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ABSTRACT

The three main Ugandan geothermal fields namellir&j Katwe and Buranga are located in East AfriBah
System (EARS) in its western arm (the AlbertinetRiThe general strike of the Albertine Rift is NEW.
Geophysical surveys indicate 2500 to 3000 m thiskra# Pleistocene sediments in the rift floor.

The Kibiro geothermal prospect, which is locatedhat Eastern escarpment of Albertine Rift is cosgati of
hot springs that emerge at the base of the escatmnhéhe intersection of three oblique faults. Esearpment
forms a boundary between the old basement rockh¢t@ast) and the young sedimentary formatiomefrift
(to the west). The basement consists of Precambreamites, granitic gneisses, gneisses and N-8rgjrbasic
amphibolite intrusives. Mylonitic gneisses chargsgethe fault-controlled valleys. The NE strikifagilts in the
area are oblique to main rift fault and crosscuiVEstriking faults. All rocks are heavily fractureglith
crosscutting joints. The geothermal manifestatioctude; hot springs, solfatara, extinct clayeymdtions and
secondary hydrothermal minerals that include gypanoh calcite filling joints in altered mylonitic gisses on
escarpment among others. The maximum temperatunetadprings is 86°€. The Katwe volcanic field is on
the SE of Rwenzori massif and consists of 78 ragatistributed craters of which seven have watdre T
volcanics are deposited on Pleistocene sedimengsambrian rocks of Toro system lie on the westide
while on the eastern side; the sediments are waidebly Karagwe-Ankolean (K-A) metasediments. In the
southeastern side of Katwe field, there is Bunyarugolcanic field that consists of tuffs mixed lvi-A rock
fragments. The Katwe volcanics are mainly phreatpmeic pyloclastic deposits consisting of ash,, tiafilli,
volcanic bombs and xenoliths of basement rocksaBaslava flows and ejected lava blocks occur atbu
Kyemengo and Kitagata craters. The volcanic mdtpifi@ rises up to 420 m above surrounding sedisedE-
SW striking faults that characterize the field plefahe strike of the main rift fault. The carbdating puts the
age of volcanism as Pleistocene to Holocene. ThedKgeothermal manifestations include travertinpodés
that indicate extinct hot springs, warm springs’(30at L. Katwe and hot springs (@) at L. Kitagata. The
Buranga field is located at the NW end Rwenzorisifagar the base of Bwamba escarpment. The hitgspr
emerge through Pleistocene sediments. Precamho@ks underlie the sedimentts. The main rift fatilikes
45 and dips 6B65°. The three hot spring areas namely Mumbuga, Nyaesiand Kagoro lie on a line striking
40° parallel to main rift fault. Precambrian rocksrfothe northern half of Rwenzori massif that stril#-30°
and consists of migmatites and gneisses. The satBngensist of fine to medium-grained, poorly cditsted
sands and clays, some of which are coated witlaeadeis material. The geothermal manifestationsusiBga
field include three hot spring areas with a maximiemperature of 9&, travertine cones and some sulphur
deposits at Kagoro spring area. The area is seadljniactive and frequent earthquakes in the regéactivate
and create new manifestations like new hot spniregs Nyansimbe pool.
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REGIONAL GEOLOGY

The geology of Uganda consists of an exposed pmb@an basement dissected by the western brantieof
East African Rift System in the western part of doantry (Figure 1). The eastern branch, the Gregutt,
passes through the central part of Kenya. The Westanch, the Albertine Rift, starts to the noatbng the
Sudan border, and then curves to the west andsthethwest along the border with the Democratic Répwf
Congo, and south to Rwanda, Burundi and westerzdrda. Spreading began at least 15 million yeaosiag
Miocene time. The western Rift is considered taaban early stage in the development, and is yaufige
Miocene-Recent) than the more mature eastern br@vonley and Westcott, 1999). The Albertine rift is
seismically active, characterized by deep-seat&d4@ km) large earthquakes. The region of the Rit a
markedly higher heat flow than the surrounding @agnbrian terrain. Two different en echelon straads
found in the Western Rift Valley, separated by Bwenzori Mountains, which rise from a base of lgsm
1,000 m in the Rift to over 5,000 m elevation. Witthe Rift Valley there are thick layers of laterfiary and
Quaternary sediments, fresh water and saline claltes, volcanic, and plutonic bodies have beentified
beneath L. Albert and L. Edward (EDICON, 1984). Ttheee main geothermal areas of Uganda are Kibiro,
Katwe, and Buranga.
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Figure 1: The East African Rift System.

