
One of these lakes, Don Juan Pond, in the south
fork of Wright Valley, has been shown to be an area
where there is no confining permafrost that could pro-
hibit the upward migration of groundwater. The high
salinity of the water in the pond (more than 250,000
parts per million of dissolved solids, principally cal-
cium chloride) is probably what keeps it unfrozen
year-round. From seismic evidence, unfrozen sedi-
ments and glacial debris in the basin are over 46
meters thick on the western end of the pond and only
20.5 meters thick on the eastern edge of the basin. A
time-distance curve is interpreted as indicating a fault
zone striking north-south directly beneath the pond.
P-wave velocities in the unfrozen sediments average
approximately 1,800 meters per second, and typical
surface resistivities are 7 to 10 ohm-meters, increasing
to less than 300 ohm-meters at a depth of about 150
meters. Relatively low resistivities, which continue well
into the bedrock, suggest that the basement rock is
saturated and the water is not frozen. Basement veloci-
ties average 5,116 meters per second. Don Quixote
Pond, in the north fork of Wright Valley, is character-
ized by low resistivities (less than 520-ohm-meters)
and moderate high velocities (4,587 meters per sec-
ond) at shallow depths, reflecting the thin drift cover
and proximity to saturated basement.

Lake Vida, in Victoria Valley, has been shown to
be 38 to 40 meters deep from seismic measurements.
Seismic profiles suggest that Lake Vida lies directly on
basement, whereas resistivities indicate that an un-
frozen layer may exist at its base.

Lake Fryxell, in Taylor Valley, is another location
where permafrost varies extensively from place to
place, especially near the tongue of the Canada
Glacier.

Near Walcott Glacier, it was noticed that perrna-
frost is very thin (less than 9 meters), probably as
a result of recent volcanism. Other stations, not com-
pletely analyzed, include those near Lake Miers, Lake
Bonney, and the shore of eastern Taylor Valley near
New Harbor.

Conclusions. In general, it was assumed that where
sediments and bedrock had high resistivities (greater
than 10,000 ohm-meters), confining permafrost was
definitely present. Where unfrozen surface material
was present, especially near saline lakes, resistivities
at depth were generally less than 500 ohm-meters.
Compressional wave velocities ranged from below
1,600 meters per second for unfrozen, unconsolidated
material to over 6,000 meters per second, probably
indicating frozen granitic basement. Laboratory meas-
urements of electrical and seismic properties of antarc-
tic soils, rocks, and waters at various temperatures and
pressures are in progress.

This work was supported by National Science
Foundation contract C-642.
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Increasing concern has been shown for the conser-
vation and preservation of the Antarctic, which re-
sulted in a recent colloquium (Parker, 1972). Man's
relatively recent permanent occupancy of the Conti-
nent, his past, present, and anticipated activities and
practices, and a deeper appreciation for the environ-

This paper, presents the results of one phase of research
carried out under National Aeronautics and Space Adminis-
tration contract NAS 7-100. Logistic support and facilities
for the investigations in Antarctica and additional laboratory
support at the Jet Propulsion Laboratory were provided
under National Science Foundation contract NSF-0585 for
the study of antarctic microbial ecology.

Figure 1. Dry Valley Drilling Project camp at Don Juan Pond,
Wright Valley. Air samplers in foreground, left to right: Reynier,

Staplex, Andersen, and Roto-Rod.
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ment have given rise to a microbiological monitoring	The field party, under the coordination of L. D.
program during the past field season in the dry valleys.	McGinnis, consisted of eight geologists, two metallur-
The monitoring effort was centered around the activi-	gists, and two microbiologists-F. A. Morelli and L.
ties of the Dry Valley Drilling Project, which investi-	P. Randall. This was the first time that biologists ac-
gated various sites in preparation for drilling (McGin-	companied a dry valley field party with a primary
nis and Jensen, 1971). Some of the aquatic sites	responsibility to maintain proper housekeeping and
should not be perturbed because of their unique at-	sanitation practices and also to monitor microbial con-
tributes of thermoclines and chemoclines (personal	tamination resulting from field party activities. Twen-
communication, E. A. Angino, G. A. Llano, B. C.	ty-one soil samples were obtained from 12 sites, usually
Parker, and E. J . Zeller). Other sites, especially in the	from the surface 2 centimeters but also at greater
vicinity of calcium chloride ponds (see photo), are of	depths, between December 10, 1971, and January 31,
interest in view of the future automated landing on	1972. Thirty-seven air samples were taken for micro-
Mars and a possible Martian analogy (Horowitz et al.,	biological analyses at camp sites in Taylor, Wright,
1972).	 and Victoria Valleys. Sampling and handling of soil

Table 1. Efficiency of air samplers tested for 1 hour at dry valley drilling sites.

	

Efficiency	Sample volume per minute	Collection method and culture media

	

0.0600	 1 cubic foot	Modified cornstarch agar plate collectors and
culture medium

	

0.0550	 1 cubic foot	Modified cornstarch agar plate collectors and
culture medium

	

0.0206	 30 cubic feet	Filter paper collectors overlain in modified corn-
starch agar

	

0.0203	 80 liters	Teflon agar coated collectors, removed onto
Millipore filter to cornstarch agar

	

<0.0001	 80 liters	Silicon coated collectors, streaked onto trypticase
soy agar plates

	

<0.0001	 12.5 liters	Fluorolube diluent collecting fluid onto Millipore
filter to trypticase soy agar

Sampler

Andersen

Reynier

Staplex

Roto-rod

Roto-rod

All glass
impinger (AGI)

Table 2. Abundance of microorganisms at antarctic dry valley sites.

