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Chapter One

GENERAL INTRODUCTION
THE EXPEDITIONS
The first expedition to Kilimanjaro from Sheffield arose out of the need to investigate
reports of a disturbing nature about the mountain. Suggestions had been made that
the volcano was showing increased signs of activity and fears were expressed concerning
the safety of the population on its slopes. There was also some uneasiness, arising from
reports of the diminishing size of the ice cap, about the supply of water to the rivers
on the southern side which were partly fed from this source. At the time there had
also been reports of sizeable reserves of sulphur near the summit which in view of a
reigning world sulphur shortage needed investigation as a possible economic venture.
Consequently arrangements were made for a party of geologists from Sheffield to
make a geological survey of the upper slopes of Kilimanjaro at the invitation of the
Tanganyika Geological Survey which also provided generous support. Mr. Bisset, the
Director at the time, provided three geologists Drs. N. J. Guest, G. P. Leedal
and Mr. D. N. Sampson to assist in the survey, together with their field staffs and
vehicles. The University of Sheffield sent out Mr. W. H. Wilcockson (leader). Dr.
C. Downie, Dr. D. W. Humphries and Mr. P. Wilkinson and also gave generous
financial support. Mr. P. Wilkinson acted as secretary and made most of the necessary
arrangements for equipment and travel.
The expedition assembled at the mountain in late June 1953 and set up a base
camp on the grounds of Marangu Hotel with the kind permission of Mrs. Lany. One
high level base was established at 11,800 feet in the Third South Valley of Mawenzi
and the huts at Mawenzi and Kibo were also used at times. Another base camp was
set up above the Machame Escarpment at 13,000 feet and from these two points the
upper reaches of the mountain were explored. The investigation of the crater region
occupied nearly three weeks, during which time a camp at Leopard Point (18,100 feet)
was used.
This expedition concentrated on the area above 12,000 feet and produced a
preliminary map of this region. The difficult terrain prevented the whole area being
visited before the expedition descended at the end of September.
The second expedition in 1957 formed part of the International Geophysical
Year Programme and was sponsored and generously assisted by the Royal Society.
The members were drawn entirely from Sheffield University and comprised Mr.
W. H. Wilcockson (leader). Prof. L. R. Moore, Dr. C. Downie, Dr. D. W. Humphries,
Mr. R. Neves and Mr. P. Wilkinson. The University again made a generous contribution to the cost and Mr. Wilkinson again took charge of the arrangements for travel
and stores.
The Geological Survey of Tanganyika once again helped generously, thanks to the
Director, Mr. A. H. Quennell, by supplying field assistants, vehicles and drivers, and
some other equipment.
The purpose of this expedition was to carry out a survey of the glaciers and the
weather as part of the I.G.Y. programme and to carry out a further geological survey
1
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to complete the work of 1953. Dr. D. W. Humphries and Mr. R. Neves were engaged
on glaciological and survey work exclusively.
The 1957 expedition followed a logistic plan similar to the earlier one. This time,
however, much time was spent surveying the flanks and the lower slopes, so that the
whole mountain would be known. This survey formed the basis for the special
Kilimanjaro Sheet of the Geological Survey of Tanganyika, published in 1965.
The difficulties encountered in the survey were numerous and time did not allow
a solution to be found to all of them. The first expedition in particular encountered
problems due to high altitude and bad weather. Drought is a problem along the
northern slopes above 6,000 feet during the period from June to September; small
stagnant pools occur only in some of the deepest gorges. The terrain along the south
and west faces of Kibo is very dangerous in places because of ice-avalanches, the
cliffs of the Barranco of Mawenzi were not finally climbed until 1964, and the whole
region is inaccessible unless rock climbing is resorted to. The greatest difficulty,
however, was found in the forest regions where, in the absence of paths and maps,
location was inexact and progress at times was imperceptible because of the undergrowth. Consequently, large areas of the jungle were not visited.
Since the last expedition in 1957 a short visit to the mountain was made by Dr.
C. Downie to examine in greater detail the Kilema and Kibongoto Zones. This visit
was made possible by the co-operation of the East African Rift Valley Research Unit
under the direction of Professor B. C. King of Bedford College, London.
Of great value has been the recent work of Dr. L. A. J. Williams of University
College, Nairobi, who has added much to our knowledge of the lower northern flanks
of Kilimanjaro by his detailed mapping of the Amboseli Plains, north of the Kenya
border.
THE GEOGRAPHIC SETTING OF KILIMANJARO
The volcanic mountain of Kilimanjaro, 3°05' south, 37°20' east, lies in the Northern
Province of Tanganyika close to the Kenya border which curves round its north-east
slopes.
It has the form of a shield measuring about 60 miles in length and 40 miles wide
with the long axis lying in an ESE line. The summit ridge above 12,000 feet is over
20 miles in length and culminates in two prominent summits, Kibo (19,340 feet) and
Mawenzi (16,896 feet). On the south side the slopes reach down to the alluvial plains
of the Pangani River at about 2,000 feet and on the north to the arid Amboseli Plains
with their ephemeral lakes at about 4,000 feet. Eastwards the slopes end on the edge
of the Kenya Serengeti Plains at heights between 2,500 and 3,500 feet; on the west,
at about 1,000 feet higher, they meet the hummocky terrain that rises gently westwards
towards Mount Meru.
The mountain rises from the warm tropical plains with average temperatures of
about 30°C through various climatic zones, to the summit region with permanent ice
and an average temperature below 0°C. Except in a few small local sheltered areas
there is no vegetation above 15,000 feet. Below this level grasses, heaths and the
everlasting Helichrysum become more and more widespread, culminating in the open
heathlands at heights between 13,000 to 11,000 feet. Still lower giant heaths and other
trees appear in numbers forming the upper forest with its edge generally at 9,000 to
10,000 feet. This forest extends with few clearings down to about 5,000 feet below
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which is a densely settled and intensively cultivated area; but still lower at about 4,500
feet on the north and 2,500 feet on the south the passage into the hot semi-arid plains
begins.
These zones are concentric around the summit region but the regularity of this
pattern is strongly influenced by the monsoon and counter monsoon winds. The former
blow seasonally from the south-east and north-east carrying clouds from the Indian
Ocean over East Africa: the latter mainly come from the south-west. The clouds
they bring pile up against Kilimanjaro and condense at heights above 7,000 feet.
Unfortunately, no systematic account has yet been given of the meteorology of the
mountain that is complete for a full year and covers all levels and aspects; the work
of the expedition covered only a three month period (partial accounts are given by
Humphries, 1953, 1957). But precipitation is much greater on the southern and southwestern slopes than on the north and east. In the months of June, July, August,
September and October this is concentrated at levels below 11,000 feet, in December,
January and May levels up to the summit have their main precipitation, usually in the
form of snow.
The greater rainfall on the southern slopes has encouraged the greater development
of primaeval forest which here may range from 4,000 to 11,000 feet, and below the
forest edge a large population depends on irrigation from the many permanent rivers.
Coffee, bananas and maize are grown in small farms at about 4,000 feet, irrigated from
the mountain streams; on the lower plains round Taveta, and Arusha Chini extensive
sisal farms are found. The northern slopes are much drier. Desert extends down to
about 9,000 feet and, in places, the forest belt is very narrow, passing downwards into
a semi-arid area round Amboseli without any intervening cultivated zone. Many of the
rivers here are dry for most of the year.
On the western, southern and eastern slopes lives a dense population of the Wachagga,
inhabiting numerous small farms. Their territory is divided into a number of
administrated divisions reflecting former clan territories. Larger farms on the western
and north-western slopes grow wheat and belong to European immigrants. Large farms
on the plains at Taveta and south of Moshi grow sisal, but the surrounding arid and
semi-arid regions are inhabited by nomads, mainly Masai.
Moshi is the administrative centre and the major town with a large, rapidly growing
population. It is on the railway to Mombasa and Tanga and has an airfield. Major
roads run to Arusha in the west and to Taveta in the east.

Chapter Two

INTRODUCTION TO THE GEOLOGY
SUMMARY OF THE GEOLOGICAL HISTORY
GENERAL

Kilimanjaro is an almost extinct group of volcanoes whose main activity took place
in the Pleistocene Period. The ridge consists of mixed lavas and pyroclastics and has,
from west to east, three main centres, Shira, Kibo and Mawenzi as well as numerous
much smaller subsidiary centres on its flanks and around it.
The floor on which the volcano rests was formed in Middle and Later Tertiary
times by subaerial erosion of the Precambrian basement. The onset of the volcanicity
took place at the same time or soon after the inception of major faulting in the area.
This faulting continued during the Pleistocene and a system of rift valleys was
established greatly modifying the previous topography.
Round the mountain, wide expanses of alluvial and lacustrine deposits formed in
recent times and are still accumulating.
THE PRECAMBRIAN ROCKS

The Precambrian areas south of Kilimanjaro form the Masai Steppe and the Pare
Mountains, separated by the Pangani Valley. South-west of Moshi the Lelatema
Escarpment, where Precambrian is well exposed, marks the edge of the Masai Plains.
North of this line the Precambrian rapidly disappears beneath a cover of alluvium
and volcanic rocks while still a great distance from the main eruptive centres, the
summits of the monadnocks around Latema, about 30 miles from Kibo, being the
last exposures before submergence of the Precambrian is complete. The Pangani is
floored by alluvium and tuff over a wide area which completely obscures the Precambrian for a distance of about 37 miles from the Kibo centre. North of the Pare
Mountains, a group of monadnocks similar to those around Latema, form the last
outcrops of Precambrian rocks in this area. The small hills, Kifumbu, Latema and
Kibauni, lying about 25 miles from Mawenzi centre, are the last to be seen. Precambrian continues to be exposed round the eastern side of the mountain, appearing on
the Serengeti Plains from beneath the cover of Mawenzi lavas, some 25 miles from
the vent.
These outcrops on the south and east of Kilimanjaro are separated from those on
the north by the volcanic rocks of the mountain which extend westwards to meet those
of Mount Meru and north-eastwards to join those of the Chyulu Range. In this
volcanic tract evidence for the existence of Precambrian rocks beneath was provided
by ejected fragments in the small parasitic cone of the East Lava Hill at 14,350 feet.
Precambrian emerges on the north beyond the lacustrine expanses of the Amboseli
Plains about 35 miles from the eruptive centres. South of these plains only volcanic
rocks are known.
The surrounding Precambrian areas have been described in a number of publications
by the East African geological surveys (Joubert, 1957, Bear, 1955 and Bagnall, 1960).
4
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The rocks belong to the Usagaran System and comprise quartzo felspathic gneisses
and granulites and hornblende and biotite gneisses with locally thick crystalline limestone masses. The structural trend varies from NE-SW to NW-SE and the foliation
has generally a low dip. Only late stage faulting has been determined. There is no
evidence that Precambrian structure has had an important influence on subsequent
events in the area.
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PREVIOUS GEOLOGICAL WORK ON KILIMANJARO
A complete historical bibliography of geological work on Kilimanjaro is given by
Gillman up to the year 1944. It is therefore proposed to give only a general review.
The mountain was probably known by repute to the ancients and to the Arab traders
of the Middle Ages. It first reached the attention of Modern Europe as the result of
the explorations of Rebmann and Krapf in 1848. Subsequently a number of visits were
made to its slopes and attempts to climb its summit were made, notably by Johnston
1883. Its greatest explorer was, however, Hans Meyer who climbed it in 1887
and subsequently explored its slopes and summit regions in 1893 and 1898. During
the period of German control which ended in 1916 further exploratory visits of note
were made by Jaeger (1909) and by Klute (1920) who made the first surveyed map.
Between the wars, little of scientific interest was attempted and few ascents were made,
and it was not until the Sheffield Expeditions that a serious attempt was made to
geologically map and explore the region. This mapping was hindered by the poor
topographic control which was later remedied by the issue of the new topographic maps
by the Director of the Overseas Survey in 1964.
The geological observations of Meyer (1900), Klute (1920) and other early geologists
like Lent (1894) gave a broad and general picture of the structure of the mountain.
Klute's account was the most comprehensive and clearly recognised the main volcanic
features and the main rock types present. It was, however, in its nature a preliminary
description of the salient features. Some petrographic work was done by Lacroix
(1923), and a petrographic description was given by Finkh (1914) of several of the
main lava types. The location of most of the specimens is imprecise and their value,
like that of some of the early analyses, is thereby greatly reduced.
No recent work of note has been done other than that by members of the Geological
Survey of Kenya and Tanganyika. The mapping of the eastern flanks by Bear (1955),
and parts of the Amboseli area by Joubert (1957) are the most relevant. Some mapping
south of the mountain by Hartley and Orridge is of interest and is incorporated on the
geological map.
In 1965 the Geological Map of Kilimanjaro was published by the Republic of
Tanzania based on the work of the expeditions; it is accompanied by brief Explanatory
Notes (Downie and Wilkinson 1964, 1965).
More recently Williams (1967, 1969) has mapped the lower flanks in the Amboseli
region and described the chemistry of the main lava types.
FIELD ORGANISATION

The objective of the first expedition necessitated concentration on the upper region
of the mountain. Parts were relatively inaccessible and were visited only by rock
climbing expeditions. These areas comprised the upper summit of Mawenzi, the
Mawenzi Barranco, the south and west faces of Kibo, and the Ash Pit, On Mawenzi
we had the good fortune to be guided by the late Arthur Firmin who was later killed
in the Himalayas, but, even so, much of the Barranco and South Kibo remained
unvisited.
Rock coUeaing was limited by the distances and altitude, but samples were taken
of all major rock types.
Mapping was at first done on sketch maps, but later most of the mapping was done
with the aid of aerial photographs. The map of Klute was not found suitable as a base.
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The second expedition used aerial photographs for mapping, and had good
topographic maps of a few limited areas at the foot of the mountain. Much of the lower
mapping was speeded by the use of Land Rovers and the help of field assistants, but
in spite of this some regions were only cursorily examined. Of these, subsequent work
by Hartley and Orringe have added to our knowledge of the area south-west of Moshi.
Williams (1967) has mapped in detail the regions north and north-west of Mawenzi
and Sampson (1966) has re-examined the meerschaum mines at Amboseli.
Readings of volcanological interest were made on the summit plateau using max-min
thermometers, a continuously reading thermograph, anemometers, gas sampling
equipment, and pH meters. Glaciological investigations using ice drills, ice pegs and
photographic triangulation were also made. In addition, an accurate triangulation of
the mountain to give ground control for the aerial photography v/as carried out and
assistance was given in fitting this to the primary triangulation of East Africa.

Chapter Three

GEOMORPHOLOGY AND PHYSIOGRAPHY
REGIONAL GEOMORPHOLOGY
INTRODUCTION

In order to clarify the relationship of Kilimanjaro to the main features of East
African geology it is necessary to consider a wide area around the mountain. In this
area are found many varied and striking topographic and geological features, for
example it includes many other large volcanoes like Mount Meru, and Ngorongoro,
the main Gregory Rift in the Lake Natron area, the prominent Precambrian hills
of the Pare Mountains and Namanga area, and the extensive plains of the Kenya
Serengeti (fig. 3.1).
Much of the area discussed has been traversed by members of the expeditions but
away from the immediate environs of Kilimanjaro little systematic work has been done
by them. Consequently this account depends greatly on the study of published reports
and maps, especially of the geological and topographical Surveys of Kenya and
Tanganyika.
Surrounding Kilimanjaro, generally at a considerable distance, are isolated
mountainous regions composed entirely of Precambrian rocks. These regions are
usually sharply bounded by abrupt slopes leading down to the extensive plains also
composed of Precambrian rocks.
To the north of Kilimanjaro there lies the dissected plateau in the Namanga-Bissel
area, dominated by the inselbergs of Longido (8,625 feet) and 01 Doinyo Orok (8,359
feet). Further east near Sultan Hamud rise the lesser peaks of Email (5,953 feet) and
Katumbi. Rising above the Serengeti Plains to the east of Kilimanjaro are the Tsavo
Hills (reaching about 6,000 feet in height) and the Taita Hills (7,248 feet), while to
the south lie the Pare Mountains, attaining heights of 6,925 feet in their northern part,
and the Lelatema Mountains which reach 5,323 feet. Far to the west beyond the
Gregory Rift Valley the Precambrian rises to heights of 6,000 to 8,000 feet in the
Tanganyika Serengeti. Between these higher regions is an area measuring about 200
miles from east to west and about 80 miles from north to south, where the general level
is lower, ranging from about 2,000 feet in the south-east and in the Rift Valley to
about 4,000 on the Amboseli Plains. However, above this level, rise many volcanic
peaks, of which Kilimanjaro is by far the highest.
EROSION SURFACES

(a) High Level Surfaces: Various erosion surfaces have been recognised on and
around the Precambrian mountains, but no detailed account of the region as a whole
has yet been given. Joubert (1957) recognised high surfaces on 01 Doinyo Orok above
6,000 feet which he considered might be Jurassic and Cretaceous, a similar high level,
possibly Cretaceous, surface was found in the Sultan Hamud area, and undoubtedly
similar high level plains or relicts exist in the other highland regions but as yet they
are largely unrecorded. Dixey (1946) for example suggested that the high ground in
the Tanganyika Serengeti was a pre-Miocene residual. More recently, Pulfrey (1960)
8
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and Saggerson and Baker (1965) have discussed the erosion surfaces in Kenya. The
latter recognise the End-Cretaceous surface at heights of 4-5,000 feet in the Taita Hills.
The Pare and the Lelatema Mountains have not yet been examined in sufficient
detail to state whether any high level surfaces do exist there but their presence or
absence appears to be irrelevant to the history of Kilimanjaro other than to indicate
its age to be much younger than the end of the Cretaceous.
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(b) The Miocene Surface: Much more widespread are the lower surfaces, of which
there are two main developments. The higher has been variously referred to as the
African Surface, the Main peneplain of Tanganyika or the Sub-Miocene surface.
Dixey (1946) identified the Tanganyika Serengeti, the Masai Steppe and the plains
south and east of Nairobi as part of this surface, and the officers of the Kenya
Geological Survey have mapped it more or less continuously from the Kavirondo Gulf
and Lake Rudolf, where it is associated with Miocene sediments, into the NamangaBissel (Joubert 1957), Sultan Hamud (Searle 1954), and Southern Machakos (Baker
1954) areas lying about 40 miles north of Kilimanjaro. Pulfrey (1960) and Saggerson
and Baker (1965) have published contoured maps showing its development in Kenya.
It lies at a level of about 5,000 feet in the Namanga area but declines gradually south
and east towards the African coast. Its age is indicated by fossil evidence in the
Kavirondo Gulf and by isotopic dating of the Yatta lavas that overlie it in Kenya.
Remnants of this surface may be present on the Pare Mountains and on the Masai
Steppe but it has not yet been certainly identified in these areas.
(c) The End Tertiary Surface: A very extensive erosion surface at a lower level
has been traced continuously from the Northern Frontier District of Kenya to the
Tanganyika Boundary by the Kenya Geological Survey. It is bounded on the west by
rising ground leading up to the Miocene Surface about 500 feet higher. East of Mount
Kenya the boundary forms a well defined escarpment but in the Athi River area a broad
zone of dissected country separates the two peneplains. South-west of the Athi River
area the plain is interrupted by the volcanic Chyulu Range, but appears to emerge
beyond as the Amboseli Plains which rise westwards from 3,500 feet to about 4,000
feet below the mountains of Longido and 01 Doinyo Orok. Here also, it is separated
from the Miocene Surface by a broad belt of dissected country. Joubert (1957) is of
the opinion that the Amboseli Plains are part of the End Tertiary Surface, and this
plain appears to be continuous round the eastern side of the mountain into the Kenya
Serengeti which continues further into the widespread development of the surface in
the McKinnon Road area. The peneplain, therefore, extends up to the foot of the
Pare and Usambara Mountains in the west and passes still farther west between the
Pares and the Taita Hills into the Amboseli area (fig. 3.3).
The cycle of erosion was initiated in Miocene times and completed by movements
in Mid-Pliocene times (Saggerson and Baker, 1965). The time taken for the pediplanation to progress inland does not seem to have been very great, for the distal
portions, up to 400 miles from the sea, were completed by Lower Pleistocene times.
Thus it may be expected that the surface at Amboseli was developed relatively late,
but probably before Middle Pleistocene time.
(d) The Eyasi River System: Dixey (1946) has suggested that west of Kilimanjaro
the Miocene surface has been cut into by a great river system, which coincides to a
considerable extent with the present course of the major rift valleys. According to
Dixey, however, the valleys existed before the Lower Pleistocene rift faulting.
The main stream had its head waters in the Shinyanga district, about 300 miles
west of Kilimanjaro. It was joined from the south by the Wembera and continued
eastwards along the Eyasi Valley to the region north of Lake Manyara where it was
joined by tributaries from the Magadi-Natron valley in the north and the Manyara
valley in the south. The combined streams flowed east through a 50 mile gap between
the Sub-Miocene platforms and older residuals of the Longido and North Masai
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Steppe regions and must have merged with the broad extension of the End-Tertiary
surface in the Kilimanjaro-Amboseli area. Its further course is not certain; Dixey
(1946) suggested it turned south along the line of the present Pangani Valley, but, since
the Kenya Serengeti Plains are part of the End Tertiary Surface, it is more probable
that the river continued across them eastwards to the ocean, passing either between
the residuals of the Tsavo and Taita Hills or more likely between the Taita Hills and
the Pare Mountains (see discussion of Saggerson and Baker 1965). It is unlikely at
this stage to have followed the Pangani Trough which was probably initiated by
Pleistocene faulting. This valley system, which Kilimanjaro straddles, cuts into and
is therefore younger than the Sub-Miocene peneplain. By Middle Pleistocene times,
however, it had become divided into a number of separate basins with internal drainage,
in part dammed by lava barriers, for example around Lake Eyasi and Lake Manyara
(Kent, 1941, 1942). It therefore appears that deformation in the Lower Pleistocene
played an important part in forming these depressions.
SJ'OO'
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F I G . 3.3.—Contours of the surface of the Precambrian rocks. Where the contours are interpreted
they are shown as broken lines. The spot heights indicate the maximura height of the
Precambrian surface at this point. The heavy broken lines show faults that have
affected this surface, the dotted lines show the site of similar but less determined
faults.
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TECTONIC DEFORMATION

Saggerson and Baker (1965) recognise downwarping of Miocene Age in the rift
valley areas of Kenya, which was renewed and accompanied by faulting in the Upper
Pliocene. Insufficient data is available in the Tanganyika areas to separate the surfaces
in the way they have done, but here, Miocene movements, if any, were small and all
the deformation is to be attributed to the Pliocene.
Warping and faulting have been of great importance and the major topographic
and volcanic features in the area are closely related to this. The location of Kilimanjaro
is dependent on a complex structural framework asociated with rift faulting and
downwarping.
The Natron-Magadi Rift Valley lies about 90 miles north-west of Kilimanjaro.
A river yalley probably existed here in Pliocene times. It was, however, greatly
accentuated by Lower Pleistocene rift faulting and its floor has been lowered to below
2,000 feet above sea level at Lake Natron where it now lies some 4,000 feet below
the Miocene peneplain on the sides. West of Lake Natron the wall of the rift swings
away westwards and forms the north-west wall of the Eyasi Trough. The eastern wall
which is well defined west of 01 Doinyo Orok further south degenerates into several
faults with relatively small throws which curve round to run south-eastwards north of
Mount Meru. South of Lake Natron the north-south line of volcanoes in the main
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F I G . 3.4.—Form of the Precambrian surface shown by the drainage patterns. The broad lines
emphasize the watersheds.

14

Kilimanjaro

rift valley meets the east-west line running towards Kilimanjaro. In this region, many
faults have been mapped with prominent escarpments running N-S, E-W and
especially NW-SE (Dawson 1964).
The Manyara Depression however continues the N-S line of the Natron-Magadi
Rift southwards. It is flanked on the west by the prominent Manyara Fault Scarp,
but eastwards the land rises gently without any prominent features to the Masai Steppe,
which appears to be gently down-warped toward the Depression.
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F I G . 3.5.—Profile across the Pangani Valley near Nyumba ya Mungu.

Near the Ngorongoro group of large volcanoes the Rift Valley branches and
degenerates to the south into a block faulted region. The most prominent feature in
this area is the NE-SW trending Eyasi Rift Valley bounded on both sides by steep
straight fault scarps.
Immediately South of Kilimanjaro and about 100 miles east of the Manyara
Depression lies the Pangani Valley. It is bounded to the east and west by the steep
straight flanks of the Pare and Lelatema Mountains respectively. The valley has been
formed by down-faulting along NNW-SSE lines in Pliocene or early Pleistocene time
and is now about 20 miles wide and 3,000-4,000 feet deep, at the most. The floor is not
flat, but is divided into two levels, more or less along the middle. The eastern half of
the valley forms a bench at about 3,000 feet, 1,000 feet higher than the lower western
part in which the river flows. The bench forms a prominent plain (the Pangani Shelf)
from which rise the inselbergs of Luami, Kavitakwa and Baumann Hill; the lower
Pangani Valley forms an unbroken plain sloping up to the Lelatema Escarpment
(fig. 3.5). This stepped valley profile has probably been produced by a fault parallel
to those bounding the trough. Gillman (1933) attributed anomalies in the direction
and gradient of the river to faulting like this.
The Kilimanjaro Depression formed on the line of the Eyasi trunk valley but died
out where it met the Pangani Fault system. Evidence for the depression comes from
contouring the Precambrian surface across the vast area covered by lavas and tuff^s
around Kilimanjaro: these contours are shown on map 3.3. They show a depression
running eastwards from near Burko to end blindly north of the Pare Mountains at the
Maktau Dome (Saggerson and Baker 1965). Its floor over most of this distance lies
below 2,500 feet and near Kilimanjaro may be much lower. The drainage all along
its southern margin, from Lake Manyara to Lake Jipe, is from south to north; the
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single exception being the Pangani flowing in its faulted valley. On the north side of
the Depression the rivers trend in a direction from NW to SE (fig. 3.4).
Although the presence of a depression is easily recognised, its nature is obscure.
Volcanic rocks hide much of its edges and in some areas little is still known about the
geology.

FIG. 3.6.—Section from Namanga to the Pare Moimtains showing the basement level and
principal erosion surfaces in the Kilimanjaro area.

The southern edge has been shown on some maps to be faulted, but little direct
evidence of this was found. There is an abrupt drop of 4,000 feet at the north end of
the Pare Mountains and a drop of 500 to 1,000 feet north of the Leiatema Escarpment.
Further to the west the fault feature, if it exists, is buried under volcanics, and to the
east there is apparently no fault extending beyond the Pares.
The nature of the northern edge is even more difiicult to judge. North-west to southeast faults are common north of Meru and Guest (1953) shows faults with a similar
trend in the immediate area of Kilimanjaro. It also appears that the depression is cut
across by extensions of the Pangani Faults, dividing the Depression into blocks, greatly
obscured by volcanics and alluvium. The Kilema Zone is sited on the extensions of
the East Pangani Faults, which appears to die out beneath Kilimanjaro. The Rau
Depression is a continuation of the Pangani Trough and may be the deepest part of
the Kilimanjaro Depression. The West Pangani Fault is continued northwards by
smaller faults west of Moshi.
The Kilimanjaro Depression at its eastern end is terminated by the Maktau Dome,
an upswelling of the End-Tertiary peneplain recognised by Saggerson and Baker
(1965, p. 57). There is no sign of any faulting in this area.
North of Kilimanjaro the End-Tertiary Surface emerges with a thin cover of lavas,
tuffs and sediments as a flat horizontal plain with a few small inselbergs. The plain
is partly constructional, formed by lacustrine alluvial deposits, and lies at an altitude
not far below 4,000 feet over nearly all its extent, but slopes down silghtly to the east
near the Chyulu Range.
No faults comparable in size to the Pare and Pangani Fauks emerge north of
Kilimanjaro, but along much the same line on the higher ground north of Amboseli
several faults are recorded having a similiar direction but much smaller throw than
those south of Kilimanjaro (Joubert 1957). No other evidence of faulting has been
found and it is certain that no important faults have affected the area since Tertiary
Times.
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THE AGE OF DEFORMATION

The main faulting and folding post-dates the End-Tertiary Peneplain. In the Eyasi
Rift Valley the faulting is certainly pre-Middle Pleistocene (Kent 1942), and preceded
the main volcanicity in the vicinity of Ngorongoro and Essimingor which is probably
Lower Pleistocene in age. The main faulting therefore appears to be late Pliocene or
early lower Pleistocene, agreeing with the age given for the main rift faulting in most
parts of East Africa. Kilimanjaro is, for the most part at least, younger than the main
faulting, and since the greater part of its activity was in the Lower Pleistocene, the
disturbances appear to have been simultaneous over the whole area.
Renewed faulting can be shown to have taken place at the end of the Middle
Pleistocene times along one of the NNE faults in the Namanga area (Joubert 1957),
and along the extended West Pangani fault near Moshi probably in Upper Pleistocene
time. By comparison with the earlier disturbances these movements appear almost
trivial and the main topographic features, other than volcanoes, were established at
the beginning of the Pleistocene. Nevertheless, important and widespread faulting
affected the volcanic regions west of Kilimanjaro in the Pleistocene (Dawson 1965,
Pickering 1964).
THE VOLCANIC MOUNTAINS

The highest and most spectacular mountains in the area are volcanic in origin,
and include some of the finest volcanic scenery in the world. Kilimanjaro, rising
17,000 feet above its base is the largest of all, but the cones range in size down to the
numerous small spatter cones only a hundred feet or so high. Remarkable craters and
calderas occur in the area, notably the great caldera of Ngorongoro. Some, like Duluti,
near Arusha, and Chala, have attractive crater lakes.
These volcanic features are the latest addition to the scenery of the region, being on
the whole subsequent to the formation of the End-Tertiary Surface. The activity
continues to the present day and 01 Doinyo Lengai in the Natron Rift is still intermittently active. Others such as Meru and Kilimanjaro still retain volcanic heat and
may not yet be completely extinct.
The Pleistocene volcanoes are closely associated with the Main Rift Valley and the
eastern end of the Eyasi Rift. In all, ten major centres lie in this belt. A comparable
belt follows the Kilimanjaro Depression eastwards from Ngorongoro, including the
centres of Tarosero, Monduli and Meru; it culminates at Kilimanjaro where the
Depression meets the Pangani Rift. In addition to these two main belts, the volcanoes
of Kitumbeine, Burko and Essimingor are situated at the angles where the Depression
meets the north-south Natron-Manyara Rift. Altogether, twenty major centres occur
associated with the rift depressions and none occurs outside. The association of volcanic
and fault zones is very close, but in detail it is seldom that association of a particular
fault to a volcanic centre can be made.
SUMMARY OF THE PHYSIOGRAPHIC DEVELOPMENT AND THE RIVER SYSTEMS

The oldest erosion surface of any great extent in the region is the Miocene Peneplain.
None of it remains, however, in the immediate vicinity of Kilimanjaro and in the
surrounding area it has been considerably deformed by Plio-Pleistocene faulting and
warping. Over a wide area in Kenya this surface slopes gently to the east and the main
drainage on its surface is consequent on this slope. A trend to the south-east can be
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seen in the valleys on the Masai Steppe in Tanganyika, but the pattern in both areas
has been distorted by warping near the Rift Valleys.
The End-Tertiary Surface was initiated by upwarping in Miocene times, and rapidly
extended over a wide area of East Africa in the Pliocene. Over most of its extent it
also slopes gently and evenly to the east and the dominant drainage direction is
eastwards; today the main consequent rivers are the Galana, the Voi, the Lower
Pangani and the Lower Wami. The greatest of its consequent rivers however was the
Eyasi system, rising some 600-700 miles from the sea and flowing eastwards across
the site of Kilimanjaro. Hereabouts it emerged onto the main part of the peneplain
and passed through the gap between the Taita Hills and the Pares on its way to the
sea. Escape to the south was not provided until the Pangani Rift was formed in
Pleistocene times.
From Lake Manyara to Lake Jipe all the valleys run north into the Kilimanjaro
Depression with the sole exception of the Pangani. They rise on a watershed running
east from a point about 15 miles south of Lake Manyara, across the Masai Steppe
and the Pangani Trough, to beyond the Pare Mountains; they enter the internal
drainage basins of Manyara and Olgarwa Shambarai Swamp or flow into the Kikuletwa
or Ruvu Rivers. These streams may have originated as tributaries of the Eyasi trunk
stream, but the regularity of the watershed and limitation of such streams to that part
of the Eyasi Valley affected by the downwarping suggest that they are consequent
on the early Pleistocene downwarp of the Kilimanjaro Depression. The reversal of
drainage that occurred is clearly seen in the Tavangire and Ngeju Lolwai valleys near
Lake Manyara.
South of the Depression only the Pangani runs counter to the northwards drainage
direction. Dixey (1946) accepted it as the ancient outlet for the Eyasi drainage, flowing
in a valley dominantly erosional in origin. Gillman (1933) on the other hand emphasised
the faulted nature of the valley, explaining the river's sudden changes in direction
and gradient by the effect of crossing from one fault block to another. It is believed
that the valley originally was formed by faulting and the main Eyasi river, ponded into
several large lakes by the rift movement and downwarping, found its ultimate spillway
through the newly formed Pangani Trough.
Downfaulting in early Pleistocene produced basins of internal drainage in the
Eyasi, Manyara and Natron sections of the Rift Valley. Later movements and volcanic
activity accentuated the individuality of these regions and the volcanic piles have
closed off parts of the Kilimanjaro Depression, forming small but similar internal
basins at Olgarwa Shambarai and Liviseki between the Masai Escarpment and the
large volcanoes. The Amboseli Basin was formed in a similar manner by the growth of
Kilimanjaro across the southward drainage. The active western tributaries of the Athi
have cut back into this plain whose main outlet is now through the Tsavo River
gap south of the Chyulus.
THE MERU LAHAR FIELD

Between Meru and Kilimanjaro the surface is formed by a thick deposit of boulder
beds giving rise to a striking topography of irregular rounded hummocks 20 to 100
feet high, without any apparent regularity in pattern. There is practically no drainage
in the area and several small lakes are ponded up between the hummocks.
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These deposits extend from the eastern flanks of Meru to abut against Kilimanjaro
near Sanya Juu (fig. 2.1). They stretch from Tinga Tinga in the north to the ArushaMoshi railway in the south, covering in all about 550 square miles. From about 4,000
feet altitude near Sanya Juu the lahar field rises steadily to about 5,500 feet below
Meru and then funnels rapidly upwards towards the great break in the crater wall.
In the gorges of the Sanya River and the Engare Nanyucki the lahar exceeds 100
feet in thickness and contains boulders of lava generally 3 inches to 2 feet in size, but
much larger boulders, 20 to 30 feet across, are occasionally seen. There is little sign
of bedding in these deposits.
Towards the edges of the lahar, lobes of sludge emerged forming mud-flows in
front of the main mass. These are well developed near Dutch Corner. Elesewhere,
lateral erosion has levelled the mounds but at the edges of the plains larger boulders,
often as large as a house, remain as residuals having the startling appearance of large
erratics sitting on a flat alluvial plain. Notable examples of these are to be seen south
of the railway on the Naberera road and on the Sanya Juu-Longido road west of
Engare Nairobi.
THE PHYSIOGRAPHY OF THE MOUNTAIN
GENERAL FORM

It was clear to the earliest explorers that Kilimanjaro was a triple volcano, the three
centres lying in a WNW-ESE line, their bases overlapping (Meyer 1900). Thus the
broad form is that of a ridge, supported on an ellipsoidal base measuring 60 miles
by about 40 miles. From this ridge, two of the centres rise as conspicuous but
contrasting peaks; Kibo, the middle centre reaching 19,340 feet and Mawenzi the
eastern one reaching 16,896 feet. The remaining centre, Shira, forms a broad plateau
west of Kibo.
Shira has been built from a single central vent, the summit of which has at a late date
collapsed forming a caldera. The deviation of Shira from a regular cone is never great
but a number of irregularities require explanation. Except where parasitic zones exist
the greatest concavity is at 7,000 to 8,000 feet, marking the site of most intensive river
erosion where the river gorges are deepest. The concavity is especially strongly
developed on the southern flank, and above it an erosional escarpment has a tendency
to develop. Kibo lavas overlap onto the Shira cone north of the Engare Nairobi river
and on its southern flanks. The 01 Molog area on the north and the Kibongoto area
to the south-west are regions where older deeply dissected and weathered lavas protrude
from beneath the skirts of Shira cone. They, with the Kilema Zone of Mawenzi, are
the only visible evidence of the oldest activity of Kilimanjaro area.
Mawenzi also is clearly constructed from a single main centre (though this is knov/n
to be complex). There is a marked concavity between 7,000 and 8,000 feet due to
river erosion and a higher one due to glacial erosion at about 13,000 feet. A welt of
parasitic lavas extruded from the Rombo Zone on the south-east side exceeds 2,000
feet in thickness at the 6,000 feet level. The Kilema Zone is a remnant of one of the
oldest of Kilimanjaro's volcanic centres appearing from beneath the toe of Mawenzi's
cone on the south-west side. On the north and west sides lavas from Kibo overlap the
cone, but on the south side this overlap is notably less. West of the Kilema Zone is
situated the Rau Depression, a broad recess in the mountain behind Moshi, drained

Geomorphology

and

Physiography

19

by the River Rau and flanked on the east by the steep, deeply dissected Kilema Scarp.
It may be delimited on its east side by an extension of the East Pangani Fault.
Kibo presents a rather more complex picture than the other centres, partly because
the cone lies between the other centres. Consequently, below 13,000 feet, only its
northern and southern slopes conform approximately to a typical cone shape; to the
east and west the lavas were dammed up and diverted by the pre-existing cones of
Shira and Mawenzi. Concavity of the slope caused by river erosion occurs as in the
other cones at 7,000 to 8,000 feet and another concavity at 13,000 feet is due to ice
erosion. Thus the northern and southern slopes have a notched profile separated by a
bench at 11,000 to 12,000 feet where the main glacial deposits are located. Erosion
on the southern slope is much greater. This is true also on the southern slopes of Shira
and Mawenzi and is attributed to the greater rainfall and run-off on this side, but the
lower base level on this side may be a contributory factor.
The upper part of the cone has welts 1,000 to 1,500 feet thick running down the
SE and NW slopes respectively. These are the sites of important flank emissions of
the Lent group.
Kilimanjaro therefore closely conforms to the geometric form developed by the
growth of three volcanoes equally spaced along a line. The flanks of all are similarly
concave with slopes of 1 to 4° below 4,000 feet steepening to about 10^ at 7,000 feet
and to 15° at 13,000 feet. Above this level the individual cones have steeper slopes
averaging about 30°. Two concave notches are cut into these slopes, one at 7,000 to
8,000 feet is due to river erosion and is more pronounced on the south side, the other
at 13,000 feet is due to ice erosion. Apart from this the only important divergence
from regularity is due to flank eruption and to the protruding Kilema Zone.
GENERAL DRAINAGE PATTERN

Except below the glaciers of south-west Kibo the valleys above 12,000 feet are dry
for a large part of the year, most of the water being supplied by springs below this
level or by rainfall in the forest zone. For this reason the depth of the valleys and the
amount of their flow is not proportional to their length, many of the deepest valleys
beginning abruptly in the forests with steep heads formed by spring sapping.
The greater aridity of the northern slopes is reflected in a sparser network of valleys
on this side, in their shallower cross-section and in the general absence of running
water above 10,000 feet.
The valley pattern is dominantly radial, with dendritic drainage nets on the facets
separating the long valleys. Important deviations from this pattern will be discussed
in the following sections dealing with specific regions of the mountain.
DETAILED PHYSIOGRAPHY OF SHIRA

Shira forms a remarkable upland plateau 12,000 feet above sea level on the
former site of its crater. The plateau is bounded on the west by a continuous wall,
rising to 13,000 feet, and on the south by a similar but more broken ridge forming the
Shira Cathedral and Needle. These are remnants of the crater rim, but erosion has
caused them to withdraw considerably from their original position. To the north and
east the rim had been eroded to below 12,000 feet and rhomb-porphyries and rectangle
porphyries from Kibo have flooded over and completely obscured it. More recently,
headward erosion by the Kikafu on the south flank has breached the wall west of the
Shira Needle and produced the very sharp arete between the Needle and the Cathedral.
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Here, at the extreme eastern end of the ridge active erosion is encroaching on the
plateau.
On the plateau, the most conspicuous feature is Platzkegel (Cone Place on recent
maps), the remnant of a smaller cone, lying within the "Somma ring" of Shira and
having the same centre. Platzkegel is a rounded horseshoe ridge, opening to the north,
about a mile across and 600 feet high.
The drainage of the region is part of a catchment area embracing the whole of west
Kibo and the Galuma Plateau as well as the Shira Plateau. It is bounded to the north
by the welt of phonolite from the Lent Group and by parasitic cones of the North
Shira Zone. To the south and west it is limited by the Shira Ridge and the moraines
of the Oehler Valley. The whole area, about 10 square miles, has its single outlet
through the gorge of the Engare Nairobi at the north end of the Shira Ridge. The
western valleys of Kibo are radial to Kibo centre: they are joined on Shira Plateau
by streams flowing north on either side of the Platzkegel. On the floor of the plateau
they meander over wide spreads of sandy alluvium, among fluvoglacial outwash sands,
solifluxion gravels and considerable spreads of loamy peat west and north of Platzkegel,
before eventually uniting and debouching westwards into the Engare Nairobi gorge.
The flanks of the Shira volcano are limited to north and south by the enveloping
flows from Kibo, the northern limit being at the Engare Nairobi North, the southern
approximately at the Kikafu. It is a thickly afforested area with closely spaced radial
valleys over 1,000 feet deep, separated by sharp ridges. The heads of these valleys
terminate abruptly below the Shira Ridge and the Shira Cathedral. On the south side
the cliffs at their heads are about 1,000 feet high and have a distinct corrie form. The
valleys above 10,000 feet have a U-shaped transverse profile.
The depth of dissection and maturity of the river valleys is greater in this area
than almost anywhere else on the mountain, which may in part be due to the high
rainfall in the area, but is more likely the measure of the great antiquity of these
slopes.
The radial drainage and regular deep straight valleys are interrupted by a mass of
basalts at a low level near Kibonoto at the south-west corner of Kilimanjaro. Here the
rivers are deflected and follow a more sinuous course than elsewhere on Shira's flanks:
their valleys are also deep. The basalt zone is an old one and craters of parasitic centres
occurring in it are almost completely degraded.
South-east where the Kibo rhomb porphyries sweep obliquely across the flanks of
Shira, their edge is followed more or less faithfully by the trunk stream of the Kikafu.
This stream collects in turn all the radial streams flowing south and south-east from
Shira.
Along the foot of the western slopes of Shira a broad flat gently sloping plain
stretches from the Engare Nairobi south to Kibongoto. The plain is formed by
coalescing fans and sheets of piedmont alluvium, bright red in colour and varying in
coarseness from boulder deposits to silty clay. These beds finger up the valleys into
the forest and merge there into the residual and alluvial deposits on the ridges. Deep
gorges have been cut through these deposits exposing sections up to 300 feet in
thickness. Nodular limestone bands in the beds frequently pass into thick calcareous
deposits around the parasitic cones.
Westward this red alluvium passes under the Meru lahar approximately along the
line of the road from Sanyu Juu to Engare Nairobi. The junction is, however, usually
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obscured by very recent alluvium and lacustrine deposits formed when the westerly
drainage of Shira was ponded by the iVleru lahar. The lakes have all been filled and
drained and their sites are marked by conspicuous flats. River terraces and flats south
of Engare Nairobi mark the downcutting of the rivers since the Meru lahar flood.
Before the lahar it is probable that the drainage of the western side of Shira was
collected by a southerly flowing stream rising near the south-west corner of Amboseli
and joining the Pangani headwaters near Arusha. The growth of Meru and the great
lahar completely obliterated this river system and a watershed was formed near Dutch
Corner to the north of which all the rivers are collected and carried towards Amboseli
by a stream, the Engare Nairobi, flowing at the edge of the lahar; to the south a
similarly situated stream, the Sanya, carries them to the Kikuletwa, thence to the
Pangani. Because of the lower base level and the greater rainfall, the southerly flowing
Sanya system is developing at the expense of the northerly flowing Engare Nairobi.
A number of sporadic cinder and lava cones occur low down on the west flanks
between the North Shira Zone in the north and the older Kibongoto Zone in the south.
The more westerly ones have been partly buried under the Meru lahar.
DETAILED PHYSIOGRAPHY OF MAWENZI

From the plains the summit of Mawenzi is a rather insignificant eminence on the
eastern shoulder of Kibo but nearer at hand it is a striking rocky peak with cliffs on
all sides ranging from 2,000 to 5,000 feet in height.
It is the remnant of a volcanic cone, forming a horseshoe-shaped ridge open to
the north-east, having its highest peaks on the western arm. The original cone and
crater are not exactly identifiable with any of the present topographic features, but the
western ridge, with the highest summits about 17,000 feet and the slightly lower South
Peaks, if not actual remnants of the original crater wall, closely mark its site. The eastern
and northern rims, however, are reduced to below 14,000 feet and the peaks on the
eastern arm of the horseshoe bear little relationship to the site of the crater walls in
that direction.
The centre of the horseshoe is occupied by the Great Barranco, the upper part of
which occupies the site of the main crater. One of the plugs now emerges as a gigantic
pillar from the side of the upper Barranco showing that reversal of topography is
beginning to take place.
The valleys around the peak are essentially radial and have been heavily glaciated
above 12,000 feet. Those rising on the western and southern ridges terminate upwards
in large scree-filled corries and lower down all are typically U-shaped with prominent
lateral moraines. Glacial erosion has carved a bench at 11,000 to 12,000 feet and at
its outer edge the main terminal moraines are located. About this level the streams
enter deep gorges which extend down to the plains and reach their maximum depth
of 500 to 600 feet at about 8,000 feet.
The most striking exception to this regularity is the north-east flowing Terekoa
which drains the Great Barranco. This feature is a great excavation on the site of the
main crater. It is bounded by cliffs 3,000 to 5,000 feet high on all sides and drained
to the north-east through a narrow vertical walled gorge 3,000 feet deep. The upper
part of the Barranco is drained by several streams focusing at a point below Liebert
Peak before emerging through the gorge. These tributary streams are practically
inaccessible in deep gullies with gradients of 30-45° and no way was found across the
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main valley. Below 8,000 feet the Barranco loses its distinctive character and the
Terekoa emerges on the flanks indistinguishable from any of the other radial streams.
Klute (1920) attributed the formation of the Great Barranco to paroxysmal explosion
but its origin was associated with a great lahar flow, though it appears subsequently
to have been greatly moulded by river and ice erosion. Towards the end of Mawenzi's
activity the north-east segment of the crater wall foundered forming the Mawenzi
Lahar. All the drainage in the crater then went through the gap thus formed. The
augmented stream had a greater catchment than the other radials, an advantage added
to by the occurrence of more friable rocks on the north-east segment of Mawenzi (the
upper cone in this region is constructed almost entirely of agglomerate and lavabreccia). This has enabled the Terekoa, and its tributary in the Little Barranco to cut
downwards much faster than the other radial streams. The high rate of erosion in the
upper Barranco is maintained. Rock falls are almost continuous, and almost all traces
of the last glaciation have been removed. Erosion at the head of the Barranco is
capturing the headwaters of the eastern and southern streams and the peaks on this
part of the ridge are separated by beheaded valleys.
This erosion has not been without interruption for all the tributaries of the Barranco,
like the other valleys of Mawenzi, show signs of recent rejuvenation. An alluvial terrace
composed mainly of boulders forms a narrow bench along one side of the Great
Barranco and remnants of it cap some of the interfluves at 13,000 feet. Similar beds
occur in the Little Barranco and correspond to the valley fill found in most of the
Mawenzi valleys. These deposits are attributed to the post-glacial dry phases; the gorge
cutting to later wetter phases, like similar valleys in the Andes (Garner, 1959).
Among the other valleys of Mawenzi, the Little Barranco, separated from the Great
Barranco only by a narrow ridge, is the only one comparable in depth and steepness
of wall. This is attributed to its favoured situation where solid lavas are poorly
developed. Apart from this the only anomaly is the Three Kings Valley whose upper
part, above 13,000 feet, cuts obliquely across the south slopes of Mawenzi, beheading
the South Valleys, the Forster Valley, and the Three Peaks Valley, it has short, but
broad tributary valleys entering from the south ridge of Mawenzi which seem to be
the heads of the captured radials. This transverse valley may have developed at the
north edge of the Rombo parasitic zone.
The form of the cliffs and the rock scenery is controlled largely by dykes and major
joints. Concentric and vertical radial joints and outwardly dipping bedding planes,
among which are two prominent beds of fine tuff, have played an important role in
determining the shape of the summit area. The ridges have the form of massive
prismatic blocks, joint bounded, with outwardly sloping tops, a style most expressively
displayed by the Nord Decke, the peak at the north end of the Main Ridge. For the
same reason the plan of the corries is notably rectilinear. The dykes are almost
invariably harder than the agglomerate and flow breccia in which they occur, so that
they stand out on the ridges as walls and pinnacles, often over 100 feet high. At the
southern side of the Barranco where the main dyke swarm is parallel to the slope a
gigantic stairway has formed, with vertical dykes up to 200 feet high as risers, and
relatively narrow treads of country rock.
The flanks of the Mawenzi volcano are exposed on the eastern side of Kilimanjaro
from Laitokitok in the north to Kilema in the south. It here forms part of a regular
cone except where covered by the Rombo parasitic zones on the south-east side. Between
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the Rombo Zone and the Kilema Zone is a broad recess extending from Himo to
Marangu, drained by the Wona (Ghona) and Mue.
The drainage is radial except where the Rombo and Kilema Zones have influenced
the pattern. The Rombo Zone is an important watershed on the south-east slopes
diverting the streams to the east on one side and to the south on the other. The Kilema
Zone with its parasitic cones is also a watershed. Drainage on its west side flows mostly
south-west in deep gorges into the Rau system which drains the Rau Depression. On
the east it is bounded by the Mue.
In the upper part of the forests the radial rivers flow in gorges generally 400 to 500
feet deep. Those on the south side have water all the year round up to about 11,000
feet but the aridity of the northern slopes is marked by the progressive lowering of
the level where flow begins to about 8,000 feet. But the deep valley of the Barranco,
having cut so far down into the cone has an abundant permanent supply of water.
As on Shira, the lavas of Eastern Mawenzi pass beneath a thick cover of reddened
gravel and boulder beds forming a continuous even plain that extends from the
Terekoa south to the Rombo Parasitic Zone. These piedmont deposits extend up to
4,000 feet where they begin to finger out up the valleys. Their downhill extent is not
known but they appear to have thinned away before reaching the Kenya-Tanganyika
boundary as no mention is made of their presence in the description of the Taveta
District (Bear, 1955). The rivers crossing this plain do so in deep gorges, sometimes
with associated terraces and boulder beds. In some valleys the thickness of red alluvium
exceeds 100 feet.
North of the Terekoa River the bare surfaces of rhomb-porphyry lava flows from
Kibo mark the onset of the northern lava fields, but north-eastwards towards the
Chyulus the Mawenzi lahar forms a great spread of mounded boulder beds, which
extend as a broad north-easterly trending tongue as far as the Tsavo where it passes
beneath the Chyulu lavas (Temperly 1960).
The Rombo Zone forms the eastern limits of the alluvial plains to the south of
Kilimanjaro. It is a broad south-east trending ridge running towards Taveta, dominated
by scoria cones often hundreds of feet high and generally of fresh appearance. Isolated
cones extend onto the Serengeti beyond Taveta but on the main part of the ridge they
are closely packed in clusters and short chains. Lake Chala occupies a diatreme crater
near the foot of the ridge and is a unique feature of the Kilimanjaro region.
The rivers flowing down these eastern slopes encounter the western slopes of the
Maktau Dome and are collected by the Upper Tsavo flowing north through the Tsavo
gap and by the Lumi flowing south to join the Ruvu system. The watershed in the
region of the Ziwani Swamp has drainage indifferently to north or south. These rivers
are augmented by several large springs issuing from the lavas near their contact with
the underlying Precambrian.
Surrounding the lower Rombo Zone is an apron of grey tufifaceous sand of fairly
recent age. On the north side it is confined to a small area north-west of Lake Chala,
but on the southern side it slopes south and west across the Himo Block where it laps
round the Precambrian inselbergs, extending as far as the Ruvu River in the south
and the Mue in the west. Its surface is flat and even conforming exactly to the bedding
within, it is undissected except where the main rivers cut through it in small gorges.
These grey sands give place to thick deposits of red piedmont alluvium near Himo.
The red deposits extend up to above 4,000 feet where they begin to finger out up the
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valleys. In the gorges of the Mue and the Himo at about 3,000 feet they are over 80
feet thick and are identical to the red deposits on the eastern slopes of the mountain.
They form the long even slopes leading up from Himo to Marangu through which
the Mue and Himo have cut their gorges. Each of these rivers has associated terraces
cut into this alluvium; near Himo the higher one is strewn with large boulders.
The drainage of the Marangu area is either collected by the Himo River, or
disappears into the grey tuffaceous sands. In the latter case it reappears at the Kitovo
Springs near Taveta, so that all eventually join the Ruvu River flowing from Lake Jipe.
The extreme west of the Mawenzi area is marked by the Kilema Zone with the
Kilema Parasitic cones on its upper side. The zone lies on a line that leads to the
western fault escarpment of the Pare Mountains. The line is marked by rising ground
above the 2,500 feet contour and by parasitic cones of the Kilema Zone on the plains.
In addition, the edge of the Himo Block is marked by deflection of the Mue River
westwards into the Rau Depression and by the appearance of numerous prominent
inselbergs of Precambrian, notably Kifumbo, Latema and Mokinini indicating the
northward downfaulted extension of the Pares.
At its base the Kilema Zone passes underneath another spread of red alluvium that
also fingers up the valleys and passes into a thick lateritic regolith on the ridges and
valley sides. Over 60 feet of red pebbly and sandy alluvium have been seen in the river
gorges at about 2,500 feet. Across the Rau River to the west it is replaced by bare lava
plains of rhomb porphyry from Kibo in exactly the same manner as at the Terekoa
on the north-east corner. To the south it is overlain by the recent alluvium of the Kahe
plains.
DETAILED PHYSIOGRAPHY OF KIBO

The Summit of Kibo. Kibo, the highest point in Africa, stands 16,000 feet above
the surrounding plains and its bulky ice-covered cap dominates Kilimanjaro from all
sides except the east. The form of the summit plateau is determined almost entirely
by volcanic processes, its relative youth and the protective névé field having preserved
it from destruction by erosion.
The cone rises from a broad pediment carved in its flanks by ice erosion at 12,000
to 13,000 feet. The sides slope at 25° to 35° on the north and east sides (more steeply
on the west and south) up to a broad flat circular summit about 2 miles in diameter.
The summit is formed by a large caldera partly rimmed by a circular fault scarp
up to 600 feet high. In the centre of the caldera is a deep pit marking the site of the
final vent, which lies within a lava cone sloping down from 19,000 feet to the foot of
the caldera scarp at about 18,000 feet. A small inner caldera (the Inner Crater)
surrounds the vent.
The features within the main caldera are almost perfectly preserved in spite of their
age and high altitude. Frost shattering has produced a skin of fragmented rock over
the lavas and below Leopard Point a gulley has been cut in the angle between the
inner cone and the caldera wall leading towards the Hans Meyer Notch, otherwise the
features are preserved as they were when volcanicity ceased. This is explained by the
presence until very recently of a protctive cover of stagnant ice in the caldera.
The caldera wall is well preserved on its southern side but it was breached at
several points on the east. Notches on the eastern side were probably formed by streams
immediately after the activity associated with the Inner Crater group ceased and were
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F I G . 3.7.—The drainage pattern of the mountain area, showing the main watersheds and
morphological units. The zones of parasitic cones form the watersheds at Kibongoto,
North Shira, Kilema and Rombo. The Kikafu line marks the boundary between the
Shira cone and the south flanks of Kibo, the Rau River line that between the south
flanks of Kibo and the Kilema Escarpment. The Rau Depression is the hollow between
the Kilema Escarpment and the Moshi Block. The boundary between the Moshi Block
and the south flanks of Kibo is marked by the deflection of drainage from SSW to SE.
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widened by ice in the succeeding glaciation. The Great West Notch was formed even
earlier, probably at the onset of the Inner Crater activity, by rock falls and landslips
into the Barranco below. The low northern rim was lagely overtopped by lavas from
the Inner Crater cone, and was subsequently planed flat by glaciers moving onto the
northern slopes.
The northern and eastern slopes of Kibo are only slightly modified from their
condition when the Inner Crater flows solidified. Down these slopes most of the lava
flows can be traced continuously, and are separated only by shallow valleys. Original
volcanic forms are evident everywhere, in the details as in the whole. The relative
absence of erosion in this area is due to its being sheltered from the prevailing winds
so that precipitation is very low. Consequently even during the last glaciation the ice
was relatively thin and inefi'ective, and today, in contrast to the south-west slopes, the
ice has almost disappeared and the slopes are very arid.
Shallow glaciated valleys are however recognisable, mainly on account of their lateral
moraines, and the valleys between the flows are largely filled with solifuxion gravels
and fluvo-glacial outwash sands. These ribbons of sediment broaden and coalesce to
form a more or less continuous apron at about 12,500 feet. These gravels and sand
form an unbroken plain marked by solifuxion patterns sloping down over the Saddle
from 15,000 to 13,000 feet spreading into the more westerly of Mawenzi's glaciated
valleys.
The southern slopes of Kibo have been greatly steepened and incised by ice and
river erosion. The glaciers have cut deeply into the cone at about 13,500 to 14,000 feet
forming a bench backed by cliffs 3,000 feet high with thick glacial deposits at its
lower edge. On the south side, cliffs form an unbroken wall from the South-East
Valley to the Breach Wall (or Breschenwand) and are capped by the southern glaciers
which pour over them in four main streams, elsewhere they terminate in 300 feet
cliffs from which ice falls are frequent. On the bench below lies a sheet of moraine
and outwash gravel, interrupted by large heavily glaciated valleys, like the South-East
Valley and the Garanga Valley. In contrast the eastern slopes are undissected and a
striking change takes place abruptly north of the South-East Valley. The western slopes
are also sharply defined by the beginning of relatively undissected slopes north of
the Credner Valley. Like the southern side, it is deeply dissected and glaciated with
steep cliffs overlooking relatively gentle slopes with thick glacial deposits. The upper
edge of the glacial bench here lies about 14,000 feet; it declines west and south-west,
forming the long sloping Basis Plateau of Klute leading down to Shira and the
Machame Escarpment. Much of it is bare rock with a patchy covering of outwash
sands and gravels.
The most deeply eroded part of Kibo lies between the Oehler Valley and the Breach
Wall. Here is to be found the Barranco of Kibo, a valley resembling its namesake on
Mawenzi only in name. It is a broad flat depression bounded by cliffs below the
Bastion on the west. At its head, cliffs of syenite form a more or less continuous wall
300 feet high. Both the Breach Wall and the Bastion cliffs are more or less radial so
the Barranco widens downwards. The Breach Wall is a line of cliffs 2,000 feet high
between 18,000 feet and 12,000 feet with its regularity broken by benches and slot-like
recesses. The Bastion Cliffs are broken and less steep, dying out downwards about
14,500 feet. From its foot enormous moraines sweep round to close the valley, meeting
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the Breach Wall at 12,500 feet. Here the Umbwe has cut a gorge through which all
the Barranco drainage now escapes.
The floor of the Barranco is relatively even, paralleling the dip of the lavas, in its
widest part at about 13,500 to 14,000 feet, a large erosion window exposes the oldest
visible rocks of Kibo. The floor is partly covered by flows of Inner Crater phonolite
and by glacier remnants which entered through the Great West Notch, at the head of
the Barranco.
In spite of its rectilinear form the Barranco does not appear to have been formed
by faulting. The floor of the Barranco was controlled by boulder beds among the
lavas which can now be seen at the foot of the Breach Wall. The sides were determined
by vertical radial points and the head by fractures parallel to the vertical syenite
contact. It is probable that during earthquakes associated with the formation of the
summit caldera this segment of the cone slid out. The debris (now removed by the
active erosion of the Upper Weru Weru and Umbwe) for a time formed a barrier
which deflected the drainage as well as the Inner Crater lava flows and the Barranco
glacier towards the Breach Wall and into the Umbwe gorge.
Among the lesser topographic features of this region are several prominent rocky
peaks, such as the Oehler Ridge, the Hans Meyer Ridge, the Lava Tower and the
Lava Kopf, first named by the German cartographers. All of these are erosion residuals
of massive lava flows. A more prominent feature is the Lent Group with its magnificent
surrounding corries; it is formed entirely of a great mass of phonolite near its point
of emergence on the flanks of Kibo.
The valley pattern on Upper Kibo is radial. The radial valleys of the northern
slopes run towards Amboseli. The drainage of east Kibo and the Saddle swings northeast with the Kibo lava flows down the north flanks of Mawenzi into the Tsavo
system. The Saddle Cones form the watershed on the Saddle and the streams rising
below them find their way into the Mue River on the Marangu Facet. All the streams
on the south, from the South-East Valley to the Kikafu, are radial and eventually flow
into the rivers west of Moshi. An indistinct watershed lies along the ridge west of the
Oehler Ridge. Between this and the North Shira watershed the valleys run onto the
Shira Plateau and then into the Engare Nairobi.
Below 13,000 feet Kibo has only a northern and southern flank for at this level
it merges into Shira on the west and Mawenzi on the east. The northern flank extends
from the Engare Nairobi to the Terekoa. It is very arid with only a narrow belt of
forest. The valleys are relatively shallow and widely spaced with perennial flow only
from about 8,000 feet down to about 5,000 feet. Erosion is minimal and over a large
part of this traa the original form of the lava flows has been preserved and the flows
frequently form conspicuous and continuous topographic features. Most notable is the
group of large tunnel flows of nepheline rhomb-porphyry from north-east Kibo thought
by Meyer (1900) to be a belt of recent eruption.
These slopes ease off gradually, passing on to the Amboseli Plains at about 4,000
feet. The valleys which lie between the lava flows are shallow and dry for most of
the year. Red piedmont alluvium such as occurs on the lower slopes of Mawenzi and
Shira is generally absent and the surface is mostly formed by lava with a thin soil.
These undissected lava surfaces extend down to the plains at 4,000 feet where the
dry gullies become increasingly filled with coarse grey sand and gravel. Eventually
these deposits coalesce forming more or less continuous sheets in the Sinya region
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and finally pass under or into the dry lake bed of Amboseli, the relationships with the
lake sediments here being unknown.
Several parasitic scoria cones occur, mostly related to the broadening 01 Molog
Zone, but sporadic individuals occur much farther east on the plains. In addition, a
number of isolated inselbergs of Precambrian emerge through the cover of lava and
sediment, the most prominent being the Seven Sisters (Loorukuruko) west of Sinya.
There is practically no surface water at the present day but dry valleys indicate
the drainage pattern of wetter periods. The drainage of north Kilimanjaro passed onto
the End-Tertiary Surface of Amboseli where it now enters a series of lakes and swamps
of which Amboseli is the largest. Before the Meru lahar dammed the exit round
west Kibo, some of the drainage west of Sinya escaped into the Pangani System this
way. The remainder passed eastwards towards the Tsavo.
The Amboseli lake system was formed when Kilimanjaro lavas ponded the Namanga
River. It gained the drainage of north Kilimanjaro and extensive spreads of alluvial
and lacustrine sediments accumulated, levelling off the already peneplained Amboseli
Bench. The lakes spilled over eastwards north of the Mawenzi lahar into the Athi
River. At a later date faulting and the growth of the Chyulus diverted the outlet
farther south into the Tsavo near Mzima Springs where it now lies.
The southern flanks in contrast are steeper, longer, more deeply dissected and more
varied. The rainfall is higher and the forest is thick and extensive between from
5,000 feet and 11,000 feet.
Kibo lavas cover less of this flank of Kilimanjaro than on the north, their spread
being restricted to the region between the Kikafu and Rau rivers. This asymmetry is
due to the presence of the Rau Depression.
The rivers of South Kibo are radial down to about 10,000 feet, and enter deep
gorges near the large terminal moraines at 10-12,000 feet. These gorges deepen often
to over 1,000 feet especially about 8,000 feet. They have formed the Machame
Escarpment by headward erosion, and a similar but less defined escarpment is present
east of the Breach Wall. These rivers are the largest and most active on the mountain
and are capturing the drainage of Shira Plateau which now enters the Engare Nairobi.
Below 10,000 feet the rivers begin to change direction, swinging round to converge
towards Moshi; the lavas behave in a similar manner. The change in direction can be
explained as another consequence of the down sinking of the Rau Depression.
The eastern side of the Depression is formed by the Kilema Zone whose southwesterly drainage is collected by the Rau. Its upper edge deflected Kibo lavas to
either side, a few flows passing east on to the slopes of Mawenzi, the bulk flowing
into the Rau Depression. The drainage is similarly deflected.
Although the dissection has been very great on the south side of Kibo it has from
time to time been repaired by floods of lava and the appearance is less mature than
the flanks of Shira. Floods of phonolite in particular have behaved in this way, filling
up older valleys and producing a more even surface. They have now been cut through
by great gorges, but the interfluves form flat planezes where the original flow forms
can readily be traced. This is particularly well displayed by the traa drained by the
Kikafu immediately east of Shira, and to a lesser extent below the Klute Valley east
of the Umbwe. Elsewhere the flows are older and original features scarcer and less
well marked. South of Kilimanjaro are wide plains where rivers from north, east and
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west converge to pass down the Pangani Valley between the Pare Mountains and the
Lelatema ridge.
From the east the Ruvu River, after collecting the overflow from Lake Jipe, and
the drainage from east and south Mawenzi flows west across the north end of the
Pare Mountains. Its course is through wide papyrus swamps about 2,300 feet above
sea level where there was once, according to Meyer (1900), a more extensive lake
100 feet higher than the present swamps. Lake limestone has been recorded by Hans
Meyer in the Ugueno Circus at the north end of the Pares and at a point 100 feet
above Jipe. These observations lack confirmation but, if true, they imply recent relative
downward warping of the Pangani Valley for no trace of a barrier at this height exists
anywhere downstream.
The Ruvu turns southwards when it crosses the East Pangani Fault to flow over the
Pangani Bench. It is here joined from the north by the Rau and Mue draining the
Kilema region and by a river flowing north along the East Pangani Fault. The Ruvu
eventually joins the Kikuletwa near the line of the Mid-Pangani Fault about 25 miles
south of Moshi to form the Pangani River.
In the west the Kikuletwa flows eastwards across wide alluvial plains at about 2,900
feet. These lie between the north edge of the Masai Steppe and the Meru lahar field
and slope gently east at a gradient of 1 in 300. Near Lelatema the river swings abruptly
round north of the Precambrian outliers and enters a gorge over a series of rapids near
the Power Station. Its alluvial plain however continues as a bench as far as the line
of the West Pangani Fault, where it stops some 500 feet above the lower alluvial plain
around Kikafu ya Chini.
The gorge is due to rejuvenation attributed to downward movement of the
Pangani Trough; the elbow below the Naberera crossing is due to the capture of the
upper Kikuletwa by the rejuvenated headwaters of the Pangani.
North of the gorge lies a broad tract of rhomb porphyry lavas between Moshi and
Sanya Station, bounded on the east by a fault line escarpment, continuous with that
which terminates the Kikuletwa terrace west of Kikafu ya Chini. The northward rise of
the lower alluvial plain reduces the escarpment height to about 300 feet or less near
Moshi. The main rivers from south Kibo, the Kikafu, Weru Weru and Garanga,
together with the Kware from south-west Shira, flow south-east across the bench and
all enter gorges up to 300 feet deep.
Part of this region is composed of the Kibo lahar which extends over a wide area.
Its expression as typical mounds is restricted to a small area south-west of Moshi
where the railway bends west after crossing the Kikuletwa. East of here the Kahe
plains cut across it and only erratic boulders indicate its former extent: to the south
it is covered by the Kikuletwa alluvium but isolated mounds mark its presence south
of that river: to the west it has been planed flat in the formation of the bench.
Red piedmont alluvium is absent in this area of Kibo lavas as it is on the north.
Deposits of this type in the Kilema area stop immediately the rhomb-porphyries are
encountered west of the Rau and do not reappear until the Kibongoto Zone. The soil
is dominantly grey with brown lateritic patches until the Kikafu is passed when bright
red lateric soil from the Kibongoto Zone is encountered.
South of Moshi the Kikuletwa River crosses an extensive tract of alluvium at the
head of the Pangani Valley. It bends sharply south when it reaches the Kahe Flats
and enters a valley about 100 feet deep before joining the Ruvu at Maranga ya Kombo
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25 miles south of Moshi. The bend is an elbow of capture where the active southflowing stream has encountered the easterly flowing Kikuletwa. Further headward
erosion by this stream (now the Lower Garanga) has captured in turn all the rivers
flowing from the rhomb porphyry bench.
Between the Garanga and the Rau lies a broad waterless plain stretching 12 miles
to the east. The plain is flat and featureless, sloping to the south-south-east from
2,500 to 2,300 feet with a gradient of 1 in 300. It appears to be underlain by sandy
and clayey alluvium, beneath which are lake limestones and boulder beds and lavas,
but little is known about the extent and development of these beds.
The plain continues east of Kahe where wells have proved the Precambrian basement
at a depth of 200 feet. It is crossed by the Rau and the Mue before rising slightly
across the line of the Pare Fault. Farther south, however, near the Ruvu it passes
eastwards without an apparent break into the Lake Jipe Basin.
Northwards the plain extends to the southern slopes of the mountain where the
rhomb porphyries and red piedmont alluvium pass beneath it at about 2,500 feet.
Southwards the plain passes into the Pangani Valley, where the united Ruvu and
Kikuletwa flow south-east in a deepening gorge to the rapids at Nyumba ya Mungu.
Hereabouts the eastern river bank rises steeply for 500 feet to the Pangani Bench.
To the west it extends as an unbroken plain at 2,200 feet to the foot of the Lelatema
Mountains. The river therefore closely follows the line of the Mid-Pangani Fault.
Near Nyumba ya Mawe Precambrian rocks are exposed in the river bed at about
2,100 feet. These are the first signs that the Basement lies near the surface in the
main Pangani Valley. Here it is overlain by boulder beds and lacustrine limestones
similar to those farther north near Kahe.