L OCATION OF KIBIRO, KATWE AND BURANGA GEOTHERMAL AREAS

The Kibiro geothermal area is situated in Hoimarais(Figure 2), on the eastern shore of Lake Albi€ibiro
is located at the foot of the escarpment of thetavasbranch of the East African Rift System (EARB)e
escarpment rises over 300 m above Lake Albert.

The Katwe-Kikorongo (here after only named Katwepthpermal prospect is one of three geothermal areas
which have been studied by the Ministry of Energgd Mineral Development (MEMD), the other two being
Kibiro and Buranga in Hoima and Bundibugyo disgiotspectively (Figure 2). Katwe is in the Kaseistridt.

It is within the Queen Elizabeth National Park, thoof the Rwenzori Massif and north of Lake Edwatdtwe

is a volcanic area with many phreatic craters leuy little lava at surface. Some of the craterssherater lakes.
The most pronounced hot spring is on bottom ofttla¢er lake in the Kitagata crater.

Being in a national park, the Katwe area is mostlinhabited, except for the Katwe village, soutthaf saline
lake Katwe. Considerable salt mining takes pladeaike Katwe.

THE GEOLOGY KIBIRO GEOTHERMAL FIELD
Introduction

The Kibiro area is located on the eastern escarpmgthe western branch of EARS. It covers the $mal
peninsula below the escarpment where the villagé&ohuru and Kibiro are located, the escarpmeselfitas
well as the land extending from the escarpmentigleotowards the east. The area altitude is 62hova sea
level (asl) at the rift floor and Lake Albert tolD0 m asl on the Rift shoulder. The area consistieep and
steep valleys (fault zones), especially closeh®dscarpment. The temperature of the area i®iratige of 32
—38°C.

Description of rock units

The escarpment cuts through the field from SW to & divides the study area in two entirely différe
geological environments. To the east, the geolamsists of crystalline basement, characterizedragites and
granitic gneisses, where as in the rift there hiektsequences of sediments. The best rock outen@pfound in
the escarpment face, but the rock is usually higdalgsformed by the fault movements. Good outcerpsalso
found along the numerous fault-lines in the bloakifed rock and on the eastern side, the outcnepeeatricted
to a few outcrops on hills. These are the hardests, and therefore resistive to weathering. Tdfees rocks
have weathered and formed depressions in the untulandscape (Gislason et al., 2004).

Granite and gneiss

These Precambrian rocks form the entire basemestitodahe escarpment. They are fine- to coarsexgdai
composed of quartz, feldspars, amphiboles (maioiypliiende) and biotite. Their colour ranges froraygro
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light brown and in some places pink hue dependmghe type of feldspar present. Banding is commuahia
more pronounced closer to the escarpment, andluglipping very steeply (60- 90°), and the most coon
direction of the strike is close to N20°E althougfw direction is also common (Gislason et al., 20@ose to
the escarpment and in association with fault line granites are mylonitic or brecciated, typicalhaghly
faulted environment.

The stage of weathering or alteration of the geenttepends strongly on the structure and locafidheorock.
The massive, un-banded granites tend to be vesh fend generally, the rock is less altered wistagice from
the escarpment.
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Figure 2: The geothermal areas of Uganda

Amphibolite dykes

Simmons (1921) is first to describe dyke-formingrusives within the present study area and refetoettiem

as “pyroxenites” as a field term, but later auth@fakenga et al., 1994) have referred to it asiwisr This
formation is black, angular blocks on the surfdoeming a small, elongated ridge in the landscdpgure 3).
These outcrops are usually 10 — 20 m wide, butbeaas long as a few km most commonly on the slapés
hilltops above Kibiro. Their strike varies from Nt& N20°E. In a hand specimen the rock is finemtedium-
grained, dark grey in colour and usually very frémbking. No phenocrysts are seen, but joints ammon.
Microscopic examination of these intrusives in tlsection reveals that the rock is composed of guart
pyroxene (orthopyroxene and clinopyroxene), apaditel relatively large amount of an opaque mineral
(Gislason et al., 2004). The dykes appear not tadsociated with a heat source for the Kibiro gewotial
system since there are no direct surface manifesstatelated to them (Natukunda, 2007).

