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Photogrammetric determination of
surface velocities and elevations on

Byrd Glacier

HENRY H. BRECHER

Institute of Polar Studies
Ohio State University
Columbus, Ohio 43210

Surface velocities and elevations of Byrd Glacier (80°S 160°E)
have been determined by photogrammetric methods from two
sets of aerial photography obtained on 6 December 1978 and 31
January 1979. Terence Hughes (University of Maine at Orono)
will use these photographs to study the glacier's dynamics and

equilibrium. Natural features, which are present in virtually
unlimited number on the glacier surface, were identified and
marked with a point transfer device on both sets of photographs
for use as motion markers. Many fixed points on rock at the
glacier's lateral margins were identified and marked in the same
way. Thirteen points on the perimeter of the area, established
by ground survey to serve as control points, were targeted prior
to photography. All these points were measured on the photo-
graphs by stereo comparator, and their elevations and positions
were determined analytically by a rigorous least-squares adjust-
ment of the two blocks of photographs simultaneously. The
solution yielded coordinates of 1,467 terrain points from 6,738
image points (13,476 photo-coordinate measurements) on 322
photographs. Surface velocities of 601 common moving points,
of which 472 are on the main ice stream, were determined from
the differences in positions over the 56-day interval between
photo flights.

The standard deviation of the photo-coordinate measure-
ments is 16.3 micrometers, which is equivalent to 0.8 meter in
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Figure 1. Surface velocity vectors and contours for Byrd Glacier. Velocity vector scale is given in the figure. Contours are in meters per year;
contour interval = 20 meters per year.
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planimetry and 1.8 meters in elevation at the average scale of the
photographs. This appears to be a reasonable indication of the
precision of the photogrammetric work. Redundancy of mea-
surements is more than twice as large as in usual practice; photo
residuals approximate a normal distribution very well and only
154(1.1 percent) residuals are larger than three standard devia-
tions. It is difficult to give a satisfactory estimate of accuracy,
however, because no unambiguous checks are available. From
various indirect approaches it appears that both planimetry and
elevation are accurate to a few meters. Taking 5 meters as a
reasonable, conservative numerical value yields errors of about
5 percent for the highest velocities and up to 15 percent and
more for the low velocities near the glacier edge.

The results for the main ice stream are presented in figure 1
(page 79) as velocity vectors and as contours of constant ve-
locity. The vector plot shows the distribution of measurements
(the average spacing between points is about 2.5 kilometers)
and the directions of motion, while the contour plot gives a
much clearer indication of the velocity variation over the glacier.
Among other things, it clearly shows that the dynamic cen-
terline is displaced appreciably from the geometric centerline
over about two-thirds of the glacier's length and that the max-
imum velocity of 875 occurs well upstream of the glacier mouth.

Velocities in this work agree very well with those reported by
Swithinbank for a transect across the mouth of the glacier over a
348-day period during the years 1960-62. Values taken from a
graphical profile (published at a larger scale as figure 3 in
Swithinbank 1964) and one numerical value given for "middle of
glacier" with probable error of 1 percent (Swithinbank 1963)
agree with the values presented here within better than 3 per-
cent over virtually the whole transect. Where direct compari-
sons are possible with independently determined velocities
from ground surveys in 1978-79 (Hughes and Fastook 1981), all
agree within 4 pecent, and the vast majority within 2 percent.

While carrying out the velocity measurements described, I
noted that comparison of elevations obtained by ground sur-
veys in 1978-79 with U.S. Geological Survey topographic maps
made from 1960-62 aerial photography indicated a very large
apparent lowering of the glacier surface in this short time inter-
val. The apparent lowering varied between 50 and 150 meters
along a 60-kilometer section of the glacier for which data were
available (Brecher 1980).

To determine if the lowering was real, it was necessary to
obtain more accurate glacier-surface elevations for 1960-62 than
those that could be determined from the maps. Photogram-
metric strip triangulations of three individual strips of pho-
tography (two taken in November 1960 and the third in Febru-
ary 1963), which cover the region of the greatest apparent
lowering, have been completed. The old strips were oriented to
fixed points on the margins of the glacier derived for this pur-
pose from the 1978-79 photogrammetric work, thus bringing
the measurements from the old and new photography into a
common coordinate system. The comparison of surface eleva-
tions for the two epochs is presented in figure 2. Contours from
the 6 December 1978 photography are shown at the top, and
those from the earlier photography below. The points from
which the latter contours have been constructed are indicated.
(Density of points for the 1978 contours is shown in figure 1.)

Except for some 2 to 3 kilometers at the upstream edge of the
uppermost strip, where elevations differ by up to about 20
meters, there are no readily apparent differences in elevation.
In fact, the spot elevations from the three strips fit so well with
those from the 1978 block that they are generally indistinguisha-
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Figure 2. Elevation contours of a portion of Byrd Glacier from aerial
photography In summer 1978-79 (top) and in summers 1960-61 and
1962-63 (bottom). Elevations are In meters above sea level; contour
Interval= 20 meters.

ble. Although it is difficult to give measures of accuracy of the
results, since no independent data are available for comparison,
internal evidence (such as the excellent agreement betwen re-
suits in the overlap of two independently measured strips)
indicates that accuracy higher than the expected 10 meters has
been achieved in the measurements of the old strips. It can thus
be stated inambiguously that no appreciable surface lowering
has occurred between 1960 and 1978.

