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ABSTRACT. Liligo Glacier is a small glacier located in a transverse valley, which flows
on the south side of Baltoro Glacier, Karakoram, Pakistan. Terminus variations of Liligo
Glacier since 1892 were reconstructed using various methods and sources (historical docu-
ments, cartography, photographs, satellite images and field surveys). The glacier is charac-
terized by two phases of strong advance (beginning and end of the 20th century), separated
by at least half a century of retreat. The advance rates, together with some ice-surface
features such as the heavily crevassed surface and terminus morphology, are considered to
be indicative of a surge-type glacier.

INTRODUCTION

As indicated by Paterson (1994), surging glaciers have been
identified only in certain regions of the Earth, but these cover
a wide range of climatic, morphological and geological situ-
ations: from polar to subtropical areas and from maritime to
mid-continental areas. Among the zones in which this type of
glacier hasbeen identified are the mountain chains of Alaska,
U.S.A., and the YukonTerritory, Canada; Svalbard; Iceland;
Greenland; the Russian High Arctic; and Asia (the Pamirs,
theTien Shan and the Karakoram) (Hewitt,1969,1998; Post,
1969; Mayewski andJeschke,1979;Weidick,1988; Dowdeswell
and others,1991;Wake and Searle,1993; Heinrichs and others,

1996; Dowdeswell and Williams, 1997; Jiskoot and others,
2000). Some great advances of this type of glacier are
reported to have taken place in the Karakoram, although
studies of surging glaciers of that region are few. In 1953,
Kutiah Glacier advanced down an ice-free valley 12 km in 2
months (Desio,1954; Hewitt,1969). Such advances have prac-
tical consequences (e.g. blockingoff access to the yakpastures
or to trekking routes, as occurred in 1989 with Pumarikish
Glacier, a tributary of Hispar Glacier (Searle,1991)).

In this paper, we present some aspects of the recent
history of Liligo Glacier, a small glacier in the Karakoram,
Pakistan. Some of these historical data have already been
used to outline the dynamics of several glaciers in Braldo
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Table 1. Data sources and reliability evaluation

Data source Year Source type Reliability evaluation

Conway (1894) 1892 Map (1:126720)(The Biafo and Baltoro Glaciers) Medium
De Filippi (1912) 1909 Description Good
De Filippi (1912) 1909 Photograph byV. Sella Good
Dainelli and Marinelli (1928) 1913 Map (1:150 000)(Il Ghiacciaio Baltoro) Poor
Savoia-Aosta and Desio (1936) 1929 Description Good
Savoia-Aosta and Desio (1936) 1929 Map (1:75000)(GhiacciaiPanmah e Baltoro) Good
Survey General of India (1929) 1929 Map (1:253440)(Kashmir andJammu) Poor
United States Army (1953) 1953 Map (1:250 000)(Mundik) Poor
Pecci and Smiraglia (2000) 1953 Photograph byA. Desio Good
Desio and others (1961) 1953 Description Medium
Desio (1969) 1954 Map (1:100 000)(Ghiacciaio Baltoro) Good
Lanzhou Institute of Glaciologyand Geocryology (1978) 1978 Map (1:100 000)(K2^Mount Qogori) Medium
Smiraglia (1987) 1985 Description Medium
C. Smiraglia (unpublished information) 1985 Photograph Good
Survey of Pakistan (1986) 1986 Map (1:500000)(Skardu) Poor
Geologicalmap (in Searle,1991) 1986 Map (1:250000) Medium
SPOT* 1HRV1201-278 1986 Satellite image Good
A. da Polenza (unpublished information) 1996 Photograph Good
Pecci and Smiraglia (2000) 1997 Description, measurements Good
Pecci and Smiraglia (2000) 1997 Photograph Good

*Syste© me Probatoire pour l’Observation de laTerre.
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valley during the 20th century (Pecci and Smiraglia, 2000).
This study aims to provide a critical review of the sources
used, and a presentation of other sources of information on
Liligo Glacier, such as cartographic sources and photo-
graphs (including satellite images).

