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Three ice-dammed lakes in the Frederikshab district which period-
ically empty by subglacial drainage are described. All available
observations of their water levels and time of drainage are re-
corded. Two of the lakes drain regularly, annually. The third lake
drains at two to three year intervals. Drainage of two of the lakes
appears to be initiated by hydrostatic uplift of the ice dam, and in
the case of the third lake plastic flow at the base of the ice dam
may also be a contributary factor. Various aspects of the drainage
of ice-dammed lakes are discussed.

Ice-dammed lakes are of common occurrence at or near the margins of ice
sheets and glaciers. According to their mode of run-off Weidick has
distinguished three categories of lakes (Weidick, 1963, p. 112): those with
superglacial or englacial run-off; those which drain across thresholds to
other valley systems; and those which empty or drain suddenly by sub-
glacial outbursts. Marcus (1960) notes eight types of lakes of the third
category on or in ice, or ice-dammed, which drain periodically. Their
drainage may last from a few hours to several days and may cause
severe flooding. After emptying, or draining to a certain level, such lakes
slowly refill during a period of one to several years. When the water level
once more attains its critical height sudden drainage recurs. Lakes of this
type have been described from Greenland (Fabricius, 1788; Rink, 1862;
Weidick, 1959, 1963; Helk, 1966), Canada (Kerr, 1934; Marcus, 1960),
Iceland (Thorarinsson, 1953), Norway (Liestol, 1956; Howarth, 1968), Alas-
ka (Stone, 1963; Lindsay, 1966), the Andes (Nichols & Miller, 1952) and
the Alps (Dyson, 1963, p. 81).

In the Frederikshab district of South-West Greenland a number of ice- -
dammed lakes occur along the margin of the Inland Ice. Of these several
drain periodically, and the three examples for which most observations are
available form the subject of this paper (fig. 1). The northernmost of these
lakes, Imaersartoq, is quite well known. Tordensg and the temporary lake
in North Midternzs have not previously been described. Information on
these lakes has been gleaned from examination of all available aerial
photographs of the region, and from observations by geologists of the
Geological Survey of Greenland (Grgnlands Geologiske Undersggelse =
GGU) who were engaged in the systematic geological mapping of the
Frederikshib region between 1963 and 1968.
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Imaersartoq

The lake Imaersartoq is situated on the south side of Sermilik Brz and
15 km east of the glacier front. Imaersartoq is bounded to the north by a
large nunatak, to.the east and west by glaciers whose surfaces rise in
altitude away from the lake, and to the south by the mainland. About 3
km west of Imaersartoq a second smaller ice-dammed lake occurs at the
margin of the glacier (fig. 2). This second lake has a considerably larger
catchment area than Imaersartoq and is fed by much larger visible rivers
(plate 1). Both lakes have at any specified time much the same water level
and it seems certain that they are connected beneath the glacier ‘which
separates them; a large part of this glacier is afloat at high water levels
(fig. 3). The periodic, simultaneous drainage of both these lakes is pre-
sumed to take place beneath the glacier north-west of the lakes.

Sermilik Bre is the most productive glacier in the Frederikshab district
(Weidick, 1959). It calves into the fjord Sermilik which is over 37 km in
length. The settlement of Narssalik is situated a short distance beyond the
mouth of Sermilik (fig. 1), and periodic ice-congestion in the neighbourhood
of Narssalik and Neria was at a very early period linked to the drainage
of Imaersartoq. Like many Greenlandic names Imaersartoq is descriptive
and may be translated as “that which is customarily emptied of its con-
tents” (Schulz-Lorentzen, 1927).

Otto Fabricius was in the Frederikshdb area from 1768 to 1773, and in
the last 3 to 4 years of his stay spent much of his time at and around the
small settlement of Iuildrssuk a few kilometres north-west of the mouth
of Sermilik. His description of the manner in which water drains from
fresh-water lakes in the Inland Ice, and sweeps the ice from the fjords out
to sea to form congested masses of considerable extent, very probably refers
to Imaersartoq and conditions in Sermilik (Fabricius, 1788, p. 72).

Rink (1852 & 1857, 1862) noted that Sermilik frequently produced
massed groups of icebergs which took up to two weeks to disperse. He also
describes Imaersartoq itself (Rink, 1862) and states that at a certain time
during the summer the basin fills with water, to be emptied suddenly. Two
very large springs appear just in front of the calving ice edge of Sermilik
Brz and cause a commotion in the fjord. Later references to Imaersartoq
include those of Charlesworth (1957) and Weidick (1959, 1963).

For convenience the main lake of Imaersartoq is referred to in this
account as Imaersartoq 'A’, and the smaller lake to its west as Imaersartoq
B,

Imaersartoq A’ has a surface area of 4.7 km? at maximum water levels,
and Imaersartoq ’B’ an area of 2 km?2. Both figures include the area of
very large numbers of floating icebergs, but not floating parts of the main
glaciers. The highest water levels recorded appear to be only a few metres
below the top of the clearly marked trim line which surrounds the area of
the lakes (plate 1). The minimum areas of the lakes corresponding to the
lowest water levels are 3.3 km? and 1.4 km? respectively. The difference
between high and low water levels is about 50 m. On the basis of these
figures about 285 X 108 m? of water is periodically emptied into Sermilik,
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but this figure does not take into account the appropriate volume of ice-
bergs left stranded at the sides and bottom of the lake, or the considerable
volume of water supporting the extensive floating parts of the main glaciers
during high lake levels (fig. 3); the actual volume of water released is

probably considerably greater than the figure quoted above,

a) April 215t 1947

After aerial photographs:

6P173R-M8V, no 83
6P173R-M8R, no 83

b) July 2nd 1964

After aeria! photographs:
2722, no 317

Fig. 2. a) Imaersartoq at a rather low level, b) Imaersartoq at a fairly high
level. The land areas are shaded. The dashed line indicates the top of the trim

line. Floating and stranded icebergs are slightly schematically indicated, the
smaller icebergs by dots.
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The previous accounts of Imaersartoq indicate that it empties regularly.
To gain some idea of the frequency of drainage all available aerial
photographs were examined, and for the years 1963-68 observations from
geologists working in the vicinity of Imaersartoq and Sermilik were as-
sembled. The information thus obtained is set out in table 1, p. 393.

To summarise, it seems certain that Imaersartoq drains regularly every
year, usually in early August. Occasionally, as in 1946, it appears to have
drained abnormally late, or as in 1964, somewhat earlier than usual. The
release of the large volume of water into Sermilik pushes icebergs and
icefloes down the fjord where they cause considerable congestion and are
a hindrance to local shipping.