Chapter Four

GLACIOLOGY AND GLACIAL HISTORY
GLACIOLOGY*
INTRODUCTION

Kilimanjaro represents a rare instance of the occurrence of glaciers in equatorial
regions and like the glaciers of Ruwenzori and Mount Kenya these are a relic of the
colder and wetter climatic conditions of the region during the Pleistocene. At the present
time on Kilimanjaro permanent ice is present only on Kibo but the distribution of
moraines and other deposits of glacial origin indicate that formerly a much greater
area of the mountain was covered by ice (see page 44). Recession of the ice is now so
rapid that it seems likely that within a few decades the shining cap of Kibo will have
ceased to exist.
THE DISTRIBUTION OF THE GLACIERS

The Kibo glaciers are the remnants of an ice cap which, it is believed, formerly
covered the summit of the mountain. The centre of this ice cap had largely disintegrated
by 1957 and only small stagnant masses of ice remained in the outer crater. The Inner
Crater and Ashpit were free of ice, although some semi-permanent patches of firn
occurred. The northern part of the caldera wall was hidden beneath a sheet of ice
extending from the Credner glacier in the north-west to the Hans Meyer Notch on the
eastern side of Kibo. This ice sheet was little more than a circlet and terminated at
about the level of the 18,000 feet contour. Although this was the longest continuous
fragment of the ice cap, the glaciers on the southern and western flanks descended to
much lower levels, and in total occupied a greater area. The longest of these was
(1957) the Penck glacier which terminated at about 15,600 feet. The total area
covered by ice was approximately 1.54 sq. miles (4.0 sq. kms.).
The glaciers on the western side, reading from the north, were the Credner,
Drygalski, Penck, Little Penck and Uhlig Glaciers, the latter being on the western
edge of the Barranco below the Great West Notch. Of these the Credner and Penck
were the principal glaciers, the others being smaller; all are disintegrating comparatively
quickly. Within the Barranco there were two small glaciers, the Little Barranco and
the Great Barranco Glaciers.
On the south side of Kibo, five more small glaciers have been distinguished. From
west to east, they were the Heim, Kersten, Decken, Rebmann and Ratzel Glaciers. By
1957 these glaciers terminated in an almost continuous line and could be separated
from each other only with difficulty. In view of this, it would seem preferable to refer
to these glaciers collectively as the Southern Glacier.
The names of the glaciers are those given to them by the German geographers
working on the mountain in the early part of the present century, and have been
adopted from Klute's map (1920).
* This section (Glaciology) is mainly based on observations made during 1953 and 1957 expeditions.
Additional information provided by Mr. D. G. King referring to the state of the glaciers in 1968
is also included.
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The ice sheet on the northern part of Kibo (mentioned above) has been named the
Northern Glacier and is continuous with the top of the Credner Glacier in the west
and terminates at Hans Meyer Notch in the east.
(a) Kibo Summit: As has been mentioned, there were (in 1957) a number of
fragments of ice in the southern part of the caldera. Of these the largest was the
Fürtwangler Glacier above the Barranco and in the centre of the Great West Notch.
A small but prominent mass was the "Ice Dome" about a half mile west of Gillman's
Point. At the eastern side of the central crater and close to the crater wall there were
two more patches of stagnant ice, each considerably larger than the Ice Dome. These
were known as the Cathedral which lay between Gillman's Point and Leopard's Point,
and the Battleship, a little further north. These two ice masses appear to have resulted
from the disintegration of the eastern tip of the Northern Glacier.
(b) The South-Western Glaciers: This group comprises the Credner, Drygalski,
Penck, Uhlig and Barranco Glaciers. Of these the Penck Glacier was the most important
and was (in 1957) the longest glacier on the mountain (see page 35).
The Credner, Drygalski, Penck, Little Penck and Uhlig Glaciers are still united at
their upper ends and form an ice mass which is continuous with the Northern Glacier.
The Credner Glacier is separated from the Northern Glacier by the north-west
ridge of Kibo and occupies the head of the broad valley which passes the southern side
of the Lent Group and forms the northern branch of the Lent Valley. The ice
terminated at about 16,600 feet (in 1957) near the base of a prominent rock step about
300 feet high. Below this step is a broad spread of ground moraine blanketing almost
the whole of the valley.
The main snout of the glacier was V-shaped and appears to have cut a narrow notch
through the rock step. There was also a subsidiary branch of the glacier on its left
(south) side, which, although small, was quite prominent when seen from the Lent
Group. This diverged from the main Credner Glacier at about 17,500 feet and was
separated from it by a narrow rib of rock. This branch of the Credner terminated just
behind the top of the corrie wall of the next adjacent valley (the Drygalski Valley)
on the south side of the Credner Valley. It is possible that at one time the small glacier
spilled over into this valley, though more recently it probably followed a small gully
above the corrie wall and fed into the Credner Valley. Since it consists of stagnant
ice it is possible that it had never had an individual existence as an active glacier,
but owed its form to the effects of ablation on ice of variable thickness resting on a
very irregular rock floor.
The Drygalski Glacier is separated from the Credner by three rock ridges running
from just below the crest of the caldera wall down to the northern part of the head
of the Drygalski Valley. The glacier itself in 1957 barely reached the top of the corrie
wall at the head of the Drygalski Valley. However, in 1953, the glacier extended over
the tip of the corrie and terminated on a steep slope some 200 feet lower down. Below
the tip, but separated from it by a scree slope, there was a narrow strip of stagnant
ice approximately 500 yards in length. By 1957 this had almost entirely disintegrated,
there being only some six or seven small ice blocks still standing. Even as recently as
1948, the glacier was continuous down to about 16,500 feet, as is shown by Swynnerton's
photograph (in Salt 1951, Photo 4). The remarkably rapid retreat of the ice is, no doubt,
due mainly to the extreme thinness of the glacial tongue, which is 1953 was estimated
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to be between 10 and 20 feet in thickness. The volume of ice melted was, therefore,
comparatively small.
The left flank of the Drygalki Glacier overhangs the Valley occupied by the Penck
Glacier, and there can be little doubt that ice which now appears to belong to the
Drygalski Glacier would formerly feed the Penck Glacier. Below this overhang, there
is, in the Penck Valley, a mass of stagnant ice which is largely buried beneath morainic
material. It is possible that masses of ice falling from the side of the Drygalski Glacier
have dislodged debris from the cliffs beneath and carried it on to this stagnant ice.
The Penck Glacier was (in 1957) the largest glacier on the mountain and extended
from the crater rim at about 18,500 feet down to about 15,600 feet in a distance of
1^ miles. In its upper part it was joined to the Drygalski Glacier on its right side, but
on the left flank a rock rib, the top of which is named the Ravenstein on the German
maps, formed the boundary of the glacier. At about 17,000 feet the glacier passed over
a pronounced rock step. In the lower part the glacier was of the order of 650 feet wide
and terminated in a low wall of ice varying between 1 and 10 feet in height. The
thickness of the ice at the margins was between 30 and 40 feet. No estimate could be
given of the maximum thickness of the ice. The ground moraine in front of the Penck
Glacier tended to be unstable and erosion by melt water had in places revealed the
presence of patches of dead ice within the moraine. Lateral moraines some 200 feet
high flank the lower part of the Penck Glacier, while a series of concentric terminal
moraines enclose the snout.
Information received from Mr. D. G. King in 1968, then living in Moshi, indicated
considerable changes in the Penck Glacier. The ice was no longer continuous down to
15,600 feet but had broken at the 16,500-17,000 feet level where it passed over the
rock step. The 1957 tongue of the glacier has therefore become dead ice and is in
process of disintegration.
The Little Penck Glacier is linked to the Penck Glacier above the Ravenstein, but
below this the two are separated by the rib of rock forming the buttress of the
Ravenstein. The glacier terminates above a nearby vertical cliff at about 17,000 feet.
Below the cliff there is a broad spread of ground moraine on which rest the lateral
moraines of the Penck Glacier, but there is almost no evidence of lateral moraines
associated with the Little Penck Glacier. Small patches of ice below the Little Penck
Glacier (1957) had by 1968 disappeared.
The Uhlig Glacier was a very small tongue of ice extending from the left flank of
the ice sheet at the head of the Little Penck Glacier. It occupied the head of a small
valley running down to the Lava Tower. Below the snout there were (in 1957) some
small isolated masses of ice which were rapidly wasting away. The eastern edge of the
Uhlig Glacier forms the limit of the continuous circlet of ice extending round the
northern and western flanks of the mountain.
The ground between the Uhlig Glacier and the Barranco is mostly bare rock and
scree with some semi-permanent snow patches.
(c) The Barranco Glaciers: In 1957 the Barranco was occupied by one large and
several small masses of stagnant ice. The large patch was the remnant of the Great
Barranco Glacier and was completely separated from the ice at the top of Kibo as
were the smaller patches which were the relics of the Little Barranco Glacier.
(d) The Southern Glaciers: As noted above, five glaciers on the southern side of
Kibo could formerly be distinguished. These were named the Heim, Kersten, Decken,
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Rebmann and Ratzel Glaciers. These glaciers now terminate in an almost continuous
wall of ice and only the Heim Glacier at the western end of this group retains a distinct
snout.
At the eastern end of the group the Ratzel Glacier has disintegrated into a number
of fragments and is now rapidly disappearing.
The glaciers of this southern group differ from those of the northern and southwestern groups in that they are not linked to any mass of ice within the caldera. At
the present time, their upper boundary is on the flank of Kibo just below the crest of
the caldera wall, and they are thus cut off from any potential gathering ground on the
summit of the mountain. The upper boundary of the glaciers was an almost vertical
wall of ice which varied in height from a few feet to as much as 100 feet. These walls
all showed signs of intense ablation.
(e) The Northern Glacier: This narrow band of ice covers the northern part of the
caldera. At its eastern end it terminates close to Hans Meyer Notch and in the west
joins the head of the Credner Glacier. The ice terminates at about 18,000 feet in a
low continuous wall below which there is widespread ground moraine.
This glacier also commences its upper end with an abrupt wall of ice, but this wall
showed a series of giant steps with rises 20-30 feet high and treads 10-100 feet across.
The ice was thickest in the eastern half of the glacier and reached a maximum of
approximately 150 feet. The western half of the glacier is by contrast comparatively
thin, being in general between 20 and 40 feet thick, except in the centre of this portion
where bare rock was exposed through a window in the ice.
The whole of this Northern Glacier shows most markedly the effects of ablation,
the entire surface being covered by steps, pinnacles and ridges.
THE RECESSION OF THE ICE

That the ice on Kibo is receding rapidly has been apparent for many years.
Photographs taken in the early part of this century illustrate the much greater extent
of the ice even then, compared with the present day. The recession of the glaciers is,
however, no modern phenomenon and appear to have been almost continuous since the
formation of the great lateral moraines flanking the glaciers on the south-west of Kibo.
The information on the recession of the ice therefore falls into two categories:
1 The evidence of the moraines.
2. Documentary, mainly photographic, evidence from which the rate of recession
during the past 50-60 years can be determined.
(a) The Evidence of the Recent Moraines: The glacial history of the mountain is
dealt with later in this chapter and the present discussion is, therefore, limited to the
moraines formed since the last glacial maximum.
The most prominent of the recent moraines are the lateral and terminal moraines of
the Penck Glacier. The lateral moraines are 200 feet high at their maximum. The
left-hand moraine (looking downstream) is about a mile long while the right-hand one
is close on twice this length. The asymmetry of these moraines is mainly due to the fact
that the Penck Glacier turned sharply to the left just above (1957) the snout, the
moraine on the outside of the curve being much longer than that on the inside. These
lateral moraines are complex in the region of the glacier snout, each showing two major
crests and a minor crest. This feature was most obvious on the left moraine where the
trough between the major crests was 20-30 feet deep. The minor crest occurred on
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the inside of the inner moraine, the trough between these being only 2 to 3 feet deep.
These features were not so obvious on the right-hand moraine and it appears that the
minor moraine has, at least in part, overridden the outer one. These moraine crests
could be traced down into the terminal moraines which are separated from each other
by a broad spear of hummocky ground moraine which has been much disturbed by
melt water from the glacier.
These moraines were moderately well consolidated where there was sufficient fine
grained debris present. The bulk of the material consisted of cobbles less than 12 inches
in diameter, with rare boulders up to 36 inches across.
The ground moraine between the inner laterals was in general much finer grained.
Most of it (more than about 90 7^) was less than 1 inch diameter, the remainder being
boulders up to 24 inches. The moraine was fairly flat with many low longitudinal
ridges resulting apparently from channelling by melt water. About 100 yards from the
lower end of this area there was a small terminal moraine about 4 feet high marking a
brief stillstand in the recession of the ice front.
Around the snout of the glacier (1957) erosion by melt water had cut numerous
channels up to 10 feet in depth. These revealed very large boulders and also patches
of stagnant ice buried in the moraine. The extent of this buried ice is unknown but
cairns built 30 feet from the snout collapsed within a few weeks. This suggests that the
buried ice extended at least this distance ahead of the ice front.
On the right flank of the glacier there was a large area of stagnant ice covered with
a veneer of morainic debris. The area below this stagnant ice was covered by a mass of
very large boulders up to 15 feet in diameter. Some of these were extremely unstable
and could be tilted quite easily. Between the boulders there were occasional patches of
ice and it is believed that this debris has been exposed very recently by melting of the
stagnant ice.
Below and on the outside of the right lateral moraine was an arcuate spread of debris
which appeared to be the terminal moraine of the ice front prior to the present lateral
moraines. If this interpretation is correct, it is possible that this moraine played some
part in the deflection of the Penck Glacier into its present course.
The succession of events associated with the last major advance of the Penck Glacier
can, therefore, be summarised as follows:
1. Advance to the position of the outer terminal moraine which is continuous
with the outer lateral moraines.
2. A short period during which the snout was stationary and the outer terminal
moraine was constructed.
3. Rapid retreat to some position behind the inner terminal moraine.
4. Re-advance to the line of the inner terminal moraine. During this re-advance
the glacier partially overrode the right outer lateral moraine and deposited
debris on top of it. On the left flank it built the inner major ridge of the
lateral moraine.
5. A brief stationary phase during which the inner terminal moraine was built.
6. Retreat of the ice with a short interval of stillstand or slight re-advance during
which the innermost minor lateral moraine was formed, and a further stillstand during which the small (4 feet) terminal moraine was formed, followed
by continuous retreat at variable speed up to the present day.
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It is not possible to date these moraines in any precise manner. The only vegetation
present on them was at the toe of the outer terminal moraine, where the soil was well
watered and grasses have spread from adjacent areas. This suggsts that the moraines
are of very recent origin, but it should be remembered that the absence of vegetation
may be due, at least in part, to the climatic conditions of the area.
Moraines of considerable size are also associated with the Credner and Drygalski
Glaciers. These are, however, usually banked against the valley sides and do not show
evidence of multiple crests. They have not been studied in detail, but it seems likely
that they are synchronous with the moraines of the Penck Glacier.
(b) Documentary Evidence: Documentary, i.e. photographic evidence of the recession
of the ice on Kibo is limited to the last 70 years. Nevertheless, the changes which have
occurred during this period are most striking.
A photograph taken by Oehler in 1912 (in Klute 1920) indicates that the Penck
Glacier had, by 1957, retreated about 300 yards. Direa measurement on the glacier
in 1957 showed a retreat of 3 yards in slightly less than 3 months. Retreat in the period
1957-68 amounts to roughly 50 yards.
The retreat of the Drygalski Glacier is even more spectacular. Meyer's photograph
of 1898 (facing page 171 of Meyer, 1900) clearly shows that the glacier snout was still
close to its terminal moraine at about 16,000 feet. By 1948 (Salt, 1951) the Drygalski
had retreated a considerable distance but the tongue was still in the floor of the valley
below the rock step mentioned earlier. By 1953 the ice had broken at this step and a
large patch of dead ice remained in the floor of the valley. The snout of the glacier
was then just hanging over the step and by 1957 the ice patch had all but completely
disintegrated, while the snout had retreated well above the top of the step. The total
retreat of the snout since 1898 is almost 1 mile.
Recession of the Penck and Little Penck Glaciers is emphasised by the fact that, in
1898 the Ravenstein was merely a pinnacle of rock surrounded on all sides by ice,
whereas in 1957 it was a broad crag at the top of a long rock rib dividing the glaciers.
Changes similar to those described above have also occurred on the other glaciers on
the mountain. It has already been mentioned that the Ratzel Glacier on the south-east
side of Kibo is in an advanced state of decay. In 1953 a narrow gully almost bisected
the glacier, there being only a low wall of ice about 3 feet high at the upper edge of
the glacier linking the two halves. By 1957 the wall had disappeared and bare moraine
was exposed for a distance of about 100 feet. The gully had widened by considerably
more than this and the majority of the stagnant ice masses formerly in it had gone.
Many of the stagnant ice masses in the caldera had also disappeared in this period
and those remaining were much shrunken.
It is apparent therefore that the retreat of the ice has been continuous since about
1900 and probably for some considerable time before, and that there has been no
significant re-advance during that period. The rapid recession of the glaciers in recent
years appears to be due entirely to climatological causes. It is accentuated by the small
bulk of the glaciers and by their thinness which results in disintegration into fragments.
This leads to exposure of an increased surface area to the atmosphere and to solar
radiation and consequently to more rapid melting. It is to be expected therefore that
as the glaciers diminish in volume they will do so at an accelerating rate.
There is no evidence whatsoever that the rapid recession of the glaciers is indicative
of impending volcanological aaivity (see page 185).
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(c) Precipitation and Accumulation: The marked recession of the glaciers on Kibo
is clear evidence that ablation greatly exceeds accumulation. There is however little
precise information on the annual gain and loss of ice by the glaciers. Precipitation
records for three stations on the upper slopes of Kibo, kindly made available by the
East African Meteorological Department, give some indication of the amount of snowfall,
but it is necessary to regard these figures with some caution. Two of the gauges were
set up on the east side of Kibo, one near the Kibo Hut and the other in the caldera.
The third gauge was placed on the west side below the terminal moraines of the Penck
Glacier. The gauges near the Kibo Hut and the Penck Glacier are known to be of the
cylinder type with a tap at the base. When they were examined in August, 1953, the
taps were found to be open. In the case of the Kibo Hut gauge, it appears that the
contents of the gauge have been regarded as an emergency supply of water by some
visitors to the hut. It is probable that the annual totals for this gauge are therefore
less than the actual precipitation. Also, in view of the exposure of the gauges,
evaporation losses may be considerable. The gauge in the caldera was not seen in 1953
and it was presumed to have been destroyed. In 1957 it was found that the gauge
near the Penck Glacier had also been destroyed.
The annual totals (in inches) for the gauges are given below:
Gauge
Gauge
Gauge
3W
5E
6E
—
1945
1.85
0.07
6
6.83*
4.19
0.60
4.57
7
2.60*
0.30
8
10.33
36.18
0.35
9
2.30
16.98*
0.10
—
1.47
10.91
1950
1
0.54
—
54.97
2
0.26
—
32.45
Gauge 3W—15,500 feet near Penck terminal moraines.
5E— 16,000 feet Kibo Hut.
6E— 19,000 feet Kibo Caldera.
* Monthly records incomplete.
Records have not, apparently, been kept since March, 1953.
It will be noted that there is considerable variation in the totals from year to year
for the Penck and Kibo Hut gauges, and that there is no correlation between the gauge
totals for corresponding years.
The lack of correlation between the gauges is probably due, in part, to variations in
precipitation over the different parts of the mountain, but the distribution of the glaciers
suggests that precipitation is in fact greater at the Penck gauge than at the Kibo gauge.
The annual totals for the Penck gauge cannot, therefore, be regarded as reliable, and
it is thought that the tap on the gauge must have leaked fairly steadily.
The annual totals for the summit gauge are also remarkable in that almost negligible
amounts of precipitation were recorded.
While these figures do not give a very satisfactory indication of the annual precipitation, the monthly figures from which they are derived show that precipitation occurs
predominantly in the periods April-June and December-January. These coincide with
the periods of rains of the East African plains.
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Information on the distribution of snowfall on Kibo is given by the air photographs
flown in January, 1952, and February, 1957. The snow cover extends down the flanks
to about 17,500 feet on the north and 16,000 feet on the south. The snowfall appears
to be least at the mountain summit where bare rock is exposed within the calders.
In 1957, almost the whole of the snow on the mountain had disappeared by the end
of July, but at the beginning of that month there were still large patches in the Kibo
Barranco. Whether these were derived from the snow fallen prior to February, 1957,
or whether there was further snowfall during the period March to June, 1957, is
unknown.
Towards the end of September, 1957, approximately 5 inches of snow fell in the
vicinity of the Penck Glacier, but at the summit the snowfall at the same time was
negligible.
Reports in the logbook of the East African Mountain Club Hut claim that as much
as six feet of snow has been encountered on the caldera ridge in May and June of some
years. There are also reports of one foot of snow in December. However, precise and
detailed information is completely lacking.
From the meagre information available it is impossible to estimate with any accuracy
the total annual precipitation on Kibo. The amount of snowfall is very variable from
year to year and place to place, even at comparable altitudes. If the precipitation total
for 1951 (i.e. 54.97 inches) at the Kibo Hut gauge is realistic and the whole of this
amount fell as snow, then the snowfall for that year must have exceeded 50 feet. On
the other hand, snowfall in the caldera is apparently very small, and it is concluded
that the amount of precipitation diminishes rapidly with increasing altitude above
about 16,000 feet on Kibo. This conclusion is supported by the fact that on numerous
days in July-September, 1957, the south side of Kibo was completely enveloped in
cloud to some level about 16,000 feet and small amounts of snow fell, whereas the
summit was above the cloud level.
Although the precipitation on Kibo may in places be considerable, there is almost
no evidence to indicate that overall accumulation is, in fact, occurring. It is possible
that all or most of the snow falling in the wet seasons accumulates until the main
ablation period (July-September) commences, or melting may follow each shower of
snow. Until continuous observation is made on the upper part of Kibo throughout the
year, this problem cannot be resolved. In 1953, it was observed that following snow
showers in July, the glaciers appeared white when seen from a distance, but that within
two or three days they returned to their normal slightly bluish tint. This implies that
the snow very quickly melted and evaporated. Whether this occurs at other times of the
year is unknown.
(d) Ablation: As mentioned above, it is unknown whether ablation is continuous or
not throughout the year. There is no doubt, however, that during the period JulySeptember active melting of the ice occurs and ablation greatly exceeds accumulation.
This was particularly well demonstrated in 1957. The Penck Glacier was visited on
10th July. The surface of the glacier was then dry ice with little or no firn. A small
trickle of clear melt water coming from beneath the glacier disappeared into the
ground moraine and re-appeared below the outer terminal moraine. On 25th July
water was flowing off the surface of the glacier by midday and ablation had commenced.
During this period there was little or no cloud over the upper part of Kibo. Mean
daily shade temperatures showed no significant change, and it must be assumed that

Glaciology and Glacial History

39

increased radiation was mainly responsible for the onset of melting. The volume and
clarity of the stream below the terminal moraine remained almost constant during
this period, although on 19th and 25 th July there were short intervals of increased
flow of water carrying much fine grained suspended material of clay size. Following
the 25th the stream was generally turbid by midday and clear only in the early
morning, indicating that run-off from the glacier was continuous throughout the day
and only ceased at night. The stream was not observed during the period 5th-29th
August, but from the 30th onwards the flow was considerable day anc" night, and
melting of the glacier surface was rapid. Snow fell on 21st-24th September and melting
ceased. Observations were abandoned at the end of this period and the subsequent
behaviour is unknown. It seems likely, however, that this snow marked the beginning
of the October-December period of precipitation, and that the main period of ablation
had ended.
During the period of these observations the total ablation on the snout of the Penck
Glacier amounted to 14 inches, measured on a pole set up in the ice.
The upper limit of melting on the Penck Glacier appeared to be at about 17,000
feet, although this was not confirmed on the ground. This is tentatively assumed to be
the level of the firn-line. On the summit of Kibo during early September the presence
of melting ice and pools of melt water during the day points to an upper firn line above
the top of the mountain.
There thus appeared to be an upper and a lower firn line on the mountain. The
existence of two firn lines probably resulted from a combination of the effects of
temperature gradient up the mountain and the variation in intensity of radiation with
the change in slope of the glacier surfaces. Since the sun's zenith is north of the
mountain during the ablation period, the angle of incidence of solar radiation is greater
on the nearly horizontal snout of the Penck Glacier than on the sloping upper part of
the glacier. This, combined with the fall in temperature with altitude would account
for the existence of the lower firn line. At the summit of the mountain, where the
surface is again nearly horizontal, radiation is sufficiently intense to bring about melting.
The upper firn line must, therefore, be at some height above the mountain where the
fall in temperature with altitude would be sufficient to prevent melting taking place
under the influence of solar radiation.
The existence of two firn lines would seem to be a feature of the southern side of
the mountain only. On the northern side, where radiation is intense over almost the
whole of the Northern Glacier, the lower firn line is absent.
The effectiveness of solar radiation in causing ablation is well demonstraated by the
occurrence and distribution of 'penitents', fluting and giant ice steps. These features
were well displayed on the Northern Glacier, on the ice and firn remnants within the
caldera, and on the north facing surfaces of the tops of the southern glaciers.
The penitents, "so called because they stand like hooded monks in the Spanish
processions of Holy week, or as devotees wrapped in shroud-like robes doing penance"
(Charlesworth, 1957), occurred only on areas of firn and have not been seen on glacier
ice. They occurred as steep-sided pyramids of which the largest had a height of about
15 inches on an elliptical base about 12 inches by 3 inches; others were very much
smaller. They were grouped together in irregular rows with the bases oriented
approximately east-west, but did not appear to occur as continuous ridges. The largest
groups of penitents, formed in a firn layer on the caldera floor, covered an area of
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about 100 yards by 30 yards. Isolated individuals did not occur. The pyramids are
almost vertical and are quite symmetrical. The height of the penitents appeared to be
limited to the depth of the firn layer. On the floor of the caldera where fallen snow
had firnified, the penitents were often separated from each other by bare moraine.
Where they occurred on glaciers their height was limited by the occurrence of an ice
layer beneath them.
The form and occurrence of penitents has been attributed to intense and prolonged
solar radiation in regions where the meteorological factors are uniform, the atmosphere
is dry with the temperatures below freezing point for long periods, and where the sun's
altitude is constantly high.
It is thought that penitents are initiated along slightly raised portions of the firn
surface which themselves have originated from wind ripples in snow or by differential
compaaion of the snow. The melting of the firn in the hollows is possibly due to the
concentration of radiation by reflection. The melt water there runs downwards through
the firn and refreezes below the surface as a continuous layer of ice. When the
developing penitent reaches this level, the melt water can no longer escape downwards
and the growth of the penitent ceases. The effect of the wind in increasing evaporation
may be important, but many features of the development of penitents still await
elucidation.
Fluting of vertical surfaces of the glaciers at the summit of Kibo was further
indication of the effects of intense vertical radiation in causing ablation. The flutes
occurred as shallow vertical channels with a maximum width of almost three feet and
a depth of 9-12 inches. Often, however, they were much smaller, being only a few
inches wide and one or two inches deep. The grooves were usually irregular in depth
due to slight difi'erential melting of firn and ice bands. Fluted faces were either vertical
or near vertical and were sometimes slightly undercut at the base.
The precise mechanism by which flutes originate is uncertain. The slight undercutting at the base suggests that the reflection of radiation from the ground moraine
is of significance. In some instances, as for example on the Ice Dome, vertical surfaces
were covered by small irregular depressions due to difi'erential melting of the ice.
It is possible that the run-off tended to accumulate into small streams which assisted
in the cutting of the flutes.
Fluting also occurred on some of the remnants of the Ratzel Glacier below the rim
of the caldera, at about 18,000 feet, but below this level it was poorly developed and
rather rare.
The third feature which was attributed to the incidence of strong vertical radiation
is that of "giant ice steps" which were particularly well developed on the Northern
Glacier. These steps may be 20-30 feet high and 10-100 feet wide. The mechanism
of their development is unknown.
A minor, but interesting feature due to ablation was seen on the snout of the Penck
Glacier in 1953. This was a type of glacier table in which a pinnacle of ice about
6 inches high was capped by a cylindrical mass of fine grained moraine debris bound
together by ice. This mass was about 8 inches in diameter and about 3 feet long. The
pinnacle supporting this mass was 15 inches long by 4-5 inches wide. The fine debris
had presumably fallen into a crevasse where it became cemented with ice.
Another interesting feature was the finding of white and yellow butterflies in the
Great Barranco in July, 1957. These were carried up by air currents so rapidly that
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some had survived the journey. These butterflies varied between J inch to 3 inches
in width. Some had fallen on to the surface of the Little Barranco Glacier and were
found at the bottom of small steep-sided pits up to 2 inches deep which had the rough
outline of the insects' wings. This was a striking demonstration of the effects of
differential melting resulting from variations in the reflectivity of the glacier surface.
The ablation of ice on Kibo is materially assisted, as has already been noted, by the
tendency for some of the glaciers, notably the Northern and Ratzel, to disintegrate into
large and small fragments. The collapse of ice-pinnacles and large portions of the
glacier walls, sometimes as avalanches, also aids ablation by breaking up large blocks
of ice into many small fragments. Air can circulate freely round these and cause rapid
melting, as was well shown by the destruction of a small ice arch in the caldera in 1953.
GLACIER MOVEMENT

The rapid retreat of the glaciers and the manner in which some, especially the
Northern and the Ratzel, are beginning to disintegrate leads to the conclusion that the
ice is stagnant. In the middle section of the Penck Glacier, however, there were in 1957
a series of tension cracks, suggesting that some movement was still occurring. In 1953,
small crevasses could be seen in both the Credner and Drygalski Glaciers, which
implied that they also were active. In 1957 however these crevasses were not apparent.
An attempt was made in 1957 to measure the forward movement, if any, of the
Penck Glacier. A horizontal board 4 feet long was set up on iron rods sunk into the
glacier near to the snout and about 200 feet from the left-hand margin of the ice.*
A permanent mounting for a theodolite and a sharp spike (to act as a fiducial mark)
were set up in the moraine at the side of the glacier. These were set up early in July
but unfortunately were not inspected again until late in September. During this period
the glacier surface had changed from being reasonably smooth to hummocky—the
hummocks being three feet or more in height. Furthermore, ablation had been greater
than anticipated and the board had collapsed. The base of the upstream hole in which
the pole had been placed was still recognisable and the board was re-erected using
this as a guide. However, in order to do this, it was found necessary to cut away the
top of a large hummock of ice which had developed beneath the board. The downstream pole was then considerably above the ice and it is estimated that differential
movement of the ice surface of approximately two feet must have occurred. The total
downstream movement of the board amounted to about 2^ feet. Examination of the
area was hampered by a five inch layer of freshly fallen snow, but there is little doubt
that the movement of the board resulted from the movement of the ice along thrust
planes (see below).
These observations are inconclusive in that they do not give a clear indication of
the rate or total amount of forward movement of the ice, but they do show that the
ice is not completely stagnant. Doubtless this slow movement of the glacier is responsible
for maintaining the snout at a much lower level than any of the other glaciers. This
implies that there is an excess of accumulation over ablation on part of the Penck
Glacier, although the totd ablation exceeds the total accumulation (since the glacier
is receding). On the other glaciers ablation must everywhere equal or exceed
accumulation.
• This board was found in 1968 by Mr. D. G. King "half buried in the moraine 45 feet down the
moraine from the tip of the ice".
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The anomalous behaviour of the Penck Glacier may be associated with the observation made in 1957 that cloud frequently rises into the Kibo Barranco from lower levels
and spreads westwards over the glacier. It does not however appear to spread beyond
it. This cloud cover may act as a blanket against radiation and limit ablation, and
may also increase the precipitation in the area in comparison with the rest of Kibo.
However, considerably more information on the amounts and distribution of accumulation and ablation, and the meteorological conditions around Kibo is required before a
satisfactory explanation of the behaviour of the Kibo glaciers can be given.
GLACIER STRUCTURE

The structure of the glaciers was briefly investigated in a number of vertical surfaces
on the ice walls around and within the caldera and at the snout of the Penck Glacier.
(i) Banding: The alternation of layers of ice containing few air bubbles and layers
of coarsely crystalline firn was well displayed in the stagnant ice remnants in the
caldera and in the upper wall of the Heim Glacier. The ice layers varied in thickness
from about half an inch to a maximum of about six inches, and consisted of almost
pure ice. The air bubbles in these layers tended to be elliptical in form and were
oriented parallel with the banding. The firn layers were usually thin and did not exceed
1^ inches in thickness. Blue ice bands were comparatively rare. Dirt bands were fairly
common in the top of the Heim Glacier although there was no evidence that they
were formed annually. Elsewhere at the top of Kibo they were almost non-existent.
The restriction of dirt bands to the Heim Glacier is somewhat difficult to explain. Were
they due to dust brought by air currents rising up the Barranco, it would be expected
that dirt bands would also be formed in the Fiirtwangler Glacier in the Great West
Notch. However, it has been observed that air cmrents rising in the Barranco are
deflected by strong north to north-easterly winds blowing over the top of Kibo.
In this way the Fiirtwangler Glacier may have been kept free from dust whereas it
was deposited periodically on the Heim Glacier. Furthermore, in view of the large
areas of fine grained moraine exposed in the caldera it is remarkable that the surfaces
of the ice remnants were virtually free from dirt.
In the terminal wall of the Penck Glacier, numerous layers of debris were seen in
1953. These were however restricted to the lowest layers of the ice and occurred along
thrust planes. They are not, therefore, true dirt bands produced by ablation, but have
been derived from the ground moraine. In 1957 only two such bands were visible,
the remainder having been destroyed by the retreat of the tip of the glacier. That no
more had been formed suggests that during the period 1953-7, very little movement
of the glacier had taken place.
(ii) Grain Size: The ice bands of the stagnant ice masses of the caldera showed
great variation in grain size. Some of the grains were more than three inches across,
while many were i inch to ^ inch.
At the snout of the Penck Glacier some of the grains were very large, some being
over four inches long. More commonly they were about l^- inches in diameter. When
the snout of the Penck Glacier was first visited in 1953, the surface was covered with
a mesh of small (-| inch to J inch) ice grains, which were melting rapidly. At other
times the glacier surface was bare ice.
(iii) Thrust Planes: Mention has already been made of the existence of thrust
planes in the snout of the Penck Glacier. These were clearly visible in the left flank
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of the ice. These planes were slightly curved (concave upvs^ards) and inclined
at about 30° to the horizontal. The distance between the planes was about one foot.
The outcrop of these thrust planes could be traced on to the surface of the glacier
but did not continue for more than 20 feet. They then appeared to die out, to be
replaced by others at a slightly different level. Despite the snowfall which occurred
in September, 1957, the trace of the thrust planes after movement had occurred was
clearly visible.
It has already been suggested that the zone of maximum accumulation occurred
at or below the middle of the Penck Glacier, and it is also believed that the additional
weight of snow added was responsible for movement along the thrust planes. However,
it should be noted that movement did not occur until some time after ablation at the
snout had commenced. Possibly the amount of snow accumulated in the middle part
of the glacier was insufficient to upset the equilibriuin of the ice, and this only occurred
when some of the load on the snout was relieved by ablation. Since the glacier has
now broken in this part this problem must remain unsolved.
No thrust planes were seen on other glaciers.
(iv) Flow Structures: Some slight evidence that glacier movement had taken place
by plastic flow was seen in the Ratzel and Drygalski Glaciers.
Thin blue icebands in the lower part of the Ratzel Glacier showed marked contortions
and some over-folding which could only be attributed to movement of the ice by plastic
flow. At one point in the great gash in the Ratzel Glacier the base of the glacier rested
on a bare rock outcrop which showed the characteristic steep downstream side of a
roche moutonée. The ice however was not in contact with this surface and swept over
it in a smooth curve, which again indicated plastic flow.
The banding in the side of the Drygalski Glacier also showed smooth curves where
the glacier crossed ridges and hollows. There is no doubt however that these indications
of plastic flow relate to a period when the ice was very much thicker than at the present
day and there is no indication that plastic flow is occurring at the present time.
FORMER GLACIATIONS
INTRODUCTION

It has been known since the first explorers visited the summit regions of Kilimanjaro
that the glaciers at one time extended over a much greater area than today. Hans
Meyer (1900) described large moraines and glacial striae on the flanks at levels down
to 11,000 feet and in addition made the first discovery of fluvio-glacial deposits interbedded with the lavas. Later, Klute (1920) described these moraines in greater detail and
published a map showing their distribution. In 1932 Nilsson on the basis of a study of
parts of the southern slopes of Mawenzi and south-eastern Kibo attempted to classify
these moraines and correlated them with the glacial maxima elsewhere. Downie (1964)
gave some account of the former glaciations.
As a result of the expedition's work a more extensive and detailed map of the
moraines has been made, although certain areas have still not yet been visited. More
important, the number of observations of glacial deposits interbedded with lavas has
been greatly increased and a much fuller succession of glacial and inter-glacial episodes
has been established. Some evidence of their age is available from dating of the lavas,
but their correlation with glacial periods in other regions is still largely tentative.

44

Kilimanjaro

For the most part, volcanic activity seems to have occurred at times when the ice
cap was small or absent. Only during the eruption of the nepheline rhomb-porphyries
of the Caldera Rim group is there definite evidence of ice cover at the time, but it
may also have existed when the Main Rhomb Porphyry group was extruded.
The cones of Shira and Mawenzi are almost certainly older than the oldest exposed
rocks of Kibo, so, since Kibo provides evidence for at least four main glacial episodes,
activity on Shira and Mawenzi ceased before the first of these glacial periods. Furthermore, on Shira and Mawenzi there are no interbedded glacial deposits, any sediment
among their lavas indicating warm, moist conditions. Therefore, it may be concluded
that activity on Shira and Mawenzi ceased before the first glacial period.
It follows that on Shira and Mawenzi successive glaciations tended to destroy the
evidence left by the earlier ones, whereas on Kibo they are separated by intervening
lava series and are occasionally exposed by erosion.
GLACIAL PHENOMENA

Moraines. Above 11,000 feet nearly all the major valleys have large lateral or medial
moraines along their interfluves. At about 11,000 feet they frequently converge to form
prominent terminal moraines. In addition many of the valleys have retreat stages or
re-advances marked by mounds of moraine with the important stadia indicated by
terminal and lateral within the main outer moraines (Figs. 4.6, 4.7, 4.8).
The material of the moraines consists of rounded lava boulders, in a matrix of sand
and rock flour. The degree to which the boulders show facetting and striation depends
largely on the lava type, trachybasalts providing fine examples, rhomb-porphyries very
poor ones. Pockets of well washed sand are common near the terminal moraines.
On the older moraines the fine rock flour is blown and washed away and a sandy
porous texture is given to the deposits. They are therefore well drained and consequently
the vegetation of the moraines is quite distinct from that on the lavas. In addition,
denudation gradually destroys the sharp angular crests of the ridges and the removal
of finer material leaves a crest-line marked by boulders on the older moraines.
Cementation of the moraines is widespread and most of the older moraines have an
indurated core. Limonite appears to be the commonest cementing medium.
The main lateral moraines are often very large. A length of 4 miles is not unusual
and several stand 200 to 300 feet above the valley floor.
Boulder Trains. Boulder trains are prominent only on the south slope of the Saddle.
A magnificent series parallels the outer moraine of the South-East Valley group,
sweeping down from near the Triplets. A smaller series occupies the main west valley
of Mawenzi where it turns to pass between the Lava Hills.
Crag and Tail. Crag and tail occurs frequently. The finest examples are the East and
West Lava Hills standing 200 to 300 feet above the Saddle (Fig. 4.7), with long high
moraine ridges running south on their lee sides. Other examples occur at the Lent
Group, the Oehler Ridge and Hans Meyer Ridge on Kibo.
U-Shaped Valleys. Not all the glaciated valleys are conspicuously U-shaped, but a
great number, especially on the southern slopes, have the typical profile of a glaciated
valley. Probably the finest of these is the 300 to 400 feet deep Upper Garanga Valley,
walled along 2 to 3 miles of its course by precipitous ice smoothed slopes above which
are its lateral moraines. Other fine examples are the Förster Valley, and the Three
Peaks Valley on Mawenzi, the South-East, the Lager and Lent Valleys on Kibo.
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Glaciated Pavements. Glacially smoothed surfaces are prominent everywhere on
Upper Kibo and Mawenzi but only the trachybasalts are consistently well striated. This
may be due to their having been subjected to repeated glaciation while other lava
formations have escaped at least some, more probably it is dependent in some way on
their petrographic character.
The finest examples occur on the south-west shoulder of Mawenzi above Peters Hut
and Egg Valleys. Many occurrences there exceed 100 square yards in extent. The
direction of the striae always coincides with the direction of flow indicated by the
moraines but two occurrences, one south of Mawenzi, the other north of the Saddle,
lie outside the main terminal moraines.
Roches Moutonnées. Roches moutonnées are abundant in all the glaciated valleys.
The flow mechanism in the trachybasalts and rhomb-porphyries which produces large
lava bulges is the main reason for their prevalence. Fine examples can be seen wherever
flows of this type occur as in the South Valleys of Mawenzi, and the South-East Valley
of Kibo.
Giant Steps. This phenomena, characteristic of steep glaciated valleys, occurs at
several places. Two fine examples are present in the Three Kings Valley at 12,200 and
13,000 feet; the Garanga Wall (Kessel) at the head of the U-shaped seaion of the
valley at 13,500 feet are magnificent examples, others occur in the Upper Umbwe at
13,000 feet, the Lent Valley at 13,000 feet, the Oehler Valley and at the head of the
Lager Valley at 14,000 feet.
Rock Basins. Very few rock basins are known, though several may occur beneath
the outwash and talus deposits. Consequently, tarns such as characterise Mount Kenya
and Ruwenzori are rare. The best example occurs in Tarn Valley north of Mawenzi
at 13,500 feet but two shallow basins near the West Lava Hill are occupied by
transitory pools.
Kettle Hole Lakes. At one time a chain of kettle-hole lakes existed between the
outer and inner moraines on the east side of the First South Valley of Mawenzi, above
the Lava Kegel (Fig. 4.8). They are now dry.
Carries. Mawenzi has many fine corries on all sides except on the east where river
erosion has been exceptionally active in the Barranco. These corries, though flanked by
fine cliffs up to 1,500 feet high are not fully developed for rock lips never seem to be
present, though it is possible they may be buried in the enormous screes that occupy
their floors.
On Kibo, corrie formation is at a rudimentary stage, for volcanicity has intervened
filling the first formed basins. Shallow corries are developed, however, above the South
and Garanga Valleys and on the west at the head of the Lent Valley.
On Shira the valley heads below the Ridge on its outer side are steep sided and
cirque-like and are presumably corries but they show no other signs of glaciation. At
the low level of 13,000 feet with no higher collecting ground the glaciation here was
less severe and the resulting corrie forms less definite than on the other summits.
THE SEQUENCE OF GLACIATIONS ON KIBO

The climatically controlled sequence of glacial and inter-glacial periods is interspersed on Kibo by episodes of eruptive activity producing the varied lava series. The
succession of events that can be established is dealt with here in chronological order.
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The First Glaciation. The oldest known boulder bed is exposed in the Barranco
at 13,500 feet where it rests on the eroded surface of the Lower Trachyandesite group
and is overlain by the Lava Tower trachytes (Fig. 4.5).
The boulder bed closely resembles moraine, but only a few of the boulders are
striated. Nevertheless, it is thought to be glacial in origin. Its maximum thickness is
about 50 feet and all the boulders are trachyandesites. Current bedded sands at the
base do not exceed 4 feet in thickness. The only other exposure of this horizon is in
the Bastion Stream near the Lava Tower, where the position of the boulder bed is
occupied by a thin weathered band at the top of the trachyandesites.
Since exposures are limited to two localities, little can be said other than that ice
reached down to below 13,000 feet.
The First Interglacial Period. The absence of agglomerate, lava breccia, tuff or
excessive signs chilling at the base of the Lava Tower Trachyte group suggests that
they flowed out when little or no ice was present. More positive evidence is present
at their top which is deeply weathered and overlain by the non-glacial Amphitheatre
sediments at heights from 11,000 to 14,500 feet (Fig. 4.3).
The succeeding Lower and Upper Rectangle Porphyry groups. Upper Trachyandesite
group and Penck Rhomb Porphyry group followed without any prolonged break and
nowhere is there any sign of ice cover during the period. Considerable erosion did
occur, however, before the succeeding main Rhomb Porphyry group was erupted but
tjiiere is no evidence pointing to this having been accomplished by ice.
The Second Glaciation. Evidence for this period of glaciation is incontrovertible.
The doubt lies only in whether it began before or after the main Rhomb Porphyry
group.
The doubt that exists about the onset of the Second Glacial Period arises from the
occurrences of boulder beds at the base of the main Rhomb Porphyry group in the
lower Garanga at 2,700 feet. The mounded top of these boulder beds suggests they are
lahar deposits like the Kibo lahar boulder beds nearby. They may have formed by the
sudden melting of large masses of ice by the rhomb-porphyry flows.
Boulder beds 20 to 30 feet thick also occur beneath the main Rhomb Porphyry group
in the Oehler Valley at 13,700 feet where they rest on the Upper Rectangle Porphyry
group. They are associated with current bedded sands and include only boulders of
rhomb porphyry. While there is no definite indication whether or not these are glacial
deposits they clearly originated in the same way as the beds in the Lower Garanga and
have a similar age.
However, even if this glaciation began before the main Rhomb Porphyry group, it
lasted well beyond the completion of this volcanic episode for the lavas are deeply
eroded and overlain by thick and undoubted moraine deposits.
At the edge of the Machame Escarpment, where it is crossed by the Lager and
Bastion Streams at about 12,500 feet, boulder beds occur below the Lent group. At
the Lager Stream they rest on rhomb-porphyry and the boulders are all of rhombporphyry or rectangle-porphyry, ranging up to 3 feet in diameter. They are exposed
in the transverse section of a lateral moraine ridge 100 feet high separating valleys
filled by phonolite flows whose floors were bare rhomb-porphyry. Irregular patches
of sand occur within the moraine.
A mile to the east a similar boulder bed is seen at the Bastion Stream resting on
the Upper Trachyandesite group (Fig. 4.4). It also appears to be a cross-section of a
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lateral moraine reaching 20 feet in height with associated current bedded sands at the
base. The boulders are often striated and mainly consist of rectangle-porphyries and
basalt from an unknown source. Correlation of the two boulder beds depends on
struaure rather than stratigraphic evidence and implies the prior erosion of the rhomb
porphyries from the Bastion Stream area.
Another deposit of this type and age occurs in the Oehler Valley between the Lent
group and the Upper Trachyandesite group and can be traced along the valley side
for 100 yards, reaching 15 feet in thickness.
The importance of this period is further demonstrated by the occurrence of fluvioglacial sand and gravel at the Galuma Caves. Meyer (1900) first recorded these deposits
at this cave, one of his main camp sites on the Galuma Plateau above Shira. He did
not record the associated lavas which are now known to be Lent group above and
Rhomb Porphyry group below.

FIG. 4.3.—^The moraines of the second glaciation exposed beneath Lent group phonolites on
Machame Escarpment.

Elsewhere on the mountain the exposures of this horizon show contact between the
lavas without intervening sediment, nevertheless it is clear always that this contact
is a plane of erosion.
At the end of the Second Glacial Period the ice melted and the valleys were choked
by thick outwash deposits. These can be seen only in the upper Garanga and Klute
Valleys at 10,000 to 13,000 feet, where they are extremely well exposed on the valley
sides. They consist of great lenses of sand, gravel and conglomerate with blocks up to
15 feet across filling to a depth of about 350 feet a U-shaped valley cutting obliquely
across the ridge between the Garanga and Klute Valleys. The valley was cut in the
Rhomb Porphyry group and the deposits are overlain by flows of the Caldera Rim
group and cut across by the younger glaciated Garanga and Klute Valleys. No direct
contact is made with the Lent group but the age of the outwash is indicated by the
absence of included pebbles of trachyte though flows of this type are not far away.
The Second Inter-Glacial Period. These outwash deposits herald the onset of the
Second Inter-Glacial Period during which the Lent group was extruded on the upper
slopes of Kibo. There are no signs of explosive contacts at the base of this trachyte
series, and although the lavas did flow among moraine ridges the ice had already
disappeared. The abundance of obsidian at the base of the flows indicates rapid chilling,
but this is a peculiarity of the lava type not confined to the basal flows, or to the
upper slopes of the mountain.
The Small-rhomb Porphyry group which followed is separated from the Lent group
in the South-East Valley at 15,000 feet by a thin lenticle of bouldery gravels probably
a solifluxion deposit, but no evidence of the presence of ice is to be found.
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During this time a new caldera formed and considerable erosion took place on the
flanks.
The Third Glaciation. There followed another period when ice covered the summit
down to relatively low levels. The Caldera Rim group was probably erupted during
this period.
This group invariably rests on an eroded surface and transgresses markedly over
flows of the older series. Below the lowest of its lava flows a bed of agglomerate and
cinder of striking appearance occurs; beneath this a boulder bed is frequently found.
The following succession was found on the west side of the South-East Valley at
13,000 feet.
nepheline rhomb porphyry lava
...
...
...
—
orange brown agglomerate and cinder bed ...
...
...
2 to 5 feet
yellow current bedded sands ...
...
...
...
...
0 to 3 feet
boulder bed ...
...
...
...
...
...
...
... 20 feet
trachytic lavas (Lent group) ...
...
...
...
...
...
—
Similar successions are known beneath the Oehler Ridge and in the Lent Valley.
In the Lager Valley, some of the Saddle Cones and near the Great West Notch the
boulder bed and sands are absent, but the characteristic palagonitic tuff occurs.
The boulders, up to 2 feet in size, are derived from the varied older lava groups;
only a few are striated. The agglomerate contains many isolated orthoclase crystals
and many fragments of glassy black cinder derived from nepheline rhomb porphyry
lavas, as well as fragments of the underlying lavas. The matrix is palagonitic. At some
localities, however, it is absent, even at high altitudes, and there nepheline rhomb
porphyries rest directly on underlying lavas, e.g. in the Klute Valley at 14,000 feet.
The evidence nevertheless points to the explosive contact of the Caldera Rim group with
a pre-existing ice cover.
It is possible that the Kibo lahars may have been formed by floods arising from the
sudden melting of the ice cap when the nepheline rhomb porphyries emerged but more
probably they resulted from landslips which formed the Barranco and, therefore, post
date the Caldera Rim group.
The Third Inter-Glacid Period. Ice later returned to the summit in the Fourth
(Main) Glacial Period and its effects are readily seen all round the summit. Evidence
for an intervening interglacial period is, however, not at all obvious and depends on
what may be learnt from the parasitic cones on the Saddle.
Beneath the Camel's Back, on the west side of Mawenzi at 15,000 feet there is a
tillite overlain by ankaramitic parasitic lavas. These lavas are of a similar age to the
Caldera Rim group being associated with nepheline rhomb porphyries in other parasitic
cones of the Saddle area. The tillite is, therefore, believed to belong to the Third
Glacial Period.
The contacts with the overlying ankaramitic lavas at the Camel's Back indicate the
possibility of ice cover at the time since there was a preliminary violent explosion
forming a thick bed of tuff and agglomerate, but half a mile to the north, parasitic
olivine basalts from the same fissure abut against lateral moraines without showing any
abnormal chilling, explosive contacts or peculiar structures other than the incorporation
of a few blocks of the moraine in the noses of the flows.
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Since all of these flows, the basaltic, the ankaramitic and the nepheline rhomb
porphyries were eroded by the ice of the Fourth (Main) Glacial Period it must be
concluded that the basalts were extruded in an interglacial period between it and the
Third Glacial.
During this period the Barranco landslips occurred, probably as the result of
earthquakes associated with the establishment of the present caldera. The Kibo lahar
field may well have formed as a result of these movements.

20 f e e t

o feet

SANDS .

F I G . 4.4.—Section through Second Glaciation moraine and
fluvioglacial beds in the Bastion Stream at 13,200
feet.

The Kibo lahars are confined so far as is known to the lower slopes where the
drainage of south and south-west Kibo reaches the plain. The age of the mudflows
can be determined only by their content of boulders which, from place to place, varies
greatly in predominant type. Nevertheless, all the lahar, with the exception of that
overlain by the Rhomb Porphyry group, appears to be of the same general age,
representing individual overlapping flows coming from slightly different areas of the
summit, following slightly different paths to the plains. Some are dominated by
trachybasalts, others by rhomb porphyries and some by trachytes. Small-rhomb
porphyry and nepheline rhomb porphyry are present in small amounts, but they are in
any case rare on this side of the mountain. No Inner Crater nephelinites have been
found.
They were, therefore, formed either during the emission of the Caldera Rim group
or in the succeeding interval before the Inner Crater group began. Their source lay
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on the south-west slopes of Kibo. Two possible origins exist. The lahars may have
been caused by the sudden melting of the thick ice cover on the south-east side during
the eruption of the nepheline rhomb porphyry lavas or, as is thought more likely, they
were caused by the catastrophic landslipping that formed the Kibo Barranco in the
period preceding the Inner Crater eruptions. The restricted distribution of the lahar
and the occurrence of only a few isolated flows of nepheline rhomb porphyry on
South-West Kibo favours the latter explanation. The immediate cause of the landslip
was probably earthquakes accompanying the formation of the present caldera which
was associated with the Inner Crater group eruptions.

F I G . 4.5.—Section showing the till of First Glaciation at the foot of the Breschenwand (Breach
Wall) at 13,500 feet.

The Fourth or Main Glacial Period. This glacial period has left abundant evidence
of its passage over all the upper part of the mountain and at no subsequent time did
the ice descend so far. To it is due the formation or at least the final form of the great
moraines at 11,000 to 13,000 feet, and a mass of other glacial phenomena. At present
it is only intended to establish its position in the succesion, a fuller account is given
later.
The maxima of the Main Glaciation occurred before the eruption of the Inner Crater
group, for the great moraines in the Lower Barranco include no fragments of the
distinctive aegerine phonolite. At least two phases can be recognised (Fig. 4.6).
The Fourth Interglacial Period. Only one eruptive phase, the Inner Crater group,
occurred after the Main Glaciation. Its basal lavas show no unusual features, but rest
directly on underlying lavas of various types without any intervening sediment or tuff.
It is concluded that at the time of their eruption no ice was present.
The Little Glaciation. The Inner Crater group has, however, been glaciated and in
the Barranco large moraines containing numerous aegerine phonolite blocks extend
down to below 14,000 feet (Fig. 4.6). The relative youth of these moraines is indicated
by their being softer, darker in colour, less vegetated and sharper in profiile than those
of the Main Glaciation at the same altitude. Similar moraines occur uphill of the main
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F I G . 4.6.—Moraines in the Kibo Barranco. P—Penck Glacier; LP—Little Penck Glacier; U —
Uhlig Glacier; B—Barranco Glacier; F—Furtwangler Glacier; LT—Lava Tawer;
I—Fourth (Main) Glaciation Moraines; II—Little Glaciation Moraines; III—Recent
Glaciation Moraines.
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moraines in other valleys of Kibo, proving the return of the ice cap and its extension
well below its present level, but not as far as in the Main Glaciation.
The Recent Glaciation. Since the formation of the moraines of the Little Glaciation
only one important episode can be recognised in the glacial history of Kibo.
A short distance below the snouts of the present glaciers a series of well preserved
moraines can be seen all round the summit of Kibo, indicating a prolonged period
when the ice front fluctuated about a position only a little way below its present limits.
That the ice began to retreat from these positions only about 200 years ago is indicated
by photographs and drawings made during Meyer's expeditions at the end of the last
century. The extreme youth of these moraines is also shown by their complete lack
of vegetation, their sharp unerroded crests, their dark unoxidised appearance and their
soft unindurated character.
No evidence is available to tell if the Recent Glaciation marks a pause in the retreat
of the ice or a readvance following an interglacial period. Since the end of the Recent
Glaciation, howver, the ice retreat has been continuous, and may lead to the complete
disappearance of the ice within a century.
THE SEQUENCE OF GLACIATIONS ON MAWENZI

Large moraines surround Mawenzi, the radial valleys all being flanked for some
distance by lateral moraines extending in places well below 12,000 feet. In addition
there is an abundance of other glacial phenomena nearly all of which can be attributed
confidently to the Main Glaciation.
There are, however, numerous irregularities that must be attributed to the earlier,
greater Third Glaciation.
Evidence of this earlier glaciation is obtained in three ways: by tillites below the
parasitic lavas, by glaciated pavements beyond the terminal moraines of the Main
Glaciation, and by anomalies in the form and pattern of moraines.
The older tillites are exposed beneath the ankaramitic lavas of the Camel's Back
at 14,500 feet (Fig. 4.7). Immediately below the lavas are tuffs and agglomerate of
ankaramitic origin overlying boulder beds and associated sands which in turn rest on
a striated surface of Mawenzi trachyandesites. A few hundred yards to the north
parasitic basalts have flowed against a lateral moraine, which has controlled their
direction and in turn the basalt has picked up boulders from the moraine in its passage.
Finally, above the west bank of the Three Kings Valley at 10,500 feet, deposits of
sand and gravel possibly fluvio-glacial in origin occur between the Mawenzi lavas and
the parasitic ankaramites.
Since the parasitic lavas at all three localities have been glaciated by the Main
Glaciation, these underlying deposits must be attributed to an earlier phase. Evidence
leading to the conclusion that this is the Third Glaciation has already been stated
(page 50).
Further evidence of earlier glaciation is given by the ice scratched pavement below
the terminal moraines of the Third South Valley. This pavement lies at 11,050 feet
some 300 yards and 50 feet below the toe of the Main Moraines. Beneath it occur only
spreads of fluvio-glacial outwash. Occasional irregular low mounds at about 10,700
feet may be relics of an old terminal moraine. It cannot, however, be definitely asserted
that the limits of this ice are marked by these low mounds.
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FIG. 4.7.—Moraines of the Saddle Area. C.R.—Camel's Back; W.L.H.—West Lava Hill;
O.L.H.—East lava Hill; I—Moraines of Fourth (Main) Glaciation; II—Moraines of
Little Glaciation.

56

Kilimanjaro

Comparable evidence is provided by Meyer's record of striations near the Saltpetre
Cave on the north-east slopes of Kibo at 11,300 feet near the Rongai path. This is
about 2,000 feet below the level of the iUain Moraines on this side of the mountain.

FIG. 4.8.—Moraines of South Mawenzi. L.K.—The Lava Kegel; D.K.H.—Triangular Hill or
Dreikanthugel; I—Moraines of Fourth (Main Glaciation); II—^Moraines of Little
Glaciation.
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It is, therefore, clear that the ice sheets once extended beyond the limits of the
terminal moraines of the Main Glaciation, possibly in the form of a continuous sheet
unbroken at its outer edge, and not sub-divided into valley glaciers by medial moraines
as in the Main Glaciation. Such a sheet may have built up quite small terminal
moraines, which vsfould later be strongly eroded by outwash streams from the ice front
during the Main Glaciation.
Finally, there are irregularities in the pattern of the moraines explicable only by
assuming an earlier glaciation preceding the early phase of the Main Glaciation. The
crests of the lateral moraines of the Main Glaciation preserve a regular slope as they
are traced uphill, maintaining a more or less constant height above the valley floor.
But in a number of places still higher morainic ridges rise abruptly above them. Typical
of these is the mound on the east side of the Third South Valley rising 70 feet above
the lateral moraine of the Main Glaciation (Fig. 4.8). The mound has a more rounded
outline than the lateral moraine, indicating greater age and degradation. This fact is
supported by the occurrence of several large earth pillars on its flanks. The moraine
of the Main Glaciation can be traced as a bench along its side, and continues as a
ridge on the uphill side of the mound, leading to the Dreikanthugel a few hundred
yards uphill. The Dreikanthugel itself is a similar mound rising 60 feet above the
Main Moraine; other, though less distinct, mounds rise above the Main Moraines on the
ridge between the Forster Valley and the Valley of the Three Peaks.
In most cases, the Main Glaciation followed a pattern similar to that of the earlier
glaciations. Only near the Dreikanthugel and on the Saddle does there appear to have
been any change in direction of ice flow. At the former locality the earlier glaciation
appears to have passed directly downhill into the Second South Valley between the
Dreikanthugel and the mound on the east ridge of the Third South Valley. The gap
is evidence of this, but more conclusive are the dips seen in the eroded older moraine,
which indicate its derivation from both east and west of the ridge between the Third
and Second South Valleys.
On the Saddle below the Camel's Back important changes in dirertion of flow are
clearly displayed by intersecting moraines. The earlier divide between north and south
flowing ice, lying along the line of the true west ridge of Mawenzi, was subsequently
replaced by the ridge formed by the parasitic flows forming the Camel's Back. No
evidence of the time interval separating the two patterns of flow is available, but it seems
probable that they belong to phases of the Main Glaciation.
Nearly all of the moraines have indurated cores, some of which are being exposed
by present day erosion to form little cliffs. It is probable that these cores are of
considerable antiquity pre-dating or belonging to early phases of the Main Glaciation,
possibly even persisting through several glaciations. No proof of this is, however,
available.
It is, therefore, clear that there is abundant evidence on Mawenzi for the Fourth
(Main) Glaciation, and some for the earlier Third Glaciation, but of still earlier
periods no recognisable trace has been left.
Of the Post-Pleistocene Glaciations there is also scanty evidence. Nearly all the
valleys have mounds of moraine on their floors, and often distinct lateral and terminal
moraines within the Main Moraine System, but no correlation can be made from valley
to valley. Some valleys like the Lava Hills Valley have several sets (Fig. 4.7), one or
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more of which may be attributed to the Little Glaciation, but the evidence here points
rather to a more continuous retreat. The question will be more fully discussed later.
It is, however, clear that the Recent Glaciation of Kibo is not represented by
moraines on Mawenzi and that during this time ice, if present at all, consisted only of
small pockets and sheets in the high shaded corries.
THE SEQUENCE OF GLACIATIONS ON SHIRA

On Shira little evidence remains of any glaciation, and what there is is entirely
subsequent to the volcano becoming extinct.
On the south and east sides, the valley heads at 12,000 to 13,000 feet are corrie-like
and on the south side the cross profiles are distinctly U-shaped. Thick deposits of sand
and boulder beds occur on their floors or at about 10,500 to 11,000 feet, but generally
without any clear morphology. The best evidence is found in the valley leading south
from Shira Cathedral, where at 10,800 feet ridges of sand and boulder beds cross the
valley floor. These deposits are quite extensive and apparently glacial and fluvio-glacial
in origin. In contrast to the well formed ridges of the moraines of the Main Glaciation
on Kibo the ridges here are rounded and indefinite in form. For this reason it is
considered that they belong to an older, probably to the great Third Glaciation, and
that if the Main Glaciation affected Shira at all it formed only small patches of ice
in the very heads of the valleys.
The relative absence of ice from Shira, reflected in the small size of the glaciers in
the Third Glaciation and their absence in later periods, is of course due to its lesser
altitude. At 13,000 feet it barely reaches the height required for glaciers to form at
this altitude even in extreme climatic conditions.
THE EXTENT OF THE FOURTH (MAIN) GLACIATION

Whereas evidence for the earlier glaciations is patchy and inadequate to form an
overall picture of the mountain during these periods, traces of the Main Glaciation are
everywhere obvious and a fuller account may be given.
Kibo and Mawenzi formed the only two centres of ice dispersal, Shira having no
true glaciers at this time. From the summits of the two higher peaks ice radiated
outwards down the main valleys. At the maximum development the ice formed a
continuous cone over the summits down to about 14,000 to 14,500 feet, obliterating
the rocks completely except perhaps for a few small monadnocks. Below this level,
however, the ice began to thin and ridges of moraine appeared between the individual
valley flows. Still farther down at heights varying from 14,000 to 11,500 feet the valley
glaciers separated into ever more isolated lobes because of the dwindling ice and
widening periphery. These lobes extend down to levels varying from 13,500 feet to
9,000 feet.
The radial patttern is disturbed on the Saddle where the glaciers from Mawenzi
and Kibo met head on and deflected each other to north and south. From the way
in which the Mawenzi glaciers are deflected eastwards on the flanks of the Saddle
it appears that the Kibo ice was the more powerful.
On Kibo the Main Glaciation left enormous moraines on the south and west sides
of the mountain, but on the north side, although they are still large, they are not so
definite in pattern and in places cannot be recognised. This applies even more on the
Saddle where the moraines are relatively small and all but completely obliterated by
later outwash and solifluxion gravels.
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The lowest limits reached by Main Ice Sheet on Kibo is given in Table 4.1. No
figures are given for the east side where the ice encountered the Mawenzi glaciers and
was deflected; the high levels of the snouts on the west side does not represent the
true might of those glaciers because here they flowed on to the gentle slopes overlooking
Shira Plateau. The glaciers descended lowest on the south and south-west slopes, the
lowest point reached increasing westwards from the South-East Valley to the Klute
Valley. Beyond this point the glaciers encountered the Machame Escarpment and their
moraines are abruptly truncated by subsequent recession of the scarp edge. Below the
escarpment at heights of about 11,000 feet there are patches of moraine but these form
no distinct pattern.
On the north side exploration of the moraines is only partial. It is clear that their
lower limits are much higher than those on the south side, because this is the side of
the mountain sheltered from precipitation.
The greater size of the southern and western glaciers is also reflected in the depths
of the valleys they have gouged. There are no valleys on the northern and eastern
slopes comparable to any of the valleys all the way from the South-East Valley to the
Lent Valley.
At the maximum thickness of ice, an unbroken sheet covered the summit from
which moraine ridges began to appear at about 15,500 feet on the north and heights
varying from 15,000 to 14,000 feet on the south and west. Beyond this the ice extended
from 1 to IJ miles as broad lobes on the north side but on the west and south side
formed relatively narrow valley glaciers 4 to 5 miles long, bounded by prominent
moraines.
Table 4.1
LOWEST LIMITS REACHED BY
GLACIERS OF THE MAIN GLACIATION ON KIBO
SOUTH KIBO
Length from Summit
South-East Valley
11,800 feet
5.3 miles
Garanga Valley
11,500 feet
4.7 miles
Klute Valley
about 10,000 feetf
5.0 miles
SOUTH-WEST KIBO

Umbwe Valley

below 13,000 feet*

+3.8 miles

below 13,000 feet*
below 13,000 feet*
12,800 feet
12,600 feet
13,150 feet

+3.8
+4.2
5.0
5.7
5.3

WEST KIBO

Bastion Valley
Lager Valley
Oehler Valley
Lent Valley
North Lent Valley

miles
miles
miles
miles
miles

NORTH KIBO

North Slopes
13,700 feet
3.0 miles
t height estimated from aerial photographs, position not visited.
* terminal moraines eroded, probably extended to about 11,000 feet.
On the south and west flanks where these deeply gouged valleys occur, each one
shows a distinctive pattern of development, in contrast to the uniform character of
north and east slopes.
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The South-East Valley glacier system formed a complex group of moraines extending
down to 11,800 feet. The group embraces the Ascent Valley and the Small-rhomb
Porphyry field south of the Triplets, as well as the main South-East Valley. It is
embraced between two large moraines converging at Hans Meyer's South Camp. Within
lies the deep main South-East Valley with its lateral moraines running down the
centre and is flanked on the west by the shallower glaciated Ascent Valley of Hans
Meyer and on the east by the two valleys crossing the Small-rhomb Porphyry field.
The outer of these two valleys contains the magnificent series of boulder trains.
It appears that this group formed in two stages; the first a gigantic ice lobe 3 miles
wide; the second, after a retreat and re-advance consisted of three separate glaciers,
the South-East Valley occupying the central position. These two stages may or may not
have been separated by a long interval but are considered as two phases of the Main
Glaciation. The South-East Valley group is separated from the Garanga Valley by the
Lent Trachyte field of South Kibo. This forms a bench flanked by the troughs of the
Garanga and South-East Valleys incised some 200 to 250 feet below its level. It has,
however, been glaciated but the valleys and attendant lateral moraines do not begin
until below 13,500 feet.
The deeply scoured Garanga Valley is remarkable for the perfection of its glacial
features, having at its head a fine giant step and along its sides smooth, bare striated
rock walls.
To the west lies the Klute Valley, at 13,500 feet a wide open shallow rock floored
valley, sub-divided by numerous crags of nepheline rhomb porphyry. The rocks show
signs of ice movement but there is little morainic debris at this level. Lower down,
however, at about 12,000 feet the valley begins to deepen and narrow slightly and the
lateral moraines grow more powerful. They were never followed to their termination
which lies in the upper part of the forest, but from aerial photographs it is judged
that it lies at about 10,000 feet. Farther west lies the Breschenwand and the Barranco
(Fig. 4.6). During the Main Glaciation a barrier must have been in existence at the
foot of the Barranco diverting the glaciers towards the Breschenwand where they spilt
down the Umbwe Valley. In doing so they formed a great moraine sweeping round
from the Hans Meyer Ridge across the foot of the Barranco. These moraines are very
large and appear to have obliterated all evidence of whatever formed the diverting
barrier.
Beyond this, to the west, lie the moraines of West Kibo, where the principal glaciers
occupied the Bastion, Camp, Oehler, Lent and North Lent Valleys. These valleys are
all typically U-shaped troughs embraced by some of the largest moraines on the
mountain. Those of the Bastion and Camp Valleys are abruptly truncated by recession
of the Machame Escarpment, the Oehler moraines die away indefinitely on the gentle
slopes above the Machame Escarpment, but the two Lent Valleys to the north have
fine terminal moraines on the slopes above Shira.
Shallow open valleys widening rapidly downhill occupy the angles between these
deep troughs. These valleys also have been glaciated but apparently by thin sheets for
the signs are less definite consisting mainly of striated surfaces and irregular patches of
moraine. They probably formed in the early phase of the Main Glaciation.
Changes in direction have also taken place. The Penck Glacier which now leads into
the Bastion Valley, and did so during the last phase of the Main Glaciation, in the
early phase followed a more direct course down the Camp Valley. The large lateral
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moraines at the head of the Camp Valley where the change in direction occurred, are
eroded into earth pillars and stand above the general level as do the eroded mounds
near the Dreikanthugel of Mawenzi. The change in direction on Kibo definitely took
place during the Fourth Glaciation for the moraines are all later than the Caldera Rim
group. This appears to be further evidence for the duplex character of the Main
Glaciation. The Lent Valley lateral moraines are of a simple character, but the terminal
part shows evidence of several (at least five) stages.
Along the north side of Kibo the main moraines are smaller than those on the south
and west. Furthermore, they do not descend so far and are less continuous. On the
north-east corner especially the valleys are very shallow and the terminal moraines
coalesce to form a more or less continuous ridge with no distinct laterals marking the
valley interfluves.
East of Kibo there is a similar absence of glacial valleys and the small moraines
have been almost entirely buried beneath outwash. Here the ice was deflected to the
north and south of the Saddle by the Mawenzi glaciers. On the north side of the
Saddle no distinct moraines can be seen at all, the ice apparently forming an unbroken
sheet. There are, however, numerous patches of morainic debris among the fluvioglacial sands, and ice smoothed surfaces are common down to about 13,000 feet. The
only record below that was by Meyer (1900) at 11,600 feet at the Salt Petre Cave
near the Rongai path; this must relate to the Third Glaciation.
On the south side the ice sheets also coalesced to form a continuous sheet but where
it passed between the parasitic cones of the Saddle, crag and tail features were formed.
During the Main Glaciation the ice appears to have almost completely buried these
cones, for they are smoothed almost to their summits. Its thickness at this point must,
therefore, have been 150 to 200 feet. Its age is not in doubt for the cones erupted in
the Third Interglacial Period. Lower, the ice spread out as a continuous sheet without
forming lateral moraines. Its passage is recorded by occasional striae and patches of
moraine, but along a line from Hans Meyer's South Camp to the Lower Middle Hill
a wide indefinite mass of moraine has been deposited, its outer edge rising gradually
eastwards from 11,800 feet to 12,500 feet.
On Mawenzi, as on Kibo, the Main Glaciation formed large, generally well preserved
moraines along the sides of its radial valleys. A contrast between the south and west
moraines and the north and east moraines is repeated here, but is not so remarkable
as on Kibo. The ice on the east slopes did not descend quite so far as on the south and
deposited, as on north-east Kibo, a more or less continual terminal moraine with poorly
developed laterals. On the north side, however, the large catchment of the Barranco
has influenced the glaciation to a great extent and the ice front here descended to a
very low level.
The lowest limits reached by the ice are given in Table 4.2. They form a less regular
pattern than on Kibo and the heights are more uniform. One of the main controlling
factors appears to have been the depth of the pre-existing valleys and the size of their
catchment areas. The three lowest points reached are in the three largest valleys of the
mountain, and the downward penetration of the ice is proportional to the depth and
size of the valleys. The greatest of these, the Great Barranco, contained the largest,
most powerful glacier on Kilimanjaro and its ice descended to a point in the forests
somewhere about 9,000 feet but not accurately determined. The Lesser Barranco is the
only valley comparable in depth and although it does not have the same catchment
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area its glacier descended well below 10,000 feet. The Three Kings Valley is the
deepest valley on the south slopes of the mountain and it cuts across the other south
valleys at their heads. With these advantages in catchment the ice descended 1,000 feet
lower than in any of the other southern valleys and 1,300 feet lower than in its
neighbours on the east slopes.
The failure of the southern ice sheets to match these figures must be attributed in
part to the deflection of some of the ice on the southern slopes into the Three Kings
Valley. Even so they are nearly comparable to the glaciers on South Kibo. Progressing
westwards the lowest point reached by the ice of the South Valley rises a little.
The northern glaciers are dominated by the Barrancoes, but Tarn Valley also
contained a large powerful glacier descending lower than any on the south side except
the Three Kings Valley glacier.
The glaciers on the east slopes, however, were smaller. In spite of their direct course
they do not descend much below 12,000 feet anywhere. This is probably because their
supply was restricted to overspill from the Barranco, for apart from a local collecting
ground east of the Neumann Tower-Liebert Peak Ridge, they acquired ice from the
main summit ridge only after the Barranco had been filled.
From this it is clear that the glaciation of Mawenzi was comparable to that on Kibo
but the pre-existing topography had a greater influence on the ice pattern, and the
climatic shadow played a very subsidiary role. This is to be expected for the summit
of Mawenzi is of much smaller bulk, and would form a much less effective barrier
than Kibo. Furthermore, the valleys of Mawenzi were more mature since a long time
had elapsed there since the last volcanic activity.
At the maximum thickness of the ice the summit region was completely blanketed
down to about 14,000 feet with only the peaks of the summit ridge emerging through
the ice. Ridges of moraine between the valley glaciers on the Saddle and on the northwest slopes appeared at about 14,500 feet and on the south side at about 14,000 feet.
On the east side, however, the ice cover was practically unbroken down to nearly
13,000 feet and in the Barranco segment it continued down probably to about 11,000
feet. With the exception of the Barranco area, these heights are similar to those on
Kibo.
Below about 14,000 feet the valley glaciers diverged into tongues and lobes, as on
Kibo. The length of these valley glaciers was about 3 miles with the exception of the
Barranco glaciers, only about two-thirds the length of the Kibo glaciers.
Well preserved terminal moraines are present in the South Valleys (Fig. 4.8), the
Forster Valley, the Three Peaks Valley and Egg Valley, but the westernmost pair, the
Peters Hut Valley and Lava Hills Valley are open-ended like the Oehler Valley on
Kibo (Fig. 4.7). The ice here appears to have spread out and thinned on the south
flank of the Saddle, leaving only patches of moraine and striated pavements as records
of its passage.
The system of moraines associated with the First and Second South Valleys forms
a nested group rather like those of the South-East Valley system of Kibo, thus indicating the presence of two phases of the Main Glaciation in addition to the eroded
remnants of the moraines of the Third Glaciation (page 54). The terminal moraines
of the Third South Valley and the adjacent Forster Valley and Three Peaks Valley
are cut through by gorges exposing sections 100 to 200 feet thick, showing fluvio-glacial
sands interbedded at two levels in the moraine. Furthermore, in the First South Valley

63

Glaciology and Glacial History

and in the Forster Valley there is evidence of two sets of moraines, indicating a retreat
and re-advance: a fact noted by Nilsson (1932).
West of Mawenzi the ice was deflected by the Kibo glaciers to north and south.
The northern glaciers planed off completely the parasitic cones of the North Saddle
belt, but the larger cones on the South Saddle resisted and the finest examples of crag
and tail on the mountain are formed by the two Lava Hills on either side of the Lava
Hills Valley.
On east Mawenzi the glaciers in contrast formed broad lobate snouts unlike the
typical valley glaciers of the south side. The moraines coalesce to form a more or less
continuous terminal apron with a steep stoss side and a more gentle, almost continuous
outer slopes except where breached by the river's erosion.
In the Barrancoes, evidence of glaciation has been almost entirely destroyed by
subsequent river erosion but their U-shaped profile remains and lower down, in the
forest, the remains of moraines similar to those of the east flank can be seen on aerial
photographs. Unfortunately, the region was never visited.
The Tarn Valley resembles the glaciated valleys on the south side. Its upper part
is a wide open glaciated valley, which suddenly constricts at about 13,000 feet, whence
it continues between closely spaced lateral moraines to about 11,000 feet. The great
slope of moraine on its north-eastern side below the constriaion is similar in form to
the apron moraines of the Barrancoes and East Mawenzi.
Table 4.2
LOWEST LIMITS REACHED BY THE GLACIERS
OF THE MAIN GLACIATION ON MAWENZI
Distance of snout
SOUTH-EAST
from Summit
Three Kings Valley
10,900 feet
3.4 miles
SOUTH

First South Valley
Third South Valley
Forster Valley
Three Peaks Valley
Egg Valley
Peters Hut Valley
Lava Hills Valley

11,900 feet
11,800 feet
12,100 feet
12,150 feet
12,300 feet
below 12,300 feet
below 13,000 feet

3.0
3.0
2.7
2.7
2.9
+ 3.0
+ 3.4

miles
miles
miles
miles
miles
miles
miles

3.4
3.4
3.8
4.2
4.6

miles
miles
miles
miles
miles

NORTH

North Saddle Valley
North-West Valley
Tarn Valley
Little Barranco
Great Barranco

13,400
12,150
11,100
? 10,000
?9,200

feet
feet
feet
feet*
feet*

EAST

Liebert Valley
11,800 feet
Neumann Valley
12,150 feet
Middle Valley
12,000 feet
* not visited, estimated from aerial photographs.