Rift sediments

The studies been made on the sediments in theugapiarts of the EARS using geophysical method<atei
that the sediments are predominantly clastic, conynfiuvial and lacustrine deposits (Morley and \Wesdt,
1999). Little is known about porosity and permeagabibf the rift sediments. Their age is betweenat@ 15
m.y. Although recent fluvial and lacustrine seditsensually have high porosity, with time these sweits
become compacted and cemented, which reduces iti@ iporosity and permeability. Wayland (1925)
described the stratigraphy of the sediments ofAbertine Rift as consisting of three units; Epii@gravels;
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predominantly arenaceous Kaiso beds and the umdgrygillaceous Kisegi beds. In the Kibiro regitime Epi-
Kaiso beds are about 20 m, the Kaiso beds are 5fcky and the total thickness is more than 1,20(Harris
et al., 1956). The age of these two formationsnisewtain, but Wayland (1925) considered the Kigegbe
possibly of Miocene age, and the upper part okiiso beds to be late Pliocene or early Pleistocene

A 684 m deep well was drilled close to the oil segp about 1.5 km north of the Kibiro hot springbeT
borehole log shows alternating layers of grey samdl grits with sandy clay and blue-green shalesr{¢lat al.,
1956). At 120 m the sediments are predominantly sandl gravel, but between 120 and 250 m depthrdayfe
clayey sand and shales are dominant. Below 250 emptbportion of sand is high, until the hole hite t
basement rock at 1,222 m.
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Figure 3: Geology map of the Kibiro area

Banding and jointing
The granites in the area are usually without amydbay, it is commonly associated with increasingltfag of
the granitic gneiss and mylonitic rocks. Severatidctive strike directions of banding have beesearbed,
where east-west and N20°E are most prominent. & desmamon strike direction is N130°E. The dip isallsu
very steep, in the range from 60° to vertical. €lo® the escarpment the bedding tends to havewvastcal
dip, but farther “inland”, the foliation in gneissalips towards east and south. Banding is absetidn
‘amphibolite’ dykes. Joints are found in all rogkpés within the Kibiro, and have the same domintmction
as seen in the bedding. The joints and fissuresa or filled with secondary minerals such astguaalcite,

kaolinite and sometimes pyrite.

A study of joints can reveal the stress field, whéaused them. It shows the two prominent direstiijoints
in amphibolite outcrop, east-west and N20°E, irgeting at 60° angle. Also present is the less comjomt

with N130°E trend (Figure 4). A principal stressldi with direction NW - SE, can explain this patterf joints,

more exactly with direction 140°E, which is exaqtisrpendicular to the direction of the rift in thea (N50°E)

(Gislason et al., 2004).
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Figure 4: Joints in amphibolite outcrop. The main jointsnfoa 60° angle, and the main stress field is frolV-8E
as per stress diagram to the right. (After Gislasioal., 2004).
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Figure 5: Kachuru fault-controlled valley viewed from itENend.

Tectonics

The main faulting within the Kibiro area is the ®se escarpment of the rift, which cuts straighibtigh the
study area in N50°E. The visible vertical displaeatat Kibiro, from Lake Albert at 622 m asl to ab860 m
asl. on the shoulder of the escarpment above K{{34® m). The land continues to rise towards thelsast,
and at the village of Kigorobya the land elevatismbout 1100 m asl. Seismic refraction data inritieshows
that the total thickness of sediments at Kibirouti&ba is about 5.5 km (PEPD, 2002), giving a @ispient at
Kibiro of at least 6 km in total. The visible part the escarpment fault, the extension belt, isricted to a
narrow band, not more than 1 km, and often conatadrin one to two faults. Away from this narrowit loé rift
faults no linear structures striking N50°E, i.ee ttlirection of the rift valley, have been found.eTlestern
branch of EARS is formed by series of half grabéms,the main extension occurs on alternatingssiofethe
rift, characterised by a dominant main boundanyitféaut series of normal faults are hidden by lakesi
sediments (Morley et al., 1999).
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Drilling for oil north of Kibiro and at Butiaba skad that the escarpment dips at 65°E towards th@Harris et
al., 1956). In the granites the most prominent fard within the study area is the valley of Riveadfuru,
which flows off the escarpment to Lake Albert viadkuru village, south of Kibiro. The valley cutsagght
through the granites, very steep and narrow and2@@ep or more (Figure 5).

Its direction is N20°E, and parallel with it areries of smaller valleys and linear alignments. TiKachuru
Fault Zone (KFZ2), is oblique to the main rift faudind intersects it at the villages of Kachuru Kitmro. At this
intersection several geothermal surface manifestatare located. Outcrops along the valley shoengty
mylonitized rock, a characteristic fault rock, athd elongated fabric of the influenced rock is lie same
direction as the fault. Mylonite are common in thenity of KFZ but are not found away from the famones.
River Kachuru originates from a swampy area wesd€igbrobya. It follows a direct course to the wastil in
flows in to the Kachuru valley (Figure 5) wherdttns to NNE until it reaches the escarpment aoddlinto
Lake Albert. The east-west direction of the uppartp of River Kachuru is a dominant linear struetim the
study area, first described by Simmons (1921), déscribed an east-west fault just south of theystwda and
he associates it with a bend in the Rift just saftiKaiso peninsula in Lake Albert. Simmons inteted the
two fault line directions (i.e. N20°E and E-W) imetgranites as block faulting associated with trenétion of
the Rift. Simmons also mapped and described twd-Wast faults west of Kigorobya (Figure 3), andsthe
have also been mapped by later authors (Kakengla @994 and Gislason et al., 2004).

