were deposited from evaporated snow via a low temperature brine phase with low a CO, and moderate aH2O
Thenardite (mirabilite) formed later from the freezing
of circulating water. Alternatively, salts in the cores may
be mechanical admixtures that formed at the surface
and filtered down. However, neither gaylussite nor
northupite have yet been identified in surface salt
samples.
Group 4. This group comprises minerals that may
have formed during drilling, and includes NaCI,
CaC1'nH2O, vaterite and possibly some calcite. NaC1
was used as an additive to the drilling fluid in the
shallow levels of hole 2; and CaC1., was used elsewhere.
Although NaC1 and CaC1 2.6H20 (antarcticite) occur
naturally in the McMurdo Sound area (Dort and Dort,
1970), their presence in the cores may be due to deposition from the drilling fluids. Calcite is the most common secondary mineral in the Dry Valley Drilling Project cores. From textural evidence it forms late. A small
amount of vaterite (metastable polymorph of CaCO)
was detected by X-ray diffraction in samples from hole
2 at 8:30 meters, but was not seen under the microscope. However, the observations that calcite occurs as
a surface deposit and both NaCI and thermonatrite are
absent from deeper cores suggests that some calcite was
formed before drilling began. Possibly gayussite, considered in group 3, also formed by salts reacting with
drilling fluid.
A possible interpretation of the later geologic events
on Ross Island, based on the nature of the secondary
minerals, could be:
(1) Extrusion of basalts. Associated with this were
localized, hot gas discharges that formed leucoxene and
iron oxide by reaction with basalt.
(2) Circulation of hot water (probably less than
250 0C.) at deeper levels, which on cooling progressively
deposited K-feldspar, chabazite and thaumasite.
(3) At shallow levels deposition of efflorescent salts
from solutions formed from snow.
(4) Crystallization of ice and formation of thenardite (mirabilite) from its freezing.
I thank P. R. Kyle and S. B. Treves for selecting suitable specimens. I also thank J . A. Olivecrona for technical assistance and C. P. Wood for electronmicroprobe
examination of some of the minerals.
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Preliminary stable isotope analysis
of drillhole ice at McMurdo Station
GRAEME L. LYON
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Lower Hutt, New Zealand
The first two Dry Valley Drilling Project holes were
drilled at McMurdo Station, Ross Island, Antarctica, in
early 1973. Hole 1, from an altitude 67 meters above
sea level, penetrated 196 meters. Hole 2, which was
200 meters to the south west, was drilled from 43
meters above sea level and penetrated 171 meters. Details of the location, core description and stratigraphic
interpretation are presented elsewhere (Treves and
Kyle, 1973; Kyle and Treves, 1973). The rocks
are estimated to be 0.5 to 1.8 million years old.
Both holes were found to penetrate permafrost for their
full depths, and numerous layers of ice and icecemented material were cored. The many ice layers,
up to 48 centimeters thick, may have been inclusions in
lava flows rather than continuous layers between rock
units. As deuterium and oxygen-18 analyses are able
to give considerable information as to the origin of
water, seven samples of ice were made available for
stable isotope analysis.
The ice samples (I to 3 milliliters) were allowed to
melt in closed bottles in which the samples had been
kept since collection. After rock particles had settled,
the water was decanted into vapor-tight bottles for storage. Aliquots (20 milligrams) of water were reduced
to hydrogen gas, by passage over hot zinc, for deuterium/hydrogen ratio determination. The remaining
water was equilibrated with carbon dioxide for oxygen18/oxygen-16 ratio determination (Taylor, 1973; Taylor
and Hulston, 1972). The isotope determinations were
made by standard high precision mass spectrometric
methods and results calculated as per thousand (°/)
deviation of deuterium and oxygen-18 contents from
standard mean ocean water (SMOW) (Craig 1961b):
6D(°/00)_

8"0(0/00) =

(D/H)sample

.1000

E(D/H)SM0W
(180/10)saniple
( 180/16 0) SMOW

_i1

01000

The standard deviation of a measurement is better
than 0.15 per thousand for 6180 or 1.5 per thousand for
6D.

The isotopic results are presented in the table. Plotted
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on a linear 6D_6 80 diagram (fig), these results fall
nearly as a straight line that can be represented as
6D=8.14(-+- 0.20) • 6180=05(± 4.9).
All the ice samples have low deuterium and oxygen18 contents, within the range for present-day antarctic
precipitation (Lorius et al., 1969), whereas seawater 6
values are near zero. Only one sample (R4477/4) had
a large amount (about 5 per cent by weight) of dissolved salt. This was identified as sodium sulphate
(Browne, 1973). This sample was vacuum distilled
before 1110 analysis.
In both cores, samples analysed show an increase in
heavy isotope content with depth, but this increase is
not regularly correlated with altitude or age of the
rocks. The uppermost samples are similar to snow precipitated on the ice shelf 5 kilometers from McMurdo
Station (Lorius et al., 1969).
The deuterium and oxygen-18 concentrations of mean
precipitation decrease with decreasing condensation temperature owing to the successive removal of condensed
phase that occurs as the temperature decreases (Craig,
1961a; Dansgaard, 1964). Altitude, latitude, and season
of the year influence temperature, and this is reflected in
the isotopic composition of precipitation. Much of present day precipitation falls on a line 6D=8.0 • 6180+10
(Dansgaard, 1964), which is similar to the line for these
ice samples.
The ice probably originated as water from snow,
either local precipitation or an ice shelf, melted by the
hot volcanic rocks. The cored ice layers were fractures
and cavities in the flows and pyroclastic deposits filled
by the melt water before the unit cooled to 0°C., when
the water froze. 6D variation from —280 to —150 per
thousand is approximately equivalent to precipitation
temperature variation from —38°C. to —18°C. (Lorius
et al., 1969). The higher deuterium contents are therefore likely to be due to higher temperatures in the past.
However, at Byrd Station in West Antarctica, where
snow has been cored to a depth of 2,110 meters with an
age estimated at not more than 100,000 years (Johnsen
et al., 1972) there is only a range of 10 per thousand
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Isotopic analysis of Dry Valley Drilling Project ice.