3.4 miles
2.7 miles
2.3 miles
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Evidence that at least two phases are included in the Main Glaciation is present at
many localities on Kibo and Mawenzi. Two sets of moraines, the younger rather
smaller, are found in several valleys (Figs. 4.6, 4.7 and 4.8). Nested moraines are found
in the south valleys of both Kibo and Mawenzi. In some valleys, e.g. the First South
Valley of Mawenzi several other phases indicating samewhat smaller glaciers are
present.
Correlation of these phases cannot be based on any evidence other than relative
position and is therefore on a very uncertain basis. The interval of time between the
phases cannot be assessed with any accuracy.
THE LITTLE GLACIATION

Evidence of the relationships between the moraines and the Inner Crater group in
the Barranco of Kibo shows that the Main Glacial Period was separated from the
Little Glaciation by an interglacial period (page 52).
Only in the Barranco can the Inner Crater group be used to separate the two
glaciations. On the north and east slopes, the only other places where Inner Crater
flows occur on the flanks, the poorly developed moraines, the abundant cover of recent
outwash and the lack of detailed observations of the boulder content of the moraines
make their use in separating the glaciations impracticable.
The Little Glaciation moraine can be traced from 14,400 feet south-east of the
Hans Meyer Ridge to die out about 13,400 feet (Fig. 4.6). Its eastern counterpart is
a series of morainic mounds in the centre of the Barranco. The lowest limit of the ice
was about 13,300 feet. The moraines are not very large and are patchily developed
suggesting that the glaciation was of relatively short duration.
Moraines bearing a similar relationship to those of the Main Glaciation occur in
other valleys and are correlated with that in the Barranco. They have not, however,
been recognised in every valley and even when present they are fragmentary.
On South Kibo they occur as terminal moraines in the Ascent Valley at 13,000
feet, in the main South-East Valley at 14,000 feet as benches along the inner sides
of the Main lateral moraines and possibly also as poorly developed terminals in the
Garanga Valley at 11,800 feet. On West Kibo they have been found only in the Bastion
and the Innominata Valleys as benches on the inner flanks of the Main Glaciation
lateral moraines. Terminal moraines north of the Lent Group at 14,600 feet have
been tentatively allocated to this phase.
On Mawenzi, poorly preserved small moraines occur in the South, Egg and Peters
Hut Valleys 300 to 600 feet above the Main Terminals and a fine set of four closely
spaced terminal and lateral moraines at about 13,000 feet occurs within the Main
lateral moraines of the Lava Hills Valley. Similar moraines occur in the valleys on
the north side of the Saddle at 13,600 to 13,900 feet, but elsewhere no certain record
has been observed.
All these occurrences indicate a glaciation extending far down the mountain, but
falling short of the Main Glaciation by 300 to 1,000 feet. As valley glaciers they failed
to fill their valleys generally by 50 to 100 feet.
Other moraines are encountered higher up some of the valleys on Kibo nearer the
terminal moraines of the Recent Glaciation. These are poorly displayed and less
frequently observed and appear to have formed during pauses in the retreat of the ice
after the Little Glaciation. They occur in the South-East Valley at 15,700 feet, and in
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Bastion Valley near the Lava Tower at 14,500 feet. The moraine above the Garanga
'Kessel' at 14,000 feet may also belong here.
On Mawenzi similar moraines occur in the Three Kings Valley, the First. South
Valley and the Lava Hills Valley and are the highest set of moraines found on this peak.
THE RECENT GLACIATION

Surrounding the present day ice front on Kibo is a set of very recent fresh moraines,
forming an almost complete girdle.
Each tongue of the present day ice has, lower down the slope, a corresponding lobate
moraine in the form of an arcuate sharp crested ridge of soft dark unconsolidated
debris. Where the glacial streams are active on South West Kibo narrow passages have
been cut through the barrier.
These moraines lie 200 to 1,200 feet below the glacier snouts. The smaller figure
applies where the glaciers are still active on South and West Kibo. The greater figure
applies to north and east slopes where the glaciers have retreated must faster and are
now represented by stagnant ice on the caldera rim.
Comparison of the position of the ice front today with that when Hans Meyer visited
the summit in the 1880's shows that the ice is still rapidly retreating and backward
extrapolation indicates that the valleys would be fully occupied up to the Recent
Moraines about 200 years ago.
These moraines are not simple. In nearly every case two distinctly separate ridges
can be seen 100 to 200 yards apart, and in favourable cases, four or more parallel
ridges can be seen, for example at the Penck Glacier.
Where the present glaciers are most powerful these moraines are largest. The present
pattern of glaciation on Kibo was inherited with little change from this ice cap of the
Recent Glaciation which, judging by the size of the moraines, lasted a considerable
time.
The ice disappeared from the summit of Mawenzi completely after the Little
Glaciation and if it returned during the Recent Glaciation it formed only small patches
in the uppper corries.
PERIGLACIAL PHENOMENA

The effect of frost-action and melt-water streams are to be seen all round the
summits. Extensive deposits of gravel and sand blanket the flanks over large areas
above 10,000 feet.
Undoubtedly, each glaciation had its attendant outer fringe of fJuvio-glacial deposits,
but except where these have been preserved beneath lava flows, they have either been
washed away or are inseparable from the deposits of the Main and later glaciations.
Examples of the older outwash deposits are not numerous and have all been
previously mentioned. They occur beneath the Lent group lavas at Galuma Cave, in the
Garanga Valley area, and beneath the parasitic lavas near the Three Kings Valley.
Neither can the outwash of the Main and later Glaciations be readily distinguished,
except on the general grounds that the smaller, younger glaciations have fresher and
more restricted outwash fields. The most obvious distinction is the colour, the younger
deposits, being unoxidised are dark grey, the older are brown. This criterion can be
applied to the outwash and solifluxion gravels coming from the Recent Moraines
spreading down the valleys as dark tongues over the older reddish brown deposits.
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Only locally as in the South East Valley and the Lent Valley can the distinction be
applied consistently, so the different groups have not been distinguished on the map.
Much of the outwash appears to be unconsolidated, but a gully cut through the
Saddle outwash near the West Saddle Cone exposes a 10 feet section of cemented
outwash overlain unconformably by thin unconsolidated gravel. The hardened outwash
has been cemented by limonite and consists of well bedded coarse sands, crystal gravel
and beds of small pebbles. Outwash of two different ages may be represented here.
Little sign of outwash deposits has been found on the slopes of Shira, other than
small patches on the valley floors. Presumably the glaciers were too small and the
topography too steep for large quantities to have survived. On the Shira Plateau,
however, considerable spreads of outwash occur, forming the outer fringe of the West
Kibo fields.
On Mawenzi considerable quantities of outwash were deposited outside the limits
of the Main Moraines; smaller patches occur in the higher valleys. Along the south
side of Mawenzi at about 10,000 feet extensive scrub and grass covered plains cover
much of the lava. These are composed of fluvio-glacial sand and gravel. The outwash
plain here is partly covered by a large solifluxion mudflow that came from the recess
between the moraines of the Third and Second South Valleys, and there are also
torrent deposits of recent date from the First South Valley. West of the Third South
Valley the outwash plains although still extensive are thinner and more frequently
broken by lava flows. Their boundary is too complex to map in detail and only general
indications of the area covered are given on the map.
On West Mawenzi the outwash is confined to patches in the valleys. It is never very
thick and never obliterates the lateral moraines. Similar conditions exist in the upper
valleys of the south and north sides. On North Mawenzi the outwash fields are similar
in extent and altitude to those on the south. They are apparently quite thin and lava
flows frequently form rock ribs emerging through them. No sign of the outwash from the
Barranco Glaciers has been found.
Surrounding the summit region on all sides but the east, are large slopes of scree
which completely fill the floors of all the corries and extend for a considerable way
down some of the valleys. Their absence on the east side is due to the much steeper
slopes and more active erosion at the head of the Barranco.
The outwash beyond the Main Moraines is doubtless associated with the Fourth
(Main) Glacial Period; that in the upper valleys to the retreat of the Little Glaciation;
and the screes which are still forming, to the Recent Glaciation.
On Kibo the outwash flelds are more extensive, and are presumably thicker as well.
Along the south side the fluvio-glacial outwash extends down into the forest below
10,000 feet from the outer slopes of the Main Moraines. Great thicknesses also occur
on the valley floors extending up as far as the outer slopes of the Recent Moraines.
Some of this valley floor deposit relates to the Little Glaciation but tongues of outwasH
from the Recent Moraines extend down to below 14,000 feet and the Recent outwash
forms an almost unbroken apron below the line of great moraines above the Klute
Valley.
The south-west slopes probably also had extensive spreads of outwash below the
Main Moraines but these have been removed to a large extent by river erosion during
the formation of the Machame Escarpment. In the valleys above the escarpment
outwash gravels associated with the Recent Glaciation are most important.
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On West Kibo below the Main Moraines outwash spreads over the lavas down as
far as the Shira Plateau, where it has been redistributed by the meandering headwaters of the Engare Nairobi and now forms quite large alluvial plains. It is not,
however, a continuous blanket and lava flows are frequently exposed on the slopes of
the Galuma Plateau. Small patches of outwash, related to the Little Glaciation occur
on the floors of the valleys in their lower part, but in higher parts are largely obscured
by masses of dark outwash from the Recent Moraines.
Along the northern slopes outwash spreads over great areas of the flanks from
10,000 feet upwards, appearing to be thickest about 13,000 feet just below the level
of the Main Moraines. More occurs higher with tongues of dark outwash penetrating
down the shallow valleys from the Recent Moraines at 17,000 feet. The greater extent
of cover here is probably not due to a greater supply of outwash but rather to the
absence of deep valleys and rivers competent to remove it.
The east slopes of Kibo above the Saddle resemble the north slopes, tongues of
dark outwash from the recent Moraines come down the valleys over the older brown
outwash. The dark outwash does not reach the lower slopes but stops at about 16,000
feet. The brown outwash continues lower and at about 15,000 feet its parts coalesce,
forming the continuous even sheet that covers the Western Saddle; only a large lava
blister of nepheline rhomb porphyry projects from an otherwise unbroken spread of
some 6 square miles. It extends further in tongues down the north flank of the Saddle
to below 13,000 feet and south of the Saddle it passes between the parasitic cones then
coalescees again as a sheet stretching down towards the Lower Middle Hill at 13,000
feet. Beyond this point, patches of still older outwash occur.
The Saddle outwash buries the moraines of the Main Glaciation and is, therefore,
younger. From the colour changes it is clearly not all of the same age but formed over
a considerable period. In producing outwash, the Little Glaciation does not appear to
have been important for on the Mawenzi slopes of the Saddle, where it was the last
glaciation, the outwash deposits are relatively insignificant. The higher and younger
part of the Saddle outwash certainly relates to the Recent Glaciation and probably the
rest of it also. This means that the Recent Glaciation must have lasted a considerable
time, in fact already deduced from the size of its moraines.
In addition to these major peri-glacial phenomena there are numerous other minor
features such as small solifluxion mud-flows, soil polygons (but always poorly
developed), stone stripes (well seen on the Saddle) and a large-scale patchwork pattern
on the Saddle clearly visible when viewed from Mawenzi, whose origin is not understood.
CORRELATION OF THE GLACIATIONS ON KILIMANJARO

The sequence of glaciations on Kilimanjaro is similar on both the main summits and
no difficulty arises in their correlation in general (Table 4.3), but in detail there is
often some doubt.
Correlation of the sequence on Kilimanjaro with that of other glaciated regions was
not attempted by the earlier explorers. Meyer (1900) made the first observations and
recorded glaciers all round the summits. Klute (1920) also mapped several moraines
and concluded that the Pleistocene climate was largely influenced by south-westerly
winds as it is today.
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Table 4.3
CORRELATION OF GLACIATIONS ON KILIMANJARO
Shira

Kibo

Mawenzi

Terminology

scree formation

Recent Moraines
(Ilab
Phases Ilab

small moraines
3,000 feet below
summit
small moraines
300-600 feet above
the large moraines

Little Glaciation
(Upper Moraines)

large, well preserved often showing
evidence of two phases. Average
height 12,100 feet.

large, well preserved
often showing
evidence of two
phases. Average
height 11,900 feet.

Fourth (Main)

interglacial phase
Main Parasitic Cones
formed

interglacial
Main Parasitic
Cones formed

very large extensive ice sheets with
no prominent terminals preserved,
maximum known ice extent.
Caldera Rim (Nepheline R h o m b
Porphyry) group contemporaneous with later stages.

very large extensive
ice sheets with no
prominent terminal
moraines, maximum
known ice extent.

retreat to present position
fresh moraines, 3oo-i,30oft.
below present snouts.
In two main, and 4 sub-phases.
Saddle outwash, and upper
valley outwash.
interglacial phase
moraines marking pause in retreats
about 1,100 feet below highest
moraines.
Small moraines at 300-600 feet
above the larger moraines,
4 phases recognisable.

Little Glaciation
(Lower Moraines)

interglacial phase Inner Crater
group volcanic activity

short
valley
glaciers
on outer
slopes

(2 phases)

Third Glaciation

interglacial S m a l l R h o m b
Porphyry group formed.
Lent group formed.
Garanga Tal old outwash, glacial
deposits below flows, moraines at
Machame Escarpment.
Main R h o m b Porphyry group
formed? Penck R h o m b
Porphyry group formed.

Second Glaciation

interglacial Upper
Rectangle Porphyry group
formed. Upper Trachybasalt
group formed. Interglacial
Amphitheatre Sediments.
Lavaturm Trachyte group
formed.
glacial deposits in Lower Barranco
Lower Trachybasalt group
formed
Shira Basalts
and
Trachybasalts

First Glaciation

Mawenzi Trachybasalts
Mawenzi Basalts
with intercalated
red boles.

?pre-glacial
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Nilsson (1932) paid a brief visit to Kilimanjaro examining particularly the easily
accessible moraines of the Mawenzi South Valley, the Lava Hills Valley and the upper
part of the South-East Valley of Kibo. At the South Valleys he discovered the Main
Moraines at 12,100 feet to be double. These observations have been confirmed, though
his heights do not agree exactely with those given here.
Nilsson also noted that the high moraines of Kibo are not represented on Mawenzi
and implied that the climate was not at that time severe enough for Mawenzi to have
an ice cap.
His observations in the Lava Hills Valleys also correspond with what has since been
found and he lists a sequence of glacial events summarised below (Table 4.4), where
they are equated with the stages now established.

6.
5.
4.
3.
2.
1.

Table 4.4
Nilsson
Memoir
Recent Glaciation, Phase 2
Recent re-advance
Recent Glaciation, Phase 1
Further oscillation at 16,400 to
16,800 feet
Little Glaciation (retreat stadia)
Three small oscillations at 15,250 to
15,600 feet
Long, uninterrupted melting
Re-advance or two pauses at 13,450
Little Glaciation
and 13,600 feet
Maximum at 11,800 to 12,500 feet
Fourth (Main) Glacial Period

Nilsson also visited Mount Kenya and Ruwenzori and suggested correlation between
the moraines on the three mountains.
Mount Kenya's moraines have been examined by Dr. Baker of the Kenya Geological
Survey. The sequence discovered there is compared below with that on Kilimanjaro.
Quite clearly both experienced a sequence of glaciations interspersed with volcanic
episodes, but correlation is not at present possible. Table 4.5.
Table 4.5
Mount Kenya
Retreat to present position
Little Ice Age (2 stages) VI A, B
Deglaciation
Retreat, 4 stages recognised II-V
Younger Maxima I A-D
Basalts
Older Glaciation

Kilimanjaro
Retreat to present position
Recent Glaciation (2 stages)
Possible deglaciation
Little Glaciation (Upper)
Little Glaciation (Lower)
Interglacial?—Inner Crater Series
Fourth (Main Glaciation)
Interglacial—Saddle Parasitic Cones
Third Glaciation
First and Second Glaciations

Comparison with the Pleistocene Glacial Sequences of Europe is difficult. Downie
(1964) gave a brief account of the glacial episodes on Kilimanjaro and their possible
relationship to the Pleistocene sequence. Subsequently a number of K-A dates have
been published for Kilimanjaro lavas (Evernden & Curtis, 1965, Williams, 1969 and
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Table 4.6
Age of Kilimanjaro glaciations.

K/A dates
on lavas
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Photo: D. W.

Humphries

PLATE Ia—Snout of the Penck Glacier showing thrusting near the termination. The lateral
moraine on the right belongs to the Recent Glaciation. The West Ridge of Kibo, formed
by a single Caldera Rim flow, is in the background.

Photo: D. W.

Humphries

PLATE lb—View from near Stella Point looking down the recently opened gap in the Ratzcl
Glacier into the South-East Valley (19^3).

Photo: C. Dozvnie

PLATE Ila—Shira Plateau from the western slopes of Kibo. The far sky line is the Shira Ridge.
The dark cone in the centre is the Platzkegel, to its left is Shira Cathedral and in front is
the Amphitheatre at the end of the Machame Escarpment. This is situated where the
foreground falls away on the left.

Photo: W. H. Wilcockson

PLATE lib—West side of Mawenzi from the Saddle. Pinnacle Col is the depression at the
southern end of the ridge, behind lies the main centre of eruption.
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Evans et al., 1971). Some of the published dates are unfortunately contradictory and
more determinations of geologically controlled samples are needed before these dates
can be used to correlate the glaciations with the Pleistocene cold phases with any
confidence. Nevertheless, on the basis of current information the results are shown on
Table 4.6
This comparison shows that the First Glaciation corresponds with the Donau of the
Alps. No definite trace of a glaciation corresponding to the Gunz Glaciations of Europe
has been found on Kilimanjaro, although some sign of abnormal chilling has been
noted in the lavas of the Penck Rhomb Porphyry group. The Second Glaciation appears
to correspond with the Mindel of the Alps if the age adopted for the Lent group is
reliable. (250,000 years, based on Evans et al., has been adopted. Evernden and Curtis
give an age of 400,000 years for the same group).
No absolute ages are available for the younger lava groups and the ages of the
glaciations can only be based on sequence and degree of erosion and vegetation.
The Recent Glaciation moraines are very fresh and evidence of old photographs and
present retreat rates indicates it is probably about 200 years since retreat began. This
associates them in time with the Little Ice Age of Europe. The earlier phase of the
Recent Glaciation has somewhat similar moraines, rather more weathered and with a
little more vegetation. These may not be much older than the younger phase but an
age of about 2,000 years is not improbable.
The Main Moraines with two clear phases and several retreat stadia are relatively
indurated and well colonised by plants. They are considerably older than the Recent
Moraines and are attributed to glaciations at about the time of the Wurm Glaciations
of Europe.
The Little Glaciation coming between the Recent Moraines and the Main Moraines
must therefore be equivalent to a late phase of the Wurm Glaciation.
Finally, if thse ages are accepted the Third Glaciation must be similar in age to the
Riss Glaciation of Europe.
These correlations are shown in Table 4.7.
Table 4.7
POSSIBLE CORRELATIONS WITH EUROPEAN GLACIATIONS
Kilimanjaro
Nature of Evidence
Europe
Age
Recent Glaciation II vegetation,measurement Little Ice Age
200yrs. B.P.
Recent Glaciation I vegetation
Sub-Boreal
2,000 yrs. B.P.
Little Glaciation
weathering, relative age Late Wiirm phase
8-10,000 yrs. B.P.
Main Glaciation II weathering, relative age Wiirm 2
10-30,000 yrs. B.P.
Main Glaciation I
weathering, relative age Wiirm 1
50-70,000 yrs. B.P.
Third Glaciation
relative age
Riss
120-150,000 yrs. B.P.
Second Glaciation
K/A dates
Mindel 1
280-320,000 yrs. B.P.
First Glaciation
K/A dates
Donau
ca. 500,000 yrs. B.P.
or early Gunz

Chapter Five

THE GEOLOGY OF SHIRA AND OL MOLOG
INTRODUCTION

Shira was recognised by Hans Meyer (1900) to be a separate centre of activity. This
was confirmed on subsequent visits by Jaeger (1908), Klute (1920). They also recognised
its relatively degraded character and assumed it to be older than Kibo. The area was
rarely visited and little was added subsequently to the geological information other than
some observations on the ridge by Salt (1951).
TOPOGRAPHY
The Shira Plateau lies 11,500 to 12,000 feet above sea level, extending westward
from the slopes of Kibo as a heath and grass covered bench with broad patches of peat
and alluvium on its flanks little dissected by rivers.
The Platzkegel ("Cone Place" on some maps) is a rocky conical hill rising about
700 feet above the plain. Beyond this on the western side is a steep rise of 1,000 feet
to the sharp rocky Shira Ridge which reaches almost 13,000 feet near the middle of
its two mile arcuate length. The ridge swings round to the south of Platzkegel, but
here headward erosion by the southern flank streams has reached the ridge and reduced
it to rocky pinnacles such as the Shira Needle and the Cathedral.
A zone of parasitic cones extends along the northern edge of the Plateau and runs
down past the end of the Shira Ridge on to the north-west slopes of Kilimanjaro.
The western slopes of the Shira cone extend steeply down from the Ridge and at
about 4,000 feet they pass under alluvium and Meru lahar. They are cut by deep radial
valleys attaining a depth of 1,000 feet, and are generally thickly forested, being
cultivated only in the lower part. On the southern flank the Kibongoto Zone of older
lavas projects at lower level and here also flows from Kibo lap round to cover the
lower slopes. On the northern flanks the Shira Parasitic Zone and the lavas from the
north slopes of Kibo obscure the Shira lavas and still farther north they are replaced
by the protruding pediment of 01 Molog lavas.
AGE
The age of the Shira cone is not known by direct determination. It is considerably
older than the Upper Rectangle Porphyry group of Kibo whose lavas flood the degraded
Shira crater. Comparison with Mawenzi shows some close petrographic similarity
suggesting a similar age but the valleys of Shira are more deeply incised and the depth
of weathering even greater than on Mawenzi. This could, however, be explained by the
greater rainfall on the slopes of Shira and its age is probably late Lower Pleistocene
like the older part of Mawenzi.
THE MAIN CONE
STRUCTURE

The cone of Shira rises from between 2,000 and 4,000 feet to a present height
of 13,000 feet. Reconstruction based on existing dips suggest that it may once
72
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have reached 18,000 feet. The lavas on its western and southern slopes dip radially
outwards, easing off from about 20° on the upper slopes to about 2° to 5° on the lower
part. The other slopes are completely obscured but there is no reason to suppose them
to be different.
The base of the cone rests on the older lava groups of 01 Molog in the north and
Kibongoto in the south. These appear to have formed the irregular pediment on which
Shira developed.
The summit ridges partly surround the site of the former crater on the south and
west. The northern and north-eastern edges have been eroded to lower levels than the
others and buried beneath Kibo lavas.
The large and prominent nature of the present apparent crater wall on the west
suggested that the whole structure was due to caldera-collapse and it was so described
by Wilcockson (1956). However, no evidence has been discovered to substantiate the
existence of a ring fault and it is now thought the crater has simply been widened by
erosion.
The cone is not however entirely simple and there is evidence in the southern valleys
at about 11,000 feet of a significant discordance in dip between the steeply outward
dipping series of the main ridge above and sub-horizontal rocks of an earlier structure
below.
The general structure is, however, that of a steep sided strato-volcano, a little
elongated in the north-south line now much degraded by erosion. Perhaps the crater
wall collapsed on the north-east (Fig. 5.1).

HorizoKtal Scale

"J
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F I G . 5.1.—Geological section across Shira showing the relationships between the main formations.
Nvdi—Upper Trachybasaltic group; Nvu—Ultramafite and Melanephelinite group;
Nvdj—Lower Trachybasaltic group; triangles indicate the Platzkegel agglomerate;
black indicates the aegerine phonolite and the broken ornament is the essexitic
intrusion.
COMPOSITION

The upper slopes were mapped in some detail down to between 11,000 and 12,000
feet, and traverses were made through the forest zone. Below this, thick red soil
obscures the solid rock over wide areas.
The rocks present are mainly basic and undersaturated lavas with considerable
amounts of pyroclastic material. They include olivine basalts, trachybasalts, trachyandesites, ankaramites, basanites, nephelinites, agglomerate and augite bearing tuffs.
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On the inner slopes of the Ridge a section of over 800 feet is exposed and is
continued on the higher radial ridges on the outer west slopes, so that a total section
of about 1,600 feet has been examined here. The succession is as follows:
3. Upper Trachybasdt Group 900 feet.
The main rock type is trachybasalt with platy felspar phenocrysts. The flows are
each about twenty feet in thickness with rubbly flow breccias in the lower part. At
the top of the succession, the trachybasalts have phenocrysts up to 25 mm. in size,
but in the lower part they rarely exceed 5 mm.
2. Ultramafite and Melanephelinite Group 500 feet.
The rocks of this group include lavas and tuffs. The tuffs are crystal tuffs with augite
crystals up to 4 cm, in length. The lavas include ankaramites, basanites and melanephelinites in flows about 20 feet thick.
The melanephelinites are dark rocks with phenocrysts of augite and nepheline each
reaching 30 mm. in size. The basanites, atlantites and ankaramites have no feldspathoid
visible in hand specimens but large augite phenocrysts are present in the ankaramites.
3. Lower Trachybasalt Basaltic Group 200 feet (max. 1,200 feet).
The group includes trachybasalts with small felspar phenocrysts interbedded with
some darker trachybasalts with prominent augite and olivine phenocrysts.
These lava groups can be identified in various parts of the cone.
The Upper Trachybasalt group is present on the upper ridges and escarpment on
the western side and reappears as an outlier on the East Shira Hill which lies east of
the Cathedral near the Amphitheatre. This group has not been identified on the lower
slopes.
The Ultramafite and Melanephelinite group forms the main inner face of the
esscarpment on the west below Klute Peak and it extends beyond into the valleys high
on the western side. It appears to be thinner on the south-eastern slopes and the
characteristic nepheline varieties are missing.
The Lower Trachybasalt and Basaltic group is only visible for a short distance below
its top in the section below Klute Peak but it forms the whole of the ridge to the south
and the upper slopes of Shira here are all in this group. The lower part is dominated
by basalts for example at Shira Needle the following were measured:
flows of non-porphyritic basalt .
.
.
. 1 7 0 feet
basalt, augite phenocrysts .
34 feet
basalt, olivine phenocrysts
25 feet
basalt, olivine phenocrysts
17 feet
17 feet
non-porphyritic basalt
9 feet
basalt, olivine phenocrysts
basalt, olivine phenocrysts
25 feet
43 feet
basalt, olivine phenocrysts
34 feet
basalt, olivine phenocrysts
basalt, olivine phenocrysts
34 feet
408 feet
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At the southern edge of the Shira Ridge the following succession was observed
1 mile S.W. of Platzkegel Peak:
basalt flows, augite and feldspar phenocrysts
.
.
30 feet
fine grained basalt
6 feet
ankaramite
2 feet
6 feet
fine grained basalt
basalt, augite and olivine phenocrysts
9 feet
fine grained basalt
22 feet
59 feet
basalts, olivine phenocrysts
basalts, olivine and augite phenocrysts
38 feet
basalt
.
.
.
.
42 feet
40 feet
trachybasalt, small felspar phenocrysts
ankaramite
30 feet
20 feet
agglomerate
20 feet
basalt
.
.
.
.
324feet
Elsewhere, south of Platzkegel, the rocks are predominantly basalts, the oldest
exposed being in the south flowing rivers at levels about 1,000 feet below the base of
the Ultramafite and Melanephelinite group.
A mass of agglomerate with blocks of basalt appears in the tributary of the Kikafu
flowing south from Shira Cathedral. It is about 1,000 feet thick with interbedded
basalts and trachybasalts. Boulders of basalt are up to 7 feet in size and are quite
angular. This deposit has steep local dips up to 55° that may be due to slipping for
the usual dip is here 10° to 15°. This agglomerate is thought to wedge into the basalts
of the Lower Trachybasalt and Basaltic groups in the more western valleys. Basalts
are also present at the extreme north end of the Shira Ridge.
The lower flanks of the Shira Cone are obscured by Kibo lavas on the eastern side
and by parasitic effusions on the north and south. The remaining facet facing due west
above Engare Rongai is deeply clothed with regolith and alluvium. This region is also
thickly forested above 6,000 feet, and time did not permit the examination of the
geology. Consequently, little is known of the rocks on the lower flanks. Where they
have been observed they consist of basalts and trachybasalts like those of the summit
area.
KIBONGOTO AND OL MOLOG
The 01 Molog group of lavas occupies a wide area north of Shira cone, extending
as a broad pediment sloping down from about 6,500 feet to about 4,000 feet where it
passes beneath the Amboseli sediments.
The 01 Molog lavas are separated from Shira cone by a wide band of rhombporphyry from Kibo and by the welt of parasitic lavas forming the North Shira Zone.
Their relationship to Shira is, therefore, not clear, their position being consistent either
with their being the toe of the Shira cone or an older series of lavas on which Shira
was built up.
The latter explanation was favoured because of the petrographic character of the
lavas and their similarity to the Kibongoto lavas.
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The rock types present are dominantly basalts. They include fine grained aphyric
basalts, basalts with small olivine phenocrysts, basalts with augite and olivine phenocrysts and also felsparphyric trachybasalts and trachyandesites.
These lavas extend north into Kenya where they have been mapped by Williams
(1969) as the Older Olivine Basalts. The various types recognised by him are similar
to those listed above.
The Kibongoto zone lies at the foot of Shira cone in the south-west sector. It
protrudes a little from the regular slope of the cone at heights of about 4,000 to 5,000
feet and disturbs the regular radial drainage pattern of Shira by river deflections and
by the generation of new streams. This pattern suggests that the Kibongoto zone was
present before the Shira cone built up to its present height.
The area fvirthermore is one which is deeply weathered and the original volcanic
features are very subdued.
The lavas consist mostly of olivine basalts together with some feldsparphyric basalts
with very small phenocrysts, a few basalts also have small phenocrysts of augite. The
existence of old degraded centres of eruption in the zone suggests that the lavas were
produced from many small foci.
Although these rocks are somewhat similar to many of those erupted from Shira,
the Kibongoto group is considered to be part of the oldest volcanic activity recognised
in the Kilimanjaro area.
THE CRATER FLOOR
The area within the summit ridges of Shira now measures about 2 miles in diameter.
At first it was thought to be a subsidence caldera (Wilcockson 1956) but no evidence
of a ring fracture has been found and the so-called Caldera Floor Series has subseqently
been found to be part of the Lower Trachybasalt group of the cone. The large hollow
within the ridges is now interpreted to be a crater much widened by erosion possibly
controlled by a north-east trending barranco.
This crater has been partly filled with later sediment and lavas but remnants of a
plug exist in the Platzkegel.
PLATZKEGEL VENT INTRUSIONS
Within the crater area of Shira a roughly conical hill rises about 800 feet above the
general level. This hill has been long called Platzkegel. It comprises agglomerates
with analcime-basalt fragments set in a tuffaceous matrix, with thin flows of a similar
basalt occasionally present in the agglomerate. Its area is roughly circular and about
one mile across. It has been interpreted as a vent infilling but the structure is not
clear. The dips are uncertain and irregular and contacts have not been found. However,
some outward dips have been noted near the periphery indicating that cone formation
contributed to the struaure of this exhumed vent complex.
The mass of agglomerate has been intruded at later stages by dolerite, analcime
syenite and essexite. The dolerite penetrates along fissures and permeates the tuffaceous
matrix of the agglomerate giving a very diffuse margin with no chilling. The shapes
of the main intrusive bodies are elongate in a NNE-SSW direction and they measure
about 100 yards wide. Similar bodies with sharper edges and chilled contacts were
found intruded into the Main Cone lavas on the southern ridge. They also were
composed of dolerite and essexite.
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The dolerite is a medium grained rock with well developed olivine and a little interstitial analcime, much calcite is present as late stage infilling and replacement mineral.
Xenoliths of basalt and trachybasalt are numerous. The essexite is coarser grained
without xenoliths and is largely composed of orthoclase and analcime.
DYKES AND SHEETS
The dykes of Shira form a radial swarm focused approximately on the Platzkegel.
The swarm was emplaced after the formation of the lavas seen on the flanks of the
Main Cone and after the Platzkegel vent infilling.
The swarm contains hundreds of dykes, over 150 were mapped on the exposed
segments of the eroded crater rim, probably only about ^ of the whole circuit. The
dykes are spaced about 100 feet apart in the denser places on the ridge, but their
number falls away rapidly with increasing distance from the crater region. Some,
however, are still to be found 2J to 3 miles from Platzkegel.
The dykes are more or less vertical and average two feet in thickness. The conmionest
rock type is similar to the trachyandesites and trachybasalt lavas with large felspars;
these outnumber the other six to one. The other rock types include representatives of
the basalts, ankaramites, atlantites and melatrachybasalts. No sequence within the dyke
swarm could be determined since intersections were rarely found.
A number of inclined sheets dipping outwards at about 45° are intruded into the
flanks. The sheets are 300 to 400 feet vertically apart, and dip steeper than the lavas.
They are up to four feet in thickness and are composed of the equivalents of the
trachybasalt and melatrachybasalt lavas.
They also post date the Platzkegel agglomerate and are more or less contemporaneous
with the dykes. Emplacement occurred during alternate distension and contraction of
the cone in the last phases of activity.

THE LATER NEPHELINITE CENTRE
The centre lies below Shira Ridge about two miles north-west of Platzkegel summit.
It forms a small hill producing a bright, ochreous soil that extends to the north for
about a mile.
The lavas, exposed only on the hill, are rather glassy green aegerine nephelinites with
strong flow banding. They have small nepheline phenocrysts and xenocrysts of biotite,
brown hornblende and plagioclase. In thin section the matrix is glassy with many small
laths of aegerine. The agglomerates are composed mostly of fragments of the nephelinite, but fragments of basalt and trachybasalt like that of the Main Cone also occur.
This vent is not cut by any of the dykes that cut the Main Cone or Platzkegel and
it is believed, therefore, to be younger.
THE 'AMPHITHEATRE' SEDIMENTS
The Amphitheatre is the cirque-like head of the Kikafu River at the place where the
Machame Escarpment and the Shira Ridge meet. Here and on the Shira Plateau above
are exposed sediments reaching a thickness of over 300 feet.
These sediments consist for the most part of sands. They are well bedded, occasionally cross bedded and include some seams of pebbles and bands of tuff: black cinder
is common in the upper parts.
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The sands appear to have been deposited by sheet floods on slopes of up to 20°.
There is no sign of glacial activity at the time.
Apart from some small compaction faults, the sediments are undisturbed and their
initial dips indicate the slopes on which they were laid down and the direction of
their source. On the west side of the Kikafu the dips are south-east off the flanks of
the Shira cone and irregularities indicate the presence of radial ridges. On the plateau
at the head of the Engare Nairobi the dips are NW on the inner slopes of the Shira
crater. From this it is clear that at this time the denudation of Shira had proceeded to
an advanced stage. To the east of the Kikafu the dips correspond with slopes from
the direction of Kibo.
The age of these sediments cannot be accurately determined except that they are
earlier by a considerable margin than the Upper Rectangle Porphyry group of Kibo
and younger by a long period than the Main Cone of Shira.
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THE IJOLITE CENTRE
Pebbles in the seams of conglomerate among the Amphitheatre Sediments have been
identified as follows:
Ijolites
.
.
.
.
.
.
.
40%
Nepheline basanites .
27%
Biotite phonolite
16%
Melanephelinites and melatrachybasalts
11%
Agglomerate
6%
100%
The melanephelinites and melatrachybasalts resemble those on the main cone of
Shira. The other rocks do not correspond with any outcrops known in this area, and
the source of this material which appears to have lain north-east of the Amphitheatre
nearer Kibo is now buried by Kibo lavas.
The age of these ijolitic rocks is clearly older than the Amphitheatre Sediments and
younger than the Shira Cone. It could therefore be similar in age to the Lower
Nephelenites discovered by Williams (1969) on the Amboseli Plains, which is one of
the few lava groups that could be derived from such a source.

Chapter Six

MAWENZI
INTRODUCTION

Mawenzi has long been recognised as the twin volcano of Kibo though it is much
smaller in size. It is a more difficult region to explore and parts of the summit area
are still unvisited. The first ascent of the peak was by Fritz Klute in 1908, but the
Barranco was not descended till 1952 by Arthur Firmin who assisted the Sheffield
1953 Expedition: the 5,000 feet eastern face was not climbed till 1965.
TOPOGRAPHY
Mawenzi, the most easterly of the three main centres of Kilimanjaro reaches a height
of 16,896 feet and is, therefore, the third highest volcano in Africa. It is, however,
dominated by the bulk of its near neighbour Kibo and from a distance appears
unimpressive, an impression which is soon corrected on closer acquaintance.
Mawenzi at its maximum reached nearly 18,000 feet high, its summit occurring
about 15,000 feet above its base. The lavas radiate more than 30 miles from the centre
and their total volume, assiuning the only buried structure to be the lower part of
Kibo, is about 220 cu. miles.
In contrast to Kibo, Mawenzi is deeply eroded, its summit ridge a narrow crest
almost impossible to traverse, its flanks bounded by stupendous cliffs often falling well
over 1,000 feet vertically, mostly unclimbed and probably unscalable. No glaciers
remain on Mawenzi but it is surrounded on all sides by corries and there is abundant
evidence of the recent passage of ice over its upper slopes.
The greater extent of erosion on Mawenzi permits inspection of a greater part of
the cone than is possible on Kibo, but this advantage is off-set by the extreme difficulty
of the terrain; many places proved inaccessible.
AGE
There is no doubt that the Mawenzi lavas are older than the Main Rhomb Porphyry
group of Kibo which can be seen resting on them at many places. Mawenzi is probably
also older than the Lava Tower trachytes of Kibo for these rest on glacial deposits of
which no trace has been found anywhere among the lavas of Mawenzi. However, there
are two reasons for believing the activity overlapped. The first is that the later lavas
of Mawenzi do not slope down so steeply on the west side as on the east and must
have been flowing onto a saddle between Mawenzi and an early Kibo cone (Klute
1920). The second reason is that the later Mawenzi lavas closely resemble the earliest
lavas of Kibo, so before Mawenzi became extinct, Kibo and it were twin volcanoes,
with similar eruptive products and similar heights of about 18,000 feet.
Mawenzi and Shira are everywhere separated by the lavas of Kibo and there is no
direct evidence of their relative ages. Both became extinct before the Middle
Pleistocene, and the latest lavas of both are similar felsparphyric trachybasalts, but
SO
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the rivers on the slopes of Shira are more deeply incised, suggesting that it became
extina some time before Mawenzi, although greater precipitation on the south-west
slopes may have speeded up erosion on Shira to some degree.
CLASSIFICATION OF THE LAVA SUCCESSION
It is not possible, as is done on Kibo and Shira, to define large units characterised
by particular lava types. There is a change from early basaltic lavas to younger trachyandesites, but this is only a general tendency and no sharp line can be drawn between
them, furthermore several flows of different character may occur in rapid succession.
The volcanic aaivity appears to have continued without any prolonged pause through
the whole active life of the volcano and there are no easily recognised breaks in the
succession.
Complete elucidation of the sequence and structure of Mawenzi, therefore, required
careful mapping of hundreds of individual flows across very difficult terrain; time was
not available to do this only over part of the mountain (Fig. 6.11). Detailed mapping
and measurement was confined to selected localities and certain distinctive tuff and
cinder beds were traced as far as possible and used as datum beds to follow the struaure
in other regions (Figs. 6.1 and 6.2).
Near the summit of the mountain some difficulty also arises from the close
resemblance of the lavas to pyroclastic rocks, for lava rubble is greatly developed near
the eruptive centres. Distinction is always possible but necessitates careful examination
of each outcrop. This difficulty is not present on the slopes below about 13,000 feet.
There is also some difficulty in determining from which of the two main centres of
Mawenzi the lavas are erupted, and there is a number of smaller adventitious vents on
the flanks, all of which at some time erupted basalts and trachybasalts. This means that
uncertainty about the source of a lava increases with distance from the known points
of eruption. In some localities near Rongai the same uncertainty exists as to whether
the trachybasalts and trachyandesites in that area came from Kibo or Mawenzi.
In spite of these difficulties the Mawenzi lavas can be divided into two major
groups: The Neumann Tower group and the Mawenzi group.
The Neumann Tower group is the older and consists overwhelmingly of basalts,
non-porphyritic, feldsparmicrophyric or with augite and olivine phenocrysts; in the
upper part, flows of trachybasalt with large platy felspars are not uncommon.
The Mawenzi group is younger but overlaps in time with the later flows of the
Neumann Tower group. The lavas are almost all trachybasalts and trachyandesites with
large tabular felspars. Occasional flows of basalt occur and most of the pyroclastics
contain a predominance of basalt fragments.
Although some of the flows are trachyandesites these cannot be distinguished in the
field from trachybasalts and the latter name has generally been used in this text.
THE STRUCTURE OF MAWENZI
GENERAL FORM OF THE CONE

The cone of Mawenzi, 15,000 feet high and 40 miles in diameter, is essentially
simple except on its western side where its flows mingle with those of Kibo. Its original
slopes were concave, reaching about 10° at 11,000 feet and steepening to 30° near
the crater.
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Below 11,000 feet the slopes still accurately reflect the original volcanic form and
dips in the lava closely conform to the present land surface. Above this level erosion
has greatly modified the final volcanic form and the appearance today bears only scant
relationships to the original shape (Figs. 6.1 and 6.2).
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FIG. 6.1.—Section across Mawenzi from east to west, showing relationships between the main
centres and the internal structure of the Neumann Towe rvent.

F I G . 6.2.—Section across Mawenzi from north to south, showing relationships between the main
lava groups and the internal structure of the Main Mawenzi vent.

INTERNAL STRUCTURE OF THE CONE

Numerous sections up to 500 feet in depth show the cone below 11,000 feet to be
formed of innumerable thin broad lava flows with little evidence for the existence of
valleys channelling the lavas. Pyroclastic rocks are unknown at these levels, but above
11,000 feet they become increasingly important until in the vicinity of the vents they
form about 30-40% of the succession.
Small parasitic vents occurred on the flanks and were active for a short time before
being overwhelmed by flows from the main centres. The only two found occur at
10,500 and 12,000 feet on the south and south-east slopes respectively (see Chapter 8).
Probably there are others not yet exposed by erosion.
THE MAIN VENTS
LOCATION

There are two main vents in Mawenzi, situated IJ miles apart on the main axis of
Kilimanjaro aligned in the direction 100°-280°. The eastern vent lies around the
Neumann Tower, the other is the Main Mawenzi Centre and lies in the recess of the
Great Barranco beneath Pinnacle Col. Four other vents occur nearby but do not seem
to have ever been as important as the two main centres.
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DETAILS OF THE CENTRES

(i) Main Mawenzi Centre: This centre lies on the most inaccessible part of
KiHmanjaro (Fig. 6.3) and only its fringes have ever been visited. It is surrounded on
three sides by the enormous vertical cliffs falling from the South Peak, Pinnacle Col
and Purtscheller Peak; only on the eastern side, where the Great Barranco has removed
the crater wall completely, is it open, but even here access is extremely difficult.
The centre is a circular region about f mile in diameter, surrounded by cliffs of
lava and agglomerate forming part of the volcanic cone. The cliffs, rising 1,000-2000
feet above the floor of the centre, are determined by numerous closely spaced concentric
joint planes probably associated with subsidence of the central block. The margin
of the block is also marked by more or less vertical concentric intrusions of syenogabbro. One of these forms a vertical sheet about 20 feet thick which can be traced
for about 500 feet round the crater margin; it is continued by another similar intrusion
which reaches 100 feet in thickness. Numerous small aplitic veins of similar composition
also occur in the peripheral zone. These minor intrusions bear no apparent relationship
to any of the dyke systems.
Within the centre the country rock is coarse angular agglomerate with blocks
exceeding 3 feet in size. The blocks consist mainly of feldsparphyric trachybasalt
similar to that which forms the cone, but syenitic rocks also occur. For the most part
the rocks of the centre dip inwards at 20-30° but only the fringes have been visited
and in the middle they appear to be nearly horizontal.
A large plug of syeno-gabbro lies in the eastern part of the centre at a height of
about 14,000 feet (Fig. 6.4). It forms a vertical cylinder with an elliptical cross-section
measuring 300 by 150 feet, weathered out on all sides to form cliffs 100-350 feet high.
The sloping top is determined by massive joint planes dipping NE at 45°. The long
axis of the ellipse runs in a NE-SW direction.
This region marks the site of the final crater of Mawenzi and although no part of
its original surface remains it is fairly easy to reconstruct. The rim was about 18,000
feet high and surrounded a crater a little less than J mile in diameter at its throat
(Fig. 6.5). The floor was probably occupied by a cone with a vent situated above the
large syenite plug. Smaller cones around the edges marked the site of the peripheral
intrusions. Mawenzi then resembled Meru as seen today, for as on Meru, the northeast wall of the crater collapsed and was carried away during the final aaivity to form
lahar deposits.
(ii) Neumann Tower Centre: The small peak of the Neumann Tower, 14,510 feet
high, overlooks the Great Barranco from its south-east corner and lies in the centre of a
major focus of eruption. It is a difficult area to understand partly because of the great
number of dykes crossing it and partly because of the steepness and inaccessibility of
parts of the centre.
The centre is roughly circular in shape, about 1,000 to 1,400 feet in diameter and
largely occupied by coarse agglomerates with fragments up to 6 feet across. These
blocks include lavas similar to those of the surrounding cone such as various types of
basalt and trachybasalt.
Small wedges of lava also occur and some bands of tuff whose relationship to the
agglomerates is not always clear.
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CRATER. AREA OF MAWENZI
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FIG. 6.3.—Structures in the crater area of Mawenzi at the head of the Great Barranco.
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The dips are frequently steep and have a variety of apparently disconnected
directions; over a considerable area they are even horizontal. However, there is a
general inward tendency towards the Neumann Tower siunmit.
Former fumarolic activity is indicated by several small deposits of sulphur on the
eastern side.
The Main Dyke Swarm crosses this centre and some of the dykes as they enter the
agglomerate widen and coalesce to form an elongate mass of coarse felsparphyric
trachybasalt 200 feet wide and 350 feet long. This runs just south-east of the summit
and is elongated parallel to the dyke swarm. This mass is difficult to interpret for,
although it was probably a plug belonging to a late phase in the activity of the centre
as is the plug in the Mawenzi Centre, the Main Dyke Swarm is in the main a late
episode and the Neumann Tower Centre would have been extinct when the bulk of its
dykes were intruded.
(iii) The South Neumann Tower Centre: Another centre of eruption, apparently
less important, lies down the south ridge of Neumann Tower, its centre is 800 feet
from Neumann Tower Summit and it is 500 feet in diameter so that it almost fuses
with Neumann Tower Centre.
The rocks within the centre consist almost entirely of coarse agglomerate with large
fragments of various kinds of basalt and trachybasalt as in the Neumann Tower Centre
with the basalt greatly predominating. Its structure is relatively simple, for all round
the periphery the agglomerate dips inwards at 40-70°. The limits of the centre are
now, however, clearly marked for the agglomerates continue outwards for another
150 feet before lavas are encountered in any quantity. The dips in this outer zone,
however, are consistently outwards at 30-40° and the limits of the centre are marked
only by this change in dip direction.
In the middle of the vent a vertical plug of hypabyssal rock occurs forming a pillar
200 feet by 100 feet in cross-section, elongated more or less in the direaion of the
Main Dyke Swarm. The plug rock is a medium grained grey potash syenite with
irregular patches of paler coarser rock of the same composition.
This centre was an adventitious vent on the upper slopes of the Neumann Tower,
producing only coarse pyroclastics before becoming extinct. It was then partly buried
by lavas from the larger centre. The final plug is occupied by late stage concentrates
of alkali felspars.
(iv) The South Peak Plug: On the southern flanks of the South Peak at about
15,200 feet a large plug with several satellite intrusions occurs (Fig. 6.4). It has only
a small amount of associated vent agglomerate and no trace of a cone or crater.
The rock forming the plug is a syeno-gabbro similar to that forming the intrusions
within the Mawenzi crater area which lies only 500 feet to the north.
The large plug also resembles the Main Mawenzi plug in shape, being a vertical
compressed cylinder 500 feet by 300 feet in cross-section, elongated in a NW-SE
direction.
Four small satellite intrusions, probably off-shoots from the large plug, occur within
300 feet of its margin. Two of them show cross-sections of cylindrical pipes with
diameter of 30 to 40 feet inclined towards the main plug at angles of about 50°. The
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FIG. 6.4.—The form of the plug intrusions in the Main centres of Mawenzi.
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third is similar but vertical. The fourth is inclined but its cross-section shows that it
split upwards into a number of dykes. The rocks of these intrusions are similar to
that of the main mass.
The large plug, surrounded by agglomerate to a distance of only 100 feet cuts
through the lavas and pyroclasts of the Main Mawenzi Cone, and it appears, therefore,
to be little more than the feeder of a late stage adventitious cone near the outer edge
of the Main Mawenzi crater.
Some of the satellite intrusions may also have reached the surface and fed small
parasitic cones.
(v) West Neumann Tower Plug: About 1,500 feet west of Neumann Tower, in the
cliffs on the north side of the valley below Augite Col, a horizontal cylindrical pipe is
exposed similar in size and appearancce to the satellites round the South Peak plug.
The nature of the rock is unknown as the plug is inaccessible.
It is of little importance and if it reached the surface it probably fed only a small
parasitic vent. The surrounding area is, however, extremely complex, because of faulting
and landslipping on the flanks of the Neumann Tower Cone and it is impossible to be
completely certain what structures if any are associated with this plug.
COMPARISON OF THE CENTRES

Of the two main centres, Neumann Tower was in the beginning the more important
and built up a cone at least 15,000 feet high before there was any sign of activity from
the Mawenzi centre. At this stage a number of adventitious vents were active near the
summit, most of which were short lived. One, however, developed into the Mawenzi
centre and for a while the two were active together as twin volcanoes about 16,000
feet high, l l miles apart. Neumann Tower then became extinct and was almost
obliterated by the growth of the Mawenzi Centre to a height of 18,000 feet. At this
time, just before it became extinct, a fairly large adventitious cone formed on its
southern flank, possibly simultaneous with a similar cone within the crater which by
now was over 4,000 feet in diameter at the rim.

F I G . 6.5.—Reconstruction of Mawenzi at the end of its activity in Lower Pleistocene.
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MAWENZI DYKES AND SHEETS
GENERAL

One of the most remarkable features of Mawenzi is the great number of dykes near
the summit. They are so abundant that they form a considerable part of the cone, the
proportion rising to between 30 and 40% in the axial zone between the two centres.
Most of the dykes are vertical and though thin, they contribute in a spectacular way
to the jagged topography in the summit area, forming smooth cliff faces and tottering
pinnacles.
In all, over 1,000 observations of dyke occurrences were made, many doubtless
referring to different exposures of the same dykes. It is, however, impossible, because
of glacial and fluvio-glacial deposits, to trace individual dykes for any great distance
and the difficult terrain is a further hindrance. In general the data collected give only
the position and strike of the dyke but a few selected areas were covered in detail and
all available data colleaed. The most important region studied in this way lay in the
Three Kings Valley where the details over 300 dyke occurrences were noted.
DISTRIBUTION

The dykes of Mawenzi all occur within an elliptical region with its foci at the two
main eruptive centres. All die out within IJ miles of one or other of these centres so
that all the dykes are found in a restricted area of about 9 j square miles lying above
12,000 feet. The few dykes found outside this area are associated with the much later
parasitic activity.
The total number of dykes probably lies between 600 and 800. All but a few can
be grouped in the following patterns:
Estimated Number
1. Main Swarm
.
.
.
.
400
2. Concentric Sheets .
.
.
.
30
3. Main Mawenzi Radial Dykes
80
4. Neumann Tower Radial Dykes
.
50
Various petrographic types occur in each group so that allocation of a dyke to one
or other of the patterns is determined by its dirertion and in some cases by its
inclination. Consequently, in certain zones, where the directions of the dykes in different
patterns coincides, separation is impossible.
NEUMANN TOWER RADIAL SWARM

This group of dykes radiates from a focus in the Neumann Tower centre (Fig. 6.6).
They are not known to extend more than 4,000 feet from this centre. All are more
or less vertical and thin, usually about two feet wide though some reach four feet.
Altogether, there are probably about 50 dykes but they cannot all be located for their
direction coincides in places with that of the Main Swarm.
The following rock types are represented:
augite and olivine rich basalts
.
5%
compact and olivine basalts .
.
44%
basalts with small felspar phenocrysts
.
14%
felsparphyric trachybasalts
.
.
17%o
felsparphyric trachybasalts, with conspicuous
augite and olivine
.
.
.
20%^
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MAIN MAWENZI RADIAL SWARM

This group radiates from the Main Mawenzi centre, with the dykes extending
outwards as far as 8,400 feet (Fig. 6.7). All are more or less vertical and usually about
2 feet thick. There are probably about 80 dykes altogether but they are inseparable
from the Main Swarm throughout a wide arc.
The following rock types are represented:
felsparphyric trachybasalts
.
.
90%
felsparphyric trachybasalts (with conspicuous
augite and olivine)
.
.
.
5%
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F I G . 6.6.—Neumann Tower Radial dyke swarm.
CONCENTRIC SHEETS

These intrusions are arranged concentrically around the main centres at distances
between 1,600 and 8,000 feet (Fig. 6.9). A few are almost vertical but the greatest
number dip outwards from the summit area, with dips which are least in the outer
sheets decreasing from about 70° to 45°. The thickness of these sheets varies from
1 foot to 20 feet and is generally about 10 feet, much thicker than in the other swarms.
How many sheets there are is not known, for it was not possible to trace them across
the radial ridges and valleys; however, along any radial transect between 9 and 15 of
these sheets are encountered. In certain areas they cannot easily be separated from the
outer dykes of the Main Swarm.
Most of the sheets are trachybasalts with platy felspars, but one or two basaltic
types have been found.
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Some of these sheets show features worthy of special mention. In a number of valleys
they were observed to taper out upwards; Eland Cliff, on the west side of Forster
Valley at 14,000 feet, shows this very well. One in the Forster Valley at 12,500 feet
turns into a radial dyke for a short distance by twisting into a nearly vertical attitude
and changing direaion by nearly 90°.
MAIN SWARM

Most of the dykes belong to the iVlain Swarm, which is symmetrically arranged on
either side of the main axis linking the Neumann Tower and JUain iVlawenzi centres
(Fig. 6.8). Between the centres the dykes are closely spaced and parallel and where
they cross the head of the Barranco they have a strong influence in developing the
stepped cliffs of the area. Outside the two centres the swarm tends to open out and
become radial.
The part of the swarm between the centres contains about 400 dykes in a band
about 4,000 feet wide running in the direction 105°-285°. Within this band, the
number of dykes is greatest in the centre and falls away rapidly to north and south
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F I G . 6.7.—^Mawenzi radial dyke swarm.
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where the swarm begins to spread out (Table 6.1). The total width of the zone exceeds
6,000 feet.
Table 6.1
*Distance
0
250
500
1,000
2,000
3,000

from axis
feet
feet
feet
feet
feet
feet

Dyke density
12 per 100 feet
9 per 100 feet
7 per 100 feet
5 per 100 feet
3 per 100 feet
2 per 100 feet

* These measiirements were made in the Three Kings Valley.
The dykes in the axial region are more or less vertical and dip north or south
indifferently. Away from the axis the dip lessens until at the edges the average dip is
about 70° outwards from the centre (Table 6.2). There is, however, considerable
variation partly because of the flexuous course of some of the dykes. The lowest dips
recorded were about 60°, which could cause confusion with the concentric sheets.

F I G . 6.8.—The Main Mawenzi dyke swarm.
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Table 6.2
Average dip (in 500 feet zones)
Distance from axis
90°
0 feet.
90°
250 feet south
85°S
500 feet south
78°S
1,000 feet south
76° S
2,000 feet south
74° S
3,000 feet south
Beyond the Main Mawenzi and Neumann Tower centres the swarm opens up in a
radial fashion, its dykes spreading over an arc between 60° and 150° on the east slopes
of the Neumann Tower and between 240° to 330° on the west slopes of Mawenzi.
The dykes finally die out about 7,000 feet away from the centres, giving a maximum
length of 4 miles for any dyke in the swarm.
The number of dykes diminishes upwards, at the level of Pinnacle Col (16,000 feet)
about 2,000 feet higher than the area referred to above, the density of dykes in the
axial zone has dropped to about 6 in 100 feet. Individual dykes, however, show no
tendency to thin upwards, many can be followed vertically for over 2,000 feet without
change in width. Occasionally, however, they have been seen to die out.
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FIG. 6.9.—The concentric sheets of Mawenzi.
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The width of the dykes is generally about 2 feet (the average of 250 was 2^ feet)
but a few reach 10 feet. Near the axis, complexes of dykes occurring side by side may
reach 70 feet in width. These complexes often include multiple dykes. Splitting of
dykes is common in any direaion and complex patterns are sometimes produced by
dykes intertwining and anastomosing.
The dykes include the following rock types:
compact and olivine basalts .
.
.
20%
augite olivine basalts .
.
.
5%
basalts with small felspar phenocrysts .
.
7%
felsparhyric trachybasalts
65%
felsparphyric trachybasalts (with large augite
and olivine)
.
.
.
.
3%
DYKES OTHER THAN THOSE DESCRIBED

A small number of dykes between the Nord Decke at the north end of the Main Ridge
and the Weissman Peak do not fit into any of these patterns. Here about 10 to 15
dykes running approximately 045° to 225° lie obliquely across the Main Swarm and
Mawenzi radial dykes. They are too steep and closely spaced to be part of the
concentric sheet system.
THE DYKES AS FEEDERS

The dykes clearly approached close to the surface of the cone and many may have
reached the surface and fed lava flows. This mechanism would, however, have been
important only above 15,500 feet for reconstruction of the cone indicates the
dykes approached the surface more closely in the higher parts.
No instance has been seen where a Mawenzi lava appears to have been fed by a dyke.
The dykes resemble the lavas closely. Cooling always appears to have been rapid
and chilled edges are invariably present.
Basalts of various types are present, ranging from olivine rich and augite rich types
near to ankaramite or oceanite to felspathic and felsparphyric types transitional to the
trachybasalts.
The trachybasalts and trachyandesites show a great variety in size and number of
felspar phenocrysts but they are always conspicuously present in a tabular habit. Some
varieties have large and often numerous phenocrysts of augite and olivine.

F I G . 6.10.—Cross-section of Mawenzi showing the relationships of the dykes to the plugs and
the area of dominant flow breccia.
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Table 6.3 compares the abundance of the various rock types in the different groups
of dykes and lavas of Mawenzi, and clearly shows that the Neumann Tower Radial
Swarm closely matches the Neumann Tower lava succession in the proportions of the
different rock types present. These contrast with the Main Swarm Concentric Sheets
and Mawenzi Radials which match the Mawenzi lavas closely in having a great
preponderance of trachybasalts and trachyandesites and very little of the more basic
rock types.
This similarity suggests a close connection between the dykes and the lavas.
Table 6.3
Percentage of different types of lava and dyke rock on Mawenzi

.3

-J

S-3
Rock Type

Augite and olivine rich basalts
Compaa and olivine basalts
Basalts with small felspar phenocrysts
Felsparphyric trachybasalts
and trachyandesites
Felsparphyric trachybasalts
with large augites and olivine
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5
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5
20
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—
rare
—

8
36
18

5
44
14
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abundant

18

17

—

5

3

—

19

20

AGE RELATIONSHIPS

(i) Sequence of Dyke Swarms: The relative ages of dyke swarms can be established
by the cross-cutting relationships set out in Table 6.4:
(ii) Correlation with lava sequence: The close connection between the dykes and
lavas with regard to the rock types present suggests that a close connection also exists
between them in time. This implies that each swarm was not emplaced as a single
rapid event but built up to its present size gradually. During the time this was taking
place the charaaer of the magma available changed several times so that the dykes
of a single swarm differ markedly in petrographic character, but resemble closely the
lavas extruded during this time.
This is to some extent supported by the faa that within the Main Swarm (evidence
from the others is too scanty) almost all combinations of rock type and cross-cutting
relationships have been observed, indicating a succession of intrusions fluctuating in
petrographic character in the same fashion as the lavas.
The implication of this is that while the dyke swarms succeed each other in the
order listed, they do so only in a general way with considerable overlap in time. The
different stress systems determining the patterns clearly existed over long periods and
at times contrasting stress systems alternatingly prevailed.
(iii) Relationships to the Plugs: The Neumann Tower Radials do not cut any of
the plugs and die out in the agglomerates of the Netimann Tower Centre.
The Concentric Sheets lie well outside the area in which the plugs occur and no
direct evidence of their relationship is present.
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The Mawenzi Radials cut through the South Peak Plug but do not reach the Main
Mawenzi Centre.
The Main Swarm penetrates the South Neumann Tower Centre but the core of
the plug did not split right across and the dykes die out within it. Similarly the Main
Swarm dykes enter the Neumann Tower Centre and some of the dykes appear to fuse
to form its massive core. Around the Mawenzi Centre the dykes are deflected by the
marginal joint zone and very few enter the agglomerate core. The plug is younger
than the dyke swarm for none has been seen to cut it.
Table 6.4
Cross-cutting relationships of the dyke-swarms
Main
Concentric
Mawenzi
Neumann Tower
Swarm
Sheets
Radials
Radials
older younger older younger older younger older younger
Younger
Main Swarm
Older

—
—

6

?1

_

Younger
Concentric Sheets
Older

0

Younger
Mawenzi Radials
Older

0

0

0
6

_

6

Younger
3
Neumann Tower Radials
Older

27

0
0

0

0
27

0
0

^^^

6

?1

3

0

0
0

0

The following sequence can therefore be deduced:
1. Neumann Tower Radial Swarm (oldest)
2. Mawenzi Radial Swarm
3. Concentric Sheets
4. Main Swarm (youngest)
SOURCE AND DIRECTION OF FLOW OF THE DYKES

Thet platy felspar phenocrysts in the trachybasalts and trachyandesites indicate the
direction of flow in the dykes. In the Main Swarm and Radial dykes all observed
occurrences showed the flow to be upwards and outwards from the centres while in
the concentric sheets it is upwards and inwards.
The age relationships and petrographic similarities between the lavas and dykes
indicate a common source, but the dykes were rarely feeders to the lavas, most of
which were central vent eruptions. The conneaion must, therefore, have been at depth
in the magma chamber and each eruptive episode was immediately preceded or
accompanied by a phase of dyke injection.
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THE STRESS PATTERNS

Each of the two main centres had at the outset an associated stress field of a type
usual in volcanic cones. It was caused by the build-up of pressure at a shallow depth
within the separate cones and resulted in radial fissuring similar to that found on both
Kibo and Shira. In this way the Mawenzi and Neumann Tower Radial Swarms were
formed.
This phase was followed by the concentric sheets which apparently imply a period
of internal contraction and a tendency for the cones to subside; possibly this was the
time the plug subsided in the Main Crater of Mawenzi.
The Main Swarm was formed in the final phase when this tendency to a collapse
was spread over a similar area. The outwards inclination of the dykes in the Main
Swarm fits well with this explanation of their origin, the dykes following tension cracks
opened by downbending of the mountain along an east-west line.
Distance
Calculated
Average
tilt
observed tilt
from axis
0 feet
0
0
1°
250 feet
0
500 feet
3°
5°
1,000 feet
5°
12°
2,000 feet
8°
14°
3,000 feet
10°
16°
The depth from which the pressures originated in the radial systems cannot be
determined but were clearly shallow otherwise the swarms would not be so restricted
to the vicinity of the centres. Pressure in the main pipe at high levels was most likely
sufficient to cause the fissures to open. Subsidence over a deeper source, probably an
elongate magma chamber, is presumed to have caused the Main Swarm and the
Concentric Sheets. Its depth cannot be calculated from the data available at the
moment.
THE SUCCESSION OF ROCKS ON MAWENZI
GENERAL

(i) Nature of Occurrences: The kind of exposures and successions available on
Mawenzi are of very different types. Below 12,000 feet the present land surface
coincides approximately with the dip of the lavas and good sections are found only in
the river gorges. Many of these, however, exceed 200 feet in depth.
Nearer the summit there are endless cliff sections separated by scree-filled corries
and valley floors, several exceed 1,000 feet in height and in the Barranco over 5,000
feet is exposed in cliffs with an overall angle of 65°. Many of these cliffs, however, are
inaccessible, and information from some regions is scanty.
In the summit area it was found impraaicable to trace individual flows, which are
thin and never very distinctive; instead certain easily recognized tuff and cinder bands
were used as datum planes to divide the succession into units 500 to 1,000 feet thick
(Figs. 6.1, 6.2 and 6.13). Certain sections between these units were selected and
measured. Detailed mapping of all the flows was undertaken in a few critical regions.
(ii) The Importance of Pyroclastics: The whole summit region above 13,000 feet
was mapped as tuff and agglomerate by Klute (1920). It has, however, been found

97

Mawenzi

that, although an important change takes place about this level, the original interpretation was misleading and, although tuffs and agglomerates do begin to appear about
this position, they never predominate over the lavas.
The controlling factor over the distribution of the pyroclastics is distance from the
vent. Appearing for the first time at a distance of about 1^ miles, they rapidly increase
in importance to form about one-third of the succession round the vents. Within the
vents agglomerate predominates.
(iii) Lava Rubble: It is apparent now that Klute, in assuming all the central region
to be pyroclastic, was misled by the absence of massive lava and the overwhelming
predominance of lava rubble. The increasing importance of lava rubble is one of the
faaors, together with onset of glaciated country, that makes the striking contrast
between the mountain topography above and below 11,000 feet. Below this level where
the slopes are less than 10° the lava flows, generally about 20 feet thick, are mostly
massive with a relatively thin layer of rubbly lava at the base. Above this, the proportion of rubble gradually increases till at about 14,000 feet, where the lava dips
about 15-20°, the rubbly lava predominates over the massive lava which usually forms
no more than a skin a foot or two thick on the top of the flow. Still higher and nearer
the centre where the dips are about 30°, the whole flow is rubble and is difficult to
distinguish from agglomerate. Separation of the two is then based on the following
characteristics:
Character
Composition of
Fragments

'Pahoehoe'
Lava Rubble

Blocky lava

Agglomerate

all identical
angular
rounded, tabular
to ellipsoidal

polygenetic

Size of Fragments

tabular fragments 6" to 12" thick
equidimensional fragments up to 9" usually

very variable
up to 6 feet

Alignment of
Fragments

in roughly
parallel bands

chaotic

Matrix

same as fragments but minutely and
irregularly vesicular

Shape of Fragments

chaotic

angular

sandy
tuffaceous

(iv) Flow Mechanisms: The flows rarely occupied deep valleys and the tunnel flow
mechanism so common along the later flows of Kibo is not developed on Mawenzi.
Pauses in activity were not at any time sufficiently prolonged to allow deep valleys
to be cut, except in steep slopes very near to the crater rim. Consequently, the flows
spread out over the surface as thin sheets seldom exceeding 20 feet in thickness,
although some in unusual circumstances 150 feet is reached. The flows are generally
more or less flat topped with a tendency to form broad blisters about 100 yards across
and about 20 feet high.
Where seen, most of these flows, whether of basalt or trachybasalt, have typical
wrinkled pahoehoe skins. Rubble is usually developed beneath the centres of the flows
but at the edges where they thin to a few feet they may be massive throughout, the
tops and bottoms being marked by vesicular zones.
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This type of flow sometimes produces large numbers of lava rolls, shaped like large
flattened sausages about 8 feet long, 2 feet wide and a foot high, their concentric
internal structure being picked out by the felspar phenocrysts. These rolls are sometimes
present in such numbers that they make up nearly the whole flow and are generally
piled up with the long axis horizontal across the direction of movement.
The increase in the relative importance of the rubbly lava in the upper part of the
mountain is the result of a slightly different mechanism of flow on the steeper slopes.
This is borne out by evidence in the Three Kings Valley at 14,000 feet. Here a flow
of trachybasalt 60 feet thick with a dip of 25° consisting entirely of lava rubble
impinges on the contrary slopes of the Neumann Tower and becomes horizontal for a
distance of about 100 yards. At this point it thickens to nearly 150 feet and becomes
massive throughout. It then acquires a slope of about 15°, thins to about 80 feet and
apparently splits into at least three separate flows consisting of massive and rubbly
lava in about equal amounts.
It can, therefore, be deduced from this and the other observations stated that when
the slope exceeds 20° the rate of flow is high and prevents the formation of a pahoehoe
skin. Clots of lava were formed in the flow, however, and became incorporated as
rounded, often tabular blocks in the rubbly vesicular mass which finally congealed.
These tabular blocks are usually orientated parallel to the base of the flow. On slopes
between 10° and 20° the flow surface congealed as a pahoehoe skin which just maintained its cohesion; where the rate of flow was less, flow continued beneath this surface
finally congealing as rubbly lava leaving a thin continuous skin and where the slopes
were steeper their skin was often broken into tabular rafts. Where the slopes were
less than 10° flow was slow enough for a massive skin to form due to cooling from the
surface with only a very thin rubbly layer at the base. Increasing loss of volatiles may
have assisted in the formation of these thick massive skins and gas stirring probably
played an important role in forming the rubble. Because the slopes were steeper towards
the summit of the cone, much more lava rubble occurs in its vicinity.
Flows with small angular blocks have been observed in both basalt and trachybasalt
lavas, but they are quite rare. Some of them were entirely composed of angular lava
fragments; two such flows occur in the Three Kings Valley at about 13,500 feet.
Others such as those in the cave in the Forster Valley at 12,000 feet consist of a massive
core with angular lava breccia above and below.
THE NEUMANN TOWER GROUP

(i) General: The Neumann Tower group is mainly exposed on the eastern slopes
of Mawenzi. The segment of cone from the Three Kings and Lume Valleys in the
south to the Terekoa in the north is composed entirely of the Neiunann Tower group
with the possible exception of a partial thin cover of Mawenzi trachyandesites.
(ii) The Great Barranco Region: This area is diflicult to access and no detailed
seaion could be measured.
The whole eastern slope of the Barranco is formed of Neimiann Tower group lavas
and pyroclastics dipping west and north-west at 15 to 20°. On the western side of the
mainstream of the Tedekoa they pass under the JVlain Mawenzi group.
Agglomerates, tuffs and cinder beds make up most of the sequence. The lavas are
mostly very rubbly; among them felsparphyric trachybasalts frequently occur.
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(iü) Liebert and Neumann Valleys: Several hundred feet of coarse agglomerate
occupy these valleys down to about 13,000 feet where it passes under trachybasalts
with platy phenocrysts of felspar. These trachybasalts cap the ridges and extend back
to the Barranco edge as far as the Neumann Tower Vent, from whence they appear to
have come. The trachybasalts capping Liebert Peak, however, are from the Main centre.
(iv) Three Kings Valley: This deep valley is separated from the Neumann Valley
by the shallow Middle Valley which is floored by basalts and felsparphyric basalts
overlying the agglomerate mentioned above. In the Three Kings Valley the measured
succession between 13,000 and 15,000 feet is summarised as follows:
Mawenzi group:
felsparphyric trachybasalts
.
.
.
650 feet
Neumann Tower group:
basalts, tuffs and felsparphyric trachybasalts
.
500-650 feet
Mawenzi group:
felsparphyric trachybasalts
.
.
.
440 feet
Neumann Tower group:
agglomerate, tuff, basalts and
felsparphyric trachybasalts
.
.
.
1,000 feet
The Neumann Tower group in this succession contains various lava types and pyroclastic rocks in the following proportions:
tuff and agglomerate (mostly basaltic)
.
.
.
27%
augite, olivine basalt and ankaramites
.
.
.
7%
basalts non-porphyritic and olivine bearing .
.
.
12%
basalts with small felspar phenocrysts
.
.
.
17%
basalts and trachybasalts with large felspars and abundant
augite and olivine phenocrysts
.
.
.
23%
felsparphyric trachybasalts .
.
.
.
.
24%
Near Augite Col these lavas dip westwards and pass under those from the Main
Mawenzi Centre (Fig. 6.11), above the big step at 14,000 feet they interdigitate with
the south-easterly inclined Main Mawenzi group. Comparison of the two series shows
that as well as differing in dip the Neumann Tower group contains the greater proportion of basic lavas. And also the porphyritic trachybasalts and trachyandesites tend
to have smaller felspar phenocrysts measuring usually 5 to 7 mm length as against
10 to 30 mm.
Trachybasalts and trachyandesites with large phenocrysts are more numerous on the
ridge bounding the valley to the north. These lie high in the sequence and come from
the Main Mawenzi Centre.
An old parasitic vent occurs in the valley at 12,000 feet and below this level basalts
are even more important (Fig. 6.12). Some undoubtedly came from this vent but its
importance as a source of lava cannot be accurately assessed. A succession measured in
the valley at 10,000 feet is as follows:
Rombo Zone Parasitic group:
ankaramites
.
.
.
.
.
30 feet
alluvial pebble bed on erosion surface
.
.
5 feet
Mawenzi group:
felsparphyric trachybasalts and trachyandesites
.
40 feet
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Neumann Tower group:
non-porphyritic basalt
basalt with small felspars .
non-porphyritic basalt
cindery laterite on erosion surface .
Old Parasitic group:
olivine basalt
laterite on erosion surface .
Neumann Tower group:
basalt with small felspar

80
35
110
2

feet
feet
feet
feet

50 feet
-J foot
120 feet

(v) Rombo-Useri District: Below the forest level no certainty can be maintained
concerning the source of the lavas. In this region they are believed to belong to the
Neumann Tower group, but some of the basalts could be from old adventitious vents.
It is unlikely that any comes from the Main iUawenzi vent.
Two main sections were examined in the vicinity of the iVIarangu-Laitokitok road.
In the Lumwe River for about If miles below the forest to where the lavas pass under
the piedmont alluvial plains, the section is as follows:
lava with long amphiboles
+ 2 0 feet
not exposed
.
.
.
.
200 feet
felsparphyric trachybasalt .
40 feet
blue basalt, olivine, augite phenocrysts sparse
40 feet
not exposed
.
.
.
.
30 feet
augite, olivine basalt
25 feet
blue basalt
.
.
.
.
25 feet
not exposed
.
.
.
.
40 feet
basalt, augite olivine phenocrysts .
20 feet
not exposed
.
.
.
.
40 feet
basalt, augite, olivine phenocrysts .
30 feet
basalt
.
.
.
.
.
10 feet
basalt
.
.
.
.
.
30 feet
basalt, sparse felspar and augite phenocrysts
20 feet
basalt, augite and olivine phenocrysts
50 feet
basalt, small felspar phenocrysts (red bole in places)
ss)
50 feet
blue basalt
.
.
.
.
20 feet
augite, olivine basalt
40 feet
blue basalt
.
.
.
.
20 feet
basalt
.
.
.
.
.
30 feet
blue basalt, small felspar phenocrysts
40 feet
augite, olivine basalt or ankaramite
25 feet
augite, olivine basalt or ankaramite
30 feet
basalt
.
.
.
.
.
15 feet
banded basalt
.
.
.
.
+ 6 feet
896 feet
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This succession may be summarised as follows:
augite, olivine basalts and ankaramites
.
.
39%
basalts
.
.
.
.
.
.
.
37%
basalts with small felspar phenocrysts
.
.
16%o
felsparphyric trachybasalts
.
.
.
7%
The other succession occurs in similar circumstances in the Mlombea River farther
north. It extends from about 1^ miles above the road to the alluvial plains below. The
following was measured:
porphyritic olivine basalt, few tabular felspars
not exposed
.
.
30 feet
blue basalt, sparse olivines
not exposed
50 feet
blue basalt
30 feet
blue basalt, sparse olivines
30 feet
augite olivine basalt
felsparphyric trachybasalts, stellate type (2 flows)
20 feet
augite, olivine basalt
80 feet
lava ? basalt
20 feet
blue basalt
?20 feet
felsparphyric trachybasalt, stellate type
?20 feet
felsparphyric trachybasalt, augite and olivine abundant
?20 feet
basalt
.
.
.
.
.
30 feet
basalt, olivine phenocrysts
?30 feet
basalt, olivine and augite phenocrysts
60 feet
felsparphyric trachybasalt, small felspars .
40 feet
blue basalt
.
.
.
.
20 feet
not exposed
.
.
.
.
15 feet
basalt, olivine and augite phenocrysts
50 feet
blue basalt
.
.
.
.
25 feet
not exposed
.
.
.
.
40 feet
balast, olivine and augite phenocrysts (3 flows)
20 feet
blue basalt
.
.
.
.
6 feet
felsparphyric trachybasalt, smallish felspars
10 feet
666 feet
This succession may be summarised as follows:
augite, olivine basalts
.
.
.
.
.
basalts
.
.
.
.
.
.
.
basalts, with small felspar phenocrysts
.
.
.
felsparphyric trachybasalts, much augite and olivine .
.
felsparphyric trachybasalts .
.
.
.
.
The general similarity of these two successions is striking.
(vi) Terekoa Area: Similar basalts occur north of the Terekoa on
Laitokitok. They pass under Kibo rhomb-porphyries and Mawenzi group
trachybasalts that appear near Lasset.

