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ABSTRACT

Reconnaissance surveys have been carried out omebihermal areas of Uganda since 1935 when tlse fir
documentation of Uganda's hot springs was madeerRRstudies have focused on three geothermal sysitiatwe,
Buranga and Kibiro all located in the active volcdpelt in the Western Rift valley along the bordétUganda and the
Democratic Republic of Congo. The Western Rift $ialls characterised by geothermal systems andesafid fresh
water lakes. The three areas were chosen for tily $tecause of their volcanic and tectonic feattinas indicate a
powerful heat source and high permeability. Thesctbje of the study is to develop geothermal eng¢ogyupplement
hydro and other sources of power to meet the ersgggyand of rural areas in sound environment.

The results from geological and geochemical stuiidisate that all the three areas are potentiathgemal prospects.
Their hydrothermal systems appear to be relatieddyand rise from volcanic basement rocks rathan tirom the
young overlying sediments. Stable isotope data estgga similar origin of the geothermal fluids @hd meteoric
water. The high carbonate contents and salinitthenrange of 25,000 - 30,000 and 14,000 - 17,00(kgntptal
dissolved solids of the geothermal waters from Katwmd Buranga respectively, affect their magnesinch calcium
concentrations hence throwing the validity of sognaventional methods of interpretation into doutaking these
doubts into account, reservoir temperatures of-1320°C and 120 - 150°C are inferred by geothermpnfer Katwe
and Buranga respectively. Mixing models applieth®s Katwe waters predict a reservoir temperaturaboiut 230°C.
The chemistry of the surface fluids from Kibiro the other hand suggests a mixture of thermal alttiveaters with a
pH of 6 to 8, and salinity of up to 4,000 - 5,000/ky total dissolved solids. The fluids are relalyvdilute compared
to those of Katwe and Buranga and would probablyseaa few problems on exploitation. Geothermomatrgt
mixing models predict a reservoir temperature d°’20and above for Kibiro.

The predicted reservoir temperatures for the threas could be suitable for electric power ger@radind direct use in
industry and agriculture.
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INTRODUCTION

The three geothermal areas namely Katwe-Kikorot@awe), Buranga and Kibiro are situated in the \Wesbranch
of the East African Rift System that runs for mostits length along the border of Uganda with thenidcratic
Republic of Congo (DRC) (Figure 1). The Westerrt Ré#iley is marked by intensive faulting, often aopanied by
volcanic and seismic activities, and commonly geotial systems. Geothermal resources are estimatatioat
450MW in the Ugandan Rift System (McNitt, 1982).

Since 1992 systematic exploration has been goinghdhree geothermal areas of Katwe-Kikorongo, Bgeaand
Kibiro located in the districts of Kasese, Bundipagind Hoima respectively. The three areas wereashas priority
areas because of their volcanic and tectonic featthrat are indicators of heat sources and higmexility. The
exploration has been centered on geological, gevicla¢ hydrological and geophysical investigatiarith the aim of
locating suitable sites for drilling. This papeegents the current status of the geochemical nafdéke three study
areas.

THE STUDY AREAS
Katwe Geothermal Prospect

The Katwe geothermal prospect is situated in thewvkaikorongo Volcanic Field (KKVF), south of thewRnzori
massif in Kasese district. The KKVF is borderedhe south by the Lake Edward and Kazinga Channgltarihe
east by Lake George (Figure 2). The prospect iestérom Lake Katwe to Lake Kikorongo and is boedeto the
south by Lake Edward and the Katwe — Katunguru readhe west by River Nyamugasani, to the northttoy
Kikorongo — Bwera road and to the east by the Kgiinm — Kasese road.

The geology of the Katwe geothermal prospect isidatad by explosion craters, ejected pyroclasticEs with

abundant granite and gneissic rocks from the baserfiigure 2). The volcanic rocks, composed maiafy
pyroclastics and utramafic xenoliths, are depositedhe extensive Pleistocene lacustrine and flikéaso beds and
in some places directly on Precambrian rocks. Miaocurrences of lava are found in the Lake Kitagata

Kyemengo craters. The age of the volcanic activity been estimated as Pleistocene to Holocenegiviii8b1).
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The deposit is greyish, generally coarse-grainedl @lcareous. Travertine cones (Tufa), which acdicators of
extinct hot spring activity, are a common featur¢he Lake Katwe crater. Other travertine depdsitge been found
in Lake Nyamunuka, Lake Kasenyi, and Lake Kikororsgw at Kikorongo junction. The volcanic settingtbifs

prospect gives an indication of a heat source.