Liligo Glacier is smaller than other known and studied
Karakoramglaciers (none of which are knownto surge), such
as Siachen Glacier (75 km long), Hispar Glacier (61km long)
and Baltoro Glacier (58 km long). Liligo Glacier is about
10 km long and has a surface area of about17 km2. According
to Mason’s (1930) classification, it could be defined as a trans-
verse glacier, which, with a short length and steep surface
slope, flows perpendicular to the longitudinaltype and there-
fore is nearly perpendicular to the main axis of the range. In
fact, Liligo Glacier is found in a transverse valley, which from
a north-to-south direction enters the main Baltoro valley
slightly upslope from the snout of Baltoro Glacier (Fig. 1). In
the vicinity of the confluence of Liligo valley, camps are
frequently set up as a starting point for expeditions headed
towards the upper Baltoro.Thus, the Liligo Glacier terminus
has been described and photographed by a number of
explorers and mountaineers since the end of the19th century.

DATA ACQUISITION AND METHODS

A variety of sources were used to reconstruct the variations
of the terminus of Liligo Glacier. These sources differ in the
type of information provided and in their reliability. Only
the field measurements, the large-scale maps and the satel-
lite images offer quantitative data permitting correlation.
The reports written by explorers and mountaineers are
often subjective, while official medium-scale maps, usually
prepared on the basis of older maps, are lacking in precision.
The sources used for this paper are listed in Table 1, along
with their degree of reliability.

The sources listed above were screened, and only those
offering `̀good’’ reliability were used, with the exception of
the Conway (1894) map. For the maps, this reliability is based
on: presence of a geographic grid or of trigonometrical or
topographical points for georeferencing; map scale (at least
1:200000); type of survey; data sources; official evaluation.
The maps were georeferencedby using a geographic informa-
tion system (GIS) and finding at least 15^20 homologous
points; the accuracy of these measurements (evaluated taking
into account georeferencing errors and map scale) is reported

Fig. 1. Map of Baltoro Glacier and location of Liligo Glacier (arrow).The thick lines indicate the main mountain ridge; the thin
lines indicate the glacier boundaries; black dots represent the main peaks.
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in Table 2. The ground photos were compared with a recog-
nition of the similar structures on the rock walls enclosing
the glacier, as indicated (Figs 2^5). For maps and satellite
images the distance between the terminus of Liligo Glacier
and the southern margin of Baltoro Glacier was measured.

TERMINUS VARIATIONS OF LILIGO GLACIER

On the map prepared by Conway in 1892 (Conway, 1894),
the Liligo Glacier terminus is clearly separated from the
side of Baltoro Glacier by a distance of about 400^500m.
This distance was estimated taking into account the glacial
stream’s point of origin. The lower sector of the glacier is

abundantly covered with debris. In 1909, the terminus was
still separate; without direct measurements, De Filippi
(1912) estimated the distance to be about 500 m. He noted
the morphology of the terminus: `̀ The Liligo glacier is very
broken up with no surficial moraines, occupying at least the
centre of its valley, with the terminus at a distance of about
half a kilometre from the side of the Baltoro, with a steep
front, a hundred metres high’’ (De Filippi,1912, p.229). The
morphology of the terminus is well illustrated in a splendid
photograph taken by V. Sella and shown in Figure 2. This
photograph also shows the rock structures, serving for com-
parison with the other photographs.

The map of Baltoro Glacier published by Dainelli and
Marinelli (1928) is very schematic. It indicates a terminus
with little debris and two main medial moraines. In 1929,
Desio observed a very different morphologyof the terminus:
`̀ It was possible to observe the lower sector of an ice flow so
slight, narrow and thin, greatly covered by a surficial
moraine, hidden downward beneath the glacial debris. . .
The lower part of Liligo Glacier appears to be extremely
reduced. The morainal slopes near the glacier appear to be
very fresh and it is evident that they have been left by the
glacier very recently. In this regard, the comparison with
the situation of Liligo Glacier twenty years earlier, as shown
in a photographtaken by Sella in 1909, is of particular inter-
est. It looks as if, at that time, the glacier was advancing,
whereas today it is retreating’’ (Savoia-Aosta and Desio,
1936, p.388^389, 396). The map surveyed on that occasion
shows a frontal sector a little less than 500 m distant from
the side of Baltoro Glacier and completely covered with
debris, forming two medial moraines upslope.