40%o
40%
0%,
4%
17%c.
the road to
felsparphyric
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(vii) The Taveta-Tsavo Region: This region lies within Kenya and is separated by
a broad extent of red piedmont alluvium from the river gorges described above. Only
the area near Lake Chala was visited by the Expeditions but the area has been mapped
by the Kenya Geological Survey (Bear 1955) from which most of the following data
has been derived.
Near the Kenya border lavas emerge from beneath the cover of red alluvium and
extend with very gentle dips as far as the line of the Lumi and Tsavo Rivers where
the underlying Pre-Cambrian appears. Although in the north-east these lavas are largely
obscured by the Mawenzi lahar the following succession has been established by Bear:
5. olivine soda-trachytes
4. Kijabe-type basalts
3. vesicular olivine basalts
2. melanocratic basalts with olivine and augite phenocrysts
1. dense basalts
In terms of the successions established in the higher parts of the mountain this could
be regrouped as follows:
Mawenzi group
2. felsparphyric trachytes
1. felsparphyric trachybasalts and trachyandesites
Neumann Tower group
3. olivine basalts
2. augite, olivine basalts
1. basalts
It is probable, however, that some of the felsparphyric trachybasalts belong to the
Neumann Tower group especially to the south in the Rombo and Chala regions and
the succession is probably rather more complex than suggested by these groups. This
is borne out not only by the sections in the Lume and Mlombea rivers but by that
given for the walls of Lake Chala, which is confirmed by the Expeditions, and may
be restated as follows:
Rombo Parasitic group
scoria, tuff and scoriaeous lavas of Chala cone
20-200 feet
Neumann Tower group
7 & 6. olivine basalt
\
5. porphyritic picrite basalt = ankaramite
4. olivine, augite basalt
ca 300 feet
3. olivine basalt-trachybasalt
2. basalt
1. basalt, sparse olivine phenocrysts
It is clear from the mapping that the eastern foot of the mountain consists primarily
of basalts, with a thin cover of felsparphyric trachybasalts.
(viii) The Marangu Region: Between the welt of parasitic volcanics forming the
Rombo Zone on the south-east slopes of Mawenzi, and the old parasitic cones of the
Himo-Kilema Zone lies a recess drained by the Rivers Mue and Wona (or Ghona).
This is the Marangu Region. It is floored mainly by basalts, mostly non-porphyritic
dense blue basalts, occasional olivine basalts and augite olivine basalts also occur. The
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PLATE I l l a — T h e Neumann Tower and the head of the Three Kings Valley. Dykes of the main
swarm are prominent in the foreground.
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PLATE I l l b — T h e Main Mawenzi Plug. The syenite mass, situated in the Barranco stands up as
a cylinder about 400 feet across.
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PLATE IVa—Kibo from the slopes of Mawenzi. The part of the cone seen consists mostly of
Inner Crater and Caldera Rim group fiows. The cones of the Saddle zone can be seen to
left and right of the fluvio-glacial sands, the Camel's Back is in the foreground.
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PLATE IVb—South-East Kibo from the air. T h e caldera can be seen with the Inner Cone just
visible. The moraines of the Main Glaciation are visible at the bottom of the photograph.
The middle ground is deeply dissected into Rhomb Porphyry group lavas, to the right are
vcimiform flovvS of Small-rhomb Porphyry lavas, to the left is a spread of Lent group
phonolites. The prominent flow on the left side of the South-East Valley is a nepheline
porphyry of the Caldera Rim group.
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source of these lavas is obscure. But they most likely come from the Neumann Tower
Centre or the Older Parasitic Cones of Mawenzi.
In two localities felsparphyric trachybasalts and trachyandesites occur, indicating
that the Main Mawenzi centre may be the source. These lavas have been observed
near the northern end of Lelatema at 2,500 feet and more significantly in the Mue
and in the Wona above the Kilema Road at 4,700 feet. Here the following is the
sequence:
fine grained basalt .
.
.
.
. 1 4 0 feet
felsparphyric trachybasalt (2 flows)
.
.
—
dark flow-banded Pbasalt .
.
.
.
—
felsparphyric trachybasalts .
.
.
.
80 feet
This sequence is reminiscent of that in the South Valley west of Kifinika about 5,000
feet upstream, where felsparphyric trachybasalts of the Mawenzi group are interbedded
with basalts, some of which at least are from the Older Mawenzi Parasitic Cones.
In this area difficulty in allocating a source arises from the fact that above the
forest level the flows forming the surface are entirely felsparphyric trachybasalts and
trachyandesites of the Mawenzi group whereas below the forest, and within it, as far
as is known, basalts greatly predominate. Some of these indubitably belong to the
Older Parasitic groups, but unless these were unusually prolific, some other source
must be sought; it seems probable, therefore, that these basalts, like those north of
the Rombo Zone, belong to the Neumann Tower group.
(x) Summary: The Neumann Tower group consists dominantly of basic lavas,
basalts and ankaramites. There are also intercalations of more acid felsparphyric basalts
and trachybasalts, and more rarely trachyandesites, especially in the upper part where
it overlaps in age with the beginning of the Mawenzi activity. This group forms the
earlier cone of Mawenzi and therefore, in terms of quantity of lava greatly exceeds
the Mawenzi group in importance, the latter forms no more than a skin on the surface,
thickest near the summit but thinning away and in many places disappearing before
reaching the foot of the volcano.
THE MAWENZI GROUP

(i) General: The Mawenzi group is essentially a late stage addition to a cone already
complete. However, the summit of Mawenzi is dominated by cliffs and ridges formed
of this series which forms the highest point and its eruptive centre is better preserved
and apparently larger than that of the Neumann Tower and certainly reached a greater
height.
From the summit area its lavas spread down the flanks on all sides except the east,
which was blocked by the Neumann Tower Centre. They may also have failed to reach
the plains on the south side dying out in the forest zone, but probably did so in small
force and subsequently were eroded. On the north side, however, they spread far
over the plains east of Amboseli and round towards the Tsavo River where their true
limit is obscured by the overlying lahar and by confusion with similar lavas in the
Neumann Tower group. Confusion similarly could exist in the Rongai area with the
Kibo Trachybasalt group. The two groups may in fact have been contemporaneous
and their lavas interbedded on the lower slopes. Deflection of the Mawenzi group on
the Saddle indicates the presence of a cone of considerable height on the site of Kibo
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at this time. The following bands served as datum planes for correlation round the
summit (Fig. 6.13):
the Upper Tuff Band—
the Lower Tuff Band—
the Basaltic Tuff Band—
the Upper Red Band—purple cinder with associated
yellow tuffs and agglomerate,
the Lower Red Band—purple cinder with associated
yellow tuffs and agglomerate.
(ii) The Great Barranco Area: The iVIain Mawenzi Centre lies in the recess at the
head of the Great Barranco below Pinnacle Col. The cliffs bounding it on the south,
west and north sides are over 2,000 feet high and are entirely composed of lavas and
pyroclastics of the Mawenzi group dipping outwards at about 25°. These cliffs were
never climbed and no details of the succession can be given.
These lavas rest on the Neumann Tower group in the floor of the Barranco, and,
in the southern wall of the Barranco between the South Peak and Neumann Tower,
the lavas of the two series interdigitate at the base of the Mawenzi group. Due to their
situation on the saddle between the two cones the lavas are quite horizontal. These
same lavas occur in Three Kings Valley.
(iii) Three Kings Valley: The Mawenzi group lavas lie below the Lower Red Band
and are amongst the oldest parts of the Mawenzi group. The succession measured above
the big step in the valley at 14,000 feet is as follows:
Mawenzi group:
felsparphyric trachyandesites and trachybasalts,
felspars 20 mm. stellate
.
100 feet
felsparphyric trachyandesites and trachybasalts,
felspars 10 mm.
.
.
. 1 5 0 feet
felsparphyric trachyandesites and trachybasalts,
felspars 5 mm.
.
.
.
.
400 feet
Neumann Tower group:
basalts, etc.
.
.
.
.
.
500-650 feet
Mawenzi group:
felsparphyric trachyandesites and trachybasalts,
felspars 10 mm.
.
.
.
.
440 feet
Neumann Tower group:
agglomerate, etc. .
.
.
.
.
1,000 feet
These lavas dip southwards from the main centre crossing the Three Kings Valley
and entering the heads of the South or Forster Valleys at about 15,000 feet (Fig. 6.11).
(iv) The South Valleys: The First and Third South Valleys converge at 13,000
feet cutting off the intervening Second South Valley and the united valley continues
to 15,000 feet, where it is beheaded by the Three Kings Valley. These valleys are
floored by the Mawenzi group which, however, is largely obscured between 13,000
and 11,000 feet by the large moraines. At 13,000 feet also, the Rombo Parasitic Zone
begins and its lavas cover wide tracts below this level.
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Above 12,000 feet a varied series of tuffs, agglomerate, trachyandesites and trachybasalt flow breccia occur, dipping south at 15° to 25°. The oldest beds, seen in the
glacially overdeepened upper part of the valley, are the lavas at the top of the Three
Kings Valley sequence. The younger lavas on the ridges will be described in the section
dealing with the Forster Valley where they were measured in detail.
Downstream the successions young gradually, the dip being slightly steeper than
the slope to about 11,500 feet. Beyond this point the two are more or less parallel as
far as 10,000 feet where the slope steepens slightly and the beds begin to old downhill
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as far as the forest edge. The lavas forming the surface between 10,000 feet and 11,000
feet are approximately equivalent to those now forming the summit.
At about 10,500 feet an old parasitic cone occurs in the Third South Valley buried
beneath trachybasalts of the Mawenzi group. Downstream from here the following
succession was measured:
Rombo Parasitic group:
olivine augite basalts
+ 30 feet
4§ feet
red argillaceous gravel (on erosion surface)
Mawenzi group:
100 feet
felsparphyric trachybasalts, felspars 10-30 mm.
i foot
red sandy clay (on erosion surface)
Old Mawenzi Parasitic group:
100 feet
dense basalts
.
.
.
.
basaltic scoria cone
. 0-200 feel
50 feet
blue mottled basalt
red argillaceous gravel
2-4 feet
Mawenzi group (?Neumann Tower group):
20 feet
felsparphyric trachybasalts, felspars 20 mm.
40 feet
felsparphyric trachybasalts, felspars 5 mm.
+ 30 feet
basalts with small felspar phenocrysts
orster Valley bbetween
(v) The Forster Valley: The succession exposed in the Forster
12,000 feet and its head at 15,000 feet is summarised below.
felsparphyric trachybasalts, felspars 10-20 mm. .
.
+150 feet
The Basaltic Tuff yellow with basalt fragments and
underlying boulder bed
20 feet
felsparphyric trachybasalts, felspars 20 mm. large augite
and olivine phenocrysts
200 feet
The Upper Red Band coarse agglomerate deposited in
valleys 150 feet deep, purple tuffs .
. 50-160 feet
felsparphyric trachybasalts, felspars 5 mm. or less .
80 feet
The Lower Red Band agglomerate and tuff with red
cinder beds
.
.
.
.
10-80 feet
felsparphyric trachybasalts and basalts
230 feet
yellow sandy tuff
.
.
.
.
.
0-20 feet
felsparphyric trachybasalts, felspars 20 mm.
120 feet
yellow tuff and agglomerate
. 0-100 feet
felsparphyric trachybasalts, felspars 20 mm.
280 feet
black tuff
.
.
.
.
.
.
20 feet
felsparphyric trachybasalts, felspars 20 mm.
80 feet
agglomerate with basaltic fragment
20 feet
felsparphyric trachybasalts, felspars 30 mm. stellate
120 feet
(top of Three Kings Valley succession)
felsparphyric trachybasalts, felspars 5 mm.
+20 feet
1,690 feet
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Tuffs and agglomerate make up 25% of the succession but die out downhill. They are
frequently very coarse with blocks up to 3 feet and usually have very irregular bases,
apparently filling valleys. Basalts form only 8% of the succession, melanocratic and
ankaramitic types are absent. The remainder is all felsparphyric trachybasalts and
trachyandesites.
These rocks dip downhill, i.e. south at 15° to 25° and outcrop again in the adjacent
valleys—the South Valley to the east and the Three Peaks Valley to the west, where
the marker bands can be recognised.
(vi) Egg Valley: Egg Valley runs south-south-west from beneath the South Peak at
the head of the Three Kings Valley. It lies nearer the centre of eruption than the
valleys to the east and the succession is at a rather higher stratigraphic level (Fig. 6.13).
The section in the upper part is estimated as follows (accurate measurement was
not possible):
felsparphyric trachybasalts (forming summit of the
South Peak)
.
.
.
.
ca. 100 feet
agglomerate, coarse
.
.
.
.
200 feet
? The Basaltic Tuff yellow tuff band (forms terrace along
south-west ridge)
.
.
.
.
20 feet
felsparphyric trachybasalts
20-100 feet
yellow tuffs and agglomerate
150-200 feet
? The Upper Red Band red cindery agglomerate .
0-50 feet
felsparphyric trachybasalts and trachyandesites
100-150 feet
? The Lower Red Band red cindery agglomerate .
0-80 feet
felsparphyric trachybasalts
+ 50 feet
950 feet
The Lower Red Band outcrops in the floor of the valley at 14,000 feet and higher
up on Londt's Ridge on the east side. It is obscured by scree at the cliff foot on the
western side.
Black tuffs and agglomerates are prominent at Bollard Gap and in the valley floor
down to 13,500 feet. Their equivalent in the above succession is not clear.
Below this level the pyroclastics die out and the valley is cut entirely in felsparphyric
trachybasalts with large felspars as far as the path at 12,000 feet. These lavas, as well
as extending east to the South Valley region, pass west into the Peters Hut Valley and
beyond, and spread as an unbroken lava field upon to the Saddle. They were heavily
glaciated and the broad lava blisters forming innumerable roches montonnes give a
characteristic aspect to the region.
Below the path basalts of the Saddle Parasitic group and lavas of the Kibo RhombPorphry group appear, overlying the Main Mawenzi group. In this area occurs the
Moltkstein, formed by the remnant of a trachytic flow, with unusually few felspar
phenocrysts, less platey and less parallel than usual.
(vii) West Mawenzi: The West Ridge of Mawenzi separates two large corries, the
West Corrie to the north and the larger Hut Corrie to the south.
The Hut Corrie leads up to Pinnacle Col overlooking the main centre of eruption.
It lies in the centre of the Main Dyke Swarm. This large and complicated corrie has
not been completely surveyed but the following section is estimated to be present.
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felsparphyric trachybasalts and agglomerate
(forming the Purtscheller Peaks)
felsparphyric trachybasalts
.
.
The Lower Tuff Band
yellow ashy tuff
purple red cinder bed
thin basalt
purple ash
yellow sandy tuff
.
.
.
felsparphyric trachybasalts
agglomerates
.
.
.
.
? The Basaltic Tuff
yellow sandy tuff
.
.
.
felsparphyric trachybasalts
yellow tuffs and agglomerate
? The Upper Red Band
.
.
.

.

700 feet

. 2 5 0

.
.
.

feet

50-80 feet
300 feet
200 feet
20 feet
20-100 feet
150-200 feet

.
ca. 1,900 feet

The Lower Tuff Band can be traced from the West Ridge at 15,000 feet along the
base of the cliffs on the north side of the corrie until it crosses the Main Ridge between
Purtscheller Peak and Pinnacle Col. The Basaltic Tuff can be traced from Egg Valley
as far as a point below Pinnacle Col where it disappears beneath screes. The Upper Red
Band has not been identified but probably occurs beneath the screes in the floor of the
corrie.
Agglomerates and tuffs extend downhill to below the Mountain Club Hut where
they pass below trachybasalts at about 14,500 feet. Beyond this point the lavas extend
as an unbroken field down to the Saddle and into the Lava Hills and Peters Hut
Valleys. Over 300 feet are exposed comprising numerous flows of identical felsparphyric
trachybasalt with large platy felspars.
The West Ridge is complicated by segment faulting and gravity sliding. The sliding
has been caused by the instability of the Lower Tuff Band in the face of segment
collapse bringing down agglomerates from near the top of the succession against the
trachybasalts overlying the Tuff Band.
The cliffs surrounding the rest of the West Corrie are formed by the beds between
the Upper and Lower Tuff Band, the youngest rocks occurring on the Nord Decke, the
point on the Main Ridge lying farthest from the crater.
(viii) North Mawenzi: The youngest rocks in the summit region of Mawenzi have
been measured in the North Corrie at the head of the Tarn Valley; the following
succession was observed:
felsparphyric trachybasalts and agglomerates
.
.
600 feet
(forms top of the Nord Decke)
The Upper Tuff Band, yellow sandy tuff, resting on
plane of unconformity
.
.
.
.
20-100 feet
felsparphyric trachybasalts and agglomerates
.
.
1,700 feet
The Lower Tuff Band, purple cindery tuffs and
yellow sandy tuffs .
.
.
.
.
0-50 feet
felsparphyric trachybasalts
.
.
.
.
+500 feet
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FIG. 6.13.—Correlation of the lavas and tuffs in the various sections of Mawenzi.
The Lower Tuff Band can be seen dying out on the west face of Weissmann Peak
and all the tuffs and agglomerates disappear below 13,000 feet in Tarn Valley. Beyond
this point a uniform series of felsparphyric trachybasalts with large felspars spreads
west on to the Saddle and north down the slopes to where they pass under the Kibo
Rhomb-Porphry group.
I n the Little Barranco and on the Middle Ridge flow breccia, tuffs and agglomerates
are developed down to below 11,000 feet but begin to die out about 1 | to 2 miles
from the centre, indicating that distance from the centre not height is the main control
of their destination.
The east face of Weissmann Peak overlooking the Middle Ridge is vertical for about
2,000 feet. Purplish-red beds just above the Middle Ridge at the base of these cliffs
probably represent the Upper Red Band. The top of the Middle Ridge hereabouts
has probably been determined by sliding off this plane of weakness. Higher up the
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succession is quite inaccessible, but apparently is composed of trachybasalt flow breccia,
tuffs and agglomerate. Probably these same rock types form the cliffs descending from
the Middle Ridge for over 2,500 feet into the Great Barranco, but these also are quite
inaccessible.
Where the rocks can be examined along the Middle Ridge they are similar in
composition, and structure, to those described elsewhere in the Mazenzi group.
(ix) Laitokitok Area: Felsparphyric trachybasalts are widespread on the lower slopes
of the mountain extending from the Amboseli area east towards the Chyulus as far as
the Kitoni Springs on the Tsavo River (Bear 1955) and thence south toward Lake
Chala. Parts of this area have been mapped by the Kenya Geological Survey (Bear
1955) and in addition Temperley (1960) provided some information about the region
near the Chyulus. There remains a segment about 10 miles wide stretching from
Laitokitok towards Olngarua Lenker swamps about which we have practically no
information.
Much of this area is obscured by the Mawenzi lahar and parts by alluvial and
lacustrine deposits, but the underlying lava over much of the region is felsparphyric
trachybasalts. West of the Mokombera River it passes under the Kibo Rhomb-Porphyry
group which extend far north from the vicinity of Endonet and Rongai (Williams 1967).
In the gorges of the Nesikiria, Gombera, Kikulevi and Rongai Rivers at 4,000 to
5,000 feet the walls are formed of felsparphyric lavas typical of the Main Mawenzi
group. None of these sections exceeds 150 feet in thickness. In the western gorge
rhomb-porphyry occurs at the top but trachytes occupy this position near the Mokombera and Kikulevi Rivers. The base of the trachybasalts emerges eastwards near the
Nesikiria and the underlying basalts appear in the lower Nesikiria and Terekoa gorges.
These basalts, presumed to be of the Neumann Tower group, also emerge at the
Kitoni Springs at Tsavo and another series of underlying basalts emerges beyond the
western edge of the trachybasalts near Amboseli. This clearly suggests that the trachybasalts form a relatively thin cover, probably seldom exceeding 200 feet in thickness,
on a continuous spread of basaltic lavas, of which the more easterly probably belong
to the Neumann Tower group.
The trachybasalts in the vicinity of Laitokitok are indubitably members of the Main
Mawenzi group. Some of those on the eastern slopes, however, may properly belong
to the Neumann Tower group and those in the west near Rongai and Amboseli probably
originated from Kibo and should be placed in the Kibo Trachybasalt group.
Soda trachytes have been recorded near the Terekoa by Bear (1955) but no similar
rocks have been located higher up on Mawenzi.

THE NATURE OF THE MAWENZI ROCKS
PYROCLASTICS

The pyroclastic rocks range from fine sandy tuffs to coarse angular agglomerates.
The tuffs are all lithic tuffs, generally yellow in colour, but occasionally black or
purplish. They are well-bedded and frequently slumped. Their coarser constituents are
usually black glass, fragmental or pumiceous basalt. They all appear to be products
of the main vents.
The agglomerates are concentrated near the vents and great masses occupy the vents
themselves. The matrix consists of sandy lithic tuffs and in this is set a chaotic mass
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of angular lava blocks. These blocks are nearly all basalts, trachybasalts or trachyandesites similar to those occurring as lavas but in the main vent agglomerate syenitic
rock types also occur.
The purplish cindery tuff forming the Red Bands is composed largely of cinders
and small bombs. It resembles closely the spatter accumulations round the small
parasitic vents.
LAVAS

(i) Picrite Basalts: These lavas form an appreciable part of the Neumann Tower
group. They consist essentially of titanaugite, iron-rich olivine and titano-magnetite
with subsidiary amounts of labradorite. The augite and olivine are always present as
large abundant phenocrysts often exceeding 10 mm. in size and sometimes accounting
for more than 60/^ of the rock. The matrix also contains olivine, clino-pyroxene,
magnetite, small felspar laths and probably glass.
The relative proportion of these constituents varies somewhat, olivine, however,
seldom predominates over augite. They include true ankaramites, a few true limburgites,
and oceanites, and with increasing quantities of felspar pass into melanocratic augiteolivine basalts.
(ii) Augite-olivine basalts: These are closely allied to the picrite basalts into which
they grade. The augite and olivine phenocrysts are less numerous and generally smaller,
accounting for between 5 and 25 % of the rock. The groundmass consists of labradorite
laths with granular augite, magnetite and olivine.
(iii) Non-porphyric basalts: The Non-porphyric basalts are generally dark grey to
blue-grey in colour and are usually compact, dense fine-grained rocks, sometimes showing mottling and signs of flow structure. Occasionally they contain a few small sparse
olivine phenocrysts and, with increase in their numbers, they pass into typical olivinebasalts or with the appearance of small felspar phenocrysts, into felsparphyric basalts.
These lavas consist of a mass of felspar laths, usually labradorite with interstitial
granular olivine, magnetite and titanaugite. The laths frequently show indications of
flow-banding.
Some varieties shown brown-soda hornblendes enclosing the other mineral in a
poikilitic texture and others contain interstitial colourless felspar, probably alkali
felspar. The latter are transitional to the trachybasalts.
These lavas are widespread in the Neumann Tower group.
(iv) Olivine basalts: Basalts with conspicuous olivine phenocrysts also occur, the
phyric olivine greatly predominating over phyric pyroxene. The phenocrysts seldom
make up much more than 5% of the rock. The matrix consists of labradorite laths,
granular olivine, augite and magnetite.
(v) Felsparphyric basalts: Small felspar phenocrysts appear in some lavas otherwise
inseparable from the non-porphyritic basalts. These phenocrysts are sparse and seldom
exceed 3, rnm. in length, accounting for less than 5% of the rock. They consist of
tabular phenocrysts of labradorite. The matrix consists of a felted mass of labradorite
laths with interstitial olivine, augite and magnetite. Frequently small patches of untwinned felspar occur indicating that these lavas are transitional to the trachybasalts.
(vi) Felsparphyric trachybasalts and trachyandesites: These flows of Mawenzi
characterised by prominent tabular felspar phenocrysts were classified in the field as
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trachybasalts. Some however are trachyandesites and a complete gradation probably
exists. Because most of these rocks have a very fine grain it is possible to classify them
accurately only after chemical analysis.
There is a considerable variety in the habit of these lavas but mineralogically they
are very uniform, consisting of thin tabular phenocrysts of labradorite, microphenocrysts
of titanaugite and olivine in a matrix of labradorite or andesite laths, alkali, felspar and
granular olivine, augite and magnetite.
The size of the labradorite phenocrysts varies from a few millimetres up to 30 mm.,
and the rocks grade into the felsparphyric basalts as the size diminishes. The importance
of the phenocrysts as a constituent of the rock increases roughly with their size and
ranges from 5% to over 50%. In the field a number of varieties based on these
differences was used in mapping but they do not seem to reflect any important
difference in the chemistry of the rock.
A readily recognised variety is characterised by the grouping of the felspar
phenocrysts, which are usually parallel, into radiating clusters giving stellate markings
on the rock surface. This feature appears to have no chemical significance.
Differences also occur in the size and quantity of ferro-magnesian minerals occuring
as phenocrysts. Uusually both olivine and augite occur as visible phenocrysts, 1 to
2 mm. in size and make up perhaps 2 to 5% of the rock. Several varieties can be
recognised based on changes in the characters. The most important was that called a
'plum pudding' rock in the field. In it the phenocrysts both of olivine and augite may
reach 10 mm. in size and constitute 20% of the rock. This variety is certainly a more
basic, melanocratic rock than the typical trachybasalt. The other varieties found have
(1) no visible ferro-magnesian phenocrysts and (2) abundant small olivines only; neither
seems to be important. The Moltkestein type, however, may be a significant variety
(see below).
The common type of felsparphyric trachybasalt is very similar to the Kijabe-type
basalt of Shand (1937).
(vii) Soda-Trachytes: Soda-trachytes were found by Bear near Lasset in Kenya
and appear from their field descriptions to resemble the Moltkestein type of trachybasalt in that the felspar phenocrysts are sparser, stubbier and more disorientated than
in the typical trachybasalt. The Moltkestein lava, however, has labradorite phenocrysts.
and labradorite laths, whereas the soda-trachytes have phenocrysts of alkali felspar.
These soda-trachytes by containing phenocrysts of alkali-felspar resemble the rhombporphyries but the description given by Bear does not support this since he says they
are not unlike Kijabe-type basalts.
(viii) Felspathoidal Lavas: It is curious that, except in the plugs, no felspathoidal
rocks were found on the upper parts of Mawenzi, yet Bear records several varieties
among loose blocks presumably from boulder beds near the Tsavo river. These include
mela-nephelinites, melilite nephelinites, olivine nephelinites, phonolite-trachytes and
phonolites.
Of this suite the phonolite-trachytes have an apparent source in phonolite-trachyte
from the Kibo Lent group which reaches the plains near the Terekoa. The remainder
may belong to the nephelinite groups described by Williams (1969) from the Amboseli
area. The source of these lavas has not been identified and could lie anywhere in the
Kibo-Mawenzi area south of Amboseli.
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THE MAWENZI LAHAR

One exceptional event in the history of Mawenzi was that which produced the
Mawenzi lahar that now spreads over some 450 square miles between Laitokitok and
the Chyulu Range. Its volume assuming an average thickness over the area of 20 feet
is 1.7 cu. miles, rather more than enough to account for the collapse of a large
segment of the original crater wall on the north-east side. From the present topography
the size of this collapsed segment can be calculated. Its height ranged from about
13,000 feet at its base to the summit at 18,000 feet. Its base averaged about one mile
in width and it extended round a segment encircling the east side of the Barranco
from the Nord Decke to beyond the Neumann Tower, a distance of about l-^ miles.
The volume of this segment is therefore about 1.1 cu. miles.
It must be assumed that the crater contained a lake at the time and the collapse
of the wall during the final activity of Mawenzi allowed the waters to escape and
helped to spread the debris over the plains to the north-east. The direction the
Barrancos now follow was determined by the lahar flow and their predominance over
the other valleys by the great gash in the mountain side caused by the crater wall
collapse. Subsequently the crater area has been expanded into the great amphitheatre
of the Upper Barranco by rapid erosion, the Barranco streams having at all times the
advantage of a lower base level and an unfailing supply of water from springs.
The similarity between these events and the collapse of the north-east face of Meru
in Late Pleistocene is very close, both in situation and in dimensions. This enables one
clearly to envisage Mawenzi in a comparable condition in the Lower Pleistocene.

Chapter Seven

THE GEOLOGY OF KIBO
APPEARANCE AND STRUCTURE
Kibo is the central cone and highest point of Kilimanjaro. It has a broad, flat summit
and relatively smooth undissected slopes. On the south and west sides the slopes are
steeper and coated with a thick ice cover. The shape of the cone approximately reflects
its internal structure and the summit area is an obvious caldera.
At its base the cone merges with and laps over the cones of Shira and Mawenzi
flanking it to west and east. The later activity of Kibo produced flows that spread
widely to north and south lapping extensively over the older lavas from the other centres
and obscuring the early flows from Kibo itself.
ROCK SEQUENCE AND DISTRIBUTION
The succession of lavas on Kibo is as follows:
Inner Crater group
erosion
Upper Pleistocene
Caldera Rim group
erosion
Small-rhomb Porphyry group
erosion
Lent group
erosion
Rhomb Porphyry group
erosion

Middle Pleistocene

Upper Rectangle Porphyry group
Upper Trachyandesite group
Lower Rectangle Porphyry group
erosion
Lower Pleistocene
Lava Tower Trachyte group
erosion
Lower Trachyandesite group
The older lavas are exposed only in erosion windows on the south-west slopes at
about 14,000 feet. The most widespread lavas are those of the Upper Rectangle
Porphyry, Rhomb Porphyry and Lent groups which spread widely down the flanks
on to the plains both to north and south. The succeeding groups were produced in
smaller volume and are mainly restricted to the higher mountain.
THE ERUPTIVE HISTORY
The activity of Kibo began in the Lower Pleistocene. The earliest lavas probably
intermingled with those of Mawenzi and Shira and in fact they cannot be separated
where they occur together north of Mawenzi.
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The earliest known rocks of the summit region, the Lower Trachyandesite group
were, however, erupted from a cone that already matched Mawenzi in height and
considerably overtopped Shira.
Thereafter, activity on Kilimanjaro was, with the exception of the many small parasite
vents, confined to Kibo. During the period from the end of the Lower Trachyandesite
group to the present day, activity continued and the lavas in general becoming more
undersaturated and finally ending with the nepheline-rich Inner Crater group.
This aaivity was far from continuous. The various lava groups were separated by
lengthy periods of erosion when deep valleys were cut in the flanks and glacial deposits
and other sediments accumulated in the hollows. As a result of this the cone did not
apparently grow very much higher than it was in the Lower Pleistocene and it seems
to have maintained a height of about 19,500 feet throughout the Middle and Upper
Pleistocene.
Not all the aaivity was centred on the main vent at the summit. The Lent group
in particular was erupted from flank fissures at heights of 15,000 to 16,000 feet and
some of the other flows especially belonging to the Main Rhomb Porphyry, Rectangle
Porphyry and Lava Tower Trachyte groups come from flank fissures.
The site of the main centre appears to have moved slightly towards the north-east
in successive stages from the Main Rhomb Porphyry group through the Small-Rhomb
Porphyry group, the Caldera Rim group to the present caldera of the Inner Crater
group. The total movement, however, was not more than about one mile.
All the activity appears to have been relatively quiet. There is little pyroclastic rock
associated with any of the lava groups with the exception of the Weru Weru
Agglomerate that succeeded the Upper Rectangle Porphyry group. The pyroclastics at
the base of the Caldera Rim group are thin and believed to have been caused by the
special circumstance of there being an ice cover at the time of eruption. The Kibo
Lahar which preceded the Inner Crate group is believed to have been caused by major
landslips triggered by caldera faulting.
There has been a gradual decline in the volume of lava produced in successive
eruptive periods during the Middle and Upper Pleistocene and the interval of time
separating them increased.

PETROGRAPHIC NOMENCLATURE
The nomenclature adopted in this section is a classification taking into account the
chemical characteristics of the rock but being based mainly on the petrographic features
visible in the field.
The Kibo Trachyandesite groups are characterised by the presence of conspicuous
tabular felspar phenocrysts and resemble in appearance the trachybasalts and trachyandesites of Mawenzi. Chemical analyses and thin sections show them to include
trachybasalts, trachyandesites and olivine basalts.
The Rectangle Porphyry groups are characterised by the presence of prismatic
phenocrysts of felspar. These are oligoclases and andesines and the rocks are trachytes
and trachyandesites according to analyses.
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The Rhomb Porphyry group has large rhomb-shaped phenocrysts of orthoclase.
They are trachytes sometimes slightly undersaturated. The Small-rhomb Porphyry
group has small phenocrysts of anorthoclase with rhombic outline and frequently small
nepheline phenocrysts as well. These are nepheline phonolites.
The nepheline-rhomb porphyries of the Caldera Rim group usually show rhombic
phenocrysts of anorthoclase of larger size associated with phenocrysts of nepheline.
These are phonolites, undersaturated to varying degrees.
The lavas of the Inner Crater group are nepheline rich phonolites, most have only
nepheline phenocrysts but a few have in addition small phenocrysts of anorthoclase or
sanidine.
The lavas of the Lent group are characterised by their generally aphyric appearance
and trachytic texture. Their chemical character varies from trachytes to phonolites and
Williams (1970) records basalts. Those of the Lava Tower group are similarly trachytic
and fine grained but appear to be always saturated and classified chemically as trachytes.
They are distinguished in the field by their greenish colour and lustrous sheen.
LOWER KIBO TRACHYANDESITE GROUP

(i) General.
The deepest dissection of Kibo is on the upper slopes at about 14,000 feet on the
south-west side (Fig. 7.1). In this region two rivers, the Bastion Stream and the Upper
Umbwe cut below the general level and expose the oldest known lavas of Kibo, the
Lower Trachyandesite group.
(ii) Details.
(a) Bastion Stream: exposures occur immediately east of the Lava Tower. A
succession of about 150 feet of trachyandesite flows is seen below the Lava Tower
Trachyte group.
(b) Upper Umbwe: exposures occur in the stream bed below the Breschenwand at
13,500 feet. Only 100 feet are seen but the outcrop probably extends a considerable
way under the Barranco moraines.
(iii) Character.
Each flow is about 10 feet thick with a layer of flow breccia 2-3 feet thick at the
base, there are no associated pyroclastics.
The lavas are fine grained grey trachyandesites, characterised by tabular phenocrysts
of labradorite 5-10 mm. in length.
(iv) Source.
The highest point where the series has been seen is at 15,000 feet, but they almost
certainly extend higher and were presumably erupted from the main vent at a height
not less than 17,000 feet.
(v) Basalt dykes.
In the Umbwe section a single radial basalt dyke 4 feet thick is visible at 13,600
feet. It is presumably one of a series but no others are known in the restricted outcrop.
The dyke is older than the succeeding Lava Tower Trachyte and is the only basalt dyke
known on Kibo.
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(vi) Pre-Lava Tower Trachyte erosion and glaciation.
The top of the basaltic dyke was planed off and some of the lavas removed by
erosion before the renewal of volcanic activity. It appears that glaciers were important
agents in effecting this, for the Umbwe seaion shows:
Lava Tower Trachytes
Boulder Bed
False-bedded sands

30-50 feet
0-4 feet

Kibo Trachyandesites
The boulders are widely spaced in a sandy matrix, all are rounded, some facetted
and showing striations. They consist largely of felsparphyric lavas with platy felspars
like the underlying Trachyandesite group. Another boulder bed, 30 feet thick, occurs
below the Lava Tower west of the Bastion stream. Here boulders are all of trachybasalt
lava types.
The boulder bed is absent in the Bastion Stream section, its position being occupied
by a thin layer of sand and weathered lava 6 inches thick.
LAVA TOWER TRACHYTE GROUP

(i) General.
This relatively thin lava group is found only on south-west Kibo where the dissection
is deep (Fig. 7.1). In the upper Umbwe at the base of the Breschenwand it is exposed
from 12,500 feet up to 17,000 feet. It also occurs in the Bastion Stream, at the Lava
Tower and below the Machame Escarpment.
(ii) Details.
(a) Upper Umbwe: the fullest succession is seen below the Breschenwand at 13,50014,000 feet and consists of:
upper tuffs and autobreccias
.
.
50-80 feet
trachyte and obsidian gravel bed
.
5-10 feet
lower trachytes .
.
.
.
200 feet
The upper 200 feet of this succession is seen down the valley as far as 12,500 feet.
The base is exposed at 13,500 feet and can be traced continuously up to 15,000 feet.
Higher it is largely obscured by the overlying rectangle porphyries; it appears again
at 17,000 feet where 20 feet of trachyte and 30 feet of tuff outcrop beneath the 2,000
feet rhomb-porphyry cliffs of the Breschenwand.
(b) Lava Tower area: about 250 feet of gently dipping trachytic lavas occur. There
are no associated tuff or gravel beds so they presumably represent only the Lower
Trachytes.
(c) Machame Escarpment: below the edge of the escarpment at about 11,000 feet
is a section of 300 feet of Lava Tower Trachytes. The topmost beds are weathered to
a yellowish clay.
(iii) Character.
Typical lavas are green and fissile lavas, frequently with well developed flow
structures and a 'chloritic' sheen on the surfaces. Obsidian is common where it has
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been chilled. The flows are usually about 15-20 feet thick but reach 30 feet; flow
breccia is rare.
The rocks are aegerine-rich trachytes sometimes quite granular and the texture of
the groundmass is trachytic, small nepheline phenocrysts up to 1 mm. in size are
sometimes seen but the most conspicuous feature is the presence of xenoliths and
xenocrysts. These may be 6 inches across and consist of basaltic, trachybasaltic, trachyandesitic and rectangle-porphyry lava types.

FIG. 7.1.—Geological map of the Barranco area of Kibo.
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The autobreccias are similar, and it is only in suitably weathered samples and in
thin-section that the breccciated structure is evident. The tuffs are yellow or orange
in colour with angular fragments of trachyte up to 2 inches in size.
(iv) Source.
No dykes of this trachyte are known, and it is assumed that the occurrence at a
height of 17,000 feet indicates they were erupted from the main vent when the cone
reached at least this height.
(v) Obsidian gravels.
These are water deposited, filling pockets in the lavas. No pebbles other than
obsidian and trachyte were found. The pebbles are rounded, up to 3 inches across,
closely packed in lenticular masses. They occur below the Breschenwand from 13,500
to 12,500 feet.
(vi) Pre-Lower Rectangle Porphyry erosion.
In the Lava Tower area the succeeding Lower Rectangle Porphyries are either
faulted down against the trachytes or fill a valley cut in them; the junction is not
exposed. In the general absence of faulting the latter is believed to be more probable.
A similarly steep junction occurs in the Hans Meyer Ridge Valley and it seems that
valleys at least 200 feet deep were cut into the Lava Tower Trachytes in this area
before the onset of the rectangle porphyry flows.
The upper surface of the trachytes in the Breschenwand area also shows irregularities
attributed to erosion. Tunnel collapse of a large trachyte flow is visible at 14,50015,000 feet forming strong parallel ridges against which the rectangle porphyries were
banked. At 17,000 feet the trachytes and tuffs again formed a ridge with rectangular
porphyries banked against it. The ridge was probably buried by rectangle porphyries
but this was eroded and the Main Rhomb Porphyry group now rests on the eroded
tuffs and trachyte instead of the Lower Rectangle Porphyry group.
LOWER RECTANGLE PORPHYRY GROUP

(i) General.
The term 'rectangle porphyry' was coined to designate a group of felsparphyric lavas
with stubby felspar phenocrysts in contrast to the tabular labradorite phenocrysts of
the trachybasalts and the anorthoclases with rhomb-cross-sections in the rhomb
porphyries. The phenocrysts in the rectangle porphyries are generally oligoclase-andesine
and the rocks are trachyandesites. The group has an outcrop restricted to the area
between the Penck Glacier and the Breschenwand. It forms most of the floor of Kibo
Barranco (Fig. 7.1).
(ii) Details.
(a) Barranco floor: The Barranco floor is mostly composed of lavas of the Lower
Rectangle Porphyry group. They consist of thin red-stained flows each with lava breccia
at the base. Over 300 feet is exposed. The phenocrysts have a length/breadth ratio
of betwen 5/1 and 3/1.
(b) Uhlig Glacier area: the cliffs forming the north-west side of the Barranco and
those above the Lava Tower are composed in their lower part of the Lower Rectangle
Porphyry group. They comprise a series of almost flat lying massive glassy rectangle
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porphyries. The same rocks form the Hans Meyer Ridge, where they dip more steeply.
The thickness exceeds 2,500 feet, probably reaching 3,000 feet. Near the Uhlig Glacier
the rocks are pneumatolysed and include a bed of green tuff 2-15 feet thick, providing
a useful datum plane.
(c) Lava Tower-Penck area: These exposures are continuous with
Measured sections include:
(i) above Lava Tower at 15,000 feet.
flow 6—rectangle porphyry, phenocrysts 15 mm.
flow 5—rectangle porphyry, phenocrysts 15 mm.
flow 4—rectangle porphyry, phenocrysts 15 mm.
flow 3—rectangle porphyry, glassy, phenocrysts 10 mm
flow 2—rectangle porphyry, phenocrysts 4 mm.
flow 1—rectangle porphyry, phenocrysts 4 mm.
(ii) ridge N of Lava Tower at 15,000 feet.
flows of rectangle porphyry, phenocrysts 15 mm.,
length/breadth ratio 10/1 to 5/1
8 flows of rectangle porphyry, phenocrysts 10 mm.,
length/breadth ratio 10/1 to 5/1
flow of trachyandesite
.
.
.
.
flow of glassy rectangle porphyry, phenocrysts
length/breadth ratio 5/1 to 2/1
+

the Uhlig area.

20
25
20
25
20
20

feet
feet
feet
feet
feet
feet

100 feet
30 feet
20 feet
100 feet

(iii) Character.
The flows in general are 10-20 feet thick, but are often thinner, with a considerable
amount of associated flow breccia. Compared with the Trachyandesite groups the
matrix of the lavas is more glassy; red and greenish-grey are its commonest colours,
the red being associated with oxidisation in the vicinity of the main vent. Collapse folds
associated with lava tunnels occur north of the Lava Tower indicating valley flows.
Near the Uhlig Glacier the proportion of flow breccias increases and in places massive
lava is absent, such beds of flow breccia reach thicknesses of 30 feet and simulate
agglomerate. The relationship of flow brecciated to massive lava is fully discussed in
the chapter on Mawenzi.
In general, the felspar phenocrysts vary from labradorite to oligoclase and measure
10 to 20 mm., with a length/breadth ratio of 5/1 to 2 / 1 . Smaller felspars occur in
some flows, and others have a more tabular shape. Common microphenocrysts are
augite, olivine and apatite. The matrix is usually glassy but with many laths of alkali
felspar : augite, magnetite and olivine also occur in some quantity.
(iv) Source.
These lavas can be traced up to 17,000 feet where they are truncated by the syenite
intrusion. They must therefore have been erupted from the main centre at a height of
17,500 to 18,000 feet.
In addition there are many dykes and a few sills of rectangle porphyry which could
have fed flank eruptions. Some of these may have been feeders for the Upper Rectangle
Porphyry group—it is impossible to make distinctions. A full discussion of these
intrusions is postponed to that section.
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(v) Pre-Upper Trachyandesite Erosion.
The Lower Rectangle Porphyry group is missing on the Machame Escarpment and
also in the lower part of the Breschenwand. In the latter locality the base of the Main
Rhomb Porphyry group progressively cuts across beds of Upper Rectangle Porphyry.
On the Machame Escarpment the Upper Trachybasalt group rests directly on the
weathered top of the Lava Tower Trachyte group. An erosional break between Lower
Rectangle Porphyry and the Upper Trachyandesite group is indicated.
UPPER KIBO TRACHYANDESITE GROUP

(i) General.
This is the first group of Kibo lavas to have a demonstrably wide extent. On the
upper mountain it forms considerable outcrops in the cliffs around the Uhlig and
Penck Glaciers and extends westwards down the Lent and Oehler Valleys. It also
appears on the Machame Escarpment and as inliers in the valleys north of the Lent
Group.
In these areas there is no doubt of the identity of the group but distinction between
the various trachybasalt and trachyandesite groups cannot be made on petrographic
character alone. Nevertheless, the isolated outcrops on the south face of Kibo at 15,000
feet and near the Karanga River at 3,000 feet almost certainly belong to the Upper
Kibo Trachyandesites. On the other hand, the lavas with platy felspar phenocrysts
underlying the rhomb porphyries on the slopes above Amboseli at 5,000 feet could
equally well have come from Kibo or Mawenzi. They are classified as Kibo lavas
because they are slightly nearer this centre. The lavas with platy felspars at Kitenden
are of an unusual type but probbaly also belong to the Upper Trachyandesite group.
(ii) Details.
(a) Uhlig Glacier area: the trachybasalts here are relatively inaccessible, occurring
high in the cliffs forming the west face of Kibo. They are about 1,200 feet thick and
can be traced down the cliff into the Penck area.
(b) Penck area: the outcrop forms the lower part of the cliffs between the Penck
and Little Penck Glaciers, where it swings round towards the Lava Tower and passes
under rhomb porphyries. The thickness here is still about 1,000 feet.
(c) Oehler Valley: the trachyandesites are observed beneath rectangle porphyries
west of the Penck Moraines and at the head of the Lager Valley and they emerge as
erosional inliers in the glaciated troughs of the Oehler and Lent Valleys. In the Oehler
Valley they are exposed below the Lavakopf down to 14,000 feet.
(d) Lent Valley: exposures in this valley extend from the large step at 14,200 feet
down past the terminal moraines, a distance of about 3 miles. Thicknesses are difficult
to estimate as the lavas have a gentle dip.
(e) Machame Escarpment: overlying the Lava Tower Trachytes on the steep slopes
below the Escarpment are up to 600 feet of trachyandesites. They thin rapidly westwards and are completely overlapped before the Amphitheatre is reached.
(f) South face of Kibo: flows of trachyandesite were observed beneath rhomb
porphyries on the ridge above the Garanga Valley at 15,000 feet. Their relationship
is uncertain since these cliffs were not properly explored. A German party recorded
platy lavas in the Garanga cliffs at 13,800 feet but this was not confirmed, the whole
of the cliffs appear to be formed of rhomb porphyry.
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(g) Slopes of the Lent Group: lavas with platy felspars are exposed in three of the
valleys cutting through overlying phonolites and rhomb porphyries.
(h) Karanga River area: a small, isolated exposure of trachyandesite occurs in a
road cutting |- mile west of the Karanga River. Its relationships to the nearby rhomb
porphyries is obscure and it may possibly be a flow within the Main Rhomb Porphyry
group.
(i) Engare Rongai: three flows of trachybasalt occur in the gorge of the Engare
Rongai where it debouches on to the northern plain. They probably came from Kibo.
(j) Amboseli: in some river valleys between Kitenden and Rongai, lavas with platy
felspars occur beneath flows of the Main Rhomb Porphyry group. Williams (1968) has
found the same lavas (Upper Olivine Basalts) to extend widely northwards towards
the Amboseli Plain reaching a point over 20 miles from Kibo. These lavas extend
eastwards at heights between 4,000 and 6,000 feet across the north side of Mawenzi
and some of the flows particularly in the eastern tract may have come from this source.
(iii) Character.
The lava flows average 10 feet in thickness with generally 2 to 3 feet of flow breccia
at the base; in the cliff's near the Penck Glacier the proportion of flow breccia increases
as the vent is approached. No associated pyroclastics are known.
The characteristic felspars are 20 to 30 mm. in length, with cross-sections showing
shape ratios of about 15 : 1 to 10 : 1. In composition, they lie near the andesinelabradorite boundary. They occur as microphenocrysts as well. The matrix is generally
grey and flne-grained with laths of alkali felspar, glass, granular augite, olivine and
iron ore visible in this section. Apatite, olivine, magnetite and occasionally titanaugite
also occur as microphenocrysts.
Flows in the upper part frequently show characters transitional to rectangleporphyry, with phenocrysts of oligoclase or andesine showing in cross-section a length :
breadth of 10/1 to 5/1.
(iv) Source.
The lavas extend up to 17,000 feet and clearly were mainly erupted from the central
vent when it stood at a height of about 19,000 feet. Several dykes of trachyandesite
occur in the area between the Breschenwand and Penck Glacier at heights between
13,000 and 17,000 feet, so some of the lava may have come from flank fissures.
(v) Trachyandesite Dykes.
In the area 18 dykes of trachyandesite occur (see Table 7.1). One cuts the Upper
Trachyandesite group, the remainder occur in the Lower Retangle Porphyry group or
in the Lower Trachyandesite group. They are thin and nearly all radial. Many may be
associated with the eruption of the Lower Trachyandesite group.
(vi) Relationship to the succeeding Upper Rectangle Porphyry group.
There is no apparent break between the Upper Kibo Trachyandesites and the overlying Upper Rectangle Porphyry group, but the latter overlaps the former in the
Amphitheatre area. A passage between the two groups can be examined in the Machame
Escarpment, in the Oehler Valley and around the Penck Glacier. The gradation is
apparent in the cross-sections of the felspar phenocrysts, the length : breadth ratio
decreasing from about 20 : 1 to 2 : 1 or even 1 : 1 . Those with a greater ratio than
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10 : 1 were typical of the trachyandesite series. The composition alters with the shape
of the crystals, the more stubby forms being more sodic.
Table 7.1
KIBO DYKES—TRACHYANDESITES
Location
Upper Barranco
Upper Barranco
Upper Barranco
Upper Barranco
Upper Barranco
Breschenwand
Breschenwand
Lower Barranco
Lower Barranco
Lower Barranco
Lower Barranco
Lower Barranco
Lava Tower Area
Lava Tower Area
East of Penck Glacier
East of Penck Glacier
East of Penck Glacier
Uhlig Glacier Area
Total=18

Thickness
in feet

Dip

3
3
3
2
2
3
3
5
3
6
4
4
10
3
2
2
3

vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical

Direction
radial
radial
radial
radial
radial
radial
radial
radial
radial
radial
radial
radial
transverse
radial
radial
radial
radial
radial

Average =3-^- feet

Alternation of rectangle porphyries and trachyandesites with platy felspars of extreme
types does not occur but there is some fluctuation in character around the transition
point.
THE UPPER RECTANGLE PORPHYRY GROUP

(i) General.
The lavas of the Upper Rectangle Porphyry group resemble those of the Lower
group, but at the top of the Upper group there are flows transitional to the rhomb
porphyries containing some felspars with square cross-sections and others that are
rhombic. Nothing of this kind was found among the Lower Rectangle Porphyry group.
The group forms the cliffs of the west face of Kibo near the Penck Glacier, rising
up towards the Bastion to the east. They form the base of the West Ridge down to the
Lavakopf and floor the whole of the upper part of the Lent Valley above 14,000 feet.
This outcrop continues below the Oehler Ridge into the Oehler Valley and farther east
to form the great step at the head of the Lager Valley. They extend widely over Shira
Plateau as far as the foot of the Shira Ridge and outcrop continuously beneath the
Machame Escarpment: that they extended to the plains is shown by their outcrop in
the Machame area.
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(ii) Details.
(a) West Face: exposures are relatively inaccessible, about 1,000 feet of lava
altogether. Lava breccia forms a large proportion of the flows.
(b) West Ridge-Lavakopf area: a transition from the underlying trachyandesites is
well seen here. The following succession was measured:
1 to 2 feet
18. lava; phenocrysts with rhombic and square cross-sections
lava breccia at base
.
.
.
.
.
7 feet
15 feet
17. lava- as 1, slight non-sequence at base
16. lava phenocrysts with rhombic and rectangular cross-sections
shape ratios 3 : 1 to 1 : 1 .
50 feet
15. lava phenocrysts with rhombic and rectangular cross-section.
shape ratios 5 : 1 to 2 : 1 .
19 feet
14. lava phenocrysts with rectangular cross-sections,
shape ratios 10 : 1 to 5 : 1—red glassy matrix
20 feet
13. lava phenocrysts with rectangular cross-sections,
shape ratios 5 : 1 .
10 feet
12. tuff: fragments of rectangle porphyry up to 2^ feet
10 feet
11. lava- phenocrysts with rectangular cross-section,
shape ratios 5 : 1 , glassy matrix
ca. 15 feet
10. tufE: fragments of basalt up to 2 inches .
ca. 5 feet
5-9. lava 5 flows of red and blue-grey rectangle porphyry,
shape ratios 10 : 1 to 5 : 1 .
40 feet
4. lava phenoCTysts with rectangular cross-sections.
shape ratios 10 : 1 to 5 : 1, red glassy matrix
5 feet
3. lava phenocrysts with rectangular cross-sections.
shape ratios 10 : 1 .
7 feet
2. alva as 11
12 feet
1. lava phenocrysts with platy cross-sections.
shape ratios 20 : 1 to 10 : 1 .
15 feet
223 feet
The top of the Upper Trachyandesite group is drawn above flow 1.
(c) Lent Valley: Probably about 400 feet of rectangle porphyry occurs in the middle
part of the Lent Valley. Its base is exposed in the big step at 14,000 feet, where it
appears to be typical rectangle porphyry. It extends from here continuously up to the
crags around the Drygalski and Credner Glaciers.
(d) Oehler Valley and Lager Valley: at the Oehler Ridge where the rectangle
porphyries form the pediment they extend into the valley floor down to 13,600 feet
where they pass under younger lavas. This outcrop extends eastwards to form the
250 feet step in the Lager Valley. The thickness is probably less than 400 feet.
(e) Machame Escarpment: the Upper Trachyandesites here pass upwards into
rectangle porphyries which outcrop just beneath the edge of the escarpment and can
be traced from the Bastion Valley to the Amphitheatre. Their thickness diminishes
from about 300 feet in the east to about 50 feet in the Amphitheatre where they rest
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directly on the Amphitheatre Sediments; here they have overlapped the underlying
trachybasalts.
(f) Shira Plateau: the flat-lying lavas forming the floor of the Shira Plateau consist
of rectangle porphyries with rather platy felspars and some trachyandesites, their
exposed thickness exceeds 50 feet. In the Engare Nairobi river bed, rhomb porphyries
are exposed beneath them, the only known instance of this apparent inversion of the
succession. It is probably an isolated flow intercalated in the rectangle porphyry
succession.
(g) Machame area: rectangle porphyries, presumed to belong to the upper series
appear in the valley east of Machame Village at 4,200 feet, in the Weru Weru at
4,000 feet and in the Kikafu near the road bridge at 3,000 feet. At the last locality
about 30 feet is exposed and it appears to overly a tuff with crystals of oligoclaseandesine.
(iii) Character.
The lavas resemble those of the Lower Rectangle Porphyry group but show trends
towards rhomb porphyry not seen in the lower group. Flow breccia is generally thin,
but it increases in proportion as the central vent is approached; the flows are generally
about 10 feet thick, but locally are much thicker, possibly due to valley filling.
(iv) Source.
The lavas can be traced in force up to 17,000 feet and clearly came from a main
vent at the summit which must at this time have been about 20,000 feet high.
A number of dykes and sills of rectangle porphyry occur in the area between the
Penck Glacier and the Breschenwand and these may have fed flows emitted on the
flanks. Many of the dykes are likely to be associated with the Lower Rectangle Porphyry
group.
(v) Rectangle Porphyry Dykes and Sills.
Thirteen dykes and two sills of rectangle porphyry have been found in the area at
heights ranging from 13,500 to 16,500 feet (see Table 7.2).
Of the dykes, 3 occur in the Lava Tower Trachyte, the remainder in the Lower
Rectangle Porphyry group. Most of them are radial, but concentric dykes are more
common than in the trachyandesite swarm. A further contrast is their great thickness,
one following the foot of the Breschenwand from 16,500 feet, down to 15,000 feet is
30 feet thick and on average they are about 11 feet thick.
One of the sills follows the tillite below the Lava Tower Trachyte in the Upper
Umbwe from 13,500 feet to 14,500 feet. It is about 15 feet thick but splits and sends
dyke-like apophyses up into the trachyte. The other sill is less regular, and forms a
complex of sheets in the Lower Rectangle Porphyry group above the Laver Tower at
15,000 feet.
THE UPPER RECTANGLE PORPHYRY—MAIN RHOMB PORPHYRY INTERVAL

(i) General.
Events in the period that elapsed between the close of the Rectangle Porphyry
activity and the onset of flows of the Main Rhomb Porphyry group include two periods
of eruption of apparently restricted extent. The limitations of these beds to small areas
makes it difficult to treat the period consecutively over the whole mountain except as
an interval during which events can be described as local phenomena.
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The main features of the period are:
1. The eruption of the Penck Rhomb Porphyries.
2. The formation of the Weru Weru Agglomerate.
3. The erosion preceding the Main Rhomb Porphyry group.
(ii) Penck Rhomb Porphyries.
These lavas occur on the west side of Kibo between the west ridge and the Penck
Glacier, from 15,000 to 16,000 feet. They also occur below the rhomb porphyries near
the Credner Glacier at 16,000 feet: their exact extent here is not known, though it must
be small.
They are a series of dark grey compact lavas with sparse, inconspicuous rhombic
anorthoclase and oligoclase phenocrysts forming about 5 % of the rock. The phenocrysts
are generally small, about 2 to 5 mm. across, but may reach 20 mm. in size. In thin
section microphenocrysts of olivine and alkali felspar also occcur in a matrix of alkali
felspar laths, glass, magnetite and olivine.
In the Penck area the lavas flowed down valleys 150 feet deep in the Upper
Rectangle Porphyry group. There was no sign of sediment in the valleys, the underlying lavas having smooth, fresh surfaces. They may have been ice eroded but no
definite evidence of this was found, though the base of the Penck Rhomb Porphyries
is composed of rounded masses of obsidian, rather like pillows, indicating severe
chilling.
The total thickness is about 400 feet.
Table 7.2
KIBO DYKES AND SILLS
Location
Dykes:
Upper Barranco
Breschenwand
Breschenwand
Breschenwand
Breschenwand
Barranco window
Barranco window
Lava Tower area
Lava Tower area
Lava Tower area
Uhlig Glacier area
Uhlig Glacier area
Uhlig Glacier area
Number=13

RECTANGLE PORPHYRY

Thickness
in feet

Dip

8
30
15
4
3
10
10
10
3
10
10
8

vertical
vertical
vertical
vertical
vertical
60°NW
60°NW
vertical
vertical
vertical
65°S
vertical
60°N

Average=ll

Sills:
Breschenwand 13,500 feet
above Lava Tower

15
?20

30°SSW
30° SW

Direction
radial
radial
radial
radial
radial
radial
radial
transverse
radial
radial
transverse
radial
transverse
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(iii) Weru Weru Agglomerate.
These pyroclastic deposits occur over a fairly wide area south and south-west of
Kibo at heights between 2,000 and 4,000 feet where they form the greatest mass of
pyroclastic rocks associated with Kibo. They were also found below the rhomb
porphyries at 14,500 feet on the Breschenwand.
The following sections were found:
(a) Weru Weru valley at about 4,000 feet.
rhomb porphyry
.
.
.
.
70 feet
agglomerate
.
.
.
.
80 feet
rectangle porphyry .
.
.
.
4 feet
The agglomerate was composed of sub-angular blocks 1 to 2 inches in size, but
occasionally reaching 2 feet. Half were of non-porphyritic dark grey trachybasalts, the
remainder of phonolite, rhomb porphyry, trachybasalt, rectangle porphyry and obsidian.
(b) Kikafu valley at main road, ca. 3,000 feet.
mudflow boulder beds (Kibo lahar)
erosion surface
agglomerate
.
.
.
.
20 feet
rectangle porphyry .
.
.
30 feet
The agglomerate contained only angular dark grey trachyandesite fragments up to
3 inches across.
(c) Karanga River valley at main road, ca. 2,800 feet.
mudflow boulder bed (Kibo lahar)
erosion surface
rhomb porphyry
.
.
.
35 feet
sand with many anorthoclase crystals
1 inch to 2 feet
mudflow boulder bed with round boulders
of rhomb porphyry up to
4feet in diameter
.
.
. 10-15 feet
agglomerate
.
.
.
.
24 feet
The agglomerate contained angular blocks up to 3 feet in size of rhomb porphyry and
compact non-porphyritic lava resembling the trachyandesite in the Weru Weru
agglomerate.
(d) Kaladeta River, 2 miles south of locality (c).
rhomb porphyry
.
.
.
30 feet
agglomerate
.
.
.
.
20 feet
The agglomerate resembles that in the Karanga section.
(e) Railway cuttings near Weru Weru bridge and If miles south along the track.
mudflow boulder beds (Kibo lahar)
erosion surface
agglomerate
(f) Sanya River, gorge 1 mile south of bend in railway near locality (e).
mudflow boulder beds and gravel (Kibo lahar)
agglomerate
.
.
.
.
80 feet
The agglomerate contains rhomb porphyry, dark compact lavas resembling trachyandesite and trachytes of the Lava Tower type.
Similar agglomerates are widespread in this area, and form the bluffs facing the
alluvial plains of the Karanga River.
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(g) Breschenwand at 14,500 feet.
rhomb porphyries .
.
.
ca. 1,000 feet
agglomerate
.
.
.
.
50 feet
Lava Tower Trachytes
.
.
.
250 feet
The agglomerate contains angular fragments including rhomb porphyries. Rectangle
porphyry dykes in the trachytes do not penetrate the agglomerate.
At 13,500 feet the following was seen:
Rhomb Porphyry group
coarse conglomerate
current bedded sand
coarse conglomerate
Rectangle Porphyry group

20-30 feet

The pebbles in the conglomerate were all rhomb porphyry lavas and isolated felspar
phenocrysts.
While the contained fragments vary in character from place to place they nearly
all contain rhomb porphyry and trachyandesite as their main constituents. Furthermore,
they either have a stratigraphic position below the rhomb porphyries or occur in close
proximity.
The source of the trachyandesites is unknown. In some respects they resemble the
Penck Rhomb Porphyries and have occasional phenocrysts of oligoclase, but anorthoclase does not seem to occur.
The agglomerates are apparently restricted to the south and south-west slopes of
Kibo but extend up to 14,500 feet, which suggests they were erupted near the summit.
No satisfactory explanation of these facts is known, but the existence of a deep valley
on the south-west slopes of Kibo at this time may have been an important factor in
controlling their distribution.
(iv) Pre-Rhomb Porphyry Erosion.
The north-west side of the Barranco presents a full succession from the Lower
Trachyandesites up to the Penck Rhomb Porphyries. In contrast, in the Breschenwand
the rhomb porphyries rest on the Lower Rectangle Porphyry group or on the Lava
Tower Trachytes, the whole sequence of the Upper and Lower Rectangle Porphyries
and the Upper Trachyandesites having been removed by erosion. This erosion formed
a valley whose north-west wall must have been 3,000 feet high. Its eastern side is
unknown, but the occurrence of the Upper Trachyandesite group on the South Face
shows that only about 1,000 feet of lava were removed there. Since the Weru
Weru agglomerates rest on the Lava Tower Trachytes the valley was already in
existence then, and may have controlled their distribution.
No evidence of erosion can be found on the east and north slopes of Kibo where
the base of the rhomb porphyries is not seen, but on the west side they overstep on to
the Upper Trachyandesite group in the Lent Valley, proving erosion of at least 400
feet of lava. The deep valleys below the Penck Rhomb Porphyries above this area
suggest that this erosion may have been completed by the time these lavas were erupted.
There is evidence, however, that further erosion took place between the Penck Rhomb
Porphyry and Main Rhomb Porphyry eruption, for the latter flowed down a shallow
valley in the Penck Rhomb Porphyries.
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There is little evidence of erosion in the Machame Escarpment or on the Shira
Plateau, where the Main Rhomb Porphyries behave conformably with the underlying
Upper Reaangle Porphyries; the same applies on the flanks below the Maichame
Escarpment.
In the Lava Tower area, however, it is clear that another deep valley was eroded
down to the Lower Trachyandesite group, and was separated from the valley in the
Barranco area by a low ridge of Lower Rectangle Porphyry. The absence of sediment
and the fresh nature of the rocks in the valley floor beneath the Penck Rhomb
Porphyries suggests glacial activity and there is further evidence of this in the mounded
boulder beds below the Main Rhomb Porphyries in the Karanga Valley at 3,000 feet.
These mudflows or lahars could well have been formed by melting ice produced by the
earliest rhomb porphyry flows. There is, however, no definite evidence of the existence
of glaciers at this time and the agency producing this erosion is not known.
(v) Older Parasitic Cones.
In the area around 01 Molog on the north-east slopes of Kilimanjaro at 4,000 to
5,000 feet rhomb porphyry lavas flow round older parasitic cones. These cones do not
look very old and may have formed not long before the onset of the rhomb porphyry
flows.
THE MAIN RHOMB PORPHYRY GROUP

(i) General.
The Rhomb Porphyries are the flows most characteristic of Kibo. At one time the
cone must have been almost entirely covered by lava of this type and they extend over
a much greater area than any of the other lavas.
East of Kibo they crossed the Saddle and were diverted north and south down the
flanks of Mawenzi. Westwards they reached the caldera floor of Shira and spread to
the northern end of the Shira Ridge, which to a great extent sheltered the western
and south-western slopes of Kilimanjaro. The rhomb porphyry flowed, however,
round its edges at the Amphitheatre in the south and at the Engare Nairobi in the north.
Along the northern flanks of Kilimanjaro the rhomb porhyries extend from the
Gombera River in the east to Kitenden in the west, a distance of about 25 miles. This
outcrop terminates at Kitenden against the welt of older 01 Molog basalts and is not
resumed until the Engare Nairobi region 10 to 15 miles farther west. Here rhomb
porphyry flows emerge beneath the Shira Parasitic lavas and continue to reach a point
35 miles from Kibo centre. Williams (1968) traced the flows north of Kibo for several
miles into Kenya till they eventually passed under Amboseli alluvium about 22 miles
from their source. In this area they did not spread so far as the underlying trachyandesite lavas (Upper Kibo Trachyandesite group).
On the south side the spread of the flows is confined between the upstanding Kilema
Zone in the east and the Kibongoto Zone in the west. On the slopes above 3,000 feet
the flows are limited to a 10 miles wide belt between the Rau River in the east and
the Kikafu in the west, but lower the Kibongoto Zone diminishes in height and the
lavas spread out westwards towards Boma ya Ngombe where they pass under the Meru
lahar. South of Moshi they pass under the alluvium and boidder beds of the Pangani
plains, but they probably extend at depth as far as the Kikuletwa River. Their farthest
known extent on the south is 20 miles from the summit of Kibo.
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Near the summit the rhomb porphyries appear to form the main part of the cone,
on the east and north slopes, however, they are almost entirely obscured by younger
flows. They are poorly developed on the west side due to the exceptional height of the
pre-existing crater wall here during the eruptions: only the last few rhomb porphyry
flows were able to spill over the rim of rectangle porphyries. The bulk of the western
flows emerged as flank eruptions from fissures at 14,000 to 15,000 feet.
In contrast to the earlier lava series the rhomb porphyries sometimes exhibit their
original lava topography and the course of individual flows can often be recognised,
(ii) Details.
(a) Breschenwand: the main cliff of the Breschenwand is composed entirely of
rhomb porphyry lavas and agglomerates at least 1,000 feet thick at the lower end, and
nearly 2,000 feet thick nearer its middle. Flow breccia and agglomerate become
increasingly important near the base of the succession where beds of agglomerate 50
feet thick have been noted. Higher in the succession the flows tend to be thicker and
more massive and agglomerate is absent. The proportion of flow breccia also increases
uphill towards the source of the lavas and, near the head of the Barranco, the succession
appears to consist of numerous relatively thin bands of massive lava, separated by much
red stained flow breccia, the structure of the flows being very similar to those near the
centre of Mawenzi.
(b) The South Face of Kibo: The greater part of the cliffs forming the south face
is formed of rhomb porphyries which disappear eastwards under a cover of younger
lavas beyond the South-East Valley. Below about 14,000 feet they tend to be overlain
by younger rocks but are well exposed in a series of deep glaciated valleys, the Klute,
Garanga and South-East Valleys.
The Garanga Valley is cut entirely in rhomb porphyry lavas and overlying sediments.
They have been traced in this area from below 12,000 feet to over 15,000 feet and their
thickness probably greatly exceeds the observed 500 feet. The trachybasalts described
by Finck (1914) from the Garanga 'Kessel' were not found in spite of search and the
succession consists of a series of massive flows 20 to 100 feet thick with relatively little
flow breccia.
Klute Valley is similar except that later flows of nepheline rhomb porphyry spilled
into it. The South-East Valley exposes the rhomb porphyry only as a series of large
roches moutonnes in its floor. They are massive flows typical of the upper part of the
succession.
(c) Peters Hut area: the Rhomb Porphyry group here is thinning out over the
flanks of Mawenzi, but it appears to have followed in part existing valleys in which it
may exceed 200 feet in thickness. A series of flows extends downhill from Peters Hut
for over a mile, occupying a deep valley and showing in a remarkable fashion tunnel
collapse structures. A similar series of flows lies about |- mile to the east.
North-west of the hut, in the Lava Hills Valley, a series of flows shows similar
structures but in addition massive blisters have formed. Still farther west the rhomb
porphyry appears as massive flat lying flows in the Lower Middle Hill.
(d) The West Face of Kibo: only a single flow of rhomb porphyry appears to have
spilled over the west face in contrast to the hundreds that filled up the deep valley in
the Barranco area, and it is clear that the crater rim of rectangle porphyries was higher
on the west than elsewhere. In the cliffs around the Credner Glacier to the north.
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rhomb porphyry flows appear in greater numbers, indicating a reduction in the height
of the crater rim in that direction.
The single flow occurs on the west ridge in a valley in the Penck Rhomb Porphyries
group. It is a massive flow 50 to 60 feet thick with a chilled base. It is evidently a late
member of the series. The floor of the valley it fills is occupied by softer unexposed
rocks with a maximum thickness of 15 feet.
(e) Oehler Valley: rhomb porphyry forms the Oehler Ridge and appears in
increasing quantity as it is traced down the valley. The outcrop spreads into the
adjoining valleys as far as the Lent Valley in the north and the Bastion Valley in the
east, forming a wide continuous apron of lava stretching down to the Machame
Escarpment and on to the Shira Plateau. Connection with the Breschenwand flows in
the east is indicated by the rhomb porphyry outcrops in the Bastion Stream at 14,000
feet and in the bluffs west of the Upper Umbwe at 13,000 feet.
The thickness at the Oehler Ridge is about 200 feet and nearly 300 feet at the
Machame Escarpment. Traced eastwards along the escarpment the thickness increases
to about 500 feet west of the Lager Valley. It is absent in the Bastion Valley but it
reappears farther on and thickens rapidly eastwards to the 1,000 feet seen in the
Breschenwand. Westwards towards Shira the sequence has thinned to about 100 feet
near the Amphitheatre.
These variations in thickness are largely controlled by the underlying topography.
In all cases the lavas in this area are massive with little flow breccia and no associated
pyroclastics. The flows often reach thicknesses over 50 feet and show no tendency to
blister or tunnel formation. West of the Oehler Ridge an extensive field has escaped
subsequent glacation and the flow wrinkled surface is well preserved, this flow spread
out as a sheet reaching a width of over half a mile, and seems typical of most of the
flows in this area.
(f) Shira Plateau: the flows from the Oehler Ridge area spread continuously on to
the Shira Plateau but cross it only in the north where they sweep around the northern
end of Shira Ridge and pass under the younger parasitic cones.
(g) Moshi-Machame area: rhomb porphyry forms a broad swelling plateau extending from Moshi westwards to Boma ya Ngombe at heights about 3,000 feet. The lava
is seen in nearly all the river gorges and in most excavations and road cuttings. Quarries
have been opened in the lava near the Karanga River and l-^ miles to the south near
the Kaladeta River. The maximum exposed thickness is 80 feet in the Weru Weru
gorge south of the road.
Southwards and westwards the rhomb porphyries are covered by lahar and alluvial
deposits; to the north they can be traced almost continuously up to the Machame
Escarpment, but over large areas they have either been eroded away or are obscured
by younger lava series.
(h) Lalgarien: rhomb porphyry occurs in the valley of the Engare Nairobi North,
resting on basalts, presimiably belonging to the cone of Shira. This is the farthest south
extension of the group in this area.
From here the rhomb porphyries extend northwards among the parasitic cones of
the Shira Zone. Most of the cones are younger but some are older than the rhomb
porphyries and deflect the flows around them. At 01 Molog the rhomb porphyries
abut against the wall of older 01 Molog basalts and they do not appear again till the
Kitenden area is reached.
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(i) Kitenden area: the rhomb porphyries reappear in the valleys beginning about
2 miles east of Kitenden, where they reach a thickness of about 60 feet. Some flows
extend some miles northwards where they pass under the Amboseli gravels. Most,
however, die out along the Kenya-Tanganyika border between 5,000 and 6,000 feet.
(j) Laitokitok area: more extensive outcrops begin near Endoinet and extend for
about 15 miles to beyond Laitokitok, where they cover the lower slopes of Mawenzi.
Here the rhomb-porphyry flows died out soon after passing across the KenyaTanganyika boundary at heights about 6,000 feet (Williams, 1967).
(iii) Character.
The rhomb porphyries show a remarkably uniform lithology over their wide extent
and throughout their considerable thickness. Typically they are massive lavas with
relatively little flow breccia except near the point of eruption. The matrix is generally
dark grey fine grained, but is locally glassy and in the upper Barranco it becomes
reddened, by pneumatolysis. The phenocrysts with their characteristic rhomb cross
sections reach 30 to 40 mm. in length and make up 35 to 60 /, of the lava. Glomeroporphyritic lavas occur in and around Moshi.
The macrophenocrysts are mostly of anorthoclase but occasional oligoclases have
been found. Microphenocrysts include olivine, apatite, magnetite, anorthoclase and
sometimes oligoclase, nepheline or kataphorite. The matrix is frequently glassy but
usually consists largely of laths of alkali felspar with granular augite, magnetite and
apatite, some rocks contain kataphorite or aegerine.
Rare exceptions to the typical lava are some with smaller and sparser rhombs,
forming 5 to 20% of the rock. They occur sporadically and have been noted in the
Rau River east of Moshi, in the lower Weru Weru, on Shira Plateau and near Lasset
on the northern flanks.
(iv) Flow Mechanism.
The flows mostly appear to have spread out as broad sheets with pahoehoe surfaces,
reaching widths of | mile and thicknesses generally 20 to 50 feet. Not infrequently,
however, the thickness exceeds this figure and one flow on the south of Kibo is about
150 feet thick.
Near Peters Hut the flows are similar in thickness and petrography, but appear to
have occupied deeper valleys, and in these circumstances remarkable structures resulted
due to the congealed upper surface forming a roof over the still liquid interior. Consequently, when the lava flowed out of the central part the roof sagged and an elongate
trough formed along the line of the valley. Alternatively the skin was stretched and
distended, forming a large blister before the liquid lava burst through, usually at the
lower edge of the blister. The collapsed tunnels near Peters Hut can be traced for
over a mile, they are about 100 to 300 yards wide; the floors of the trough with their
pahoehoe surfaces curve up to form vertical walls as much as 50 feet high on the
inner side. The rough, broken outer edges are even higher and show the flow breccia
beneath the flow. Often 2 or 3flowshave been involved successively.
The blisters apppear as broad domes up to 200 yards in diameter and 60 feet high;
the interiors are usually hollow and form vaulted caverns with rough walls of flow
breccia. Occasionally cracks in the trough of the collapsed tunnels permit the lava to
emerge, forming small blisters in the floor of the trough, or a secondary flow down
the hollow formed by the collapse of the earlier skin. Another common pattern is
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formed by the blisters deflecting the later flows causing bifurcation, and even in some
cases anastomosing flow patterns.
(v) Source.
The majority of the flows were extruded from the summit, which at that time must
have been about 19,000 feet high. There is little evidence of the structure of the summit,
except that the rim rose to a highest point on the west side.
The form of the flows and their flow mechanism suggest massive free flowing
extrusions and there is no reason to suppose that the most distant flows did not come
from the central vent. On the other hand, flank eruptions certainly did occur on the
western slopes above 13,000 feet and may have occurred elsewhere as well.
The flank eruptions are indicated by the presence of dykes and small vents, and by
the decreasing number of flows as the group is traced up the Oehler Valley.
(vi) The Minor Vents.
The larger of the two vents lies 500 yards from the Oehler Ridge in the floor of the
Oehler Valley. The vent is about 100 yards in diameter and is occupied by bedded ash
invaded by rhomb porphyry, the ash extends among the rhomb porphyry flows for
200 yards around the vent.
A smaller vent may be present ^ mile farther down the valley.
(vii) Dykes.
Rhomb porphyry dykes occur on the west face of Kibo near the Penck Glacier, in
the Oehler Valley and in the Lent Valley. Altogether 12 of these dykes have been
noted (Table 7.3); all cut rectangle porphyries and trachybasalts. Two can be traced
into flows of rhomb porphyry. They average about 8 feet in thickness and are all radial.
The longest can be traced for about half a mile in the upper Oehler Valley and cuts
through the centre situated there.
In addition, a complex of rhomb porphyry sheets has been observed in the trachyandesite cliffs south of the Penck Glacier.
There is little doubt that some at least of these dykes fed flows on the flanks.
Table 7.3
Locality
Lent Valley, 14,000 feet
Oehler Valley, 13,000 feet
Oehler Valley, 13,000 feet
Oehler Valley, 13,000 feet
Oehler Ridge
W. of Penck Moraine
W. of Penck Moraine
S. of Penck Glacier, 16,000 feet
S. of Penck Glacier, 16,000 feet
S. of Penck Glacier, 16,000 feet
S. of Penck Glacier, 16,000 feet
Above Lava Tower, 15,000 feet
S. of Penck Glacier

Thickness
6 feet
—
—
—
10 feet
—
—
10 feet
12 feet
—
—
3 feet
—

Direction
radial
radial
radial
radial
radial
radial
radial
radial
radial
radial
radial
radial
sheet-complex

I'holo: D. W. Humphries

PLATE V—Kibo Barranco. In the foreground is the Lava Tower. In the background the Great
West Notch is bounded on the left by the Bastion Chfifs and to the right by the
Breschenwand (or Breach Wall). The dark ridge below this is the Hans Meyer Ridge.
The clifïs stretching across the Barranco are formed by the syenite body, the
Breschenwand is mainly formed by rhomb porphyry. The highest point is Uhuru Peak.