River Kitawe follows a fault-controlled valley jusbrth of the Kigorobya — Kibiro road, and flowsvdo the
escarpment in a deep gully by the hot springs dirii(Figure 3). The direction of this alignmentN§V-SE
(N120°E), intersecting the main escarpment at theré hot springs. Apparently, the NNE-trending Kacu
fault is the youngest one in the study area, asutit through the main rift escarpment. The Kacheault
apparently cuts off the east-west trending faakdi, indicating that they are older (Figure 3).t@mother hand,
the amphibolites, which have the same N-S trenliilggment as the Kachuru Fault Zone, are clearyffitby
the E-W trending faults.

Geothermal surface manifestations

Hot and warm springs

There are three hot spring areas at Kibiro geothkamea. The main area of hot springs, Mukabigmdated in
a N-S trending ravine at the base of the main faasttarpment. A number of small springs issue frobe t
boulder and gravel (Figure 6). Large amount of@ssapes from the springs, and there is a stronlj shi¢,S

in the air. There is little evidence for carbonptecipitation, but white thread-like algae are camnin the
stream. Close to the stream the threads are caoldoleeck with sulphides. The springs are locatedaon
elongated area, slightly oblique to the main fa@Ql. the western side of the ravine is breccia optcelated to
a secondary fault, oblique to the main rift faahd the springs are most likely controlled by thierisection of
the two faults. Most of the springs drain into aafinpool at the foot of the breccia outcrop, and pabbles
continuously from the bottom of the pool. The tdtalv measured from the Mukabiga centre was 4alfsl the
temperature range was’67 86.4C. A second group of hot or warm springs are fodadnstream, in an area
of salt gardens called Mwibanda. The flow rate & s is low, and the temperature range i83371.7C.
Some of the seepages are on a straight N-S trenidiegment, in a small dugout trench. Other spriags
within the nearby Muntere salt gardens, which ieatly north of the Mukabiga area. Its eastern sidgy be
controlled by the secondary fault. Here the grobasl been lowered down to the ground water levethfersalt
production. A number of small channels drain theaarand there are no well-defined springs. Thedsgh
recorded temperature at Muntere springs is %89.Extinct clayey alterations occur in the breceisst of the
Mukabiga hot spring area. They contain frequenbawdéss gypsum crystals.

Steaming ground and solfatara — surface alteration

In the lower slopes of the fault escarpment theeesaveral sites of outcrops of highly brecciatadtfrock. A
faint smell of BHS is in the air and a thin film of sulphur coveng trocks. In cracks a well-formed sulphur
crystals grow in clusters. Also present is a bltrklike hydrocarbon substance (Figure 7). No stéaseen
rising, but the smell and fresh deposits of sulpfemonstrate the presence of some gas being réld@akeite

is found in cracks and fissures, indicating watscldarge at earlier stages. A band of brecciateli fack can
be traced along the escarpment to both the nodrsaath of this manifestation. About 175 m to tleetim, and
about 50 m south of the track down the escarpntieatfault is well exposed in a shallow gully, ahé tock is
highly altered in a variety of colours. Sulphur aadis present on rocks, but no smell is foundother similar
site is found on the same fault about 220 m sofitheoschool, where both sulphur and tar deposi&gaind.
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Figure 7: Black tar-like hydrocarbon substance and extiteptey alterations on escarpment face.

Discharge into Lake Albert

From the salt works in the salt gardens of Kibitas evident that some portion of the water sethpsugh the
sediments towards the lake. It is therefore ardigip that some hot springs may occur in Lake Albert

Carbonate springs

In the KFZ, there are three locations of small pei&l springs in the granitic zones away from theagpment
(Figure 3). They are all on the fault lines in tlleck-faulted area. In all cases, the flow is snall I/sec.) and
the pH of the water is between 9 and 10. Calciexipitates from two of the springs and forms few ttiak

deposits on rock surface downstream from the sprififpe springs issue from fissures in cross-joimtack
outcrops.

=

Figure 6: A view of the main Mukabiga hot spring area. Bpeings emerge from a foot of a fault breccia.

