 rtJ:c'i.l�f¥tE-t°G. W]ffiiJ-.G 12m vtc!::''�1,,J:: t.;svc., !BW1W: 

kmHce:fd.::. G f:f:S t.t 7- T ':I 7
° 

t dj. G.n, .:. O):!;'i!WJiJ;@/i'miW1--C:'c6 G .:. c � � G iJ-.vc. L, "C \,, G. � 

3 ve:#tm:¥lf20):mAl!lrlffi��ffi'"ti.l�. �t!m511*0)»x:\Mltwz*tt;vc. J: Q ��?JiU5Evc J: Q c, l,!j/}7¥ 

(- 23m) 0) Laternula elliptica, W17¥iJ""t:> 31 m �\,,jfugO)]ffjc1*ffiO)Jl1l:Ev1, -th.fh 
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fossil shell, 31m 

above the lake level 

31 600 
+2, 800y. 

' -2,lOOy. 

L. Huno.zoko 

fossil shell 4,190 ± 100 y. 

�3 *E��-��ffi�(�ffi*�Kl�) 

lake level - 24m 

Fig. 3. Schematic profile of Lake Hunazoko (after Y. YOSHIDA). 
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4,190±100 �. 31,60o�ugg �c 2ffO)��vcbvti::>h,G.:::. ciJ� �GiJ\vc �h,t.::. CO)C 

til\G, CO):Jfu:lglZO)::k�1J<O)::k�t.d���t. 30,000 �.tJJtrvc�.:::. I), -l-O)�WJKO)�•� 

? vtt.:.:::. ciJ�1l��h,'°C"'G. 

4. 7.K � (J) � � 

��Gil���LtdlB%0, � J � - F�:t-7 V 7'0):!i[�t. � GvcmtJ.!i:;t-.7, r '7 !J 7�il\ 

G *-. t.: �.7- r 7 :t -1v r • * 7 v .7- O):!i[�7Hfi*a=*il\ G��Eflt.r t O)� *-.GU, � 4 vc-l-0) 

{r.�&nlt��i"" . .:::. h,vc l G c, �7.J(O):!i['l}•flt�i, W7.K l I) •itO){lh,� 100 mg// 0) t 

O)il\ G. w7.KO)�m-t "', r@i:!ii7J-O) i 0) 'i "(:-s Q ii�. ,tO)JK!t�t z-&** 7 v .7, 0) t 0) t w 

fir.�* 7 V .7, 0) t 0) C O)Fa9vc, *� t.rffl�iJ�S Q.:::. C iJ�bil\Q. 

4. t. 5S�::t7�7.(7):1Ji;ffl 

-t-"1:-vc]ffi""t-=l, vc, ::k�?JW:vct¥tEi"°G:!i!��i. i"°""'°CW!?thi�c �h,Gil\ .:::.n�1r.� 

&n\til� G� '"Ct, w7.KO){J£1N!·ffi�:@��t.:7.K!t'1:'S G.:::. c ii�� Gil\ t t.r G. i""t.rbtJ, ml 

7J(O):!i['l}.fltil�w7.K l I)�< "Ct, -l-0)::1::n\t'l} c :!i!{r.!fl,o 1 :;t / c 0) .ltiJ�wJKO)-th, t ffiW.i"" 

G@lJPJ��i"". c < vc, bO G ?lr)ttgO) l ? vcw c Jlr�i"" G :!i[m]"C:-�i, -l-O)JK!tiJ�wlK c �b© 

"C fJ;l"C :to I), -l-0)1J\ � t.ri.lffilt�i:!i[�O)�n\tiJ�.ltilixEflfr L",.:::. c ���i"" G. :!i[WJO)i.lffif* 

��i�rBvc l--::> "C :J'dJ: G ii\ 13B%Q:;t 7 V .7- O):!i[m]"C:'fi, :!i[{r,!f},o,f :;t :/, � J. :t- V 17 A 1 :;t :/ 

�E�87Kc.ltilixi"°GC, i""l)��tfu. �<6tfu ('7:/�*��) ���6ffi, *atfu�� 

� 4 ffi:@fltlU@� h, '°C"' G.:::. t il�*?il\G. 'i t.:-{filO):!i[�. t.: c *-.�f*at&, -r· 1 - 7
°

�t.r 

c"C:-�i, Tr!) 17A, 7JlvV?A, ift�,f:;t:/fJ:cO):!i[{[:!f},o,f:;t:/vC:X{i"°G.lt�i, WJKO)-t 

h, l I),}� ",i]t, C h,�i�7.Kil\ I::> lru;i&O):!i[ffi:Jtflf4o/.J;o�fj£{/m. r"C:'tfil±l Lt.: c M�i""n�f:l:_IM'1:' 
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Table 4. Chemical composition of Antarctic saline lakes. 