Pholo: W. H.

Wücockson

PLATE Vla—A massive flow of rhomb porphyry about 50 feet thick in the Oehler Valley.

Pholo: C. Downie

PLATE VIb—A flow of Lent group phonolite. The lava at high levels splits into the slate-Iikc
fragments seen in the middle ground (south Kibo at 14,000 feet).

The Geology of Kibo

135

(viii) Erosion and Deposition prior to the Lent group.
Before the Lent group began there was an interruption of the volcanic activity during
vi^hich the rhomb porphyries were eroded from some areas, and considerable deposits
of sediment accumulated.
Erosion removed the rhomb porphyries from the lower Lent Valley and in some
other valleys to the north. They have also disappeared in places from the area between
the Oehler Valley and the Barranco at 12,000 feet to 14,000 feet. In these localities
the Lent phonolites rest directly on rectangle porphyries or on trachyandesites but the
amount of erosion probably nowhere exceeds 500 feet and is in general less.
On the southern flanks of Kibo erosion has removed the rhomb porphyries where
they were thin on the flanks of Mawenzi and Shira. Near Peters Hut the phonolite
rests directly on Mawenzi trachybasalts and in the Kikafu it rests on Shira lavas or on
the old Kibongoto basalts.
This erosion was in part glacial and beds of tillite occur beneath the Lent trachytes
at a number of localities. The following are the known occurrences of these beds.
L Machame Escarpment. Boulder beds reaching a maximum thickness of 100 feet
immediately west of the Lager Valley on Machame Escarpment. The boulders range
up to 3 feet in diameter, and are spaced out in a sandy matrix. All are rounded, some
are facetted and striated. Rhomb porphyry is the commonest rock type but rectangle
porphyry also occurs. Irregular patches of sand occur above, below and within the
boulder bed.
The exposure is apparently a cross-section of a lateral moraine for it dies out rapidly
to east and west and trachyte resting directly on bare rhomb porphyry surface can be
seen in the Lager Valley area.
2. Machame Escarpment near Bastion Valley. Similar boulder beds at least 20 feet
thick occur where the stream falls over the cliffs forming Machame Escarpment. The
pebbles are striated and consist mainly of rectangle porphyry and a 'basalt' of unknown
origin. This deposit also appears to be a cross-section of a lateral moraine and dies
out quickly east and west. The absence of rhomb porphyries implies their early erosion
from this area. Beneath the boulder beds is a pocket of current bedded yellow brown
sand reaching 10 feet in thickness.
3. Galuma Caves. Above Shira Plateau the phonolites are separated from underlying rhomb porphyries by 20 feet of boulder beds and fluvioglacial sands.
4. Garanga Outwash. In the Garanga Valley and neighbouring Klute Valley great
thicknesses of sediment fill valleys in the Rhomb Porphyry group. These valleys cross
the existing valleys obliquely, coming from a point lying west or south-west of the
present summit. Their cross-sections appear to be U-shaped and they are filled with
thick wedges of boulder and sand deposits exceeding 350 feet in aggregate. The best
section occurs in the west wall of the Garanga Valley at 13,000 feet but other outcrops
occur lower down on its east side and in the Klute Valley at 13,000 to 12,000 feet.
Their total extent is not known and contacts have been found only with the underlying rhomb porphyry, which appears to contribute all the boulders seen in the sediment.
It underlies the Crater Rim group and appears to pass under the Lent group to the
east.
The boulders sometimes reach 15 feet across, but a great part of the deposit consists
of current bedded sand and gravel. There is no evidence of ice action, the boulders
vary from angular to rounded and never show facetted or striated surfaces. The beds
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appear to be infilling of previously glaciated valleys by successive floods. Eventually,
the valleys filled and a more or less even apron of sediment was spread across the
southern flanks of Kibo from 14,000 to 12,000 feet.
In all other areas the contact between the Lent group and the underlying rock is
sharp, but no glaciated pavements have been observed.
(ix) The Lava Tower Rhomb Porphyries.
The Lava Tower on south-west Kibo is formed by three massive flows each about
150 feet thick. They are eroded remnants resting on the Main Rhomb Porphyry group
and older lavas. There is no other evidence of their age. Their comparative narrowness
suggests they filled valleys but no relict of the valley sides remains.
The rock resembles the small-rhomb porphyry being more massive with clearer
fractures than the typical rhomb porphyry and in addition has small phenocrysts with a
fresher appearance than those in the main rhomb porphyry lavas. Nevertheless, it is
distinct from the lavas of the Small-rhomb Porphyry group in that nepheline is absent
and that the matrix has very minute laths of alkali felspar in contrast to the large laths
characteristically found in the small-rhomb porphyry lavas. They are believed to be
a late phase in the Main Rhomb Porphyry group.
LENT GROUP

(i) General.
The Lent group consists of a very widespread group of trachytes, phonolitic-trachytes
and phonolites. They spread widely over the northern and southern flanks, emanating
from four main centres of flank eruption.
Over large tracts the flows preserve their original volcanic features.
(ii) Details.
(a) North-West Kibo: An almost unbroken field of phonolite covers the north-west
flanks of Kibo, forming a triangular area of about 120 square miles with its apex at
the Lent Group on the north-west ridge at 15,800 feet. From here the field widens
downwards, and below the forest it extends from Endoinet in the east to Kitenden in
the west. As it approaches Amboseli Plain, the phonolites thin and begin to die out
at heights around 4,500 to 5,000 feet, having reached points some 20 miles from the
Lent Peak.
The continuity is broken locally by valley erosion, several inliers are opened through
it on the slopes north of the Lent Peak between 12,000 and 14,000 feet and glacial
erosion in the Lent Valley has isolated an outcrop on the south side. On the lower
flanks the finger-like terminations of the lava field are accentuated by numerous gorges
cut through it. In addition the field is obscured in places by cinder cones and lavas
of the Shira parasitic zone.
The character of the flows remains unchanged over the whole area and throughout
the whole sequence. The maximum thickness of over 1,000 feet is seen in the cliffs of
the great corries carved in the sides of the Lent Group, whose relatively flat summit
is a remnant of the original surface of the lava field. Elsewhere the thickness of the
series is hard to estimate because of lack of dissection, but it appears generally to exceed
100 feet in the middle of the field.
The upper limit of the flows is found on the ridge above the Lent Group at 15,800
feet. Here the flows are flat lying with dips of 5° to 10° and banked against a steeper
(30°) slope eroded in the Main Rhomb Porphyry group. There is no evidence here of
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a vent or of feeding dykes, nevertheless the geometry indicates a local source, probably
from N.N.W. trending fissures extending beneath the Lent Peak, the bulk of the
emission taking place at heights between 14,500 and 15,800 feet. This is contirmed
to some extent by the directions taken by the flows.
Topographically the phonolites form a broad welt on the north-west flanks of Kibo
with a relatively even surface, diversified in detail by the pattern of the final flows.
(b) South-West Kibo. Phonolite outcrops can be traced from the Lower Barranco
across the Bastion Stream to beyond the Oehler Valley. The exposures are limited by
a cover of glacial deposits but it is evident that above the Machame Escarpment a
more or less continuous sheet of phonolite once extended from the Barranco to the
Oehler Valley. It was of no great thickness except around the Bastion Stream and
subsequent erosion had cut it into several small isolated patches.
The phonolites extend farthest up in the Oehler Valley where they reach heights
of 14,300 feet. Above this point a number of dykes occur which presumably acted as
feeders. The form of the field and the direction of flow indicate the main source of
these lavas near the head of the Oehler Valley.
Over 300 feet of phonolite is exposed in the Bastion Stream at about 13,300 feet
and similar thicknesses occur between here and the Barranco, where they die out. To
the west in the Oehler and Lager Valleys, however, the thickness often does not exceed
that of a single flow. Between the Oehler Valley and the Amphitheatre the most
westerly flows occupy a vaUey in the Rhomb Porphyry group and a fine example of
tunnel collapse structures has resulted.
After an erosion gap the flows continue below the Machame Escarpment covering
wide areas in the forests east of the Kikafu. They are last seen near Machame at
4,500 feet, but generally die out higher up in the forest. The eastern limit in the forests
around the Umbwe River has not been explored, but is probably contiguous with the
western limit of the South-East Kibo Field.
(c) South-East Kibo: At heights down to 11,000 feet phonolites are missing from
the Breschenwand as far as the east side of the Garanga Valley where they re-appear
in force and continue with minor interruptions to beyond the Lower Middle Hill.
Traced upwards these flows converge towards the head of the South-East Valley where
thin representatives are last seen passing under the Small-rhomb Porphyry group at
16,100 feet. The phonolites of this area have been traced down to below 11,000 feet
and can be seen entering the forest where they die out; their lower limit however has
not been mapped.
The continuity of the fleld is broken by deep dissection in the southern and southeastern valleys where underlying rhomb porphyries are exposed. Older rocks are again
exposed near the Lower Middle Hill where the phonolites are thinning and between
here and the South-East Valley the Small-rhomb Porphyry group obscures most of
the phonolites.
The greatest thickness of 400 feet is exposed in the two sides of South-East Valley
at about 15,500 feet, but it thins downhiU rapidly to about 100 feet.
The character of the flows is the same as in the Lent area, and they may similarly
have a source in flank fissures. No dykes are known in the area however, and there is
a possibility that they emerged from the central vent.
(d) North-East Kibo: Phonolites appear from beneath the Crater Rim group on the
north-east flanks of Kibo at about 10,000 feet. They appear to be limited to a small
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area but isolated flows have been met below the forest at 5,000 to 6,000 feet in the
Rongai area.
The character of the phonolites here is similar to those elsewhere but the quantity
is much less, only a few flows appearing on this segment of the mountain.
(iii) Character.
The lavas of the Lent group are similar wherever they occur, consisting of fine
grained grey phonolites and phonolitic-trachytes occasionally showing small sparse
felspar phenocrysts. In the higher regions their trachytic texture is emphasised by frost
shattering and the flows are usually covered by masses of large platey fragments about
1 inch thick. At lower levels weathering is dominantly chemical and the same rocks
near Machame appear massive with a pale whitish or brown weathering patina.
The flows are invariably accompanied by quantities of obsidian occurring generally
at the base or sides of the flow beneath a thin layer of flow breccia. The thickness of
the flows varies from 10 to 30 feet and flow structure is strongly marked. The surfaces
on rare occasions show pahoehoe wrinkling. For the most part the flows appear to
have occupied shallow valleys and show a pattern of narrow meandering lava fingers
100 to 150 feet in width; they never fan out like the rhomb porphyry flows. On
occasions the flows occupied deeper valleys and these exhibit tunnel collapse features,
good examples occur below the great terminal moraines of the South-East Valley
and near the Amphitheatre above Machame Escarpment.
In thin section the rocks consist of a trachytic mass mostly of anorthoclase or other
alkali felspar laths, devitrified glass is common but felspathoids are not obvious though
the rocks are undersaturated. Magnetite and apatite are common matrix constituents,
aegerine-augite and kataphorite occurs in some sections. Not all rocks have phenocrysts
but about half contain both micro- and macro-phenocrysts of sanidine (up to 4 mm.),
olivine (Fe 50, Fa 50), and magnetite. Apatite and brown amphiboles occur as
phenocrysts in some and occasionally aegerine also.
Williams (1970) describes olivine-zeolite trachytes with olivine, augite and analcime
and olivine-bearing phonolites with nepheline and aegerine-augite, from the Lent group
of the Amboseli area.
(iv) Source.
The four phonolite fields appear to have separated sources. The north-west and
south-west fields were unquestionably erupted from flanl^ fissures. This is probably
true for the north-east and south-east fields too, but emission from the central vent is
possible in the latter case.
Of the four areas those at the south-east and north-west corners of Kibo are the
main ones, the estimated volumes emitted are shown in Table 7.4.
Table 7.4
Region
N.E.
N.W.
S.W.
S.E.

Area
4 sq.m.
120 sq.m.
25 sq.m.
35 sq.m.
184 sq.m.

Max. Thickness
50 feet
1,000 feet
400 feet
400 feet

Volume
0.04 cu.mls.
6.00 cu.mls.
0.5 cu.mls.
1.0 cu.mls.
7.54 cu.mls.
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The four phonolite fields form a cruciform pattern with Kibo caldera at the centre
of the cross. The two major sources of phonolite lie on the N.W.-S.E. axis which
forms an angle of about 30° with the main Shira-Kibo-Mawenzi axis of Kilimanjaro.
It does however coincide with the line along which the Rombo and Shira parasitic
eruptions subsequently appeared. The two minor sources lie on an axis making an
angle of 60° with the major line, and the main axis of Kilimanjaro bisects this angle.
(v) Phonolite Dykes.
Five phonolite dykes occur in the Oehler Valley between 14,000 and 14,600 feet
and another occurs above the Lava Tower at 14,700 feet asociated with a thin sheet.
All have an apparently radial direction, but in this segment of Kibo this direction
corresponds closely with the main axis of the mountain so that the dykes could be the
result either of radial stress at Kibo or of stresses associated with the main axis of
Kilimanjaro.
The dykes are 3 to 6 feet wide and can usually be traced only a short distance, one
however can be followed for IJ miles. The chilled edge is obsidian, the centres of
phonolite generally identical to that of the lava flows, one dyke however was much
coarser and consisted of a pale green mass of interlocking felspar laths up to 2 mm.
in length.
It is evident from their occurrence that these dykes fed the adjacent flows but no
instance is known where a direct connection is observable.
THE SMALL-RHOMB PORPHYRY GROUP

(i) General.
The Small-rhomb Porphyry group has a limited distribution and is not always easy
to distinguish lithologically from some of the nepheline rhomb porphyry flows of the
Caldera Rim group. Nevertheless it belongs to an interesting episode in the development
of Kilimanjaro and is associated with a very large mass of hypabyssal rock.
There are two separate areas of occurrence. One on the south-east flanks of Kibo,
consisting entirely of lava flows, the other in the Barranco of Kibo where there is
associated analcime syenite.
(ii) Erosion prior to the eruption of the Small-rhomb Porphyry group.
There is little evidence of the nature of events in the interval between the end of
the Lent group and the onset of the Small-rhomb Porphyry flows. Evidence in any
case is restricted by the limitation of the small-rhomb porphyries to the south-east flanks
of Kibo and to the summit region.
In South-East Kibo there is no obvious sign of a break between the two series and
the interval may have been relatively short. The only evidence of erosion is provided
by a thin local bed of boulders in the South-East Valley.
In the summit area no phonolite occurs, the eruptions being confined to the flanks.
But in the summit area important changes had taken place after the eruption of the
Main Rhomb Porphyry group.
It is clear from the attitude of the small-rhomb porphyries that a large crater, or
more likely a caldera, had formed on the summit whose walls were formed of lavas
of the Main Rhomb Porphyry and Kibo Trachyandesite groups. The crater lay a little
way south-west of the present caldera which however largely overlaps it. However,
the main centre of small-rhomb porphyry eruption had moved some way north-east
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from its position in Kibo Trachyandesite times, and it occupies a site midway between
the earliest known centre and that of the present day.
Whether this caldera is older or younger than the Lent group is unknown. It is
possible that it formed by subsidence caused by the removal of great quantities of
phonolite lava from beneath the summit.
(iii) Details of Lavas.
(a) South-East Kibo. Small-rhomb porphyries outcrop over an area of about 5
square miles on the south-east slopes of Kibo, dying out downwards at heights of
11,000 to 12,000 feet. There is no evidence that they ever extended much farther
downhill than this. The field extends from the South-East Valley eastwards as far as
the Lower Middle Hill and narrows uphill to a point in the upper South-East Valley
at 17,500 feet, where it disappears under the Caldera Rim group.
The greatest thickness observed was found in the South-East Valley where about
350 feet is exposed. Thus the total volmne appears to be about 2.0 cu.mls.
These lavas in association with the underlying Lent group form a broad swelling
on the south-east flank of Kibo from 16,000 to 13,000 feet terminated sharply in the
west by the deeply incised South-East Valley. North and west of the Lower Middle
Hill it is largely covered by thinly spread moraine and outwash gravels, but exposures
are numerous and the original lava surfaces are frequently exposed. A bed of boulders
5 feet thick occurs at 16,100 feet on the west side of the South-East Valley which has
not been observed elsewhere and its significance is unknown.
(b) Kibo Caldera. Below the Caldera Rim group in the wall of the present caldera
an exposure of the Small-rhomb Porphyry group can be seen. It is restricted to a small
area at the base of the cliffs below Uhuru Peak and is largely obscured by talus. (Fig.
7.3). They also extend on to the caldera floor east of the Bastion.
(c) Kibo Barranco. The Small-rhomb Porphyry group in the Kibo Barranco consists
of horizontal flows, forming terraces that can be traced north-westwards from above
the Breschenwand across the head of the Barranco to the Penck Glacier where they
disappear beneath the ice.
The base of the lava sequence lies at the top of the broad terrace in the Barranco at
13,400 feet (Fig. 7.2). Beneath it is a thick syenite intrusion and its chilled roof.
Above it comes a succession of about 30 lava flows, totalling about 700 feet in thickness,
the nature of which varies very little except that the later flows have rather larger
phenocrysts than the earlier.
These flows accumulated as thin lava pools lying within a large crater or caldera,
which explains their perfectly horizontal layering. Assuming this caldera to have had
a diameter of 1.75 miles, the volume of lava contained was about 0.5 cu. miles.
(iv) Relationship of the lavas in different areas.
In the Barranco the lavas extend up to 19,000 feet, a height similar to the outcrops
beneath Stella Point. The lowest point of the caldera wall must have been sited hereabouts and the small-rhomb porphyries spilled through it on to the south-east slopes.
Petrographically the lavas from the flanks are identical with those of the upper part
of the Barranco series.
(v) The pre-Small-rhomb Porphyry Caldera.
It is clear from the horizontal character of the flows in the Barranco that they
consolidated in lava ponds, enclosed in a large crater or caldera. The wall of this
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depression is visible only at the head of the Breschenwand where it is composed of
the Main Rhomb Porphyry group (Fig. 7.2); elsewhere it is obscured by the later
flows but below the Bastion and in the Barranco it has been removed by erosion.
The wall, where visible, slopes in towards the present caldera at about 60°, truncating
almost horizontal flows of rhomb porphyry for a vertical distance of about 300 feet.
At one time however it was even higher for the present rim at 18,700 feet lies about
400 feet below the highest small-rhomb porphyry flow.
No evidence of faulting has been found in the vicinity but the contact is mostly
obscured by talus. It cannot be definitely established whether this is a true caldera or
a large crater. The former seems more probable considering the size and the height of
the spill point; furthermore, on the north-west side of the Barranco bands of strong
shearing have been observed in the Lower Rectangle Porphyry group. These shear
bands occur outside the area ocupied by the small-rhomb porphyry and the syenite
but are more or less concentric with the line of the crater wall and dip outwards at
70°. No evidence of displacement of the adjacent rocks has however been found.
(vi) Source of the Lavas.
The small-rhomb porphyries were emitted above the large subjacent body of
analcime syenite occupying the lower part of the caldera. Feeding fissures are not
visible but were presumably concentrated in the centre of the caldera where they are
now obscured by the Inner Crater group.
(vii) Character of the Lavas.
The lavas of the Small-rhomb Porphyry group are characterised by their phenocrysts
and their habit. They are rhomb-porphyries, resembling those of the Main Rhomb
Porphyry group but with smaller phenocrysts. They also differ in this respect from the
nepheline rhomb porphyries and also in that they rarely show visible phenocrysts of
nepheline. The size and proportion of phenocrysts in the groups is compared in Table
7.5. The figures given are however only a very general guide and there is a great range
of variation within each lava group.
The phenocrysts consist of anorthoclases with a rhomb-shaped cross-section;
occasionally they have a plagioclase core. Microphenocrysts are not common and consist
mainly of anorthoclase. More rarely nepheline, apatite, magnetite and altered olivine
occur.
The matrix consists largely of alkali felspar with subsidiary amounts of nepheline,
apatite, magnetite and altered olivine.
Table 7.5

Lava group

Felspars
size, volume,
mm. percentage

Main Rhomb Porphyry group

30

30

Small-rhomb Porphyry group

10

Caldera Rim group (Summit Lavas)
Inner Crater group (common type)

Nepheline
size, volume,
mm. percentage
—

15

—
2

35

25

20

15

—

—

3

20

—
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In contrast to the main rhomb porphyries the small-rhomb porphyry flows have a
regular joint pattern with fractures tending to follow smooth planes. Regular smoothsided prismatic blocks are produced by frost shattering instead of the irregular blocks
with hackly surfaces produced on the main rhomb porphyries. The flow mechanism is
similar however and blisters forming quite large caves occur on south-east Kibo
together with well developed tunnel collapse structures.
THE ANALCIME SYENITE

(i) Situation.
The analcime syenite body associated with the small-rhomb porphyry flows forms
a band of vertical cliffs 300 to 400 feet high at about 18,000 feet stretching from the
head of the Breschenwand, across the Barranco to the upper Penck Glacier.
(ii) Size and Shape of the Body.
The upper surface of the body forms an horizontal surface at 18,400 feet beneath
which the syenite can be traced continuously down to 17,750 feet. There is no evidence
here however that the base is being approached and outcrops of syenite have been
found as low as 17,350 feet apparently apophyses of the main mass. The total thickness
appears therefore to be at least 1,100 feet.
The body was confined laterally by the walls of a caldera and is thought to have
had a circular plan with a diameter about 1.75 miles. The cliffs of syenite form a
chord of this circle and the circumference can be traced across the Barranco floor only
with difficulty beneath a cover of talus and younger lavas.
The volume of the body is calculated to be about 3.3 cu. miles.

F I G . 7.2.—The Kibo Syenite. A-C shows successive stages in the formation of the syenite body.
D shows a section to scale of part of west side of the Kibo Barranco. T h e jointing in
the syenite is indicated, and the nature of the contact is accurately depicted.
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(iii) Nature of Contact with Cold era Walls.
The contact with the caldera walls is well exposed only at the head of the
Breschenwand where it can be seen to slope inward at an angle of 65° to 70° in the
upper part, steepening slightly downwards. The contact is not regular, being broken
into curving steps, the rhomb porphyries, in places, forming large wedges projecting
into the syenite.
The contact is sharp and there has been little alteration of the adjacent rhomb
porphyries. The syenite itself also changes little towards the contact but over a distance
of about 10 feet it becomes progressively chilled and at the edge resembles a glassy
small-rhomb porphyry lava. Vertical flow at the contact is indicated by numerous
elongated vesicles which become fewer and more spherical when traced inwards till
within five feet they change into the small, irregular druses characteristic of the syenite.
No evidence of faulting was observed at the contact.
It therefore appears that although the walls of the body were determined by the
caldera wall in a general way, they were extended sideways by a stoping and injection
mechanism. The curving steps are erosional terraces of rhomb porphyry modified by'
stoping and lateral attack and removal of rhomb porphyry has elsewhere left residual
wedges of rhomb porphyry projecting into the syenite.
At lower levels the syenite has been injected into the wall rocks forming sheets. An
agglomeratie syenite at the base of the Breschenwand at 17,400 feet is interpreted as an
intrusion breccia though its relationships are obscure.
The contaas on the north-west side of the Barranco are obscured by talus but they
also are steep and probably similar to those described above.
(iv) Character of the Syenite.
The syenite can be divided into two distinct parts, the main mass and the roof
zone. The contact between the two forms a horizontal plane at 18,150 feet (Fig. 7.2).
The main mass therefore is at least 650 feet in thickness, of which 400 feet is quite
uniform in character except at the top and near its contacts with the caldera walls. It
consists of a coarse grey analcime syenite with phenocrysts of anorthoclase 10 to 20
mm. in length, forming 15% to 30% of the rock. The other minerals present are
analcime, biotite, apatite, magnetite, alkali felspars and calcite. In addition olivine,
augite and plagioclase occur but are not in equilibrium for they show alteration to
biotite, brown hornblende and alkali felspar respectively. Green pyroxene also occurs
sparingly. The rock contains many small irregular druses, many of which are filled
with zeolites.
For about 50 feet near the top the syenite is finer grained and darker in colour and
in hand specimen has a very blotchy appearance due to intermingling of a finer grained
darker rock with the coarser syenite. The finer grained material resembles the dark
fine grained 'syenite' of the roof zone and appears to be incorporated in the main mass
as blebs about 2 mm. to 20 mm. in size. The edges of these darker patches are quite
diffuse and there is no sign of chilling, indicating that at the time of mixing the two
constituents were at a similar temperature and consistency. In other respects the top of
the main mass resembles the rest.
The roof zone forms a wide terrace above the main syenite cliffs, easily recognised
by the numerous dome-like masses of rock projecting above the talus slopes. It is about
250 feet thick. The domes are formed of massive fine grained 'syenite' or small-rhomb
porphyry, dark grey in colour and in places blotchy like the top of the main mass. The
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phenocrysts tend to be rather smaller than in the main syenite, being 5 to 10 mm. in
maximum size, but otherwise the rock differs only in the grain size of the matrix.
Filling the gaps between these domes is highly vesicular and pneumatolysed lava which
extends up to form the highest capping of the syenite at 18,400 feet. The vesicular
lava also has small phenocrysts but differs from the rock of the domes in its highly
vesicular nature and in its great variety of colour. Green, yellow, pink, purple, brown
as well as grey types occur, presumably due to variation in the nature and extent of
pneumatolysis. In addition, the proportion of phenocrysts may vary from 5 to 50%
of the solid rock. The rocks of the roof zone resemble very closely the lavas which
immediately overly them.
(v) Jointing in the syenite.
No planar or linear structures have been observed either in the main mass or roof
zone except joints and in the contact zone vesicle alignment. The joints however are
particularly conspicuous and merit some description even though their origin is obscure.
In the main mass the jointing is mural; vertical sets are spaced at 5 to 10 feet
intervals, horizontal joints at 3 to 12 inches. In the middle of the syenite the joints
are fewer and less regular. Towards the contacts with the caldera walls the horizontal
joints in the upper part curve over and link up with horizontal joints in the lower
part. At the same time the vertical joints sympathetically maintain a direction at right
angles to the curving horizontal system. Thus at the edges the horizontal system
becomes a 'concentric' system and the vertical system a 'radial' one (Fig. 7.2). This
phenomenon involves the whole exposed mass of the main syenite, but in the contact
zone smaller similar curved joint systems appear controlled in position and size by
the curving steps of the contact.
Flow lines in the syenite may have determined the position and form of the horizontal
and related 'concentric' systems which appear to be cooling joints like the vertical and
'radial' system.
In the domes of the roof zone jointing forms a complex pattern. Two series of
cross-cutting more or less vertical systems appear in the centre of each dome spaced
at intervals of 5 to 10 feet. Towards the edges of the domes they tend either to become
radial or to curve outwards and concentrically in conformity with the shape of the
dome. In addition there is a sub-horizontal set which in some instances appears to be
gently anticlinical and in others gently synclinical in attitude. The significance of these
joints is not known but cooling shrinkage has undoubtedly played a part in their
formation.
(vi) Mode of Emplacement of the Syenite.
The syenite body began to form when small-rhomb porphyry lava welled up into
the caldera newly-formed in the core of rhomb porphyry. This magma formed a pool
about 200 feet deep on the caldera floor (Fig. 7.2) which eventually consolidated,
forming the roof zone. When it cooled the vesicular patches solidified first, the cells
between remaining liquid cooling slowly to form the jointed domes of the roof zone.
Activity continued above and below the roof zone. Magma escaped through fissures
in the centre of the cover forming the succession of flows which now overlie the roof.
Beneath the cover the rhomb-porphyry floor subsided for at least 1,000 feet and smallrhomb porphyry magma flowed in between it and the cover. The magma attacked the
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rhomb porphyry walls smoothing the contacts and filling fissures. Cooling was slow and
the coarse crystalline texture characteristic of the syenite developed.
CRATER RIM GROUP

(i) General.
This lava series consists mainly of flows of rhomb porphyry with visible nepheline
phenocrysts. It is of quite recent formation and the flows frequently retain their original
form and provide many conspicuous topographic features. They are well exposed in
the cliffs of the present caldera and the actual summit of Kilimanjaro is formed by
one of the latest flows of the group.
(ii) Distribution.
The caldera of Kibo is more or less surrounded by flows of nepheline rhomb porphyry
whose inner edges are truncated by the caldera faults. These flows can be traced down
the outer slopes on most sides as more or less isolated flows, but on the north-east side
they completely cover the underlying rocks. On the north, flows extend down to about
6,000 feet; a single flow reaches down to 3,000 feet on the south side.
The Crater Rim group can be sub-divided as follows;
3. Summit lavas. This is a varied series of lava types all rich in large nepheline
phenocrysts. The following types may be distinguished on the basis of their felspar
phenocrysts.
1. sanidine bearing type
2. prismatic anorthoclase type
3. rhomb anorthoclase type
The maximum thickness of about 350 feet is found near the summit of Kibo (Fig.
7.3).
2. Camp and Crater lavas. These two groups are probably more or less contemporaneous and are characteristically poor in nepheline phenocrysts. The felspar
phenocrysts are invariably rhomb-anorthoclases. Their thickness near the summit is
about 300 feet.
1. Basal beds. This is an impersistent and variable series of beds comprising tuffs,
agglomerate, pumice and boulder beds. The thickness varies from 0 to 100 feet.
The area covered by the lavas is about 22 sq.mls. and with an average thickness
probably about 100 feet. The volume emitted was about 2.6 cu.mls.
(iii) Pre-Caldera Rim group, post-Smcdl-rhomb Porphyry group Events.
(a) Erosion. Important changes clearly affected the summit of Kibo after the eruption
of the small-rhomb porphyries. In the cliff face facing the Barranco below Furtwangler
Point a ridge of small-rhomb porphyry can clearly be seen against which the nepheline
rhomb porphyry flows have been banked. The ridge is a remnant of a crater rim and
can be seen again on the north-west side of the Barranco beneath the Bastion. The
highest point visible is at 19,050 feet and the floor must lie beneath 18,700 feet. This
crater was produced by erosion of the flat-topped small-rhomb porphyries to a depth
exceeding 300 feet during a pause in volcanic activity. The topography produced
during this interval is only partly visible but it appears that the highest point of Kibo
lay on the south side of the centre as it does today and did not stand much above
19,050 feet. The lowest point of the rim cannot be located but was presumably on the
north-east side; two radial valleys cut the rim on the south side. The smooth profile
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of the slope, and the absence of buried talus are consistent with ice being the main
erosive agent. Evidence from the flanks supports this belief.
Unfortunately, evidence of erosion on the flanks can be precisely attributed to this
period only where the Small-rhomb Porphyry group is present and is therefore limited
to the south-east flanks of Kibo. Here the overstep of the nepheline rhomb porphyry
flows on to the Lent group indicates the local removal of the small-rhomb porphyries
but otherwise the evidence is very limited.
Elsewhere it is impossible to sub-divide the interval between the Lent group and
the Caldera Rim group, but during this wider interval it is clear that considerable
quantities of the phonolite had been removed, especially at heights about 14,000 feet.
The nepheline rhomb porphyry flows clearly followed radial valleys which do not,
in general, coincide with the present valleys; indeed, they now frequently form ridge
cappings. Only the Klute Valley and Lent Valley appear to have persisted since this
period.
(b) Basal Deposits.
(i) Boulder Beds. Beneath the nepheline rhomb porphyry exposed on the west side
of the South-East Valley, there occurs a boulder bed 20 feet thick, and similar beds
have been found at the base of the Caldera Rim group at the Oehler Ridge, in the
Lent Valley and near the Lager Stream.
At the Oehler Ridge on the south side is a boulder bed 10 to 15 feet thick with
rounded pebbles all of nepheline rhomb porphyry that dies out to the east. On its
north side is a boulder bed, with angular small fragments of reddish lavas. It thickens
to 12 feet to the west. There are vesicular lavas of various kinds but no nepheline
rhomb porphyry. It rests on a rounded, striated surface of rhomb porphyry.
The boulders range in size up to 18 inches and consist of lavas from the Main
Rhomb Porphyry and Lent groups. They are well rounded but have not so far been
found to be striated. Nevertheless it resembles closely the material of the glacial
moraines, in which these lavas generally do not show striations. It is therefore believed
to be glacial in origin and contemporaneous with the tillite beneath the ankaramites of
the Camel's Back. This is the Third Glaciation.
(ii) The Agglomerate, Cinder Beds and Tuffaceous Sands.
Agglomerate and cinder beds, as well as occurring at the boulder bed localities, have
been observed at the following places:
1. Central Saddle Cone.
2. Caldera below Hans Meyer Point.
3. Cliffs below Furtwangler Point.
4. On the Bastion.
5. North-west Saddle Cone.
Where the agglomerate occurs it is similar in character consisting of a pinkish
yellow indurated tuff with fragments of lava of various kinds. The fragments vary
in size from place to place and much of the deposit is true agglomerate with fragments
9 to 10 inches in size. Isolated rhomb-anorthoclase crystals are a common constituent.
The cinder beds consist of masses of black pumiceous glass with large phenocrysts
of rhomb-anorthoclase. The individual fragments forming the beds appear as spatter
droplets up to 12 inches across and the beds are rubbly and easily disintegrated. The
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extent to which it is developed and its position vary from place to place. In the
Central Saddle Cone and on the Bastion it overlies the agglomerate, in the north-west
Saddle Cone it underlies the agglomerate, elsewhere it does not form a definite bed.
Fragments of the cinder are a common constituent in the agglomerate and in the green
tuffaceous sand of the Bastion and it is clear that the two are closely linked.
The green tuffaceous sand of the Bastion is only 3 feet thick but it is a distinct
deposit at the base of the sequence and a bed similar in lithology and thickness occurs
above the boulder bed in the South-East Valley. It consists largely of a mixture of
small glass fragments and fragments of tuff, with a number of beautifully preserved
isolated crystals of rhomb anorthoclase.
These beds generally total 15 to 30 feet in thickness, but on the west face of the
Furtwangler Point near the Heim Glacier it thickens to about 100 feet, obviously filling
a radial valley. Another mass of yellow agglomerate forming the isolated rock mass
near the caldera floor below Hans Meyer Point is at the same level and its isolated
character is best explained on the assumption it is also a valley infilling.
These are the most widespread pyroclastic deposits known on Kibo. They indicate
a brief period of violent eruption with disruption of rocks in the pipe and the violent
emergence of magma containing large euhedral rhomb-anorthoclases. A great deal of
black pumice was first formed and almost immediately broken up and incorporated in
sands or in tuffs and agglomerate. The sands appear to be water deposited and the
tuffs are palagonitic. More lava forming black pumice was then erupted before the first
normal lavas appeared. The thickness of these beds is variable but shows no tendency
to be greater in the proximity of the crater.
A mode of origin is difficult to visualise. They do not appear to be normal pyroclastic
deposits and it is thought that the explosions were largely phreatic due to mixing of
lavas and glaciers melt water. The black cinder beds may have been formed by
explosive contact of lava and ice, so that their thickness would be independent of
proximity to the vent. The green sands could have been formed by melt water redepositing the tuff and cinder and the palagonite in the tuffs would be formed on
contact with the melt-water or ice. Furthermore, the underlying boulder beds appear
to be glacial deposits.
(iv) Details of the lavas.
(a) The Caldera. Nepheline rhomb porphyry lavas ring the caldera nearly all round
the southern side, but are obscured by ice along the northern rim.
The present caldera formed subsequent to the nepheline rhomb porphyries and is
not situated exactly on the centre of the nepheline-rhomb porphyry cone but extends
eastwards to take in part of its flanks. From Furtwangler Point to Hans Meyer Point
the caldera fault scarp is parallel to the strike of the lavas which appear as horizontal
beds forming on the face between 18,750 and 19,350 feet (Fig. 7.3). East of Hans
Meyer Point the caldera boundary fault cuts across the flanks of the cone and the lavas
exposed on the scarp face betwen Hans Meyer Point and Stella Point show an apparent
dip eastwards corresponding approximately to the drop in height of the caldera rim.
From Stella Point to the Northern Notch the caldera fault again runs parallel to the
strike and the lavas in the scarp face appear as more or less horizontal beds between
18,300 and 18,500 feet.
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F I G . 7.3.—Panorama from the edge of the Inner Crater looking south to the Kibo Caldera wall.
The relationship of the main types of the Caldera Rim group is seen in the cliff below
Uhuru Peak. Small-rhomb porphyry lavas are at the base of the cliff. Inner Crater
flows form the foreground and spill on to the flanks through the Northern and Great
West Notches. The scale is distorted.

In the cliffs between Hans Meyer Point and Furtwangler Point the following
succession can be seen:
3. Summit lavas.
3. Black pumiceous lava with nepheline and orthoclase phenocrysts about 10 feet
thick form a cap to the summit plateau. A large xenolith of orthoclase sodalite
rock was found in this flow beneath Furtwangler Point. (Uhuru type.)
2. Lavas with nepheline and blocky anorthoclase phenocrysts form impersistent
lenses towards the top of the cliffs, probably only 50 feet thick.
1. Typical nepheline rhomb-porphyry in flows up to 80 feet thick. The flows
seen in cross-section fill shallow valleys 200 to 800 feet wide. The centre of the
flows are massive, the tops, bottoms and edges tend to be glassy and rather
scoriaceous. The thickness is about 300 feet.
2. Crater lavas. This series dips outwards, i.e. to the south at 10°. They are the
first lavas seen on the west face of Furtwangler Point to cross the crater rim.
A series of more or less continuous horizontal massive flows occurs between
19,050 and 18,750 feet. They are similar to the lower beds of the Summit lavas
but have less than 10/, macroscopically visible nepheline. On the west face of
Furtwangler Point they are seen to be banked against a wall of small-rhomb
porphyry, and their horizontal character is explained by their being ponded
up in a crater surrounded by the small-rhomb porphyries.
1. Basal beds. The basal beds are well displayed on the west face of Furtwangler
Point where they consist of red and yellow tuff and agglomerate 20 to 30 feet
thick. Beneath the caldera scarp they are mostly obscured by talus but thicken
to form a large, isolated bluff below Hans Meyer Point, where they may be
filling a valley.
Small-rhomb Porphyry group. The underlying small-rhomb porphyry group forms
the base of the cliffs but is largely hidden by talus. It forms the rim and floor
of the basin in which the flat lying Crater lavas accumulated. The rim is seen on
the west face of Furtwangler Point at 19,050 feet and should again be visible
beneath Elveda Point where it must be transected by the Caldera Fault. There
are however no exposures in this part of the cliff.
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Between Hans Meyer Point and Stella Point the rim of the caldera slopes down from
19,300 to 18,700 feet and the floor drops from about 18,700 to 18,300 feet. The
intervening cliffs are composed almost entirely of Summit lavas with a dip to the east.
The truncated ends of the flows show them to have flowed down valleys. The higher
flows have more massive cores.
From Stella Point to the Northern Notch the crater rim is from 18,700 to 18,500
feet high and the caldera floor about 18,350 feet. The rocky prominences of Stella
Point, Bismark Towers, Gillman's Point on the caldera rim are formed by massive
flows of the Summit lavas and show the festoon arrangment indicative of a transverse
section across valley filling flows. The cliff beneath is largely composed of the Camp
lavas which form the entire caldera wall farther north between the Battleship and the
Cathedral, two large glacier remnants; this includes Leopard Point. The Camp flows
are petrographically similar to the Crater flows having only small amounts of visible
nepheline but they lie outside the crater and dip outwards at about 30° with distinct
valley-fill structure. Although they cannot be traced continuously into the Caldera flows
and their physical relationship is obscure, they are probably more or less contemporaneous.
North-west of Furtwangler Point the caldera wall is missing, forming the Great
West Notch which is about 700 yards wide. No remnants of the Caldera Rim group
are preserved here, but at the northern end of the Great West Notch the Crater wall
resumes for about 700 yards, where it forms the Bastion. Eventually it passes under
the Penck Glacier and is obscured under ice all round the northern side.
On the Bastion the small-rhomb porphyry crater rim can again be identified at a
height of about 18,950 feet. It is crossed by nepheline rhomb porphyry lavas of the
Summit type and the Basal beds are represented by the black cinder, pink tuffs and
a green current bedded sand.
(b) The Western Slopes of Kibo. Erosion has separated the nepheline rhomb
porphyry flows on the western flanks from their source on the caldera edge but they
can be traced for considerable distances.
The west ridge of Kibo about 15,000 feet is in part capped by a flow of Camp type
about 100 feet thick. Their probable continuation after an erosion gap, is on the south
side of the Lent Valley where they continue down to about 13,500 feet.
All the other flows on this side of the mountain are of typical Summit type.
Remnants of at least three are preserved in the Lent Valley at 15,500 feet, a small
remnant lies on the east side of the Oehler Ridge and another small exposure near the
Penk moraines was probably once connected with the long flow capping the ridge east
of the Lager Valley from 14,000 to about 13,000 feet.
Boulder beds, tuffs and agglomerates of the Basal beds have been seen beneath the
flows in the Lent Valley, the Oehler Ridge and east of the Lager Stream.
(c) South Slopes of Kibo. Several large flows of nepheline rhomb porphyry of typical
Summit type and others with prismatic anorthoclases occupy the Klute Valley at heights
from above 15,000 feet down to at least 11,000 feet. The Basal beds have not been
observed in this area.
A single flow 50 to 80 feet thick occurs on the west side of the South-East Valley
from 15,000 feet to 13,000 feet. It is poor in nepheline and resembles flows of the
Camp type. Beneath it boulder beds and agglomerates are well displayed in places
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An isolated outcrop of nepheline rhomb porphyry with prismatic anorthoclase
phenocrysts ocurs in the road seaion east of the Karanga River at 3,000 feet. This
presumably marks the farthest point reached by the flows seen in Klute Valley.
(d) East Slopes of Kibo. The eastern slopes of Kibo are largely covered by
nepheline rhomb porphyry flows extending on to the Saddle. They increase in number
towards the north-east corner where they have their maximum development and here
they completely obscure ihe underlying lavas for a considerable distance. All the lava
types seen in the caldera walls appear to be represented and form massive flows, making
prominent ridges on the flanks. Near Kibo Hut inliers of small-rhomb porphyry occur
narrowing upwards to disappear beneath converging flows of nepheline rhomb porphyry.
These flows die out on the Saddle and none is diverted down the south slopes, but
the nepheline rhomb porphyries farther north form an extensive field passing across
the North Saddle Parasitic Zone on to the slopes north of the Saddle and die out in
the forests below 9,000 feet. The flows lower down also show considerable variety and
all the types recognised in the caldera are present.
In this area the underlying lavas belong the Main Rhomb Porphyry group and there
is the possibility of confusion with flows of the Caldera Rim group especially with
flows of the Camp type with small and sparse nepheline phenocrysts. It is possible that
some may cross into Kenya in the Rongai area but they have not been identified in
that region.
The Basal beds are exposed where the nepheline rhomb porphyries pass over the
degraded North-West Saddle Cone and beds of yellow agglomerate and black cinder
are well developed.
(e) Northern Slopes of Kibo. The number of flows diminish westward along the
northern flanks and only a few isolated flows occur in the north-west segment. They are
often extremely massive and extend down the flanlcs into the forests where they die
out at about 6,000 feet near Endoinet. These flows are nearly all of Summit type mostly
with rhomb anorthoclases but a few with prismatic phenocrysts have been seen. The
basal beds are not known in this area.
(f) The Central Saddle Cone. The small parasitic cone in the centre of the Saddle
began by emitting a flow of basalt and some scoria, and then erupted lavas of the
common Summit type. The flows are not extensive and can be traced north-westwards
across the Saddle for only about half a mile. Agglomerates and black cinder of the
Basal beds occur beneath the lavas over their whole extent but the beds or lavas
underlying them are not exposed.
This activity appears to have been simultaneous with the main eruption.
(v) Source of the lavas.
It is quite clear that the Caldera Rim group originated from the summit vent with
the exception of a small amount from the Central Saddle Cone.
The summit vent was situated within an erosion crater in the small-rhomb porphyry
lavas and some of the earlier flows were ponded behind the crater rim in the south
and west quadrants where it was highest. Escape to the north-east apears to have
been easier and although flows occurred down all sides of Kibo the greater mass went
down the north-east slopes.

PLATE Vila—A lava blister of small-rhomb porphyry lava. The jointing is characteristic of
these flows. A large cave is present inside the opening to the left (south-east Kibo
14,000 feet).

Photo: Tanganyika Air Survey

PLATE Vllb—Kibo Caldera from the air. The Great West Notch is in the foreground, Uhuru
Peak lies just off to the left on the caldera rim. The Northern Notch lies at the edge of
the ice on the far side. The structure of the Inner Cone and Ash Pit are clearly seen.
Fresh snow obscures th2 margins of the ice masses.

Photo: D. W. Humphries

PLATE VIII—The Ash Pit (Reusch Crater). The horizontal lavas of the Inner Crater group
can be seen; in the background is the Terrace and the Inner Crater escarpment. The pale
patches below the Terrace are sulphur deposits from fumaroles.
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(vi) Character of the lavas.
The lavas are essentially porphyritic phonolites. The dominant type contains large
rhombic anorthoclases forming 10 to 35% of the rock, generally reaching a size of
25 to 35 mm. In addition, large phenocrysts of nepheline, usually rectangular, form
over 10% of the rock and generally reach a size of 15 to 25 mm. Microphenocrysts
are similar but olivine, apatite and magnetite also occur. The matrix is glassy or very
fine grained consisting mainly of small prisms of alkali felspar, granular green pyroxene,
magnetite and needles of apatite. Green biotite and brown soda amphibole also occur.
Xenocrysts and small xenoliths of various types were a common feature in many of
the samples.
Deviations from this type are shown by the phenocrysts. On the one hand nepheline
phenocrysts may make only a small contribution to the rock as in the Camp and Crater
types. This variation is commonest among the earlier flows. The felspar phenocrysts
may differ from the standard rhomb anorthoclases. These types are generally found
in the higher flows later in the succession. One type has anorthoclase phenocrysts in
the form of blocky prismatic crystals, another contains tabular sanidines. In some flows
aegerine occurs as phenocrysts reaching 6 to 8 rrun. in length.
(vii) Flow Charactersties.
The flows originally filled valleys but subsequent erosion has often inverted the
topography and usually stripped away the thin edges leaving only the massive central
part, frequently exceeding 100 feet in thickness and flanked by steep vertical walls.
The surface shows the wrinkling characteristic of pahoehoe. Lateral bursts from the
sides of flows have been observed south-east of Kibo Hut and in Klute Valley showing
the same wrinkled surface. Tunnel collapse structures are not commonly developed
but have been seen on the northern slopes. Lava blisters often form caves such as the
one passed just below Kibo Hut. The longest flow travelled over 16 miles.
THE INNER CRATER GROUP

(i) General.
The last volcanic episode on Kilimanjaro formed the Inner Crater group. By this
time Kibo had reached its present topographic form except near the summit. By the
end of the period the summit also appeared much as it does today. The flows are
therefore young in age, their relationships with the glacial deposits show them to be
very late Pleistocene, possibly even post-Pleistocene.
(ii) Events in the Caldera Rim-Inner Crater group Interval.
(a) Erosion of the flanks: Where the Inner Crater lavas spilled on to the flanks they
flowed in valleys which still exist and the topography controlling their flow was very
much as it is today. Most of the large valleys therefore appear to have come into being
during this interval although some like the Lent Valley and Klute Valley are ealier.
Outstanding among the valleys formed in this interval is the Barranco of Kibo with
its associated features the Breschenwand, Bastion and Hans Meyer Ridge. It is believed
to be the result of a large landslip, triggered by caldera faulting. The Barranco landslips
are believed to have formed the Kibo lahars spread beneath it on the plains west of
Moshi at heights from 3,300 to 2,500 feet.
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(b) Glaciation: No sedimentary beds were seen anywhere below the Inner Crater
group and there is no clear evidence of an ice cover during any part of their eruption.
Everywhere their base is a direct lava to lava junction. It is thought therefore that
they erupted during a period when ice was absent from the summit. Nevertheless
there is clear evidence that the Main Glaciation which succeeded the Caldera Rim
group post-dated the formation of the Barranco. This glaciation can be shown to be
older than the Inner Crater group, however, for although flows of this lava cover the
greater part of the Barranco floor no fragments of its lavas have been found in spite
of careful search in the moraines of the Main Glaciation whereas they occur abundantly
in the moraines of the Little Glaciation.
The sequence of events is therefore:
5. Little Glaciation.
4. Inner Crater group eruptions.
3. Main Glaciation.
2. Barranco landslips.
1. Caldera Rim group eruptions.
(c) Caldera formation: During the later stages of eruption of the Inner Crater group
the caldera was similar to its present appearance. The final stages in the caldera
subsidence took place in the early period of the Inner Crater group activity after the
formation of the Caldera Shelf flows (Fig. 7.4).
(iii) The Distribution of the Lavas.
The lavas occupy the whole interior of the present caldera where they form the
Inner Cone about 800 feet high. In the centre of this cone is a smaller caldera (the
Inner Crater) containing a small cone (the Ash Cone) which surrounds the final vent
of Kibo, a deep circular pit known as the Ash Pit or Reusch Pit (Fig. 7.5).
The extent of the flows outside the Main Caldera is determined by gaps in the
caldera wall. These mainly occur in the north-east quadrant where the wall was
evidently lowest but escape was also available through the Great West Notch and at
a few points on the west and north rim. None however escaped across the high
caldera wall extending from the Northern Notch to Furtwangler Point.
The volume of lava contained in the Caldera is probably about 0.2 cu. mile; that
which escaped probably does not exceed 0.14 cu. miles.
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FIG. 7.4.—Section across Kibo Caldera from south-east to north-west showing the structure of
the Inner Crater Cone.
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(iv) Details of Lavas.
(a) Ash Pit: The Ash Pit is 425 feet deep and exposes about 300 feet
less horizontal lava flows. The succession observed is:
7. ashy gravel
.
.
.
.
.
10-20
6. rubbly and glassy lavas with small (1 to 4 mm.)
nepheline phenocrysts forming about 30% of the rock
30-40
5. brown rubbly weathered lava
.
.
.
20-30
4. upper grey massive lava with small nepheline
phenocrysts forming about 40% of rock, a few
felspar plates and abundant aegerine laths
.
70
3. green pumiceous tuff
.
.
.
.
about 20
2. red weathered pumice
.
.
.
.
20
1. lower grey massive lava with small nepheline
phenocrysts forming about 40 /, of the rock, a few
felspar plates and abundant aegerine laths .
.
over 60

of more or
feet
feet
feet
feet
feet
feet
feet

260 feet
From the lowest exposed lava to the bottom of the Ash Pit is another 165 feet. The
rocks of this part however are entirely obscured by talus.
The glassy lavas with small nepheline phenocrysts near the top (No. 6) form the
low cone and floor of the Inner Crater, but the steep part of the cone is formed by the
rim of ashy gravel (No. 7). The lower lavas and tuflis are not seen anywhere outside
the Ash Pit (Fig. 7.4).
(b) The Terrace: The terrace is situated on the west side of the Inner Crater at
the foot of the Inner Crater escarpment and lies 50 feel above the Inner Crater floor.
The lavas on its steep inner face have been extensively attacked by fumarolic activity
and can be examined only at the northern end where they consist of greenish grey
lavas with small nepheline phenocrysts forming 25 X, of the rock. A little tabular
felspar is present and aegerine laths also occur. The gently sloping surface of the terrace
is formed of black glassy vesicular lava which is probably the chilled equivalent of the
flows seen in the escarpment face.
(c) The Inner Crater Escarpment: The Inner Crater escarpment varies from 80
to 120 feet in height but the rocks of which it is composed are for a large part obscured
by talus or have been highly altered by fumarole activity. Nevertheless a number of
sections can be examined, and it appears that although the horizons represented are
all more or less contemporaneous each bed is lenticular in cross-section and none can
be traced continuously round the crater wall.
On the southern side near where the Terrace begins, the following succession has been
observed:
4. grey vesicular lava with small nepheline phenocrysts
forming 35 % of the rock, felspar rare
.
.
ca. 5 feet
3. tuff, yellow brown with sand size fragments of
pumice and nepheline crystals
.
.
.
10 feet
2. grey vesicular lava with small nepheline phenocrysts
forming 25% of the rock, felspar phenocrysts 2 to 3%^.
These lavas rest with slight overlap on those below .
40 feet
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1.

grey lava with glassy top, small to medium size
nepehline phenocrysts forming 20 to 30% of the rock
and tabular felspar phenocrysts forming 7 to 10% .
40 feet
Near the northern end of the terrace the succession seen is similar, consisting of
lavas with no visible felspar at the top with six thin bands of tuff and, at the base,
lavas with up to lOX, of felspar phenocrysts.
Along the northern face the lower lavas disappear below the floor level and the
face is composed entirely of lavas with small nepheline phenocrysts forming 20 to
25 % of the rock and no visible felspar. At the top a black pumiceous glass with similar
phenocrysts occurs, presumably the chilled top of a flow.
(d) The Inner Cone: Because of its youthfulness erosion has scarcely touched the
Inner Cone. Its surface therefore consists of the last flows emitted during its formation.
Most of these appear to have come from the centre but some possibly from its flanks.
The flows in different parts of the cone are of slightly different character but must be
treated as more or less contemporaneous for lack of evidence of their relative ages.
The standard type is similiar to that forming the rim of the Inner Crater escarpment consisting of grey or black glassy lavas with small nepheline phenocrysts forming
20 to 30/4 of the rock. These are widely distributed on the south-east seaor between
the edge of the Northern Ice and the Ice Dome. On the floor of the Mulde however
lavas with large (8 to 10 mm.) nepheline phenocrysts and visible felspar plates occur.
On the southern and south-western slopes felspar phenocrysts are more conspicuous,
some of the flows near the Ice Dome having as much as 7% of the rock formed by them.
The north-eastern and northern slopes are obscured by glaciers but the flows emerging
on the flanks beneath the glaciers indicate that the common type with small nephelines
and a type with large nephelines and no visible felspar are present in this region.
The upper cone near its rim is covered by a thin layer of gravelly pumice forming
a regular, even slope of 15 to 17°, broken only occasionally by the tops of lava blisters.
Lower down the flows emerge from this thin cover, forming meandering ridges or
irregular sloping terraces.
A conspicuous pinnacle of the common lava type rises 30 feet above the general
level on the northern slope and is apparently the remnant of a flow isolated by erosion.
(e) The Caldera Shelf: Beneath the Main Caldera wall just west of Stella Point
a small but conspicuous bench is formed by lavas adhering to the caldera sides. These
lavas are more or less horizontal but curve up to meet the wall at an angle of about
12°. The succession is as follows:
4. black glassy lava with nepheline phenocrysts up to
15 mm. in size forming 30% of the rock and
tabular felspars 6 mm. in size forming 10%
.
10 feet
3. obscured by screes .
.
.
.
.
50 feet
2. grey fine grained massive lava with nepheline
phenocrysts 6 to 7 mm. in size forming 15% of the
rock and prismatic felspars 8 to 10 mm. in size
forming about 25% .
.
.
.
.
50-60 feet
1. black glassy pumice with nepheline phenocrysts 7 mm.
in size forming 12% of the rock and prismatic
felspars 25 mm. in size forming 15 to 20%, .
.
-|-20 feet
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The lavas of this series are not represented in the Inner Cone or Ash Pit and are
separated from them by the caldera fault (Fig. 7.4).
(f) The flanks:
The Barranco: The uppermost lavas of the Inner Cone spilled over the cliffs at
the head of the Barranco and spread out on its floor. The flows appear to belong to a
single episode and are all of the same type consisting of grey lava with nepheline
phenocrysts up to 6 mm. forming 25 to 30% of the rock, and felspar plates forming
1 to 2%. They occur as narrow flows usually thin but sometimes reaching about 60
feet in thickness with considerable amounts of flow breccia at the base. They extend
down the upper Umbwe valley to 11,000 feet.
The Lent Valley: The flows here are similar to those of the Barranco but rather
wider and form a mass about 100 feet thick, dying out at about 14,500 feet.
The Northern and North-Eastern Slopes: 20 to 30 flows crossed the caldera rim
in this area forming thin, narrow flows about 50 to 100 feet wide, generally going down
to about 13,000 feet. Some however extend as low as 4,500 feet and have travelled
over 11 miles. Two types are recognised, the common type with small nephelines
(1 to 4 mm.) and a type with large nephelines (8 to 10 mm.), neither having any visible
felspar. The flows reaching the plains are the common type.
(v) Character of the Lavas.
The lavas of the Inner Crater group are phonolites characterised by their grey-green
fine grained matrix and abundant phenocrysts of nepheline. Where chilling has occurred
the matrix is a black glass, a condition common in the caldera but relatively rare
elsewhere.
The following types have been recognised on a basis of macroscopic characters:
1. Common type: nepheline phenocrysts, rectangular in cross-section, glassy
in appearance, average size about 3 mm. forming about 25% of the rock.
Small aegerine laths may be abundant.
2. Large nepheline type: similar to the standard type but the nephelines form
opaque white granular rounded crystals, average size 8 mm.
3. Aegerine-rich type: similar to the common type but nephelines rather
more abundant forming 35yo of the rock and the matrix is rather coarser
grained. Aegerine laths are abundant, forming about 3%^ of the rock. In
thin section this type has a conspicuously coarser grained matrix than the
others.
4. Felsparphyric type: similar to the common type but with tabular crystals
of sanidine and anorthoclase forming 1 to 7% of the rock.
5. Caldera Shelf types: a varied group of fine grained grey or black glassy
lavas with large nepheline phenocrysts 7 to 15 nun. in size forming 10 to
30%o of the rock, tabular or prismatic anorthoclase phenocrysts from 6 to
25 mm. in size form 10 to 30%^ of the rock.
In thin section the matrix of most of the rocks is either brown and glassy with small
crystallites or fine grained with abundant alkali felspar laths, a few small nepheline
crystals, prisms of green pyroxene, brown soda amphibole, magnetite granules and
apatite needles. Analcime is frequently present and nosean, sodalite and biotite have
been observed in some samples.
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The flow characteristics depend on the topography. In valleys tunnel collapse flows
occur; on the flanks of the Inner Cone lava blisters with hexagonal cooling joints are
common; bifurcation or even trifurcation round obstacles is frequent and the flows
tend to be narrow and elongate. A particularly fine example showing this pattern of
flow particularly well with many ramifying digitations is to be seen on the slopes of the
Inner Cone beneath Uhuru Peak. Other flows on the Inner Cone terminate as steep
bluffs and appear to be sheet-like in character. The flows of the Caldera Shelf and in
the Ash Pit appear to have been ponded in their respective calderas and formed flat
tabular sheets, three of which are over 50 feet thick.
(vi) Structure of the Caldera Area.
The caldera area consists of a series of concentric cones within a series of concentric
ring faults. The faults must be inferred from the topography for they are obscured by
talus, ice or later flows. The Ash Pit situated in the centre of the Inner Crater is the
pipe from which magma withdrew in the last phases of volcanicity on Kibo. When it
formed, partly consolidated lavas forming a pool in the Inner Crater were sucked back
into the pipe and a large flap of the Upper Grey Lava (Ash Pit No. 4, p. 153) is
still hanging down on the eastern side.
The Inner Crater is a small caldera 2,000 feet in diameter formed by downward
sinking of the central block. A segment which lagged behind now forms the Terrace
on the western side (Fig. 7.5). Downward drag is also evident along the northern side
of the caldera where, over a small area, the lavas dip inwards. A small radial fault
bounds this segment on the east side.
The Main Caldera is elliptical in outline. The longer axis running ESE-WNW is
about 7,500 feet long; the shorter is about 6,000 feet. The Ash Pit lies slightly to
the north of the centre. The down-faulted block is situated eccentric to the Caldera
Rim group cone and included part of the eastern flank of the Caldera Rim group cone.
The initial down faulting probably exceeded 700 feet.
(vii) Relationship of Volcanic Activity to Caldera Fatdting.
After the Main Caldera and Barranco had been formed succeeding the Caldera Rim
group eruptions, lavas of the Caldera Shelf type filled the caldera floor. Their petrographic character is more akin to the nepheline rhomb porphyries of the Caledra Rim
group than any of the succeeding Inner Crater group lavas. They filled the caldera
with pools of lava to a height of 18,600 feet.
Caldera subsidence was then renewed. Most of the Caldera Shelf lavas disappeared
downwards and are only known from the small patch adhering to the caldera wall.
The caldera now filled with flows of the common, felsparphyric and large nepheline
types building up the Inner Cone to about 19,400 feet and spilling over the sides of
the Main Caldera on to the flanks of Kibo.
The centre of the Inner Cone then collapsed, forming the Inner Crater and the
Terrace. A small shower of pumice accompanied the collapse and now forms a rim
round the Inner Crater. The original depth of this crater exceeds 700 feet but it
progressively filled with thick horizontal flows of aegerine-rich type of lava until it was
filled to within 150 feet of the rim. The floor was then occupied by a congealing pool
of the Upper Grey lava. At this stage withdrawal in the pipe let a big flap of still
plastic lava sag down at one side.
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FIG. 7.5.—Map of the Caldera area of Kibo, showing the sites of fumarolic activity and the main
topographic features.

Further eruptions of the common type of lava built the low cone known as the Ash
Cone; finally, a gas escape accompanied by a small shower of pumice reamed out
the Ash Pit and formed the narrow pumice rim on the Ash Cone. Since then the only
activity has been fumarolic.
(viii) Events subsequent to the Inner Crater group.
(a) Erosion: Most of the flows of the Inner Crater group are still intact, erosion
has little affected them. In the Barranco area parts of the flows have been removed
however, the area most affected being about 14,000 feet.
(b) Glaciation: Glaciers were re-established after the Inner Crater activity ceased
and extended down to below 13,000 feet. This was the Little Glaciation and was
probably late Pleistocene. Subsequently the ice retreated and then re-advanced to
form the moraines of the Recent Glaciation. Fumarolic activity has persisted in the
Inner Crater area at a relatively low level of activity (see Chapter 9).

Chapter Eight

PARASITIC AND SUBSIDIARY CENTRES
INTRODUCTION
DISTRIBUTION

On the slopes of Kilimanjaro and on the surrounding plains there are a large number
of small centres of eruption, usually marked by cinder cones two or three hundred
feet high. Altogether, over 250 have been identified stretching from near Lake Jipe
in the south-east to the Amboseli Plains in the north-west—a distance of 70 miles
(Fig. 8.1).
The centres are, however, not sporadically scattered over the region but for the
most part are concentrated in belts or zones. The main zones are:
5. Rombo Zone.
4. Saddle Zone.
3. Shira Zone.
2. Kibongoto Zone.
1. Kilema Zone.
These include all but a few cones scattered along the west and south-west foot of
the mountain and two others buried among the lavas of Mawenzi.
The cones are most numerous on the lower slopes and all the zones die out about
14,000 feet. The highest cone is in the Triplets, 14,800 feet, the lowest near Lake Jipe
at 2,700 feet.
MAPPING

While the cones are easily identified, the lavas emitted spread for considerable
distances, mingling with flows from other parasitic centres or from the main vents.
It may then become difficult to distinguish parasitic lavas from those from the main
centres, especially when their petrographic character is similar. This problem is
frequently encountered and a precise limit to the parasitic lavas cannot be determined
in many areas.
KIBONGOTO ZONE

The area from Kibongoto to Masama is a very old area like 01 Molog but with
deeply weathered red soils.
The rocks are all basaltic in charaaer with some verging on picrite basalts, others
on trachybasalts. It is not possible to distinguish these rocks from similar types on
Shira main cone and in places there may well be some mingling of parasitic and main
cone lavas in the Kibongoto Zone.
The cones are much degraded and often reduced to an inconspicuous level, others
stand up as rounded mounds. The cones are scoria piles, the fragments are all olivine
basalt or augite rich basalt.
In the valleys between the cones, thick masses of basalt are exposed in the river
beds. They include augite-rich basalts, picrite basalts, olivine basalts, felsparphyric
basalts and fine grained non-porphyritic basalts.
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FIG. 8.1.—^The eruptive centres of Kilimanjaro. The parasitic zones are named, the main centres
are indicated by heavy lines.