Calcite deposits

Calcite is not a primary mineral in granitic rocknd it is not expected to be present in the gecddgi
environment in the block-faulted granites. In thiea it is present at some locations as secondagrah in
cracks and veins. Calcite is a common mineral iotlggrmal systems, especially in boiling zones antha
outer zones of the system. The calcite in the Kilsirea may be of geothermal origin, but this is tgebe
proved. Three different formations of calcite occline first occurrence is calcite, which has forrfredn water
flowing through joints and fissures in the rockf blue rock has now been brought to the surfacetddeult
movements and/or erosion. The second group isaleites which is currently being deposited at thebonate
springs. These two groups are here interpreteceathgrmal manifestations, the former may be fdssilthe
latter is active. The water in the headwaters @ERKachuru is saturated with calcite, and a tiim forms on
rocks in the river. This calcite forms the thiragp, and as its origin is less certain than thenértwo groups,

it has not been mapped. If the calcites are gewthiy related, it is apparent that the east-wadtd$aare playing
an active role in the geothermal system (Gislasah. £2004).
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GEOLOGY OF THE KATWE GEOTHERMAL FIELD
Introduction

The Katwe-Kikorongo Volcanic Field (KKVF) is locateon the western escarpment of the Rift, soutthef t
Rwenzori Massif which is a horst rising to an alfié of 5,109 m asl, with the equator running actbgs
northern part of the field. Lake Edward and theikga channel constitute the periphery of the Kafiele area
in the south. In the east, the area reaches oatfiahplains of the Rift and in the west, the $euh tail of the
Rwenzoris borders it. Figure 8 shows a simplifiedlggical map of the Katwe area. The geologicabhysof
the area begins from Precambrian base rock tot®teise-Pliocene volcanics to Quaternary lake seatine

Basement rock

The basement rock outcrops on the rift shouldeesasi of the rift, adjacent to the Bunyaruguru &olc field,
and in the Rwenzori Massif, immediately to the haof the KKVF. To the east of the rift is the Kavas
Ankolean System (quartzites, shales, phyllitesunid by granites). Reece (1955) studied acciddntaks
occurring in the tuffs and craters that this forimatunderlies the Bunyaruguru volcanic field. Toeks of the
southern part of the Rwenzori Massif belong beltinthe Toro system, which consists of schists, izitas and
intrusive rocks such as granites, pegmatite, angtitéls and dolerites. The strike of bedding andafain in the
southeastern Rwenzori has a similar strike todh#tte main rift escarpment, 1570.

The Rwenzoris slope gently towards the south aait tasement rock disappear under the volcanicgbitbe
KKVF close to the equator. In this area the volcarire deposited directly on the pre-Cambrian rask,
outcrops can be seen in the northern part of thlel fike the northern inner slopes of the Mahigater.
Towards the south, there is no direct evidencdterdepth to the basement. The fresh water andeieye
gradient boreholes drilled in the area have neragpted the underlying basement rocks (Franz€§8)2

Lake sediments

The present day Rift floor is covered by an unkndhiokness of lake sediments. Near the KKVF twoanaj
lakes are found, Lake George and Lake Edward, atedeby the slow-flowing Kazinga channel. Through i
evolution, the Rift Valley has hosted lakes to ayiray extent, depending on prevailing climate arteo
controlling parameters. The present day Lakes Edlwad George are small in comparison with earéikes,
which sometimes covered the whole breadth of theHRiat lying sediments from these periods cover Rift
Valley floor, and the best outcrops are along tlgikga channel, which connects the two lakes. AtMiweya
Lodge, there is 20 — 30 m high outcrop of lake edits, fine silt or sand grain size with little v layering
with no volcanics. The outcrop at the bridge at Kadunguru village consists of volcanic pyroclastipartly
welded to form a 70 cm thick layer on top of thdisents. The land west of the crater area is oeitid actual
rift and is part of the southern slopes of the RzeenMountains. Sediments can be seen in roadngsttand
fault escarpments, and these are generally landsitepinterbedded with volcanic layers of pyrottss often
rich of lapilli. In the crater area lake sedimeat® not exposeth sity, but can be found at few places as
accidental fragments in the pyroclastics.

Volcanic rocks

The KKVF is dominated by pyroclastic material withre occurrence of lavas and ejected lava blocks as
accidental fragments. Lloyd at al. (1991) estimated the bulk volume of tephra was 63t only 0.07 kr
of lavas.
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Figure 8: Geology map of Katwe area and its surroundings.

