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ABSTRACT

The eastern flanks of Mount Elgon, an early Miocene stratovolcano, host caves
(~150 m long, ~60 m wide, ~10 m high) of debatable origin. Many animals, primarily
elephants, “mine” the pyroclastic bedrock for sodium-rich salts. Speleogenesis has
been argued to be primarily zoogeomor phic, or primarily dissolutional with only
minor zoogeomor phic modification. Thisreport provides the first detailed mapping
and geomor phological study of the caves. Speleogenesis is polygenetic and strongly
related to lithology. Geological units are, from the top down, ~2 m of dense pyroclas-
tic agglomerate cap rock over which water falls, ~10 m of more per meable agglomer -
ate, up to ~0.2 m of discontinuousimpermeable lava, ~2 m of very soft and permeable
agglomerate, and >2 m of impermeable swelling-clay tuff. Caves develop behind
waterfalls under surface stream valleys by sapping of the incompetent agglomer ate
abovetheclay, and failure of the clay (aquiclude and base level for speleogenesis), fol-
lowed by collapse of harder agglomer ate layer sabove. The dominant passage shapeis
breakdown dome, with abundant fresh collapse. Geophagy by elephants and other
species, and human mining significantly modify and enlarge the caves and remove
collapse debris. These activities, focused on accessible and salt-rich units, create
quasi-horizontal undercuts (up to~4 m tall and deep), theloci of which move upward
ascollapseraisesthefloor. Significant erosion also occur s by incongruent dissolution,
corrosion, pressure release, efflorescence flaking, and biogeochemical activity from
huge bat colonies. No evidence was found of channeled flow, or of phreatic or vadose
activity. These caves are probably no older than Holocene.
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INTRODUCTION

The eastern flanks of Mount Elgon, an ~4000 km?, 4321-m-
high stratovolcano of early Miocene age (25-10 Ma) on the
border of Kenya and Uganda (Fig. 1), are penetrated, at altitudes
of 2400-2500 m, by several voluminous caves up to ~250 mlong,
~80 mwide, and ~10 m high. These caves, in pyroclastic agglom-
erate host rock (which formsthe greatest portion of the mountain:

Davies, 1952), are known to be regularly visited by a variety of
animals, including elephants, that “mine” the rock for its sodium-
rich sdts. The “elephant caves’ of Mount Elgon have been inter-
nationally recognized since they were first described by Joseph
Thompson in the late nineteenth century (Thompson, 1885); they
were well known to local people for centuries before that; and
they have been a source of some controversy to scientists ever
since. Thompson was unableto decideif the caves were of natural
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It was noted that many caves seem to have multiple names,
and that names given in previous literature may not correspond
with caves of the same name today. Location coordinates are
not supplied in the literature, and the only survey published isa
rudimentary one of Kitum Cave (Sutcliffe, 1973, in which the
cave is misnamed; Redmond and Shoshani, 1987).

GEOMORPHOLOGY AND PROCESSES OBSERVED
Geological Setting

The host rock is a pyroclastic, sodium-rich agglomerate,
with <1% of lava (Davies, 1952), and fine-grained tuffs. In the
vicinity of the caves, four units are apparent, including, from
the top down, the grey agglomerate (the topmost, densest layer,
which acts as a cap rock), the brown lava, the yellow-grey
agglomerate, and the green clay (Fig. 2). The grey agglomerate
isthethickest, at 10 to15 m. However, none of the layersis con-
sistently flat, or consistently thick; stratigraphy and level of
cementation vary laterally and vertically. All drape over, or
infill, pre-existing relief. Even the clay, although the most level
feature, varies slightly in elevation over a few hundred meters.
The lava is not always apparent between the upper and lower
agglomerate. In no part of the cavesis the base of the clay unit
exposed. The geology of the region is discussed in detail in
Davies (1952), Walker (1969), and Bowell et al. (1996). Brief
notes on the relevant units are given in the following.
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Figure 2. Generalized geological cross section in the vicinity of the
caves. Thickness, although variable for each unit, is given from the top
of the cap rock.

The Grey Agglomerate

The grey agglomerate (Fig. 3A) is the major rock unit,
exposed in most of the chamber wallsand roofs. It is pyroclastic,
blue to grey in color, with dark-colored clasts of varying sizes,
but which are usually <50 cm in diameter, subrounded, of alkalic
lava or hypabyssal basalt, and have groundmass of light-grey
ash (Davies, 1952; Hazlett, 2005, personal commun.; and field
observations). Davies noted that the lavas are mainly composed
of nepheline (Na,K)AISIO,, pyroxene (Mg,Fe)SiOs, and mag-
netite Fe;0,. The fine-grained groundmass between blocks is
ashy, with crystals of nepheline and pyroxene, vesicular in
zones, the vesicles are irregular, subrounded, and lined with
acicular zeolites. The bedding surfaces are often somewhat
undulating; the beds are typically 1-1.5 m thick, often lenticu-
lar, and 20-30 m wide. In several places, slickensiding between
unitsis apparent, giving flat to gently curved smoothed and pol-
ished separation surfaces, now apparent as a particularly flat,
smooth part of the cave roof.

One of the most interesting features of the agglomerate is
the very many fossil remnants it contains. These include trees
trunks (up to 1 min diameter, typically in random orientations),
trunks with intact root systems, twig piles, and occasional mam-
mal bones. The wood is often replaced by zeolites or calcite
(Sutcliffe, 1973), but the wood form isretained (at least macro-
scopically). Many tree-trunk molds have developed where
decayed trees left voids (Fig. 3F); the molds are often lined with
sharp needles of zeolite crystals, sometimes acquiring stal actitic
forms (Fig. 3E).

In general, this unit is well lithified and mechanically
strong, with few vertical joints. It shows a gradation from
top to bottom, from strongly to less lithified, from less to
more groundmass, and from fewer to more vesicles. The
uppermost couple of meters, the cap rock (over which the
waterfalls fall), is particularly well lithified. The paucity of
roof drips in the caves and of visible roof cracks suggests
that the cap rock and upper layers of the grey agglomerate
have low primary and fracture permeability. The lower layers
of grey agglomerate, less well-lithified and with more ashy
groundmass, have higher primary permeability and more
secondary salts.

The Brown Lava

Thisvery distinctive, 0—-30-cm-thick, dark-colored, brown-
black lava flow (Fig. 3B) contains numerous spherical, silica
filled amygdules (up to 2 mm in diameter) and is up to 20%
vesicular (Hazlett, 2005, personal commun.). It forms smooth
blocks with conchoidal fracture, and is composed of nepheline
and pyroxene, but mainly pyroxene (Davies, 1952). This layer
is often discontinuous, or complex, made up of several separate
layers separated by afew centimeters of white ash, draped over
the undulations of the underlying rock; it is thicker where it
filled shallow swales. It has very low primary permeability and
thus acts as alocal leaky aguiclude and is the source of most of
the cave roof drips.




































