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VARIATIONS OF MOUNT KENYA’S GLACIERS 1963-87

With 2 figures, 5 tables and 1 supplement (IX)

STEFAN HASTENRATH, RAOUF RosToM and RoBerT A. CAUKWELL

Zusammenfassung: Veranderungen der Gletscher am
Mount Kenya 1963-87

In dem vorliegenden Aufsatz wird eine Karte der Glet-
scher am Mount Kenya vorgestellt (Mafistab 1:5000,
Stand: September 1987). Diese Karte beruht auf Boden-
kontrollpunkten und photogrammetrischen Kontrollpunk-
ten, auf einer luftgestiitzten Triangulation dieser Punkte
und der stereo-photogrammetrischen Auswertung von
Bildfligen. In Verbindung mit einer Kartierung aus dem
Jahr 1963 dokumentiert die Karte die Veranderung der
Gletscher am Mount Kenya wiahrend der letzten 25 Jahre.

1. Introduction

The glaciers of Mount Kenya have been the object
of an ongoing field project aimed at problems of cli-
mate and cryosphere changes in the tropics (HAsTEN-
RATH 1984). As part of this program, terminus posi-
tions were regularly measured for various glaciers.
Fig. 1 and Tab. 1 offer an orientation on the ice extent
in 1963 and the glaciers which disappeared earlier in
this century. On the largest ice body, the Lewis Gla-
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Fig. 1: Orientation map of the glaciers on Mount Kenya, January 1963 broken, September 1987 solid. Scale 1:25 000.
Contours at 100 m intervals. Large numbers denote glaciers listed in Tab. 1

Orientierungskarte der Gletscher am Mount Kenya (gestrichelte Linie: Januar 1963, durchgezogene Linie: September
1987); Mafistab 1:25000; Hohenlinien im 100 m-Abstand; die grofien Zahlen bezeichnen die in Tab. 1 aufgelisteten
Gletscher

cier, precipitation, net balance, and ice flow velocity
were monitored continuously since 1978, and air-
borne mappings at scale 1:2500 were produced at

Tab. 1: Nomenclature of glaciers on Mount Kenya
Nomenklatur der Gletscher am Mount Kenya

four-year intervals since 1974, all published in this 1. Krapf

journal (CAUKwWELL and HASTENRATH 1977, 1982; 2. Gregory

HastenratH and CAUKWELL 1979, 1987). Prior to (3. Kolbe disappeared after 1926)
the commencement of our field monitoring program, 4. Lewis .

the ice extent on the entire mountain has only once (2' gelhl}mh disappeared after Feb 1978)
been mapped in a way suitable for glaciological pur- 7: D?;anonn d

poses, namely by E. ScHNEIDER (Forschungsunterneh- 8. Forel

men Nepal-Himalaya 1967), using terrestrial photo- 9. Heim

grammetry, at scale 1:5000, and for the January  10. Tyndall

1963 datum. It was long found desirable to re-map  (11. Barlow disappeared after 1926)
the glaciers of the entire mountain, in order to assess  (12. NW Pigott disappeared)

the ice changes since 1963, and so as to establish a  13. Cesar

documentation of the cryosphere status in the late ~ 14. Joseph

20th century. After the establishment of the appropri- (15. Peter disappeared after 1926)
ate ground control in the course of preceding years, 16. Northey .

ial phot h fl 3 Sept b 1987 (17 Arthur dlsappeared)
aerial photography was flown on 3 September © (18, Mackinder divappeared)

Following the sequence of our earlier mappings for
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Tab. 2: Coordinates of ground survey stations (m). Triangles indicate points used in mapping, circles points plotted but not used, and
brackets points not plotted in map. Code identifies points plotted in map