The Crater Area

The crater area is situated on the western escatpoh¢he rift, at the southern slopes of the Rveenklassif.
The numerous craters are coarsely arranged inth-aasterly direction along the main rift alignmethie main
crater area stretches over 30 km along the malihlfaes, and is about 11 km from north-east totseumest at
its widest. A few craters are found outside themuaiater area, as far as the town of Kasese indhé, making
the total length from north to south about 45 krhe Traters are arranged very densely, often irtldrig with
each other, and many may be difficult to identifiglre 10). A recent study identified over 140 dine
centres within the Katwe area. The craters arergépef low relief, and were formed by a phreagiwption,
i.e. maars. Some of the craters, especially thas¢he lowland (Lake Katwe, Lake Kikorongo, and Lake
Nyamunuka) or the deeper craters (Lake Kitagat&ellahiga) have crater lakes, usually with highinssi
waters due to evaporation. The phreatic nature aarmare caused by interaction of magma and shallow
groundwater, leading to explosive type of eruptimmoducing pyroclastic airborne deposits, often Wide
distributed and thus resulting in a low crater rinimposed by loose airborne material, often mixéith w
fragments from the host rock, i.e. accidental fragts. It is believed that many centres of phreatigtion
were active at the same time, producing large rygqer flat-bottomed depressions (Gislason et aD820

Pyroclastics

Most of the primary magma of the volcanic pile épresented by pyroclastics, mostly tuff and todegxtent
lavas, but bombs are absent. This implies powesfplosions during eruptions, capable of tearingniagima to
small particle sizes. The presence of lava flowsh whemical composition identical to that of th&gishows
that the explosive force is most likely due to exét conditions such as direct contact of the pameagma with
ground water. When magma and ground water interdeswater is turned into steam, multiplying idurae,
and breaking up the host rock formations wherernteraction takes place. The angular forms of thendant
fragments of the basement rock in the pyroclasticécate that the interaction takes place withie fire-
Cambrian basement (Gislason et al., 2008). Accaldragments of the sedimentary formations are doah
low levels of the pyroclastics in the Lake Katwater.

The pyroclastic outcrops have a yellowish appeaaacd may vary in fragment size, although generather

fine grained. On some locations no bedding careke & thick sections, but generally the pyroatastitcrops
show sorted, stratified airborne character. Thdlimyi of borehole for temperature gradient measunets
indicate that the pyroclastic material extend upl8 m depth (Natukunda, 2007). Commonly base surge
structures are apparent, especially close to thercof origin (Figure 9). No welding of the airbermaterial

has been found, indicating lower temperatures, g@xtdue to interaction of hot magma and cooler rgtou
water (Gislason et al., 2008).

The most striking feature of the pyroclastic erops of the KKVF is the abundant occurrence of aantal
fragments in the ejecta. The size of the fragmeaties from being tiny fragments to over 3 m inndéder. The
largest rocks are always found near a cratert@fles larger than 10-15 cm in diameter are fourtlimb0 m
distance from the nearest crater rim.
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Figure 9: Surge structures in volcanic tuff.

Lava flows

Lavas make a very small part of the volcanic matesf the KKVF. No lavas are seen on the present da
surface, showing that the final volcanic phase wmisrely of phreatomagmatic character. Lava flows be
seenin situ under a thick cover of pyroclastic material in ffdacations, in the inner slopes of two craters,
namely the Lake Kitagata and Kyemengo craters. Tr@n outcrops are on the northern side of the
Nyabugando peak, which is located between the Kpgmand Lake Kitagata. On its northern side, fa¢he
Kyemengo crater at least six lava flows are expps$eeir total thickness is about 120 m. The floves/éda
scoreacous tops and bottoms, and are sometimesagpay thin pyroclastic layers. The lava outcregis on
pyroclastic deposits, and the lavas are buried uadme 150 m under the peak of the Nyabugando,hwhic
reaches to 1,225 m asl. On the eastern side thepitasterminates abruptly, as the outcrop is bondehe main
fault of the KKVF Fault Field, forming the westesite of the peak.

On the eastern side of the Nyabugando peak, fabmgake Kitagata crater is another outcrop of $aed least
30 m high, where four lava flows can be seen, hrdsteep wall is formed by the main fault of the\KK The
hot springs of Lake Kitagata emerge at the fodghis. The third lava outcrop is found on the innerth wall of
the Lake Kitagata crater. It is about 12 m thickl &1level with the second outcrop, but their cohta hidden
by vegetation and scree, and the fault, which obsthe hot springs, runs through this span. Therop seems
to consist of one thick lava flow, but no corredatibetween the two neighbouring outcrops can beemad
Holmes (1952) found one 20 m thick lava flow in tBaboon cliff, which forms the western rim of the
Kyemengo crater. The above locations are the wmn$jtu lava flows, but lava blocks can be found in thect

of several of the craters surrounding the Lakedéta and Kyemengo craters. The blocks are angnthvary

in size from few cm up to 2 m in diameter.