Imaersartoq has apparently been in existence and draining periodically
for a considerable period of time: possibly as much as 200 years (Fabricius,
1788). Rink’s (1862) estimate of its diameter compares well with the present
dimensions of Imaersartoq 'A’. Since 1946 slight oscillations in the east
glacier front position have been noted, and the shape of the broad west
glacier front has varied slightly from year to year; the situations for 1947
and 1964 are presented in fig. 2.

Imaersartoq 'B’ has increased its surface area dramatically between
1947 and 1964, although the change is largely a consequence of break-up
of a section of floating glacier. Very extensive sections of the glacier

Fig. 3. Imaersartog in late August 1966 from a point on the south side of lake
A’ looking westwards. The maximum level of the lake is indicated by the
stranded blocks of ice beside the figure in the foreground. The heavily crevassed
glacier in the left middleground floats at high water levels. Photo: H. Masson,
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between the two lakes normally-float at high water levels, and subside
onto the lake floor at low water levels (fig. 3; plate 1).

Icebergs stranded on the lake bed after dramage may diminish in 51ze,
but mostly survive until floated off by the rise in lake level the following
year. For lakes of the Imaersartoq type with annual drainage the presence
of stranded icebergs does not necessarily indicate particularly recent
drainage.

North Midternes temporary lake

About 20 km north-east of the front of Sermiligirssuk Brz and at its south
side occurs the site of a temporary lake. When the outlet at the base of the
glacier dam is closed the lake develops by spreading backwards to flood
a sandy plain in north Midternas. A large number of terraces at the
western end of the lake testify to different lake levels (fig. 5b). At the
maximum water level the area of the lake surface is about 3 km?, Periodi-
cally it drains almost completely leaving a lake of only 0.2 km? area
(plate 2). The glacier dam has a maximum height above the lake floor of
60 m to 70 m, and the maximum depth of water is about 50 m (fig. 5);
these figures were obtained from aerial photographs by parallax bar
determinations. The mean depth of the lake at high water level is about 20
to 25 m, and the approximate volume of water released at times of
drainage is 70 X 106 m3.

There are no previous descriptions of this lake. However, while Geodetic
Institute maps (61 V.2 Arsuk Braz) mark the site of the lake as a
sandy plain crossed by braided streams, the lake itself is indicated on USAF
Aeronautical charts (sheet 109, D II). Rink (1862) noted that large springs
had been seen ahead of the calving ice-front of Sermilighrssuk Brz and
that rather far inland in the Inland Ice itself was a lake alternately filled
and emptied through channels in the ice. There are a few lakes at.
present in the Inland Ice but none of significance in this area; there are,
however, several at the margins of glaciers of which the north Midter-
nzs lake is most important (fig. 1).

Examination of aerial photographs and geologists observations for the
years 1964—67 have yielded the information presented in table 1, p. 395.

It seems very probable that the temporary north Midternes lake de-
velops every year, and that upon reaching a certain critical height, usually
in late July, it drains. Three of the five July observations show the lake.
present. Two late July and all the August observations indicate no lake,
but different distributions of stranded icebergs from year to year imply the
lake had been present,

There have been very slight variations in the glacier front posmon from
year to_year (fig. 4) but the water outlet position has, at least since 1946,
been located on the same site at the west side of the front, which is the
lowest point of the ice-dam. The braided stream pattern on the lake bed
alters constantly. Observations in 1966 show that the lake that year
drained when several metres below the highest terrace (fig. 5a). It may be
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a) August 6th 1946

‘After aerial photographs:

BP173-M16L, no 668
6P173-M16V, no 668

After aerial photographs:

203 P, no B2
203 Q, no 48
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After aerial photographs:
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After colour photographs

L L J
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Fig. 4. Various states of the north Midternas temporary lake. The shaded areas
are land. The dashed line indicates the maximum extent of the lake. Stranded
icebergs are schematically represented by dots.
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a)

Fig. 5. @) The north Midternes lake on July 19th 1966 at its maximum water
level. The highest terraces had not been reached by the rising water. b) The site
of the Jake on July 21st 1966. Note the numerous terraces.
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that the critical water level varies from year to year, or that the higher
terraces were formed when the glacier front was differently placed or the
glacier dam higher.

There are normally few icebergs actually floating in the lake, and after
drainage stranded icebergs occur in relatively small numbers usually at
the west end of the lake bed (plate 2). Stranded icebergs have been noted
to be present up to a month or two after drainage of the lake.

Tordenso

Tordensg is situated about 15 km east of the front of Sioralik Bra between
the mainland of Midternas and a large nunatak. Glaciers dam the lake at
the east and west ends, their surfaces rising in altitude away from the lake
(plate 3). Its situation is comparable in many respects to Imaersartoq.

Tordensp has not been previously described, but on 1:250,000 topo-
graphical maps (sheet 61 V.2 Arsuk Brz) the Geodetic Institute has
recorded water level variations from 350 m to 460 m altitude, a difference
of 110 m.

The surface area of Tordensg at highest water levels is about 4.8 km?,
and at the lowest water levels about 2.8 km2. The maximum difference in
levels was estimated from photographs and personal observations at 160 m,
or 50 m more than indicated on the Geodetic Institute maps. The approxi-
mate volume of water released when Tordensg drains is of the order of
605 X 106 m3, a figure which does not take into account the appropriate
volume of stranded icebergs, or the water which supports the floating part
of the west glacier at high water levels. The lake is presumed to drain
beneath the west glacier, as it does not overflow.

Observations of Tordensg water levels from all available sources are
given in table 1, p. 396.

The observations indicate that Tordensg drained sometime between
August 1946 and April 1947, and did not drain again until August 25th
1948: an interval of 16 months to 2 years. For the years 1949 to 1963
information is scanty. Tordensg also drained sometime between August
1964 and August 1965, and then not until early August 1967: an interval
of 2 to 3 years. It is inferred that Tordensg probably empties regularly, but
at intervals of 2 years or thereabouts.

The shape and size of Tordensg have not changed to any great extent
since 1947 (fig. 6). There has been appreciable shrinkage of the eastern
glaciers, but the glacier front position has altered very little. Large sec-
tions of the west glacier appear to break off quite commonly when the
lake is at a high level and the glacier afioat; subsequently these sections
break up into numerous smaller icebergs. The frontal position of the west
glacier has, however, remained fairly stable, indicating that movement of
the glacier approximately keeps pace with wastage.

