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Thermosolutal Convection in Saline Lakes m the Dry Valleys 

Yuki YusA* 

Abstract: Thermosolutal stratifications in some saline lakes in the Dry 

Valleys, Victoria Land are examined from the viewpoint of thermosolutal 

convection. It is concluded that thermosolutal convection develops in Lakes 

Vanda and Miers, while the molecular process is predominant in Lake Bonney 

east lobe. Oscillation of the upward heat flow observed in Lake Vanda is 

also explained by the thermosolutal convection theory. Through the analyses, 

it is verified that the new thermosolutal criterion including the heat flow data 

has a wide range of applicability to actual systems. Based on the new criterion, 

some possible factors affecting the thermosolutal structure of Lake Vanda 

are discussed, and the significance of lake level fluctuation in the future is 

suggested. 
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Fig. 1. Temperature profiles in sa­

line lakes in the Dry Valleys. 
V: Lake Vanda, BE: Lake 
Bonney east lobe, F: Lake 
Fryxell, M: Lake Miers. 
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Fig. 2. Salinity ( electrical conductivity) profiles 
in saline lakes in the Dry Valleys. V: 
Lake Vanda, BE: Lake Bonney east lobe, 
F: Lake Fryxell, M: Lake Miers. 
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2. �mxtmt: 2:: �m1�ffl 

� c ffi:1}tJ� G t.i: Q * C�ffi*) 0) *1--c,�f Q x-tvfE��ffix-tvfE c !!¥£. c. 0) J: , t.i:*vc:to�, 

·o:t, ��0)�%J-vft:cv:t�t.i:--::d-=.��t.i::gt*O)mtLG c. ciJ;�oGtLt�,GiJ;, c < vc'.fx:�O) 

J&*�5 I< O)v:l, ml.it cffi:1}il).t0) filu�iJt;!tvc r:1Jvc!PJiJ� v::, t ��,�ft c, �vcfilu��r:n 

vc !PJiJ� "::> t 1� � ,�fi-0) 2 '0--C'� Q. wJ�v:t1*:Jil��*5i:1t � 'l:t Q fflt'.7)- cc. O)�fi'v:t�) 0)'.7)­

rilt1&1*�iJ;*51:1t � 'l:t G n\t'.l)- (ffi'.7)-) 0)-f:nJ: �H:tGiJ�vc:*� <, -:n, ��--c,vt*1E1t 

� 'l:t G fflt'.7)- (�) 0)1Jt1&1*�0) :1JiJ<;.:* t � '· t. O)��iJ;, �ffi*r*l --C'O)x-jvft:vc.*�1¥Jt.i:iJ�iJ� 

h D �t\f'0. �r*l�•vc J: nvi, §lJ�--c,v-ix-1v1E���vctJ.&ibl¥Jt.i:jlibiJ;� c, "i k, x1vft:i7; 

jeJi: L td�J/1:r--C'vi, ml.It c ffi'.7)-il/!tO).fil@ 7° i:z 7 1 -1vvc�t�m;©O);ffl,hhG t. c iJ;t&iJlU � 

;h,, ��O) * --C'v:l, fffertHc*!H:R � ,:MvfE � 1v O)jeJ!iJ<;. fli'J!U � n t �, G. m161ivc t.i: v::, t, §IJ�v:l 

diffusive regime O)�ffi*, ��v:l finger regime O)�ffi* c II5¥-vi;hG J: ? vc t.i: v::, k (TURNER, 

1973). 

