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Abstract

The effects of tides on motion upstream of the grounding line
of Carlson Inlet, West Antarctica, was investigated. This was done
through simultaneous GPS measurements at several sites both up-
stream and downstream from the grounding line. Of particular in-
terest was the role of basal friction in determining the spatial range
of horizontal stress transmission. For this type of investigation the
Carlson Inlet was judged to a particularly well suited because basal
friction varies by several order of magnitude in transverse direction
across the ice stream. In accordance with theoretical predictions, it
was discovered that the spatial scale of stress transmissions is reduced
with increasing basal friction. Temporally induced variations in hori-
zontal speed with a periodicity of about two weeks were detected on
the part of Carlson Inlet where basal friction is low. Where basal fric-
tion is hight, no such temporal variations in flow were observed. Per-
liminary modeling works shows that for sufficiently low basal-friction,
non-linear interaction between the two main semi-diurnal tidal com-
ponents (S2 and M2) gives rise to a strong fortnightly (Msf) horizontal
tidal component in the flow upstream from the grounding line.

1 Background

Ice streams discharge about 90 % of the snow accumulation that falls on the
Antarctic continent. Changes in the flow behavior of ice streams therefore has
the potential to affect significantly the volume of ice being discharged from
the Antarctic interior into the oceans. The ice enters the oceans as it moves
across the grounding line that marks the division between the grounded ice
stream and the adjoining floating ice shelf. The flow speeds at the grounding
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line, and the its position, are therefore of particular importance with regard
to a possible influence on global sea levels.

Both the position of the grounding line and the flow speeds across it can
be affected by forces transmitted through the ice from the floating ice shelf
further downstream. Over what distances such force transmission up-stream
of the grounding line can be expected to act is unclear. Knowing the answer
to this question is essential if we are assess the potential for abrupt changes
in flow speed of ice streams following the partial or total break up of ice
shelves.

It has proved difficult to understand in theoretical terms how stresses
get transmitted across the grounding line. This is, in part, because popu-
lar approximations used in glacier mechanics, such as the shallow ice and
the shallow shelf approximations, do not apply to the zone surrounding the
grounding line, where both horizontal stresses and vertical shear can be ex-
pected to be of importance.

This study proposed the use of continuous GPS measurements on both
sides of the grounding line of Carlson Inlet, West Antarctica. The motivation
for this experimental setup came from recent and totally unexpected results
obtained from Rutford Ice Stream in Dec. 2003 to Feb. 2004 [Gudmunds-
son, 2006]. Continuous GPS measurements on both sides of the grounding
line showed that both ice-stream and ice-shelf speeds fluctuate through time,
with the strongest amplitude having a periodicity of two weeks. Model-
ing work has shown that these fortnightly fluctuations in speed result from
non-linear interaction between the two main semi-diurnal tidal components
[Gudmundsson, 2007]. The non-linear element in the system is the till be-
low the ice stream. The explanation proposed requires both a weak and a
non-linear till rheology.

In a number of ways the Carlson Inlet is not one, but two ice streams that
share the same grounding line. Looking in down-flow direction, the left half
of Carlson Inlet is an active ice stream flowing with a speed of 120 m/year.
The right half is in comparision inactive and flows with a speed of only 23
m/year. The basal friction between these two halves varies by more than
an order of magnitude. Since both halves are subjected to the same tidal
forcing, differences in tidally induced variation in flow speed between the left
and the right-hand sides give information on the effects of basal friction on
stress transmission in up-stream direction from the grounding line.

In this report the active left-half of Carlson Inlet will be referred to as
Talutis Inlet, as most of the ice in that part originates from Talutis Inlet
further upstream. The term Carlson Inlet will only be used to refer to the
inactive right-hand side of the ice stream.
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Figure 1: Detrended in-line positions. The GPS site was located on Talutis
Inlet some 20 km upstream from the grounding line.