A large proportion of the many icebergs stranded on the lake bed and
sides at times of drainage survive until picked up by the next rise in water
level.



Medd. Dansk Geol. Foren. Kgbenhavn. Bind 19 [1970] IR7

After aerial photographs:

B6P173R-M6R, no's 556 & 557
6P173R-M8R, no's 52-54

(\ln\‘l = 3 =2

FIERRY

After aerial photographs:

203 N, no 118; 203 0. no 87;
203{,_.72

After aerial photographs:
203 N4, no 170

_9;:90

' i:
(= g

1= /ot
awi N Y

After aerial photographs:

272 /&. no 345
272 Z. no 306

o

Fig. 6, Various conditions of Tordensg. Shaded areas are land. The dashed line
indicates maximum water level. Floating and stranded icebergs are drawn
schematically; small icebergs are indicated by dots.
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Discussion

Many explanations have been put forward to explain the periodic drainage
of ice-dammed lakes. Fabricius (1788) supposed that the openings of fresh
water lakes in the Inland Ice were blocked by floating icebergs, the water
level then rising until the block was broken down. Rink (1862) considered
Imaersartoq to empty suddenly by lifting the ice barrier when it was full,
and another lake in the Inland Ice in the vicinity of Sermiligirssuk Brz he
describes as filling and emptying through channels in the ice. Kerr (1934)
thought that Tulsequah (Talsekwe) Lake, British Columbia, overflowed
when it reached a certain level, and he envisaged an escape tunnel in the
ice usually blocked after drainage by icebergs, which periodically opened
by the breaking away of an iceberg permifting the water to escape. Marcus
(1960), however, described Tulsequah Lake to fill until capable of floating
its ice barrier whereupon the water escaped through subsurface pipes left
partly open from the previous years outburst. For Grimsvétn, Iceland,
Thorarinsson (1953) concluded that the water was released when the
water level reached nine-tenths of the height of the ice dam and lifted it.
Liestdl (1956) considered that water penetrated and escaped through small
cavities under the ice opened up by movement of a glacier over an
irregular surface, the cavities being rapidly widened by melting once flow
had been established; Marcus (1960) also considers the latter process im-
portant. Glen (1954) reasoned that plastic flow in ice would occur when
the water pressure at the lowest point of a lake exceeded the correspond-
ing ice pressure, an effect expected to come into play at depths of 150 to
200 m; it was predicted that the water would rapidly dig itself a tunnel
beneath the glacier and the lake suddenly empty. Weidick (1963) noted
that a number of present and former ice-dammed lakes in the Narssarsuaq
region of South Greenland had similar depths of 120 to 150 m, and sug-
gested that this might point to a uniformity of their drainage mechanism
‘most adequately explained by accepting Glen’s theory of outbursts. Lindsay
(1966) observed that 94 9/, of the ice cliff of a lake beside the Case-
ment Glacier, Alaska, was covered by water before the ice barrier was
lifted allowing the water to escape. Howarth (1968) noted that the lake at
Tunsbergdalsbreen, Norway, lifted a section of the glacier prior to the
escape of its waters in 1962. Lake George, Alaska, overflows each summer
according to Dyson (1963 p. 78) and cuts a channel between the glacier
edge and the valley side which rapidly deepens so that the lake is
drained; movement of the glacier closes the channel each winter.

The water level variations of Imaersartoq and the north Midternes
Lake being only of the order of 50 to 60 m cannot be explained simply in
terms of plastic flow. Imaersartoq supports at high water levels extensive
sections of floating heavily crevassed glacier which at low water levels
subside onto the lake floor. It may be that drainage of Imaersartoq is
initiated when a section of the glacier normally in contact with the
glacier bed becomes buoyant. The criticisms of hydrostatic uplift that
drainage will cease as soon as the glacier regains contact with the glacier
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floor and that it is unlikely that several kilometers of glacier could be
floated at once may not be relevant if, as Marcus (1960) envisages, hydro-
static uplift merely triggers the initial escape of water.

The north Midternas lake drained in 1966 when the water depth above
the outlet was about S0 m (fig. 5a). The effective hydrostatic head may be
somewhat greater than 50 m depending upon the depth in the glacier at
which the drainage outlet was sealed. The day prior to drainage a large
section of the glacier front broke away into the lake suggesting that
hydrostatic uplift had begun to take effect. It is quite evident that the
amount of uplift this rather small lake could exert upon the great bulk of
the Sermiligirssuk Bra must be extremely small and limited to the margin
of the glacier, yet it appears it may have been sufficient to initiate drainage.
The rate of drainage was at first slow, but increased rapidly towards the
end of the drainage period. The outlet tunnel beneath the glacier dam
occurs at the lowest point of the dam and has occupied the same site at
least since 1946 (fig. 4 and plate 2).

After the north Midternazs lake has drained the natural overflow of
water from the remaining small lake is sufficient to maintain the drainage
outlet open for the remainder of the summer. It would appear that the
tendency for the outlet to close by plastic creep is during the summer
balanced by the melting of ice by heat transfer from the flowing water.
Marcus (1960) also noted that the escape channels of the Tulsequah glacier
remained open following drainage in 1958, and it seems likely that this
may be the general case for ice-dammed lakes. If the outlet channels in
an ice barrier close only at the onset of winter when rivers cease to flow
and lakes freeze and there is no longer anything to counter the tendency
for channels to close by plastic creep in the ice, it becomes easy to under-
stand why so many lakes drain only once a year and do so at about the
same date each year, It seems unlikely that icebergs contribute significantly
to the blocking of drainage outlets as supposed by Fabricius (1788), Kerr
(1934) and Marcus (1960).

It would seem that the drainage of a large number of ice-dammed lakes
is initiated by the lifting of the edge of the ice barrier, but there remains
the problem of explaining the passage of the escaping water through the
often extensive part of the glacier which was not lifted up. It seems likely
that in many instances the escaping water breaks into part of the existing
ground water system within a glacier (¢f. Marcus 1960). It also seems
reasonable to suppose that crevices opened up by movement of the glacier
along an irregular floor, or opened up beneath or within the ice barrier at
the time of hydrostatic uplift, will be widened by melting due to the
passage of water (LiestSl, 1956; Marcus, 1960). However, should the
glacier barrier be essentially impervious, and Mathews (1964) considers
that except in their shallower and marginal parts this may be the case, it is
difficult to envisage the drainage of some lakes without invoking plastic flow
in the manner predicted by Glen (1954). In lakes such as Tordensg, which
has a water level variation of up to 160 m, plastic flow at the base of the ice
dam may contribute to - drainage. In lakes of lesser depth hydrostatic
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uplift may initiate drainage by permitting percolation of water to depths in
the glacier such that the increased head of water could lead to plastic flow
and the excavation of an escape channel.