in mean 6 18 0 between coldest and warmest periods. Superimposed on mean 6 18 0 values is an approximate 8
per thousand 6 18 0 annual range. The range found in the
McMurdo ice cores then represents the total range from
coldest winters to warmest summers at Byrd, but because of the estimated greater age, and the few samples,
it is difficult to generalize further.
The closeness of the points to a straight line can also
be explained as various mixtures of snow melt and
water with the isotopic composition of seawater. This
could be either contamination by drilling fluid, or a sea
spray contribution to the original snow. Although the
drilling fluid used was distilled seawater with CaC1 2 or
NaC1 added, the close similarity of the values for samples R4477/5 and 6 show that not all the variation is
due to drilling fluid contamination, which would be
more random. Samples 5 and 6 are identical isotopically
and only 3 meters apart in the core in the same unit
(Treves and Kyle, 1973).
Both cores penetrate below the present mean sea
level, but chemical analysis of melted ice should enable
any sea spray contribution to be determined, although it
appears unlikely from the secondary mineral assemblage

Stable isotope composition of ice.
Sample
number

Sample
depth (m)

Hole 1
R4477/1
R4477/2
R4477/3

29.31
59.42
114.47

Hole 2
114477/4
114477/5
14477/6
14477/7

23.53
34.63
37.43
80.97

uly-August 1973

ÔDSMOW

5180SMOW

(°/oo)

(0/00)

Twin Crater sequence; ice filled cavity in flow
Half Moon Crater sequence; scoria
Crater Hill sequence; pyroclastics

—280.0
—186.1
—184.1

—34.62
—22.89
—22.54

Half Moon Crater sequence; base of a flow
Half Moon Crater sequence; ice filled cavity in flow
Half Moon Crater sequence; ice filled cavity in flow
Crater Hill Sequence; thin ice layer in flow

—227.4
—179.5
-179.1
—158.4

—27.36
—21.81
—21.99
-19.73

Formation and core description
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(Browne, 1973) that seawater contributions are significant. The lack of marine sediments in either core
shows that all rocks were deposited above sea level.
More than 40% contamination of sample 1 by seawater
would be required to give an isotopic composition of
sample 7.
Water subject to vapor-loss by evaporation becomes
enriched in the heavy isotopes. This effect, however, produces waters with a slope of 4 to 5 on a 6D-6180
diagram, owing to kinetic isotope effects (Craig, 1963).
Also, Browne (1973) has suggested that there is evidence for the deep circulation of hot water (up to
250 0 C.), from secondary mineral studies. Hot water
would exchange with the rocks, which probably have
8 1808M0W values of +5 to + 8 per thousand, thereby enriching the 180 in the water (Craig, 1963). These samples, however, do not show any evidence of evaporation,
or of hot water exchange with the rocks, as either of
these effects would enrich 18 0 more than D, away from
the line of slope 8.
Analysis of further samples is required to determine
whether there are isotopically discrete bodies of ice in
the cores, and if these can be used to determine paleoclimate variation during the period of deposition.
I thank Mrs. M. A. Cox and Drs. C. B. Taylor, J . R.
Huiston, and B. W. Robinson for assistance with analyses and many useful comments.
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Geochemistry of McMurdo volcanics
JOHN S. STUCKLESS

Department of Geology
Northern Illinois University
During the austral summer field season (1972-1973)
samples of the McMurdo volcanics were collected to
supplement the core samples recovered during first drilling in the Dry Valley Drilling Project. Collecting was
done in cooperation with S. B. Treves of the University
of Nebraska. Localities visited included Cape Crozier,
Inclusion Hill, Cape Bird, Cape Royds, Cape Evans,
Half Moon Crater, Twin Craters, Bomb Crater, and
Mount Erebus on Ross Island and Brandau Vent in the
Royal Society Range. At each locality an attempt was
made to collect representative fresh samples of the volcanic rock as well as the inclusions and megacrysts that
might be related to the volcanics. The latter types of material were collected from surface outcrops because of the
low probability of recovering them in the drill core.
The most striking feature of the inclusions and megacrysts is the wide variety of rock types, even in one locality. Common inclusion types are dunite, peridotite,
pyroxenite, gabbro, and sandstone, all occurring in sizes
up to 10 centimeters in diameter. The megacrysts include olivine, spinel, clinopyroxene, hornblende, and
anorthoclase, the last three occurring in lengths up to
6 centimeters.
A trip to the summit of Mount Erebus showed that
the volcano is still active, with lava occupying the central crater. During our 5-hour period of observation,
one large explosion threw material approximately 400
feet above the crater floor.
This work was supported by National Science Foundation grant GV-36951.

Aeromagnetic data from the
McMurdo Sound region
H. K.

WONG

Department of Geology
Northern Illinois University
An aeromagnetic survey of the area covered by the
U.S. Geological Survey maps Ross Island and Taylor
Glacier was begun in the 1971-1972 field season, when
about half the flight tracks were flown. The rest was
done in January 1973. This survey was supported by
ANTARCTIC JOURNAL

