
At the end of January, Mr. T. Brand arrived and
began studies on predation by invertebrates on fora-
minifera. Mr. Giannini left Palmer at about the same
time. Dr. Lipps and Messrs. DeLaca and Zumwalt
completed their work and left in February, leaving
Messrs. Brand, Moe, and Temnikow to continue work
during the 1974 winter.

This research is supported by National Science
Foundation grant GV-31162.
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Viable microorganisms from ancient
Ross Island and Taylor Valley drill core

R. E. CAMERON and F. A. MORELLI
Darwin Research institute

Dana Point, California 92629

Aliquots of drill core segments were studied as part
of in situ environmental impact monitoring of the
Dry Valley Drilling Project (DVDP) (Cameron et al.,
1972 5 1973). The study was to determine whether
microbial contamination had occurred during drilling
and subsequent logging, photographing, and handling
of the cores before shipping them to repositories at
Northern Illinois University and at Florida State
University.

Aseptic methods and procedures for examining the
cores this year were similar to those followed in the
1972-1973 austral summer at McMurdo Station. Last
year a few grams of core were tested for microbes by
carefully and thoroughly flaming the outside of the
cores with a propane torch and drilling into the
center of selected core segments with a flame-heated
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Figure 1. Short chains and packets of bacteria (unstained) from
hole 3 (68 meters in depth) (X 1,250).

drill bit. Core chips from DVDP hole 1, drilled on the
flanks of Ross Island's Twin Craters at depths of
80.7 and 80.6 meters, were tested by inoculation into
lactose broth, into nitrate reduction broth, into fluid
thioglycollate broth, and streaking onto the surface
of trypticase soy agar and Sabouraud dextrose agar.
The cultures were incubated at 20°C. for several
weeks without any indication of growth. After leaving
McMurdo Station, several more weeks of incubation
also failed to yield any growth of microorganisms.
The drill fluid used at hole 1 contained calcium
chloride with sodium dichromate additives and may
have inhibited or killed any microorganisms in the
core. Air, water, and soil at and near the drill site
were not sterile. An intermittent meltwater stream
near the site and across the road from it was a
favorable habitat for the growth of algae with result-
ant production of organic matter.

In September 1973, drilling resumed near
McMurdo's Thiel Earth Sciences Laboratory and
site 1. Core from holes 1 and 2 have been described
as undifferentiated basalt and pyroclastic breccia,
including some intermittent ice (Treves and Kyle,
1973a, 1973b; Wrenn and Mudrey, 1973). Aliquots
of core segments from DVDP hole 3 (beside Thiel
Earth Sciences Laboratory) were tested early in the
season by Messrs. Morelli, R. Donlan, and J.
Guilfoyle. Minute portions of drill chips taken from
approximately 10-, 100-, 200-, and 380-meter depths
were examined microscopically and were inoculated
with a sterile swab dipped in Eugon broth that was
placed in the center of each hand-drilled core seg-
ment. The inoculants included Eugon broth, Bushnell
Haas medium, API sulfate broth, and fluid thiogly-
collate medium for bacteria (including fungi) in-
cubated at 5°, at 37 0 , and at 55 0 C., and Thornton's
salt medium for algae illuminated at 20°C. The algal
incubations unfortunately could not be completed at
McMurdo's Eklund Biological Center because an
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Figure 2. Large coccoid green algal cell observed in core from
hole 3 (68 meters in depth) (X 1,250).

incubator overheated and killed the cultures. Experi-
ence has shown that algal cultures incubated in polar
regions may take months to complete, and there was
insufficient time left in the season to repeat these
incubations.

Microscopic examination of core specimens showed
bacteria-like microorganisms that were active by
means of flagella. The distinctive directional flow
and morphology of the observed microorganisms indi-
cated that they were not inanimate particles demon-
strating Brownian movement. These microorganisms
were observed in each of the aliquots of cores ex-
amined. Identical results were observed on five occa-
sions during the 6 weeks that tests were repeated on
core aliquots from the same depths and removed by
the same procedures and methods, and these and more
bacteria-like microorganisms were seen (fig. 1). Heat
shock from the hot drill bit and from the friction of
drilling into the core presumably revived the micro-
organisms from their former frozen and quiescent
state. Although some growth in liquid cultures was
noted, transfer of some inoculum to Eugon agar, to
trypticase soy agar, and to Sabouraud dextrose agar
did not result in observable growth of the predomi-
nately rod-shaped microorganisms.