The extent and nature of ground water systems within glaciers is little
known but is probably very complex and subject to constant change. It has
been noted that the water escaping from Tordensg on August 25th 1948
emerged at the front of Sioralik Bra at several different points (plate 4),
and similar observations were made by Marcus (1960) at the front of the
Tulsequah Glacier. Mathews (1964) considers the South Leduc Glacier,
British Columbia, to be essentially impervious except in the shallower and
marginal parts, whereas Dewart (1966) investigating the Kaskawalsh Gla-
cier received the impression that the free ground water system may be
very deep. Dewart also notes that the surface drainage changes signifi-
cantly from year to year and a consequent change in the internal drainage
pattern may be inferred. The opening and closing of crevasses accom-
panying glacier movement will also have profound effects on the ground
water system.

It may be speculated that the unusual oscillations in water level of an
ice-dammed lake beside the Casement Glacier in Alaska recorded by
Lindsay (1966) after its initial drainage by floating of its ice dam might be
a consequence of a link up with the ground water system of the glacier.
They may be compared to the water level variations in the Granduc Mine,
British Columbia, described by Mathews (1964), which followed the
establishment of a hydraulic connection with free water in the upper layers
of the neighbouring South Leduc Glacier.

It is a remarkable feature of ice-dammed lakes that at the onset of winter
the escape channels in the ice barrier become completely sealed, pre-
sumably by plastic flow, so that the lake reforms each succeeding summer.
It would be surprising if the internal drainage system within the glacier was
not profoundly modified by the same processes, and it is perhaps unlikely
that remnant escape channels in a glacier are generally re-used in suc-
cessive seasons as suggested by Marcus (1960) for the Tulsequah Lake
drainage through the Tulsequah Glacier.

The length of time for a lake to fill to its critical level is clearly
dependent upon such factors as the dimensions of the reservoir, the
catchment area, ablation, precipitation and general climatic conditions. The
date of emptying of annually drained lakes might be expected to be sensi-
tive to climatic variations, and Marcus (1960) has linked the unusually
early drainage of Tulsequah Lake in 1958 with a warm winter and spring,
and unusually late drainage in 1955 with heavy snow and late melting.
The abnormal late drainage of Imaersartoq in 1946 can be correlated with
exceptionally cold July temperatures throughout West Greenland (Annual
Reports of the Meteorological Institute, Copenhagen) and its early drainage
in 1964 is probably also linked to climatic conditions.

While many lakes such as Imaersartoq and the north Midternzs lake
empty annually, others such as Tordensg take 2 or 3 years to fill to
their critical level. Helk (1966) has described a lake ({luliagdlup tasia) 75
km north-east of Sukkertoppen, West Greenland which emptied about
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every 6th year; Koch & Wegener (1930 p. 383) reported a lake near
Jakobshavn Isbrz with about 10 years between discharges; and Freuchen
(1915) estimated that Nyeboes Randsg in North Greenland emptied at
about 25 year intervals.
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Dansk sammendrag

Tre isdemmede sger i Frederikshab distriktet tgmmes periodisk ved subglacial
tapning. Samtlige forhindenverende observationer af sgernes vandstandsniveauer
og tidspunkter for tapning er anfgrt. To af sgerne tgmmes regelmassigt én gang
om &ret, mens den tredie tgmmes hvert andet eller tredie dr. Tapningen af de
to af sgerne synes at blive sat igang af hydrostatisk havning af den opdemmede
is; for den tredie sgs vedkommende kan plastisk flydning nederst i isen
vere en medvirkende faktor. Forskellige aspekter af tapningen af isdemmede
sger diskuteres.
Grgnlands Geologiske Undersggelse,
@stervoldgade 10, 1350 Kgbenhavn K, Denmark.
June 12th, 1969.

References

Charlesworth, J. K. 1957: The Quaternary era, with special reference to its
glaciation. 2 vols. 591 pp. & 1555 pp. Edward Arnold.

Dewart, G. 1966: Moulins on Kaskawalsh Glacier, Yukon Territory. J. Gla-
ciology 6, 320-321.

Dyson, I. L. 1963: The world of ice. 292 pp. London: Cresset.

Fabricius, O, 1788: Om Driv=Iisen i de Nordlige Vande og Fornemmelig i
Davids =Stredet. K. danske Vidensk. Selsk. Skr. 3, 65-84. [Engl. tr.
(1955) On the floating ice in the northern waters and particularly in the
strait of Davis. Geogrl Rev. 45, 407-415).

Freuchen, P. 1915: General observations as to natural conditions in the country
traversed by the expedition. (Report of the Ist Thule Expedition, 1912).
Meddr Grenland 51, 341-370.

Glen, J. W. 1954: The stability of ice-dammed lakes and other water-filled
holes in glaciers. J. Glaciology 2, 316-318.

Helk, J. V. 1966: Glacier mapping in Greenland, Can. J. Earth Sci. 3, 771-774.

Howarth, P. J. 1968: A supraglacial extension of an ice-dammed lake, Tuns-
bergdalsbreen, Norway. J. Glaciology 7, 413-419.

Kerr, F. A. 1934: The ice dam and floods of the Talsekwe, British Columbia.
Geogrl Rey. 24, 643—645.

Koch, J. P. & Wegener, A. 1930: Wissenschaftliche ergebnisse der Dinischen
expedition nach Dronning Louises-Land und quer iiber das Inlandeis von
Nordgrgnland 1912-13. Meddr Grgnland 15, 676 pp.



392 HiGGINs: Ice-dammed lakes

Liestdl, O. 1956: Glacier-dammed lakes in Norway. Norsk Geogr Tidsskr. 15,
122-149, .

Lindsay, J. F. 1966: QObservations on the level of a self- drammg lake on the
Casement Glacier, Alaska, J. Glaciology 6, 443-445,

Marcus, M. G. 1960 Periodic drainage of glacier-dammed Tulsequah Lake,
British Columbia. Geogrl Rev. 50, 89-106.

Mathews, W. H..1964: Water pressure under a glacier. J. Glaciology 5, 235-240.

Nichols, R. L. & Miller, M. 1952: The Moreno Glac1er Lago Argentino,

- Patagonia. J. Glaczology 2, 41-46.