Outside the crater area the geology is charactkhgesurficial deposits to the east and the wasl,ta the north lie
the Rwenzori Mountains whose geology is dominatedjfeisses and in some places granites and qtestiaiong

the Kikorongo - Kasese road. South of Lake Geargethe Bunyaruguru volcano which has a numberatecs and
crater lakes, believed to have been formed at Hmestime as the KKVF but has no surface geothermal
manifestations. East of the Bunyaruguru volcano laake George from south to north are phyllitic esalquartzites,
gneisses and schists (mica and talc).
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Figurel: a)East African Rift Systems (EAR®) Location of the geothermal areas in Uganda.

| | | T ortPOwal =
810 830 sector Rukokd 18] 200
shift
Kilembe
_—
— 020 e , Kasese N
: Queen Elizabeth §
Muhokya  National Park
orongo Lake George
= O L :
0 L. Kikorgngo Q Y yciro
gsenyi
&
=
i~}
o
o
(=]
—O908
Queen Elizabeth
Lake Edward Natiopat Park
FO Ishasha
Legend
ﬁ |:| surficial deposits |:| quartzites
|:| volcanics D gneisses
0_:5_10 D schists (mica and talc) N faults
L2 [ phyuiitic stales N il esals
] granites O crater

Figure 2: The geology of the Katwe-Kikorongo volcanic figldd surroundings
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Buranga Geothermal Prospect

To FortPortal The Buranga geothermal prospect is located at twe 6f the
Rwenzori massif in Bundibugyo district, West UgaiBeyure 3).

°
Mumbuga
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: O ™™ Buranga is localized by the major Rift Valley faultshas a simple
z geology characterized by 'Epi - Kaiso' beds andeépkin Gravels'
N { (of Upper to Middle - Tertiary age), sediments whiconsist of

boulder beds and unsorted scree overlying sandslagd. These
7| sands and clays are described as Kaiso - Kiseg. bHiey have

Kaggro \\/ been thrown against Pre-Cambrian migmatites anisgge by the

N B' main fault, which strikes at 45° azimuth and dip6@ - 65°NW.
ﬁ!ﬂ 5/ Buranga has no evidence of volcanism but is higabtonically
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Figure 3: Buranga geothermal area, Location of hot springs.

To Bundibugygn

S i ﬁ i Kibiro Geothermal Prospect

— i O “s4 The Kibiro geothermal prospect is located on a bpetinsula in Lake
5 it 4]  Albert under the Rift Valley escarpment in Hoimatdct (Figure 4).

- %4 The Kibiro geothermal prospect is divided into tentirely different
e R ¢] geological environments by the escarpment, whicts ¢arough the

= wwi|  field from SW to NE. To the east of the escarpmitiet geology is

: dominated by an ancient crystalline basement, cheniaed by granites

ko VIC, and granitic gneisses. To the west lie a thick amdation of thick

www ©|  sequences of rift valley sediments of at leasti®b but without any
volcanic rock on the surface (Figure 4).
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Figure 4: The geology of the Kibiro geothermal prospect andoundings fault.

Along the escarpment and NE of Kibiro is a strat€lyuartzites, which are also found SW of Kibiratérite is the
main feature along the Kigorobya—Biiso—Masindi roadso present are mafic intrusives along the Kachu
Kigorobya—Kibiro road and extreme SW near Buserakd Tonya. South of Kigorobya lie the Bunyoro (Ha)m
series which are sedimentary beds (meta-sedimesgiis)ly represented by phyllites, tillites and saods.

Recent geological and geophysical studies showtligageothermal resource can be traced along fawttse block
faulted granites to the east away from the rifte ibertine rift is seismically active, charactedzby deep-seated
(27-40 km) large earthquakes. The tectonic pattdthin the Kibiro geothermal area is very complexd this
complexity may well be the main contributor to testence of a potential geothermal reservoir @ish et. al.,
2004).

FIELD ACTIVITIES

The main activities of the geochemical investigatioentred on chemical sampling of geothermal sarfac
manifestations (hot springs), surface and groungnsdemperature, pH-field and conductivity measanats; analysis
of the samples for major and minor components aables isotopes; and data analysis and interpretafite
sampling was done in 1993-1994 during the GeotheEnargy Exploration | project. The sampling looas are
presented in figures 5, 6 & 7.
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Hot springs with flow over 0.5 L/s werg

Mumiga %28 175 185 195 i
preferentially sampled since these were leps % P L
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evaporation (Mohan, 1963). Water samplgs 2 o s
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Figure 5: Buranga Geothermal, surface and grouridngampling points.

These samples were then collected into a rinsenhi58slythene bottles and was to be analyzed foof@te, silica
and major cations. By bottling the samples at taming temperature, errors arising from evaporatieere
minimized (Mahon1961).
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RESULTS OF CHEMICAL ANALYSIS AND DISCUSSION

Laboratory analysis was carried out at BGR, Germaimg results are summarized in table 1 belowsAthples are
near neutral to slightly alkaline.

