
Strong influence of geothermal heat on the physical
properties of glacier ice in the Tibetan Plateau

The Tibetan Plateau is one of the major glacierized regions
in the middle to low latitudes. Based on the data of a
recently completed Chinese glacier inventory (Liu and
others, 2000), the areal extent of existing glaciers over the
Tibetan Plateau within Chinese territory is 49 873 km2, about
84% of the total area of Chinese glaciers. We report new
findings of a strong influence of geothermal heat on the
physical properties of glacier ice in the Tibetan Plateau.

In the boreal spring of 2004, we accessed an icefield with
an area of 188.7 km2 (known as the south Geladandong flat-
topped glacier; Li and others, 1986) in the Geladandong
region, central Tibetan Plateau. Our aim was to drill ice
cores to assist in the reconstruction of past climate changes.
The icefield is located in a quasi-polar glacier zone where
the mean annual air temperature is < –108C and annual
precipitation is 200–500mmw.e. at the equilibrium-line
altitude (Shi and others, 2000). This suggests the Geladan-
dong icefield is a cold glacier. However, ice with high water
content was encountered at 85.3m depth at a drilling site
(5800ma.s.l.; 3381204600 N, 9180901500 E) on a flat col about
1.5 km wide. Below that depth, we tried drilling for several
runs. Each time, water flowed out from the drill tube when it
was lifted to the surface, indicating the borehole contained
water exuding from the surrounding ice. Since diffusion and
flow of liquid water in ice can disrupt palaeoclimatic
records (Rempel and others, 2001) and water in a borehole
can destroy the circuit of a mechanical drilling bit, we
ceased drilling at 87m depth. The ice at 87m was still clean
and contained air bubbles similar to the ice above. We
concluded the bottom of the borehole may still be some
distance from the bedrock. Interestingly, no water was found
in an ice core, about 189m long, retrieved from Longxiazai-
longba glacier, about 70 km from the Geladandong icefield.
This, together with the position of the drilling site on the
Geladandong icefield, suggests that heat produced by ice
deformation and sliding friction at the base is not the cause
of the high water content at 85m depth. It was concluded
that a large geothermal heat flux may be the only reasonable
explanation for this phenomenon. In fact, there are several
hot springs around the margin of the Geladandong icefield,
indicating the geothermal heat flux is high in this region.
In another borehole only 14.6m deep, drilled to bedrock
on a summit (5946ma.s.l.; measured basal temperature,
–7.258C) of the Geladandong icefield, we found no water.
Presumably, there is a geothermal ‘hot spot’ beneath the
87m borehole.

The ice temperature in the 87m borehole was measured
by a thermal resistance thermometer with an accuracy of
0.05K (Fig. 1). The temperature at 15m, which has been
used to reflect the mean annual air temperature (Huang,
1990), is –5.008C, while the ice temperature at the borehole
bottom is –0.288C. The physical properties of the ice at the
drilling site have thus led to the identification of two distinct
internal layers: above 85m is a cold ice layer while below
85m is a wet temperate ice layer. Note there is only a small
change in temperature near the bottom of the borehole
measured on the first and second days after drilling ceased.
A small rise in temperature near the bottom was caused by
the latent heat released by refreezing of water exuded from
the lower wet ice layer. The fact that the temperature sensor
which reached the borehole bottom could not be retrieved

testified that refreezing had occurred at the bottom. Heat
flux, H, conducted from the lower temperate ice layer to the
upper cold ice layer can be estimated by the equation

H ¼ �K
@T
@z

, ð1Þ

where @T=@z (T in kelvin, z in meters) is the temperature
gradient in the ice immediately above the temperate layer,
and K is ice thermal conductivity in Wm–1K–1. Here @T=@z
is calculated according to the data measured on 21 April
2004 (see Fig. 1), and K can be found from the relation
(Paterson, 1994)

K ¼ 9:828 exp ð�5:7� 10�3T Þ: ð2Þ
Thus the inflow of heat from the lower temperate ice layer to
the upper cold ice layer is about 113.5mWm–2, which is
much higher than the average continental geothermal heat
flux of about 65mWm–2 (Pollack and others, 1993).
Considering the heat consumed by melting, the geothermal
heat flux transmitted into the bottom ice should be much
higher than the value of heat flux from the lower temperate
ice layer to the upper cold layer estimated above.

More attention needs to be paid to the influence of high
geothermal heat flow on glaciers. Basal meltwater and warm
ice caused by high geothermal heat flow can exert a strong
influence on ice flow (Fahnestock and others, 2001), and can
also be responsible for glacier surface geometry (Greve and
Hutter, 1995) and the response of glaciers to climate change
(Hubbard and others, 2003). Even though the Geladandong
icefield is large, its surface undulations seemingly depend on
the land topography. This might be a consequence of an
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Fig. 1. Borehole temperature profiles measured at 5800ma.s.l. on
the Geladandong icefield, 21 and 22 April 2004.
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increase in ice ‘softness’ caused by high geothermal heat flux
in this region. This hypothesis, and the influence of
geothermal heat on glaciers, needs further investigation.
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