Koordinaten der Bodenbeobachtungsstationen (m). Dreiecke bezeichnen bei der Kartierung benutzte Punkte; Kreise eingetragene, aber bei
der Kartierung nicht benutzte Punkte; nicht in der Karte eingetragene Punkte stehen in Klammern. Der Code identifiziert in der Karte ein-

getragene Punkte.
name code +Y(N) +X(E) height mark
A. Points established by present project
A Melhuish Cross MC 1637.9 2743.9 4878.1 white cross
o Thomson New TN 2037.6 3166.1 4957.5 new aluminum stud
A Thomson Cross TC 2037.8 3165.5 4958.1 white cross
A Two Tarn Cross TTC 1521.2 1518.7 4519.1 white cross
(Arthur’s Seat Col) 2364.0 1619.8 4629.4 no ground mark
A Molar Saddle MS 3234.9 2327.8 4615.8 white cross and aluminium stud
A Kami Boulder KB 3015.8 2961.9 4448.5 white cross and aluminium stud
O RHT RHT 1818.9 2222.8 4512.9 red paint mark
A Gregory G 2261.3 3303.1 4693.5 aluminium stud, paint mark HK
A Joseph J 2757.8 2260.4 4609.0 aluminium stud, paint mark HK
A Hausburg H 2979.3 1708.8 4359.9 white cross and aluminium stud
O Lewis Snout LS 1306.7 2917.1 4623.5 aluminium stud
O Darwin East DE 1759.8 2498.6 4645.1 aluminium stud
O Darwin Mid DM 1766.7 2500.7 4647.1 aluminium stud
o Darwin West DW 1769.4 2493.0 4649.6 aluminium stud
o Tyndall New TYN 1929.3 2128.4 4505.9 aluminium stud
) Tyndall 51 TY5 1842.7 2100.4 4486.3 aluminium stud, paint mark HK
o Tyndall 108 TY8 1895.8 2117.7 4498.3 aluminium stud, paint mark HK
B. Points established by IGY Mount Kenya Expedition
AN Arthur’s Seat AS 2404.8 1555.6 4665.6 white cross, bolt hole and stud
(Bere) 1667.4 851.3 4540.6 cairn
(Boulder) 1290.0 1171.6 4496.7 cairn
(L1) 1508.0 3373.9 4823.1 not looked for
A L2 L2 1450.4 3210.6 4797.2 white cross, metal plug
©) L3 L3 1791.8 2884.0 4792.7 white cross, metal plug
(Little John) 1306.1 2577.7 4628.4 not looked for
A Lenana LE 1847.9 3622.1 4985.0 white cross, metal plug
O Melhuish ME 1630.6 2742.2 4876.5 metal plug
A S3 S3 1206.3 2745.5 4600.6 white cross, metal plug
(Thomson) 2031.0 3159.7 4955.1 not found
(Tilman) 521.3 3116.5 4800.3 not looked for
(Top Hut) 1361.4 3177.5 4809.4 not looked for
(Shipton) 664.3 2069.6 4476.0 not looked for
O Two Tarn TT 1524.0 1524.0 4519.6 bolt hole, bolt lying near
A Tyndall TY 1771.1 1751.0 4551.3 bolt hole and white cross
A S8 S8 1794.4 2086.0 4477.5 white cross and metal plug

the Lewis Glacier published in this journal, the resul-
ting map is presented here along with the correspon-
ding background documentation.

2. Ground control

Basic to the aero-photogrammetric mapping is a
sound set of control points surveyed and marked in

the terrain. Control points established by the IGY
Mount Kenya Expedition (CHARNLEY 1959) are use-
ful to this end, but it was found necessary to establish
numerous other points using electromagnetic dis-
tance measuring (EDM) equipment, and with a clo-
sure around the mountain. Tab. 2 lists the coordi-
nates of points from the IGY Expedition and the
present project. Fourteen of these points, identified
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in Tab. 2 by triangles, were used in the mapping, but
the locations of other points are also plotted in the
map.

3. Aur photography

To obtain aerial photography for mapping all the
glaciers on Mt. Kenya encounters problems that are
not present when mapping only the Lewis Glacier.
These are posed by the geographical position of the
mountain and its altitude and include the seasons,
the enormous differences in height falling on a single
photograph, and the dead ground or blind spots
created by the ridges and peaks masking some areas
from the camera.

