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Selected weathering indices of profiles from an alpine glaciation chronosequence of lateral moraines, Meserve

Glacier, Wright Valley.

Profile	 Alpine I

Age (years)	 a X 10'
Substrate

	

	 Ice core
at 6 to 8 cm

pH	 7.00
Abrasion pH
(washed rock
frgments)	 8.20
Max. E.C.

who/cm	 1.30
epth	 -

FeO/Fed	 0.656
Fe i ppm	 5.41
Clay percent

nterstratified
plus vermiculite	 51.0

Interstratified	 21.6

Alpine II	 Alpine III

bxlO'	 cXlO'
Ice-cemented	 Dry permafrost

at 80 cm	 to at least 220 cm
8.52±	 7.84±

8.74±	 8.144-

9.10	 61.00
5-10 cm	 30-40 cm
0.812±	 0.542±
4.60±	 4.38±

42.2±	 27.5±
15.4±	 5.2±

is the Alpine III, with a maximum age of 2.5 to 3.4
million years (R. Fleck, personal communication; dat-
ing of volcanic material by the K-Ar method). The
Alpine II profile is 600,000 years old, and the Alpine I
moraine has a maximum carbon-14 age of 12,200
years (Calkin et al., 1970).

The substrate conditions in this chronosequence are
critical in that they affect the moisture content of the
profile (see table). The stage of weathering in the
chronosequence is primarily a function of duration of
available moisture rather than duration of existence.
The most active chemical weathering now occurs
where an ice core or ice-cemented layer is near the
0 °c. isotherm and at the surface, where infrequent
summer precipitation moistens the profile.

During the austral summer, the surfaces of these
weather profiles can be warmed to +20°C., and
the 0°C. isotherm in the Alpine II and Alpine III
profiles has been located at least 30 cm below the sur-
face.

Soluble salt is continually added through precipita-
tioji and, where abundant, it is concentrated in salt-
indurated horizons. All profiles are iron-stained.
Selctive removal of free-iron oxides from clay-
sizparticles by oxalate (Fe,,: amorphous) and di-
thiónite-citrate (Fed : amorphous and crystalline)
tre4tments indicate the stage of weathering. The
Fe /Fed ratio decreases with time if new amorphous
coatings are not formed, and Fe d increases as chemi-
cal 1weathering continues. There are variations within
the profile, especially in the upper 10 cm, but the av-
erage values in each profile are representative (see
table).

Weathering indices can also be based on soluble salt
content, abrasion pH, and authigenic clay content
(see table).

Under the present conditions, chemical weathering
is most active in the Alpine I profile and is occurring
to a lesser extent in the upper 5 to 10 cm of the Al-
pine II and Alpine III profiles. It is difficult to assess
the contribution to chemical weathering now being
made by deliquescent salts in the salt-indurated hori-
zon of the Alpine III profile and by the ice-cemented
layer in the Alpine TI profile. Both are potential
moisture sources, but the amount of water they can
supply to weathering reactions is limited.
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Micrometeorology at Plateau Station
EUGENE WONG and ALLEN RIORDAN

U.S. Army Natick Laboratories

During 1967 and 1968 a micrometeorological field
program was conducted at Plateau Station to obtain
temperature and wind data at ten heights up to 32 m
and at several depths down to - 10 m. Over 3,000
reels of punched paper tapes were processed through
the GE-225 computer at the U.S. Army Natick Labo-
ratories. Frostman (1969) describes this program.
Analysis has been concentrated on delineating the
micrometeorological features over this interior ant-
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Figure 1. Tautochrones for Plateau Station, 1967. Z is distance
above or below snow surface.

a

Figure 2. Bending of a smoke column by directional wind shear.

arctic station. On the basis of the most complete year
(1967) of data, some preliminary results are sum-
marized here.

The tower data give a vivid representation of the
great inversion that characterizes the thermal environ-
ment of the antarctic surface layer. Fig. 1 is a tauto-
chrone analysis of the air and subsurface temperatures
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Figure 3. Relationship between wind shear and atmospheric
stability.

showing the predominantly stable temperature stratifi-
cation. Inversions of 20°C. or stronger are not uncom-
mon occurrences within the tower height of 32 m.
The most outstanding feature in the surface layer of
the atmosphere is the seemingly systematic variation
of the horizontal wind vector with height. Station ob-
servers have frequently reported the large wind direc-
tion difference between adjacent instrument levels
under certain situations.

Fig. 2 is a photograph of a column of purple smoke
emanating from the static detonation of a smoke
flare near the tower. The "discontinuity" in the
wind field is shown by the abrupt bend in the rising
smoke column occurring about 8 m above the snow
surface. Examining the monthly means of 3-hour av-
erage winds for February and August 1967, Dabberdt
(1970) has shown the diurnal change of veering of
the wind-that is, the stability dependence of the
wind shear.