Table 2. Variations of the Liligo Glacier terminus from the
southern lateral moraine of Baltoro Glacier (measurement
accuracy was evaluated taking into account georeferencing
errors and map scale)

Year Distance from
Baltoro

Measurement
accuracy

Source

m m

1892 340 §200 Conway (1894)
1929 480 §65 Savoia-Aosta and Desio (1936)
1954 1800 §65 Desio (1969)
1986 1450 §75 SPOT* image,1986
1997 50 §5 Pecci and Smiraglia (2000)

*Syste© me Probatoire pour l’Observation de laTerre.

Fig. 2. Liligo Glacier in 1909. The lines on the photograph
show the rock structures used to georeference the photographs
to those in other years. (Photograph by V. Sella, from De
Filippi (1912).)

Fig. 3. Liligo Glacier in1953.The lines on the photograph show
the rock structures used to georeference the photographs; the
boundary of the glacier terminus is also indicated. (Photograph
byA. Desio.)
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The photograph taken by Desio in 1953 (Pecci and
Smiraglia, 2000) presents a picture similar to that in 1929,
but the terminal sector is well within the valley, completely
covered by debris and far from the rock structure on the wall
serving as the reference point (Fig.3).The large-scale map of
Baltoro Glacier surveyed by Desio in1954 (Desio,1969) con-
firms this, and affords an estimate of about 1800 m for the
distance of the Liligo terminus from the margin of Baltoro
Glacier. The description, and the photographs taken, by
Smiraglia in 1985 (Smiraglia, 1987; C. Smiraglia, unpub-
lished) reveal the terminus to be less covered by debris and
probably less depleted (Fig. 4).

The SPOT 1 HRV1 201-278 satellite image of 22 June
1986, georeferenced using a GIS, shows the terminus at a
distance of little less than 1.5 km from the side of Baltoro
Glacier. The lower sector of the glacier is completely cov-
ered with debris which in the upper section is limited to
two main moraines; between the two moraines numerous
transverse crevasses are visible. For the early 1990s, the
descriptions, photographs and distance estimates present a
much-changed picture compared to the preceding sources,
and one which resembles that at the beginning of the 20th
century. The frontal sector, partially free of debris, bulging
and heavily crevassed, had pushed on well below the refer-
ence structure on the rock wall, and, according to the meas-
urements taken by Pecci in 1997, it was 50 m from Baltoro
Glacier at that time (Pecci and Smiraglia, 2000) (Fig. 5).
The data on the frontal variations of Liligo Glacier are sum-
marized inTable 2 and in Figure 6.

DISCUSSION

The sources, although diverse, offer indications for two
strong terminus advances of Liligo Glacier. The first possible
surge starts just before 1909 and terminates sometime before
1929. A strong retreat follows, lasting until at least 1954.
Sometime after 1954 and before 1986, the glacier advances
again (+350 m), and a further advance of almost 1500 m
occurs between 1986 and 1997. The data reported above do
not permit an accurate definition of the beginning and end
of the advance phases; the problem, as Dowdeswell and other
(1991) observe, is `̀ the lack of time series of observations of suf-
ficient resolution to pinpoint both surge inception and termi-
nation’’. In particular, the date of the beginning of the most

recent advancephase is not known.The position of the termi-
nus in 1986 was closer to Baltoro Glacier than in 1954. It is
also certain that the strongest and most recent advancephase
occurred later and was in progress in 1996 (photographbyA.
da Polenza). If we suppose that this last phase, which is quan-
tifiable as an advance of 1450m, lasted from 1986 to 1996
(probably an overestimate), an annual increase of about
140 m could be inferred. This advance rate is lower, and the
duration longer, than that of other glaciers in the Karakoram
known as surging glaciers (with advances of several kilo-
metres in a few months, according to data collected by
Hewitt (1969)).Yet the assimilation of this glacier with others
characterized by surges is certainly plausible.