Rink, H. 1852 & 1857: Gr¢nland geographzsk 0g sttmsnsk beskrevet. 2 Vols.
218 pp. & 172 pp. Kgbenhavn.

Rink, H. 1862: Om vandets aflgb fra det indre af Grgnland ved kilder under

. isen. Naturhistorisk Tidsskr. 3. rkke,1, 17 pp.

Schultz-Lorentzen [C.W.] 1927: Dictionary of the West Greenland Eskimo
language. Meddr Grgnland 69, 303 pp. .

Stone, K. H. 1963:" Alaskan ice-dammed lakes. Annls Ass. am. Geogr. 53 (3),
332-349.

Thorarinsson, S. 1953: Some new aspects of the Grimsvétn problem. J. Gla-
ciology 2, 267-274.

Weidick, A. 1959: Glacial variations in West Greenland in historical time. Bull.
Grgnlands geol. Unders. 18, 196 pp. (also Meddr Grgnland 158 (4).)

Weidick, A. 1963: Ice margin features in the Julianehdb District, South Green-
lant)l Bull. Grgnlands geol. Unders 35, 133 pp. (also Meddr Grgnland 165
(3)



Plate 1

D G F. Bind 19 [1970] HiGGINS

#0S yd

visojoyd ey -

pue ABME UdYOIq 9dARY

“IMINSUT 9112poan) JYSIAdoD "G00y ou ‘N-1d
SaYE[ OM] 9y} JO Id[[eWs oY) ‘¢, 9yB| OJUl UIRIP PUNOISAIOY JJIf AY) Ul SIdALL YL °.g, 9Jel Ul JeOjJE AIv
JOIOR[S JO SUON0as ATIBY 'S[OAS] YSIY AMIvf JB dle saye] ylod "$p6] Y9z A uo bojesiewy ‘[ 91




D G F. Bind 19 [1970] HiGGINs

Plate 2

IMIISU] 9133p0D) 1ySHAdoD £ L69 ou‘S-zD $0S :ydeiojoyd jenoy ‘punoifaroy jysiul oy) ul 9[q
-ISIA J9[)N0 9y} y3Inoayy RI YNSSIPSIIULINS YIBOUSq SUIRIP 9] JYJ, '$S19gA0T PIpuBIs JO UONNQLUSIPAY) Woly pajeardde og Aew
e[ 9y} JO JUIIXD I9WLIO) Y, "SPIBMYINOS SUNOO]  ‘§F6] YIST Isndny UO oye| Alelodwd) SRUIPIA yiou ay) jo 9)IS oy, ' 9eld




Plate 3

D G F. Bind 19 [1970] HIGGINS

*9IMYsU] d1PpoaN) JyIrIAdod)

‘8659 OU ‘N-7d +0¢ ‘yderSojoyd [eLIay "INO[f YOOI Jo J1sodap © AQ pasIew A[IBI[O SI [9AQ[ JOJRA WNWIXLW 9 [ B[ MO[

-9BYS oY) Ul punoise Jsal S[9Ad] YSIY Iv JBO[J ydIym IJIOB[S JSom Y] JO SHBJ ‘paq 9B 9Uy) UO Popurl)s oIk S310qadl d5.Iv] Qyr[ 9y}
JO puR (JY3ur) IsBI Ayl 1y SwtureIp jo ssadoxd 94y ur [jus Ajgeqoid pue ‘gpg] YIST ISNSNY WO JOAI] MO] B JB @SUSPIO], ‘¢ AV[J




D G F. Bind 19 [1970] HiGGINS

Plate 4

‘aageyuado)) Qunisuy o1Apoan Ayl JO (69/707°V) woisstwiaad Aq pasnpoidar are § 0) [ saje[d

IMNSU] /PO WYIAdOD) "G99 ou

‘N-zd ¥0§ :ydersojoyd [eLdy ‘pIofy oy} umop wy ¢g pades) aq pnod 9IBP SIY} UO INQ ‘SANJW PaIpuny mdJ ® I0J plofj ay) ul
I9jem 9y} SINOJOISIP AJ[eULiou I9jem Apnold ‘@®Ig YI[RIOIS JO JUOIJ oy} J® (pamoure) syutod [RI9A9S WOIJ TUISIOWD UISS 9 ULD GSUIpP
-I01, wouy Suneurwa Ajqewnsord I9)BM JO SWN[OA 2518 Y 8pG] YISZ ISNSNY O YIeI0I§ plol} oy) pue ®ig YIRIOIS ‘$ d)e]d




393

Medd. Dansk Geol. Foren. Kgbenhavn. Bind 19 [1970]

“pue PEeM 'S "M JO saumq
‘dnnsusg §/I Jo yooqdoy

‘T1T "d (6S61) OIPIPM
LOOV—
200y s,ou ZJQ $0S :sojoyd-11y

_*6Y09T OU ‘@14 £0S :soj0yd-11y

19 ou ‘gD €q¢ :sojoyd-1ry
‘1009¢ ¥
oo%m S.0U ‘A—H €0§ :s0j0qd-1y

‘SpS ou ‘g-q €0 :sojoyd-1ry

*€8 % 78 S,0U “ISW-HELI1d9
€8 B T8 SOU ‘ASIN-MELIA9

, '198 % €8 ‘78 S.OU “YRW-UELTdY

. £99¢ @ .$9¢ s,ou
“YIW—AELTd9 soloyd-1y
*L19 oU “g9TIW—EL1d9
‘0LP—89¥ S,.0U ‘A9TIN-~€LT1d9
{99¢ %9 $9¢ s.ou
“I9TIN—€L1d9 soloud-11y

*6T % 8T S.0u

‘Very sojoyd-1y

‘TZI W 171 s.0U “16¢€9 {LZ] ou
“d6£d :soroyd-ny

Pop10521 9lom SAN[NOIJJIP OoU SBaIoyM EWN_ oy} ud BLISN pu¥ yijessieN Jo LuniA
oﬁ ut mmuupou_ voxowa >_owcow 55 mo:_nuﬁ_n uuuounzogu m:.:mnuuum S/IN

= - Jouueur -

Emﬁoumzo S| Ut vuozuoa «9» 1ou vas WIIWISS ey} pue vEE:uw ur s310qadt
oY} UIMIAQ 301 JAJUIM [[IS SeA 805 1RY) PaYeIs %_nmwuaz 0 SjuejIQEYUl oY,

C orerd) ysiy bhaw stoA9] Axe] aﬂom

*JI[essIeN] punoIe pue

“YIWISG 190 UF 951 PaIdNess A[Uo Inq YIIWe§ Jouul up jussaid 091 Yoy
YH[Iwlag ur 831 payord Ajesuacy