This procedure was continued, however, following
the January arrival of Dr. Cameron and Messrs. B.
Markley and R. Smith. Isolants of yeast-like and
streptomycete-like microorganisms were obtained. It
may be significant that even these microorganisms
were not similar to on-site aerial, aquatic, and soil
microorganisms. They also were not similar to those
obtained by aerial sampling on modified corn starch
agar in Reynier slit samplers in the core storage
freezer and in the logging, work, and office areas of
Thiel Earth Sciences Laboratory. They definitely did
not resemble the flagellated, rod-shaped micro-
organisms originally observed microscopically in core
segments Microscopic examination also showed the
presence of centric diatoms (nonviable), usually

attributed to marine environments, and these as
well as the bacteria-like microorganisms—were ob-
served by several persons at Thiel Earth Sciences
Laboratory, including by Father Howard Brady,
Ph.D., a micropaleontologist from Chevalier College,
Bowral, Australia. Also observed were empty fila-
ments of a blue-green alga closely resembling
Galothrix sp., which is known to be found in fossilized
materials of ancient to recent times. This latter micro-
organism has several extant ecophenes that are widely
scattered in relatively dry to moist terrestrial and salt-
water environments ranging from the tropics to both
poles. Later examination of core chip materials also
showed the presence of coccoid green algae resembling
Chiovococcum sp. (fig. 2) and microfaunal cysts.

We also detected viable, bacteria-like micro-
organisms in one of five aliquots from glacial and
marine sedimentary core drilled at DVDP hole 8
(New Harbor, at the mouth of Taylor Valley, south-
ern Victoria Land). Using the same methods and
procedures as above, growth was obtained on the
surface of trypticase soy agar plates. These colonies
formed peculiar and distinctive translucent, dQugh-
nut-shaped arrangements that became confluent' with
age. A microscopic examination of the colonies showed
pleomorphic, rod-shaped microorganisms resembling
coryneform bacteria (a predominant group found in
more pristine areas of Antarctica) (fig. 3). Only one
other population of this nature was recovered from
hole 8: a single colony from a sample of sandy soil
that had been contaminated with circulating medium
(diesel fuel). No viable microorganisms were rcov-
ered from core aliquots taken from DVDP holes 4 and 6
(Lake Vanda, Wright Valley, and Lake Vida, Victoria
Valley).

These preliminary findings are not definitive, and
much additional work is needed to confirm and to
detail our findings. Microorganisms from hole 8 should
be reisolated, and so should predominant micro-
organisms from hole 3. Thorough morphological and
physiological identification of the core isolants should
be done and these results should be compared with
the several hundred associated aerial, aquatic, 'and
soil microorganisms found at the sites and at core
handling and work areas within Thiel Earth Sciences
Laboratory and Eklund Biological Center. Stateside
core storage facilities also should be examined' for
their microbial inhabitants. Cores should be i re-
examined for any microorganisms that may have been
picked up during transport to the United States. Any
indigenous and viable microorganisms hopefully were
not killed during logging procedures and shipping to
this country. Finally, drill fluid from hole 8 should
be reexamined for the presence of microorganisms,
although tests conducted at McMurdo and later at
Darwin Research Institute showed that drill fluid from
deep within the hole was negative (as at hole 3).
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These findings, if substantiated by further tests,
could have tremendous value for understanding the
ability of microorganisms to remain frozen in a state
of suspended animation for tens of thousands or even
more than a million years. These fossil microorganisms
could represent the world's oldest surviving life forms
since the materials from which they were recovered
date from the Recent to the Pleistocene (Speden,
1962). It is possible that these microorganisms could
have, remained viable for such a long period, especially
if the conditions were not aerobic, the Eh declined,
and the thermal reaction rate was below 0°C.
(Abelson, 1966). Drill hole temperatures of approxi-
mately —8° to —14°C., decreasing with depth, were
recorded (E. L. Decker, personal communication).
Conditions, including temperatures above -10'C.
and a slow rate of cooling (thereby reducing the
probability of intercellular freezing), also would maxi-
mize the survival rate (Mazur, 1966). The suspend-
ing medium and concentration of solutes, the con-
centration or abundance of microorganisms, the tem-
perature of long-term storage, the conditions of possi-
ble periods of freezing and thawing, and the nature
of the species also are important factors in survival
(Mazur, 1966). We realize that caution must be
expressed regarding these results, and that the possi-
bility of contamination or invasion of the subsurface
by microorganisms carried by liquid flow must be
considered, although later examination indicates mi-
crobial stratification consistent with geological strata.
But in view of the ice in the cores and the un-
likelihood of liquid water, even under pressures and
temperatures recorded at depths from which the
samples were taken (especially below 340 to 450
meters) (E. L. Decker, personal communication), the
probability of the presence of indigenous viable micro-
organisms in the cores is quite high. It also is possible,
as shown by the presence of thin paleosols, that when
the deposits were layed down (either by volcanic
action or by fluvio-glacial action in or near a marine
environment) that wind-borne microorganisms may
have been deposited and preserved in a frozen state
on the surface of exposed materials. The probability
of viable microorganisms in this core is much greater
than in the highly contested revival of bacteria pre-
ser'ied in Permian (180 million years ago) rock salt
(Dombrowski, 1960, 1961). Additional tests tend to
confirm our earlier findings. We need a more exact
age of the various core segments (both rocks and ice),
however, along with reliable evidence that the micro-
organisms are as old as the cores.

