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Byrd Glacier: 1978-1979 field results

T. HUGHES and J. L. FASTOOK

Department of Geological Sciences
and

Institute for Quaternary Studies
University of Maine-Orono

Orono, Maine 04469

Photogrammetric determinations of the surface velocity and
elevation, combined with radio-echo determinations of ice
thickness and basal grounding, for Byrd Glacier eventually
will provide data for a finite-element analysis of the Byrd
Glacier-Ross Ice Shelf interaction. This is the ultimate objective
of our study. Application of our finite-element model, devel-
oped by W. F. Schmidt, must await completion of the photo-
grammetric analysis. In the meantime we are reporting our
complete 1978-79 field results. These results have been avail-
able since early 1979 but are published here for the first time.

Figure 1. Survey work on Byrd, Hatherton, and Darwin Glaciers. Ground control points for photogrammetric work were established by
electronic traverse and trliateratlon in conjunction with the U.S. Geological Survey team of Thomas T. Smith and Leland D. Whitmiil.
Several of these points were also occupied by the U.S.G.S. team with JMR Doppler positioning equipment. Three U.S.G.S. electrotape
units were made available to the University of Maine to carry on the survey after the departure of the U.S.G.S. surveyors. Ice motion was
measured by repeated intersections of 71 markers on the ice from some of the ground control points and additional points established
specifically for the purpose.

Symbols on the figure indicate the following: U.S.G.S. control survey lines ...... . simultaneous angle experiments for measuring tidal
oscillations, . (denoted I, Ii, Ill); baselines for ice motion survey, ; photogrammetric control survey lines - - (direction
measurements, -*; distance measurements, ); survey station, 0; survey station also occupied in the JMR receiver, 0; survey stations
at ice motion markers,:. ; ice motion markers,*. (Centerline markers denoted C; transverse velocity markers denoted 1, 2, 3, 4, 5.)
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Our justification for studying Byrd Glacier and the field	Figure 2 shows surface velocities measured on Byrd, Dar-
techniques we employed were discussed in the 1979 annual	win, and Hatherton glaciers using the survey stations and
review of this journal (Hughes 1979). Figure 1 shows the kinds	baselines shown in figure 1. The two landward velocities
of field studies made on Byrd, Darwin, and Hatherton glaciers	across the north rift of Byrd Glacier may be an artifact of the
during the 1978-79 field season. In addition, two photo-	great distances to survey targets (up to 68 kilometers). Dashed
graphic flights were made 2 months apart for the photogram-	velocity vectors represent sightings from a single survey sta-
metric study. Low clouds obscured the entrance to Byrd Glacier	tion, after initial sightings from two or three stations when the
fiord on the first flight, so surface velocities in this region	survey targets were emplaced. These targets ablated into the
could not be measured photogrammetrically. A third photo-	ice and became lost from view at some survey stations.
graphic flight was made at the end of the 1980-81 field season,	Figure 3 (top left) shows the respective surface elevations
but incomplete sidelap down the center of Byrd Glacier will	and velocities along the centerline array of survey targets in
restrict any photogrammetric study to the lateral rifts. These	figure 1. A break in elevation and velocity at target B seems to
rifts are critical boundary conditions in applying our finite-	locate the first grounding of floating ice. Target B lies on the
element model to Byrd Glacier. The photogrammetric study is	200-meter surface elevation contour in figure 1 and is about
being conducted at The Ohio State University by Henry H.	150 meters lower than the U.S. Geological Survey contours in
Brecher.	 figure 1 that were made from 1960-62 aerial photography.
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Figure 2. Glacier surface velocities determined from ground surveys. (Dashed lines represent results for which some assumptions were
required because data were missing.)
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Figure 3. Byrd Glacier field data. Top left: surface elevations (filled circles) and velocities (open circles) along centerline targets (denoted
by C's In figure 1). Basal grounding begins at B and occurs between II and ill In figure 1. Bottom left: Transverse surface velocity profiles
In floating Ice (1), In the grounding zone (2 and 3), and in grounded ice within the fiord (4) and entering the fiord (5). Right: changes in Byrd
Glacier surface elevations correlated with tides in floating ice (I), near the beginning of grounding (Il), and near the end of grounding (ill),
at sites shown in figure 1. Ice elevations were obtained from simultaneous vertical angle measurements over approximate 1-day periods.
Error bars represent an estimated error of 5 arc seconds in vertical angle measurements.
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However, contrary to the preliminary result by Brecher (1980),
Byrd Glacier has not thinned since then (Brecher personal
communication).

Figure 3 (bottom left) shows five transverse velocity profiles
from the north fiord wall to the centerline of Byrd Glacier.
Survey targets for these profiles are located in figure 1. Profiles
1, 2, and 3 were meant to compare velocities immediately
downstream from, at, and immediately upstream from, the
grounding line. However, as seen in figure 3 (right) no sharp
grounding line exists and profiles 2 and 3 apparently span a
broad zone of grounding. Profiles 4 and 5 are both across
grounded ice and were meant to compare velocities in the
fiord where ice experiences basically longitudinal flow in sim-
ple shear alongside fiord walls (profile 4) with velocities for
ice just entering the fiord from a strongly converging flow
regime (profile 5). In all cases, a sharp velocity gradient occurs
near the fiord wall. This suggests that simple shear in an easy
glide fabric exists along the entire length of the fiord, despite
converging flow at the fiord entrance and the observed shear
rupture after Byrd Glacier becomes afloat.