� 1 c � 2 iJ� GOO GiJ�t.i: J:? vc, F '71 ,,{ v-0):lj'[jqfH:l, wJgi:.O) diffusive regime O)�:lj'[ 

*K�L, ,,{yY�t�1�-X�O)��-;©!¥]n\tJiltt�tt, �r*J�·�·��tLGm:;©c 

�f'itvc.J: < vct�'G. (7 Y ��;v�--C'v:l, �Jil{ffivc.1.Kml.cffi'.l)-ili!tO)filu�iJ<;.r:1Jvc!PJiJ�v::, 

tiWi < t.i: Q iJi;fg)ZtJ;J! Gn G. L tJ� L, :zKmJ.vt 4°c u r--c', ffi'.7)-itoc t -f:tui c·iWi < t.i: � ,tJ� 

G, t.O)fi��tt�:zj(0)���1*�tl�O)���t\f'0c�h;h,G. Lk�v::,'"t:, 7KmJ.�i:z7 

1 -Jvv:l, 1*:Jil�*5E1t�'l:tG5<YJ*iJ<;.�Q C �x.G;h,QO)'"c', t. t.'"('O)Xf�iJ�Gv:t �Jt.-t 

G.) 

t.O)J:?�di�s�r��eK�-tG�ffi*O)x-jvfEKM-tGffl�l¥J��tl, :zK�:1J!PJKtl 

ffimHc.$iJ; v::, t �, G vft:f*JiliJ\ :1J�l¥Jt.i: El EB�ffiHc J: v::, t -t:O)J:: • rffi�m� ;h,, -ttL..fh 

O)ffi--C'v:l -fEO)mJ./!tcffi'.7)-ilJ.t (filu��VC r:1J--C'iWj�,) �.lj..x_k -'E7';t,,vC'0�'L fihnt-:. 

(VER0N1s, 1965; BAINES and GILL, 1969). -f: Lt, ::i:vciJvj%ffl�vc J: v::, t, M-ll: L k*O) 

1*:Jiltt�tJ;x-tvfE1¥Jvc�*5i: c t.i: Q �W�fi..ta�Mtfr � n k. �*!Hvt 1fi'm1t-?" Q ii�, -f: 0) �W�� 

vi*O)�,����-tG 4'00),,{:J,;. -3<-'a:Jlh,t�O)J: :jvc��hG. t.i::to, ,,{7,1- -3< 

-�7sE�VC'0�'LVi� 1 vc��L,tfivfk. 

Ra=--Rs+ (l+r) 1+- -n4 P+r 
( T) 27 

l+P P 4 
. (1) 

c. 0) �:W�fi..�#;irr --C'O) x-tvft:1¥J�*'.xEttvtt1&ib1¥J -c' cr> G iJ\ tr.m ;a<;.t;m_ 1 � ct> G �It*� < t.i: 

G c, JsE'itt.i:xtvft:iJ<;.JBJi-t G. (5E'itt.i:%tvft:iJ<;.JBJi-t G k�O)� 2 0)�9i!-{ll[, ct> G � +i, � 
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� 1 ;;fs:J.Jc.ffl", Q ±: t.da % 
Table 1. Main symbols used in the paper. 

,::JT: J::r<l)�JJt� cr:n"'(:·�1,,t �IE) P: m17.K<l)W!Jt 
c: m17}(<7).l:I::� LJS: J:: r <7):!;'\[J}·!Jt� (r:1J"c·� I,\ C � IE) 
K: �<l)Jt-=f-!Jtf{f*j)( 

Ks: :!;'\[ <1)7t-=f-!Jtf{f*j)( 
V; ltJf�ii_f*j)( 
g: ffi::1J:uuJ!JJt 
a: �8t�{l:vc.ff '.5 W8t�{l:<7)f*j)( (�\JW�f*•) 
/3::!;'\[7t·!Jt��K#'.5W8t��<l)f*j)( 
h: mt:f*Ji <7) IJ � 

FH: �mt::l:'itd.t:uu�<l)5:4t� CJ::IPJ�<l)c�IE) 
P : v / K ( 7° '7 './ r 1vj)() 
T: Ks/K 

Ra: agL1Th3/vK ( v1 !J -j)() 
Rs: f3gL1Sh3/vK (:!;'g v1 !) -•) 
R/1: agFuh4/ pcvK2 ( 7 7 '>' !l 7.. v 1 !) -j)() 

G vc. v ""1v 0) ?i1fj I.' '.XtvfE c tJ: Q ffi 3 0) =Jl!.fj tJ: c:· iJ ;fftE-t Q iJ ;, t. t. ··c-�t. TI[� 0) '*11* ii; tJ: I., 0) 
·-e��-rQ.) 

