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Abstract: A simple model is proposed for the present chemical com­
position of the saline lakes in the Dry Valleys. A diluted water of sea salt 
whose compositional ratio was that of sea water was concentrated by evapora­
tion to the present chlorinity. 

During the concentration process, a part of Na + and K + replaced 
Ca2 + and Mg2 + of the sediment or weathering rock, and some part of CaS04 

deposited from the solution. All the reaction proceeded under an ionic mass­
balance. 

This simple idea can beautifully explain the origin of the chemical com­
positions of Lakes Vanda and Bonney. The salt concentration profiles in 
these saline lakes can be explained by the molecular diffusion (or ionic dif­
fusion) of dissolved chemical substances from the bottom layer to the surface 
layer. 

The vertical transport of salt from the bottom layer is given by a con­
ventional Fickian equation, with a diffusion coefficient (D); 

ac;at=D ca2c;az2) Cl) 
where C is the salt concentration, z is the vertical distance coordinate in­
creasing upward from z= O at the bottom to z= h at the top of the saline 
layer, and t is time. 
For eq. (1), the initial and boundary conditions are 

at t=O; C=C0 in O<z<h 
at t>O; C=Ch at z=h 
and ac;az=O at z=O 

(2) 

(3) 

(4) 
The solution of (1), obtained by the Laplace transformation with the boundary 
conditions (2)-( 4) is 

C =Co+ (Ch-Co) ¢1 (5) 
where cp

1 
is a function of time (t), height (z), and diffusion coefficient (D), 

its complete form being 
,1, =I:(-l)n[erfc (2n+l)h-z +erfc (2n+l)h+z] (Sa) 
'f'l n=O 2 (Dt) l/2 2 (Df) l/2 
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The value of t of these saline lakes in the Dry Valleys is estimated by trial 
and error computation using eq. (5) and (5a). The age of stratification esti­
mated for the salt diffusion from the bottom layers ranges from 1,000 to 
1,250 years. 

�11ii': F '71 /.:: v-j;\g��C)�tE-t-0 3 "?O):f;i[?\1iJJ, /.:::,; tl, ;t;.::. -, 7 9 !I --tuL,O) 

"e-tM �c "? 1,, --c, !fr.rt �C.lj. G tL -0 �:IM0-ll&71( 0) 1:.nlt�� :to J: U:!MnitJil1:.nlt4��c "'.) 
1,,--c�� L-k:. 

�:!;i[Jtz,l&71(vi, #JJ;,J(#llinJt:a:_,i'f-t -0 5 -t1, ,71(, S -0 Hi#JJ:!;i[:a:_,lf£�7J( c VC. � 
4JI 0)�9£, ll*&vc J: 9 mt1:0))ft�;,J(ll& t-e:-llr@�.hk:. -t"O)���c;to1,,--c, =El· 
E, Yitffi��c0)1;;t:,;3tj�!J�JC::n•UC IJ, Na+, K+ vi��iJ,G�bh, Ca2+, 
Mg2+ vi��"'--§'.-x.Gh, Ca2+ O)-fil5viCaS04 c L---CftffiL-k:C c--C:·fil?.glj --e:-�-0. 

!fr./i;,J(O)�Jjtffif4vc "'-:>\,, --c vi, �nJt;tt}jO):f;i[?\1iJJvi � bao--C ,J, � t.c1JcfoJ?\1iJJ--C:· S--? ts: . 

.7c 0) 1JcfoJ?\1iJJ"'-* � f.t.'A{��fbiJ, S iJ, J\lffi2VJcfoJr!'l!7J(iJ,vfEA L-. Jfr.Ji!O)nslJ:f;i[Ziftr:£71($ 
0) 1t�nlt0-vi!fr.JiliJ, G _l:.:Jii"'-0--=f1}t1tx, i kvi 1 :t- :,;1)t1tx�c J: IJ 1)t1tx L-. mtE 0) J: 
5tda�0-:fffct.c"'.)k. CO)�x_�c�--::51,,--c, Fick O)A, :l;i[0)1)tt{f*�, �tl!!J�Zl 

)3£:a:_, J:1l 1, ,--cit�. -t"O)*s*, 1,000,_ 1,250 4WHc.'Af��Jli)JiJ•S "'.) ts: c � x. G.h-0. 

��Gv'i, F''71 /� v-ttg�O)��O)�nl<;��vcv::i\.,,-c�·���.lj.t.::.. ,l-0)*5--':, t'XO)J: 

'.5 t,d'F�fNmiJ\:5-c v'i i G ;:. c � di-v::ivt, ,WU c L-C /�:,; 37"�vc v::>\., ,-cjzt-"G. 

1) w1.Kilist��i"" � 5 't"lt ,7}(, Z5 Gt, 'v'i#a�� /±15e¥,o� c i"" G. 

2) �if:.J:I0)�5e, tH@vc.lv::>-C:'Pti< ct (CIJ=2. 288M 1·-ctH@Lt.::.. 

3 ) il*m��vc:to\,,-C:£·n, }iffi4efo�c O)f1=1ivctk0)1 :::1- :/3'.t�l�JiiJ:fibh 

(Ca, Mg) R +2(Na+, K+ ) ;:=: (2Na, 2K)R +Ca2+ + Mg2+ 

-tO)f�O)ffi*, 11 vcv::it,,-CNa 1.667M, K 0.0273 MiJ:f§�iJ•G*:bh, �jj, CaO) 
0. 730M, Mg 0) 0. 117M iJ::E:fi, }tffit¥,o�iJ·Gn¥�""'--§'.-;z.G.ntc.. 