Figure 3 (right) shows the changing tidal rise and fall of Byrd
Glacier with distance up Byrd Glacier fiord. These data are
from simultaneous measurements of vertical angles between
survey stations on the fiord wall and survey targets on the
glacier, as described earlier (Hughes 1979). These station-tar-
get links are identified by Roman numerals I, II, and III in
figures 1 and 3. Byrd Glacier seemed to be fully ungrounded
at target I, but partial grounding was evident at targets II and
III. The rapid increase in surface slope beginning at centerline
target B in figure 3 includes targets II and III, but not target I.
Unpublished radio-echo sounding results are also consistent
with grounding in this zone (Drewry personal communica-
tion).

As seen in figure 1, baseline lengths and distances from
survey stations to survey targets were often quite large. Cor-
rections for refraction and curvature of the Earth were neces-
sary. Over distances up to 34 kilometers, we obtained a linear
correction of 0.063 ± 0.0001 meter per square kilometer at Byrd
Glacier. We hope our correction curve will be useful to others
who may survey in this part of Antarctica in future years.
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John Splettstoesser coordinated our logistical needs. Our
field measurements were made by Charles Swithinbank,
James Fastook, Tad Pfeffer, Mark Hyland, Jeff Lingham, Henry
Brecher, and T. Hughes, with full cooperation of U.S. Navy
helicopter squadron VXE-6 and the support of National Sci-
ence Foundation grants DPP 77-22204 and DPP 79-18681.
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Microparticle record from Q-13:	 Average
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A 100-meter core was drilled on the Ross Ice Shelf at site Q-
13 (78°57'S 179°55'E) during the 1977-78 austral summer. At
site Q-13 the Ross Ice Shelf is approximately 330 meters thick
and the ice moves approximately 900 meters per annum from
the grid southwest corner of the ice shelf (Jezek 1980). Flow
line maps based on intensity variations of the bottom echo
(Bentley et al. 1979) indicate that ice at Q-13 has come from the
vicinity of West Antarctica ice streams A and B passing to the
east of the Crary Ice Rise (these streams flow into the Ross Ice
Shelf at approximately 84°-85°S 15°W).

A total of 2,611 samples representing the entire 100-meter
length (equal to 77 meters of water) were analyzed for micro-
particle concentration and size distribution. The figure illus-
trates the concentration of total particles (diameters equal to
or greater than 0.63 micrometers) per 500 microliters of sample
for the entire 100-meter core, plotted in water-equivalent
depth. The dates assigned at each 5-meter interval were
obtained by counting apparent seasonal variations in particle
concentration downward from the surface. The average annual
accumulation (A n) estimates for each 5-meter interval (figure)
fall between 143 and 200 millimeters of water per annum. A
for the entire core is 169.4 millimeters per annum.

As might be expected, the Q-13 microparticle record for the
last 450 years bears no resemblance to the only other detailed
antarctic microparticle record, that from the South Pole (Mos-
ley-Thompson 1980). In the Q-13 core a gradual increase in
particulate deposition begins around 1800, increasing by a
factor of 4 by 1900 (table). Particulate concentrations increase
rapidly after 1900, and by 1950 the concentrations are almost
one order of magnitude greater than in 1730 (table). This gen-
eral increase in particle concentration is attributed to the grad-
ual northward movement of the deposition site. Thompson
and Mosely-Thompson (in press) report a current annual par-
ticle deposition rate of 150,000 particles at site J-9, which is
approximately 500 kilometers from the Ross Sea, in sharp con-
trast to 900,000 particles per annum at site Q-13.

Much of the material deposited at Q-13 today is locally
derived, as the concentration ratios for large particles (greater
than 1.0 micrometer) in the table illustrate. Most of this mate-
rial probably is transported in association with the cyclonic
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The concentration of total particles in 2,611 samples representing
the entire 100-meter 0-13 core. Depth is in water equivalent. The
estimated annual accumulation rate (in millimeters) and the date
are Included for each 5-meter increment.

storm systems that move into the Ross Sea. Carleton (1981)
reports that during all seasons cyclogenesis in the Southern
Hemisphere tends to occur over middle latitudes, with matu-
rity and decay (cyclolysis) occurring at higher latitudes.
Cyclone frequency is 2.5 times greater during winter than
summer (Carleton 1981), and by late winter/early spring (Sep-
tember) cyclolysis reaches a maximum in response to the
intensified circumpolar trough. The mean distribution of dis-
sipating vortices for five winters shows a maximum over the
Ross Sea (Carleton 1979). As these dissipating storms move
onto the Ross Ice Shelf, they can transport very small (less than
1.0 micrometer) particles from mid-latitudes as well as local
antarctic material entrained from exposed areas along the east-
ern margin of the Ross Sea Embayment.
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