*paq aye] pasodxd AQ Polapioq pue [9AS] Mo] A[IrRy ® JB [joq g, pue .y, soye]

*qUI WL 9Y} MOJaq [[oMm Ing “)gS1aY 9)BISPO B I8 S[oAS] 9)E] yjog

391 JAJUIM Aq POIUIILOD

pue jHiueg Jo jed Jouur oyl wl pajguuundde $§I9QIdT Jo sraquinu  ofie|
.V, aye[ Jo me.—aE Ynos pue 3sed 9} 18 Aptenonted sydeifojoyd

Em< oY) ul pasodxa a1om paq oye] JO.sosuedXo prolg 33 IMUIM Jo sayored
Je20] 103 .1d20%3 991 JO Ie3[d SeAM 9JBp IaNe[ 97} U0 YI[IULISS JBY} UOHBAIISQO
oy} Aq payioddns si uvoissaxrdwnr sigy pue ‘L6l JUdy pue 9461 IsnSny usamisq
pourelp pue PI[[I} 2aey o) Jeadde soye] oy, ‘surdrewr oye[ oyl e sT19qoor
POpURIIS JO Idquuinu Iajeals e Yjim pue ‘Sul] Ui} oY) mojaq W (¢ je Jeq Xejjeled
' Suisn pojewINSs ‘gpgl Isnfuy Ul ueyl JRAS] ISMOf € e f, pue .y, oje]
.V, 9%¢] JO pus 1583 3y}

Je Jo)eM Mmo[[eys 9] Ul pue soye[ oY) jo swiSiew oy} je punoife arom s§19Ge0y
papueng 1894 oy} Sunmp psnduws jou pey soye] 2y} jeyy 3s988ns WI[ruwIeg Jauut
ur 991 JO SUONEBIIUSOUOD ASUIP JNq ‘[9AS] MO] JdYjel e e 7109 g, PUE v, 9YeT
*JR0[JB SeM J910e[ juadelpe Jo judwdas 951e[ © (AUl WLl 93 Mo[oq

moboE M3] © ‘paou [9ad] Isoudiy oy e g, oye[ moys sydeifojoyd pejepun
*I[ESSIEN PUNOIE pPue N0 JIYLNJ 951 PaI9jjeds pue ‘YI[IUISG ISUUl UT 991 JO
SUOTIRIJUIOUOD 9SU(] *oul] Wil) 9Ul Mo[dq Jjom Ing y3iyg Ajsjerspows .y, oy

yiee 9.
10z .ﬁﬁa , ._%2
101 80y §S61
9T AInf
PI€T AIng

W6 ounf g6l
191 Ang

wo A

sIT®
oz 1Y L6l

m9 Sy ov6l
R ()13 1
Wre AL Tr6l

201n0§

SUONBAISSqO

oje Jwex

boyresioewy 1 9[qeL,



HiGGIns: Ice-dammed lakes

394

Surares 191>e[8 oyl “nous Ispoe(S oy} 1v Iojem Jo swnjoa d51e] B JO 2OULIsUIS

*SMAIPUY *[ "WIWOJ *S19J dYI UM I9U1050] PIjou sem YI[IWIDS oY} UMOP 91 oY) JO JUSUIDAOW QAISSE]N TIT] “Sny
*SUOIIRAIISQO S ISJIM *@2Ig NNIWISS JO U0 oY) Je Jussaid sem s510G9d1 Sunuawad 901 IWM -~ Uiy Sny 961
‘735 ‘Sny uo pendws aaey o) pawmnsaid o1e
saye] oyl (g °Siy) oulj WIN) 9Y) MO[dq W (S INOQE [IA9] I9jem ¥ pue saYe[ Yjoq 1ST€ 01
‘uosse ]y "H 4Aq sojoyqd punole s312qadl papuens snolswnd moys polred siqy Sunmnp ueye) syderSologyd pict ‘Sav
*SKeP [RI9ASS JIOF SAUNIIIIIP q1g 03
-dnasuodlg S/ J0oqSo posnes pue Yig oyl U0 NI[essieN JO yiou dnrjsusdl§ S/JN PIley 991 esusg Y19 ‘Sny
*p1ofy o) umop ury o moqe paysnd sem JIIULISG Ul
931 9y} sInoy 9¢ 01 $¢ Jo powrad € Suun(g @ig NIWISS JO JUOIY Ul IIWUISS
‘uasueH “J ue[ 3de)) "WWOD ‘SId9J JO OPIS UISYMIOU 3y} UO PIjoU SBam J9OWRIP UI I 0] Jo 1opio ay) jo Suuds v yis “Sny
Izt *7Z Aq sotoydq *aul] unn oY) mofeq w o sdeqiad ‘sjaA9] ySiy Joyjel Je soye] yiog 18] Anf
‘uossey "H £q sojoyd *[2A9] YSIY A[ojRIopow B B SeM W, oo WITT AInf 9961
: *$91Ep 989Y) Usamiaq ponudws A[qeqoxd
*SUOIIBAISSGO S IIM  boyresioewy (Yig ysniny uo elaN o1 yseoidde oy) ur 201 osuap Aq pake[sp sem
‘{dnnsus9ls §/IN jooqso] Ing ‘P IsnSny uo eleN pue JiessreN Surssed ur sannoIpyp ou pasusfradxe g 03
fuosseN "H Aq sojoyd dnijsusels S/ Ui oYl uo [9ad] ySiy L10a e 3s088us sudeifojoyd jueisigq Y Sov
*(sojoyd .
‘uosseJN ‘H Aq sojoyd -I1e) $961 pug A[ng uo se swes oyy jnoqe sdeyrod ‘gSrg oynb JoAs] 1ojem  WILY AInf
*spred 19)no oY) UI 901 PAISYILIS SIOW puUB
IUIISG JOUUT UT 991 JDJUIM QSUS(Y *oul] Wil Y} JO SSI)PW M9 © UIYIM O} Pdq L 134
‘uosseIAl ‘[ Aq sojoyd o¥e[ oY) uo s310qaeo pepuens snolownut Yium WSOy sjeiopowt B B soye] yog Amnf o 6961
‘uasyIUsH ‘N Aq $010Uyg ) “uonegiAvu 01 ANoHp ou pAussaxd 16 03
SUSSYOLIAPIL (] “f "WWIO) 'S19d NG ‘elIN pUnoIe pue WIueg Jomo ur jussard oram sSIaqeot parapeog  ig Sy
*A[0f g8 pue pug usamiaq psuresp bolresrovwy ey
slqeqold Swads I *UOSESS JY Ul JSI[ILS 10U Jnq ‘porrsd siqy Suunp BN pue mot 03
-dnnsus9g §/N 30 YooqSoT NI[essIEN PUNOIE PIISIUNOIUS SISM I OSUIP O} anp SOUMOIIJIP [euonesdiaeN  |Ig AInf
WITWISG I9N0 ul Jussald a1om $819Q901 PAI9)JEds pure ‘o1
78 OU ‘A TLT “C] OU ‘X TLT I93UIM pue $510qadl Aq paflJ sem YiIuusag Iouu] °(qz -S1y) oull wily oY) mo[eq
{L1€ ou ‘7 7Lz sojoyd-ny w Q7 e Jeq xe[jered oyl Y)m pojewINSd JaAd] ySiy AJare) v je O19M Ssaye[ oyl pug AInf $961
‘boyresioew] jJo Surkidws oY) giM paprouiod
‘uosuaf °g 'S Alqeqord soyep 9soyl UMD SHONIPUOD 931 Peq JO J9sU0 OUJ, 'YIOT oY) uo
921n0g SUONIBAISQQ) e IBX