As well as the terminus-advance rate and duration, the
ice-surface features and the terminus characteristics are also
important. They are used as indicators of surging glaciers
and include: (a) loopedand folded medial moraines, formed
by the flow of ice from a tributary glacier while the main
glacier is quiescent; (b) potholes on the glacier surface
during the quiescent phase; (c) a heavily crevassed surface
indicative of the active phase in the surge cycle (Meier and
Post,1969; Paterson,1994; Dowdeswell andWilliams,1997).

Fig. 4. Liligo Glacier in1985.The lines on the photograph show
the rock structures used to georeference the photographs; the
boundary of theglacier terminus is also indicated. (Photograph
by C. Smiraglia.)

Fig. 5. Liligo Glacier in 1997. The lines on the photograph
show the rock structures used to georeference the photographs.
(Photograph by M. Pecci.)

Fig. 6. Frontal positions of Liligo Glacier, 1892^1997.
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As Liligo Glacier has not been confluent with Baltoro
Glacier for over a century, there are no traces of a looped
moraine. However, the morphology of its frontal sector is sig-
nificant, as can be observed in the photograph taken by V.
Sella in 1909. As described by De Filippi (1912), the front is a
vertical ice cliff about 100 m high, in an advancing phase, as
demonstrated by the cones at the base resulting from the con-
tinuous collapsing of ice. The entire glacier tongue, which is
visible in the image, is heavily crevassed, with limited debris
cover. Overall, its morphology resembles that of Kutiah
Glacier in a surge phase, as shown in unpublished photo-
graphs taken by A. Desio in 1953 (personal communication
from A. Desio, 1986). The same can be said for the situation
in1996^97, althoughthe ice cliff does not appear to be as steep.

CONCLUSION

Using a variety of sources, this study detected at least two
advance phases for Liligo Glacier. The first took place after
1909, and the second took place possibly after1954 and accel-
erated in magnitude after 1986 (at least 1450m advance
between 1986 and 1997). The duration of each surge has a
large range of uncertainty as does the exact position of the
glacier front at the beginning and end of the surges, so the
terminus advance rates (145^75 m a^1) have an even larger
range of uncertainty.This yearly frontal advance is lower than
the rate for other known surging glaciers in the Karakoram.
But some ice-surface features, particularly the heavily cre-
vassed surface in the mid-terminal sector of the tongue and
the frontal ice cliff, observed in the historical images dating
fromthe beginningof the 20th century and in the more recent
ones from the end of the 20th century, are another significant
indicator. The lack of folded and looped moraines, which are
clearly visible in the satellite images of other small glaciers
flowing into Baltoro Glacier and in larger glaciers in neigh-
bouring areas (a detailed analysis of these glaciers, and of
the use of these ice-surface features as indicators of whether
or not glaciers have surged, is now in progress), may be due to
the fact that Liligo Glacier advances down an ice-free valley
and has not flowed into Baltoro Glacier for at least a century.
Taking these considerations into account, we believe that
Liligo Glacier is a surge-type glacier, with phases of activity
that have durations of decades and quiescent phases lasting
almost 50 years.This confirms the inclusion of Liligo Glacier
in the list of known and suspected surging glaciers reported
by Hewitt (http://www.agu.org/eos_elec/97106e.html) for
the last 100 years, most of which are transverse (like Liligo
Glacier) or tributary glaciers and are comparable to Liligo
in being of small to intermediate size and in being predomi-
nantly or wholly avalanche-nourished. Finally, it may be
helpful to add that Liligo is the only ice mass in Baltoro
basin classified by Kotlyakov and others (1997), using satel-
lite imagery, as a definite surging type.
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