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Rock surface temperatures in much of Antarctica
are below —40°C. for the entire winter and fluc-
tuate considerably above and below 0°C. during the
summer. Two effects of this temperature cycling are
enhanced weathering and demagnetization and re-
magnetization of near-surface rocks. The effect of
the antarctic cryogenic environment on the remanent
magnetization of rocks is currently under study.

There are several low-temperature transitions in
minerals responsible for the magnetization of rocks.
In hematite (a Fe203 ), the Morin transition occurs
at about - 15°C. In magnetite (Fe 304 ), a transition
occurs at about —150°C. (Nagata, Kobayashi, and
Fuller, 1964). In the ulvospinel-magnetite series (x
Fe2TiO4 . 1 —x Fe304 ), the Curie point is between
25°C. and —50°C. for compositions 0.75<5 x '50.87,
and in the ilmenite-hematite series (y FeTiO3 . 1 —y
Fe203 ), the Curie point is between 25°C. and —50°
C. for compositions 0.72 y :50.80. Therefore, rocks
which have hematite as main carriers of remanence,
rocks which have titanomagnetites with Curie points
in the range mentioned above, and rocks containing
members of the ilmenite-hematite series intergrown
with titanomagnetites would all be affected by low-
temperature cycling. Several simple experiments per-
formed on different rock types confirm the thesis that
cold treatment of rocks in Antarctica will have an
effect on the intensity of magnetization. Whether or
not the remanent direction is affected remains to be
determined. Currently, a series of experiments is being
conducted in the range 25° to —50°C.

Hematite-Bearing Rocks
Morin (1950) discussed the transition in magnetic
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susceptibility of hematite powders at - 15°C. This
Morin transition is an antiferromagnetic transition
where the direction of antiferromagnetism is parallel
to the ternary axis below - 15°C. and perpendicular
to the axis above —15°C. Near-surface rocks, which
are those collected for paleomagnetism studies, would
be below the Morin transition during the entire
winter and would be above the transition for most of
the summer. As seen in Fig. 1, the IRM (isothermal
remanence) and NRM (natural remanence) are
both affected by cooling below the transition and
then warming (Creer and Like, 1967; Nagata, Ko-
bayashi, and Fuller, 1964; Ozima, Ozima, and Na-
gata, 1964; and many others). A "demagnetization"
of remanence takes place. Experiments are being con-
ducted to evaluate the effect of:

A. Cycling back and forth across the transition in a
variable field to define the extent of directional
stability.

B. Low field IRM demagnetization.
C. Cycling on rocks containing a and , Fe,O,.

Class I Rocks

A magnetic class I rock is defined as a fine-grained,
basic rock with optically homogenous titanomagnet-
ites as the principal magnetic phase. The magnetic
characteristics of these rocks are described by Wa-
silewski (1968). Creer and Like (1967) performed
low-temperature experiments on these class I rocks
and found some rather interesting results when the
external field was applied parallel and antiparallel
to the NRM direction. Some of their results are
shown in Fig. 2. The effect of natural low tempera-
tures on the remanence of class I rocks is real, but
whether or not the direction is affected and to what
extent this affects stability has not yet been defined.
Experiments are needed on the direction and stability
of low-temperature magnetization in class I rocks to
attempt to define more clearly the effect of moderate
cold treatment of the type experienced in near-
surface rocks in Antarctica.
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Figure 1. Remanence vs. temperature curves indicating transitions: A, Natural
hematite crystals (isothermal remanence); B, An iron-rich rock (Cau ita-

borite) from Brazil (natural remanence).
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Figure 2. Remanence vs. temperature curves for mag-
netic class I rocks: Curve 1, Earth's field antiparallel to
NRM; Curve 2 1 Earth's field parallel to NRM. The

arrows show directions of cooling and warming.

Conclusion

Experiments performed by many authors and the
few simple experiments by me suggest that surface
rocks in Antarctica under the influence of the natural
cryogenic environment will suffer demagnetization
and remagnetization. This note is intended simply to
describe the existence of this natural low-temperature
effect. Experiments in progress may define the effects
of the natural cryogenic environment on the direc-
tion and intensity of NRM. Presently, only samples
which are known to be susceptible to low-temperature
effects in the range to —50°C. have been studied;
these are hematite-bearing rocks, magnetic class I
rocks, and artificial samples with high titanium titano-
magnetites. Other, more stable samples, and particu-
larly rocks with both hematite and maghemite com-
ponents, are being studied.
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In the austral summers 1966-1967 and 1967-1968,
approximately 150 soil samples were collected from
55 sites in the dry valleys of southern Victoria Land
and in nearby coastal areas. Some of these samples
were collected in cooperation with the Virginia
Polytechnic Institute (Benoit and Cameron, 1967).
All samples were kept frozen until physical, chemi-
cal, and microbiological analyses had been per-
formed, either at the McMurdo Station biology lab-
oratory or, following frozen storage and processing,
at the Jet Propulsion Laboratory (JPL) (Cameron
and Conrow, 1968) 2 Some of the results of these
analyses, including environmental measurements,
have been presented previously (Cameron, 1967;
Cameron, King, and David, 1968; Cameron, in press;
King, Cameron, and David, in press).

It is generally well recognized that the duration
and amount of available moisture is the most crucial
factor in restricting the presence, abundance, and
diversity or kinds of terrestrial biota in Antarctica
(Siple, 1938). The availability of moisture is in turn
determined by a variety of other factors, which have
been indicated previously (Benoit and Hall, in press;
Cameron, David, and King, 1968; Cameron, King,
and David, 1968; Cameron, in press; Cameron, King,
and David, in press; Hall, 1968; Schofield and Ru-
dolph, 1968). These factors affecting the availability
of moisture are low incidence and duration of solar
radiation, low temperatures (including diurnal freez-
ing and thawing during the summer), drying winds,
unfavorable exposure, slopes and drainage of terrain,
and valley orientation. If all of the above ecological
factors, including moisture, do not inhibit the sur-

This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California
Institute of Technology, under contract NAS 7-100, spon-
sored by the National Aeronautics and Space Administration.
Logistic support and facilities for the investigations in Ant-
arctica were arranged by the Office of Antarctic Programs,
National Science Foundation.

' Some environmental and microbiological measurements
were made in Antarctica by Drs. Charles N. David and Jon
King. Additional microbiological analyses were performed at
JPL by Mrs. Doris R. Gensel.
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