395

Medd. Déﬁsk Geol. Foren. Kgbenhavn, Bind 19 [1970]

“8Y OU ‘D €07

(q¥ *313) paq 9e] 3y} uo jussaxd

{p9—79 s.0u ‘g £07 :soroyd-1ry  orom s§I9qasl popueIls MO] ® (918p SIY) O) snotaexd poumteip pey oje] oYL IS] Snv  RS61
L1169 ou (7 o1e1d) palowr pey s3109991
‘S-7D +0S :sologd-1ry oy JOo Auvwr pue ‘snondidsuod ssof yonui mou Aq sem ysodep anojy YooI oy, YisT “Sny
*39[1M0 9Y) punore pue smireur aye[ oy}
*0p78 OU  IB2U INd00 SE10Q901 JO SIdqUINY 951eT “ToA9] Iojem 1soUSIy oY) SYIew Inofy Yool
‘S-1D 08 sojoyd-ny o jisodap snondidsuod v *ajep syl o) oud Aproys Ajqeqord paurelp oye[ oyl PIcT AInf  8Y61
‘6109¢ ® .
8T09E S,0U ‘A—H €0§ ‘9655€ OU 91 »
‘@-0 €0s soloyd-1ry g 241 Aq 1oySiy Aqudeored pue §i9 o) uo YIiy A[)RISPOW SBM JOAJ] IoJBA\ IO AInf
"0ss ou dofasap 03 undaq 104 Jou
YIW—YELTJY sotoyd-Ity  A[jqeumsard pey oz 3y {Mous JO 1300 ulys ® 103 1daoxo AI1p sem paq oye] oyl Moz Mdv  Ly61
"899 ou “T9TIN—€LTd9 ‘899 ou “(ep *813) paq oYe[ oY) Jo smirew
‘AITIN—ELTd9 s010yd-11y  ou3 12 jussord orom 901 popuens jo sooo1d MmoJ & nq ‘pouresp pey oyef syl |19 ‘Sny  9p6l
‘CE1 W peEl sou
“I6¢d ‘sotoyd-ny ‘pauterp oaey of sieadde oyey UWZ ANt Y61
90I00g SUOIIBAIASqQ are(q JeaX
e %Hmuomao« SRUIPIN YIION
*f1dws 03 unfaq pey bojresisewy ey} SjeOIPUL
JySiu pue JuedFIUSIS 9 P[NOd UONEBAINSQO Jojje] 9], -2Ig WIWIAS JO JUOIY
‘ueAy ‘N Ur Wy §'[ JOJ PIpUSIXe Iolem Jed[d Ulg oY) U0 pue ‘Uiz 9yl Uo 931 2y} Suowe Y16 01

PUB P[OULY "V "WWOD ‘SIdJ

soyoted 19jEM IR ‘Uly 9Yl UO WIULISG UL Juasaxd sem 901 INUIM Ssusg
: ‘boyresisew] jo ofeurelp
ayl Aq pasned 2q 0} paunsaid o1om SIUSAS 989y, “sAep Je o[dnos e Ises] je Jog

ponunuod ss3001d o1} astou oY) WoIy o3pnl 0], *pajIourd Iojem oY) SIoGMm A[IARdY

Wy Sny 8961

20110§

SUOTJBAIISqQO

ore@ JIeax




HiceIns: Ice-dammed lakes

-396

S6~1¢ s,ou

W Op] 03 OET 18 PIIEWNISS Sem 9pg] 1sndny o) paledwod
A9 39jem ul doxp ayj, sydeiSojond 9pg] o) uo se Sudg suomisod danejaI

19y} ‘o] oY) JO PUd Jsam mojjeys AJaAnejal ay) ur punoide Apred 3sax Jsroe[d
USIN-UELTY LSS % 9SS SOU 15amM Y] JO suOnoas pajeredos o51e] OM], ‘PuUd 582 ) JB P3q oYe] JO Ydjus IS1T %
“UIN—ELTd9 s0j0yd-1Iy wy 7 € U0 1s3r s§12Gadst papuens Jo siequinu oSIe] 'JoAd] MO AIaA ® Je oye] Y10z LAY P61
‘199 ou *a)e] oY) Ol Aeme usyo1q 191083 15oM o) JO
“JOTIN—ELI1d9 :sojoyd-11y uoneurwia) Suneoly 9Y) JO SUOIIIS a5Ke] [RISAdS YU [9A9] Uiy A10A ® 32 ool W19 3nyY 961
‘IvT @ Op1 s.ou
“I16€9 "Mwaoan-uz *[9A3] 9JRISPO © Je SeM @suapio], jeys ajeorput sydeidojoqd juelsip soyiey  Wibe AInf  TH6T
90IN0§ SUOIBAIISqQ e Jeax
osuapIO],
*SUOTIRAIISQO S INLIM *paq oye] LA1durs oy uo Juosaid aram s§10qad! pIpuBS MIJ Y WY 'Sny L1961
"PUTT PuUe ISTT 93 Sulnp
ponupuod Iaoe[d ay) Jo Suiajes juepiunrau] (7 ed 3o fpy Sy) juosy Io1E[S
oy} 1e Ajferoadsa pue suidiew oye] oY) 18 PIpuBIS 1J9] SI9m $313GId1 SNOISWNN
*(q5 "31) S1q1sia
swiedaq paq oye] Aidwro oy UsYm 00°'€Q [NUN suonearssqo pauasdxd S0y Inq
‘pIeay sem ouwiep 31 Iyl je Suraeo snonunuod ISz 9Y) uo ¢ Io pue IySupiw
usaMIdg ‘W §—9 INOqE (00T 18 pUk W € In0qe 0¢'g] AQ ‘wnuuIxew s Woly ur |
poddoip pey [9A9] 93e] AU} YIOT Y3 U0 060 IV "UYigl 29Ul U0 ayr| oy} oI jjo
U20Iq Pey JUOIJ 9Y) JO 9PIS ISBS oY) UO IS1oR[S JO UO0109s Suo[ areur parpuny
) JeIaAd3 'y c(B§ °S1y) ooeira) 1S3YSIYy oU) MOJoq SIIQUWL JRIOAS (IS Sem SIyl  pugg o1
‘SUOIIBAISSQO SJISILIM  INQ ‘payoeal sem [9A9] 1SoySIY 9U) uaym Yigl A[N[ jriun A[Ipea)s 9SOI [9A9] Jajep  UIL A[N[ 9967
*$UOIIBAIISQO S IONIM *L1dwo paq o¥e T W6T *Sny G961 .
"TyE ou ‘W TLT sojoyd-1y ‘(op *311) Y31y A[Ie] [9A9] JOYeM,  PUZ AN $961
(SRUIPIN)
€11 ou :sojoyd 1e3dodtjsy OO *paq oxe[ 2y} uo juasaxd sF10geo1 popueils Ma] B Ing ‘oye] oN 9T *Sny 0961
901008 SUOIIEAISSGO e Jesx




