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Geochemical Study of the Formation Process for the Saline Lakes in the

Dry Valleys, South Victoria Land, Antarctica

Shyu NaAkAyA* and Masakichi NISHIMURA*

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 Nat and K™* replaced
Ca2+ and Mg2* of the sediment or weathering rock, and some part of CaSO,
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);

0C/ot=D (02C/az?) (h
where C is the salt concentration, z is the vertical distance coordinate in-
creasing upward from z=0 at the bottom to z=h at the top of the saline
layer, and ¢ is time.
For eq. (1), the initial and boundary conditions are

at 1=0; C=C, in 0<z<h (2)
at 1>0; C=Cy at z=h (3)
and 9C/6z=0 at z=0 4

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

C=Co+(Ch—Co)¢1 (3)
where ¢, is a function of time (f), height (z), and diffusion coefficient (D),
its complete form being

(oo}
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The value of ¢ 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.
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Table 1. Chemical composition of bottom water in Lake Vanda.

Process Caluculated Present
I 11 II1 v 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 +0.730 —0.111 0.662 0.668
Mg 0.0545 0.223 +0.117 0.340 0.340
SO, 0.0289 0.118 —0.111 0.007 0.007
Cl+Br 0.560 2.288 2.288 2.288

ACEAFRTILEBEEMN L, EBRMLOE OIS TFINE, F XA + viIkEo Hic
I L35 L, HoOWEBKEL, Fick oRicXn, KOXICEIRS.

0C/dt=D(3*C/oz?) (N
D: ihEbRE, C:RiRE, 2 BREARER h OhoRE (EAFNE), (1) RoER4EL
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t=0 T C=Co (0<z<h) (2)
t>0 T C=Cr(z=h) (3)
z=0 T dC/0z=0 4)
Ligh, (1) ROz, HREHE (2~@) % B\ Laplace B#uc X 1,
C=Co+ (Cr—Co) ¢1 (5)
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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 cm? 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 16002000
0.8 1000-1250
1.0 800-1000
Lake Fryxell 0.5 1600-2000
0.8 1000-1250
1.0 800-1000