� --c, (1) AO)tcJ?l c "tiJ?lffi 1 �ii\ "tiJ?lffi 2 �vc.lt�--c+5tvc.*� 1., c �, (1) A�t.<X 
0) J: :He. ffif �1t � :h Q , 

aL1T . P+r­
f3L1S =;= l+P· (2) 

tcmiJ;"tim J: IJ *� 1., c �, .*P'Jvc.�t. �tt['.XtvfEiJ; ��-r Q. �AA'.O)tt[7Jc·evt. p;,,7.....,12, 

-r = 0. 01 "c' Zt> G ii� G, (2) 0) "tiJ?l vt. :to J: -t O. 9 "t:' Zt> G. ;:. 0) ;:. c �t., diffusive regime 0) � 
tt[.*"t:·�t., nltlliJ\m;JEf]VC.:t(�tJ:.*vc.:tc1.,--c 1b' x-tvfE®tJ:7G:t(JEttil;�� L�G;:. C �ffiL 
'"C :to I) , t. 0) 7* P'J "t:·� t. G m � 0) %:f!i& 0) V-c "'.::> "t:· Zt> G . 

c ;:. 6 ii;, J:O)J& IJ tlh, "t:·vt.!tW.�{4:iJ\1:1�11:: � :h --c "', Q tc.2io, ;:. :h �-tO) 'i 'i mffitt[� 
0) J: ? tJ:m�O) .*vc.;i@iffl-t G c, � 'i 0 tds�il;�il�:hG t. c il;Zt> G. )cO)tc.2lb YusA(1977) 

�t., vftf*Jl;o;""f:niJ� G��O)%i � "t:'1Jll�� :hG ����� L, )aj°vft0)9ejlvc.M L '"C <XO) J: 5 
tJ: �f*A� i;iJt, tc.. 

Rh =--Rs+ (1+-r) 1+- -n4 
P+ r- ( -r ) 27 

a l+P P 4 . (3) 

t. 0)%Avt. (1) Ac 'i 0 tc. < µij C "c'Zt> G iJ�, (1) A�t.WJJHc. �11: L '"CI.' G .*iJ�x-tvfE®vCf�:t( 
JE c tJ: G �W.itt��ffi-t 0) vc.x-t L, (3) A�t.x-tvftil;9£� L '"CI.' G iJ� c· ? iJ:. �ffi-r c I.' ? J: ? 
vc., )cO)Jl*-tG c t.6vt.*� < �tJ:G. 

Js>tc.tc. U, (3) A"t:', "tiJ?lffi 2 �iJ;fmO)�vc.lt�--c ,J ... � < �fl "t:·� Q c �, <XO) J: ? vc. ffif 
�11::�:hG. 
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aFHh P+r 

paj3L1S : 1 + P ( "'O. 9). ( 4) 

J:�"t:-, ti3?J.:1J�"ti�J: 1:>*�vtnvi, *r-w:.f1xtm:1J�1:it9Je�L--c"'Q cfU!tlr6.tiG. 

�hi�fib.ti--c�k•����M��gm������M�K.1:�--c, ��-��*� 
$���-;@�"c'�mxfvft;b�Je� L "(\t,Q c ffi�6h "(\t, 0 (HOARE, 1968; YusA, 1972, 
1975). 

if, (2) �t��vc J: Q nx:��*5Elt�>l<ob J: :i. ��Jtvctovt Q mJFJf�tJ:*!Elt��� 
Gt-:.ob, -��1r�vc 50 itdt 100cm ����tf�vcitdfJJ�HcL, :t��-Hc-0\t,"( 

aL1T/j3L1S �H•-tG. LlT vt�?i/l�J:fficrffiFf=li�&ltii§:, L1S vtm7t¥l/!tii§:"t:'t6G. 

it-:., .7}(vt ca++ c c1- �:±JJx:7tc-tG�J!dJ:m7JctJ:�"t:-, HJIOc&f�tJ:����� a 
cm7t•Jt�1tvc{f :i *i!t�1t��� /3 vt*�vct&vft-.:*ocT· - !J J: 9 >l<obk. 