2 Survey procedure and processing techniques

Permanently recording GPS stations were set up at six locations up-stream
of the grounding line. These formed two longitudinal profiles along the flow
lines of the Talutis and the Carlson Inlets. Two stations were located at the
grounding lines of Carlson and Talutis, with further two pairs of GPS stations
approximately 20 and 40 km upstream. In addition, one GPS station was
located on Ronne Ice Shelf approx 16 km downstream of the grounding line.

Quality control was done in the field using the Leica Geo Office. All
data was post-processed after the end of the field season using the Bernese
GPS processing software. Data was processed in kinematic single point pro-
cessing mode. The accuracy of the horizontal positions is on the order of 1
cm. Vertical positions are accurate to within 2-3 cm. Valuable experience in
processing these kind of data has been obtained from previous processing ex-
ercises using similar type of data from Rutford Ice Stream Dach et al. [2008].
The biggest factor limiting the accuracy are the effects of the troposphere.
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Figure 2: Detrended in-line positions. The GPS site was located on Carlson
Inlet some 18 km upstream from the grounding line.

3 Preliminary results

Detrended in-line positions are shown in Figs. 1 and 2. In-line positions
are defined as stake position along the mean flow direction. These positions
have been detrended by subtracting the mean velocity. The resulting graphs
show the deviations in displacement along the direction of flow from mean
displacement as functions of time.

Fig. 1 shows detrended in-line positions from a GPS site located 20 km up-
stream from the grounding line on Talutis Inlet (i.e. the active part). Clearly
to be seen are systematic temporal fluctuations in rates of displacements
with periodicity of about two weeks. The resulting fluctuation in speed has
a peak-to-peak amplitude of about 15 %. These fluctuations are, thus, sig-
nificant fraction of the mean flow speed, and in comparable to those seen on
Rutford Ice Stream [Gudmundsson, 2006].

Fig. 2 shows the same type of data as Fig. 1 but from the inactive part
of the ice stream. The distance of the GPS site from the grounding line was
about 18 km. Thus the data shown in both Figs. 1 and 2 were collected at ap-
proximately same distances from the grounding line. As Fig. 2 demonstrates
there are no significant fluctuations in the speed of the inactive part. As both
halves are subjected to same tidal forcing and ice thicknesses are the same,
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the difference in the tidal response is most likely related to differences in basal
conditions. Theoretically this is to be expected. The most important factor
affecting the spatial scales of horizontal deviatoric stress transmission is the
slip ratio, i.e. the ratio between mean forward deformational velocity and
the mean basal sliding velocity [Gudmundsson, 2003]. The range increases
sharply with slip ratio. The slip ratio of Talutis Inlet is about two orders of
magnitude larger than the slip ratio of Carlson and tidally induced variation
in flow velocity are therefore expected to be larger in absolute terms on the
Talutis side than the Carlson side.

4 Conclusions

It has been shown that the flow speed of Talutis Inlet vary with a fortnightly
period. This is, to date, the only ice stream beside Rutford Ice Stream that
shows this type of temporal variation in flow.

Interestingly, Carlos inlet, which shares the same grounding line as Talutis
Inlet and is subjected to the same tidal forcing, does not exhibit this type of
transient flow behavior.

The next step is to develop a numerical model of tidal effects on Carl-
son/Talutis Inlet. The model will include non-linear visco-elastic ice and
till rheology and use a full-system stress solution. This type of model has
already been set up for Rutford Ice Stream. The Rutford model produces
the fortnightly variation in flow velocity if the till rheology is non-linear,
ice-rheology visco-elastic, and the tidal forcing includes both the S2 and M2
semi-diurnal tidal components. If any of these ingredients are missing, no
fortnightly fluctuations result. The measured records from these two sites
are, as the figures show, fundamentally different. In the model the only
model parameter which can account for this difference is the till rheology
and reproducing the data from Carlson/Talutis (Figs. 1 and 2) will be a very
interesting model-validation exercise.
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