The watershed running approximately southwest
to northeast through the summits from Arthur’s Seat
to Lenana divides ‘“‘winter’’ from ‘“summer’’. South
of the watershed snow is retained in the April-May-
June rainy season, and north of the line in the
October-November-December rains. The snow
cover obliterates the painted ground control crosses,
and masks the line between glacier ice and adjoining
seasonal snow fields. Thus to map the northern gla-
ciers photography should be taken in the boreal sum-
mer, August or September, and to map the southern
glaciers needs photography in the austral summer,
February or March. Fortuitously in 1987 the April
rains failed, leaving unseasonably little snow on the
southern glaciers and exposing the control crosses, so
that it was found possible to map the whole peak area
from a single photographic sortie in September. By
way of comparison it should be noted that ScCHNEIDER s
1963 survey (Forschungsunternehmen Nepal-Himalaya
1967) was made in January, when the northern gla-
ciers were in ‘‘winter’’ conditions surrounded by sea-
sonal snowfields.

The ground altitude in a single photograph can dif-
fer by as much as 1000 m in the area of the central
peaks, which means that the scale within a single
photograph can vary from 1:8000 to 1:14 000 approx-
imately. This, with the image displacement accompa-
nying the scale changes, can cause difficulties in
obtaining a stereoscopic model in the plotting instru-
ment.

The problem of dead ground is also related to the
steep peaks and ridges of the mountain that create the
scale changes. One way to overcome the difficulty
is to increase the flying height of the aircraft. This
has two disadvantages; it reduces the scale of the
photographs, and it pushes the aircraft even closer to
its ceiling, when at 6300 m it es already suffering

from the altitude and the turbulence surrounding the
mountain.

The alternative solution is to increase the lateral
overlap of the strips from 25 to 60 percent, and bet-
ween successive photographs from 60 to 80 percent.
This was the method adopted, and the best three runs
out of ten photographs were chosen for the mapping.

Based on these considerations, the aerial photogra-
phy was flown in the late morning of 3 September
1987 by Photomap (K) Ltd., at an average height of
1500 m above the average terrain level of 4800 m.
The photographs were taken by a Wild 152 mm
RC 10 camera, and are at an approximate average
scale of 1:10 000 with 80 percent forelap and 60 per-
cent sidelap. As shown in Fig. 2, these runs were
flown in parallel strips, consisting of the frames nos.
3505-3512, 3484-3494, and 3544-3555. The frames
used for aerial triangulation and mapping are from
run 1 nos. 3506, 3508, 3500, and 3512, and from run
3 nos. 3544, 3548, 3552, and 3555.
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Fig. 2: Orientation map showing the flight lines of the
aerial photography on 3 September 1987
Orientierungskarte mit den Flugstrecken der Bildfliige
am 3. September 1987
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4. Aerial triangulation and stereographic plotting

In addition to the 14 terrain control points indi-
cated in Table 2 by triangles, a further 14 photogram-
metric control points were identified in locations suit-
able for stereographic compilation. The locations of
the 14 ground and the 14 stereographic control points
were marked on the photographs, and diagrams
were drawn of the photogrammetric control points to
guard against misidentification. Approximate ground
coordinates for the photogrammetric control points
were obtained by planimetric intersection and using
the existing maps (Forschungsunternehmen Nepal-
Himalaya 1967; Survey of Kenya 1971). Of the 14 stereo-
graphic control points, 10 fall outside the area repre-
sented here. The remaining 4 are plotted in the map,
along with the 14 ground control points, and another
12 points not used in the mapping.

In the aerial triangulation, the bundle method
was chosen as most accurate. The Wild Autograph
A 8 was used as mono-comparator to obtain the
measured coordinates of the image points in the
fiducial system. The left projector was calibrated
by using a grid plate to transform the machine coor-
dinates into grid coordinates based on a projective
transformation. The residuals of the grid coordinates
after transformation were of the order of + 4 um.
The same transformation parameters were used to
convert machine into image coordinates in the fidu-
cial system. The maximum residuals were found to
be of the order £ 10um in the photo image coordi-
nates.

Tab. 3: Charactenistic parameters of Mount Kenya’s glaciers, 1963

All computations were run with a special program
on the University of Nairobi mainframe ICL 2950
computer. The input consisted of the coordinates
of all image points on all photographs in the fiducial
system and the coordinates of the ground control
points. However, the residuals on the control points
Molar and Joseph (ref. Tab. 2) were found to be
large, both in planimetry and height (for Molar
u(plan) = 23 m, u(height) = 32 m); for Joseph u(plan)
= 44 m, p(height) = 20 m). These discrepancies are
believed to be due to misidentification on one or
more adjacent frames. Accordingly, Molar and
Joseph were excluded from the adjustment and the
computations carried out again. As a result, residu-
als of the image coordinates were reduced to + 10 um,
which conforms well with the initial accuracy.