Based on the chemical analyzes of the rocks, whrehlow in silica ranging from 33.5 to 43.6 %, Hebkn
(1952) divided all the samples in two main groupsda on the SigJAl>Ogz-ratio. He identified the rock as

being potash ankaratrites, leucite ankaratritesraaldleucitites. It is most likely that each lavadk has been
broken from its original place and ejected fromkat of the nearest crater.

O.B.P. series

The ultrabasic volcanic rocks found in the pyrotitasjecta as accidental fragments in the KKVF (ifgy10) as
well as in other volcanic fields around the Rwenibassif, are referred to as the O.B.P. seriedr(tds 1952).
The fragments are composed of olivine and/or l@aind/or pyroxene, hence the name O.B.P. In th# KK
0O.B.P. is only found as fragments and neawesitu. The crystals vary in size from fine grained teesal cm in
size, especially pyroxene and biotite. The lagefound as single crystals in the ejecta from nemagers, up to
10 cm in diameter. The O.B.P. fragments tend tooied in appearance opposite to the lava blockshwdre
often angular. This might indicate that at the timfi¢he explosive eruption, the O.B.P. host rocls wemi-solid,
where as the lavas in the root of the volcaniafieas in a solid state (Gislason et al., 2008).

Accidental Fragments

The maar type of eruption, which is dominant in KKVF, istémpreted to be the product of an interaction
between molten magma and groundwater, leading dlent steam explosions. The fragmented magma and
voluminous steam tears lumps of material from tbst hock where the explosion takes place and floarduct
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walls as the steam/tephra mixture rushes to thiaeir The map (Figure 10) shows that the basenoekisr
underlie almost the whole crater area, excepteat_ tike Kikorongo crater no basement fragments auad.

The volcanic fragments are spread over the cepémdlof the crater area, indicating that buriedalflews have
formed a part of the volcanic pile in the centraftpof the volcanic system, but have not reachedhstw the
Lake Katwe area, and the lavas have reached fatth#se north to Lake Mahiga. The O.B.P. seriesshifted

to the south compared to the lava distribution, arelfound as far south as the Lake Katwe areaateuhot
found much north of the Kyemengo crater in the r@rart of KKVF. The large biotite crystals, whieine

presumed to be a part of the OBP series, are faurtde southern part of KKVF, but overlapping witie

occurrence of the O.B.P. fragments (Gislason e2@08).
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Figure 10. The Katwe-Kikorongo Volcanic Field. Outline oftsgurface distribution of rock formations as
interpreted by distribution of accidental fragngeint pyroclastics (after Gislason, 2008).

Lake sediments as accidental fragments are foutitkihake Katwe crater, and in situ under the pgsics in
the Nyamunuka crater. The distribution of basemecits not only show that the basement underliesvinae
of the crater area, but also the interaction of meagand ground water takes place, at least to soteste
within the pre-Cambrian basement formation. Thdritigtion of lavas coincides with the area of highe
production of volcanic material in the crater area.

Faulting

Faulting plays an important role in shaping thedgtarea, as it is located on the rift shoulder 0¢ of the
branches of the East African Rift System. The faalte draped by volcanics, and it appears thatosia
volcanic activity was the latest events in the KK\éBvering any exposed faults. The Katwe faultsehlasen
mostly interpreted from aerial photographs, bumiany cases confirmed by field observations. Thaidant
fault direction is parallel to the rift border, Wwita north-easterly direction. A major alignmenttie pre-
Cambrian basement in the north-western corner efstiudy area runs with a N150°E direction under the
volcanic field. This lineation marks the south exidthe Rwenzori Massif. It is a product of fol@tiin schist,
and faulting. South of this line the main faulf&VZ have the direction N30°E but to the nortltitanges to

a more northerly direction, or N15°E. Apparentlje tintersection of these three structures influgrite
volcanic activity. The intersection coincides witte highest production of magma, and the distributf lava
blocks is centred on the intersection, and it $® dhe location of lavas found situ (Figure 10). The main hot
springs of the area, i.e. the springs in the Lakadéta crater are clearly controlled by NE-SW teund are as
well located above the underlying basement lineatib may be interpreted that although the transpdr
magma is along the faults of the rift; the intrgsimagma is injected at relatively shallow depthrfrine main
NE-SW faults to SE along the weaknesses of therotdesement fault. Here the magma interacts with
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considerable body of ground water to form the phastic type of eruptions, only a small portion ¢ tmagma
reaches the surface to form a normal lava flowl@S@n et al., 2008).