;J<obG;rikaL1�f3L1S���K�-t07t���3�-;f5���Kffi-t. �*�-��-�� 
*1Ett:1J�1:it9-tGl:m;J1f.�"t:'t6G. �&, �m7t¥llt�*�im"t:'vi, L1T='1S=0 �kob� � 
m�vt�ffl��f, ��nctJ: � --c"'0. �:1J:. G§}j G:1J:.tJ: .1: :i vc, c· < *llfffl� 2 ,��� < -t 
� "C � fi![;b �*IE -O!U vc {ft It L "C ", G . � � *a :!i!Ht, • � �JI fITT "c'vi :xtm vi tJ:", "c' t5 6 ? c -t G 
� x. vc c � "C vi !ff $it "t:' t5 G :1J �, fqJ � vc �i �-:@:itHc to vt G t-fvft � 1:it9 ?b �5E L, � .ti i "t:' 
vcfibn"C�t-:.��:b�ffi�L"C\t,Q � c cvt;t§�.titJ:\t'. 
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?kK., � t:ft]ivc "".)\, ,--c, (4) �vc� L tdll� aFHh/ pc,cf3.t1S O)fil1�3.K� G. ;: h "i "t:'O) 

:fiJf'.JEvc J: '? --c, ,..� :,; �''lilO)��KHi 13 M--c:·s �, �1¥Jvc&t vi c 1u c·5E��f@Hcj[i\,,;: c tit�� 

.n --c \,, Q • Lt.::. tit'? --c, ™ � rtli vc IR W '? t-=-c �, !&rtli &t-'t .n J: 9 rJJvc � Q 7}( 1* vc �JtZ 

� h Q 13 M:1: c ��O)�vc J: '? --c, rffiil., G1Jn�� h Q c � x. Q ;: c tit--c:·� J: 5. � G vc, 

-'tO)f-i]itit-J-5}vcf-ivth�f, -th 13 �i.Jt�JtZ-t G 13 M:l:�i, m30)��$&i�IJ c L--C, rJJi.l., 

Gtt.::.G�hG�:l:vcJt-"'--C1fft!--C:'�G. ti.,< L--C, 13MvcJ:Glil7.KO);fJU��i, !&f_iJiO)r 

JJil., 1?0)1JU� c L --c j[iftl--c:·� G. ;: O)� x.JJvc£vj �, ipf�fill c L --c 0) FH &i?k�vc J: 9 

ttS�hG. k.�L, m3aK�Lk13Mtt�*K�ltZ�hGci°G. 

(5) 

;: ;:vc, z �tmHI<rffiil.,G7JlU-?k.!&f-iJiO){ftft, Qo(=2.0x 10-4 cal/cm2 •s) &im31.J<��� 

-t G ij:.3¥-:ieyO) 13 M.:I:, 1J( =3. 4 x 10-4 cm-1) &ilil7}(0)��1*�, d=6, 100 cm. 

� 3 O)ti:JJ&i-*ftfivc "".)\,,"( tt• � :h,t.::. aFHh/ pc,c/3.dS 0)5}-;fp--c:·, �O)?i&itf�i�vfE§e�O) 

l:ii\tW-illl"t:'tf, G. ;: 0) �--c:· t * Ji&i�S c t.c '? --C \,' G tit, ;: h&i aF Hh/ pc,c/3.dS fillilt��J!* c 

t.cGt.::.�--C:'tf,Q. �*vcm\,,f.::.��0)7.Kif&7°P 7 1  -Jv""c'�i, �fJ§j·��i:toJ:-'t 47 /. - r 

1v t)J3t0)$n\.vc§e� L --C \,' G. -t L --C, -tO)ftilffl--C:'O) aF Hh/ pc,c/3.dS fill�i!:i&Wfi�)Cjlr\, ,iJ.,, 

'i tdt!:i&Willl J: 9 * � <, -JJ, -th J: 9 rJJ--C:'O)f@]i�r�vuJ, � \, '· ;: 0) J: 5 vc, 5Emi • 

5E1lfltffi��mJ§jm��--c:·�i�vfE�lfJi.Jt§e� L --C :to 9, �$--C:'&i$:Jii.Jt � b�--C*JE"t:', 5} 

��fi��Ei¥J�SGc�-�hG. ;:ti,tt, �Jt;l��§m1¥J��7�0)1iJf'.JEKJ:-?--C�­

� h --C \, , t.::. ;:. c c -Ix-t G . 