THE OLDER PARASITIC CONES OF MAWENZI
GENERAL

Two sites of parasitic activity marked by piles of basalt scoria are interbedded
between the Main Mawenzi and Neumann Tower Lavas. There are probably several
others buried under the later lavas of Mawenzi.
THE SOUTH VALLEY CENTRE

One centre occurs in the gorge of the Third South Valley at a height of 10,500
feet. It consists of red cindery basalt scoria reaching a maximum thickness of about
100 feet. This cinder today forms a number of pinnacles in the valley floor which
widens over the site of the centre. The exact position of the vent is not known, but
the cinder beds dip quaquaversally from a point near the pinnacles. The diameter of
the cinder cone is about 2,500 feet, a size similar to the younger parasitic cones of the
Rombo Zone.
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The cone sits on an erosion surface cut across felsparphyric trachybasalts whose
position is either low in the Main Mawenzi Group, or in the upper part of the
Neumann Tower Group. At the base of the cone is a bed of red ochreous sand with
irregular pockets or rubbly conglomerate beneath. Within these sediments a wedge
of compact blue basalt appears and thickens to over 50 feet, eastwards. It cannot be
a produa of this centre, but possibly comes from a similar cone higher up. Basalts,
trachybasalts and trachyandesites overlie the cinder cone, the trachybasalts and trachyandesites undoubtedly belong to the Main Mawenzi Group, the basalts probably do so
also, but this is not certain.
THE THREE KINGS CENTRE

The cross-section of a similar cone is seen in the Three Kings Valley at 13,500 feet.
It has a diameter of about 3,500 feet, and consists of red basalt scoria at least 200 feet
thick.
Its relationship to the underlying lavas, which consist almost entirely of compact
olivine basalt is not clear, but they are believed to be early products of the cone.
Farther down the valley, these basalts rest on an erosion surface cut in felsparphyric
basalts attributed to the Neumann Tower Group (Fig. 6.3). A varied series of felsparphyric trachybasalts from the Neumann Tower and Main Mawenzi Centre overlie
the cone. Further evidence of the antiquity of this parasitic cone is the fact that it is
cut by dykes of the main Mawenzi Swarm.
THE KILEiVlA ZONE
DISTRIBUTION

The Kilema Zone lies on the slopes south of the Saddle extending down from the
forests above Old Moshi to cross the main Moshi-Taveta Road a few miles west of
Himo.
There are 34 cones in the Kilema Zone, most occurring along lines extending in
a 150-330° direction, over a distance of 18 miles, but a considerable number are
scattered apparently randomly in the area.
The highest known of these cones lies at a height of only 6,000 feet and most lie
below 5,000 feet.
EXTERNAL FORM OF THE CONES

In size, these cones resemble those of the Rombo Zone ranging up to 4,000 feet in
diameter, but commonly they measure about 1,500 to 2,000 feet. Their height varies
from 100 to a little over 300 feet.
INTERNAL STRUCTURE

The cones are similar in construaion to those of the Saddle Zone and Rombo Zone,
and are mainly composed of cindery scoria with subsidiary amounts of lava.
FISSURE ERUPTIONS

There is no direct evidence of fissure eruptions.
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RELATIONSHIP OF CONES TO LAVAS

The rocks of the Kilema Zone are exposed in south facing
River Nanga, where the following succession was measured:
Red soil .
.
.
.
.
Trachyandesite
Non-porphyritic basalt
Augite olivine basalt
Olivine basalt

gorges Hke that of the
15
20
170
100
240

feet
feet
feet
feet
feet

545 feet
Similar sections in basalts are to be found in all these rivers between the Rau and
the Mue.
The rocks dip gently to the south-west and the parasitic cones are perched on their
surface, scattered fairly widely over the area but mainly concentrated in the west edge
in a north-south belt.
PETROGRAPHY

The lavas of the cones and the country rock are similar and consist almost entirely
of basalts, much of them non-porphyritic but some have small olivine phenocrysts.
Ankaramite with many augite phenocrysts is present in some of the gorges and in the,
cone of Mue. Trachyandesites, some with small felspar phenocrysts occur patchily at
the top of the succession.
AGE AND ORIGIN

At first sight, most of these cones appear to be without a crater and to consist simply
of rounded heaps of cinder. This seems, however, to be simply a measure of their
antiquity for indistinct traces of craters can be found in most. A number are considerably degraded with gullies on their flanks and in general they appear to be older than
the cones of the nearby Rombo Zone.
The whole region is deeply weathered and relatively old. The cone called Kifuo
on the map is partly buried by the Main Mawenzi group and clearly this area of
basaltic rock is one of the oldest episodes on the mountain.
It seems clear that several centres of basaltic eruption emitted lava accumulating
to a height of at least 9,000 feet. Their alignment produced an elongated ridge running
north-west beneath Kibo. Its south-west side forms the Kilema Escarpment.
SHIRA ZONE
DISTRIBUTION

The Shira Zone of parasitic cones is large and complex. It contains at least 118
centres ranging from 13,500 feet on Shira Plateau down to the Amboseli Plains near
Sinya at 4,000 feet, a distance of 25 miles. The cones occupy a wide arc radiating
from 005° to 225° from a point high on Shira. Within this segment, several lines of
cones can be recognised, but the main line in the pattern runs 110° to 290°; the other
lines branch off to north and south and increase in number away from Shira.
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THE EXTERNAL FORM OF THE CONES

The cones show a variety of form even greater than in the Rombo Zone. Their
diameter ranges from less than 1,000 feet to over 7,000 feet, with many greater than
3,000 feet. In height, many exceed 500 feet and in comparison with the Rombo Zone
cones they are both higher and wider.
Many have craters which commonly have diameters greater than half the width
of the cones. These craters are, therefore, both absolutely and relatively wider than
those of the Rombo Zone.
A few cones have well preserved complete craters, but most are horseshoe-shaped
with the open end facing downhill. Some have partially collapsed segments. A number
of cones have more than one crater; up to five have been observed, while some appear
to have none at all.
Many of the cones with partially broken crater wall had flows which issued from
the gap, occasionally as very broad, short and evidently viscous masses.
The degradation of the cones varies, none has been glaciated and few show any sign
of gullying; the degradation is recognised only by the degree of rounding of the cone
edges and crater rims. This varies somewhat according to whether the cones lie in or
below the forest belt, and even in a homogeneous climatic zone there is great variation.
The only generalisation possible is that these cones were not all formed at the same
time, but over a fairly lengthy period. They appear to be mostly older than the Rombo
Zone cones.
INTERNAL STRUCTURE OF THE CONES

Apart from the distinctions in cone and crater size the structure of these cones
appears to be similar to that of the Rombo and Saddle Zone.
FISSURE ERUPTION

Little direa evidence of fissure control is present, but the Towers at the highest
point of the zone has no associated cinder cone and forms a straight line of crags
suggesting an underlying fissure.
RELATIONSHIPS OF CONE TO LAVA FLOWS

The cones are constructed almost entirely of red scoria, but flows of lava can be
seen to have emerged from many of them. To what extent the lavas on which they sit
are parasitic is difficult to state with any certainty. Only in the upper parts of the
mountain can the limits of the parasitic flows be drawn precisely. Here the amount
produced by each cone is similar to that found for the Rombo Zone, but lower down
the spreads of lava around each cone, tentatively assigned to the parasitic centres
becomes increasingly greater and correspondingly less likely to be truly parasitic in
origin.
CHARACTER OF THE ROCKS

(i) Lavas.
(1) Basalt: Non-porphyritic and sparsely porphyritic basalts charaaerise the region
extending below the forest belt from Engare Nairobi South past Loawelogan to the
Seven Sisters Hills (Loorukuruko). Typically the basalt consist of a microfelt of
labradorite laths with granular augite, olivine and magnetite. Phenocrysts of titanaugite
and olivine are common but usually small.
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Varieties occur with larger phenocrysts of augite and olivine and less commonly
with large, sparse labradorite crystals.
Basalt is less common among the cones high on the mountain slopes than among
those in the 01 Molog area.
(2) Trachybasalts: Non-porphyritic trachybasalts, similar in most respeas to the
basaltSj but containing significant amounts of alkali felspar occur among the cones near
Kitenden, and near Lagumishira.
(3) Trachyandesites: Trachyandesites and andesite basalts characterised by abundance of andesine plagioclase are fairly common in the area near Lagumishera, near
01 Molog and near Sinya. These lavas are non-porphyritic and resemble the basalts
in hand specimen. In thin seaion, however, they are much more leucocratic, being
composed largely of andesine felspar with alkali felspar present in varying amounts.
Ferromagnesian minerals include diopside, augite and olivine; biotite and magnetite
also occur.
(4) Trachytes and Phonolite: In and above the forest most of the cones are composed
of dark grey non-porphyritic lavas resembling basalts in hand specimen but in thin
section are seen to consist almost entirely of flow-banded oligoclase laths. Except in
their absence of platy structure, these rocks closely resemble the phonolites and
trachytes of the Lent group of Kibo. No nepheline has so far been detected in these
parasitic rocks, however. Ferromagensian minerals are few and very small and consist
mostly of aegirine and magnetite. Some specimens contain small phenocrysts of
oligoclase and anorthoclase.
(ii) Pyroclastics.
The pyroclastic rocks consist only of scoria and cinder. No tuffs or agglomerate has
been found in the area.
SEQUENCE AND DISTRIBUTION

Too little is known about the area to establish a definite sequence but the main facts
are set out in Table 8.1.
It is impossible to separate all the cones into younger and older categories for in
most cases only the criteria of age is the degree of degradation and this is too uncertain
to be worth applying. The division must be made, however, for some of the cones
near Lagumishera are partly swamped by the rhomb porphyry lavas while others sit
on lavas of the Lent group.
The older cones are shown to be younger than the Kibo trachyandesites but there
is no evidence confirming this, on the other hand, the 01 Molog area where the
basalts pass under trachybasalts near the Engare Nairobi North.
One notable point in the distribution of the lava types is the contrast between the
western and eastern parts of the zone. In the cones above the forest, and in the belt
running down through the forest to 01 Molog and Kitenden the lavas are very felspathic
and relatively acidic. This belt extends as far as Sinya in the north, and west to
Lagumishera. Twenty-four samples from parasitic lavas in this region comprised the
following rock types:
trachytes
.
.
.
.
.
8
trachyandesites and andesites
11
trachybasalts
.
.
.
.
.
3
basalts . .
.
2
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In the area lying west of Lagumishera, extending from the Engare Nairobi in the
south to the Seven Sisters Hills (Loorukuruko) in the north, all fourteen samples
examined were basalts.
Table 8.1
SEQUENCE IN THE SHIRA PARASITIC ZONE
Parasitic activity

Other Activity
Meru Lahar

The Younger Cones—trachytic
trachyandesitic
basaltic
The Younger Lavas— trachyte
trachyandesite and trachybasalts
basalts
Lent group
Rhomb Porphyry group
The Older Cones—

)
)

from
Kibo

basaltic
Upper Trachyandesite groups
from Kibo and Shira
01 Molog Basalts
THE SADDLE ZONE

DISTRIBUTION

On the Saddle between Kibo and Mawenzi, 12 parasitic centres are known. Eleven
of these are arranged in two parallel lines running 110-290°, 1^ miles apart and about
4 miles long. The twelfth lies between these two lines.
Several of the hills they form are named on the topographic maps, and it is
convenient to name the remainder in the following list:
1. Southern Line (east to west)
East Lava Hill (Ost Lava Hugel)
West Lava Hill (West Lava Hugel)
Middle Red Hill (Roter Mittel Hugel)
The Triplets 1, 2, 3 (Drillinge).
2. Northern Line (east to west)
the Camel's Back (Camelrucken)
the Northern basalt field
the North-East Centre
the Northern Centre
the North-West Centre.
3. The Central Saddle Cone.
These centres lie between 14,000 and 15,000 feet in height and are the highest
parasitic centres on Kilimanjaro.
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THEIR EXTERNAL FORM

All these cones lie within the glaciated areas and have been more or less severely
eroded. The Triplets and the Middle Red Hill are still moderately well preserved;
the East and West Lava Hills form spectacular crag and tail features, and the Camel's
Back forms a smooth ridge; the others have been almost completely levelled, only the
central Saddle cone appearing as a low mound.
THEIR INTERNAL STRUCTURE

(i) East Lava Hill: Beneath the cone a series of parasitic lavas thickens downhill
and presumably emerged from fissure eruptions. On this base sits the cone, 200 feet
high and originally about 1,500 feet in diameter, composed of cinders and bombs.
Only the central part is preserved and here the scoria dips inwards at 10 to 15° and
thin radial dykes of hornblende basalt cut the cone. The southern part has been
down-faulted by a transverse fault and from this sector thick flows of coarse ankaramite
have emerged.
(ii) West Lava Hill: Only the western part of the cone is preserved. It consists of
cinder, bombs and thin lava flows dipping radially outwards at 10 to 25° forming a
cone about 200 feet high sitting on earlier fissure erupted lavas. Faulting has occurred
but the pattern is obscure.
(iii) Middle Red Hill: This large cone 250 feet high and 3,000 feet in diameter is
fairly well preserved and is constructed mainly of scoria and bombs dipping outwards
at 25 to 30° with only a few thin lava flows. Two radial faults on the south-east side
bound a collapsed segment, and one of them is followed by thin branching olivine
basalt dykes. Dips in the crater area are inwards showing that subsidence of an
ellipsoidal area 150 feet across, elongated along 110 to 290°, took place at a later
stage, but the final event was the welling up of coarse ankaramites in the crater and
their escape through the south-east gap.
(iv) Triplets: These three closely spaced centres are similar in size and construction
to the Middle Red Hill. The craters all show crater subsidence but there has been no
segment collapse.
(v) The Camel's Back: This was probably once a cinder cone from which the thick
flows of ankaramite which now form the ridge, escaped through the walls on the western
side. Remnants of the cone are found on the north side where there are deposits of
scoria, tuff and agglomerate. It is clear, however, that the ankaramite flows were fed
by dykes, one of which is visible on the eastern side. The younger flows overlap the
earlier uphill indicating the uphill extension of the fissure during the period of eruption.
(vi) The North-East Saddle Cone: This centre has a structure like that of the
Middle Red Hill. It is a cone about 1,500 feet in diameter, 200 feet high, formed of
cinder and bombs. Dips are outwards at 10 to 20° except round the ellipsoidal
subsidence crater which measures 200 by 150 feet and is elongated along the main
line of the Saddle Zone. The edges of the subsided block are faulted and radial dykes
occur.
(vii) The Northern Basalts: these have no associated cones and presumably emerged
from fissures.
(viii) The Northern, North-western and Central Saddle: these are too poorly
preserved to show much structure, and are partly obscured by fluvioglacial deposits.
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FISSURE ERUPTIONS

The dyke at the base of the Camel's Back leaves no doubt about the feeders being
fissures. The early lavas beneath the East and West Lava Hills and the Northern
Basalts have no associated cones and are probably similarly fed.
RELATIONSHIPS OF CONES TO LAVAS

A number of the cones rest on lavas fed by fissures, and most of the lava appears to
have come from fissures in the flanks of the cones but some has welled out of the
central vent. The cones only developed in the later stages.
CHARACTER OF THE ROCKS

(i) The Lavas: The lavas from the Saddle Centres range in composition from
ankaramites to trachybasalts and phonolites. The following types have been recognised.
1. Ankaramites and Limburgites. These ultra-basic rocks contain over 60% of'
titanaugite, ferrous olivine and magnetite, the remainder is often glass but labradorite
and alkali felspar have been identified.
In hand specimens, they are usually porphyritic with many phenocrysts of augite
and olivine up to 15 mm. in size. Flows of this type were emitted from the East Lava
Hill and form Zebra Rock, a prominent feature near the path above Peters Hut. They
were also produced by the Camel's Back vent. Varieties with fewer and smaller phenocrysts occur on the Middle Red Hill, the Triplets and the West Lava Hill.
A non-porphyritic fine grained variety characterises the Northern 'Basalt'
field.
2. Hornblende Basalts. Basalt containing conspicuous red hornblende and biotite
occurs only in the East Lava Hill.
3. Olivine Basalts. Typical olivine basalts with small phenocrysts occur as flows
below the East Lava Hill, in the craters of the West Lava HiU, the Middle Red Hill,
the Triplets, and in the North-East Saddle Cone. Some richer in olivine grade towards
oceanites.
4. Non-porphyritic Basalts. Non-porphyritic basalt is confined to small flows from
the Central Saddle cone.
5. Trachybasalts. Some of the flows below the East Lava Hill are composed of
labradorite with significant alkali felspar: augite, olivine and magnetite are accessories.
These trachybasalts are dark coloured with sparse phenocrysts of augite and olivine.
6. Trachyandesites. Dark basaltic-looking rocks with small phenocrysts of augite
and olivine occur in and around the North and North-West Saddle Cones. The matrix
consists mostly of andesite with some alkali felspar.
7. Nepheline Rhomb Porphyries. The Central Saddle Zone produced a few small
flows of phonolite with large rhombs of anorthoclase and phenocrysts of nepheline.
These are identical in composition and appearance to nepheline rhomb porphyries of
the Crater Rim group of Kibo.
(ii) Intrusions: Among the dykes olivine basalts and ankaramites have been identified.
(iii) Pyrodastics: Most of the cones are built up of scoria and cinder, similar in
composition to the lavas. Bombs up to 3 feet in length have been found.
Dark coloured tuffs occur beneath the Camel's Back where they reach 50 feet in
thickness and are characterised by abundant augite crystals. A distinctive orange
coloured tuff occurs beneath the nepheline rhomb porphyry flows from the Central
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Saddle Cone. It contains much black cinder together with abundant large anorthoclase
crystals, and its matrix appears to be mostly palagonite. This tuff is identical to that
in the Basal beds of the Crater Rim group of the main cone of Kibo.
Among the scoria in the cone of the East Lava Hill a few blocks of Precambrian
metamorphic rocks were found that had been severely altered by heat. They must have
been lifted over 11,000 feet up the vent.
(iv) Sediments: Tillite and current bedded sands occur beneath the Camel's Back
and a similar boulder bed occurs below the tuff of the Central Saddle Cone.
SEQUENCE OF THE SADDLE CONE

(i) General: The succession observed in this group of cones is set out in Table 8.2.
From this it will be seen that the cones fall into two groups, those older than the Third
Glaciation and those younger.
(ii) Older Parasitic Cones: The older cones include the Northern, North-East and
Central Saddle Cones, the three most degraded by glacial erosion. These cones also
differ from the others in the composition of their lavas, having produced no ankaramites,
only basalts, trachyandesites and phonolites.
The two northern cones are very similar and became extinct before the Third
Glaciation but the Central Saddle Cone was probably producing nepheline rhomb
porphyry phonolite during this glaciation, presumably at the same time as Kibo.
(iii) Younger Parasitic Cones: The younger parastic activity began with fissure
eruptions in the region of the East and West Lava Hills, which produced the lava flow
now extending past Peters Hut. These centres began with basalts and trachybasalts,
later lavas became more ferromagnesian. At the same time the Middle Red Hill and
the Triplets appear to have become active but exact correlation is impossible. Coarse
ankaramites were then emitted from the East Lava Hill and presumably also from the
Camel's Back vent. This was followed by activity at North-East Saddle Cone producing
at first masses of agglomerate and later picrite basalts and meagrely porphyritic
ankaramites. The final activity was from fissures located north of the Camel's Back
which produced flows of very fresh looking fine grained ankaramite.
SPREAD OF THE LAVAS

Most of the flows are very small. The Triplets, Middle Red Hill, North-West and
North Saddle Cones produced very little lava and the Central Saddle Cone and
North-East Saddle Cones only produced three or four flows each, the longest extending
for less than -|- mile. The coarse ankaramites from the Camel's Back and the East Lava
Hill comprise five or six flows each but do not extend more than 1-^- to 2 miles from
their source. The Northern Basalt field is more extensive, its 12 or so flov/s covering
an area measuring 2 mile by J mile. The most extensive lava field is that stretching
down Peters Hut Valley from the area of the Lava Hills. This measures at least
5 miles long and is over a mile wide.
The thickest flows are the coarse ankaramites which usually exceed 50 feet and
sometimes reach 100 feet. The finer grained lava flows are commonly about 20 feet
thick. The thickest total succession, near Zebra Rock is probably about 200 feet and
total area covered by parasitic rocks of the Saddle Zone is not more than 10 square
miles and the total volumes is about 0.1 cu. miles.
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THE ROMBO ZONE
NUMBER AND DISTRIBUTION OF CONES

The Rombo Zone includes 81 known centres of eruption lying in a belt 29 miles
long, extending from the plains near Taveta to the South Valleys of Mawenzi at 13,500
feet.
EXTERNAL FORM OF THE CONES

Most of the cones are well preserved, but some of the highest lay within the range
of the Pleistocene glaciers and have been severely affected by erosion.
The cones in general are isolated and more or less regular in shape with diameters
of about 2,500 feet, few are less than 800 feet, and few greater than 3,000 feet.
The height of the cones, measured transverse to the mountain slope, varies from
about 100 to 300 feet, with slopes of 15 to 30°. Some, like Kifinika and Fortress Hill,
have shallow but well preserved craters whose diameters in general measure only about
one-fifth of that of the cone. Sometimes, no evidence of a crater can be found, the cones
forming simple rounded mounds.
Many cones show inward collapse of a segment late in their history; Kifinika has a
good example. In most cases it is the downhill side that has collapsed and subsequent
slipping and erosion has widened the gap. Consequently many of the cones have the
form of a horseshoe with the open part facing downhill.
The principle guide to the age of such cones is the degree of rounding of its form
and gullying of their slopes. They are so porous, however, that there is little or no
run-off and hence gullying of the sides is rarely seen. The rounding appears to be the
result of gradual chemical and physical breakdown of the cinder of which most of the
cones are formed and the gradual downhill movement of the cinder under the influence
of gravity. This criterion of age cannot, however, be used except with great reservation
for it is clear that other important influences are the amount of solid lava in the cone
and the climatic environment may be even more important in determining the present
shape. For example, the greatest degree of rounding clearly occurs in the forest belt.
INTERNAL STRUCTURE OF THE CONES

Only the cones near the Lavakegel have been eroded sufficiently deeply to show the
internal structure. They are similar in this respect to the Saddle Cones (q.v.).
FISSURE ERUPTIONS

In the Third South and Forster Valleys above 10,000 and 11,500 feet picrite basalts
and ankaramites occur higher than any source marked by a cone. In similar way,
ankaramites occur in the First South Valley and near the Three Kings Valley above
the Lavakegel and Kofferberg, the highest cones in that area. The uppermost parasitic
lavas must, therefore, have emerged from centres not accompanied by cones.
The direction of flow of these lavas indicates a source in the South Valleys near the
Dreikanthugel at 13,000 feet and hereabouts a number of intrusions have been found,
which include ankaramitic dykes following the line of Rombo Zone, transverse sheets
of basalt extending for over J mile, and many small, irregular intrusions. In the Third
South Valley remnants of the lavas emitted from these fissures are known close to the
intrusions and there is some scoria in the vicinity. Any small cones that may have
existed hereabouts have been swept away by the ice and the underlying feeding fissures
are now exposed.
These sites mark the highest point of the Rombo Zone at 13,800 feet.
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RELATIONSHIPS OF CONE TO LAVA FLOWS

The cones are almost entirely built of rubbly scoria, occasionally with bombs up to
2 feet in length. Lava plays a minor role in forming the cones, but from some centres
much lava has emerged in relatively narrow flov/s, some exceeding 3 miles in length.
Flows from various centres intermingle in the centre of the zone, forming a complex
welt of lava running as a low ridge down the flank of Mawenzi. The greatest thickness
of the welt probably does not much exceed 500 feet, however. Some of the cones in
the centre of the zone are partly buried beneath later flows from the other centres, but
at the fringes the relationships between the cones and the lavas emitted are quite clear
and the pattern of events at each centre can be seen.
In general, the first phase is the emission of lavas from fissures, without any
significant explosive activity. This is followed by the construction of a scoria cone at
the upper end of the fissure. During this phase collapse of a downhill segment usually
occurred and lava poured out either over the collapsed segment or out of fissures at
its edges. In the final phase of most cones the crater filled with a pool of lava which
was partly consolidated at the surface. On withdrawal of the underlying magma, this
sagged down into the crater and in most of the craters is present as a saucer-shaped
mass of lava.
The quantity of lava emitted is not easy to measure for individual cones but the
total volume of the parasitic rocks in the Rombo Zone is about 2.7 cu. miles, so that
each centre, on average, produced about 0.03 cu. miles or almost 150 feet of lava
spread over 1 sq. mile.
PETROGRAPHY

(i) Lavas: The dominant lavas in the Rombo Zone are augite rich picrite basalt
and ankaramite. Varieties of these types range from fine grained non-porphyritic lava
to coarsely porphyritic rocks with phenocrysts up to 15 mm. in size making up over
607o of the rock. The latter type often grade into limburgites.
In thin section, the rocks are about 70X, melanocratic, with titanaugite, ferrous
olivine and titano-magnetite forming the bulk of the rock. These minerals may occur
only as granular groundmass, but frequently appear as euhedral phenocrysts. The
leucocratic minerals are usually labradorite, but alkali felspars occur rarely and glass
is often important.
Hornblende-bearing varieties above occcur on Kifinika, Podocarpus Hill, Lavakegel,
Fortress Hill and the hill above Bismark Hut. These lavas accompany the normal
ankaramites and picrite basalts. The hornblende-bearing rocks generally also contain
brown biotite.
Basalts are rare and have been encountered only near Lake Chala, where they contain
numerous olivine phenocrysts.
(ii) Intrusions: Porphyritic ankaramite forms two dykes and a sheet 12 feet thick
in the First South Valley at about 13,600 feet, but the inclined sheets and dykes in the
Third South Valley at 13,700 to 13,800 feet are fine-grained basaltic rocks rich in
augite but with plagioclase felspars verging on andesine less calcic than in the picritebasalts.
(iii) Cones: The cones consist largely of explosive products. In the higher cones this
is nearly all scoria, spatter and bombs. Chemically they resemble the lavas closely and
just as often contain large phenocrysts of augite and olivine.
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In the lower cones, especially in the lower part near Chala, tuff and agglomerate
are more important, the agglomerates containing boulders of lava similar to the local
rocks.
SEQUENCE WITHIN THE ROMBO ZONE

The succession within the Rombo Zone has been established only in the area above
the forest which was mapped in detail; this area is probably typical of the whole zone.
Here a complex succession was found involving activity at 15 different centres. All
but three of these centres produced cones, one of which was later buried beneath the
Lavakegel.
The succession is tabulated in Table 8.3, where it can be seen that the earliest known
centre of activity was the Old Lavakegel. The rocks associated with this centre form
a complex exposed in the gorge of the First South Valley, west of the Lavakegel. Two
cones appear to be present, an upper basaltic cinder cone and another ^ mile downstream composed of agglomerate.
These cones are overlain by fine grained ankaramite, part of a sheet which extends
westwards as far as the Forster Valley. This group of flows exceeds 100 feet in
thickness and shows a gradual increase in the number and size of the phenocrysts in
the younger flows, the youngest being the moderately coarse ankaramites occurring in
the Second South Valley. These flows can only have emerged from the fissures near
the Triangular Hill (or Dreikanthugel) at about 13,000 feet between the South Valleys.
Other centres probably became active while these lavas were being erupted. North
Kifinika and Hill 2883 above Bismark Hut were among the earliest to do so, erupting
fine and medium grained ankaramites. After they became extinct, the Lavakegel became
active and some time afterwards coarse ankaramites emerged from the fissures in the
South Valley and many fiows of this lava ran down towards the south-east.
Activity at the Lavakegel continued, the lavas first became coarser and later finer.
Probably towards the end of its activity, several other centres, Podocarpus, Fortress
Hill, Kofferberg, Sudberg (south of Fortress Hill, near the path) and Kifinika became
active, producing mainly coarse ankaramites. Three of these centres, which are situated
close together, produced hornblende-bearing lavas towards the close of their activity.
The individual history of each cone followed a similar pattern with an initial spatter
and scoria phase, followed by collapse of a segment, then lavas flowed out, steadily
forming narrow flows aften 2 miles long. Finally lava withdrawal caused subsidence
in the central crater.
This history is independent of the changes in lava type during the life of the cone.
The following lists some of the variation in lava type observed.
1. Fine ankaramite getting coarser—North Kifinika.
2. Fine ankaramite getting coarser, then getting finer—Lavakegel.
3. Coarse ankaramite getting finer, horneblende appearing late—
Kifinika, Podocarpus.
4. Coarse ankaramite throughout, hornblende appearing late—
Fortress Hill, Kofferberg.
LAKE CHALA
DESCRIPTION OF CRATER

Lake Chala occupies a crater nearly two miles in diameter. It is at least twice as
large as any other parasitic centre and is undoubtedly a special phenomenon. The
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walls, 200 feet high, are capped by a rim of agglomerate adding another 250 feet to
the height of the crater walls on the south-west side. It is known from soundings that
the walls descend for another 300 feet below the water surface. The walls slope in at
45° and are composed of basalts of the Neumann Tower group. Fragments of these
basalts occur in the cone together with numerous blocks of metamorphic rocks from
the Precambrian basement which is probably in situ about 400 feet below the lake
surface.
The volume of the crater is over 1.7 cu. miles, the volume of the ring of coarse
explosive debris is only about 0.009 miles.
CALCAREOUS TUFFACEOUS GRITS

No lava can be attributed to this cone. Any near the rim is olivine basalt and
typical of the country rock. There is, therefore, a large deficiency of material. This
may be explained by the occurrence surrounding Lake Chala and extending south
and south-west from the crater of an extensive spread of well-bedded deposits covering
about 100 sq. miles with a volume probably exceeding 1 cu. mile.
These are the calcareous tuffaceous grits. These grits are well bedded with even,
gently dipping strata 6 inches to 12 inches in thickness. The constituents are usually
of sand size and the grains are more or less rounded rock fragments consisting of
basaltic lavas or metamorphosed basement rocks. The cement is calcareous, consisting
of fine-grained carbonate powder, and patches of recrystallised calcite.
The deposit blankets the country south and south-west of Lake Chala and gorges
over 50 feet deep, cut entirely in this rock, have been seen.
ORIGIN OF THE GRIT

The grit is thought to have formed by the explosion of gases at the site of Lake
Chala. The gases were accompanied by carbonate tuff emission and powdered country
rock, and together they spread downhill south of Chala as a cloud of suspended
material. They may have been probably defiected west by prevailing winds. Similar
tuffs are known associated with the Rift Valley volcanoes in Central Tanzania (Downie
and Wilkinson, 1962).
LORU KENGE

South of Lake Chala, on the Tanzania-Kenya boundary, two small hills, Loru Kenge
and Boundary Point 61, appear at a glance to be small parasitic cones but they are
composed entirely of calcareous tuffaceous grit, domed up to a height of 50 to 100
feet over circular areas 100 to 200 yards in diameter. Lava is exposed in the core
of one but not in the other.
Bear (1955) considered them to be due to faulting, but there is no evidence of this.
They may have been formed by differential compaction over a buried hill or by
updoming by underground expansion of gases.
REGIONS OF SUPPOSED PARASITIC ACTIVITY
Hans Meyer (1900) recorded numerous parasitic and tuff zones. Some of these can
now be eliminated, leaving only those already discussed. The cones he records on the
northern flanks of Kibo are in fact lava blisters of the Inner Crater and Caldera Rim
lava flows. Those recorded by him north-east of Mawenzi are lahar mounds.
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Bear (1955) also interpreted the lahar mounds east of Mawenzi as vents and a
parasitic zone shown in Wilcockson (1956) extending north near Laitokitok is part
of the same lahar field.
COMPARISON OF THE ZONES
(a) Age: The age of the various parasitic groups is compared in Table 8.4.
(b) Nature of the Rocks: It can be seen from the table that the latest parasitic
activity, apart from the carbonatitic explosion of Chala, consisted of ankaramite and
picrite basalt effusions from the Rombo Zone and Saddle Zone. This was accompanied
by quite subordinate amounts of olivine basalt and trachybasalt.
Relatively alkali-rich rocks preceded these; trachytes (? phonolites), trachyandesites,
andesites and trachybasalts were erupted from the North Saddle Cones and the eastern
section of the Shira Zone. Some basalt was undoubtedly erupted at this time also,
especially in the western Shira Zone.
These succeeded the extensive parasitic activity of the Lent group, whose phonolitic
and trachytic lavas are confined to the Kibo area. There is also earlier parasitic activity
know in the Shira Zone consisting entirely of basalts. Elsewhere in the Kilema and
Kibongoto Zones, basalts were also the earliest manifestation of parasitic activity.
(c) The Form of the Cones: The broad, wide-crater cones of Shira are trachytic
cones; the steeper, narrow-crater cones of the Rombo Zone are ankaramitic. These are
the only differences associated with petrography of the lavas. All others are attributed
to age and geographic position. An exceptional case is that of Lake Chala which was
formed by gas explosion.
CONTROL OF PATTERN
Many of the parasitic cones show alignment which may be taken to indicate the
presence of feeding fissures, the existence of which is confirmed by the presence of
dykes beneath eroded cones in the Shira, Saddle and Rombo Zones.
The parasitic zones are in some cases clearly linear with minor linear groups also
recognisable within the zone. This suggests a swarm of dykes parallel to the parasitic
zone reflecting either a fundamental fissure in the basement up which magma is leaking
or an underlying magma chamber elongated in the direction of the zone.
Unfortunately, the controls over the linear patterns on Kilimanjaro are not easily
explained. The main lineations in the area are grouped as follows:
1. The Kilimanjaro Depression
.
.
090-270°
2. Mawenzi-Kibo-Shira line .
104-284°
Mawenzi dyke swarm
.
.
105-285°
3. Saddle Zone
.
.
.
.
116-296°
Axis of bulk of Kilimanjaro
119-299°
Shira-Lent Zone .
.
.
.
125-305°
Rombo Zone
.
137-317°
4. Pangani Faults
.
.
.
.
168-348°
Kilema Zone
.
.
.
.
171-351°
Of these there is only a clear relationship in the last group between the parasitic
centres in the Kilema Zone which lie on the extended line of the East Pangani Fault.
This dates from an early stage in the volcanic history
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The next lines to be formed were those in the second group which is more or less
aligned along the Kilimanjaro Depression. The establishment of three centres and the
dyke swarm all date from the second phase of the mountain's volcanic history.
The third group of lineaments relate to later developments along more NE-SW
lines. The Shira Zone and Rombo Zones lie on similar lines but otherwise no connection
between them exists. The Rombo Zone is confined to the south-east area, the Shira
Zone to the north-west segment. The Rombo Zone is dominantly ankaramitic, the Shira
Zone mainly trachytic and phonolitic. Finally, they are clearly of different ages. A
possible explanation of their linearity is that they are aligned along a fault, developed
as late as the Middle Pleistocene. This fault was used as a channel for trachytic flows
in the Shira area and later by ankaramitic lavas in the Rombo region.
There are within the parasitic zone a number of minor linear groupings, frequently
transverse lines of three or four cones can be recognised. No significance is attached to
these.

Chapter Nine

VOLCANOLOGY
INTRODUCTION

Whereas Shira and Mawenzi are extinct and, indeed, deeply eroded centres of former
volcanicity, the Kibo centre shows residual fumarolic aaivity. It is proper that this
account should consider briefly the present state of this activity and any in the more
recent past. In view of the high density of population on the flanks of the mountain,
and the high potential value of the crops grown in the volcanic soil, it is also pertinent
to enquire into the possible future.
The history of volcanological observations on Kibo has been treated in some detail
by Richard (1945) and only a summary of the salient parts is given here. The first
persons to ascend Kibo were H. Meyer and E. Purtscheller, who reached the highest
point and named it Kaiser Wilhelm-Spitze on 5th October, 1889. On 18th October
they attempted to reach the inner cone but were turned back by difficulties in the nieve
penitente. Although there is some confusion in the matter, stemming from his own
writings, there is little doubt that Meyer realized the existence of an "eruption cone"
and appreciated its significance, but believed that no crater had been formed. In his
own words (1900, p. 317)—"Der Eruptionskegel hat seine laven zeimlich flach und
breit ergossen, anscheinend ohne einen Krater zu bilden."—"The eruption cone
produced a fairly flat and broad outflows of lava, apparently without forming a crater."
The existence of a small explosion hole in a sketch of 1889, made by Meyer, and also
in the expedition's map of 1900, seems to be based merely on conjecture, although
Meyer would have been in a position to observe the Inner Crater from the Kaiser
Wilhelm-Spitze (Uhuru Peak), unless lighting or snow conditions made it illusory.
The absence of a crater to the Inner Cone seems to have been the general opinion
of the few visitors to the summit region during the next three decades, and was again
specifically mentioned by Klute (1920).
In view of their ignorance of the existence of an inner crater it is not surprising that
these early explorers observed no signs of continuing activity and considered the
volcano extinct. Jaeger (1909) and Mostertz (1929), however, did note the phenomena
of both general and localized ice-melting and expressed the view that this might be
caused by residual volcanic heat-flow in the calderal region.
Probably the earliest recognition of the Inner Crater, and certainly the first visit to
it, was made by Dr. R. Reusch, Lutheran pastor at Marangu, on 17th July, 1927.
Since then, increasingly frequent visits have been made to the Inner Crater, and already
in 1932, N. Rice published the first moderately accurate map of the caldera of Kibo
(at a scale of 1/10,000) showing Inner Cone and Crater, and also the innermost or
"Ash Cone" and its crater, the "Ash Pit". Neither Reusch, nor other visitors, noticed
any signs of residual activity and some specifically mentioned this.
The first suggestion that Kibo might not be extinct came from the well-known
mountaineer W. H. Tilman who visited the Inner Crater on 21st August, 1933, and
spent the night there. He subsequently recorded in the Kibo Hut logbook seeing
"sulphiff fumes discharging from the outer rim on the south side", and, later, in his
177
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book "Snow on the Equator", that "pieces of sulphur lay about". Reusch revisited the
crater a fortnight later and reported no signs of activity and that Tilman must have
been mistaken. Tilman appears to have been politely disbelieved until 1st July, 1942,
when the late Arthur J. Firmin reported sulphurous fumes, and this was confirmed
during the following month by J. J. Richard, the volcanologist. Since this date it has.
been generally accepted that Kibo is still active and, indeed, some concern has been
expressed, especially by farmers on the lower flanks that the volcano might possibly
erupt again with disastrous results. Some of this apprehension springs from misinformation, but much is probably due to recent eruptions, fortunately in virtually
uninhabited terrain: of Oldoinyo L'Engai, and to the not altogether unreasonable belief
that prior to Tilman's visit in 1933 the volcano must have been inactive, and that the
present fumarolic activity heralds a new, and perhaps violent, phase in the volcano's
history.
From Uhuru Peak, or anywhere on the south and east caldera rim it is difficult to
detect signs of activity unless one knows exactly what to expect, and only then if
visibility is good, or the wind in the right direction. Prior to Reusch even the existence
of an inner crater was doubted. Even during the six years between the first visit to
the Inner Crater by Reusch and Tilman's report of fumarolic activity, there were few
other visitors who would have been in a position to observe or smell sulphurous fumes.
Lack of such reports could be explained as well by the absence of activity as by poor
observing conditions—for example, a period of low activity, or cloudy weather—or
failure to appreciate what was seen. As far as the written record is concerned the verdict
is inconclusive.
Fortunately, there exists photographs of the Inner Crater, taken during the period
of dispute, more particularly Nillson's panorama from Kaiser Wilhelm-Spitz, taken
13th January, 1929, Rice's panorama of 5th January, 1920, and the air-photos of
Mittelholzer, taken in 1929 (?). Today the light-coloured patches of fumarolically
altered lava on the crater-scarp are unmistakable, and similar patches are discernible
on these early photographs. The evidence seems fairly conclusively to point to the
existence of fumarolic (though not necessarily solfataric) activity during the early years
of exploration, even though unremarked. This activity is not a new and sudden phase
in the volcano's history, but has continued over a long period of time, possibly since
the last eruptive phase. This view is supported by the extensive nature of fumarolic
alteration, and the considerable quantities of sulphur deposited (see below).
Since 1942 several people have attempted to make systematic studies of aspects of
the volcanicity of Kibo, though they have been hampered by the serious physical
obstacles to regular study. Important contributions have been made by J. J. Richard,
Lieut. P. C. Spink, by the Geological Survey Officers, D. N. Sampson, N. J. Guest
and G. P. Leedal, and, in 1953, the volcanicity was the object of special study by the
Sheffield University Expedition.
GENERAL DESCRIPTION
Kibo, the central peak of the Kilimanjaro massif, is a strato-volcano with a marked
predominance of lavas over pyroclastic products. It is rather "puy-shaped" and the
upper surface of its dome is punctured by a caldera of subsidence H to If miles in
diameter. The caldera developed eccentrically to the dome, with its centre displaced
to the north, so that the southern caldera rim is considerably higher than its other
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parts. Indeed, for about half a mile the southern rim does not vary more than 5 feet
in altitude and contains Uhuru Peak (19,340 feet) the highest point in Africa. The
older caldera rim therefore slightly overlooks the Inner Cone that rises from the
caldera floor as a fairly symmetrical, flat cone but, again, displaced somewhat
eccentrically to the north of the caldera, and reaching at least 500 feet above the floor.
This latter level is however not the true floor and is made up of the flat-lying
aegirine nephelinite lavas that emanated from the Inner Crater, and strongly contrasting, petrographically, with the nepheline rhomb porphyries of the caldera walls.
The Inner Cone has also been subjected to subsidence along a marginal fault which
has produced a nearly circular crater 900 yards in diameter (Fig. 7.5). The crater
rim is highest in the south-west—about 19,050 feet—and lowest in the east—about
18,910 feet. The Inner Crater floor is about 18,800 feet, but on the west a second
fault gave rise to subsidence in two portions, leaving a broad platform, or "Terrace",
at about 18,850 feet.
Renewed activity in the Inner Crater took place about a new central crater, which
has been called the "Ash Pit". This remarkable hole is almost perfectly circular and
is 370 yards in diameter and 425 feet deep. It is surrounded by a shallow, but
perfectly symmetrical ash rim. This perfectly preserved "Ash Cone" is clearly the
product of the last eruptive activity of the Kibo volcano, which must have been very
mildly explosive.
The inner slopes of the Ash Pit are steep and become vertical at the outcrop of
two massive, nearly horizontal, grey lava flows. It is an interesting feature that, in the
east, the upper of these flows is seen to curve over and back into the crater, reaching
a vertical attitude (see section). The only tenable hypothesis seems to be that the
Ash Pit at one time acted as the conduit for a large lava-lake, and, at a late stage,
withdrawal of magma through the conduit caused the consolidated, but still slightly
plastic skin of the lake to sag into the void. The skin became detached around most
of the periphery, falling as blocks into the central pipe, but the present remnant
remained in position. This coincides closely with Jagger's description (1947, p. 91)
of the mechanism of formation of Halemaumau, and, indeed, even the dimensions of
the two craters are similar.
The formation of the ash rim, mentioned above, must be a later phase, produced
by a clearing of the evacuated throat by magmatic gases. It cannot have been of much
force, since it was unable to raise anything more than ash from the crater, despite the
presence of lava boulders of all sizes filling the bottom.
VOLCANIC RECORDS
THE AGE OF MOST RECENT ERUPTIONS

There is little reliable evidence concerning the last date of eruption. The following
points can be made.
(i) There has been no recorded historical eruption of the volcano, but Europeans
have only been visiting this part of the continent for little more than a century.
(ii) There is, however, a certain Wachagga legend (e.g. see Richard 1945, p. 5)
which could best be interpreted as a folk memory of an eruption of Kibo; possibly
even involving late lava-flows on the eastern flank. Of special interest is the evidence
that the Chagga tribe have not inhabited this region for more than three to four

180

Kilimanjaro

centuries. However, it should also be added that although the Portuguese were almost
certainly aware of the existence of Kilimanjaro* through the reports of Arab slavedealers, no reports of such an event seem to have been recorded. There is the
possibility that the Wachagga have acquired this legend from earlier dwellers in this
region whom they have displaced and perhaps partly assimilated.
(iii) The aegirine nephelinite (Inner Crater) flows which filled the caldera subsidence,
spilled over the rim where it was lowest, and flowed for considerable distances down
the flanks, reaching down to a height of 4,000 feet occasionally. These flows are
abundant on the north and north-east, but also occur on the west side, and appear from
beneath the present ice-cap and glaciers, and must ante-date them. These ice-masses
are banded, presumably seasonally, and although no systematic count has been made,
must represent accumulations of a minimum of a hundred years. At lower levels in the
Weru-Weru these lava flows are overlain by moraines representing two major retreat
stages of the glaciers. It seems likely, therefore, that the formation of the Inner Cone
was complete many thousands of years ago.
(iv) The formation of the Ash Cone and Pit is clearly subsequent to the above
mentioned lava-flows and has remarkable freshness of its form.
(v) No ash-bands have been observed in the clearly displayed stratified ice-sections
in the caldera. Although the ejections of pyroclastic material may have been small, and
invisible to the naked eye, it seems more likely that all eruptive activity ceased before
the present cap accumulated. It should be noted that this does not necessarily put the
activity back to the last interpluvial, since it is likely that the extensive Inner Crater
activity would have melted any existing ice-cap, whatever the prevailing climatic
conditions.
Nothing conclusive can be drawn from the above, but the balance of probabilities
does not favour any eruptive activity within the last 200 years.
VOLCANOLOGICAL OBSERVATIONS

(a) General. Since the confirmation in 1942, by Richard and others, of Tilman's
report of current volcanicity a number of reports have been made on the state of
fumarolic activity in the Inner Crater of Kibo. Unfortunately, because of the great
height of the volcano, these studies have been neither regular nor very systematic,
although Richard, in particular, has done his best to this end. Relevant reports, some
unpublished, which are available are:
Betts,
1951,
Guest & Sampson, 1952.
Richard,
1945, a and b.
Sampson,
1952; 1954.
Spink,
1944; 1945.
Wilkinson,
1954.
Also in 1952, the Geological Survey of Tanganyika published a map of the Inner
Crater (G.S.410) at approximately 1/3000, prepared by Sampson and Leedal, showing
fumaroles and sulphur deposits. This valuable map with some additions made by
Sampson (1954) is reproduced here as Fig. 7.5, and Sampson's fumarole numbers are
those used in this text.
* It is probably the "Mount Olympus of Ethiopia . . . west of this point" (of Mombasa), mentioned in a
Portuguese work of 1530.
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For present purposes volcanological observations may be discussed under the
following headings:
(a) Visual appreciation.
(b) Fumarolic temperatures.
(c) Heat balance.
(d) Fumarolic gases.
(e) Seismicity.
(b) Visual Appreciation. Under this heading are discussed statements, usually rather
subjective, concerning the appearance of activity of fumaroles. They will not be
discussed individually or in detail. Spink's observations led him to assume a definite
increase in activity during the years 1943 to 1945. Richard, however, formed the
impression that between 1942 and 1945 there has been a diminution of activity. The
probable reason for this contradiction lies in the intermittent nature of the activity.
Thus, several observers have noted a general diurnal increase in activity from morning
to afternoon, probably due to an increase in percolating melt-water from solar heating.
It has also been noted that some groups of fumaroles active in the morning are less
so in the afternoon. There is also little doubt that intermittency occurs over periods
of months and, maybe, years. Since visits have been irregular and usually limited to a
few hours only, the observations have been very subjective, and many fumaroles were,
at first, not recognized on account of the absence of steam at the time of the visit. The
amount of fresh snow cover must also be taken into account since, if thick, it may cover
quiescent solfatari, or may, in patches, be confused with areas of fumarolically altered
debris.
There is quite inadequate data to decide whether, since observations began in 1942,
there has been any real increase or decrease in activity. It is certain that considerable
fluctuations have taken place, but it seems probable that there has been no significant
overall increase or decrease in activity.
It would be pointless to reproduce in detail the observations recorded in the cited
literature and only certain selected generalizations are offered here.
(i) In the period 1942-47 the consistently most active fumaroles have been those
of Groups 2 and 9, and, to a lesser extent, 3 and 4.
(ii) Most of the present sulphur deposits and fumaroles currently active were
probably present already in 1942 when Richard first began to record them systematically, although it is not possible to identify each fumarole individually.
Nos. 7 and 8 on the north-eastern cliff were not recorded by Richard (although he
observed the neighbouring No. 6) and may have appeared subsequently, but prior to
1952 when they were mapped by Sampson and Leedal. Alternatively, they may have
been temporarily inactive and not noticed by Richard, since none of this group produced
very obvious fumarolic products to mark their site.
Richard does not record Groups 12-15, the extensive areas of small sulphur patches
on the northern floor of the Inner Crater, while still noting 16. Again, these groups
may have come into existence since, or been present and not observed. The latter is not
unlikely. In 1953 few of these fumaroles were active and if the same were true in 1942
they would probably go unnoticed, especially in the presence of even a thin snow cover.
The group of fumaroles (18, 19, 20, 29) on the eastern slopes of the Ash Pit are
difficult to identify individually. Richard mentions an active fumarole at the right of

182

Kilimanjaro

the foot of the lava pinnacle, which may be No. 19. Spink in 1943 shades the whole
slope as active. None of these fumaroles is easy to identify unless actually exhaling
steam and it is probable that the sites already existed in Richard's time.
On the other hand, Group No. 9, already stated to have been one of the most active
in recent years, was stated by Firmin to have been absent in July 1942, and Richard
asserts that this statement is confirmed by Firmin's photographs. Also, Sampson's
careful mapping and analysis suggests that of the 29 fumarolic groups marked on
Fig. 7.5, as present in 1954, all were in existence in 1952, with the possible exceptions
of 26, 29, and 28 for certain. The observations of the 1953 Expedition confirm this.
(iii) In July 1943, Spink placed 15 pegs to delimit some of the sulphur deposits
of the Inner Crater slope. These have been observed irregularly and some were still
recognizable in 1953. In October 1943, Lieut. I. H. Ash "found no cause to put in
further pegs to demarcate fresh volcanic activity". In February 1945, however, Spink
found that Group 4 beds had extended to the north and the Group 3 ones very slightly
to the south and he put in new pegs to mark these extensions. Again in 1952 Sampson
noted that the Terrace Deposits (Groups 3 and 4) had extended somewhat below
Spink's pegs, but concluded that this was, at least partly, due to slipping of talus. No
further extension was noted in 1953. In June 1954 Sampson again visited the Inner
Crater, with Firmin, to examine the thermograph placed in position in 1953, and
recorded his belief that the fumarole mouths had moved. It seems likely that extension
of the sulphur beds is caused, not by any general increase in activity but, by such a
wandering of the fumarolic vent, causing localized fluctuations in intensity.
(iv) One puzzle lies in Spink's report of fumarolic activity in the north-western
sector of the Inner Crater scarp, though this was among the less active areas. No one
since has observed any fumarolic activity though in 1952 Sampson, a careful observer,
notes a few light patches, unlikely to be sulphur, but not visited. No fumarolic activity
was noted in 1953, but these patches were again not visited, although this would have
been easy, since their significance was not realized at this time. It is possible that
slight steam activity had occurred here, observed by Spink, but since declined.
(v) Most observers have given their impressions of the general trend of activity.
In view of the contradictions and what has been written above, too much importance
must not be attached to such subjective assessments.
(c) Fumarolic Temperatures. The simplest quantitative criterion of the activity of
a fumarole is its temperature and all observers have attempted to make some observations, however incomplete. Two systematic studies have been made. Earliest was that
of Richard who, at his own expense arranged for an African guide, trained by himself,
to make monthly readings at several selected fumaroles.
Thus, from February 1944 until December 1944 monthly readings were made at
five fumaroles, and from then until December 1948 nine fumaroles were recorded. A
few months were missed, on account of bad snow conditions. These valuable data are
plotted in Fig. 9.1 and will be discussed later. Unfortunately, no key to the identity
of the fumaroles is available and direct comparison with other data is not possible.
A second study was made by the 1953 Expedition, which, placed in a continuously
recording mercury-in-steel thermograph at Group 2 in the Inner Crater, and recorded
temperatures at two fumaroles for some weeks. The purpose of this study was to
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determine the nature and extent of fluauations at a single site, with a view to establishing a permanent watch, and also to aid interpretation of "spot" temperatures. Trouble
was experienced with one of the pens so that only one trace of real value, but this
covered a period of 77 days.
The record displays a considerable degree of variation, the major cause of this being
a diurnal component showing a high degree of regularity. The characteristic is a rapid
increase in temperature from 7.0 a.m., followed by a steady or slightly increasing
tendency for the midday hours and a sudden decline around 5.0 p.m. This results in a
range between midday and midnight temperatures of between two and six degrees C,
averaging about 4°C. It is clearly an effect of solar radiation. Since the thermograph
bulbs were buried at a depth of two feet, the effect is almost certainly an instrumental
one, a likely enough occurrence since, for practical reasons, no housing protected the
instrument. For analytical purposes, therefore, this diurnal component is better removed,
and this can effeaively be done by plotting temperatures for a fixed hour each day.
This is done in Fig. 9.2 and, as can be seen, results in remarkably smooth curves,
exhibiting a marked secular variation.
The long-term features displayed are:
(1) A sharp rise to maximum temperature of lOO^C at midnight on 24th July,
1953 (apparent midday temperature 103.5°C).
(2) A steady but slow decrease to a minimum of 78°C (midday 81.5°C).
(3) A steady but slightly faster increase to 101°C at midnight on 4th October, 1953
(midday 104.5°C) when the record was discontinued.
The record is too short to provide much information about the state of activity, but
the following observations may be made.
(i) At 18,825 feet O.D., the approximate altitude of the station, the atmospheric
pressure, depending on weather conditions, generally lies between 328 and 355 mm.
of mercury. At this pressure the boiling point of water is about 80°C.
(ii) Thus, all the recorded temperatures are probably at or above pressure boiling
point. This implies either that these exhalations are primary magmatic gases (unlikely
in view of their composition), or that the volcanic heat flow is at least adequate to raise
the subterranean melt-water to steam. At times the heat supply is in excess of these
requirements and the steam becomes superheated.
(iii) It can be guessed that the fumarole reached another temperature peak soon
after 4th October, 1953, and began to decline thereafter. No subsequent temperatures
have been recorded at this site, but visual observations in 1954 and 1957 suggested
that the activity here has declined.
In view of the nature of the observations above, it can be seen that interpretation of
"spot" temperatures, taken by glass thermometers, is problematical. If the diurnal
variation mentioned above is genuinely an instrumental one, only associated within the
recording thermograph, then the time of day at which glass thermometer readings are
taken may be of no significance. It should be remembered, however, that glass
thermometers, by their nature, are normally read at depths of only a few inches, and
in effectively open holes, and may be influenced by atmospheric temperatures. Again,
the major fluctuations might be totally missed if readings are taken at periods of a
whole month, those temperatures recorded will be affected by the place of the curve
at which the readings occur.
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Bearing these points in mind, the only fair comments on Richard's temperatures seem
to be:
(i) The temperatures at all fumaroles varies between 30^ C and VO^C, none reaching
pressure boiling point. This might be due to a lowered heat flow, or to an excess of
melt-water.
(ii) The fumaroles seem to undergo a period of tranquillity from late 1945 to
mid-1947, with a period of instability before and after, when temperatures varied
rapidly and considerably.
(iii) Apart from this there appears to be no general pattern underlying the variations
from fiunarole to fumarole, or even at any one fumarole. Occasionally, a degree of
reciprocity is seen between fumaroles, but this is not consistent.
Other temperatures have been recorded by Richard, Sampson, Spink and Wilkinson,
all being below pressure B.P., except in two cases (maximum 102^C at Group 9
February 1943). In view of the foregoing, these temperatures can have only a strictly
limited value.
The recorded temperatures are a function of many variables, among the most
important being: the method of taking the temperature, the exact time of determination,
real variations in volcanic heat-flow, and the amount of percolating waters (this latter
being governed by precipitation, atmospheric temperature and solar radiation). Only
Richard has attempted to correlate fumarolic changes with precipitation. In conjunction
with the East African Meteorological Department had arranged for the establishment
of rain gauges and totalisators at several levels on the mountain, and for their monthly
reading by African guides (see Richard, 1945). He also assembled upper air temperatures above Nairobi at 20,000 feet for the same period. In general, he found no
correspondence between external conditions, i.e. precipitation and upper air temperatures, and the mean fumarolic temperatures, except for the period February to June,
1944, when the mean fumarolic temperature and precipitation curves were the inverse
of each other.
Conclusions:
(i) The existing data are far too meagre to be able to draw many valid conclusions.
(ii) There does appear to be a cyclicity of events, with alternation of tranquillity
and activity, and a corresponding variation of fumarolic temperatures.
(iii) As far as temperatures are concerned there is no evidence to support the idea
of an overall increase or decrease in fumarolic activity.
(d) Heat balance. As pointed out above, as early as 1909 Jaegar had suggested that
the obvious melting of ice-masses in Caldera might be caused by volcanic heat flow.
An attempt has been made (Wilkinson, 1954) to test this quantitatively. A detached
ice mass—^the "Ice Dome"— on the slopes of the Inner Cone, which had been well
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observed over the years, and whose dimensions were therefore roughly known was taken
as a test-cone. The diminutions in volume over a twenty-year period, was computed
together with heat requirements to accomplish such melting. The required heat-flux
was found to be of the order of only 5 % of the theoretical annual solar energy receipt,
and it was judged that an abnormal geothermal gradient was an unnecessary hypothesis.
No account was taken of addition precipitation, but this is known to have been
relatively small and could not seriously affect the validity of the conclusion.
(e) Fumarolic gases. With a single exception, no attempt has been made to analyse
the fumarolic gases, and past statements have depended solely on olfactory determination.
Thus, Richard states that in February 1943 the fumes from Group 9 consisted
mainly of steam with some SO2, but that no CO2 nor H2S was noticed. Spink says that
only once in 1944 did he smell an acid gas other than sulphur. Sampson in 1952
observed that the dominant smell around the solfatari was the slightly spicy colour of
elemental sulphur, and SO2 and H2S were infrequently detected. However, the 1953
Expedition used lead acetate papers at several fumaroles and detected measurable
hydrogen sulphide. The pH of the condensed steam was in the region of 5.
Since the problems of taking adequate gas samples and storing and transporting them
for subsequent anlysis in U.K. were so great, the 1957 Expedition made an attempt at
crude analysis on the spot. The apparatus used was a simple hand-pump, which drew
gas over chemically prepared filters, designed for air-pollution studies, and loaned by
courtesy of Dr. G. H. Booth of the Ministry of Fuel and Power. Owing to adverse
circumstances too little time was available for a study of more than one fumarole—
No. 1—and the sensitivity of the apparatus and filters was found to be such that only
a general indication could be given.
As in previous years the nose detected little other than elemental sulphur but H2S
was present in quantities very much in excess of 1 p.p.m. The SO2 filter showed no
decolourization after seven pumps and could only have been present, if at all, at
concentrations much lower than 2 p.p.m. The temperature of the fumarolic gas
was 78°C.

Chapter Ten

SUMMARY HISTORY OF KILIMANJARO
PRE-VOLCANIC DEFORMATION
At the beginning of the Pleistocene the Kilimanjaro area lay near the active edge
of the End-Tertiary Peneplain (see chapter 3). It was a region of extensive plains with
a few Precambrian hills rising above the alluvial tracts of the main Eyasi-Manyara
drainage system.
Deformation of this plain began in the area during early Pleistocene and may have
been accompanied by the first volcanic activity. This deformation consisted of the
extension of the Rift Valley system eastwards from the Natron-Manyara line by a
system of oblique faults and downwarped basins to the Kilimanjaro region where it
encountered the north-south faults delimiting the Pangani Valley. The formation of
this east-west trough, the Kilimanjaro Depression, was the trigger for the onset of
volcanism in the area.
THE EARLY VOLCANOES
At several points round the foot of the mountain deeply weathered lavas are exposed
associated with many relatively degraded parasitic cones. The main regions are 01
Molog, Kibongoto and Kilema. Radioactive ages indicate they are about 1.0 million
years old. These are the oldest known lavas and are believed to be representative of
the earliest activity (Table 10.1). They are dominantly olivine basalts, uniform in
character over this wide area with only minor variations.
This activity from many small centres was controlled by faulting, at least in some
places, as shown by the Kilema line. They built up a low complex shield, probably
with no summit exceeding 10,000 feet in height but extending virtually over the whole
area now occupied by Kilimanjaro.
THE MAIN CENTRES
In the later part of the Lower Pleistocene activity became centred at three main
points and the cones of Shira, Kibo and Mawenzi began to take shape. The earliest
lavas of Shira and Mawenzi are known to be mainly basaltic like those of the original
active centres, those of Kibo are not exposed but are presumed to be similar. Some
activity on Mawenzi and possibly Shira was from small parasitic vents on their flanks;
they also produced basaltic lavas.
The main cones reached heights of about 16,000 feet at this stage, all probably
operating together and producing similar lavas of basaltic and, later, of trachybasaltic
type. However, towards the end of the Lower Pleistocene the three centres began to
develop individual characteristics.
Shira went through a phase of producing undersaturated lavas, ankaramites and
nephelinites not long before activity ceased. Finally, the vent filled with analcime
dolerites and agglomerate of the Paltzkegel group. The final height reached by the
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Table 10.1
Table showing correlation of lavas.
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cone was probably 16,000 feet. Then after a period of erosion there was further
volcanic activity also of strongly undersaturated lavas. Aegerine nephelinities were
erupted from a small centre and ijolites and associated lavas were formed at an unknown
centre east of Shira. The Lower Nephelinite group on the Amboseli Plains may belong
to this period.
Mawenzi activity took a different course. The lavas became more alkaline passing
from predominantly basalt flows through trachybasalt to trachyandesite. Activity moved
from the Neumann Tower to the Main Mawenzi Centre. The cone reached a height of
about 18,000 feet and afterwards became extinct. The final activity was the emplacement of the syenitic plug rock and the collapse of a segment of the cone to form the
Mawenzi lahar.
Kibo was similar to Mawenzi producing trachyandesitic lavas at a height of about
18,000 feet but it continued aaivity long after the last eruptions of Mawenzi.
THE KIBO AND PARASITIC STAGE
Now, at the end of the Lower Pleistocene, activity of the main centres was confined
to Kibo but elsewhere many minor parasitic eruptions took place.
The Lower Kibo Trachyandesite group is followed by the first evidence of glaciation
on the mountain. The Lava Tower group that came next is a relatively brief period
when trachytes were erupted. It is followed by a break when erosion occurred and
then followed a longer succession of lavas that became progressively more alkaline.
The Upper Trachyandesite group is succeeded by the mugearitic Upper Rectangle
Porphyries.
Another period of erosion ensued and there was some violent eruption on the southwest of Kibo forming the Weru Weru agglomerates. At about this time also the Upper
Nephelinites of the Amboseli area must have been formed.
Parasitic cones in the Shira region produced some basaltic lava before the onset of
the rhomb porphyry volcanicity, which began with the Penck Rhomb Porphyry group.
This may have coincided with a glacial episode. The Main Rhomb Porphyry group
that followed is the dominant lava of the Middle Pleistocene. It erupted from the
Kibo vent and from flank fissures. Their character is essentially trachytic.
After they ceased there was a widespread glaciation before the non-porphyritic
trachytes and phonolites of the Lent group were erupted from flank fissures round
Kibo.
Further parasitic activity continued on the flanks of Shira and on the Saddle producing lavas of a trachytic and mugearitic nature.
Later activity focused once more on Kibo. Caldera faults developed at the end of
the Middle Pleistocene during the eruption of the Small-rhomb Porphyry group. The
Kibo syenite was intruded during caldera subsidence.
THE FINAL STAGES
At the beginning of the Upper Pleistocene the third glacial episode was taking
place and the phonolitic rhomb porphyries of the Caldera Rim group were erupted.
A crater, possibly a caldera, was formed and collapse of its outer flanks in the
Barranco area formed the Kibo lahar. But volcanic aaivity now had become more
sporadic, smaller volumes were erupted in each episode (see Table 10.2) and there were
longer intervals between active periods (see also Table 4.6).
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Table 10.2

TABLE SHOWING VOLUMES OF LAVAS
Group
Parasitics:
Chala
Rombo Zone
Shira Zone
Lent group
Kibo:
Inner Crater
Caldera Rim
Small-rhomb Porphyry
Syenite
Rhomb Porphyry
Upper Rectangle Porphyry
Upper Trachyandesite
Lower Rectangle Porphyry
Lava Tower Trachyte
Lower Trachyandesite
'unexposed'
Mawenzi:
all lavas and pyroclastics

Shira:
all lavas and pyroclastics

Old Volcanoes:
Ol Molog, Kibongoto,
Kilema Zone and
unexposed lavas
Total volume of Kilimanjaro

Predominant
Lava types

carbonatite
ankaramite
trachyte, 'andesite'
phonolite, trachyte

nephelinite
phonolite
phonolite
syenite
trachyte
trachyandesite
)5
13

trachyte
trachyandesite
„
? trachybasalt

Volume
(cu. miles)

0.50
2.82
2.14
10.92

0.32
2.59
1.97
3.29
36.60
12.79
13.37
19.39
0.24
16.80
120.0*

trachyandesite,
trachybasalt,
basalt

120.0*

trachybasalt,
nephelinite,
basalt

120.0*

basalt

672.0*

1145.74

* Figures only rough estimates based on ideal geometry of cones.
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The next activity affected only the Saddle area and the Rombo area of Mawenzi
where many parasitic vents erupted the ankaramitic lava characteristic of the Rombo
Zone.
Volcanic aaivity then ceased for a time during which the moraines of the Fourth
Glaciation were formed. This is about the same age as the early Wurm Glaciations of
Europe. The final eruptions of Kibo which followed produced the aegerine phonolite
flows of the Inner Crater group and established the present caldera and Ash Pit. This
may well have been the time when carbonatitic gas explosion formed Lake Chala and
when the sepiolitic Amboseli Clays were deposited.
These events marked the end of the volcanicity. The glaciers, however, returned
and the moraines of the Little Glaciation were formed, marking the end of the
Pleistocene.
Kilimanjaro has been dormant during the Holocene with only fumarolic activity
taking place. The ice disappeared but later returned to form the moraines of the Recent
Glaciation which ended some two hundred years ago.

Chapter Eleven

PETROGRAPHY AND PETROLOGY
PETROGRAPHIC NOMENCLATURE
The problems of volcanic nomenclature are well known and stem from two factors;
the difficulty of identification of phases and the existence of disequilibrium assemblages.
The former difficulty arises from extremely fine grain-sizes and the frequent occurrence
of glass. The latter results from zoned crystals, patchy optics, reartion and resorption
textures and large compositional differences between phenocryst and groundmass phases.
Added to these faaors is a natural individualism and contentiousness among petrologists
which has resulted in an absence to date of general agreement on the principles of
classification of igneous rocks let alone a reasonably widely accepted nomenclature (see,
for example, Streckeisen, 1967). Differing petrographic usages have led to much confusion in petrogenetic hypotheses in East Africa, as elsewhere. For example, Williams
(1969) has used the term "mugearitic olivine basalt" and the average Mawenzi
trachybasalt has a composition very close to that of average hawaiite (but with 2-3%
higher normative or and an). It is considered, however, that both these names are at
present petrogenetically loaded and they have been avoided.
It is suggested that a careful examination of the chemistry of the whole East African
Rift Province might result in a considerable simplification of the petrogenic and
nomenclatorial position and that such an examination is overdue. For this reason it was
decided to avoid the use in this memoir of all but the most general of petrographic
names and to define these normatively. This follows the increasing tendency in recent
years among volcanic petrologists to turn again to chemical classification, often of an
extremely simple nature, for example Le Maitre (1960) and Baker et d. (1964). This
has resulted in the main from the increased facility with which rocks analyses can be
obtained by "rapid" and physical instrumental methods. In this respect sufficient
chemical analyses are now available to be able to begin to make some sense of the
petrological affinities of the Kilimanjaro rocks. In consequence the following system
has therefore been adopted in this work. Tables 11.1 to 11.5 give data concerning the
available rock analyses, in the explanations to these tables three types of information
are given:
(1) the petrographic name in the form given by the author who originally described
the rock or alternatively a "field" name based on lithology as seen in the field, sometimes supported by microscopic evidence.
(2) a concise mineralogical description of the rock where this was available to the
authors.
(3) a "systematic" name based on the C.I.P.W. norm, which therefore takes account
of most of the major components.
It is considered that such a procedure will provide adequate information to avoid
the more obvious pitfalls until more general agreement about classification is reached.
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Regarding the "systematic" classification, existing normative or chemical systems
were inspected and most were found to be too elaborate or outdated. Rittmann's system
has many excellent features, but requires additional calculation and, moreover, has not
been widely adopted. It was decided to design a classification based solely on normative
composition but which remained as close as possible to current trends in modal
classification and nomenclature.
The three parameters on which the present classification is erected are:
1. Colour Index,
2. Felspar ratio,

CI = !i normative femic constituents as weight %
0 R = normative

or X100
weight %
(ab + an+or)

lOOXfoids
weight %
(or + ab + an+folds)
where foids= normative (ne + lc+kp)

3. Felspathoid content, FOID =

The following normative classes may then be recognised:
F0ID<5;
OR<10;
C I < 30—andesite
CI>30—basalt; ol + hy>3—olivine tholeiite
CI>60—ankaramitic basalt, pyr>ol
oceanitic basalt, ol>pyr
OR 10—25;
CK30—trachyandesite
CI > 30—trachybasalt
OR 25-65;
latite
OR 65-100;
trachyte
FOID 5-33;
OR<10;
ol<5 —tephrite; CI>60—melatephrite
ol>5 —basanite; CI>60—melabasanite
OR 10-25;
phonolitic tephrite
OR 25-65;
nepheline latite
FOID 5-67;
OR 65-100;
phonolite
FOID 33-67; OR<10;
nephelinitic tephrite
OR 10-25;
unoccupied, no name
OR 25-65;
tephritic phonolite
FOID 67-90;
OR 0-50;
tephritic nephelinite
OR 50-100
phonolitic nephelinite
FOID 90-100;
CI<70—nephelinite
> 70—melanephelinite
These subdivisions differ little in nature or ratio from any other widely used systems,
except in that the parameters are normative instead of modal; although this is by no
means a unique procedure. Even if the normative basis is accepted some petrologists
may still object to the actual values of the parameters chosen as boundaries. No claim
of general applicability is made for this classification. The class limits chosen reflect
the natural trends and clustering of the Kilimanjaro rocks, and until the chemistry of
igneous rocks is more fully understood and there is more general agreement on
classification, this appears to be a sensible procedure.
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Regarding the nomenclature, although the author considers some of the adjectival
combinations could be confusing, all the names are in common use in senses similar
to those used here. It was considered better at this stage to retain these names than to
propose new ones or to resurrect little-used ones.
Of the field petrographic names used in this memoir only one—rhomb porphyry—
merits special attention. This is because of the confusion of nomenclature of the rocks
so-named that has arisen in the past, and also because of the use of the term "kenyte"
for similar rocks on Mount Kenya.
The term "rhombenporphyr" was first used in 1810 by von Buch for some
porphyritic rocks around Oslo, mostly dykes but also flows, which show felspars with
rhombic sections in a dark-grey matrix. Subsequently, in 1890, Brögger recognised
varieties which he described as nepheline rhomb porphyry, quartz rhomb porphyry
and so on.
Rocks of similar type in East Africa were first described by Rose and Roth (1863-4)
who used the term "trachyt" for rocks collected at a height of 13,800 feet on
Kilimanjaro. Bonney (1885) used the term "orthoclase-bearing augite andesite" for
similar rocks from Kibo and Hyland (1888) placed Kibo rocks among the nepheline—
and leucite—basanites.
In 1900 Gregory described briefly rocks from Mount Kenya, which due to some
confusion, he compared to the totally dissimilar rocks of Mawenzi, and named them
"Kenytes". Unfortunately he missed the nepheline phenocrysts in these rocks.
In 1902 Finckh again drew attention to the similarities between the kenytes and some
Kilimanjaro rocks, although this time they were the right ones from Kibo. He discredited Hyland's use of the term basanite for the rocks but was unprepared, in the
absence of analyses, to use Gregory's term kenyte. Being impressed by the similarities
to the Oslo rocks he proposed the use of the term "rhombenporphyr" although he still
included rhomb porphyries and kenytes as extreme members of the trachydolerite
family, another factor which has probably led to confusion.
In 1903 Prior adopted the term kenyte to describe Kilimanjaro rocks. In 1931
Campbell Smith redescribed Gregory's specimens and noted Gregory's omission of
nepheline from his definition of the term kenyte so that his description did not fit the
rocks for which they were intended. He also noted that the Kibo rhomb porphyries
that he had available could really only be compared with the nepheline-bearing rhombporphyry of Vasvik and that equivalents of the normal rhomb porphyries of the Oslo
region had not been found in East Africa. He expressed the opinion in 1950 that the
term kenyte would be better restricted in use to Kenya.
In 1945 Shackleton redescribed the kenytes of Mount Kenya including nepheline
phenocrysts in the definition.
The 1953 field season convinced the authors of this memoir that there were both
nepheline-free and nepheline-rich rhomb porphyries on Kibo and that there was a
gradation between the types. If the term kenyte was adopted for the nepheline-bearing
varieties it would either obscure the unity of this series of rocks or a term such as
"nepheline-free kenyte" would have to be coined. Rhomb porphyry is a good descriptive
field name and there is already a precedent (Brögger) for modifying it to nepheline
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rhomb porphyry, etc. Nephehne-free rhomb porphyries similar, though not identical,
to the Oslo rhomb porphyries exist on Kibo. The system of nomenclature used in
this memoir (see Chapter Seven, especially pages 116-117) was therefore adopted.
More recently the Mount Kenya quarter degree sheet has been described by Baker
(1967) and in this rhomb porphyries and porphyritic phonolites are recognised as well
as kenytes. The rhomb porphyries have no macroscopic nepheline (c.f. Kibo) and the
kenytes are recognised as "glassy or crystocrystalline, locally devitrified, varieties of
porphyritic phonolite", both bearing nepheline phenocrysts.
In the light of the above facts the authors see no argument for departing from the
nomenclature for Kilimanjaro rocks used in the present work.
One other confusion that is worth clarifying is the common reference in the early
German work to leucite rhomb porphyries. According to Finckh's description the
leucite does not apply to a macroscopic phase but to very small crystals in the groundmass of some of the rhomb porphyries. On the basis of the chemical composition of
these "kenytes". Lacroix doubted the identification and suggested that they were more
likely to be primary analcimes. Campbell Smith later added his support to this idea
by comparison with analcime-bearing kenytes described by Dixey and himself from
the Lupata Gorge distria. During the present work similar trapezohedra were also
found in the groimd-mass of Inner Crater group phonolites and identified by X-ray
diffraction as analcime.
PREVIOUS WORK
It is not intended to summarise previous work since it has been very piecemeal,
besides much of it is very early and the petrographic nomenclature is liable to cause
confusion. (A comprehensive bibliography is given at the end of the volume.) The
following authors have reported petrological or petrographic work on Kilimanjaro
rocks:
1863-4 Rose and Roth
1885
Bonney
1888
Hatch, Hyland
1891
Rosival
1902
Finckh
1903
Prior, Finckh
1906
Finckh, Lacroix
1914
Finckh
1920
Finckh in Klute (1920)
1923
Lacroix
1934
Oates
1935
Teale, Oates
1956
Wilcockson et al, Downie et al.
1963
Abdullah, Sahu
1964
Saggerson and Williams
1965
Wilkinson and Downie
1966
Wilkinson
1968
Sahu (a, b)
1969
WiUiams
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GENERAL EVOLUTIONARY TRENDS
The use of normative or, ab, an and foids, together with the colour index as an
ancillary parameter (see para 11-1) for petrological classification purposes is illuminating, since plotting individual rocks on a triangular or —(ab +an) —foids; or + ab + an-|foids = 100, shows that the main centres are characterised by distinctive and nonoverlapping trends. This may best be summarised below:
1. Main Centres:
Phonolitic tephrite/basanite
• SHIRA
Y AMBOSELI
Ankaramitic—Trachybasalt—Trachyandesite—Latite—Nepheline latite—Phonolite
basalt
( ? = alkali
basalt)
^
MAWENZI
• ^
KIBO
•
2. Parasitic Centres:
1. Nephelinitic tephrite—tephritic nephelinite—melanephelinite
2. Tephritic phonolite—(phonolitic) nephelinite.
The Mawenzi and Kibo fields do not overlap but appear to be continuous with each
other. Shira overlaps the Mawenzi field in only a minor way and may be continuous
with it, like Kibo, but diverging to a totally different trend. Amboseli rocks (Lower
Olivine Basalt group and Lower Nephelinite group) completely overlap the Shira range
with the exception of one analysis. Rocks from parasitic centres group into two
distinctive trends overlapping with no other fields.
The present work assumes that these groups represent real evolutionary trends and
that the differences mentioned result from differences in parental magma, differentiation
process, physical conditions, or from a combination of two or all three of these.
CHEMICAL DATA
Major element data is currently available for eighty-four Kilimanjaro rocks and is
presented in Tables 11.1 to 11.5. A range of trace elements has been determined for
forty-eight of these rocks. About half of the major-element analyses have been
previously published, but the remainder and all the trace-element determinations have
not previously appeared.
(a) Arrangement of Tables: The analyses have been grouped into five tables
corresponding to the major centres of eruption.
Table 11.1. Amboseli lavas, including the Lower Olivine Basalts and Lower
Nephelinites of Williams (1969), the oldest known eruptions in the Kilimanjaro region
and possibly belonging to a primitive shield or fissure volcano which forms the core of
the present structure.
Table 11.2. Mawenzi rocks
Table 11.3 Shira rocks
Table 11.4 Kibo rocks
Table 11.5 Rocks from the parasitic cones and miscellaneous rocks
Within the tables analyses are arranged, as far as possible, in stratigraphic groups
in order of decreasing age. Where stratigraphic ordering has not been possible a measure
of increasing degree of magmatic differentiation has been used (for example, increasing
normative nepheline content for Kibo rocks).
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Most of the early analyses by German and French workers are of rocks which are
poorly described or inadequately located (for example, "S.E. Kilimanjaro"). On the
other hand, a combination of locality and rock-name together with chemistry makes
fairly certain ascription to a stratigraphic group possible, although the position within
the group is unknown. In these cases the analysis has been included at the end of the
group. Some analyses have totally defeated classification and these analyses have been
included at the end of the appropriate table or with the "miscellaneous" rocks.
(b) Analytical methods: All major element analyses have been made either by
"classical" or "rapid" wet analytical methods. In all except the early German analyses,
the sulphur determinations have been made by X-ray fluorescence spectrometry. No
general statements can be made about precision or accuracy and assessment must be
based on the analyst and date of analysis. However, except for one on two doubtful
cases, the conformity of individual analyses with others in the same petrographic or
stratigraphic group suggests that for many purposes, such as those of this chapter, most
of the analyses are of acceptable quality.
The trace elements of many of the rocks have also been determined by emission
spectrography but, for various reasons, the values quoted in the tables were all determined by X-ray fluorescence spectrometry. Determinations were all made by Mrs.
S. M. Rhodes and P. Wilkinson on a Phillips PW1220 semi-automatic X-ray
Fluorescence Spectrometer using W-radiation on bricquetted powders. Matrix corrections were made using experimentally determined mass-absorption coefficients using the
method of Norrish and Chappell (1967). Calibration curves were constructed by spiking
a suite of the rocks at three or four levels. The results obtained showed good selfconsistency and it is believed that the analytical precision (not including sampling error
at the field and hand-specimen level) is generally at least as good as ± 5 % . Analytical
accuracy, in the almost total absence of good trace element standards, is difficult to
assess. Comparison of values obtained on U.S.G.S. standard rocks with published
values suggests that accuracy is good and rarely, if ever, exceeds ± 2 0 % of the best
available value, and is mostly better.
(c) The chemical data: The tabulated data is largely self-explanatory, but several
observations are necessary.
(i) Conventions: n.d. = not determined
t r . = trace only
— =zero concentration i.e. below lower level of detectability
for element
(ii) Major elements: Where oxides other than the fifteen quoted have been
determined reference is made to this in the explanation that accompanies each
table.
Sulphur is quoted as elemental sulphur although the chemical association
is not known in the rocks. Opaque sulphides certainly occur in most of the
Kilimanjaro rocks: sulphate is not known to occur.
The summation incorporates an oxygen correction based on the assumption
that sulphur is present as pyrite (FeSa). Any element determination not shown
in the table (e.g. BaO, SrO, ZrOa) are included in the summation and listed
in the explanation to the table,
(iii) C.I.P.W. Norms: These are computer calculated on the basis of the standard
oxides SiOs, TiO^, AlsO,,, Ft^O-,, FeO, MnO, MgO, CaO, Na^O, K^O,
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P2O5, CO2. Even where other elements are known these have not been used
in the calculation in order that all norms should be comparable. Sulphur
would have been incorporated but the data only became available at a late
stage in the compilation. To simplify the tables only twelve major normative
minerals are quoted, but any other components are summed as "Rest" and
itemised in the explanation.
(iv) Cation %: The analyses have been recalculated so that S i + T i + A l + F e +
M n + M g + C a + N a + K + P = 100.00. In addition the "oxidation ratio",
Pe3+ypg2+^ and the soda-lime ratio, Na/(Na+CaK) are listed as commonly
significant parameters. By an error, discovered at too late a stage to correct,
the latter parameter has incorrectly been labelled Na/(Na+K) in the Tables
and on Figure 11.1.
(v) Trace elements: As stated above, trace element determinations are by X-ray
fluorescence. However, a few values determined by classical methods are
available for some early analyses and these have been listed for completeness,
but enclosed in parenthesis.
(vi) Derived parameters: Four commonly used measures of degree of magmatic
differentiation have been added in the last four rows. They are:
L.N.= Larsen-Nockolds Value=(1/3 S i + K ) - ( C a + Mg),
see Nockolds and Allen (1953)
S.I.= Solidification Index=MgX100/(Mg+Fe^+-l-Fe=+ + N a + K ) ,
see Kuno (1957)
C.I.= Crystallisation Index, see Poldevaart and Parker (1964)
D.I.= Differentiation Index = Sum of normative weight percentages
(Q+or+ab-t-ne+lc+ks), see Thorton and Tuttle (1960)
Chemical analyses of rocks from the Amboseli area (Explanation of Table 11.1)
1. Author's name: Zeolite basanite, 59/488
Systematic name: Phonolitic basanite
Locality: 1 mile east of Lemomo vent, Amboseli area
Stratigraphy: Lower Olivine Basalts, Plbi, type A
Analyst: J. Furst
Reference: Williams (1969)
Mineralogy: Not specifically described
Norm includes: cc=1.30%
2. Author's name: Olivine basalt, 59/573
Systematic name: Phonolitic basanite
Locality: Southern end of Engong Narok swamp, Amboseli area
Stratigraphy: Lower Olivine Basalts, Plbi, type C
Analyst: J. Furst
Reference: Williams (1969)
Mineralogy: Not specifically described
Norm includes: cc=0.02%
3. Author's name: Mugearitic olivine basalt, W.369
Systematic name: Phonolitic basanite
Locality: Kitenden watercourse, Amboseli area
Stratigraphy: Lower Olivine Basalts, Plbj, type C
Analyst: J. Furst
Reference: Williams (1969)
Mineralogy: Not specifically described
Norm includes: cc=1.18%
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Table 11.1
CHEMICAL ANALYSIS OF ROCKS FROM THE AMBOSELI AREA
SiOi
TiOi
AI2O3
FsjOj
FeO
MnO
MgO
CaO
Na^O
K2O
H2OH2OP2O5
CO2
S

<3 38
3-73
1504
268
10 79
0 17
7 40
1131
2-50
1-27
0-52
0-23
0-75
0-57
n d.

