
2.84	1.48

49.5	12.5
57.8	14.7
63.3	16.6
86	23.0
83	22.5
63	16.0

	

0.19	6.96

	

0.29	265

	

0.50	321

	

0.67	476

	

0.86	568

	

0.89	513

	

0.91	575

	

142	33.8	2.14	1,340

	

898	144	15.2	10,100

	

2,640	375	44.8	33,200

	

4,990	596	81.2	59,800

	

7,000	748	91.9	74,300

	

1,500	127	284	190,000
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in Lake Vanda, Don Juan Pond,

and the Onyx River:
Further indications

of brine origin

J.G. WEBSTER and R.L. GOGUEL

DSIR Chemistry Division,
Private Bag, Petone,

New Zealand

During the 1987-1988 austral summer, we collected water
samples from Lake Vanda, Don Juan Pond, and the Onyx River
in the Wright Valley, McMurdo Oasis. Lake Vanda is approx-
imately 8.5 kilometers long, 2.5 kilometers wide (maximum)
and, at the time of sampling, was 74 meters deep and entirely
covered by a 3.6-meter-thick ice sheet. The waters collected
were preserved (filtered, acidified, and frozen), and we are
presently analyzing them for trace metal and major elements
at the Department of Scientific and Industrial Research (DSIR),
Chemistry Division, in New Zealand. When complete, trace
element assays will be related to anion concentrations in terms
of the metal complexes present, and a model for trace-element
speciation will be compiled. In the course of the trace-element
study, halides, oxyanions, and alkali metals have been deter-
mined for each sample. Although previous studies have in-
cluded sodium, potassium, sulfate and bicarbonate
determination on some of the waters assayed (e.g., Angino
and Armitage 1963; Boswell, Brooks, and Wilson 1967; Mudrey
et al. 1973), lithium, fluoride and bromide determinations are
reported here for the first time. Chloride concentration has
been redetermined in the interest of internal consistency but
varies little from previously published results (e.g., Angino

and Armitage 1963). Evidently, there has evidently been little
change in lake composition over the last 24 years.

Waters were taken from Lake Vanda using a 1.5-liter capacity
sampler, lowered on a calibrated line through a 10-centimeter
diameter hole in the ice cover. The sampler was constructed
of ultra-high-molecular-weight polyethylene and all metal parts
of titanium or niobium (to minimize trace metal contamina-
tion). Once at the required depth, a messenger weight dropped
onto the top-mounted spring mechanism released the ten-
sioned plugs, and sealed the sample chamber. Temperature
and pH were measured on site. (Eh and sulfide, also measured,
are not reported here.) Salts were collected from the margin
of Lake Vanda, from soils near the lake and from Don Juan
Pond.

Halides and sulfate assays were made on a DIONEX Ion
Chromatograph with a sodium bicarbonate/sodium carbonate
eluent. An HPIC AS4 column and conductivity detector were
used for low (<500 milligrams per kilogram) chloride, bromide,
flouride, and sulfate analysis, and a HPIC AG4 column with
amperometric detector (silver/silver chloride electrode) for io-
dide analysis and to confirm the bromide data. The alkali met-
als were determined by atomic emission spectrophotometry.
High chloride concentration (>500 milligrams per kilogram)
were titrated against silver nitrate, and bicarbonate titrated
against hydrogen chloride. The acidified bicarbonate solutions
were purged with nitrogen to remove carbon dioxide, then
back-titrated against sodium hydroxide to correct for possible
interference by other oxyanions.

With increasing depth in Lake Vanda, there is a correspond-
ing increase in temperature, acidity, specific gravity, and each
of the elements assayed (see table 1). There is a marked com-
positional change at the 50-meter depth, below which the sig-
nificantly warmer, denser, more saline brines occur. Wilson
(1964) considers the basal brines to have formed during a pe-
riod of prolonged evaporation. A climate change 1,200 years
ago caused the saturated calcium-chloride brine to be re-
flooded, and salts to diffuse chemically upwards through the
lighter, more dilute fluids. There is little evidence of physical
mixing in the lake. Relative solubilities and diffusion rates can

Table 1. Anion and alkali metal concentrations (in milligrams per liter) and ratios in Lake Vanda, Onyx River, and Don Juan Pond.