This microbiological examination of DVDP core
underscores the value of Antarctica as an area in
which to study biota and their environmental rela-
tionships within a simple, pristine, and delicately
balanced ecosystem. Our preliminary results point to
further understanding of basic factors that compose
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Figure 3. Pleomorphic cornyeform (club-shaped) bacteria from
hole 8 (86 meters in depth) (X 1,250).

more complex terrestrial ecosystems, and enhance the
idea that active or preserved life forms may exist in
extraterrestrial environments such as Mars. As pre-
viously indicated (Cameron, 1971; Cameron, 1972),
antarctic microbial ecology is in itself valuable. For
extrapolation to other terrestrial ecosystems, Antarc-
tica also is useful as a Mars model.

The possible presence of viable and endemic
microorganisms tolerant to cold temperatures and
recovered from much greater depths than before in
Antarctica, could indicate an even greater need to
recognize factors in the search for extraterrestrial
microorganisms. Although their importance now is
being recognized, unfortunately some earlier findings
in Antarctica were not incorporated into the design
of extraterrestrial life detection experiments and sam-
pling methods. Current discussions are considering
the possibility of finding cryophils on Mars. Planetary
quarantine measures perhaps should be reevaluated
in the light of our findings, and a former and higher
probability factor perhaps should be reinstated as a
precautionary measure (Cameron, in preparation).

Core samples used in this study were furnished by
the Dry Valley Drilling Project. This project was
done while in the course of pursuing investigations
under National Science Foundation grant ov-40602
to the Darwin Research Institute.
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Baseline analyses of soils from the
Pensacola Mountains

R. E. CAMERON
Darwin Research Institute

Dana Point, California 92629

A. B. Form
Alaskan Geology Branch
U.S. Geological Survey

Menlo Park, California 94025

While the U.S. Army Cold Regions Research and
Engineering Laboratory (CRREL) conducted a survey
(January 18 to 30, 1974) of potential blue ice runway
sites in the Pensacola Mountains, Dr. Ford used
aseptic techniques to collect six samples of the first
few centimeters of soil in the vicinities of Cordiner
Peaks (fig. 1) and of Mount Lechner (figs. 2 and 3).
The samples were taken because the areas arerela-
tively pristine and the areas' microbial populations
may be endemic in nature (unperturbed by extensive
animal and human activity); future plans call for
deep core drilling in the Dufek intrusion (Turner,
1974).

The Pensacola Mountains were visited briefly for
the first time in December 1957 on a traverse to the

Figure 1. Sample sites on
low morainal ridge of well-
developed polygons and vis-
ibly gypsic encrustations be-
neath cobble-strewn surface
above Jaburg Glacier on the
north side of Rosser Ridge,
Cordiner	Peaks	(82°48'S.

53°30'W.).
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