4457
3 88
1462
3 10
1043
0 23
7 20
1009
3-42
119
0-14
0-06
109
0 01
n d.

44-72
3 01
1187
3 32
935
0 19
9 21
1194
2 72
1-36
058
0 42
0 40
0 52
n d.

46 82
2 54
1569
3 51
701
019
3 25
1103
4-48
1-96
015
0 08
0 50
3 26
n.d.

47U
316
1174
4 81
7 78
018
1014
10 75
2 35
0 69
0 49
0 26
0 37
tr
n d.

47 10
322
1190
3 49
916
0 18
10 30
10 65
2 29
0 69
0 35
0-23
0 33
0 02
n d.

3715
4 27
13 92
5 62
7-22
0-25
5 94
1519
4-44
1-33
1-67
0 81
108
0 84
n.d.

39 98
3-85
1227
582
7 57
0-22
8-25
15-47
2 49
0-74
1-72
0-61
0 68
0-06
n.d.

100 24

100-03

99 61

100 47

99 86

99 91

99 73

99-73

1311

13 22

12-34

10 17

12 11

12 30

12-23

Q
or
ab
an
na
di

7-51
15-76
26-07
2 92

7-03
20-60
21-03

804
1335
16 16

11 58
3272

408
19 89
19-45

4-08
19 38
20 16

_
—
14 13

452
17-77

5-23
29 97

hy
ol
mt
hm

15 81
3-74

1447

4-50

13-21
481

7 08
178
130

7-37
2-58
0-02

Si

41-21

Ti
Al

2 67
16-84
1-84
8-57
0-14
1048
1151
4 60
1-54
0 60

£
ZFCO

12-81

C.l.P.W. N o r m s :

FB-^3
FB-2

Mn
Mg
Ca
Na
K
P
Fei3/F8'2
Na/(Na+K)

17 57

—

0 215
0-286

16 92
2 81
11 42

—

—

631
509

—

2600
12-01
486
6-97

24 39
10-22
9-13
5-06

5-72
0 95
118

4-82
1-18
7 42

6 00
0 83
—

4182

42-46

44 95

274
16 17
2-19
8-18
0 18
1007
10 14
6 22
1-42
0 87

2 15
13 28
2 37
7 43
0 15
1303
12 15
5 01
165
0-32

183
17 75
2 54
6 63
0 15
4 65
1135
8 34
2 40
0 41

—

0 267
0 380

_

0 320
0 292

0 451
0 424

2035
32 45

—

4-29

—

2012
11-41
40 94

—

1-09
8-15

311
8 44

6 12
0-78
0 05

8-11
2 56
9 58

7-31
1-61
0 14

44-47

44-29

35 86

38 64

2 24
13 05
3 41
6 14
0 14
14 25
1087
4-30
0 83
0 30

2 28
13 19
2-47
7 20
0 14
14-43
10-73
4 18
0 83
0-26

3 10
15 84
4 08
5 83
0 20
8 55
1571
8 31
1-64
0 88

2-80
13 93
4-23
6 12
018
1189
1602
4 67
0 91
0-56

0 556
0 283

0 343
0 280

0-700
0-346

0 692
0 226

Traca Elements (p.p.m.)
-485
35 61
41-55
32-15

-938
43 97
47 63
26 63

139
19 61
2716
47 11

- 9 47
49 02
6181
23-96

- 9 57
49 34
51-09
23 45

- 1 0 66
29 87
45 70
25-62

-1411
42-45
60 45
15-77
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4. Author's name: Mugearitic olivine basalt, 59/514
Systematic name: Trachybasalt
Locality: 5 miles north-east of Naiperra, Amboseli area
Stratigraphy: Lower Olivine Basalts, Plba
Analyst: J. Furst
Reference: Williams (1969)
Mineralogy: Not specifically described
Norm includes: cc = 7.40%
5. Author's name: Mugearitic olivine basalt, W. 287
Systematic name: Olivine tholeiite
Locality: Naiperra, Amboseli area
Stratigraphy: Lower Olivine Basalts, Plb.i
Analyst: J. Furst
Reference: Williams (1969)
Mineralogy: Not specifically described
6. Author's name: Mugearitic olivine basalt, W.364
Systematic name: Olivine tholeiite
Locality: Naiperra, Amboseli area
Stratigraphy: Lower Olivine Basalts, Plbs
Analyst: J. Furst
Reference: Williams (1969)
Mineralogy: Not specifically described
Norm includes: cc=0.057o
7. Author's name: Biotite-perovskite-analcime melanephelinite, W.373
Systematic name: Nephelinitic tephrite
Locality: East of Naiperra, Amboseli area
Stratigraphy: Lower Nephelinites
Analyst: H.Lloyd
Reference: Williams (1969)
Mineralogy: Not specifically described
Norm includes: cc= 1.91, lc=2.91%
8. Author's name: Analcime ankaratrite, W. 372
Systematic name: Phonolitic tephrite
Locality: East of Naiperra, Amboseli area
Stratigraphy: Lower Nephelinites
Analyst: H.Lloyd
Reference: Williams (1969)
Mineralogy: Not specifically described
Norm includes: cc = 0.10%
Chemical Analyses of Rocks from Mawenzi (Explanation of Table 11.2)
9. Fieldname: "Cumulate" lava, K2045
Systematic name: Ankaramitic basalt
Locality: Augite Col, just west of Neumann Tower
Stratigraphy: Lava flow fairly high in succession at Neumann Tower centre
Analyst: M. I. Abdullah
Reference: Abdullah (1963)
Mineralogy: Diopside (Ca46Mg43SFeii) with titaniferous rim (TiOa 2.11%)) 50%o;
plagioclase (phenocrysts An^n, matrix An4o_5o) 35%, olivine (FOTT), 5%; exsolved
titanomagnetite and some ilmenite, 10 y^. Note: Mean of five replicate analyses
10. Fieldname: Olivine basalt, K203 5
Systematic name: Olivine trachybasalt
Locality: Three King's Valley, about 10,500 feet
Stratigraphy: Neumann Tower series
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12.

13.

14.

15.

16.
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Analyst: A. Chadwick
Mineralogy: Olivine phenocrysts, 5%; plagioclase microphenocrysts (Ansa), 10%;
iron oxide microphenocrysts
Matrix of andesine laths, titaugite granules, and iron oxides
Mafics about 40%
Fieldname: Basalt, K203 8
Systematic name: Trachybasalt
Locality: Three Kings' Valley, about 10,600 feet
Stratigraphy: Neumann Tower series
Analyst: M. I. Abdullah
Reference: Abdullah (1963)
Mineralogy: Plagioclase (An,-„-, phenoycrysts, Aui,, matrix), 60%; titanaugite
CaagMgiiSFeji), 28%, titanomagnetite and ilmenite, 10%; some akali felspar in
matrix and occasional olivine (Fosr,) phenocrysts
Fieldname: Fine-felspar basalt, K203 6
Systematic name: Olivine trachybasalt
Locality: Three Kings' Valley, about 10,500 feet below K2035 (10)
Stratigraphy: Neumann Tower series
Analyst: A. Chadwick
Mineralogy: Plagioclase (phenocrysts Ausr, matrix andesine), 65%; diopsidic
augite, 20%; iron oxides, 7%; olivine, 5%,; some untwinned felspar, 3%
Field name: Felsparphyric olivine augite trachybasalt, K174
Systematic name: Olivine trachybasalt
Locality: Third South Valley, 11,850 feet
Stratigraphy: Mawenzi series
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Plagioclase (phenocrysts An.-.e, matrix An^r,), 65%,; slightly titaniferous (Ti02 = 1.73%) augite (Ca42Mg4„SFe,,), 15%; olivine (Foer), 5 % ;
titanomagnetite and ilmenite, 15%. There is some untwinned felspar in matrix.
Note: A Mawenzi lava of approximately the same horizon gives a K/A date of
0.514 M.y. (Evernden and Curtis, 1965)
Fieldname: Vesicular olivine trachybasalt, Kl 73
Systematic name: Trachyandesite
Locality: Third South Valley, 11,850 feet
Stratigraphy: Mawenzi series. Flow immediately above K174 (13)
Analyst: W. H. Herdsman
Mineralogy: Plagioclase (phenocrysts Ausoj matrix andesine), 70%; olivine, 10%;
iron oxides, 10%o; pyroxene granules, 10%o
Field name: Vesicular trachybasalt, K224
Systematic name: Trachyandesite
Locality: West side of col at head of South Valley, 15,150 feet
Stratigraphy: Mawenzi series
Analyst: W. H. Herdsman and M. I. Abdullah
Reference: Abdullah (1963)
means of two analyses
Mineralogy: Plagioclase (phenocrysts Aueo, matrix Anis), 70%o; pyroxene, 10%,;
iron oxide, 10%; untwinned felspar, 5%>; secondary minerals, 5%^
Author's name: Basaltoider trachydolerit (Typ. Essexitporphyrit)
Systematic name: Trachyandesite
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17.

18.

19.

20.

21.

Kilimanjaro

Locality: Mawenzi
Stratigraphy: Uncertain, but probably Mawenzi series
Analyst: C. Klüss
Reference: Finckh (1914), 501
Mineralogy: Not known
Analysis includes ZrOj, 0.27%; SO3, 0.27%
Norm includes Z = 0.45%; th=0.48%o
Author's name: "Labradorite passing to basanitoïde"
Systematic name: Phonolitic tephrite
Locality: S.E. Kilimanjaro, 9,000 feet (2,800 m)
Stratigraphy: Unknown, but almost certainly Mawenzi series on chemical and
petrographic grounds
Analyst: M. Raoult
Reference: Lacroix (1923) 262-3
Mineralogy: "Une labradorite tres feldspathique . . . presque dépourvue de
phénocristaux et renfermant de nombreux petits microlites d'olivine qui présentent
toutes les particularités de structure de ceux qui abondent dans les andésites
augitiques de la Chaïne des Puys"
Field name: Trachybasalt, Moltkestein type, K2020
Systematic name: Trachybasalt
Locality: 200 yards N.W. of Summit of Moltkestein (Moltke Rock), about 10,500
feet
Stratigraphy: Not fully understood. See text
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Plagioclase (sparse Ane* phenocrysts, matrix andesine), 50%; olivine
phenocrysts, heavily altered (F054), 20yoj pyroxene (Ca37Mg49SFei4, TiOz^
1.15%), 10%; iron oxides, 15%
Fieldname: Augite-rich cumulate dyke, K2148
Systematic name Ankaramitic basalt
Locality: Three Kings' Valley, 14,200 feet
Stratigraphy: Mawenzi parallel swarm
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Phenocrysts: Zoned augite (Ca46Mg42SFei2), 25%,; olivine (F078),
15%; plagioclase (Aneo)? 5%; homonegeous titanomagnetite, 2%. Matrix: Plagioclase (An45_5o), 30%^; titanaugite, 15%^; homogeneous titanomagnetite, 7%.
Amygdaloidal calcite, analcite and zeolitic material, probably natrolite.
Note: This specimen was taken from centre of a 2-3 feet dyke. The following
specimen (K2147) is from the margin of the same dyke.
Field name: Olivine-rich cimiulate dyke, K2147
Systematic name: Ankaramitic basalt
Locality: as (19)
Stratigraphy: as (19)
Analyst: M. I. Abdullah
Reference: Abdullah (1963)
Mineralogy: Similar to (19), but with finer-grained matrix (see note following
analysis 19 above)
Field name: Trachybasalt dyke, K 189
Systematic name: Olivine trachybasalt
Locality: Third South Valley-Forster Valley ridge, 14,100 feet
Stratigraphy: Mawenzi radial swarm
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Analyst: W. H. Herdsman
Mineralogy: Phenocrysts: Plagioclase (Anjv), 35%; augite, 15%; olivine, 7%;
iron oxide, 1%
Matrix: Plagioclase (Ania), 28%; augite, 10%; iron oxide, 5%
22. Field name: Augite-rich trachybasalt dyke, K191
Systematic name: Trachybasalt
Locality: Third South Valley-Forster Valley ridge, 13,890 feet
Stratigraphy: Concentric sheet
Analyst: M. I. Abdullah
Reference: Abdullah (1963)
Mineralogy: Phencrysts: Plagioclase (Anio), 35%; titanaugite (Ca43Mg4o2Fei7),
12%; olivine (Foss), 5%; homogeneous titanomagnetite and ilmenite, 1%
Matrix: Plagioclase (An3„),20%; titanaugite, 15%; homogeneous titanomagnetite,
12%; some untwinned felspar
23. Fieldname: Diorite ("plug-rock"), K245
Systematic name: Syenogabbro (olivine trachybasalt)
Locality: Barranco, loose block below intrusion
Stratigraphy: Mawenzi main plug intrusion
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Plagioclase (Auis), 55%; alkali felspar, 10%; olivine (F032), 7%;
titanaugite (CaisMgioSFeir), 16%; titanomagnetite and ilmenite, 7%; biotite (and
some chlorite), 3 % ; apatite, 1%; calcite, 1%; sphene
24. Field-name: Diorite ("plug-rock"), K2150
Systematic name: Syenogabbro (trachybasalt)
Locality: South side of Mawenzi South Peak, 14,800 feet
Stratigraphy: South Peak plug intrusive
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Plagioclase (Aui,,) and alkali felspar, 67%; titanaugite (Ca45Mg34
SFeji), 17%; olivine (F074), 2%; exsolved titanomagnetite, 14%
Chemical Analyses of Rocks from Shir a (Explanation of Table 11.3)
25. Fieldname: Basalt,K2227
Systematic name: Phonolitic basanite
Locality: Shira Needle
Stratigraphy: Lower trachybasaltic and basaltic group
Analyst: V. A. Somogyi
Mineralogy: Aphyric. Labradorite, 50%; titanaugite, 2 5 % ; iron oxide, 13%;
olivine, 7%; zeolitic material, 5%
Norm includes: cc=0.05%
26. Fieldname: Nepheline limburgite, K826
Systematic name: Phonolitic basanite
Locality: Shira ridge south of Klute Peak
Stratigraphy: Ultramafite and melanephelinite group
Analyst: V. A. Somogyi
Mineralogy: Phenocrysts: Nepheline, 20%; augite, 15%; olivine 3-4%;
titanomagnetite, 10%; apatite, 1%. Groundmass indeterminable
Norm includes: cc=0.05%
27. Fieldname: Nepheline limburgite, K5 85
Systematic name: Phonolitic tephrite
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28.

29.

30.

31.

32.

Kilimanjaro

Locality: as 26
Stratigraphy: as 26
Analyst: W. H. Herdsman
Mineralogy: Phenocrysts: Nepheline, \0%; titanaugite, 10%; olivine, partly
iddingsitized, 5 / , ; titanomagnetite, 10%; apatite, \%- Groundmass contains
prismatic pyroxene, felspar, dusty magnetite and glass, and is not determinable in
detail
Fieldname: Trachybasalt,K891
Systematic name: Olivine trachyandesite
Locality: \^ miles N.W. from Klute Peak
Stratigraphy: Upper trachybasaltic group
Analyst: W. H. Herdsman
Mineralogy: Phenocrysts: Plagioclase (Anor,), 30%; titanaugite and occasional
aegirine, 10%; olivine, 5%; titanomagnetite, A%- Groundmass: Andesine 35%;
titanaugite prisms, 13%; iron oxide, 3 %
Fieldname: Trachybasalt, K689
Systematic name: Olivine trachybasalt
Locality: Summit of Klute Peak
Stratigraphy: Upper trachybasaltic group
Analyst: V. A. Somogyi
Mineralogy: Phenocrysts: Plagioclase (AHO,-,), 30%; olivine, 8%; brown augite,
2%; titanomagnetite, 5%. Groundmass: Laths of andesines, 25%„ with pyroxene
prisms and iron oxide granules, but heavily oxidised and largely indeterminable
Norm includes: C = 1.34%„; cc=0.14%
Field name: Dolerite, K592
Systematic name: Tholeiitic dolerite
Locality: Summit of Platzkegel
Stratigraphy: Platzkegel intrusive
Analyst: W. H. Herdsman
Mineralogy: Plagioclase (An,-,,,), 50%; titanaugite altering to aegirine, 15%;
biotite, 3 % ; brown amphibole, 2 % ; calcite, 5 % ; interstitial analcine, 7%; green
and brown alteration patches, indeterminate, 10%
Analysis includes: ZrOj nil, BaO = 0.06% (approx. 550 ppm Ba), SrO = 0.19%
(approx. 1610 ppm Sr)
Norm includes: cc=5.87%
Fieldname: Essexite, K896
Systematic name: Essexite (phonolitic basanite)
Locality: N.E. Platzkegel
Statigraphy: Platzkegel intrusive
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Plagioclase (AUQ,,), 35%^; orthoclase, 10%o; titanaugite, occasionally
turning to aegirine-augite at margin, 30%,; olivine, 8%; magnetite, 7%,; apatite,
2%; and large interstitial plates of nepheline about 10%,
Fieldname: "Dolerite", K2231
Systematic name: Essexite (phonolitic basanite)
Locality: N.E. spur of Platzkegel
Stratigraphy: Platzkegel intrusive
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Table 11.3
CHEMICAL ANALYSIS OF ROCKS FROM SHIRA
Si02
Ti02
AI2O3
FejOj
FeO
MnO
MgO
CaO
NajO
KjO
H2O+
H2O-

flOi
CO2
S

2
iFoO

44 17
217
1455
627
7 53
020
6-44
11 93
2 67
1 01
2 97
0 04
042
0 02
0-133

41 29
1 99
1727
5 74
7-24
0 30
4 95
10 08
5 80
1 10
2 58
0 81
0 35
0 02
0 096

41-57
1 56
19 16
864
424
0 18
4-14
9 16
5 03
1 22
3 28
1 06
0 78

~

nd

47 93
1-68
19-86

44 90
2-27
1794

382
6-72
0 16
3 66

779
620
023
640
5 04

7 62
3 97
2-04
1 40
0 59
074

4 43
2-19
1 00
028
087

_
0058

0 06
0-111

4503
42 58
2 34
2-04
1599
15 84
1 88
7 62
1111
5-76
019
0 25
566
5-04
9 68
9 93
408
312
1 65
0 99
212
' 153
1-30
0 65
037
nd
2 58
0 425
0-149

)

48-70
1-98
18-15
1 97
8 38
013
3 13
7 06

53-85
041
19-88
3-57
1-48
0-22
1 82
1 87
9 64
5-54

521
2 40
1 80
070
nd
0 206

1 50
0 36
006
0 08
0116

100 53

100 08

100-02

100 23

9967

100 06

9978

9974

100 36

13 23

12 41

12 02

10-16

13 21

12 62

12 80

1015

4 69

5 97
17-78
24 74
2-61

6-50
9 89
17 84
21-23
21-41

7-21
1783
26 10
1340

12 06
31-01
3035
1-40

12 94
31-87
1894

023
585
26 40
26 29

9 16
1539
20 74
10 36

32-74
15 47

11 09

2-15

14 18
27-74
19-05
8 86
9 54

C.I.P.W. N o r m s :
or
>b
an
n*
di
hy
ol
mt

25-33

—

6-79
9-09

hm
il
ap

4-12
1-00

Rest

005

Cation % :
Si
Ti
Al
F.+3
F.+2
lUn

Ma
Ca
Na
K
P
Fe r3/F« 'l

Na/(N«+K)

—,

42 72
1-53
16-59
4-56
6-14
017
9-28
12-36
501
1 25
0-34
0-743
0-288

Trace Etements (p.p.m.)
V
263
Cr
40
Co
94
Ni
63
Cu
193
2n
107
Rb
18

—

5-64

8-32

—

3-78
201
005

39 20
1-42
19 33
4-10
5-75
024
701
1026
1068
1-33
0 68

—

—

3-04

—
—

362
973

1080
5-54

1-93
296
1-85

3-19
1-75

4 31
2 06

—

—

40-17
1-13
21-82
6-28
3-42
0-15
5-95
949
9-43
1 50
0-64

4531
1-19
22-13
2-72
5 31
0-13
5-16
7-72

—

1471

—

—

10-21
286

11 05

2 73

387
0 88

_—

4-44

1 54

376
1-66

1 48

587

—

—

42 34
1 61
19-94
5 53
489
0-18
8 99

4287
1 55
18 30

42-58
1-66
17-82
1 34
8 79

45-87
1 40
20 15
1-40
6 60
010
439

—

0-59

5-09
8-10
263
070

7-23
2-46

19 12

577
485
0-21
7-56
10-71

—

0-15
7 98
981

609
1-27
0 32

7-48
1-87
0-52

—,

7 13
9-52
283
0-56

0-713
0-510

0512
0-485

1-131
0-614

1-190
0 362

0-152

0498

0-433

0212
0 572

206
9
75
20

nd.
nd.
nd.
n,d.

121
17
53
9

197
22
76
27

242
21
109

114
2
106

163
119
32

nd.
n.d.
40
nd.
nd.
nd.

40
87
43
1334
294

165
125
40
1176

261
18
82
34
166
105
17
791
216

—
208

10
105
92
47
1350
321
943

-0-55
2229
42 64

4 69
22-37
3829
44 46

Sr
2r
Ba

708
175
427

1319
376
834

LN
SI
CI
DI

-6-16
35-16
50-39
2635

-286
24-06
37 98
37 62

1-834

—

12-43
11 30

_

3-34
12-36

38 44

1015

318
913
266
29 65
3251
49-20

93
28
884
249

737

733

- 2 71
29-36
38 64
32 49

-1-72
2890
37-92
34 92

6 66
17-65
28-04
50-78

_

30 31
6-77

—

2-40
0-69

—

0 78
0-14
9 13

47-98
0 27
20 88
2 39
1-10
0 17
2-42
1-73
16-65
630
0-05
2-170
0-903

1
- ,7
10
.

6
21
165
235
936
543
876

1809
8-32
6-55
78 52
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Kilimanjaro

Analyst: M. I. Abdullah
Reference: Abdullah (1963)
Mineralogy: Plagioclase (Anjs), 45%; orthoclase, 10%; titanaugite (CaigMgai
SFeiv), sometimes with borders of brown amphibole, and aegirine augite, 20%;
biotite, 5%; olivine (Foes, 5%; ilmenite and homogeneous titanomagnetite, 5%;
apatite, 2%,; interstitial analcime, 8%
33. Fieldname: Nephelinite,K888
Systematic name: Phonolite
Locality: Late centre 2 miles N.W. of Platzkegel Summit
Stratigraphy: Post-Platzkegel intrusives
Analyst: V. A. Somogyi
Mineralogy: Phenocrysts: Nepheline, 10%; aegirine-augite microlites, 15%;
occasional (?) xenocrysts of plagioclase. Groundmass is a brown anisotropic, but
indeterminate mess.
Norm includes: cc = 8.95 %; cc=0.18 %
Chemical Ancdyses of Rocks from Kibo (Explanation of Table 11.4)
34. Field name: Trachyandesite, K2470
Systematic name: Latite
Locality: Lavaturm Valley, 14,800 feet, S.W. Kibo
Stratigraphy: Lower trachyandesite group
Analyst: V. A. Somogyi
Mineralogy: Phenocrysts of felspars with very patchy optics, difficult to determine,
about 40%. Some phenocrysts are oligoclase—andesine, but bulk appear to be
anorthoclase. Groundmass consists of a few identifiable microlites of oligoclase
in a cryptocrystalline to glassy matrix
Norm includes: tn=3.68 %; C = 0.48 %
Comments: This analysis was from the best available specimen from this horizon,
but which was nevertheless rather badly weathered. This is probably reflected in
the presence of normative C, hm and tn
35. Fieldname: Trachyte, K702
Systematic name: Latite
Locality: Base of Lava Tower, S.W. Kibo
Stratigraphy: Lava Tower trachyte group
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Alkali felspar, 80%o; aegirine-augite, 10%c>; ? kataphorite, 10%^.
Pyroxene from an almost identical specimen has the composition:
Ca.85(Na,K).„ (Mg.eaFe^^aoMn.oO (Al.o^Fe-^^oeTi.o*) (Si.95A1.05)2 O,

This rock also contains numerous basic xenoliths and felspar xenocrysts
Norm includes: ac=7.71%,
36. Field name: Rectangle porphyry, K2082
Systematic name: Latite
Locality: Opposite Cave, in Great West Notch, about 16,700 feet
Stratigraphy: Lower rectangle porphyry group
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Phenocrysts: Felspars (plagioclase, Auio; much corroded and stained
anorthoclase), 35 y^; augite (Cai^Mgar, Fczi), 10%o iron oxides (haematite and
titanhaematite), 8%. Groundmass: Felspars (plagioclase, Anjs; alkali felspar),
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35%; pyroxene, 8%; iron oxides, 2 % ; analcime, 2%
Norm includes: tn=0.48%
Comments: This rock is much reddened and oxidised by secondary alteration
Fieldname: Rectangle porphyry, K205 8
Systematic name: Trachyandesite
Locality: S.E. of Lava Tower, Kibo Barranco
Stratigraphy: Lower rectangle porphyry group
Analyst: V. A. Somogyi
Mineralogy: Phenocrysts: Roughly equal quantities of zoned anorthoclase rhombs
and tabular andesine, 25%; olivine, iddingsitised and otherwise altered, 7%;
augite, 4%; titanomagnetite, 3 % ; apatite, 2%. Groundmass contains about 10%
microlites of oligoclase and 6% of fine opaque oxides in a greenish-brown nearly
isotropic matrix. There are some residual patches of unidentified zeolitic material
Norm includes: cc=0.32%
Fieldname: Trachybasalt, K2072
Systematic name: Latite
Locality: Base of Ravenstein Ridge, 15,500 feet, W. Kibo
Stratigraphy: Upper trachyandesite group
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Phenocrysts: Plagioclase (Auss), 30%; homogeneous titanomagnetite,
2%; iddingsite after ? olivine, 2 % ; apatite, 1%: Groundmass: Felspar (Auzs
and alkali felspar), 50%; oxides and other minerals, 15%
Norm includes: C = 1.06 %
Field name: Trachybasalt, K2073
Systematic name: Nepheline latite
Locality: Ravenstein Ridge, 16,400 feet
Stratigraphy: Upper trachyandesite group
Analyst: V. A. Somogyi
Mineralogy: Phenocrysts (An.^i), 25%; much oxidised, olivine, about 5%, iron
oxide, apatite. Groundmass: Oligoclase and ? alkali felspar, iron oxide, zeolites,
glass. The groundmass is very fine-grained and identification uncertain
Field name: Reaangle porphyry, K2202
Systematic name: Nepheline latite
Locality: Oehler Valley, 13,650 feet, W. Kibo
Stratigraphy: Upper Rectangle porphyry group, near base of group
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Phenocrysts: Andesine, 30%; olivine (Fogi), 5%; titanomagnetite,
1%; augite, 1%. Groundmass: Oligoclase and alkali felspar, 40%; olivine, 3 % ;
oxides, 10%,; glass, 10%
Fieldname: Rectangle porphyry, K2209
Systematic name: Nepheline latite
Locality: Top of Lavakopf, W. Kibo
Stratigraphy: Upper Rectangle porphyry group, near top of group
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Almost indistinguishable from (40) except for fewer felspar phenocrysts and glassier, finer groundmass.
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42. Field name: Penck-type rhomb porphyry, K2490
Systematic name: Nepheline latite
Locality: Above Lavakopf, 15,500 feet
Stratigraphy: Lowermost Rhomb porphyry group
Analyst: V. A. Somogyi
Mineralogy: Essentially similar to (45) below but with sparser felspar phenocrysts,
a darker groundmass, and numerous basic clots
43. Fieldname: Rhomb porphyry, Kl 77
Systematic name: Latite
Locality: Peters' Hut, S.E. Kibo
Stratigraphy: Rhomb porphyry group
Analyst: W. H. Herdsman
Mineralogy: Essentially very similar to (45) below
Norm includes: C = 2.21 %
44. Field name: Rhomb porphyry, K2021
Systematic name: Latite
Locality: Valley west of Moltkestein, in contact with K2020, analysis 18, Table
11.3
Stratigraphy: Rhomb porphyry group
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Phenocrysts: Anorthoclase. 15-20%; olivine (Fos»), 2%; titanomagnetite, 1 °/ . Groundmass: Glass with microlites of oligoclase
Norm includes: C=5.09%
45. Field name: Rhomb porphyry, K2222
Systematic name: Latite
Locality: "Walls" Brook, W.N.W. Kibo, 13,000 feet
Stratigraphy: Rhomb porphyry group
Analyst: A. Chadwick
Mineralogy: Phenocrysts: Resorbed andesine cryptoperthite, 25%; olivine, 2 % ;
pyrite, 5%; oxide, 1%^,; apatite, 1%. Groundmass: Mainly oligoclase-andesine
with pyroxene, katophorite, oxide, etc., in very fine-grained assemblage
Norm includes: C=0.87%,
46. Author's name: Rhomb porphyry, W366
Systematic name: Nepheline latite
Locality: Seru, Amboseli area
Stratigraphy: Rhomb porphyry group
Analyst: H. Lloyd
Reference: Williams (1969), p. 8
Mineralogy: Not specifically described
Norm includes: cc = 1.96 %,
47. Author's name: Olivine-zeolite trachyte, 50/504
Systematic name: Olivine latite
Locality 7 miles E.S.E. of Likaswa Hills
Stratigraphy: Lent group
Analyst: J. Furst
Reference: Williams (1969), p. 11
Mineralogy: Not specifically described
Norm includes: cc=0.48%o
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48. Author's name: Olivine phonolite, 59/474
Systematic name: Nepheline latite
Locality: Likaswa Hills
Stratigraphy: Lent group
Analyst: J. Furst
Reference: Williams (1969), p. 11
Mineralogy: Not specifically described
Norm includes: cc=1.73%
49. Author's name: "Obsidienne de Kenyte" (Phonolite obsidian, Kenya type;
Campbell Smith)
Systematic name: Nepheline latite
Locality: S.W. Kibo
Stratigraphy: Lent group
Analyst: F. Raoult
Reference: Lacroix (1923), p. 261
Mineralogy: Not specifically described
Analysis includes: Cl=0.16% ^normative th = 0.30%
Density of glass 2.535, R.L (Na)= 1.538
50. Field name: Phonolite, K487
Systematic name: Nepheline latite
Locality: N.E. Lent group
Stratigraphy: Lent group
Mineralogy: Fine-grained. Potash felspar, oligoclase-andesine and felspathoid,
8 1 % ; titanaugite zoned with aegirine-augite, 10°/; olivine, 1%; titanomagnetite)
8 %. Felspathoid probably mostly nepheline
Norm includes: ac = 2.06
51. Trachydoleritisches glas
Systematic name: Nepheline latite
Locality: Phonolithhange, N.W. Kibo, 3,300-3,700 m (10,700-12,000 feet)
Stratigraphy: Lent group
Analyst: A. Eyme
Reference: Finckh (1906)
Mineralogy: Not specifically described
Analysis includes: ZrO2 = 0.48% ( = 3550 ppm Zr)
Norm includes: Z = 0.80%; pr=0.21%
52. Field name: Syenite, K605, marginal facies
Systematic name: Nepheline monzonite (nepheline latite)
Locality: Kibo Barranco, 17,640 feet
Stratigraphy: Contemporaneous with Small-rhomb porphyry group
Analyst: W. H. Herdsman
Mineralogy: Large resorbed anorthoclase crystals, smaller orthoclase and some
oligoclase, 74%; olivine, 5%; aegirine-augite, titanaugite, sodic amphibole, biotite,
5%; iron oxide, 5%,; apatite, 1%; analcime, interstitial and replacing felspars,
10%
53. Fieldname: Rhomb syenite, K607
Systematic name: Nepheline monzonite (nepheline latite)
Locality: Kibo Barranco, 17,860 feet
Stratigraphy: Contemporaneous with Small-rhomb porphyry group
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Similar to (52) but with slightly higher colour index. Anorthoclase

212

54.

55.

56.

57.

58.

59.

Kilimanjaro

with growth margins rather than resorbed. Pyroxene has analysis Ca46Mg342Fe2o
with Na20=1.81% seen as slightly aegirinic margins to augites. Amphibole is
barkevikite. Olivine (Fo-^^), 3%- Oxide is homogeneous titanomagnetite altering in
places to rutile-pseudobrookite aggregate
Fieldname: Small-rhomb porphyry, K699
Systematic name: Nepheline latite
Locality: Kibo Barranco, 18,400 feet
Stratigraphy: Small-rhomb porphyry group
Analyst: M. I. Abdullah
Reference: Abdullah (1963)
Mineralogy: Small resorbed anorthoclase phenocrysts in a groundmass similar to
(53) only finer-grained
Fieldname: Small-rhomb porphyry, K407
Systematic name: Nepheline latite
Locality: Kibo Barranco, 18,700 feet
Stratigraphy: Small-rhomb porphyry group
Analyst: V. A. Somogyi
Mineralogy: Very similar to (54) except that phenocrysts include a small proportion of olivine, oxide, apatite and some oligoclase felspar laths
Norm includes: pf=0.36%
Fieldname: Small-rhomb porphyry, K955
Systematic name: Nepheline latite
Locality: North side of South-East Valley, 15,700 feet
Stratigraphy: Small-rhomb porphyry group
Analyst: W. H. Herdsman
Mineralogy: Very similar to (55) but with finer grained groundmass
Fieldname: Nepheline rhomb porphyry, K205 3
Systematic name: Nepheline latite
Locality: 100 feet below Caldera rim, north side of Great West Notch
Stratigraphy: Caldera Rim group
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Phenocrysts: Anorthoclase, 22%; nepheline, 12%; olivine (Fosa),
3%; apatite, l%o. Matrix: Mainly alkali felspar and ? felspathoid, 60%,; homogeneous titanomagnetite, 2%,
Norm includes: C = 0.16%; pr=0.25%
Author's name: Leucitrhombenporphyr
Systematic name: Nepheline latite
Locality: East Kibo, 5,600 m (18,200 feet)
Stratigraphy: Caldera Rim group
Analyst: C. Klüss
Reference: Finckh (1906)
Mineralogy: Not specifically described
Analysis includes: ZrO2 = 0.47%o ( = 3500 ppm Zr); S03=0.31%o
Norm includes: Z = 0.78%o
Author's name: Nephelin rhombenporphyr
Systematic name: Nepheline latite
Locality: Saltpetre Cave, North-east Kibo, 3,500 m (11,000 feet)
Stratigraphy: Caldera Rim group
Analyst: A. Eyme
Reference: Finckh (1906)
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Mineralogy: Not specifically described
Analysis includes: ZrO2 = 0.06% (=440 ppm Zr); SO3 = 0.28%
Norm includes: Z=0.10%; C=0.13%
Author's name: Leucitrhombenporphyr
Systematic name: Nepheline latite
Locality: Kibo
Stratigraphy: Caldera Rim group
Analyst: Not known
Reference: Tröger (1935)
Mineralogy: (Tröger) Phenocrysts: Rhomb felspars, 26%; olivine and diopside,
1%; ± nepheline, haiiyne. Groundmass: Glass with microlites of anorthoclase,
"leucite" (analcime!), diopside, aegirine, anomite, olivine, cossyrite, ore
Analysis includes: ZrO2 = 0.37% (=2740 ppm Zr), 803=0.27%, CI tr
Norm includes: Z = 0 . 6 1 % ; pr=0.23%
Author's name: Glasiger Rhombenporphyr
Systematic name: Nepheline latite
Locality: West Kibo, 4,500 m (14,600 feel)
Stratigraphy: Caldera Rim group
Analyst: A. Eyme
Reference: Finckh (1906)
Mineralogy: No specific description, but Finckh records the possible occurrence
of lavenite in this rock
Analysis includes: ZrO2=0.3% ( = 2440 ppm Zr); SO3=0.26y„
Norm includes: Z=0.55%; ac=1.27%; pr=0.21%
Field name: Nepheline rhomb porphyry, K121
Systematic name: Nepheline latite
Locality: Furtwangler Peak
Stratigraphy: Caldera Rim group. Summit series. This rock forms the cap to the
summit ridge
Analyst: W. H. Herdsman
Mineralogy: Very similar to (57) but with glassier matrix. Katophorite and
oligoclase in groundmass.
Analysis includes: ZrO2 = 0.06%o ( = 445 ppm Zr);
BaO = 0.13% (=1160 ppm Ba); SrO = 0.14% (=1180 ppm Sr)
Norm includes: Z = 0.10 %
Author's name: Leucitrhombenporphyr
Systematic name: Nepheline latite
Locality: North-east Kibo, 5,000 m (16,250 feet)
Stratigraphy: Caldera Rim group
Analyst: C. Klüss
Reference: Finckh (1906)
Mineralogy: Not specifically described
Analysis includes: ZrO2 = 0.27% ( = 2000 ppm Zr); SO,, =0.22%
Norm includes: Z = 0.45%; a c = l . l l % ; pr=0.19%
Field name: Aegirine phonolite, K146
Systematic name: Phonolite
Locality: Ash Pit, Kibo
Stratigraphy: Inner Crater group. Lower lava in Ash Pit
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Phenocrysts: Nepheline, 10%', anorthoclase, 5%^; aegirine-augite with
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titanaugite cores, 5%; analcime, 2%. Matrix: Sanidine, about 50% : aegirine and
katophorite, 18%; iron oxide, 2 % ; ? aenigmatite, felspathoid and apatite. Pyroxene
separated from this rock has the composition Ca47Mg29SFe24 with Ti02 = 1.37yo
and Na2O = 3.50%
Norm includes: ac=10.82%; ns = 2.85%
Fieldname: Aegirine phonolite, K149
Systematic name: Phonolite
Locality: Ash Pit, Kibo
Stratigraphy: Inner Crater group. Upper lava in Ash Pit
Analyst: W. H. Herdsman
Mineralogy: Very similar to (64) but with somewhat different proportions. Biotite
and plagioclase felspar appear as minor phases
Norm includes: wo=0.61%,
Fieldname: Aegirine phonolite, K128
Systematic name: Phonolite
Locality: Great West Notch
Stratigraphy; Inner Crater group
Analyst: W. H. Herdsman
Mineralogy: Phenocrysts of nepheline, anorthoclase, aegirine-augite and iron oxide
in a matrix of green glass with microlites of felspar and trapezohedral analcite
Norm includes: ac=5.39 %
Field name: Rhomb porphyry, K53
Systematic name: Nepheline latite
Locality: Engare Rongai, 9-10,000 feet
Stratigraphy: Uncertain, field relations ambiguous. Has small, sparse nepheline
phenocrysts, but chemically intermediate in character between Rhomb porphyry
group and Caldera rim group
Analyst: W. H. Herdsman
Mineralogy: Phenocrysts of anorthoclase, sparse nepheline, apatite in a fine-grained
matrix of indeterminate felspar, pyroxene, iron oxide and ? katophorite
Norm includes: C=1.88%,
Author's name Rhomb porphyry, W379
Systematic name: Nepheline latite
Locality: Endoinet, Kenya-Tanzania border, 10.5 miles W.N.W. of Loitokitok
Stratigraphy: Assigned to Caldera Rim group by Williams, but this is dependant
on present authors' mapping on the Tanzania side of the border and stratigraphic
allocation is here uncertain for same reasons as noted under analysis 67 above.
These two analyses are very similar.
Analyst: H. Lloyd
Reference: Williams (1969)
Mineralogy: Not specifically described
Norm includes: cc = 0.25%,
Author's name: Trachyandesite
Systematic name: Nepheline latite
Locality: N.W. Kibo
Stratigraphy: Could be Upper trachyandesite group or Upper reaangle porphyry
group
Analyst: Unknown
Reference: Rosenbusch (1923)
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33

28

8

12

25

18

Zn

163

225

182

118

113

113

114

113

159

151

V

31

—
—

—
113

24

102

48

130

88

83

75

67

89

98

83

86

141

83

n.d.

n.d.

n.d.

n.d.

203

n.d.

55

61

53

45

15

188

n.d

n.d.

n.d.

n.d.

nd.

n.d.

227

222

n.d.

172

n.d.

n.d.

n.d

n.d.

n.d.

Sr

1341

6

513

1553

1419

1205

1274

1507

762

1033

933

1354

n.d.

n.d

n.d.

n.d.

166

n.d.

336

357

860

628

830

948

n.d.

n.d.

n.d.

n.d.

nd.

n.d.

1399

1347

n.d.

909

n.d.

n.d

n.d.

n.d.

n.d.

Zr

690

898

1600

580

619

649

786

690

802

386

1243

796

n.d.

n.d.

n.d.

n.d.

1568

(3550)

1557

1576

963

999

1297

1153

(3500)

n.d.

n.d.

nd.

nd.

n.d.

3152

2353

n.d.

1040

n.d.

n.d.

n.d

nd.

n.d.

Ba

1741

441

1428

1138

1112

1172

1311

1299

1463

1502

1644

1508

n.d.

n.d.

n.d.

n.d.

885

n.d.

930

948

1438

1258

1267

1334

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

1700

1683

nd.

1386

n.d.

nd.

n.d.

n.d

n.d.

Rb

LN

14-77

22-34

15-64

9-11

13-43

9-72

14-03

13-74

12-81

14-49

17-47

14-32

14-41

13-72

17-40

19-19

18-85

19-70

17-89

18-18

17-81

18-10

17-84

19-62

18-73

18-69

18-89

18-31

I / 90

19-04

16-38

17-63

17-10

18-28

14-55

14-23

10-96

4.62

19-81

SI

9-61

4-22

10-84

14-67

10-52

16-24

9-67

10-32

12-45

11-72

11-81

10-09

8-44

11-93

9-47

4-17

5-33

5-74

8-09

10-58

10-39

12-99

7-35

6-35

6-95

5-81

6-15

5-68

- -34

5-45

6-47

4-47

4-35

7-20

9-09

9-87

1221

23-82

5-40

CI

20-32

2-75

11-96

27-80

24-49

25-63

20-77

21-54

13-24

20-97

21-28

20-97

14-13

17-04

11-49

5-50

5-08

4-23

14-42

8-49

12-86

10-63

11-07

6-31

6-75

9-28

6-16

4-95

•, 78

5-89

6-84

7-17

3-82

13-34

13-63

20-43

24-58

35-09

365

DI

65-87

32-38

68-16

56-97

62-35

60-24

61-16

67-90

6804

62-43

76-26

63-84

71-27

62-72

75-40

82-36

80-30

81-64

74-39

80-83

76-26

79-02

79-89

86-85

83-01

81-59

84-22

82-83

• 49

84-40

68-97

81-59

80-37

78-31

70-36

66-67

58-88

43-87

80-74
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Mineralogy: Not specifically described
Analysis includes: ZrO2 = 0.04/o (=300 ppm Zr)
Norm includes: Z = 0.07%; pr=0.09%
70. Author's name: Basaltoider Trachydolerit, Typus Essexitporphyrit
Systematic name: Nepheline latite
Locality: Garanga-kessel, South Kibo
Stratigraphy: Uncertain. The whole area in question is mapped as Rhomb
porphyry group, but the author's ascription appears to rule this out. Chemical
allocation is not suificiently positive
Analyst: C. Klüss
Reference: Finckh (1914)
iVIineralogy: Not specifically described
Analysis includes: SO3 tr.
Norm includes: pr = 0.21%
71. Author's name: Trachytoider Trachydolerit
Systematic name: Olivine latite
Locality: West Kibo, 4,300 m (14,000 feet)
Stratigraphy: Locality and author's name lei ve wide option and the whole
chemistry of this rock is anomalous for Kibo
Analyst: A. Eyme
Reference: Finckh (1914)
Mineralogy: Not specifically described
Norm includes: Z = 0.40 X,; pr=0.21 %
72. Author's name: Glasiger Katophorittrachyt
Systematic name: Nepheline latite
Locality: West Kibo:
Stratigraphy: Chemistry strongly suggests Calde a Rim group, but author's name
leaves an uncertainty
Analyst: E. Eyme
Reference: Finckh (1906)
Mineralogy: Not specifically described
Analysis includes: ZrO2 = 0.38% (=2900 ppm Zr); SO3=0.27%
Norm includes: Z = 0.63; ac=3.99; pr=0.23
Chemical analyses of rocks from parasitic vents and miscellaneous
(Explanation of Table 11.5)
11. Field name: Ankaramite, K2152
Systematic name: Phonolitic basanite
Locality: Northernmost cone in Upper Rombo Zone
Stratigraphy: Rombo Zone Parasitic Cones
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Phenocrysts: Pinkish augite (Ca4rMg42SFeii), 35"/,; olivine (Foge),
10%; exsolved magnetite, 5%. Groundmass: Deeper brown pyroxene, 10%; iron
oxide, 10%; biotite, 5%; undetermined salic constituents, about 20%
74. Author's name: Analcime-zeolite ankaratrite, 59/482
Systematic name: Nephelinitic melabasanite
Locality: Northern slopes of Kilimanjaro, S.W. of Lemongo, Kenya
Stratigraphy: Upper Nephelinites of Amboseli
Analyst: J. Furst
Reference: Saggersonand Williams (1964)
Mineralogy: Not specifically described
Norm includes: Ic=5.23; cs=2.75; cc=0.50
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75. Repeat analysis of (74)
Norm includes: lc=5.23; cs = 4.47
76. Author's name: Ankaratrite porphyrique
Systematic name: Olivine melanephelinite
Locality: S.E.Kilimanjaro
Stratigraphy: Upper Rombo Parasitic Zone
Analyst: F. Raoult
Reference: Lacroix (1923)
Mineralogy: No specific description
Norm includes: lc=4.52%
77. Field name: Ankaramite, Kl80
Systematic name: Basanitic phonolite
Locality: Below Peters' Hut, 11,900 feet
Stratigraphy: Saddle Zone Parasitic Zone ("Zebra Rock" flow)
Analyst: V. A. Somogyi
Mineralogy: Phenocrysts: Olivine, magnesium-rich, 10%; titanaugite, 20%.
Groundmass: Titanaugite prisms, 15%; opaque oxides, 12%,; interstitial patches
of unidentifiable salic material and glass.
78. Author's name: Augitite, limit of ankaratrite
Systematic name: Tephritic phonolite
Locality: Kibo
Stratigraph: ? Saddle Zone Parasitic flow
Analyst: F. Raoult
Reference: Lacroix (1923)
Mineralogy: Not specifically described
Norm includes: cc=0.73%o
79. Fieldname: Basalt, K775
Systematic name: Tephritic nephelinite
Locality: Valley of the Three Kings, 12,000 feet
Stratigraphy: Upper Rombo Zone parasitic flow
Analyst: W. H. Herdsman
Mineralogy: Phenocrysts: Augite prisms, 20%; iron oxide, S%. Groundmass:
Augite, 7%; iron oxide, 8%; remainder too fine-grained for determination,
although fresh
80. Field name: Basalt, K2014
Systematic name: Tephritic phonolite
Locality: First South Valley, 12,300 feet
Stratigraphy: Upper Rombo Zone parasitic flow
Analyst: M. L Abdullah
Reference: Abdullah (1963)
Mineralogy: Titanaugite (CasaMgaaSFcie, TiOa 2.86%o), 40%; homogeneous
titanomagnetite, 15%,; biotite, brown amphibole, apatite, olivine (Foie), 10%,;
interstitial nepheline, sodalite and undetermined felspar, 35%,
Norm includes: lc=0.42%
81. Author's name Melteigite
Systematic name: Tephritic phonolite
Locality: Kibo
Stratigraphy: Uncertain, see note below
Analyst: F. Raoult
Reference: Lacroix (1923)
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Table 11.5
CHEMICAL ANALYSIS OF ROCKS
FROM PARASITIC CONES AND MISCELLANEOUS
41-90
3-18
14-23
7-20
4-70
0-16
10-55
12-55
2-06
0-98

39-72
383
9 49
688
688
0-15
1220
16-73
1-23
1-09

39 88
3 82
10-25
5-10
6 86
0-13
12-45
16-63
1-85
1-10

1-35

1-19

0-69

084

0-22
0-00

0-00
0-00

41-56
330
9-77
6-74
682
n.d.
13-51
13-62
3-27
1-09
0-81
0-14
054
n.d.
n.d.

99-62

100-46

100-10

100-17

99-49

100-10

100-21

99-77

100-26

11-18

13-07

11-46

11-99

12-90

13-34

16-48

13-36

0-68

—
16-95

_
16-40

_
8-76

4-18
24-78

5-68
40-09

8-52
36-12

14-99
43-35

8-75
1-01
7-83
15-59
35-92

11-94

9-72
26-69

—
10-36

—
8-78

—
11-63

—
11-08

—
12-93

mt
hm
iJ
ap

6-45
2-75
6-04
1-30

9-98

7-42

8 32

7-87

Rest

—

Si02
TIO2
AI2O3
Fe^Oj
FeO
MnO
M9O
CaO
NajO
K2O
H2O +
H2OP2OS
CO2
S

S
SFeO
C.I.W. N o r m a :
Q
or
ab
an
na
öi
hy
ol

Cation %
Si
Ti
Al
FB+3

Fe+2
Mn
Mo
Ca
Na
K
P
Fo+3/Fe+2
Na/ (Na+K)

1 1-4
1
0-55
n.d.
0-100

5-79

39-75
2-27
15-91
5-14
3-73
0-13
14-92
12-73
3-79
1-19
0-44
1-378
0-229

Trace Elements (p-P-m.)
V
25
6
Cr
Co
Ni
Cu
Zn
Rb
Sr
2r
Ba

n.d.
209
150
116
38
599
300
655

LN
SI
CI
Dl

-13-21
61 63
63 05
19-69

—

_

7-30
1-68
6-48

7-30
1-65
9-70

37-72
2-73
10-62
4-92
5-46
0-12
17-26

37-41

17-02
2-27
1-32
0-56
0-900
0-117

nd.
nd.
n.d.
n.d.
n.d.
n.d,
nd.
n.d.
n.d.
n.d.
-20-39
55-07
67-14
10-91

2-70
11-33
3-60
5-38
0-10
17-41
16-72
3-36
1-32
0-67

—

41-29
365
10-26

11-74
3-52
1-43
0-71
0-20
0-75
tr.
0-027

I 0-96

5 43
801
002
1241

—

6-27

6-93

1-28
4-52

1-78

38-31
2-29
10-61
3-98
5-26
0-00
18-56
13-45
5-84
1-28

38-46
2-56
11-26
3-80
6-24
0-02
17-23
11-72
6-36
1-76
0-59

0-42

—

0-669

0-757

0 610

0-158

0303

0-352

n.d.
n.d.
nd.
nd.
n.d.
n.d.

nd.
n.d.
nd
nd.
n.d.
n.d.

n.d.
nd.
n.d.
n.d.

n.d
n.d.
n.d.
n.d.

256
376
135
250
78
109
34

-20-34
55-84
63 88
13-75

-17-96
53-14
6039
20-19

1020
340
812
-14 37
48-66
51-87
26-34

41-48
4-68
12-72
6-24

39-87
4-73
13 68
5-96

7-72
n.d.
6-29
12-85
4 04

10-12
0-26
6-38
12-27

2-02

0-77
0-32
n.d.

4-32
1-76
0-34
Ir.

—

0-092

41-40
4-18
12-78
5-10
8-77
0-25
6-46
12-11
4-76
2-14

I 0-74
104
n.d.
0 063

43-16
282
976
7-61
4-64
n.d.
4-67
1708
3-87
2-27
1-56
1-03
0-76
1-13
n.d.

4522
2 18
920
7-15
5-51
nd.
8 28
13-72
4-17
2 66
1-94

0-52
0-41
n.d.
n.d.

100-32

100-24

9987

11-40

11-94

11-19

8-23

16-13
32-97
17-42
3-55
9-62

27-36
43-01
6-09
1-91
8-12

12-12

13-42

10-01

—
7-19

8-23
2 55

19-80
37-66

21-62
39-96

13-28
25-09

_
—
17-61
46-94

—
_
9-05
_
8-89

—
2-96

—
2-76

8-64

7-40

—
—
6-78

9-14

1-82
0-73

39-37
3 34
14-23
4-46
6-13

_
8-90
13-08
7-44
2-44
0-62

—

8-28

37-61
3-36
15-21
4-23
799
0-21
8-97
12-40
7-90
2-12

—

—

—
—
—
4-14

2-83
5-36
1-80
18-37

10-17

38-90
2-96
14-16
3-61
689

42-06
207
11-21
5-51

42-55
1-54
10-21
5-06

3-78

4-34

020
904
12-19
8-67
2-57
0-83

—
6-78

7-94
2-46
0-42

6-73
4-67
2-73

1-77
15-29
481
3-90
tr.
1-86
3-87
5-50
4-63

0-65
n.d.
n.d,

_
12-74

—

4-28
7-34
n.d.
3-15

66-49

1 1-19

023
0-06
n.d.
n.d.

307
10-61
16-86
36-22

8-98

49-69
2 13
17-02

0-14

—

0-51
6-93

—

0-03
3-36
0-97
0-80

4701
1-52
18-93
3-05
5-81

51-99

4-06
1-64
1-38

—

4.44

0-63

3-19
0-05

6-82
8-67
3-30
0-52

17-83
7-31
2 82

11-61
13-84
7-61

—

6-81
6-21

—

1-25
17-99
3-39
3-06

—

2-60
3-88
9-99
6-63
0-32

0-727
0-362

0-530
0389

0-523
0-416

1-456
0 291

1-168
0-355

0-525
0-557

1-110
0-720

nd.
n.d.
n.d.
n.d.
nd.
n.d.
n.d.
n.d.
nd.
nd.

302
9
106
5
54
132
39
1383
540
1096

—
—
90

n.d.

n.d.
n.d.
nd.
nd.
n.d.
nd.
n.d.
n.d.
nd.
n.d.

nd.
n.d.
n.d.
nd.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

n.d.

n.d.
n.d.

-6-41
3030
44-76
31 86

-6-72
28-55
43-15
27-67

-8-07
3650
45-31
32-10

7-70
17-65
27-16

7
45
148
42
1399
490
1249

nd.
nd.
nd.
nd.
nd.
nd.
nd.

-5-71

-7-77

29-20
38-08
34-35

25-88
28-29
34 92

62-66

n.d.
n.d.
n.d.
n.d.
n.d.
nd.
n.d.
n.d.
n.d.
16-38
10-57
15-01
72-28
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Mineralogy: General description indicates that minerals are nepheline, augite,
perovskite, apatite, sphene, hornblende, biotite and occasionally melanite. Lacroix
describes these rocks (though not the specifically analysed ones) in some detail in
Bull. soc. franc, miner., T XXIX, 1906, 90
Norm includes: wo = 15.80; cc=2.57
Note: Lacroix reports this rock and also (80) as granular rocks collected from
tuffs, giving the locality as "Kibo". the only likely source known to the authors
is the Amphitheatre fluvioglacial sediments, from which petrographically somewhat
similar pebbles, of unknown provenance, were collected.
82. Author's name: Melteigite
Systematic name: Nephelinite
Details same as for (80)
Norm includes: lc = 4.48/ ; ac=2.447 ; wo = 3.25%
83. Author's name: Essexit
Systematic name: Syenodiorite (olivine trachyandesite)
Locality: Rombo Zone
Stratigraphy: Loose block, probably ejected from Upper Rombo Zone parasitic
cone
Analyst: C. Kliiss
Reference: Finckh (1914)
Mineralogy: Not described
84. Author's name: Natronsyenit (Pulaskit)
Systematic name: Monzonite (latite)
Locality: Songala Gorge, East Mawenzi. The name is not shown on any maps
known to the authors and is mostly probably the Sambalaschlucht of Hans Meyer.
This is a tributary of what is now shown as the Marue, which drains the Valley
of the Three Kings
Stratigraphy: This is a boulder and its provenance is unknown. The analysis and
name indicates a rock-type unknown on Mawenzi to date
Analyst: C. Kliiss
Reference Finckl (1914)
Mineralogy: Not described
MINERAL CHEMISTRY AND OTHER DATA

In addition to the 84 rock analyses quoted above, there exists a considerable body of
analytical data for separate minerals in Kilimanjaro rocks. It would be inappropriate to
tabulate these in detail here. However the source of all such known mineral data is
given below and specific data is referred to in rock descriptions and elsewhere where
it is appropriate.
Felspars. The Kilimanjaro felspars are complex, often being ternary, polyphase
and inhomogeneous. Work is still in progress but three analyses are quoted by Fletcher
and Miers (1887) and one analysis by Hyland (1888). There is also a brief note by
Leedal (1955) on the crystal habit of the alkali felspar phenocrysts from the nepheline
rhomb porphyries of the Caldera Rim group together with a partial analysis of a rhomb
felspar. The felspars of Fletcher and Miers and Hyland were also from the Caldera
Rim group.
Pyroxenes. Sahu (1963, 1968a, 1968b) has made a chemical and mineralogical study
of the pyroxenes from a number of Kilimanjaro rocks. The study was made at Sheffield
University and the rocks studied are all among the rocks analysed and listed in the
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foregoing tables. Optical, X-ray powder data and lattice parameters are available, as
well as complete chemical analyses, for the pyroxenes in 20 of the analysed rocks.
In addition, Washington and Merwin (1922) and Becker (1904) each published the
chemical analysis of a pyroxene. The descriptions make it clear that both pyroxenes
belong to the Upper Rombo Zone parasitic lavas. Washington and Merwin also
published in the same work the analysis of a hornblende from a Rombo Zone lava.
Olivines. During his work on the pyroxenes Sahu (1963) also studied the associated
olivines. There are four chemical analyses and 18 composition-determinations by X-ray
methods.
Oxides. Abdullah (1963) made a chemical and mineralogical study of the opaque
oxides from essentially the same rocks as Sahu. In addition to chemical analyses of
rocks, a reflected light microscopic study of the oxides and X-ray data, Abdullah quoted
chemical analyses for 27 opaque oxide separates,
DISCUSSION OF CHEMICAL DATA
The available chemical data for Kilimanjaro rocks is set out in detail in Tables 11.1
to 11.5 and their explanations. Seven plots have been selected as exhibiting many of
the salient characteristics of the chemistry of the Kilimanjaro volcanic suite and are
shown as Figures 11.1 to 11.7 in the following pages.
MAJOR ELEMENT BEHAVIOUR

Figure 11.1 is a bivariate plot of individual major cation variation against the
Crystallisation Index (CI) of Poldevaart and Parker (1964). Many indices of differentiation have been suggested in the literature and many, including Si02°/, Larsen-Nockolds
value. Differentiation Index and the Solidification Index, have been used in the present
study. Selection of a suitable index depends on the features to be emphasized, for
example, crystal fractionation or volatile transport, and none is ideal for all purposes.
The choice is therefore somewhat subjective and arbitrary. The Crystallisation Index,
defined as 2 (an-l-di'H-fo'-t-sp'),* should logically be a reasonably good index of the
content of high-temperature minerals and yet, in practice also seems to achieve a good
separation of the residual liquids (e.g. latites, nepheline latites and phonolites) as well.
The Crystallisation Index decreases with fall in temperature and because the liquid
becomes increasingly residual in the case of Kilimanjaro the range of the index is from
CI 68 to 2. The highest values are characteristic of some of the lavas from the parasitic
centres. From CI 57 to 45 the rocks are mostly rocks from Amboseli and crystal
cumulates from Mawenzi. The middle region from CI 45 to 38 is occupied by the bulk
of the Mawenzi and Shira lavas, while from CI 28 to 2 the rocks are almost exclusively
rocks from Kibo. It is also interesting to note that the Kibo Trachyandesite groups,
the Rectangle Porphyry groups and the Rhomb Porphyries with normative hypersthenc
plot between 28 and 20, whereas all other Kibo rocks lie between 15 and 2.
The following general observations can be made.
Silicon. As would be expected, a general increase in Si from about 3 8 / to about
50% is observed with decreasing CI. However, there is considerable dispersion and no
secure lines of correlation can readily be drawn. However, it is worth noting that rocks
from some major centres maintain an approximately constant Si content, for example,
* an = normative anorthite, di' = magnesian diopside, fo' = forsterite+ enstatite (converted to
forsterite), sp' = magnesian spinel, calculated from normative corundum of ultramafic
rocks. Norm recalculated to 100 % anhydrous first.
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Kibo 48-51, parasitics 37-40. The wide dispersion of the Si content may simply be a
reflection of the passive role of the element in mineral formation.
Aluminium. In the region CI 68-52 and 26-2 aluminium remains roughly constant
while increasing fairly rapidly between CI 52 and 26, that is primarily for rocks from
Mawenzi, Shira and Amboseli. The absence of any trend within the Kibo rocks seems
to make felspar fractionation unlikely as an important contributor to the evolution of
this series.
Toted Iron. Iron shows complementary behaviour to aluminium, that is constancy at
high and low values of CI but regular decrease between CI 44 and 20. The oxidation
ratio, Fe^*/Fe-*, plotted against CI shows no systematic variation.
Magnesium. Since magnesium forms an important part of the Crystallisation Index
a strong positive correlation, partly spurious, is to be expected here. The strong
dispersion of Mg among the rocks of high CI, often cumulate in origin, is normal.
Calcium. Calcium shows a continuous, essentially rectilinear, decrease with increasing
differentiation. Part of this regularity is due to the incorporation of normative anorthite
and diopside in the CI. However, the decrease is real and the collinearity of the Shira,
Amboseli, Mawenzi and Kibo values tends to indicate that the same process is active
throughout. This may be removal of clinopyroxene by gravitative sinking or floating of
calcic plagioclase felspars. One group of parasitic volcanics shows a consistently higher
content of Ca than other lavas.
Sodium. Of all the elements sodium shows the most distinaive behaviour. From
CI 68 to 20 there is a regular increase in the sodium content of rocks from all sources,
although there are some systematic differences. For example, parasitic lavas have a
trend roughly parallel to that for Mawenzi and Shira but values 1^ to 2% higher.
From CI 15 to 2 the slope increases more than fourfold, and there is a very rapid
increase in sodium for all those Kibo rocks which have a normative nepheline content
> 5 % . It should be stressed that this latter is a stratigraphic distinction as well as
petrological one.
Potassium. This element shows an increase in concentration from CI 50 down to 2,
but unlike sodium this increase is rectilinear and no distinction between centres can
be made.
The Sodium/Calcium ratio has also been plotted to show the remarkably rectilinear
trend with very small dispersion. This is clearly a significant indicator of petrogenetic
evolution corresponding as it does to the preferential removal of calcium over sodium
in the early high temperature clinopyroxenes and more calcic plagioclases.
GENERAL AFFINITIES OF THE KILIMANJARO ROCKS

Le Maitre (1968) has used a discriminant function approach to differentiate between
alkali and sub-alkali series of volcanic rocks. His D4 function* is the most efficient,
using only SiO», TiOa, NaaO and KjO, with only 3.7% misclassified.
Applying this function to the Kilimanjaro analyses we find that the mean D4 for
Kibo is —1.00 with a variance of 0.88 and for Mawenzi —2.16 with a variance of 0.57.
Le Maitre's weighted boundary value between alkali and subalkali series is —2.73
placing both Kibo and Mawenzi rocks firmly in the alkali series. None of the Kibo
rocks misclassifies and only four of the Mawenzi rocks, three of which are thought to
be crystal cumulates. Only one other rock in the remaining analyses of Kilimanjaro has
• T h e coefficient for SiO: in the D4 function is misprinted in the paper as —0.177. It
should be —0.137.
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a discriminant function indicating subalkaline affinities, making a total of five out of
eighty-four, or 6%. Rocks of cumulate origin can hardly be expected to conform readily
to a discriminant function calculated from rocks which are mainly related by a liquid
line of descent. In view of the fact that 3 of the 5 misclassified rocks are probably of
cumulate origin the behaviour of the Kilimanjaro rocks is entirely normal for an alkali
basalt series.
A more widely used approach to the display of magmatic affinities is the use of the
alkalis-silica diagram. All but five of the Kilimanjaro rocks plot above the line separating the alkali basalt series from the tholeiitic series for the Hawaiian Province. The five
exceptions include, not surprisingly, the three Mawenzi cumulate rocks together with
two of the Amboseli Lower Olivine Basalt group (Nos. 5 and 6). Rather than plot all
the individual analyses, mean values for stratigraphic groups of rocks have been plotted
in Figure 11.2. This procedure reduces the clutter and reveals certain significant trends.
The diagram does not show the Hawaiian boundary line which is of doubtful value in
rocks beyond the Hawaiian province, but a line separating rocks containing more than

I.C .JS-6

IS-

aPP^

^Caid^ 22-2

+ K20

(wt %)

Sy/SRpjl2-7

/
10,, ^

^^

RP .t-7
\z-} 'ReCT

PZ^
PZ /

^

,>•• 'MAW

S-

Si02 (wt'/o)
FIG. 11.2.—Alkalis-silica diagram for Kilimanjaro rocks. Analyses have been grouped and
averaged. Symbols as in Fig. 11.1. Abbreviations as follows: I.C.—Inner Crater
group; Cald—Caldera Rim group; Lent—Lent group; SY/SRP—Syenite and Small
ihomb Porphyry group; RP—Rhomb Porphyry group; Rect P—Rectangle Porphyry
groups; KTA—Kibo Trachyandesite groups; Maw—^Main Mawenzi group;
NT—Neumann Tower group; Cum—cumulates; Ph—Shira phonolite; U M —
Ultra-mafite and Melanephelinite group; Plb,, Plb2, Plba—Lower Olivine Basalt
group of Amboseli (Williams, 1968); UTA—Upper Trachybasaltic group of Shira;
LB—Lower Trachybasaltic and Basaltic group of Shira; PZ—Platzkegel intrusives;
LN—Lower Nephelinite group of Amboseli.
The figures beside the Kibo points represent the average percentages of normative
nepheline.
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5% normative nepheline above it has been drawn through the KiUmanjaro analyses.
43% of Kihmanjaro analysed rocks lie below this line, having less than 5% normative
nepheline, and of these IT/, have less than 5% normative olivine. Some 12/, of
analysed rocks are marginally quartz normative. A number of analyses of basaltic and
trachybasaltic rocks, especially from Mawenzi, have nepheline-free norms and are not
only hypersthene-normative but, in a few cases, marginally quartz-normative. There is
a natural tendency to question whether these rocks have oceanic, olivine tholeiitic
affinities like the Red Sea and Gulf of Aden basalts. Inspection shows, however, that
probably all these rocks can be explained either as rocks rich in cumulate pyroxene or
with high Fe^+/Fe^+ ratios, which would have the effect of suppressing normative
nepheline.
It may be concluded that by most criteria Kilimanjaro represents a mildly alkaline
suite of alkali basalt affinities, as might be expected in the East African Rift Valley
province. The apparent deviates in the Kilimanjaro rocks are those which appear to
have formed by the accumulation of early-formed clinopyroxenes which are relatively
rich in silica and nearly devoid of alkalis.
DIFFERENTIATION TRENDS

It is interesting to note in Figure 11.2 that the Shira intrusive rocks of the Platzkegel
complex and those of the Upper Trachyandesite group are collinear and approximately
parallel to the boundary line. The rocks of the Ultramafic and Nephelinic group lie
well above this but a line drawn parallel to the former trend nearly intersects the Shira
late parasitic phonolite. The Shira Lower Olivine Basalt group lies well below the other
Shira rocks but nearly coincident with the problematic melteigites of Lacroix and is
collinear with the Neumann Tower lavas and Mawenzi centre rocks. This line, which
is also parallel and nearly coincident with the boundary-line, also intersects the Kibo
Trachyandesite groups, providing a convincing genetic sequence. More significant still
is the curvilinear trend exhibited by the Kibo rocks. The arrowed line on Figure 11.2
joins groups in stratigraphic order. The figures against these points are the average
normative nepheline contents of each group and it can be seen that these also show a
marked progressive trend. In the lower groups alkalis rise while maintaining a nearly
constant SiOg content of 53%. In the Syenite/Small-rhomb Porphyry and Caldera
Rim groups the SiOg is 1-2/, higher, but in the Inner Crater group phonolites the
alkalis rise still higher but SiOa has dropped by 3%.
Interpreting trends on bivariate diagrams is subject to many problems. However, if
average Kilimanjaro anorthoclase (Si02 = 61.1%, Na20-|-K20 = 11.5%) is plotted on
the diagram it is obvious that felspar fractionation cannot be a major factor in the
petrogenesis of Kibo. Similarly, plotting the line representing plagioclase compositions
indicates again that plagioclase fraaionation can at best be only a minor factor in the
observed evolutionary trends.
The effects of ferromagnesian fractionation are well displayed in the standard AFM
diagram shown in Figure 11.3. Most points are confined to a narrow band which
initially follows closely the flat trend of low- to no-iron enrichment common in alkali
series. The cause and effects of this will be dealt with in more detail below. For the
moment it is sufficient to note that analysed olivines and pyroxenes have also been
plotted on this diagram and their control of the composition of cumulates and many of
the more evolved rocks is obvious. The central section has two segments outlined by
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dashed lines. In the left segment the lines enclose all but one of the Mawenzi rocks.
The right segment includes all the Amboseli rocks. The two zones have slightly though
significantly different trends.
Triangular diagrams of this type oversimplify chemical changes by omission of some
elements and lumping of others. It is consequently dangerous to deduce more than some
generalities from such a diagram. In particular differences are usually more significant
than similarities. For example, Shira rocks plot principally in the same field as
Mawenzi rocks and have much the same trend despite small but significant differences
in composition. In short, such a diagram is better used for illustration rather than
analysis. Accordingly only the following general comments will be made.
(i) The separation of rocks into distina chemical fields corresponding to major
centres is striking. Overlap only exists between Shira, Mawenzi and some parasitic
lavas. Similarity is apparent, rather than real, in this case due to the neglect of other
elements in the AFM diagram.
(ii) Differences in trends between centres are real and, especially in the case of the
alkaline trend of Kibo, abrupt. There is a strong suggestion of a change in mechanism
between groups rather than a continuing process with changing rate. For example, the
difference between the Amboseli and Mawenzi trends might result from a change from
pyroxene to olivine as the major control in fractionation, or in the case of Mawenzi to
Kibo the takeover of volatile diffusion from fraaionation.
(iii) The control exercised by ferromagnesian fractionation on Mawenzi compositions
is clear from the diagram. Simple subtraction calculations can quantify this relationship.
If from Moltkestein-type Mawenzi trachybasalt (Analysis 18, A29F37,5M33.5) is subtracted \S% of a mixture of 63.5% pyroxene, 35.5% olivine and 1%, oxide (proportions from modal analyses of cumulate rocks and compositions from analyses of
cumulate minerals) one arrives at a composition very close to that of the average
Mawenzi trachybasalt, thus
gives (3)
Compare (4)
(1) less 15% of (2)
SiOa
46.75
39.17
48.0
49.7
3.0
3.0
TiOs
3.27
4.83
17.6
15.32
2.19
17.7
Al,03
SFeO
11.6
11.1
13.20
21.68
19.29
4.3
4.0
MgO
6.58
CaO
9.89
9.3
8.4
12.44
3.9
4.3
Na20
3.33
0.35
1.9
1.9
K2O
1.66
0.05
(1) Moltkestein-type trachybasalt
(2) Cumulate pyroxene plus olivine plus oxide
(4) Average Mawenzi trachybasalt
The Moltkestein-type trachybasalt composition would therefore appear to be a
candidate for parental status, a proposition which will be discussed later. As a first
approximation crystal fractionation by separation of early ferromagnesian phases would
explain the Mawenzi trend and minor variations in the proportion and compositions
of the fraaionating phases would explain the range of composition of Mawenzi rocks.
There would appear to be no need to invoke any flotation of the very hydrodynamic
plagioclase felspars as was proposed by Shand (1937) to explain the rather similar
felsparphyric Kijabe basalts.
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Amboseli rocks were not available in this investigation so that analysis of mineral
phases was not possible. However, the importance of ferromagnesian control is obvious.
The same is true also for Shira rocks for which the mineral data is limited (approximate
values for mean pyroxene AGF3O.,-,M63,,-„ olivine Mg3iFe49).