Onyx

Vanda:
5 meters

15 meters
25 meters
35 meters
40 meters
45 meters
50 meters
55 meters
60 meters
65 meters
70 meters
Don Juan Pond

Specific
TC	pH gravity

3.2 7.2	-	0.001

2.5 8.3	0.999	0.099
2.5 7.9	0.999	0.116
3.0 8.1	0.999	0.152
4.0 8.1	0.999	0.215
7.0 8.0	0.999	0.208
7.0 7.5	0.999	0.164
8.5 7.4	1.00	0.51

12.5	7.0	1.01	4.12
17.0 6.4	1.04	14.3
20.5 5.9	1.07	24.5
21.0 5.7	1.09	29.5
3.3 5.6	1.27	300

	

0.02	-	4.00

	

0.06	<0.01	17.6

	

0.10	<0.01	17.6

	

0.14	<0.01	20.3

	

0.16	<0.01	28.1

	

0.16	<0.01	25.1

	

0.18	<0.01	25.7

	

0.47	-	32.6

	

3.84	-	139
9.56 <0.05 273

	

16.1	<0.05 555

	

21.4	<0.05 688
135	-	79.9

22.9

43.2
49.6
42.0
62.6
59.9
51.7

67.1
100
173
297
410

45.8

Lithium	Sodium	Potassium Fluoride	Chloride	Bromide Iodide Sulfate Bicarbonate
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be estimated from ratios of the alkali metals to sodium ion,
and of anions to chlorine. (See table 2.)

Halide ratios do not change with depth in Lake Vanda, nor
do the Vanda ratios vary significantly from those of the very
saline brines of Don Juan Pond. Bicarbonate/chloride ratios and
sulfate/chloride ratios, on the other hand, decline significantly
in the basal brines and are low in Don Juan Pond. We can
conclude that:
• the mobility of bromide and flouride in the water column is

similar to that of chloride anions, and
• the chemical diffusion of bicarbonate and sulfate is too slow

with respect to chlorid to adjust for the removal of these
ions from basal brines during periods of gypsum and calcite
precipitation. (Gypsum and calcite horizons have been re-
ported from sediment core beneath Lake Vanda by Gumbley
et al. 1974.)

Iodide/chloride ratios cannot be calculated due to the extremely
low levels of iodide in the lake waters. (The detection limit is
0.01 milligrams per liter in dilute lake waters and 0.05 in brines.)

Potassium/sodium ratio variation in Lake Vanda also ap-
pears to be decreasing with depth. Removal of potassium from
the basal brines is consistent with the tentative identification
of a potassium-sulfate salt filtered from samples taken at 65
and 70 meters. Potassium/sodium ratios in Don Juan Pond are
significantly less than those of the basal brines at Lake Vanda.
Lithium/sodium ratios increase markedly below 50 meters and,
in the absence of sodium salts in the sediments beneath the
lake, are likely to reflect the slower diffusion of lithium from
the basal brines with respect to sodium.

The use of halide and anion ratios to indicate fluid type and
origin has previously been applied to Lake Vanda and Don
Juan Pond with varying degrees of success. Possible origins
for the salts in Vanda include:
• geothermal activity,
• marine environments, i.e., a trapped body of seawater, ma-

rine spray or beds of ancient fjord sea salt in the valley
sediments, or

• bedrock weathering and/or snow melt.

Previous studies have failed to find evidence of hydrothermal
activity in the Wright Valley, and only a few have favored
marine origin for the salts (e.g., Morikawa, Minato, and Os-
saka 1975). The consensus of previous isotopic and major ion
or trace-metal ratio interpretations (Angino and Armitage 1963;
Boswell, Brooks, and Wilson 1967; Mudrey et al. 1973; Masuda,
Nishimura, and Toni 1982) is that the salts are derived from
the chemical weathering of bedrock and/or atmospheric pre-
cipitation, and transferred to the lakes via glacial and snow
meltwaters.