397

Medd. Dansk Geol. Foren. K¢benhavn. Bind 19 {1970}

*pug ays
'UASIAPJ pieeSsuney I SO0 OOUIS pouleIp AJJUOpPIAS DRY puB ‘[oAd] MO} A[OWAIXD UE je SEM ov_w No%r yzI "Sny
‘SUOHIRAIISQO S JaJIIM  “Jeofje pue pajesedss J910v3 Jsom o1) Jo SUONDSS YA [9A9] YSIy B Je gdsuspio], Ppug 8nv 961
*SPIeM)Sed PIIJLIP PuUe PIYOR)ep SW0d9q “YIST AInS 90Ul ‘pey 19188
*SUO[IRAISSGO S IAJLIAL  1S9M QU] JO SUOLDAS [[etus [BIoAdS pue 93ie] Y '[9A9] JIojem 19ySiy Ajqeuradsiq Y0z "Sny
*SUOIIBAINSQO SJINIA *ToA9] Sty Afarey ® 1@ oo WIST AINL 9961
“jiew Je3em 1soydiy oy Jo
SOIIOW MS] © UIYNIM 0] SIpIs oY) J8 pur ‘sassel pajquun{ Ul pag oye} 9y} Jo pud
1589 oY} 18 punoide Ppaisal sSISGO0l PIPURING ‘[9A9] WNWIXBW MO[oq W (9] I
"SUOIIBAIISQO SILIAL  PIIBWINSS ‘PAPIOISI ISIMO] Y] SeM [9A9[ ISl SU) puR pauterp pey gsuapiol, Wig *Sny  $961
*SUOLIRAIISCO S ISIIM “WNWIXBW $31 JO MIOYS IR] 10U [9A9] I9jepy  IS1Z 'Sny
*90€ OU ‘Z TLT *(P9 "813) UONIPUOD UBY0Iq JOYIRI UY PUE -
‘Sp¢ ou ‘@ 7L sojoyd-iry  jeofye Apaed Sursq uoneulwnis) Joped 1sam oyl ‘YsSiy A[ojeiopour [9A9] Iatep  pug AInf  $961
*(S2UIIPIN)
6821 ou :sojoyd 193dodtlsy NOHOH ‘[9AS] ySIq AIte] © Je sem gsuaprol, W91 *Snv (961
*(09 *313) 15T 9y 95UIS pIEMm
*0L1 OU “IN €0T -ISEd Pa)JLIp pue 19198[3 1SaM SY) WOI] paydelop awodaq pey W (0Ss Aq WI 000T
$ZTLOU‘d €07 L8 OU ‘Q €0¢ 9O JO el © JBYl SMOYS pUg Sy} UO Unl puodds ® pue ‘(q9 °Sy) wnwixews ay) puz %
‘811 ou ‘N €07 sotoyd-11y 03 950[0 A[qeqoxd ‘[9ad] ySry A10A ® je oye] oyl moys Is] oy jo sydeiSojoyd IS ‘Sny  8S61
"Wy ¢7 I0J YnssIeSiiuiIag jo wed pue Jerolg Jjo advlns
oY) SINOJOOSIP pue “Yi[eIOIS PIOf} oY) SIUD J] ‘PSULPIOJ, WOIJ SUIAS ATUIB)IAD
jsowre 1oyem siy) {(p oepd) punoj ST wesns JUedHIUSISUT Ue A[[RULIOU d1oym
J9102[8 oY) WOIJ SONSSI JOjem JO SWNJOA 9318 & @SUIPIOL, JO Isom wy Gf
I I[eIOIS JO UOIy SY} JO IPIS WINos oYy Iy (g 91e[d) Joas] Isarem plo oY)
‘€199 MIrvw A{Ied[d Inofy ¥oox Jo syusoda(] -ojel mojjeys oy} ul punoide 1591 pue Aeme '
2 S099 ‘659 S,0U ‘N-Td 05 UM0Iq 2ABY JAML[E 183M 9y} JO SUOIDas [ersasg ‘Sutfydund jo ssasoxd oy w
‘7918 ou ‘N-1d t0S :soroyd-aly  Apjuaredde oYel oy pue ‘Ly6] [UdY se auwres 3y} jnoqe ‘MO A10A J9A9] 199BM WIST “Buy
*L£28 OU ‘S-TO #0S W R -
‘8909¢ ou ‘g—1d €0 ‘sojoqd-ny G3ry £10A [aA9] AU PAET AINf 86l
‘TL09E ¥
1209€ S,0U ‘A~H €0S ‘S65S€ % g1 »
Y6SSE S.0U ‘G0 €06 sojoud-1y  [lidy 95UlIS [9A3] I9)BM UL 9SLI S[qRUIIISIP B 918dIpul s9jep Yloq Jo sydesfojoyd Y19 Ajng
921N0§ SUOIIBAIRSQO AR e )