F I G . 11.3.—AFM (atomic %) diagram for all Kilimanjaro analyses.

(iv) Since the Kibo olivines and pyroxenes (tending to aegirine-augite) have higher
Fe/Mg ratios than those from other centres it would also seem possible that the spread
of Kibo compositions towards the alkalis corner could also be controlled by ferromagnesian fraaionation. However, simple subtraction calculations, preferably performed on cation percentages, show that such a mechanism could, at best, play only a
minor part. For example, in passing from an average of all Kibo trachyandesites and
rectangle porphyries to the average nepheline rhomb porphyry of the Caldero Rim
group there is a decrease of (F + M) from 8.2 cation % to 5.5%. Such a subtraction
will result in an increase of the alkalis from 14.7% in the trachyandesites and rectangle
porphyries only to about 19.8%, far short of the 26.3% in the average Caldera Rim
group rock. Some other mechanism for the alkali trend is necessary and a further
restriction on this is provided by Figure 11.4. This K-Na-Ca diagram shows a
remarkably tight trend of the plotted values for grouped analyses. The curve can, for
practical purposes be divided into three parts.
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(i) An approximately rectilinear portion running from the Ca corner at a constant
K/Na ratio of 25/75. This portion includes all analyses except those of Kibo. This
trend is readily explained by the extraction of lime-rich pyroxene and plagioclase with
progressive crystallisation. The maintenance of a constant K/Na ratio in the liquid line,
if real, would require a constant K/Na ratio in the subtracted phases. In view of the
changing Na content of plagioclase this is not easy to explain, although not an
impossibility.
(ii) A curvilinear continuation of section (i) with increasing total alkalis, but also
with the K/Na ratio increasing to about 40/60. The points on this part of the curve
represent grouped analyses in stratigraphic order from Kibo trachyandesites and
rectangle porphyries to the Small-rhomb porphyry group.
(iii) The third segment represents an abrupt breakaway, with total alkalis still
increasing but with K/Na rapidly decreasing to near the initial 25/75 value. There are
only two points—the Caldera Rim and Inner Crater groups on stratigraphic order on
this segment.
This close correlation of composition with stratigraphic order among the Kibo rocks
is perhaps the most conspicuous and most significant feature of the chemistry of
Kilimanjaro volcanic rocks. It almost certainly implies a close temporal relation
between progressive differentiation and eruptivity and will be discussed at greater
length below.

FIG. 11.4.—K-Na-Ca (atomic %) diagram for Kilimanjaro rocks. Analyses have been grouped
and averaged.
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In his 1969 paper on Kilimanjaro petrology Williams presented plots of SiOa, MgO
and CaO against Kuno's Solidification Index to illustrate separate genetic lines. It was
considered worthwhile to redraw these with the additional data available, omitting,
however, the MgO-SI plot. In view of the nature of the Solidification Index
[MgO/CMgO+FeO+FczOs + NasO + KaO)] a plot against MgO is bound to have a
high degree of linearity and therefore to provide very little information. In Figures
11.5 and 11.6 SiOa and CaO respectively are plotted against Solidification Index (SI).
As in certain previous diagrams analyses have been group and averaged to reduce noise.
Unsurprisingly, additional data has complicated the relatively simple picture proposed
by Williams. In 11.5 Mawenzi rocks still show a simple sequence with increasing
ferromagnesian fractionation pointing towards Kibo rocks. Shira Lower olivine basalt.
Upper trachyandesite group and the Platzkegel analcime syenite show a nearly parallel
evolution at 2% lower SiOa for the same SI. This line also converges on Kibo
compositions and, incidentally the late parasitic Shira aegirine phonolite. However there
appears to be a second trend connecting rocks of the Ultramafite and Nephelinic group
to the Platzkegel doleritic intrusion of tholeiitic affinities (Analysis 30, 0.2% Q). It
may be significant that this line also intersects the Lower Olivine basalt.
The small spread of SI values for Kibo rocks (12 to 9 for most) and lack of
correlation with stratigraphy emphasises again the small part played by ferromagnesian
fraaionation in their development. Amboseli and Parasitic rocks could in several cases
be included in other lines but the evidence is not strong and it is fair comment that
more analytical work is required to elucidate all these relationships.
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FIG. 11.5.—SiO^—Solidification Index diagram for Kilimanjaro rocks. Analyses have been
grouped and averaged. (S.I. = 100Mg/(Mg+Fe3+-|-Fe2+-|-Na-|-K), after Kuno
(1957).)
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Figure 11.6 also presents a more complex picture than Williams described. No
general discussion will be offered, although certain possible lines of development have
been drawn on the diagram. One or two points are selected for comment.
(i) Nearly horizontal lines, for example Amboseli and Mawenzi, must indicate either
that clinopyroxene played only a minor role in differentiation or that there existed a
complicated and nearly compensating interplay with respect to CaO between gravitative
settling of clinopyroxene and enrichment by plagioclase felspar. It was suggested earlier
that felspar flotation was unnecessary in Mawenzi evolution, but the process was not
ruled out.
(ii) Kibo rocks appear to be the logical termination of the process by which Shira
rocks evolved or an abrupt departure from the main mechanism of Mawenzi evolution.
Having now reviewed some of the main chemical characteristics of the Kilimanjaro
volcanic suite attention must now be drawn to certain specific aspects of their evolution.
OXIDATION CONDITIONS

With a few exceptions the main sequences of Kilimanjaro lavas show moderate to
high oxidation ratios (Fe^*/Fe^*), a condition which appears to be generally maintained
at all stages. Summarising:
Shira
Lower olivine basalts
0.743
Nephelinic group
1.272
Upper trachyandesites
0.822
All Shira (except late phonolite)
0.811
Mawenzi
Neumann Tower
0.588
Mawenzi centre
1.638
All Mawenzi
0.972
Kibo
Range
0.466 to 9.898
All Kibo
1.647
All except three highest values (6.0)
1.145
This evidence suggests that much of the chemical evolution took place at constant or
increasing oxygen fugacity. This is supported by the extensive occurrence of iron oxides,
mostly titanomagnetites, as phenocrysts or microphenocrysts, and also in the groundmass of the rocks. Thus iron oxides appear as a very early phase in most rocks and
continue to crystallise throughout the cooling history of most rocks. This behaviour
is characteristic of magma bodies in which there is a tendency to constancy of oxygen
fugacity, rather than a constant oxygen content. This would lead to continual consumption of iron throughout crystallisation and hence to a low- or no-iron enrichment
trend. This is confirmed by the flat curve of Figure 11.2, as commented on previously.
A further consequence of this low-iron enrichment trend is the relatively small range
of composition of the olivines and clinopyroxenes. The extreme range of olivine
composition is from F085 to F046. Similarly, the extreme range of pyroxene variation,
except for certain Kibo rocks in which aegirine becomes important, is from
Ca47Mg46 Fe^ to Ca42Mg34 Fe24.
TRACE ELEMENT BEHAVIOUR

Ten trace elements have been determined for 48 of the Kilimanjaro rocks and the
results are recorded in Tables 11.2 to 11.5. It is not considered appropriate to discuss
these results at length in this volume but the following brief observations are off'ered:
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Vanadium is preferentially incorporated in the early iron oxides. It is therefore
concentrated in cumulates (Mawenzi about 285 ppm), most of the remainder appearing
in the main sequence of Mawenzi and Shira rocks (about 200 ppm). Most vanadium
appears to have been removed by the stage at which latites begin to appear and the
Caldera Rim group. The Inner Crater group show a significantly higher value of
28 ppm.
Chromium shows a similar pattern of behaviour to Vanadium with the difference
that chromiimi depletion is almost complete at an earlier stage. Thus cumulates contain
up to 616 ppm Cr, whereas a near-parental type such as the Moltkestein trachybasalt
contains 141 ppm, the general sequence of Mawenzi and Shira rocks contain 10-40
ppm, and the Kibo alkaline residual series 0.7 ppm (group averages).
Cobalt does not show a very clear or consistent pattern of behaviour, although there
is a tendency for concentration in primitive lavas and cumulates. The lack of clarity
may be due to camouflaging by contamination from the binder of the tungsten carbide
disc mill used in the preparation of the rock powders, although this factor is believed
to be not very great.
Nickel predictably follows the chromium pattern. Cumulates show high concentration
(350-150 ppm), the basic lavas of Shira and Mawenzi about 200 ppm, and the Kibo
sequence shows values less than 10 ppm with a general decrease with time except for a
significant increase in the last (Inner Crater phonolites) to 8 ppm.
Copper, like nickel, shows a progressive depletion in the Kibo sequence from
30 ppm to 1 ppm, but with a sudden increase in the Inner Crater phonolites to
7 ppm. Unlike most of the trace elements studied the levels of copper in Mawenzi
rocks (30-50 ppm; Neiunann Tower 76 ppm) is noticeably different from those in the
Shira sequence (100-200 ppm). It is suggested that this difference may be characteristic
of the parental magmas of these two major centres.
Zinc shows no well-marked trends. Cumulates tend to be slightly low (around
100 ppm) with slight concentration in the main lava sequences, Mawenzi, Shira and
Kibo (100-140 ppm). The only marked behaviour is the high concentration in the Inner
Crater phonolites (231, 280 ppm); a feature which is paralleled in the anomalous Lava
Tower "trachyte" (225 ppm), but not in the "phonolite" (133 ppm).
Rubidium prediaably shows strong concentration in residual liquids. Average values
^^^'

Cumulates
10 ppm
Mawenzi and Shira
30-40 ppm
Kibo
60-225 ppm
Phonolites
200-250 ppm
Strontium shows more complex behaviour. All rocks, with the exception of the Kibo
sequence, show a general increase, with increasing Crystallisation Index, from around
400 ppm to 1400 ppm. Kibo rocks, however, show the reverse behaviour, decreasing
from around 1600 ppm to 200 ppm at very low CI. The exception to this behaviour
is the Inner Crater phonolites which again show very high values (1400 ppm) for their
low CI value of 7.
Zirconium. All rocks, except Kibo, show a very gradual increase from 180 to
540 ppm with increasing Crystallisation Index. Kibo rocks, however, show a broad,
but almost exponential increase from 400 to more than 3000 ppm.
Barium shows considerable scatter, as is not unusual for this element, but there is
broad increase from about 400 to 1700 ppm with increasing Crystallisation Index.
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It must be clear that there is at present adequate data only for the Kibo sequence
of rocks. Both Shira and Mawenzi sequences require more data before petrogenetically
significant conclusions can be drawn. Only four rocks from parasitic volcanoes have
so far been analysed for trace elements, despite the wide petrographic range of these
rocks, and no trace element determinations have been made for Amboseli area or other
early lavas. More experimental data is required and a more extensive treatment of
this subject is in hand for publication at a later date.
One final general comment may, however, be made. Close scrutiny of the available
data suggests that for several elements, for example copper, rubidium, strontium,
zirconium and barium, the rocks from different sources show parallel but distinct
trends. That is, for the same Crystallisation Index, rocks from Mawenzi, Shira and
parasitic centres show slightly, though probably significantly, different values. It is
suggested that the parallelism of the trends indicates similarity of differentiation
mechanisms, but the separations of the curves indicates small initial differences in
the parental magmas.
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F I G . 11.6.—CaO—Solidification Index diagram for all Kilimanjaro rocks.
GEOLOGICAL CONSIDERATIONS

The major constraint on a full understanding of the petrogenesis of the Kilimanjaro
volcanic suite is its youth and hence the comparatively undissected nature of the massif.
This means that 80-90% of its great volume is obscured. There are certain alleviating
features. The Great West Notch of Kibo has permitted the determination of a
10,000 feet sequence of lavas of varied and distinctive lithology. Mawenzi, too, is
highly dissected and the East Face in particular exhibits more than 6,000 feet of lavas.
Unfortunately, much of the face is inaccessible and the rather monotonous lithology of
Mawenzi makes stratigraphy both difficult and tedious. A third factor is a tendency

PLATE

IX

AU magnifications ,' 10
1—Trachyandesite (Mawenzi group), K174. Third South Valley, 11,850 feet. Shows characteristic thin platy phenocrysts of labradorite with locally parallel orientation.
2—Diorite (South Peak plug intrusive), K2150. South side of Mawenzi South Peak, 14,800 feet.
Crossed polars. Andesine laths with subordinate alkali felspar and titanaugite.
3—Olivine microphyric basalt (Neumann Tower group) K2041. Three Kings Valley, 11,000
feet. Small, sparse phenocrysts of olivine in a flow-textured groundmass.
4—Ankaramite (Neumann Tower group), K2045, Augite Col, Mawenzi. Shows characteristic
accumulation of early, somewhat rounded olivine and titanaugite phenocrysts.
5—Undersaturated Svenodiorite (Platzkegel intrusive), K2231, Platzkegel, Shira. Shows andesine
laths and titanaugite with ilmenite. Analcime is present but not readily demonstrable.
6—Ankaramite (Kilema Parasitic zone), K2814. Mue cone, 3^ ml. west of Himo. Phenocrysts
are heterogeneously distributed and in this section forsteritic olivine predominates over
diopsidic augite, but the matrix is largely constituted of pyroxene prisms, iron oxide and
sparse felspar.

PLATE X

PLATE

X

All magnifications x 10
1—Aegirine phonolite (Inner Crater group), K146. Ash Pit, Kibo, showing phenocrysts of
aegirine-ausite and nepheline (corroded phenocrysts of anorthoclase are present but not seen
in this field).
2—Nepheline rhomb porphyry (Caldera Rim group), K2053. North of Great West Notch, Kibo
Caldera, showing large, zoned phenocrysts of nepheline and rhombic anorthoclase.
3—Small-rhomb porphyry (Small-rhomb Porphyry group), K699. Great West Notch, 18,400
feet. Kibo Barranco showing the characteristic small, rounded phenocrysts of anorthoclase
with abundant signs of late reaction and resorption.
4—Rhomb porphyry (Rhomb Porphyry group), K2222. Oehler Valley area, 13,000 feet. West
Kibo, showing large, zoned rhombic phenocrysts of anorthoclase.
5—Rectangle Porphyry (Upper Rectangle Porphyry group), K2209. Top of Lavakopf, West
Kibo. Shows the more rectangular shape of the felspar phenocrysts which have a composition
around Aua,,.
6—Trachyandesite (Upper Kibo Trachyandesite group), K2072. West Kibo, 15,500 feet. Crossed
polars showing stout platy phenocrysts of labradorite.
7—^Phonolite (Lent group), K526). S.E. Kibo, 12,000 feet. Crossed polars. Showing characteristic
trachytic texture.
8—Analcime syenite (Kibo syenite), K607. Kibo Barranco, 17,550 feet. Shows rectangular
orthoclase crystals with interstitial analcime. Augite and barkevikite are also distinguishable.
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of some of the earlier lavas to spread to greater distances from the centre than the
succeeding lavas. Despite the extensive spread of some of the late lavas, for example
Kibo, the Lent group and the late parasitic zones, the very early lavas do emerge in
some places from the foot of the mountain, as in the Amboseli and Himo-Kilema
regions.
Another difficulty is the weathering and afforestation of the lower flanks of the
mountain. Not only does this make access difficult, but it tends to obscure, together
with younger lavas, many significant relationships. For example, the age-relationship
of Shira and Mawenzi centres cannot be determined stratigraphically. A final consideration is that the area described is about 1,200 square miles of difficult terrain
extending to above 19,000 feet. The authors are very aware of significant gaps in their
knowledge, often of critical terrain, and of many rock types that still require collection
and investigation in order to make sense of some petiogenetic relationships.
VOLUME RELATIONSHIPS

Relative volumes are frequently negleaed in petrogenetic discussion. In part this
is due to the praaical problems of volume estimation in irregular bodies, the shape of
which is often largely unknown, and much of which may have been removed by erosion.
In the case of Kilimanjaro we are fortunate in having a young volcano, little eroded,
for which reasonable volume estimates can be made.
Several approaches have been made to the measurement of the overall volume down
to the exposed base with an average height of 1,000 m. (3,280 feet) contour and all
give about 4,500 km' (1,080 ml'). In faa the total volume of volcanics is almost
certainly greater than this on account of the downwarping of the Kilimanjaro trough.
In the present state of geological and geophysical knowledge of the region it is not
possible to give a reliable figure for this depression, but a total volume of the order of
5,000 km'' (1,250 mP) is probably realistic. This may be compared with King's estimate
of 600,000 km' for the whole of the East African Rift Valley volcanic province.
Areas can be measured with good accuracy although thicknesses are more difficult
owing to the great irregularity of lava morphology. Nevertheless, fairly good volume
estimates are available for Kibo lavas and certain other accessible formations, such as
parasitic zones. Actual volumes are given in Table 10.2 and will not be repeated here,
but certain implications will be underlined.
The total volume of visible volcanics from Kibo is 9% (450 km') of the whole
massif (with the Lent group forming a further 1.0%). Of this volume only about 4%
has significant normative nepheline and only 0.03% (1.35 km') is phonolite, as defined
in this work. The remaining 5 % of Kibo is latite.
Parasitic (adventitious) flows constitute another 1-2%, of the volume of the mountain
leaving about 88%, (4,400 km') which is distributed between Shira, Mawenzi, the
hidden part of Kibo (that is, prior to the Lower Trachyandesite group) and the early
lavas of Amboseli, Kilema and so on. The internal structure of the massif can only be
guessed at with our present knowledge but an equal division between the four sources
mentioned is probably fairly realistic.
TIME RELATIONSHIPS

In view of the close correlation of geochemical evolutionary stage with stratigraphy
in Kibo, an absolute timescale would be of great value in estimating the rate of
petrogenetic processes. At the present time radiogenic dates for Kilimanjaro are few
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and there is a certain amount of conflict in the evidence. Certain facts are nevertheless
reasonably certain.
Eruptions from a Kilimanjaro centre first commenced about 1 million years ago.
Late Mawenzi lavas are about 0.5 m.y., so that about 90 % of the mountain had erupted
in half a million years, an overall rate of PXlO^m-yy. Kibo began to erupt about
the same time and the date of the Caldera Rim group is about 0.2 m.y. Nearly all
450 km' of Kibo lavas therefore erupted during 0.3 m.y., an overall rate of only
1.5X10"mYy- The terminal Inner Crater phonolites are very young, perhaps only
a few thousand years old, and followed the Caldera Rim group after a considerable
interval.
Thus it can be seen that the average rate of effusion of magma during the pre-Kibo
history is about six times as great as that during the Kibo stage. It should also be
noted that Kibo evolution shows a progressive slowing in the rate of magma-effusion.
THE PARENTAL MAGMA PROBLEM

There is no a priori reason why such a large complex volcanic massif as Kilimanjaro
should be derived from a single magma source and there are some indications that
such is not in fact the case. However, the clear case for a chemical and petrogenetic
relationship between many lavas from different centres, the relatively short time interval
for the development of the complex (probably one million years maximum), and the
relatively simple tectonic and geological environment of Kilimanjaro, cause one to
speculate as to whether the bulk of the rocks do not in fact derive from a single source
of partial melting within the upper mantle.
Scrutiny of the more basic rocks in Tables 11.1 to 11.5 reveals that five basaltic
rocks are chemically closely similar. These are the Amboseli Lower Olivine basalt
group, Plbi (analyses 1, 2 and 3), the Shira Lower trachybasaltic and basaltic group
(analysis 25) and the Mawenzi Moltkestein-type trachybasalt (analysis 18). The mean
of these five analyses, summed to 100%, is given in column 1 below. In column 2 is
given the average African continental alkali basalt (mean of 84 analyses) and column 3
gives the average Indian Ocean alkali basalt (mean of 61 analyses), computed by
Manson (1967), for comparison. Column 4 gives the normative composition of column 1.
2
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The similarity of column 1 to both columns 2 and 3 is extremely close with the
exception of the much lower SiOa content, the somewhat lower ALO,, and higher
2FeO contents. This variation is well within that shown by other mean alkali basalts
and the agreement is marginally closer with the African continental average than with
the Indian Oceanic average. It is also worth noting that column 1 is even closer to
the average Rungwe basalt quoted by Harkin (1960). It is proposed that the analysis
in column 1 is probably close to the average composition of primary alkali basalt
magma produced by partial melting in the upper mantle of this part of East Africa.
The fact that this composition approaches most closely to the African continental and
Indian Oceanic average alkali basalts than to any other continental or oceanic average
composition, alkali basaltic or olivine tholeiitic, quoted by Manson is taken as good
confirmatory evidence of this, indicating that minor regional variation is taken into
account in the hypothesis.
The fact that the analyses used in this averaging process are derived from Amboseli,
Shira and Mawenzi is taken as an indication that a parental magma of approximately
this composition was available at all the major centres of Kilimanjaro (Kibo will later
be shown to have evolved from a Mawenzi-type trachyandesite melt, probably derived
from a similar parent) and may well have been responsible for the major bulk of
the eruptives.
The normative composition of this average Kilimanjaro alkali basalt is shown in
column 4. It is seen to have a moderately high mafic content and a normative
plagioclase of labradoritic composition. In the classification used in this memoir this
would just lie in the phonolitic basanite field. However, by many definitions, on account
of the low absolute or and ne contents, this would be classified as an alkali olivine
basalt, and its composition is certainly close to other so-called alkali basalts. There is
no real disagreement here, the aparent discrepancy is merely a limitation of the
classification used in this memoir, and underlines the general uncertainty in volcanic
nomenclature.
Now that the parental problem has been discussed, attention may be directed to the
individual centres.
EARLIEST VOLCANISM

Unfortunately much of the early history of Kilimanjaro has been covered by later
eruptives and only in certain areas do the earliest lavas emerge from beneath the pile.
The Amboseli area is one of these and has fortunately been mapped and described by
Williams (1969). Analyses for some of the lavas have been given but the detailed
descriptions have not. Other areas which may be of broadly the same age as the lower
Amboseli groups are the Himo-Kilema region and, possibly, the 01 Molog region.
As far as can be judged the petrography of these two regions is similar to that of
Amboseli but, on the other hand, no chemical analyses of these rocks are yet available.
It is therefore possible to make only some very tentative points about this part of the
mountain's history.
As demonstrated in the previous section the lowermost lava group, designated Plb,
in Williams mapping (unpublished memoir and degree sheet of the Kenya Geological
Survey), may be taken to approximate fairly closely in composition to a theoretical
parental alkali basalt. Apart from a small variability in the AlaOs content the three
available analyses show close similarity to each other, and the differences my be
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attributed to minor variations in the degree of differentiation of the individual lavas
from the parental stock. At the southern edge of his map-sheet Williams estimates the
thickness of this lowermost group of basalts as 1,500 feet increasing towards the main
axis of the volcano which is still some dozen miles to the south. It is very evident
that this group constitutes a very significant percentage of the total volume of
Kilimanjaro and this can be taken as additional support for the proposal that this
group of lavas approximates to the composition of a parental magma. It is thought
possible, although difficult to prove, that the earliest eruptions were either fissureeruptions or centred along a WNW-ESE fissure. The emissions were probably
voluminous and primitive, that is unevolved, and eventually formed an elongated
ellipsoidal shield volcano. At a later stage eruptivity became more intermittent and
centred at three main points along the axis, from which evolved the Shira, Kibo and
Mawenzi centres.
The less voluminous Plba and Plb,, groups are represented by only three analyses
(4, 5 and 6). Figures 11.3 and 11.6 indicate that these could be related to each other
and the Plbi analyses by olivine fractionation, but closer investigation shows that such
a simple situation cannot be the whole story and it has to be admitted that the available
chemical evidence is inadequate to deduce any positive relationships between these
groups, or indeed any others of the mountain. The same must be remarked of the two
analyses of the Lower Nephelinite group, with the proviso that they might be related
to the Rombo parasitic lavas. In this case however it must be added that these episodes
are separated by almost the whole history of the mountain and special pleading would
be required for such a correlation.
MAWENZI

This volcano is magmatically the simplest of the three main centres. The lavas, dykes
and minor intrusives all closely approximate to a trachybasaltic composition except
where accumulation of ferromagnesian minerals is apparent, or where differentiation
has pushed the composition just into the trachyandesitic field. From the field
aspect the rocks would be divided into three classes—the felsparphyric varieties, the
cumulophyric varieties and the aphyric varieties. Except in the size, abundance and
arrangements of phenocrysts these three types do not show much variation, the
correlation of sequences or identification of distinctive types is difficult. Mapping had
to be based on the infrequent tuffaceous bands and was achieved only with some
difficulty because of the extreme height and difficulty of the terrain. Another difficulty
was the preponderance of dyke material in certain critical areas making the ascertaining
and collection of the main lava succession almost impossible. These remarks explain
why, although some sixteen analyses of Mawenzi rocks are available (two of uncertain
provenance, four are of dykes, two are minor intrusives) they adequately express neither
the chemical range, nor the stratigraphic sequence of the Mawenzi volcano.
Two major centres have been proved; the earlier the Neumann Tower centre, the
later the Mawenzi centre. The known lava-types are all found at both centres and the
only generalisation at present possible is that felsparphyric varieties dominate at the
Mawenzi centre, but are of much less importance at the Neumann Tower centre.
Except in this very general evolution there is no well-defined chemical time sequence
such as is found at the Kibo centre.
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In previous sections it has been shown:
(1) that it is quite probable that much of the bulk of Kilimanjaro may be built of
a single parental magma and its differentiates. One of the lavas very close in composition to the proposed parental magma is the Alawenzi Moltkestein-type of
trachybasalt;
(2) that subtraction of material of the composition of a weighted average of observed
cumulus phases from liquid of Moltkestein type can produce a residuum very close
to the average Mawenzi trachybasalt type.
The existence of the AFM diagram (Figure 11.3) of a broad band of plots of
analysed Mawenzi rocks stretching from the Moltkestein type to the average trachybasalt is taken to indicate that probably most, if not all, Mawenzi compositions may be
generated by subtraaion of early olivine, clinopyroxene and oxide from a liquid of
Moltkestein type or something close to it, or by accumulation by gravitational settling
of the same phases. The near-collinearity of plotted points on Figures 11.1, 4, 5 and 6,
as well as 11.3 is taken to support this view. Trace elements also behave in an orderly
and progressive manner consistent with such a derivation. Average trace-element
contents for grouped analyses are given below:
V
Cr
Co
Ni
Rb
Zr
Cumulates
286
328
138
229
13
194
Moltkestein type
259
141
121
77
23
288
(? parent)
Aphyric lavas
215
56
69
36
28
337
(Neumann Tower centre)
Felsparphyric lavas
192
10
73
19
36
385
(Mawenzi centre)
Concerning the Moltkestein type two points must be made.
(1) Although close to the hypothetical parental type its chemistry suggests that this
particular rock probably contains a small excess proportion of the cumulate phases.
(2) The geological significance of its occurrence is not fully understood. It is possible
that it is in fact a residual hummock of the Hilmo-Kilema zone early lavas sticking
through what would be a very thin cover of Mawenzi lavas. Its petrogenetic significance
is not afferted.
SHIRA

90% or more of the volume of Shira volcanic rocks are included in the Lower
trachybasaltic and basaltic group and the Upper trachybasaltic group. Lithologically
these rocks are very similar to those of Mawenzi, the constitution of the former group,
which is inadequately known at present, is broadly similar to the Neumann Tower
group and the latter to the Mawenzi group. On Figures 11.1, 2, 3, 4 and 5 it can
be seen that Shira rocks follow reasonable trends that parallel the Mawenzi lines, but
commonly show minor offsets. For example Si, Ti, K are lower than Mawenzi rocks
of the same CI. On the alkali-silica diagram Shira rocks are seen to carry substantially
higher alkalis for equivalent SiOa than Mawenzi, while Figure 11.4 shows that the
Na/K ratio for Shira is higher than that for Mawenzi.
Parallelism of trends suggest that similar mechanisms were operative and actual
subtraction calculations show that removal of ferromagnesian phases and anorthite-rich
plagioclase from a parent magma close to analysis 25 (Lower basalt group) would
yield compositions approximately those of the Upper trachybasaltic group (28 and 29).
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No cumulate rocks from Shira have yet been analysed so that the picture is far
from complete. It is concluded that the evolution of Shira mainly parallels that of
Mawenzi but that the parental magma probably differed in minor respects, perhaps
due to different degrees of partial melting of the upper mantle in the magmagenerating region, perhaps due to differences in time during the rise to or standstill
in a sub-volcanic magma-chamber. These minor chemical differences are sufficient to
explain the normative differences and the corresponding differences in nomenclature
of the Shira rocks as described in this memoir. That is to say, the trend of Shira rocks
to phonolitic basanites and tephrites, instead of to the trachyandesites of Mawenzi is a
smaller difference that it sounds.
Platzkegel intrusives present no real problem since they show intermediate compositions to the lava-types and generally follow the compositional trends closely. The
main problems associated with Shira are the Ultramafic and melanephelinite group
and the late parasitic eruptive centre, mapped as nephelinite but in fact an aegirine
phonolite of very similar petrography to the Inner Crater group of Kibo.
The Ultramafite and Melanephelinite group is a striking sequence of apparently
cumulophyric and ultramafic rocks, some with large and abundant nepheline phenocrysts. Only two analyses are currently available (26 and 27), which is certainly too
few to settle the question of their genesis. The problem is that whereas these two
analyses follow the chemical trends of the other Shira rocks quite closely in many
diagrams, some not shown here, it is clear that a considerable increase of sodium and
aluminium is necessary to achieve these compositions, as can be shown by subtraction
calculations with cationic percentages and Barth standard cells. So far no mechanism
has been thought of by the authors which would explain this behaviour in terms of
crystal fraaionation. Vapour-phase transport, as is to be proposed in the next section
for Kibo lavas, is possible, but the association of aluminium with the sodium raises
considerable doubts about this. The only likely alternative is that we are dealing with
an altogether different magma of nephelinitic composition as Williams (1969) has
conjectured. It is considered that the evidence is currently insufficient to be sure of this
although the occurrence of melanephelinite-nephelinite-phonolite sequences elsewhere in
East Africa make this seem likely.
The question of the late phonolite seems insoluble. It could be a late differentiate
of the Ultramafite and melanephelinite group although increase of sodium by vapourphase transport would almost certainly be necessary. It could also be a volatile-enriched
Shira trachybasaltic liquid in the same way that the late Kibo lavas are related to the
Mawenzi trachybasaltic liquid.
KIBO

Partly on account of the strongly diversified lithology, and partly on account of the
well-established stratigraphy, the rocks of Kibo have been given more attention and
are petrogenetically better understood than those of the other Kilimanjaro centres.
As described in Chapter Seven, a very complete sequence of lavas and occasional
interbedded sediments with a maximum thickness of over 10,000 feet has been
determined at this centre. Because of the overlay of later effusions the base is not seen
and the lowest known rocks at the Kibo centre is a thin sequence of the Lower Kibo
trachyandesite group at the 13,500-14,000 feet level. As a consequence of this, whatever
the underlying structure and time-relations of the major centres, a considerable portion
of the earliest history of the Kibo centre is unknown to us.
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The rocks of this centre are mildly to strongly alkaline, ranging from latites through
nepheline latites to phonolites. The most remarkable and petrogenetically interesting
feature is that the range of compositions is continuous and is also essentially timedependant. This is most readily illustrated by Figure 11.7 in which normative
components are plotted against stratigraphic order, that is to say the rock analyses have
been averaged in stratigraphic groups and plotted at arbitrary equal intervals in time
sequence along the horizontal axis, oldest on the left, youngest on the right. Before
describing the diagram further, certain exceptions and explanations should be made.
Two groups have been excluded from consideration.
(i) The Lava Tower trachyte group. This is a very thin horizon of lava of limited
extent and volume and uncertain source. The lavas have been extensively altered and
are full of xenoliths. The chemistry of the analysed specimen (35) is quite incompatible
with any other analysed rock and there is every justification for excluding this rock
from consideration with the rest of the Kibo rocks.
(ii) The Lent group of lavas (mineralogically phonolites and trachytes, normatively
nepheline latites and latites) have a very widespread, albeit fairly thin, distribution on
the northern and southern flanks of Kibo and in part, at least, occupy a well-established
time-horizon between the main Rhomb porphyry group and the Small-rhomb porphyry
group. The group also constitutes 9 / , of the volume of visible Kibo eruptives.
However, in the Great West Notch, where the main sequence of central Kibo lavas is
seen, the Lent group rocks do not appear. Moreover, the distribution of flows and
known eruptive centres, such as the Lent Peak itself, suggest that the group erupted
non-centrally from a series of vents and fissures related to a line of weakness running
approximately WNW-ESE through Kibo. It is considered therefore that there is not
necessarily any direct petrogenetic connection between the Lent group and the main
Kibo sequence of lavas.
(iii) The lithological groups of Kibo trachyandesite and Rectangle porphyry are
repeated stratigraphically as Lower and Upper groups, see page 115. Chemical data
is quite inadequate at present to determine whether this represents a repetition of
magmatic conditions or a progression in chemical differentiation. The Lower and Upper
trachyandesite groups' analyses have therefore been averaged, as have the Lower and
Upper Rectangle porphyry group analyses. It must therefore be borne in mind that
the simple picture of a time-evolution from Kibo trachyandesite to Rectangle porphyry
may be shown, with additional data, to represent a somewhat more complex state of
affairs; that is, the simple progression may be repeated with a renewal of parental
magma after the Lower Rectangle porphyry group episode, or that a time progression
in a single magma body occurred, although this would probably necessitate rather
complex conditions. Whichever hypothesis is the true one it is maintained that the
trends presented by the simplified picture are essentially true.
(iv) Two of the analysed rocks (Nos. 67 and 68) are stratigraphically indeterminate.
They come from isolated flows north of the Saddle region and can only be said to be
younger than the lavas on which they lie, which is unhelpful. On lithological grounds
they were originally allocated to the Rhomb porphyry group. However, an increasing
understanding of the petrology and stratigraphy of Kibo, together with the occurrence
of small and very sparse nepheline phenocrysts in these rocks resulted in reallocation
for map-making purposes to the Caldera Rim group. It must be admitted that this
could be an error, especially since our knowledge of the lithology of the full 2,000 feet
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succession of the Rhomb porphyry group is incomplete. The chemical composition, as
typified by the normative nepheline content (nearly 11%) is close to that of the Rhomb
porphyry group analyses 42 and 46 (ne=10% and 6%), but intermediate between
analyses 43, 44 and 45 (Q and/or hy-normative) and the Caldera Rim group analyses
(average ne = 2 2 y ) . The Rhomb porphyry group has accordingly been split into two
chemically distinct groups for averaging
R.P.I—analyses 43, 44, 45—essentially saturated
R.P.2—analyses 42, 46—nepheline normative.
Analyses 67 and 68 have been allotted to R.P.2 purely on chemical grounds. Although
these two groupings have been represented on Figure 11.7 as a time sequence the
evidence for this is therefore controversial. However, it should be noted that even if
the Rhomb porphyry group analyses were not split, but averaged as a single unit the
trends presented would not be substantially modified.
These provisos and explanations having been made, the piaure presented by Figure
11.7 is still very striking. From the essentially saturated Kibo trachyandesites, rectangle
porphyries and R.P.I group the rocks become increasing nepheline-normative with time
up to an average 36% in the Inner Crater phonolites. Concomitantly, normative
orthoclase increases from 19%, to 31%^, plagioclase decreases from 29 %„ to 5%,,
Crystallisation Index decreases from 23% to 6%, and iron oxides decrease from 10%,
to 4%c. With the increase in total plagioclase content goes a corresponding change in
normative anorthite content from 45% to 7%o. In view of the limited chemical data
available and the thickness and volume (about 450 cu. km.) of the succession the
continuity and progressive nature of this change is remarkable. The normative diagram
is merely a convenient way of representing changes which are more fundamentally
expressed in the curves shown in Figures 11.1 to 11.4. Examination of these in detail
shows that not only is the sense of continuity preserved but that the time progression
is also implicit in these diagrams. Some anomalies do exist, but they are mostly minor
and it should be borne in mind that most of these rocks are highly porphyritic,
especially the rhomb porphyries in which alkali felspars commonly reach 4-5 cm. in
length, and it is consequently extremely difficult to ensure good sampling for analytical
purposes. Many of the analyses are probably biassed by under- or over-sampling of
the alkali felspars and, to a lesser exent, nepheline.
Two major questions naturally arise: (1) why does the chemical composition of the
lavas change progressively with time? (2) what is the fundamental chemical mechanism
of this differentiation?
The progressive and extreme nature of the differentiation argues that in all probability
the Kibo magma body was essentially a closed system, at least with respect to solid
and liquid phases, throughout the evolution of the volcano. This leaves two possible
models: (a) the magma-body underwent extreme differentiation at an early stage
resulting in a layered or zoned chamber which was then evacuated periodically.
However, unless a readily believable mechanism for tapping a layered volcanic
reservoir from the bottom is proposed, the lavas would be in the reverse order to that
observed, i.e. the most highly differentiated phonolites first. This leaves the much
more acceptable hypothesis (b) that the magma-body underwent progressive and
continuous differentiation throughout its evolution, became more extreme with time,
and was tapped at successive stages, the composition at each stage being that to which
the magma body had evolved at that time.
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Regarding the chemical mechanism of differentiation much wordage has been
expended in discussing possible origins for alkaline rock series and it is not proposed
to review these here but to proceed directly to discussion of the likely mechanisms.
It is perhaps self-evident, but nevertheless worthwhile commencing by saying that a
study of the text figures strongly suggests that Kibo rocks, subjea to the exceptions
listed above, are cogenetic. The continuity of the curves and small dispersion of most
of the points may be taken as reasonable evidence that one main mechanism operated
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FIG. 11.7.—Normative compositions of Kibo rocks. Analyses have been grouped and averaged
in stratigraphic order. T h e numbers on the abscissa indicate the following rock
groups: 1—Kibo Trachyandesite group; 2—Rectangle Porphyry groups; 3, 4 —
Rhomb Porphyry group (divided on chemical and petrological grounds); 5—Syenite
and Small-rhomb Porphyry group; 6—Caldera Rim group; 7—Inner Crater group.
The percentages of nepheline and plagioclase are referable to the right-hand scale,
all others to the left-hand scale: negative values of nepheline curve imply normative
quartz. C.I. = Crystallisation Index.
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throughout, although there is reason to suppose that this mechanism may have varied
quantitatively with time and that other processes may have played a minor role. The
continuity of most of the curves in Figures 11.1 to 11.7 also indicates that the Kibo
sequence is probably cogenetic with the Mawenzi rocks, if not also the Shira and
Amboseli rocks. The complete separation of the Kibo field from all other plotted
points (for example in Figures 11.1, 3 and 4) is clear evidence that differentiation
of the Kibo magma, as far as we know it, starts where the other magma-stocks left off.
This raises the possibility that Kibo evolution is different also in kind, an hypothesis
that is supported by the following evidence.
(i) Several curves (e.g. Fig. 11.2 and 11.3) show rather abrupt changes of slope
between the Kibo trend and the Shira, Amboseli and Mawenzi trends.
(ii) Nearly all Kibo analysed rocks have colour indices in the 10-20% region, so that
ferromagnesian fractionation cannot be the major source of variation, as is the case in
all other Kilimanjaro rock series, although it might be a minor source of diversification.
Next we must examine the nature of the chemical changes within the sequence.
Figures 11.3 and 11.4 show the main variation to be a large increase in total alkalis
over Ca, Fe and Mg. Figure 11.1 confirms this and also indicates that AI and Si are
broadly constant. It is also pertinent to note that while K increases at a constant slope
with the Crystallisation Index, Na shows an increase to two and a half times the slope
in the RP2 and later rocks (i.e. the nepheline-normative rocks).
Alkali-felspar fractionation, that is presumably an enrichment by either flotation or
partial melting, is a natural hypothesis. It is maintained that the following evidence
precludes this.
(i) Enrichment in alkali felspar would involve enrichment in SiOs (and AlaO:,) as
well as alkalis. Since average Kibo analysed anorthoclase has a composition: SiOu
60.9%, Al.Os 23.0%, CaO 2.4%, Na^O 6.8%, K^O 4.7%, Rest 2.2%.
The SiOa content of Kibo lavas, with the exception of the anomalous Lava tower
lava (35) ranges between 50.1 %• and 56.7%, both extremes belonging incidentally to
rocks of the Caldera Rim group (this probably illustrates the difficulty in sampling
felsparphyric lavas accurately rather than real variations). The point can be even better
made by reference to Figure 11.2, in which it can be seen that an increase in average
alkalis from 8^% to 15^% is accompanied by a maximimi increase of SiOa of 1^%^
in the Small rhomb porphyry group and an actual decrease of 3^% to the Inner Crater
group. There is similarly no AI2O3 increase such as would be implied by felspar
enrichment.
An alternative method of demonstrating the nature of this change is to follow Bailey
and Macdonald (1969) in plotting a triangular diagram SiOj—AI2O3 —(NagO-FKaO)
for rocks and the alkali-felspar compositions. Major felspar fractionation would
necessitate the plotted rocks falling on a line or lines converging on the felspar point.
Such a diagram for Kibo, not reproduced here, shows that the Kibo compositions
approximate a line almost at right angles to the rock-felspar joins and heading direaly
to the alkali corner. Enrichment in alkali in a volatile-phase has been suggested by many
authors, including Macdonald et al. (1970) for oversaturated peralkaline trachytes in
the Kenyan Rift Valley and in earlier work for Kilimanjaro (e.g. Wilkinson, 1966;
Wilkinson and Downie, 1965) must now be examined.
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A direa indication of the chemical change can be obtained by subtraction thus:
(2)
(3)
(1)
Si
50.0
50.5
+ 0.5
Ti
-0.6
1.3
0.7
Al
20.8
20.8
0.0
Fe
5.8
4.3
-1.5
Mg
2.6
2.5
-0.1
Ca
5.2
2.7
-2.5
Na
12.1
9.8
+2.3
6.1
K
+ 2.0
4.1
-0.2
P
0.6
0.4
Columns 1 and 2 show the average cation percentages for all the Kibo trachyandesite
plus Rectangle porphyries and for the small-rhomb porphyry groups respectively.
Column 3 shows the difference, that is, column 2 minus column 1. From this it is
clear that the major changes are a large increase in alkalis and a decrease in calcium
and to a less extent in iron. There is no significant overall increase in Si or Al. Since
much of the decrease in lime results from a decrease in soda-rich plagioclase (see
Figure 11.7) the implied increase in sodium from some other source, presumably
external, is even larger than the 23% shown in column 3.
Attention is now drawn to Figure 11.4 which clearly indicates a major break in the
alkali enrichment process after the Small-rhomb porphyry group was erupted. Prior
to this the line of overall alkali/lime enrichment curves gently towards the K corner.
This could presumably be a response to gradual removal of Na relative to K—by
plagioclase removal or may simply reflect an increasing K/Na ratio in the enriching
phase. However, in the late Caldera Rim group and Inner Crater group the curve moves
directly towards the Na corner with no further increase in K (indeed average K remains
constant at 6% from the Small-rhomb porphyries to the Inner Crater group). The
implication seems to be not that the mechanism changes, but that the temperature or
other conditions of volatile transport changed at this stage. From this point sodium
alone, not sodium and potassium are transported.
Many calculations have been made to test this hypothesis but the data is still
inadequate to present an extended treatment. However, a single calciJation may be
considered as indicative.
(2)
(1)
Si
47.5
45.4
Ti
0.7
0.7
Al
21.7
19.5
Fe
4.0
4.4
Mg
1.5
2.3
Ca
2.5
2.6
Na
17.5
17.5
K
5.6
6.0
0.2
P
0.4
100.0

100.0
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Column 1 gives the average cationic composition of the Small-rhomb porphyry
group to which 6^% Na has been added and the whole summed to 100%. Column 2
gives the average Inner Crater group lava for comparison. Except for minor deviations,
principally in Si and Al in different senses, the agreement is striking and even if a
detailed theory cannot yet be presented, it is maintained that a clear demonstration of
enrichment in alkali-metals, especially of sodium, not as aluminosilicates or silicates,
has been shown. The addition of 3 % Na to Small-rhomb porphyry similarly results in
a composition very close to that of the average Caldera Rim group lava.
Whether the mobile phases were metal vapours, halides or some other species is not
known. In this conneaion it is worth noting that the behaviour of several of the trace
elements is striking. In particular rubidium shows an overall increase throughout the
evolution of the Kibo centre, and strontium which shows a decrease until the Smallrhomb porphyry stage suddently increases from 600 ppm in the latter to nearly 1400
ppm in the Inner Crater group. Barium shows an increase from 1170 to 1690 ppm
over the same interval although its behaviour before the Small-rhomb porphyries is
irregular. Zinc also shows a remarkable increase from 107 to 256 ppm over the same
interval. Since all the elements mentioned have relatively high vapour pressures as
metals and/or as halides it is considered that the theory of vapour phase transport is
well supported. Moreover, since the vapour pressure-temperature curves of the various
possible species intersect it seems possible that, with more rigorous data, not only could
the migrating species be identified but also some estimate of temperatures at different
stages be made.
However, we must not lose sight of the fact that the Caldera Rim group represents
only 2.4% of the total volume of Kibo extrusives and the Inner Crater group as little
as 0.3%. If these rocks are formed from the last residual traces of a magma much
greater volume as is believed, the large changes in the concentrations of residual
elements must be expected from the crystallisation of very small absolute volumes of
material. For example, the increase in zirconium from 1150 ppm in the Caldera Rim
group to 2750 ppm in the Inner Crater group might be explained largely by a residual
mechanism rather than by actual transport of zirconium. On the other hand the
available evidence is inadequate to support this quantitatively and some mechanism
of volatile transport of zirconium, perhaps as hydroxyfluoride as suggested by Butler
and Thompson (1965) may have to be invoked. In the same way it must also be
remembered that the total volume of Kibo rock is only 10% or less of the whole
Kilimanjaro so that derivation of the apparently large volume (450 km-^) of alkali
rocks from a basaltic parent even by crystal-fractionation would not be impossible.
Comparison may be made with Mount Kenya, the other major centre in the East
African rift valley region where rhomb porphyries and a similar range of alkali lavas
and intrusives is found. The total volume of extrusives is of a similar order to
Kilimanjaro (Baker, 1967, quotes an original estimated 9,500 km^ compared to the
present Kilimanjaro volume of at least 4,500 km^) but only 150 feet of basalts are
recorded at the base of sequence as against the 6-7,000 feet of the alkaline sequence.
However, since some 9,000 feet of the sequence at the base of the volcano are not seen,
it can readily be estimated that the visible kenytes, phonolites and nepheline-syenites
constitute less than 10% of the volume. It may well be that the unseen portion of
Mount Kenya is broadly basic, as is supposed to be the case with Kilimanjaro, and
that the two volcanoes are somewhat similarly composed. Certainly Mt. Kenya cannot
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be used at present as an argument against the overall basaltic derivation of the
Kilimanjaro series. Similarly, in considering the origin of the vapour phase required
by the above hypotheses one may, with Bailey (1969) derive these from deep-seated
mantle sources. On the other hand, providing a source of heat is available the
volumetric relations are such that the enriching elements, mainly Na and K, could
equally well be derived from a basaltic parent magma.
In putting forward this theory of origin of the Kibo sequence one may echo the
statement of Macdonald and others (1970) that it is ironic that nearly all the Kibo
lavas, with salics greater than 80%, plot in the low temperature residual (the undersaturated 1,020° minimum) trough of Bowen and Tuttle in the NaAlSi04-KAlSi04SiOs triangle, suggesting crystal-melt equilibrium. The evidence for vapour-phase-solid
equilibrium as proposed above is nevertheless considered convincing.
In conclusion, the model proposed for the evolution of the Kibo sequence will be
summarised. It is assumed that prior to the first eruptions from Kibo, a narrow conduit
or magma-chamber was established beneath the centre, somewhat similar to that
proposed by Edwards (1938) for Kerguelen Is. The chamber was occupied by magma
of composition close to that of the more advanced Mawenzi or Shira trachyandesites.
through the half-million years of existence of this body a steady stream of supercritical
water vapour fluxed through it carrying alkalis and certain volatile minor constituents
as metal vapours or halides. The composition of the magma was constantly modified
as a function of time and because of the narrow vertical nature of the chamber the
process was particularly thorough and uniform. Periodically the conduit was tapped
at the top, latterly with decreasing frequency and volume, the composition being that
appropriate to the particular stage in the chemical evolution of the body. It is possible
that after the Lower Rectangle porphyry group was erupted there was an influx of
fresh trachyandesitic magma so that the chemical evolution restarted from scratch, thus
explaining the repetition of the Kibo trachyandesite-Rectangle Porphyry sequence.
However, it is assumed that subsequent to this renewal the magma body acted as a
closed system to liquids and solids, while permitting the passage of a vapour phase.
The stock was thus not only progressively modified but also used up. The Inner Crater
group is seen as an episode which essentially exhausted the Kibo magma chamber.
The Lent group episode is seen as largely irrelevant to the Kibo story. The feeders
were fissures which probably did not intersect the Kibo magma reservoir but were fed
from some other source. Support for this view is given by the differences in composition from similar Kibo rocks, the fact that plotted analyses are mostly non-collinear
with Kibo trends, and the failure of the Lent group to satisfy the neat pattern of
evolution proposed above for Kibo. For some years now workers on East African
volcanics have asserted the existence of (a) different types of phonolites and (b) the
probable existence of at least one type of primary phonolitic magma. Whereas the
present work can be taken as supplying supporting evidence for (a) it can shed no
new light of (b). Nevertheless the existence of primary phonolites is reasonably welldocumented and quite extensively held and is accepted here as an explanation for the
Lent group of volcanics although further details would be speculative.
The covering of the sequence below the uppermost part of the Lower Kibo
trachyandesite group by later effusions makes the question of the parental stock somewhat speculative. However, the confluence of all Kibo and iUawenzi trend-lines in
Figures 11.1 to 11.4 strongly suggests that the Kibo sequence of eruptives derived
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from an evolved liquid with a composition similar to that of a Mawenzi trachyandesite
or, more likely, an even more advanced representative of the same process of differentiation by crystal fractionation. Kibo would be seen as a natural continuation of the
evolution of voluminous original basaltic parental magma, though not necessarily by
the same process.
PARASITIC VOLCANOES

Although eight analyses are available (Table 11.5) only four are of rocks of certain
provenance. The remaining four are quite insufficient to make any viable deduction
concerning the five hundred or so vents spread over the whole area of the mountain
and covering a wide range of age and petrographic types. No interpretation will be
attempted, except to say that the analyses do not fit comfortably into any of the main
lava sequences of the mountain and appear to represent a separate magmatic evolution.
It should perhaps be noted here that possible carbonatitic affinities have been proposed
elsewhere in this Memoir for the Lake Chala volcano in the Lower Rombo Zone.
Evidence for this is based on the form of the collapsed crater and the volume and
nature of the carbonate-rich tuffaceous grits associated with it. Melilite has been
recorded by Williams (1969) from ankaramite on the northern slopes and also by Klute
from a basaltic tuff from this centre but subsequent examination has not yet repeated
this observation. Dawson (1964) has also proposed a carbonatitic origin for a number
of tuff cones lying in the general region east of the rift margin and west of Kilimanjaro
and Meru. However, no chemical evidence is available to substantiate the Chala
hypothesis.
MISCELLANEOUS ANALYSES

Two analyses of melteigites (81 and 82) have been cited by Lacroix (1923) in a
paper that discusses their petrography and origin. No primary source for these rocks
is known to the authors and it seems most likely that they are pebbles from the
Amphitheatre sediments. If so they were derived from an intrusive or pyroclastic
horizon in the Kibo region not now exposed on the mountain. The analyses do not
readily fit into any of the petrogenetic sequences so far proposed.
CONCLUDING REMARKS

It has been suggested that up to four different parental magmas could have existed
during the history of the Kilimanjaro complex.
(a) There is reasonable evidence that the bulk of the lavas could have been derived
by normal magmatic processes (crystal fractionation by settling or flotation and/or
volatile transfer) from an essentially single alkali basaltic parent.
There is, however, evidence that there also existed,
(b) an independent nephelinitic magma and
(c) an independent phonolitic magma.
Much less well authenticated is a possibility that small bodies of
(d) a magma with carbonatitic affinities was locally generated.
However, consideration of the relatively close geometry of the centres and the short
overall history of the volcanic group prompts the question whether any further
simplification regarding magma generation and differentiation is possible, that is to
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say whether separate bodies of a single primary magma, formed by partial melting of
the upper mantle, could by somewhat different histories of uprising, segregation from
the solid residium, and fractionation, give rise to the parents of the different magma
series postulated above. There are indications that such an interpretation could be
acceptable.
Williams (1970) recorded repeated basaltic and nephelinitic episodes during Miocene
to recent times in Kenya, which would strongly suggest a close genetic link between
these two magmas. Saggerson and Williams (1965) actually suggested that their mildly
and strongly-alkaline trends have a common peridotitic source. Varne (1968) explained
the relationship by partial melting of peridotite from hydrated (hornblendic) portions
and relatively anhydrous, volatile-poor portions of perioditic matter to produce
nephelinitic and basaltic magmas respectively.
Phonolitic or trachytic episodes occur at four or more stages of the volcano's history.
Various authors have suggested that phonolites may be derived in two different ways
in East Africa. Evidence from Kilimanjaro suggests that there could be three
mechanisms for generating a phonolitic liquid:
(1) from alkali basalt magma by crystal fractionation coupled with volatile transfer
of alkalis, especially sodium, thus:
trachybasalt -^ trachyandesite -^ latite —> nepheline latite -^ phonolite
(2) from nephelinitic magma (Shira late parasitic vent)
(3) from an independent phonolitic magma, possibly generated in the lower crust,
as suggested by several workers (Lent group aphyric fissile phonolite, nepheline
latites and trachytes).
These different groups of phonolites show small, but possibly significant, chemical
differences. More data and careful evaluation of data is necessary.
Carbonatitic rocks have nephelinitic associations and are commonly supposed to be
generated from such magmas. From the foregoing it is seen that it is quite possible
that the postulated alkali-basaltic, nephelinitic, carbonatitic and at least some of the
phonolitic magma series of Kilimanjaro might have a common origin in the upper
mantle by partial melting and have become differentiated by differing rates of uprising
from their source.
Although the petrogenetic theory of basalts is coming into focus, as exemplified by
the writings of O'Hara and Green and Ringwood, it is difficult to apply modern ideas
to the East African rift valley in the absence of much essential geophysical data. In
particular heat flow data are badly needed. At present the only data available is that
for Lake Malawi where a very low value of the order of 1.0 HFU is found, comparable
to the adjacent shield areas of southern Africa. If such a value is applicable to the
eastern Rift Valley the petrogenetic problem is an exceedingly difficult one.
Another critical area of geophysical ignorance is that of the crustal structure in this
part of Africa. Recent seismic work has shown that in the axial region of the rift valley
in northern Kenya (Griffiths et al., 1971) there are regions of anomalously high seismic
velocities (Vp = 6.4 km. sec~' at 2.8 km. and Vp = 7.5 km. sec' at about 20 km.), but
the probable composition of these layers is very speculative and the depth to the crustmantle interface even more so. Information concerning the crustal structure of the rift
valley flanks is virtually non-existent.
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At this Stage therefore it is not reasonable to attempt to put forward a more
integrated hypothesis of the origin of the magma series and history of Kilimanjaro.
It is, however, possible to list some of the faaors that will need to be accounted for in
any future attempts to do so. They are:
(1) Large volume of magma involved—5 X10^ km% or more.
(2) Relatively short life—1 m.y. approximately.
(3) Close proximity of major volcanoes.
(4) Few xenoliths in Kilimanjaro eruptives.
(5) PH20 generally low.

(6) Apparently low geothermal gradient.
(7) No major gravity anomaly.
One final factor concerns the tectonic location of Kilimanjaro. It is situated in a
depression which runs approximately at right angles to the general trend of the rift
valley in northern Tanzania. It is still a moot point whether this is related to the
movement of a Somalia plate or whether it is a peripheral trough to the Kenya dome
which underwent major uplift (1,400 m. at the centre) during late Pliocene-midPleistocene times. Localisation in the depression would appear, to some extent, to be
due to the Lelatema and Pare fault systems.
It would seem therefore that while much can be said concerning the relationships of
the various Kilimanjaro eruptive rocks to each other, the final word on their genesis
may have to await a few years yet.
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Amboseli, 2-4, 6-8, 11, 15, 27, 28, 79, 103,
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Amphitheatre, 47, 74, 77, 79, 123, 125, 126,
130, 132, 1 3 8 , 2 1 8 , 2 4 4
Arusha Chini, 3
Ascent Valley, 60, 64
Ash Cone, 152, 157
Ash Pit, 6, 31, 152-6, 177-81, 213-4
Augite Col, 87, 99, 200

Fortress Hill, 169-71
Furtwangler Peak, 145-9, 152, 213
Furtwangler Glacier, 32, 43
Galuma Cave, 49, 65, 135
Galuma Plateau, 20, 49, 67
Garanga, 29, 30, 47, 60
Garanga Kessel, 46, 215
Garanga Valley, 26, 45-6, 49, 59, 64-5, 122,
131, 135, 137
Garanga Wall, see Garanga Kessel
Gillman's Point, 32, 149
Gombera, 111, 130
Great West Notch, 26-7, 31-2, 43, 50, 149,
152, 208, 212, 214, 230, 237

Barranco, see Kibo Barranco, Mawenzi
Barranco
Barranco Glacier, 42
Basis Plateau, 26
Bastion, 26, 124, 140-51
Bastion Stream, 47, 49, 117, 118, 137
Bastion Valley, 59, 60, 65, 125, 132, 135
Baumann Hill, 14
Bismarck Hut, 170
Bismarck Towers, 149
Bollard Gap, 107
Boma ya Ngombe, 130, 132
Breach Wall (Breschenwand), 26-8, 60, 117-8,
120-32, 137, 140-3, 151
Burko, 14, 16

Hans Meyer Notch, 24, 31-4
Hans Meyer Point, 146-9
Hans Meyer Ridge, 27, 60, 64, 120-1, 151
Heim Glacier, 31, 33-4, 43, 45, 147
Himo, 23-4, 102, 160, 231, 233, 235
Hut Corrie, 107
Ice Dome, 185
Inner Cone, 152-6, 185
Inner Crater, 26, 31, 116, 151-7, 177-82,
238, 241, 243
Innominata Valley, 64

Caldera Shelf, 154-6
Camel's Back, 50, 54, 57, 146, 164-7
Camp Valley, see Lager Valley
Central Saddle Cone, 147, 150
Chala, see L. Chala
Chyulu Range, 4, 11, 15, 17, 23, 28, 111,
114
Cone Place, see Platzkegel
Credner Glacier, 31-6, 42, 125, 127, 131
Credner Valley, 26

Jipe, see L. Jipe
Kaladeta River, 128, 132
Kahe, 24, 29, 30
Karanga, see Garanga
Karanga River, 122-3, 128, 130, 132, 150
Katumbi, 8
Kavitakwa, 14
Kersten Glacier, 31, 33
Kibauni, 4
Kibo, 6, 18, 24, 3 1 , 38, 44, 46, 58, 64-7, 80,
101, 103, 113, 115, 177-80, 187, 189, 194,
196, 208-23, 229-44
Kibo Barranco, 26-7, 31-3, 43, 47, 52, 60,
64, 117, 120, 129-45, 151-7, 209-12
Kibo Caldera, 37, 139-45
Kibo Hut, 37-8, 150-1, 177
Kibo, lahar, 29, 51, 128
Kibo South Valley, 46, 62
Kibongoto, 2, 20, 29, 72-6, 130, 158, 187
Kifinika, 103, 169-71
Kifumbu, 4, 24
Kifuo, 161
Kikafu, 19, 20, 27-8, 75-8, 126, 128, 130,
135, 137
Kikafu ya Chini, 29
Kikuletwa River, 17, 2 1 , 29, 30, 130
Kikulevi, 111
Kilema, 2, 18-9, 22-4, 28-9, 102-3, 130, 187
Kitenden, 122, 130, 132-3, 136, 163, 198
Kitoni Springs, 111
Kitovo Springs, 24
Kitumbene, 16

Decken Glacier, 31, 33
Dreikanthügel, 57, 6 1 , 169, 171
Drygalski Glacier, 31-3, 36, 42, 44, 125
Duluti, 16
Dutch Comer, 18
East Lava Hill, 4, 45, 164-7
Egg Valley, 46, 62-4, 107-9
Eland Cliff, 90
Elveda Point, 148
Emali, 8
Endoinet, 111, 133, 136, 150, 214
Engare Nairobi, 18, 20-1, 27, 67, 78, 126,
130-2, 162-3
Engare Nanyuki, 18
Engare Narok, 198
Engare Rongai, 75, 123, 214
Essimingor, 16
Eyasi, 11-4, 18
First South Valley, 46, 57, 62-6, 104,
169-71, 216
Forster Valley, 22, 45, 57, 62-3, 90, 98,
104-6, 169-71, 204-5.
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Klute Peak, 74, 205-6
Klute Valley, 28, 49, 50, 59, 60, 66, 131,
135, 146-51
Kofferberg, 169, 171
Kware, 29
Lager Valley, 45-7, 50- 59-61, 122, 124-5,
132, 135, 137, 146, 149
Lagumishera, 163-4
Laitokitok, 22, 101, 111, 114, 133, 174, 214
Lake Chala, 16, 23, 102, 111, 170-4, 244
Lake Jipe, 14, 24, 29, 30, 158
Lake Manyara, 12, 14, 17
Lalgarien, 132
Lasset, 101, 113, 133
Latema, 4, 24
Lava Hills, 45, 109
Lava Hills Valley, 57, 62-5, 69, 131
Lavakegel, 46, 169-71
Lavakopf, 27, 122-5, 209-10
Lava Tower (Lavaturm), 27, 33, 47, 65,
116-8, 120-1, 126, 130, 136, 139, 208-9,
237
Lava Tower Valley, 208
Lelatema, 15, 29, 103, 246
Lelatema Escarpment (Mountains), 4, 8, 10,
14
Lemomo, 198
Lemongo, 215
Lent Group (Peak), 19, 20, 27, 32, 45, 64,
116, 123, 136-7, 211, 237, 243, 245
Lent Valley, 32, 45-6, 50, 59, 60-1, 66,
122-5, 129, 132-6, 146, 149, 151, 155
Leopard's Point, 1, 24, 32, 149
Liebert Peak, 21, 62
Liebert Valley, 63, 99
Likaswi Hills, 210, 211
Liviseki, 17
Loawelogan, 162
Londt's Ridge, 107
Longido, 8, 11
Loorukuruko, 28, 162, 164, 210
Loru Kenge, 173
Lower Middle Hill, 61, 67, 131, 137, 140
Luomi, 14
Lume (Lumi, Lumwe), 23, 98, 100, 102
Machakos, 11
Machame, 124, 126, 132
Machame Escarpment, 1, 26, 28, 47, 60, 66,
77, 118, 122-5, 130, 132, 135-8
Maktau, 14, 23
Manyara, see L. Manyara
Maranga ya Kombo, 29
Marangu, 1, 24, 27, 102
Marue, 218
Masai Steppe, 4, 11, 14, 17, 29
Masama, 158
Mawenzi, 18, 21, 44, 50, 54, 59, 6 1 , 64, 66,
80, 87-9, 93-4, 100, 103-4, 109-15, 130,
187-9, 194-6, 200-5, 219-23, 229-36
Mawenzi Barranco, 6, 2 1 , 46, 61-3, 66, 80-3,
90, 96, 104, 110-1, 114,205
Mawenzi lahar, 17, 20, 22, 23, 114
Meru, 2 ,4, 8, 15-8, 83, 114, 244
Merulahar, 2 1 , 29, 72, 130

Middle Red Hill, 164-7
Middle Ridge, 110-1
Mlombea River, 101-2
Mokinini, 24
Mokombera River, 111
Moltkestein, 107, 113, 204, 210
Monduli, 16
Moshi, 7, 16, 18, 27-30, 130-3, 151
Mount Kenya, 194-5, 242
Mue, 23-4, 27-30, 102-3, 161
Mulde, 154
Mzima Springs, 28
Nabererra, 18
Naiperra, 199
Namanga, 8, 11, 16, 28
Nanga, 161
Natron, 8, 13-4
Nesikiria, 111
Neumann Tower, 61-3, 81-95, 98-100, 103-4,
111-4, 200
Ngeju Lolwai, 17
Ngorongoro, 8, 14, 16
Nord Decke, 22, 93, 109, 114
North Corrie, 109
North Kibo, 59, 155
North Saddle Valley, 63
Northern Glacier, 32, 34, 39, 42, 154
Northern Notch, 147, 149, 152
Northwest Saddle Cone, 146-7, 150
Nyumba ya Mungo, 30
Oehler Ridge, 27, 45, 50, 124-5, 132-4, 146,
149
Oehler Valley, 20, 26, 46-9, 59-62, 122-5,
132-9, 209
Ol Doinyo Lengai, 16
Ol Doinyo Orok, 8, 11, 13
Ol Molog, 18, 28, 72-5, 130, 132, 158, 163,
187, 233
Old Moshi, 160
Olgarwa Shambarai, 17
Olugarua Lenker, 111
Pangani Valley, 2, 4, 12, 14-5, 17, 19, 2 1 ,
29, 30, 130
Pare Mts., 4, 8, 10-7, 24, 29, 30, 246
Penck Glacier, 31-44, 60, 65, 120-7, 134,
140, 142, 149
Peters Hut, 46, 62-4, 107, 109, 131, 133,
135, 167, 210, 216
Pinnacle Col, 82-3, 92, 104, 107, 109
Platzkegel, 20, 72, 75-7, 187, 206, 208, 236
Podocarpus Hill, 170, 171
Purtscheller Peak, 83, 109
Ratzel Glacier, 31, 34, 40, 42, 44
Rau, 23, 28-30, 161
Rau Depression, 15, 18
Rau River, 19, 130, 133
Ravenstein, 33, 309
Rebmann Glacier, 31, 34
Reusch Pit, see Ash Pit
Rombo, 23, 100-4, 139, 215-8, 234, 244
Rongai, 81, 103, 111, 138, 150
Ruvu, 17, 24, 29
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Saddle, 25, 45-6, 50, 57, 61-7, 103, 107, 110,
130, 150, 164-7, 218
Saltpetre Cave, 56, 6 1 , 212
Sambalaschlucht, 218
Sanya Juu, 18, 20-1
Sanya River, 18, 128
Second South Valley (Mawenzi), 57, 62, 66,
104
Serengeti, 2, 4, 8, 11, 12, 23
Seven Sisters Hills, see Loorukuruko
Shira, 18, 19, 44, 58, 66, 72, 78, 80, 115,
130, 139, 158, 161, 187, 189, 196, 205-8,
220-3, 229-36, 245
Shira Cathedral, 19, 20, 58, 72, 74-5
Shira Hill, 74
Shira Needle, 19, 72, 74, 205
Shira Plateau, 28, 59, 67, 72, 77, 124, 126,
132-5
Shira Ridge, 20, 46, 72-7, 132, 205
South Peak (Mawenzi), 21-2, 46, 83, 87, 95,
104, 107, 205
South Valley (Mawenzi), 64, 69, 103, 107
South-east Valley (Kibo), 26-8, 45-6, 49-50,
59-60, 64, 66, 131, 137-40, 146-7, 149,
161, 163, 212
Songala, 218
Stella Point, 140, 147, 149, 154
Sudberg, 171
Sultan Hamud, 8, 11

Tarosero, 16
Tavangire Valley, 17
Taveta, 3, 23-4, 102, 169
Terekoa, 21-4, 27, 101, 111, 113
Third South Valley, 1, 54, 57, 62-3, 66, 104,
106, 159, 169-70, 201, 204-5
Three Kings Valley, 22, 46, 54, 57, 62-5, 88,
91, 98-9, 104-7, 160, 169, 200-4, 216, 218
Three Peaks Valley, 22, 45, 62, 107
Tinga Tinga, 18
Towers, 162
Triangular Hill, see Dreikanthugel
Triplets, 45, 60, 158, 164-7
Tsavo, 8, 12, 17, 23, 27-8, 102-3, 111-3

Taita Hills, 8-12, 17
Tarn Valley, 46, 63, 109, 110

Zebra Rock, 166-7
Ziwani Swamp, 23

Uhlig Glacier, 31-3, 120-2
Uhuru Peak, 140, 156, 177-9
Umbwe, 27-8, 46, 59, 60, 117-8, 126, 132,
137, 155
Used, 100
Vorderer Mittel Hügel, see Lower Middle Hill
Weissmann Peak, 110
Weru Weru, 27, 29, 126, 128, 132-3, 180
West Lava Hill, 45-6, 164-7
West Ridge (Kibo), 124-5
West Ridge (Mawenzi), 107-9
Wona River, 23, 102-3
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