3.2.· y.f -v-;(;i,110)�.g. 

BELL (1967) &i;: O)m30)�Jt;l��tR.��1¥J� 7 1v��� L, �7}(if&&i 13 Mvc J: G ;fJU�O)� 

*��Q;: c��Lt.::.. � 1, � 2 :toJ:rf� 4 vc�Lt.::.7}(if&cm�flt�i, BELL titm\,,f.::.� 

ii., G��Jf)t '? t.::. t O) ""(:·� G. ;: 0) 7-!J J: 9, 12. 2 m J;l_�i.)t diffusive regime O)�tiifflt!i 

�--c:·� Q;: c titbti., 9, -'tO)ffi�F'3--c:·7}(if& ctii5}1lflt 7
° 

P 7 1 -1vvcmJ§j-�i.Jt§e� L --C \,, 

G. 

� 4 O)*�O)��i 100cm F1:19�--c:·1RW'?t.::.Jivc"".)\,,"(tt•�ht-: a.dT/(3.dS 0)7t;;fp--C:'SG 

tit, i"-"'--C tit*5£iJl�F'3vcs Q. ;: 0) J: 5 vc, ;: O)m3vc:to\, ,--ct, J:: rF1:190)if&flt�vc£vj\,, 

t.::.*5Eflt�tmJ§jm�O)f?tf: c �%Q L t.c\, '· t.c :to, a c /3 vc�l/� :,; �·lll7}(0)fj� ffl \,, t.::.. 
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ice sheet 

�4 �1�-�-���Q&�t-��-�� 
P 7 1 -Jv (ti:�, BELL, l 96nc J: Q) , � 

J: tf aLlT / {3LlS (r:p:;R:�) t aF Hh/ pcK{3LlS 
(ti�) 0)73'-;(p. 

Fig. 4. Profiles of temperature and salinity 
(left, after BELL, 1967), and distribu­
tions of aLlT / {3LlS (middle) and aF Hh/ 
pcK{3L1S (right) in Lake Miers. 
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O){t�jJin\Gvi.iiaJJ(O)j£1.n\Gvc;ilj:� , O) -C' (YAMAGATA et al., 1967) , a c (3 VC.vi.iia7.l(O){jl[�ffl 

-jj, fqj �i:p O) �1Ui. , (7) � J: IJ }rf;:� ;(l, Q  FH vc.£--::5 < aFHh/ pcK/3.JS {jl[0)7ti(p-C:' 
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ffii iJ"- I? 1J!U "? ts:� �U! 0) �:h, G � � ) . 
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Fig. 5. Profiles of temperature and salinity (left, after TORI! et al., 1972), and 
distributions a.JT / (3.JS (solid circles) and aF uh/ pcK(3L1S (hollow circles) 
in Lake Bonney east lobe. 



162 
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n-c, �WrE�ih�� c 'i 0kc�M�tL G . t 1...,�ft��m�-r, �O)•��J.t��@O)� -� 



164 

r@ 1 ,,::: :,,; 3f''mJ �c:tovt 0 �:!;l'[x-tvft:¥e�O)�fli��f71J. �fl! 
�:t S M�c J: 0 :/JU�!m"kf:tiieO)�� 

Fig. 7. An example of numerical experiment of 
thermosolutal convection in Lake Vanda. 
Numerals are the number of years after the 
beginning of solar heating. 
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Fig. 8. Calculated profiles af salinity with the 
observation data, and the predicted change 
of aFHh/pcK{3JS in Lake Vanda. 
Q) :  500 years, ® :  800 years, @ :  1,000 
years, © :  5,000 years, @ : 10,000 Y,ears. 
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Appendix. Measurements of density of lake water in Lake Vanda. 