Perhaps the most elegant explanation for the high calcium
ion/sodium ion ratio, low sulfate anion composition of the basal
brines in Lake Vanda (and in Don Juan Pond) is that of Wilson
(1979). From the chemical similarity of lake waters and ground-
waters flowing on top of the frozen watertable, Wilson pro-
posed that, of the ions present in seepage from glacial or snow
melt, those forming the least deliquescent salts will be pref-
erentially removed from groundwaters flowing to the basin.
Salts such as sodium chloride and sodium sulfate are precip-
itated in sediments of the valley walls, enriching the ground-
water feeding Lake Vanda in calcium relative to sodium and
removing sulfate.

There is a certain element of support for a system in which
ions are partitioned according to the deliquescence and/or sol-
ubility of their salts in the lithium/sodium and flouride/chloride
ratios present in the basal brine. Assuming the Onyx River
provides a reasonable indication of the ion ratios present in
glaciers and snows from which the melt water is derived, lith-
ium has become enriched with respect to sodium, and fluoride
is depleted with respect to chloride in the basal brines of Vanda.
The high lithium/sodium ratio exceeds those typical of other
evaporated fluids (e.g., salt lakes or marine evaporites such as
the Dead Sea, table 2). Lithium solubility is limited mainly by
cation exchange with clays and does not readily form insoluble
salts with chloride or sulfate. Fluoride, however, precipitates
as calcium fluoride in many natural systems. Groundwater
enrichment in lithium and depletion in fluoride is therefore
consistent with former precipitation of sodium- and fluoride-
bearing salts in the valley sediments.

Table 2. Mean anion and alkali metal ratios by weight for assays in table 1 (range given in parentheses where appropriate).

Fluoride	 Bromide	Bicarbonate	Sulfate	 Lithium	Potassium

Chloride	 Chloride	 Chloride	Chloride	 Sodium	 Sodium

Onyx	 0.027	 0.0029	 3.29	 0.576	 0.00035	 0.52

Vanda:
5-50 meters	0.0015	 0.00029	 0.11	 0.047	 0.0025	 0.26

(0.0011-0.0017)	(0.00023-0.00035)	(0.05-0.16)	(0.024-0.066)	(0.0020-0.0036)	(0.24-0.28)

55-70 meters	0.0014	 0.00031	 0.0064	 0.010	 0.0048	 0.13
(0.0012-0.0015)	(0.00027-0.00038)	(0.0050-0.010)	(0.0082-0.014)	(0.0042-0.0054)	(0.107-0.160)

Don Juan Pond	0.0015	 0.00071	 0.00024	0.00042	0.036	 0.0015

Rivers a	 0.014	 0.0024	 7.49	 1.43	 0.00017	 0.37

Seawatera	0.000067	0.0035	 0.0075	 0.14	 0.000016	0.037

Dead Sea 	 -	 0.024	 0.001	 0.0019	 0.00043	 0.19

a World mean of major rivers and ocean water from Holland (1978).
bData of Neev and Emery (1967) reported in Lerman (1967).
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As previously noted, the bicarbonate/chloride ratio, the sul-
fate/chloride ratio, and possibly the potassium/sodium ratio
are affected by the in situ precipitation of lake salts and are
unlikely to reflect original brine compositions. The bromide/
chloride ratio is anomalously low (as is the iodide concentra -
tion) relative to the Onyx River, seawater, evaporated seawater
brines (see table 2), and indeed most natural brine systems.
Bromide solubility is usually limited in natural fluids by co-
precipitation with chloride, ultimately tending toward minor
enrichment of bromide in the fluid. Consequently, the low
bromide/chloride ratio (and iodide/chloride ratio) in the Vanda
brine is unlikely to be caused either by in situ or former salt
precipatation. Because bromide and iodide are both biophilic
ions, however, it is possible that the organisms present in Lake
Vanda (algae and bacteria) have removed the halides. If such
is the case, the organic-rich horizons reported by Gumbley et
al. (1974) in the sediments below Lake Vanda, might be ex-
pected to have high levels of bromide and iodide.

We would like to thank DSIR Antarctic Division, the U.S.
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