Based on this aerial triangulation, the photogram-
metric and ground control points were used for orien-
tation of individual models. The stereo-photogram-
metric plotting was performed at scale 1:5000 by
using the Wild Autograph A 8 plotter at the Univer-
sity of Nairobi.

There appears to be a discrepancy between the geo-
graphical latitudes on the Survey of Kenya (1971)
maps and the SCHNEIDER 1963 map (Forschungsunter-
nehmen Nepal-Himalaya 1967).

Schneider based his map on the two triangulation
stations, Arthur’s Seat and Point Lenana using rec-
tangular coordinates in the Imperial system of feet
and decimals of a foot obtained from the IGY and
converted to the metric system by the standard rela-
tionship 1 foot = 0.3048 meters.

Charakteristische Kennziffern der Gletscher am Mount Kenya 1963

mean highest lowest
No. Name latitude S longitude E area width length orientation elevation elevation
° e ' [10°m?]  [m] [m] [m] [m]
1 Krapf 0 09.02 37 18.60 47 90 450 N 4880 4600
2 Gregory 0 9.11 37 18.89 91 220 475 N 4920 4660
4 Lewis 0 9.37 37 18.71 351 450 1100 SW 4975 4680
5 Melhuish 0 9.38 37 18.49 9 30 220 S 4870 4760
6 Darwin 0 9.29 37 18.42 42 200 200 SW 5040 4620
7 Diamond 0 9.15 37 18.47 12 70 200 SW 5140 4790
8 Forel 0 9.07 37 18.39 25 250 150 A\ 5060 4850
9 Heim 0 9.10 37 18.32 18 230 100 A\ 4850 4725
10 Tyndall 0 9.13 37 18.21 108 230 550 S 4775 4500
13 Cesar 0 8.87 37 18.16 40 130 370 \Y 4800 4530
14 Joseph 0 8.78 37 18.27 25 100 400 W(N) 4775 4550
16 Northey 0 08.88 37 18.41 29 110 300 N 5040 4640

total 797
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The IGY triangulation was computed in plane rec-
tangular coordinates on a local origin, with the scale
established from a base line measured on the moun-
tain and the orientation established from an astro-
nomical azimuth taken from theodolite observations
to the sun by J. B. ALEXANDER and R. A. CAUKWELL
at station Tyndall (ref. Tab. 2) in 1958.

The local origin of the IGY coordinate grid is
believed to be related to the Directorate of Colonial
Surveys coordinates of the single station Bere (ref.
Tab. 2), which was part of the control for the new to-
pographic mapping of Kenya begun in 1950. No
record appears to have been kept of the exact details
of the relationship between IGY and DCS coordi-
nates, and without this the relationship between nor-
things and latitude and eastings and longitude can-
not be precisely known.

5. Glacier inventory for the September 1987 datum

Our map is a contribution to the inventory of trop-
ical glaciers. HAsTENRATH (1984, p. 326-327) con-
tains a compilation of Mount Kenya’s glaciers based
on information to the late 1970’s, in accordance with
the standards of the World Glacier Monitoring Ser-
vice (Temporary Technical Secretariat for World Glacier
Inventory of UNESCO-UNEP-IUGG-IASH-ICSI, 1977).
Tab. 3 offers a summary for the 1963 status (Fig. 1),
while Tab. 4 presents characteristic parameters for
the September 1987 datum, as constructed from our
map.

Tab. 4: Characteristic parameters of Mount Kenya’s glaciers, 1987

Comparison of Tab. 3 and 4 reveals a substantial
shrinkage of the ice cover on Mount Kenya over the
1963-87 time span. One glacier, the Melhuish, has
disappeared altogether. All other glaciers decreased
in width and lenght. Overall, the termini retreated to
higher elevations but the glaciers also shrank at their
upper extremities.

