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SIR,

Estimate of ice-surface velocity over a 4 year period on Glaciar
Arenales, Hielo Pataginico Norte, Chile

Climate change in the southern Andes has been marked by
a loss of approximately 100 m of ice-surface thickness from
the 3200 km” Hielo Patagénico Norte (HPN; northern Pata-
gonia ice field) over the last 120 years (Winchester and
Harrison, 1996). Because of the remoteness and inaccessibility
of the ice field, centring on 47°00° S, 73°30" W, much of the
work investigating change has focused on the movements of
glacier ice fronts, Ice-front positions have been extrapolated
from aerial photographs (Aniya, 1985, 1987, 1992; Wada and
Aniya, 1993), scant historical sources, dendrochronology
and lichenometry (Winchester and Harrison, 1996). Ice-sur-
face velocity has been directly measured for only two of the
30 or so glaciers that descend from the ice field, Glaciares
San Rafael and Soler (Fig, 1).

This note records an indirect estimate of a mid-valley
ice-surface velocity on Glaciar Arenales obtained from acr-
ial photographs taken in 1975 and 1979. In February 1996 we
investigated Glaciares Colonia, Arco and Arenales on the
southeastern side of the ice field. All three glaciers begin
their descents from the ice field over icefalls; Glaciar
Arenales then flows eastwards for around 8 km hefore join-
ing Glaciar Colonia coming in from the northwest. Our
velocity estimate was based on the distance travelled over a
4year period by a mass-movement feature near the
Arenales valley midpoint (Fig. 2. The 1:50000 regional
map (Lago Colonia 4715-7300, No. 381) drawn from the
1975 aerial photograph (see Fig. 2) shows a comma-shaped
feature (at 47°15'S,73°18’30” W) some 750 m long and 150 m
wide extending out from the southern valley wall to approx-
imately one-third of the way across the Arenales surface and
about 3.5km above the Colonia junction. This feature,
which we identified on the ground as a large rock-fall/
debris-flow complex (Fig. 3), with the comma form created
by the differential flow rates of surface ice, also appears on
the 1979 photograph. Measurement of the distance covered
by the tip of the feature between the two dates provides an
approximate rate n[ surface mo\ ement over the 4 year
period of 150 myear Lor 04l md !

PREVIOUS SURVEYS

The ice-surface velocity of Glaciar San Rafael has been
measured on three different occasions (Naruse, 1985; Harri-
son and Winchester, 1992; Rignot and othes, 1996). All three
surveys were in close agreement, showing i{( surface
velocity near the terminus averaging 17-17.5m d ' over the
12 year period during which the studies took place.
Although agreement over the ice-front movement rate is
interesting per se, the velocity of this tidewater calving
glacier is related partly to calving flux (Warren and others,
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Fig. I. Hielo Pataginico Norte and ils glacters.

1995), and thus is likely to be unrepresentative of the velocity
of most of the other HPN outlet glaciers.

The other direct measurement of ice-surface velocity
was carried out on the 8 km long valley section of the land-
based Glaciar Soler on the eastern side of HPN in 1985
(Naruse, 1987; Naruse and others, 1992). The survey showed
the glacier’s surface moving with 'm average velocity,
.Ataround its v a]l( y
, witha rate of 0.39md '

between 21 survey stations, of 0. H md '
midpoint the rate was 0.49 m d!
the point above this. An indirect approach to velocity meas-
urement using aerial photographs was also applied to
Glaciar Soler by Aniya and Naruse (1987) who, by dividing
a number of annually formed ogive bands by the length of
the glacier section containing them, derived an average ice-
surface velocity over a 32 year period of 170 myear :
047 md

DISCUSSION

The extraordinary similarity in the surface velocities nf
Glaciares Soler and Arenales, averaging 0.39-0.49 md

around their midpoints, is perhaps surprising considering
their differences. The Soler, according to Naruse (1987), has
an average slope angle of 297 and width of 15 km, com-
pared with the average 1 slope angle and 2 km width of the
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Fig. 2. The Arenales, Colonia and Arco glacier valleys showing the rock-fall/deb ris=floww complex in its 1975 and 1979 positions.