Microorganisms per gram of soil to 2 cm depth

Location	SampleMicro-	Lactose
no.	Aerobic	Aerobic	Aerobic	acm-	fer-	Nitrate	Nitrogen

bacteria	bacteria	bacteria	philes a menters a reducers a fixers b	Molds	Algae

	Wright Valley, 956 1.7x10 4 1.8x104c	105	104	104	104	1.6x10 3	0	10
Don Quixote
Pond

	

Victoria Valley, 957 4.1x10 3 3.3x103	105	104	104	104	2.4x103	0	100
Lake Vida

Taylor Valley,	961 5.7x103 6.9x104	105	103	103	103	2.1x104	0	10
Lake Fryxell

Wright Valley, 962 590	140	100	100	100	10	<10	0	100
Lake Vanda

Taylor Valley,	963 5.1x103 J.JX104	105	105	105	105	730	1	10
New Harbor

McMurdo	965 1.9x105 3.lxlO5c	105	105	105	105	104	500	10
Station
beach dump

McMurdo	969 4.5x104 1.3x105c	105	101	104	105	625	150	0
Station
east of earth
science lab

Aerial microorganisms
(bacteria and molds)

plate/
hr. at	Wind
1 cfm	(knots)

7	8

6	5

4	4

Culture	 Trypticase Trypticase Trypticase	Fluid	Lactose	Nitrate	Burk's di Menna's Thorn-	Trypti-
soy agar	soy agar soy broth	thogly-	broth	reduction	N-free	agar, rose	ton's	case

medium	 (TSA)	(TSA)	 collate	 broth	"ion"	'b,engal,	salt	soy
agar	TSA, or solution,	agar

others	250 ftc.	(TSA)
intensity
(or less)

Incubation
temperature	+5°C. +20°C. +20°C. +20°C. +20°C. +20°C. +20°C. +20°C. +20°C. +20°C.

apositives at highest dilution. No growth was obtained for coliforms on Desoxycholate agar at 37°C.
bSoil diluent present in culture medium.
cNo thermophiles were found, but incubation at +55°C. followed by 20°C. yielded surviving bacteria.
dApproximately 100 sulfate reducers present.
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and air samples followed procedures developed during
previous work in the Antarctic. However, greater em-
phasis than in previous years was placed on air sam-
pling both upwind and downwind of campsites and in
testing the efficiency of air samplers.

Five types of air samplers were tested and their
efficiency rated on the bases of viable numbers of
bacteria and fungi recovered on culture media per
cubic foot of air sampled. Colony counts were con-
verted to microorganisms per cubic foot of air accord-
ing to the formula

N
RP

where C is total plate count, R is air flow per cubic
foot per minute, P is air sample duration per minute,
and N is number of microorganisms collected per
cubic foot of air. Order of efficiency, based on maxi-
mum recovery of microorganisms, and other particu-
lars of air sampling are summarized in table 1. The
study indicated that large volumes of air were not as
efficient as smaller volumes of air obtained for the
same time periods. The Andersen cascade sampler
and the Reynier silt sampler were generally the most
efficient samplers. The efficiency of the Roto-rod
sampler may be increased if media can be preserved
while the agar-coated rods are stored in the field.

Microbiological results for soils from seven sites,
and air from three sites, are shown in table 2. The
results are similar—in abundance, physiological
groups, and ecological sequence of microorganisms_
to results obtained in previous work (Cameron, 1971;
Lacy et al., 1970). However, growth was relatively
rapid for contaminated sites, lactose fermentation (for
enterics) was "abundant," and some bacteria could
survive (but not grow) following 24 hours of incuba-
tion at 55°C. The bacterial isolants will be tested at
other temperatures, and further tests, leading to
species identifications, will be performed (R. M. John-
son ) Arizona State University). All isolants and soils
will be retained along with other baseline materials
obtained during the past 6 years' study on the Con-
tinent to determine the extent of present and future
contamination of antarctic ecosystems.
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Hydrocarbons in air samples from
antarctic dry valley drilling sites

J . V. BEHAR and L. ZAFONTE
Statewide Air Pollution Research Center

University of California at Riverside

R. E. CAMERON and F. A. MORELLI
Bioscience and Planetology Section

Jet Propulsion Laboratory
California institute of Technology

One important aspect in the study of polluted at-
mospheres is the determination of the lowest levels
attainable for several contaminants of interest. We
must be prepared to define the levels of the minor at-
mospheric constituents present in the cleanest air sam-
ples obtainable. Therefore, we have initiated studies
utilizing the unique environment provided by the
Antarctic Continent, primarily with respect to the lack
of anthropogenic processes carried on as in the more
populated regions of the earth.

Air samples were collected in 500 cc Pyrex sample
bottles fitted with Teflon vacuum stopcocks. The
bottles had previously been flushed with prepurified
grade nitrogen gas to minimize contamination. Sam-
pling was accomplished by fitting a neoprene rubber
bulb to one end of the sample bottle and hand pump-
ing the air through the bottle and out through the
rubber bulb, which was fitted with a one-way valve.
This technique eliminates contamination from any
hydrocarbons that might be present in the rubber
bulb. The bulb was pumped a sufficient number of
times to insure a minimum of five exchanges of air

This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California In-
stitute of Technology, under Contract NAS 7-100, sponsored
by the National Aeronautics and Space Administration.
Logistic support and facilities for the investigations in Antarc-
tica and additional laboratory support at the Jet Propulsion
Laboratory were provided under Contract NSF C-585 with
the National Science Foundation. F. Burleson performed the
gas chromatographic analyses of the samples. F. Morelli
collected the samples as part of the monitoring phase of the
research on antarctic microbial ecology.
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