To investigate the relationship between the shear
and stability, one parameter was used to represent
shear, and one to represent stability. The dimensiqnal
characteristic of static stability c1 is defined as

AT

where T is temperature in .° C and iT and Tv are re-
spectively the east-west and north-south components
of the wind vector in meters per second. The differ-
ences are taken over the layer between 2 and 24 m.
The dimensionless characteristic of directional shear 4'
is defined as

- ETAIZ
4'=	 (A V
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Fig. 3 is a sample showing the relationship between
these two parameters. The data are taken from the
sunless period of 1967 and are restricted to a "mean"
wind coming from the quadrant between 2700 and
360°, directions upwind of the station. An outstanding
feature of this graph is that both "veering" and
"backing" of the wind seem to be related to stability.

These preliminary results show that the conven-
ti nal concept of the wind profile may have to be re-
fined or even modified. Continued analysis hopefully
will yield a clearer picture of the profile characteristics
u der these extremely stable antarctic conditions.
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Elevated temperature minima
at Plateau Station

MICHAEL Kul-IN

Arctic Institute of North America'

Among the peculiarities of wind and temperature
profiles over the antarctic ice surface, the phenome-
non of elevated temperature minima deserves special
mention. It was first observed 40 years ago over the
Indian desert but was later believed not to occur over
Snow fields. Nevertheless, during the International
Geophysical Year at Little America V and at the
South Pole, the temperature minimum frequently was
found to be a few centimeters above the snow surface.
Lettau et al. (1967) reported minima up to 12 cm
above the snow on 90 out of 139 days examined in the
winter night of 1957 at Little America V, although
they observed minima on only 9 of 187 days at the
South Pole.

A necessary condition for elevated temperature
minima is radiational cooling at the snow surface
(R0 ) balanced by heat conducted upward from the
underlying snow (S0 ) and by downward turbulent
heat flux in the air (Q). Thus the ratio S 0 /Q0 de-
termines whether the temperature minimum becomes
elevated or not.

As the climate at Plateau Station differs only
slightly from that at the South Pole, whereas the cli-
mate at Little America V differs significantly, Dalrym-
pie's measurements suggest that elevated minima
should be an exception in the temperature profiles of
Plateau Station. However, optical phenomena oh-

'Now at Department of Meteorology, University of Inns-
bruck, Austria.

served at this station had pointed at a highly compli-
cated, multiple layering even before quantitative stud-
ies were evaluated. Examination of 80 daily spot
checks of temperature and wind profiles at Plateau
Station in the winter night of 1967 showed that, al-
though R 0 is practically the same for the South Pole
and Plateau Station, the ratio of S 0 to Q° at these sta-
tions must differ considerably: on 34 of the 80 days
the minimum was higher than 25 cm above the snow
surface, and the S O /QO ratio of the remaining 46
cases leads one to believe that about half of them must
have had elevated minima below the 25-cm level,
where no temperature sensor was installed. As the
components of the energy budget are not yet com-
pletely evaluated, the wind speed at the 100-cm level
was taken as a crude measure of the Q, and the tem-
perature difference between the surface and 12-cm
depth was taken as a measure of S. Their averages
indicate that for the 34 days with a temperature mini-
mum above 25 cm

V(100 cm) = 3.6 knots
—12 cm to 0) = —3.0°C.

(heat flux toward the surface)

and for the remaining 46 days

= 6.2 knots
AT = +0.4°C.
(heat flux into the snow)

Aside from the frequent observations of irregular
optical refraction, one impressive incident at Plateau
Station can be explained only in terms of an elevated
temperature minimum of uniform horizontal extent
(Kuhn, 1969). During a moonrise in the winter
night, the moon was seen on the horizon by an ob-
server standing at the base of the micrometeorology
tower. It seemed to disappear when looked at from
the higher parts of the 32-rn tower and was again seen
from the ground, 5 minutes later, as it detached from
the horizon and took up its normal course on the sky.
Evidently an elevated temperature minimum had cre-
ated gradients of the density and thus of the refractive
index of air that acted as an optical duct, bending and
reflecting light rays on both its upper and lower side.
In such a situation vision is extended much farther
than with ordinary, single curvature typical for tem-
perature inversions. Therefore, far-range vision is re-
stricted to observation from within a small layer cen-
tered around the temperature minimum while the
path of light from any place outside this layer is re-
flected only once, either up or down.

Observations of this nature as well as quantitative
measurements of energy balance show how important
the concept of snow as a heat source is for cold re-
gions. The observations add up to a paradox, though,
because one cannot deny that the great antarctic in-
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