6. Area and volume changes during 1963-87

The characteristic parameters of a glacier inven-
tory listed in Tab. 3 and 4 can be relatively reliably
retrieved from topographic maps containing accura-
tely traced ice boundaries. By comparison, the esti-
mation of volume changes is a more demanding task,
because it hinges on the degree of internal consist-
ency in vertical and horizontal control between suc-
cessive mappings, for the various portions of the
mountain.

In this regard, the potentials of the aerial photo-
grammetric method used here should be appreciated
in reference to the terrestrial photogrammetry on
which the 1963 map was based. The airborne is
deemed superior to the terrestrial method in the
planimetric, although not necessarily in the vertical
control. The terrestrial method has particular short-
comings in narrow and steep valleys and canyons,
where details in remote corners are laterally less well
captured than from above. These shortcomings of
the terrestrial photogrammetry concern the upper
reaches of the Krapf, Darwin, and Joseph-Cesar gla-
ciers in particular.

Charakteristische Kennziffern der Gletscher am Mount Kenya 1987

mean highest lowest
No. Name area width length elevation elevation
[10° m?] [m] [m] [m] [m]

1 Krapf 22 70 300 4800 4620

2 Gregory 51 150 420 4890 4713

4 Lewis 242 350 950 4962 4611

5 Melhuish - - - - -

6 Darwin 23 170 200 4740 4640

7 Diamond 2 40 100 5120 4980

8 Forel 15 150 100 4950 4803

9 Heim 16 230 80 4800 4775
10 Tyndall 78 200 500 4775 4513
13 Cesar 24 100 300 4780 4580
14 Joseph 10 80 200 4775 4620
16 Northey 11 70 150 4930 4680
total 493
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In evaluating the 1963-87 changes of ice area and
especially volume it was found essential to guard
against the presumably inferior planimetric control
of the terrestrial (1963) method and discrepancies in
the vertical control. To this end, grid intersections of
the two maps were registered for limited sub-areas of
the peak region, namely domains containing, respec-
tively, the Krapf, Gregory, Lewis, and Melhuish;
the Darwin, Diamond, Forel, Heim, and Tyndall;
and the Cesar, Joseph and Northey glaciers (Fig. 1).
Within these three domains, the topography of the
1963 chart was graphically subtracted from that of
the 1987 map, for the glacier areas as well as the sur-
rounding rock terrain. This allowed one to adjust the
heightdifference values for the glaciersin accordance
with any non-zero differences abtained for the sur-
rounding rock. The resulting difference fields were
contour analyzed and total area and volume changes
for each glacier obtained by planimetering. Results
are summarized in Tab. 5.

The mismatch in surrounding rock topography
varied between the glaciers and occurred of either
sign. Thus, the difference in rock topography was
near zero along the boundaries of the Gregory, and
all but the lower portion of the Lewis Glacier, around
the Melhuish, the Darwin, Tyndall, and Heim, and
the lower portions of the Cesar and Joseph glaciers.
Values around 10 m in absolute value were found
along part of the boundary of the lower portion of the
Lewis Glacier, while values in excess of -15 m occur-
red around the Diamond and Northey, and the
upper part of the Cesar-Joseph glaciers. Consider-
able planimetric mismatch was found at the Dia-
mond and especially at the Krapf Glacier. For the
Krapf, in particular, this seems to be due to critical
blind spots in the terrestrial photogrammetry. For
the latter two glaciers, estimates of area and volume
changes over the 1963-87 time span are therefore
severely limited.

As the Lewis Glacier has been mapped regularly at
4 years intervals since 1974, likewise using aerial pho-
togrammetry, it was possible to study the internal
consistency between the sequence of 1:2500 map-
pings 1974-86 specific to the Lewis (ref. Section 1)
with the present 1:5000 map based on an aerial trian-
gulation of the same and additional control points
encompassing the mountain as a whole. Adding to
the volume difference over 1974-86 determined from
the aforementioned sequence of four maps at scale
1:2500, the volume difference from the 1963 and
1974 maps, and the observed 1986-87 net balance
integrated over the entire glacier, one obtains an esti-
mate of the volume difference over the 1963-87 time