4) 1 / V:.v::>\,,-C 0. 111 M 0) CaS04 iJ:1:tffiLtc.. � 1 v'i.I:JJ::O) J: 5 ti 4 '00)��K- .L v::> 

-c , � � zl 8t 0) Ji£ rib.K iJ: Jtfa st � .n t.::. ;:. c � 7f--r. ;:. 0) .1 5 ti�� 0) Ji£ lii 1.K 0) ilist 0) st� vx, 

@O);J�=--1i1if!, �liW, @mHcv::it,,-ctm§ij-e�G. LiJ•L, 7 � :7--t:1vli1iflvcv::it,,-Cv'izil*&iJ: 

1 t-:5ifiA., "(:· \,, tt..", tc.co m §fj "(:· � tt.. \,,. 

Jf£Jif 2!(0)ZJl8tffif4vc v::i t,, -c vi, ik 0) J: 5 tt..�·��fi --::it.::_. %nl<:ll-:l 0) /� :,; 37''rr!ifHi � bco-C 1J, 

� t.i::7.KtnJliW "f:·25 ":> t.::. c �-;t Gh, -t_-0)�, * � td�H��ltlii�tf> iJ, 7j(foJli1ifl""'-RrJJll7J(foJ;.t/l1.KiJ� 

VTEA L ts:.. -t_-O)ffi*, }i£}if O) �mzl8t7Jcr=p0)1t�nl<:7.H'i}f£}if ;o, Gl:lii""'-7.triltt& ( i kvi 1 

:t- :,;iftffl() vc .l iJ il.tt& L, mtE 0) .l 5 t.i::td@:7.t:;ffHC ft.. v::> ts:.. ,tlJ::O)� ;t vc£---Jt,, -C, iftt&vc 

.llJ, mtEO)J:5�ffi@:7.t��7f-�K�Lt.::.1[=.��tlTO)ff.$KJ:lJtt.Lt.::.. 



No. 58. 1977] 91 

� 1 ... �-:/ jf'�O)�fjftc..J: 9 >]<bbt-:J.tt}IJt0)1l:�ffi.fflt 
Table 1. Chemical composition of bottom water in Lake Vanda. 

Process Caluculated J Present 

I II III IV Bottom water 

Na 0.480 1.961 -1.667 0.294 0.294 

K 0.0105 0.0429 -0.0273 0.0156 0.0156 

Ca 0.0105 0.0429 +o. 730 -0.111 0.662 0.668 

Mg 0.0545 0.223 +0.117 0.340 0.340 

S04 0.0289 0.118 -0.111 0.007 0.007 

Cl+Br 0.560 2.288 2.288 I 2.288 

1.K3¥:1flfiJ--c:·�:t?ll!tffifr4ii�tJ: <, �!iii� G O)j_;'gO)��ii�J.tr��' "i td:t 1 :i- -:/��O).;,vc.. 
.J: G Ci'" G C' j_;gO)j'Jil[�J25�:t, Fick O)�vc.. .J: iJ' {XO) .J: ? vc..�� ;h, G. 

ac;at=D(a2c;az2) Cl) 

D: ��{*�, C: t'ii¥ll!t, z: �t'ii:7.t1'l!t!i h 0) i:pO)i*� (J::1f �IE), (1) �O):!:t3'f.� 
{4�:t, 

t=O --c:· C=Co (O<z<h) 
t>O ""C:' C=C11,(z=h) 
z=O --C:' oC/oz=O 

C=Co+ (C11,-Co) </>1 

ctJ:G. </>1 �:t 1, z, D O)��--c:·�iJ. tXO).J:,vcl=vtG. 
_ 00

( )n( (2n+l)h-z (2n+l)h+z) </>1-'£1 
-1 erfc 

2 (Dt) 112 +erfc 
2 (Dt) 112 

(2) 
(3) 
(4) 

(5) 

(5a) 

l:!i30)��ffi'lt,, :5tr��f*� D � D=0.8x 10- 5 cm2/s c L,·t>� -:/.?"''W]O)¥lJ!tJ.t11JVCJl'i 
t �iri'" G t � ;j( 6'J G c, 1, 000"' 1,250 1¥-0) 1¥-�ii�� G ;h, G. c. 0) .J: 5 tJ: gt��� 7 Y J 
-t1vWJ, ;t; =- -11, *rffififuWJvc.."".)\t,--c t ff'lt,, � 2 vc..�i'"M*��k. 

c. O)iJ':5*, 1,000"'1, 250 :i¥-filvc..��2tibii��-? k.. c � x. G;h,G. 
*AAuJ'.O:t, mn: Geochim. Cosmochim. Acta vc..fitfiwji:p--c:·� G. 
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Table 2. Age of stratification estimated from. the idea of the salt diffusion. 

Lake Salt diffusion coefficient, D Age of stratification 
(10-5 cm2 s-1) (years) 

Lake Vanda 0.5 1600-2000 

0.8 1000-1250 

1.0 800-1000 

Lake Bonney east lobe 0.5 2000 

0.8 1250 

1.0 1000 

Lake Bonney west lobe 0.5 1600-2000 

0.8 1000-1250 

1.0 800-1000 

Lake Fryxell 0.5 1600-2000 

0.8 1000-1250 

1.0 800-1000 