Lloyd Herd generously made available much time on pho-
togrammetric equipment in the Aerial Engineering Section of
the Ohio Department of Transportation; Norman Henderson,
Henderson Aerial Surveys, Inc. (Columbus, Ohio) freely put
his zoom point transfer equipment at my disposal; the Ohio
State University Department of Geodetic Science provided time
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on stereo comparators; and the osu Instruction and Research
Computer Center provided computer time and facilities. Ste-
ven Johnson of Virginia Polytechnic Institute and State Univer-
sity made available his block adjustment program. Neil O'Brien
did the point transfer work. Robert Tope drafted the figures.

This research was supported by National Science Foundation
grant DPP 77-22204 by subcontract from the University of Maine
at Orono and by grant DPP 80-19962.

References

Brecher, H. H. 1980. Apparent surface lowering on Byrd Glacier be-
tween 1960 and 1978. Antarctic Journal of the U.S., 15(5), 64-65.

Hughes, T., and Fastook, J. L. 1981. Byrd Glacier: 1978-1979 field results.
Antarctic Journal of the U.S., 16(5), 86-89.

Swithinbank, C. W. 1963. Ice movement of valley glaciers flowing into
the Ross Ice Shelf, Antarctica. Science, 141(3580), 523-524.

Swithinbank, C. 1964. To the valley glaciers that feed the Ross Ice Shelf.
The Geographical Journal, 130(1), 32-48.

Isotopic studies of ice samples from
the Allan Hills meteorite site

E. L. FIREMAN

Smithsonian Astrophysical Observatory
Cambridge, Massachusetts 02138

Smithsonian Astrophysical Observatory researchers are con-
tinuing to investigate the gas in the ice at the Allan Hills mete-
orite collection site (76°45'S 159°00'E) (Cassidy, Olsen, and
Yanai 1977). The terrestrial ages of the Allan Hills meteorites
range from 11,000 to 700,000 years (Fireman 1980; Nishiizumi
and Arnold 1980). Our primary effort is carbon-14 dating the
carbon dioxide (CO 2) in the gas; however, we also measure the
oxygen (02), nitrogen (N2), and argon (Ar) abundances and
isotopic compositions in the gas and the oxygen-18/oxygen-16
( 180/160) ratio in the ice for more complete information. Gas is
extracted from large (6 to 31 kilograms) samples by helium
purging to obtain sufficient CO 2 for carbon-14 measurements
with low-level proportional minicounters and Van de Graaff
accelerators. Our gas extraction and counting systems have
been described elsewhere (Fireman 1980; Fireman and Norris
1981). The accelerator method requires the conversion of CO2 to
solid carbon. The Van de Graaff accelerator dating has been
accomplished with meteoritic CO2 samples larger than 3 cubic
centimeters STP (standard temperature and pressure) (Fireman
et al. 1982) but not yet with the smaller CO 2 samples from ice.
The counter and accelerator carbon-14 data are in accord;
however, the accelerator method gives better statistical accuracy
in 3 hours than can be obtained by 3 months of counting.

The figure, a map of the Allan Hills site (Nishio and Annex-
stad 1980), shows the locations of our samples relative to mete-
orite locations (dots) and a numbered stake network.

Table 1 gives the amount of gas extracted, the percentage of
CO2 in the gas, the specific activity of the CO 2. and the carbon-14
age obtained from the specific activity relative to contemporary
radiocarbon. The percentage of CO 2 in gas from subsurface ice
samples ranged from 0.030 to 0.065 percent, and the specific
activities were below that of contemporary radiocarbon; there-
fore, ages greater than approximately 5,000 years resulted. The
percentages of CO 2 in gas from surface ice samples were much
higher, 0.187 and 0.129 percent, and the specific activities were

three times that of contemporary radiocarbon. Two possible
causes of the anomalously large specific activity in surface sam-
ples are (1) carbon-14 in nuclear fallout, which exchanged with
the CO2, and (2) carbon-14 produced by cosmic-ray spallation of
ice, which exchanged with the CO2-

Table 2 gives the variation of oxygen-18 (6180) values for the
ice and for the oxygen in the gas, calculated by the equation

('8O/16Osampie - (18O/16O)sMow 
x 1,000,6 180 =

(18O/16O)sMow

where SMOW is standard mean ocean water. The 60 of the
oxygen in the gas was the same as that for the atmospheric
oxygen samples and differed markedly for the 6 1 0 ice values.
This result shows that the 180/160 in atmospheric oxygen has
been constant over a time that corresponds to the age of Allan
Hills ice.

This 6180 of the ice gives information on its source region. The
Allan Hills meteorite site is in the catchment area of the vast
Taylor Glacier, which extends over a 1-million-square-kilometer
area. Drewry (1980) studied the motion of the Taylor Glacier and
measured the 6180 for ice at a few Taylor Glacier locations. His
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Map of Allan Hills meteorite collection site.
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