Tab. 5: Area (103 m?) and volume (103 m3) decreases of
Mount Kenya’s glaciers during 1963-87
Flachen- (10° m?) und Volumenverluste (10° m3) der
Gletscher am Mount Kenya 1963-87

glacier name A area A volume
no.
1 Krapf 26 625
2 Gregory 40 627
4 Lewis 109 3,554
5 Melhuish 9 81
6 Darwin 19 432
7 Diamond 10 126
8 Forel 10 380
9 Heim 1 277
10 Tyndall 31 1,829
13 Cesar 16 602
14 Joseph 16 371
15 Northey 18 500
total 305 9,144

span. This is nearly 1000 x 103m? larger than the
volume loss derived from the 1963 and 1987 map-
pings (Tab. 5). Given the area of Lewis Glacier
(Tab. 4) this corresponds to a discrepancy of the aver-
age thicknessin 1987 of the order of 3 m, rather larger
than the tolerance in the graphical subtraction, and
despite the reasonable agreement in the rock topogra-
phy around the glacier. It appears that these discre-
pancies in ice topography may in part stem from the
different treatment of the ensemble of all control
points on the mountain in the aerial triangulation for
the 1987 map, as compared to the Lewis-specific pho-
togrammetry for the sequence of 1974-86 maps. The
discrepancy in 1963-87 volume loss found for the
Lewis should not be expected to be constant, or even
of the same sign, all around the mountain. However,
it may indicate the general magnitude of uncertainty
in the estimates of volume loss presented in Tab. 5.
By comparison, the concomitant changes in area are
more comfortably determined. Note that during
1963-87 the ice-covered area decreased by some 40
percent, and the total volume loss over this time span
was larger than the 1963 volume of the Lewis Glacier
alone.

In sum, Tab. 3-5 indicate the proportions of the
glacier shrinkage on Mount Kenya over the past
quarter century. The quantitative assessment of
recent ice volume and area changes for the entire
mountain will serve as basis for modelling studies
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aimed at inferring the climatic forcing. In the light of
the growing concern about ‘‘greenhouse’’-induced
climatic change, and in the absence of a comparable
sustained glacier field program elsewhere in the trop-
ics, the observations at Mount Kenya appear partic-
ularly important in the global context.

7. Glacier variations on Mount Kenya and in the
global tropics

The present assessment of the changes of Mount
Kenya’s glaciers over the past quarter century was
based on airborne and terrestrial photogrammetric
mappings at scale 1:5000. These should be viewed in
perspective with endeavors in the other high moun-
tain regions of the tropics. The documentation varies
greatly in scale and temporal coverage. Only a brief
overview is given here for recent decades, while refer-
ence is made to HAsTENRATH (1981, 1984) for details,
particularly on earlier epochs.

Concerning the other two glaciated mountains of
East Africa, for the Ruwenzori maps at scale 1:25 000
have been published for the 1938 and 1955 epochs,
and an inventory map at scale 1:100 000 has been pro-
duced for the mid 1970’s conditions (HASTENRATH
1984). The glaciers of Kilimanjaro have been map-
ped in 1912 at scale 1:50000 and in 1953 at scale
1:25000, and the ice extent in the mid 1970’s has
been sketched at scale 1:50 000 (HAsTENRATH 1984).
Tape measurements of terminus variations with re-
ference to surveyed terrain control points are being
carried out only on Mount Kenya.

In the tropical Americas, glacier inventory maps
have been produced for the Mexican volcanoes at
scale 1:20 000 and with datum 1958-60, and for the
Ecuadorian Andes the 1970’s ice extent has been
sketched at scale 1:100 000 (HasTENrRATH 1981). For
portions of the Peruvian Andes, inventory maps are
being compiled at scale 1:25000, and topographic
mappings at scale 1:5000 and 1:2000 have been con-
ducted for selected glaciers.

Turning to the third glaciated high mountain
region in the equatorial zone, the glaciers of Mount
Carstensz (Jaya) in New Guinea have been mapped
at scale 1:20 000 in 1973 (HopE et al. 1976). As with
the Ruwenzori, no new glaciological information has
come forth from this remote region since the early
1970’s, for both mountains understandable from a
host of terrain, logistical, and political problems.

