
Bertha, respectively, had been parked on a fuel berm across a
taxiway from the surface camp at the conclusions of the DF-68
(i.e., Deep Freeze season September 1967 to February 1968)
through DF-73 field seasons. The red D-8 was successfully
excavated during austral summer 1977-1978 and, with
makeshift repairs to one track, driven back to camp. At the end
of this season several pieces of equipment were stored on top of
the red D-8 "it being the highest point in camp." No mention is
made of either of the D-8's in subsequent camp reports.

The present Byrd surface camp consists of movable modular
quarters located on a roughly circular mound of snow centered
approximately 850 meters true west of the now-buried north
entrance to the M-1 tunnel of new Byrd Station (old Byrd Sta-
tion, the International Geophysical Year surface camp, is located
approximately 11 kilometers to the true northeast). The only
structures of new Byrd Station still visible at the surface are the
aurora tower, the balloon tower, a drilling tower, and several
antenna towers located to the true southeast of the station.
Directly true west of new Byrd Station is an elongated mound of
snow approximately 300 meters true north-south by 150 meters
true east-west and about 6 meters in height. This feature is
labeled "Byrd Mountain" on the old station maps and is pre-
sumably the result of the original excavations at new Byrd
Station.

Since no landmarks remained from the 1977-1978 austral
summer and earlier surface camps, we surveyed from the bal-
loon tower at new Byrd Station to the mapped position of the
DF-73 navigation dome, positioning this surface camp at the
windward slope of the present (austral summer 1985-1986)
Byrd surface camp mound. It then became obvious that this
snow mound was indeed the result of nearly 20 seasons of

drifting around a succession of surface camps. The magnetic
search of this vicinity delineated an anomaly of over 2,000
gammas with sufficient breadth to be significant. Drilling on the
anomaly with a SIPRE auger revealed a hard object at a depth of 5
meters. Unfortunately, no paint flecks, which might have given
an indication of the color of the buried object, could be observed
on the auger.

The magnetic search was then directed off the leeward side of
the mound where it was thought that a line of nearly buried
flags about 200 meters from the camp might have marked the
old taxiway. However, the snow surface was physically flat in
this area so that it was hard to believe that it could be covering a
bulldozer that had been parked on a berm; and, in fact, nothing
showed up magnetically until the leeward slope of the Byrd
surface mound. This magnetic anomaly of nearly 4,000 gammas
was sharper than the previous anomaly. The SIPRE auger hit
something at just over 2 meters depth, and this time brought up
flecks of black paint. Shortly after I left the Antarctic, a smaller
bulldozer pushed away the snow cover and revealed the black
D-8. Apparently, drifting snow around the fuel berm and sup-
ply lines along the former taxiway had helped form the leeward
side of the Byrd surface camp mound. The confirmation of this
anomaly makes it nearly certain that the other anomaly marks
the position of the red D-8, because the magnetic signatures of
the anomalies are similar, and the relative positions agree with
the old camp diagrams.

I would like to thank Lt. Cmdr. Peter Check for logistical
support at McMurdo Station. Lt. Herve Kopciak and Capt. John
Zehmer accompanied me to Byrd surface camp and were inval-
uable help in the field. All of the personnel at Byrd surface camp
were helpful and friendly.
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This project was designed to develop methods for improving
roadways and runways in Antarctica. Good snow roads and
airstrips are vital logistically to support the scientific activities in
Antarctica, and their construction has attracted attention on an
international scale (Averyanov et al. 1985). To observe the prob-
lems encountered in the snow roadway construction and main-
tenance during the austral summer season and to collect rele-
vant data, we visited Antarctica for 11 days in January 1986. The
data collection included Rammsonde hardness profiles at se-
lected sites on the roadways between McMurdo Station and
Williams Airfield; at Williams Field skiway; and at South Pole

Station skiway, taxiway, and construction sites. These data are
complemented by Clegg Impact Device data taken at McMurdo
Station. To investigate a possible correlation between Ramm-
sonde hardness data and prevailing snow characteristics, snow-
pit data (which consisted of profiles of temperature, density,
stratification, grain size, and metamorphic state to the depth of
approximately 80 centimeters) were taken near the sites of
Rammsonde measurements.