Geothermal manifestations

The geothermal surface manifestations in the Kaimspect are hot springs located in the Lake Kitageater
(Figure 11), and warm springs and travertine depadisat have built up tufas in the Lake Katwe aratich is
located 12 km southwest of Lake Kitagata (Figure TBe maximum surface temperatures in the hohgprin
Lake Kitagata crater is 7Q, while in Lake Katwe Crater it is 32°C.

Figure 11: Kitagata crater in which lava flows occur undsrhighest Nyabugando peak
and hot springs emerge at foothill and in the l@astern side of lake).

GEOLOGY OF BURANGA GEOTHERMAL PROSPECT

The Buranga geothermal area is located at the westtern base of the Rwenzori Mountains in the Wi dRift
Valley (Figure 12). Exploration for oil around Buga showed a Tertiary succession of sands, clagls an
boulder beds with occasional tuffs. Geophysicaveys confirmed the presence of these rocks dovendepth

of 1,524 m. The boreholes showed that the Teraigcession was terminated in the fault zone byeadm
cemented by calc-tuffs followed by mylonite (Hareisal., 1956). The clays are of various colouid the sands
are fine-to medium-grained, varying in colour betwewhite, brown, grey and green. The most common
binding material is clay, although this may be paycreplaced by calcium carbonate, giving risecéicareous
sandstones and grits. Pebble beds are of rarerencer There are no fossils apart from plant fragme

South of Sempaya and close to the Buranga hotggranfault line (striking between 20° and 45° difhing
60-65° westwards) is exposed (Johnson and McCanih@81). The presence of mylonite along fault zone
suggests movement along a very old fracture zoneoaofpression. Traced further north, this fault egyst
displays both a change of direction and reductiomagnitude. Step faulting is also present as qqavdgraphic
features (Harris et al., 1956). The 13 structureddment course is marked not only topographically,also by
masses of fossil calc-sinter covering 4°knetween Kibuku and Buranga (Sharma, 1971). Kibiskiocated
approximately 10 km north of Buranga hot springs.

Unlike Katwe, Buranga has no evidence of volcartisinis highly tectonically active.

Geothermal surface activity is intensive, with spieg hot springs and high gas flow (Figure 5).The
manifestations are found at the foot of the escamimin a swampy area enclosed by a dense raistfore
Surface alteration is scarce but most of the sprivayye developed traces and mounds of travertiméac® and
geological observations carried out under UGA/8/p83ect indicate the presence of extinct therreatdres
(travertine) along a 10 km stretch from Buranga $mings to Kibuku. This shows that the area ofriiz
activity has been shifting from north to south émat the Buranga geothermal area may be somewigatla

Geothermal manifestations of Buranga

Buranga has the most impressive surface geothamaalfestations i.e. hot springs (Figure 13) withvide
areal coverage in the whole of the western braridhe East African Rift System. They include hotisgs,
calcareous tufa and recent surveys have reportetl-soale seasonal fumaroles at Mumbuga spring tuea
appear in dry season when the water table is Idve Jurface temperature is close to 98°C and the io
approximately 10-15 litres/second, an indicatiomigh permeability.
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Figure 12 Geology map of Buranga showing location of hotregs.

Figure 13 The Mumbuga erupting hot spring in Buranga geatiaéprospect. Note the developing travertine cone.
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CONCLUSION

The Albertine Rift controls the geology of the thrgeothermal prospects. Katwe is the only prospeet
volcanic environment while the geology of KibirodaBuranga is dominated by the crystalline baseraedt
sedimentary formations. The fault system is mdgtlyi of the same age as the rift itself and resutim the
same forces. The tectonic pattern in the threesasegoverned by the formation of the rift. The edorces that
are tearing the Archaean shield apart in SE — Nk&ctlion and forming the Albertine Rift have blo@wfted

the semi-brittle granitic base rock east of Kikdred Buranga prospects. In Katwe field, the geokigiwidence
indicates that the magma-water interaction takaseplvithin the pre-Cambrian basement and thatdiee$ of
the eruption demand that the access to groundvigteonsiderable. The presence of ample water iR pre
Cambrian granites and gneisses suggests a secopdameability, caused by the break up of the older
formation during the evolution of the Rift ValleJhe prerequisites for existence of geothermal vederin the
three prospects exist, namely a heat source, péilitygand rechargeable water. This is supportedthsy
existence of hot springs, fractured basement giaoie top of Rwenzori Mountain (for Buranga andikipand
appropriate precipitation. In Katwe, the hot spsirage right in the middle of the field, where thepipgical
evidence points to the highest magma productionintrsection of large tectonic system and theeefine
highest permeability
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