Lake 
Lake Lake 

Lake Lake Bonney Bonney Deep 
Vanda Fryxell east west Lake 

lobe lobe 

Oval Lake Lake 
Lake Nurume Huna­

zoko 

Oasis McMurdo Vestfold Syowa 

Sampling date 72-12-9 72-12-20 72-1-4 72-1-9 74-12-2 74-4-30169-1-25 67-lOc...6 
Lake level (m) 93.6 12 56 56 -56 -27 -0.5 -25 
Maximum depth (m) 68.5 18 33.4 30.2 36 - 6 9.2 
Sampling depth (m) 64.6 16 32.5 29.5 30 0 6 2.5 
Temperature ( 0 C) 24.3 1.6 -2.4 -4.6 -13.0 -9.0 12 -15.7 

pH 5.45 7.07 6.51 5.73 7.44 7.63 8.16 7.26 
sp. gr. (25° C) 1.092 1.00 1.203 1.102 1.175 1.100 1.030 1.146 

Na (g/kg) 6.11 2.980 56.9 32.1 59.1 44.9 12.1 58.2 K ,, 0.59 0.203 2.30 1.47 3.95 0.79 0.53 2.4 
Ca ,, 24.40 0.027 1.22 1.48 2.19 1.91 0.56 2.22 
Mg ,, 7.40 0.331 21. 71 8.34 12.2 5.52 1.54 7.87 
Cl ,, 74.28 3. 710 161.5 78.12 137.4 80.43 23.05 116.6 
SQ4 ,, 0.615 0.253 2.95 4.45 2.50 2.36 3.09 2.47 
Br ,, 0.020 0.0111 1.24 0.375 0.587 0.301 0.0761 0.391 
HB02 ,, 0.012 0.009 0.108 0.078 0.139 0.038 0.018 0.086 

Br/Clx 10-3 0.27 2.99 7.68 4.80 4.27 3.74 3.30 3.35 
HB02/Cl X 10-4 1.62 24.3 6.69 9.98 10.1 4.72 8.03 7.39 

Remarks: sea water Br/Cl 3.43 x 10-3, HB02/Cl 9.69 x 10-4. 

tQ. 

rflw:l1Mf O):!;'gWHt::fd\ � rJ:linf��vc.mJootJ�*s1k L, !l�votM1k--t Q. L t.::.tJ� '? --c *1., 

ipJ10) 5 bvc.W11Jot, !l�vc.vt W11tiJ\ GO)��. ��vc.vt ml:*IffiiJ, G O):n¥tJt < l'J iJ\x. � 

;h,, L t-:l. ,vq§H@LmtEvc.� '? f..: i 0) c � X. G;h,Q. $7.1(-jJt�*J)� ;hf..: l'J, � Q \. 'Vi��--t 

Q�-trvc., �*vtfifilffi� Q '-''vt�fflvCli$fi'ltfvc.-S�vc.�Q c �:h 't'-'' Q. 

zf}w:ttMWO):!jIW]vc."'.)\.,t Br/Cl Jt��Q c, "f' 1 -7
°

W]--c·vt$1Joc.J:t�t*t <, "it.::.. 

IQ Q O{)rlg�:f&]f£rlg '"c'vi ��{�\., ,f[l[ c tJ: '? '"(\.,, Q. KERRY et al. (1974) vet Q c, mtEO) T 

1 -7
°

ml0)7](:�vi�*vc.J:t�t 1/7vc.,t**�n't\:'QCG, "it.::.. GILL (1955) VC.J:QC, 

���7*-�f•*7V�O)*�Jj(O).�, �tl,K"J�<���-KJ:Q�-����­

�!Jr ,y t';il;bvc.J:Q$ffi{�riJt1:.Ct-:O)vi, 4,000"'7,000 ip,tJfrJc Lt\:,Q, Br/Cl J:t 

iJ�$7KO)�tl,J: i'J*-ttJ:'C.. cvt, "f'1 -7
°

mltJ:c·iJtjfr}i£¥lf2J: l'J:l;'gml1=.nx:O)Jft:�.i)tti<, "it.::.. 

•**�ffliJtJiA., --c·\.,, Q O)iJ, i �ant.;.:"'· 
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Fig. 4. Relations of Ca, Mg and Na + K in the Antarctic saline lakes. 
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