The systematic monitoring of varying ice extent
on the high mountains of the tropics merits particular

attention in the context of global climate change. The
present cursory review serves to illustrate the diverse
status and prospects of glacier mapping in the vari-
ous high mountain regions of the tropics. The exist-
ence of a 1:5000 map for 1963 was an important con-
sideration for the recently completed re-mapping of
Mount Kenya’s glaciers. Maps at much coarser scale
are less usefull for glaciological purposes, although
even these have proven valuable in documenting
cryosphere changes over half a century. On the East
African scene, a mapping of Kilimanjaro’s glaciers
at a scale large enough for glaciological concerns is
the most immediate challenge. The time also appears
ripe for the purpose-bound aerial mapping of glaciers
in certain mountain regions of the tropical Americas.
For the chronically cloud-covered Ruwenzori and
Mount Carstensz, finally, where mapping proper
would face formidable logistical obstacles, suitably
enhanced SPOT satellite imagery promises some
exciting time-lapse glimpses.

8. Concluding remarks

The new map presented here documents the ice
cover on Mount Kenya for the September 1987
datum. Conditions were optimal for this survey as
the lower portions of glaciers on both the southeast
and northwest sides of the mountain were then free
of snow. The mapping was based on a set of ground
control points especially established for this undertak-
ing and purpose-flown air photography. Changes
with respect to the only previous mapping suitable
for glaciological purpose, for the January 1963 epoch
(Forschungsunternehmen Nepal-Himalaya 1967), is of
interest concerning long-term glacier and climate
variations in the tropics. The comparison is limited
by the differences in the mapping methods employed,
such as aerial versus terrestrial photogrammetry, in
large part different ground control points, and their
treatment. On the whole, each of the two maps, 1963
and 1987, must stand in their own right, neither may
be taken as absolute truth for the rock topography,
although the aerial method is intrinsically superior in
the planimetric control and in capturing certain
blind spots. With these qualifications, the present in
conjunction with the only comparable previous map
has provided estimates of the area and volume losses
of all glaciers on Mount Kenya over the past quarter
century, and establishes a historical bench mark of
the ice conditions on Mount Kenya near the end of
the millennium.
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MORPHOTEKTONISCHE ENTWICKLUNG VON KONTINENTRANDERN -
EINE UNTERSUCHUNG AM BEISPIEL OSTAUSTRALIENS

Mit 2 Abbildungen

JocHEN KuBiNiok und ErRNsT LOFFLER

Summary: Morphotectonic development of continen-
tal margins - a study taking Eastern Australia as an
example

Contrary to previous opinion, which considered the geo-
morphological development and in particular the uplift of
the Eastern Australian Highlands as a relatively recent
event (Kosciusko Uplift), new research indicates that the
geomorphological history of the highlands dates back at
least into the Cretaceous period. A review of the modern
literature and the authors’ own research show that the
present landscape developed from a Mesozoic erosion sur-
face of low relief through uplift of the continental margin.
The Great Escarpment was formed by uplift of the conti-
nental margin and headward erosion. Variations in the
morphology of the Great Escarpment and the old land sur-
faces are the result of diffierential uplift of the continental
margin, which commenced in the upper Cretaceous in con-
nection with the plate tectonic movement of the Australian
continent and the final break up of Gondwana. The rate of
uplift decreases from south to north and the age of uplift
becomes progressively younger in the same direction.

1. Einleitung

Australien besitzt im Gegensatz zu anderen Konti-
nenten keine alpinotypen Hochgebirge. Die hochste
Erhebung, Mount Kosciusko in Siidostaustralien,
erreicht nur eine Hohe von 2228 m. Die Oberflachen-
formen des Kontinents setzen sich vielmehr aus
weitgespannten Rumpfflichen zusammen, die von
markanten Inselbergen und Inselbergsystemen wie
etwa Ayers Rock oder den Olgas iiberragt werden
(BREMER 1967). Zu den Kontinentrandern steigt das
Relief meist allmahlich an, um dann relativ unver-
mittelt und steil zur Kistenregion abzufallen. Am
deutlichsten ist dies entlang der Ostkiiste ausgepragt,
wo eine oft mehrere 100 m, vereinzelt bis 1000 m hohe
Steilstufe - das ,,Great Escarpment‘ - das meist
plateauartige Kiistengebirge vom schmalen Kiisten-
tiefland trennt (Abb. 1). Die Kiistenregion und das
anschliefende Hochland erstrecken sich hier iber
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