In support of this project, an independent study was con-
ducted by Robert L. Brown of Montana State University which
was aimed at developing a suitable binder-snow mix and a
method to process snow for higher compacted strength. At the
same time, a field test was conducted in Houghton to try several
binder-snow mixes in situ. This field test complements the
laboratory work conducted by Brown.

Hardness profile. A typical Rammsonde profile of the McMur-
do shuttle road is shown in figure 1. It shows a surface crust of
approximately 10 centimeters thickness and a hard layer below
40 centimeters. The Ramm values on the skiway were generally
considerably lower than those on the shuttle or the Delta Road.
The average of the center line values on the shuttle road was
larger than the values away from the center of the road. A
typical Rammsonde profile of the South Pole Station skiway is
shown in figure 2, in a different graphic representation than that
used for figure 1, superimposed to the hardness profile re-
quired for wheeled landing of KC-135. The present skiway
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Figure 1. Typical Rammsonde profile of McMurdo Station-Williams
Airfield shuttle road. Measurements were taken at 10-toot intervals
from the center of the road. ("cm" denotes "centimeter:' "ft" denotes
"foot:'
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Figure 2. Typical Rammsonde profile of South Pole Station skiway,
compared with the hardness requirement for wheeled landing of
KC-135 ("cm" denotes "centimeter:')

obviously does not have sufficient hardness to accommodate
safe operation of wheeled transport planes.

Snow characterization. The snow conditions at McMurdo and
South Pole Stations are different, just as one could expect from
the different climatic variations at these locations. There are,
however, some similarities: snow is extremely dry; snow has
few cohesion characteristics; and density is higher than ex-
pected and has values in the range of 0.35 to 0.45 grams per
centimeter of higher. At McMurdo Station, the snow is in vari-
ous stages of temperature-gradient metamorphic states. Strat-
ification is not very perceptible. However, there is a layer of hard
ice typically 40 centimeters below the surface probably formed
by the combination of traffic compaction and the melt-freeze
process during the preceding season. This ice layer is signifi-
cant, because it can be used as a base on which processed snow

may be compacted. The metamorphic state of snow at South
Pole Station approaches that of constant-temperature condi-
tions. There is no ice layer like that at McMurdo Station.

Binder-snow composite. Brown's work on processing of snow
and mixing it with binder to form composites indicates that a
small quantity of sawdust mixed and compacted with dry snow
(snow kept in coidroom) tends to exhibit superior strength.
Figure 3 shows one such result. The field experiment in
Houghton supports this result and also shows that such a
mixture retains its characteristics longer in warm weather.

Proposed method of improved snowroads and runways. The pro-
posed method at McMurdo Station is to remove snow from the
top part of snowpack to the depth of the ice layer, apply a heat
treatment to the ice layer, and on the base formed in this man-
net deposit and compact mixture of binder-snow composite.
The process of blowing snow back onto the base will also help
compaction. The desired mix will both strengthen the snow and
help retain its strength over time. At South Pole Station, there is
no ice layer under the surface. Therefore, an effective means of
heat treatment to form a base must be devised. At both loca-
tions, several layers of compaction should be added over a
several-year period. It will be essential to find the most efficient
binder-snow composition for each of the two locations.

The problems at McMurdo and at the South Pole Stations
require two different approaches. At South Pole Station, con-
struction of a strong base in the snow is more difficult than at
McMurdo Station. However, once the snow compaction is ac-
complished at South Pole Station, it is likely to retain its
strength. At McMurdo Station, the summer thawing will cause
deterioration until a better method is found to extend the useful
life of the compacted roadway.

This research was supported in part by National Science
Foundation grant DPP 85-17148.
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Figure 3. Stress-strain curves for various volume ratios of sawdust
mixed with dry snow. ("psi" denotes "pounds per square inch." "in"
denotes "inch:')
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