Fig. 3. A partial view of the southern flank of Glaciar
Arenales, with the ellipse of debris material to be seen
(arrowed) on ils surface in the middle distance, about
33km from the camera. ( Photograph by V.W., January
1996,

Arenales which, after joining Glaciar Colonia, flows to a
Joint terminus 3.5 km further downslope. Although it is dif-
ficult to be very precise when using aerial photographs with-
out specialist equipment, the approximate accuracy of our
indirect approach to measurement of ice-surface velocity is
supported by the degree of correspondence between the in-
direct and direct values obtained by Aniya and Naruse
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(1987) and Naruse (1987) over long and short time periods,
respectively,
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Sir,

Reference overlooked in “Determination of timing and location of

water movement and ice-layer formation by temperature measire-
ments in sub-freezing snow™ by Pfeffer and Humphrey

In our recent paper (Pfeffer and Humphrey, 1996), we
neglected to make reference to a very closely related
previous paper (Echelmeyer and others, 1992). Since part of
Echelmeyer and others” work is nearly identical to part of
ours, we want to draw attention here to their work. Their
temperature measurements and subsequent analysis led to
inferences about refreezing and piping at depth which are
compatible with our conclusions. Their work also shows evi-
dence of pipes transporting water to greater depths than at
our site (a more shallow snowpack overlying superimposed
ice), and provides additional convincing evidence of the
effectiveness of piping and layering processes in transport-
ing water through sub-freezing snow.
Institute of Aretic and Alpine Research W.T. PFEFFER
Universily of Colorado, CB-450,

Boulder, Colorado 80309-0450, U.S.A.

Department of Geology and Geophysics N. I. HumpPHREY
University of Wyoming, Laramie,

Wyoming 82071, U.S.A.

17 Mareh 1997
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SIR,

Comments on*“Temperate ice permeability, stability of water veins and
percolation of internal meltwater™ by L. Lliboutry

This paper begins by saying: "According to Nye (1976), the
outhburst of glacier-dammed lakes, in particular the well-
known Icelandic jokulhlaups, should proceed from irrever-
sible broadening of the capillary veins™ The paper quoted,
in fact, says exactly the opposite. Indeed, it has a complete
section (section 6) explaining why vein flow should not lead
to jokulhlaups. It is hard to see how such a fundamental mis-
understanding could arise but I am glad to have this oppor-
tunity of correcting it.

A few lines further on there is a second point. Professor
Lliboutry says “Nyes (1976) theory... contradicts Nye and
Mae (1972)" but does not elaborate further. No contradic-
tion was intended. If he could say what kind of contradic-
tion he has in mind here, I could try to resolve it.

H. HL.Wills Physics Laboratory
Untverstty of Bristol,
Bristol BS8ITL, England

Joun Nye

24 February 1997
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Sir
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Reply to the comments by J. Nye on “Temperate ice permeabulity,
stability of water veins and percolation of internal meltwater™ by

L. Lliboutry

Professor Nye is right and I apologize. T do not remember
whether I intended to say “..Icelandic jokulhlaups might pro-
ceed .7 instead of “should proceed?, or if my wrong assertion
came from not reading again Nye’s (1976) paper before writ-
ing my introduction. Anyway, my sentence should not refer to

jokulhlaups and read: “According to Nye (1976), an irreversi-

ble broadening of the water veins can occur if the pressure
difference between the ends of the vein is fixed”

The essential point is that Nye’s stability analysis of
water discharge through capillary veins was unsound,
hecause capillary and salinity effects were ignored. Nye
applied to veins Rothlisberger theory for large waterways.
In this theory, melting at the walls comes only from the
energy loss due to the water discharge. For capillary veins,
this term, as well as the shrinking by plasticity, are totally
negligible. The heat flux that reaches the walls is almost ex-
clusively (with my notations)

o2rK;

= (D]d)

(6L — Bv)

where f;, and #y are the temperatures within the ice at the
lenses walls and at the veins walls, respectively. Both are
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