(Values of electrical conductivity are corrected at J8DC.) 

(i) flt�1A�� 4.35 x 102 µe;/cm (ii) flt�1A�� 8.50 x 102 µe5/cm 

m. flt (DC) I w � (g/cm3) m. I!f (DC) I w flt (g/cm3) 

0 . 7  1 . 0001 14 0 . 8 1 . 000330 

2 .0  1 .  000155 2 . 8  1 . 000392 

3 . 9  1 . 000175 4 .4  1 .000402 

5 . 3  1 .000172 5 . 6  1 . 000375 

7 . 6  1 .000103 7 . 7  1 .000285 

10 . 5  0 . 999886 10. 4 1 .000083 

12 .4  0 . 999690 12 .6  0 . 999849 

1 5 . 2  0 . 999319 15 . 1  0. 999505 

1 7 . 2  0 . 998989 1 7 .4  0 . 999127 

20. 1 0 . 998432 20 .0 0 . 998628 

22 . 2  0. 997940 22 . 2  0 . 998143 

25 .0  0 . 997270 24 . 9  0 . 997487 

28 . 6  0 . 996250 27 . 5  0 . 996775 

(iii) flt�1A�flt l . 62 x 103 µe5/cm (iv) flt�1A�flt 5 . 35 x  103 µe5/cm 

m. flt (DC) I w flt (g/cm3) m. flt (DC) I w � (g/cm3) 

0 . 8  1 .000747 0 . 9  1 . 002728 

2 . 6  1 . 000795 3 . 6  1 . 002780 

4 .0  1 .000798 5 . 2 1 . 002762 

5 . 7  1 .000784 7 . 9  1 . 002676 

8 .0  1 . 000678 10 .4 1 .002494 

10 .4 1 . 000495 12. 8 1 .002273 

12 .7  1 .000241 1 5 .0  1 . 001988 

1 5 .0  0 . 999935 17 . 4  1 . 001644 

17 .5  0 . 999522 20 .0  1 . 001200 

20 . 1  0 . 999020 22 . 2  1 . 000777 

22 .4 0 . 998504 24 . 9  1 . 000155 

25 .0  0 . 997872 28 . 0  0 . 999337 

28 . 0  0 . 997040 
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(v) tlt�{��ll 4. 16 x 104 µr;/cm (vi) m�{��f:l 8 . 16 X 104 µ[J/cm 

U'll. l:l (OC) I m l:l (g/cm3) U'll. l:l (OC) m l:l (g/cm3) 

0 . 7  1 . 026914 0 .5  1 . 060888 
3 . 4  1 . 026771 3 . 0  1 . 060568 
5 . 6  1 . 0266 1 1  5 .5  1 . 060186 
7 . 7  1 . 026383 7 . 6  1 . 059833 

10. 7  1 . 026000 10 . 4  1 . 059248 
12 . 7 1 . 025658 12. 6  1 . 058775 
15. 2  1 . 025189 15. 2  1 . 058153 
17 . 2  1 . 024779 17 . 5  1 . 057549 
19 . 9  1 .024128 19 . 8  1 . 056877 
2 1 . 9 1 . 023626 22 . 1 1 . 056208 
24 . 6  1 . 022886 24 . 8  1 . 055360 
28 . 2  1 . 021788 28 . 2  1 . 054196 

(vii) m���l:l l . 24 x  105 µ,{'J/cm 

U'll. l:l (OC) I m l:l (g/cma) f[ U'll. � (OC) I m f:l (g/cm3) 

0 .4  1 . 098439 15 . 0  1 . 094745 
2 . 8 1 . 097932 17 . 3  1 . 094082 
5 . 2  1 . 097364 20 . 0  1 . 093 174 
7 . 6  1 . 096789 22 . 0  1 . 092484 

10 . 5  1 . 096079 24 . 8  1 . 091498 
12 . 6  1 . 095474 28 . 8  1 . 090027 