Katwe

The geochemistry results reveal the existencegafothermal system in the Katwe prospect. The gewthdluids are
characterized by high

Carbonate contents and salinity, two of the hoinggrsampled in the Lake Kitagata crater, HS-02 l48d05 have a
salinity of 19,410 and 27,770 mg/kg total dissolgetids respectively. The high carbonate affectsdbincentrations
of Ca and Mg which are less mobile and tend toipitate out of solution as Ca and Mg carbonateslegng the
geoindicators involving the two cations unreliabtalute geothermometers have been difficult toindéatwe due
the high salinity of the fluid. The sulphate contations are relatively high and all indicationgggest that the
geothermal system is relatively old. Relatively I8walues compared to Cl and Li suggest that thigldl are more
likely to originate from volcanic basement rockthea than from the young overlying sediments. Samdé&ations of
possible mixing with groundwater were inferred fraog (Q/K) diagrams (Armannsson 1994) predicting a
temperature of 140 - 16Q. The NaK geothermometer (Arnérsson et al., 198Bll)quartz geothermometer (Fournier
and Potter, 1982) give temperatures of 140 =°@&hd 120 - 14T respectively for the on shore hot spring waters i
the Lake Kitagata crater (Armannsson (1994). It wificult to get a representative sample from dféshore hot
springs in Lake Kitagata during the study. The demgollected at different times were variable migs of the
geothermal water and lake water. However high ewélH2S (7 - 40 ppm) measured in the mixed watetha
different times suggest the source of the geothlenrater to be volcanic and hydrothermal.

Buranga

The fluids are neutral with a PH of 7-8 and sajirof 14,000 — 17,000 mg/kg total dissolved solidsthe earlier
study by Armannsson (1994) a good agreement wasnelot for all solute geothermometers tested foesgwhot
springs and pools in Buranga and it was conclubdatithe subsurface temperature was 120-150°C. Gdgsés did
not show presence of hydrogen indicating that thlessrface temperature cannot exceed 200°C. Theren@r
indications of mixing of the geothermal and coldeva

Kibiro

The geochemistry results suggest a high tempergaothermal system in the Kibiro geothermal prospEue fluids
are characterised by a neutral pH, and salinitypoto 4,000 - 5,000 mg/kg total dissolved solidsofChe geothermal
waters is high compared to the SO4 and HCO3 coratent and is classified as mature waters suitdbie
application of geoindicators. Relatively low B vatucompared to Cl and Li suggest that the fluidsnaore likely to
originate from volcanic basement rocks rather tfram the young overlying sediments. Armannsson 4)98und
that results for different geothermometers for Wwatter samples from Kibiro fell into two groups, oskowing a
temperature of about 150°C and another 200 - 220R€.geothermometers that gave the lower temperatare one
component solute geothermometers, e.g. quartzgeothermometers based on ratios of component&thalibrate
fast, e.g. K-Mg. The higher temperature was obthing geothermometers based on ratios between canpothat
equilibrate more slowly, e.g. Na-K, and gas geatimneters. The use of mixing models (SiO2-entha§i§2-CO2)
and the construction of log (Q/K) diagrams suppbttés model. These observations suggest thatebthgrmal fluid
is a mixture of a hot water component at 200 - £2ahd cold water producing a second equilibrium%Q°C. A
subsurface temperature of 200 - 220°C is therdftfiegred by geothermometry and mixing models fobiki. The
fluids are relatively dilute and would probably satfew problems on utilization.

CONCLUSIONS

From the chemistry of the waters from the surfaemifestations, hot springs, there are indicatidnsgh subsurface
temperatures in the Katwe geothermal prospect.@emiometry has predicted reservoir temperaturéiseimange of
150 - 200°C. The fluids in the crater lakes andngs are saline and alkaline and are probably eatnated by
evaporation and/or modified by near surface pragdsut the reservoir fluids may be more diluteisT$ supported
by the low salinity of the geothermal waters samgtem the hot springs in the Lake Kitagata craeicompared to
its lake water. The fluids would be suitable faredt power production.
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The reservoir temperatures for Buranga are estavattdé 20 - 150°C by geothermometry. There is piginsupply of
fluid, which is fairly saline with total dissolvesblids of up to 14,000 - 17,000 mg/kg. This fluidwd be suitable for
binary turbine power production and industrial use.

Chemistry and stable isotope data interpretatianihdicated mixing of geothermal water and coldugawater in
Kibiro. A subsurface temperature of 200°C and abisv@redicted by geothermometry and mixing mod&lse
geothermal fluid is less saline, neutral, with taitgssolved solids of approximately 4,000 - 5,009/kg. This fluid
would be suitable for direct power production.
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Table 1: Katwe analytical results. Concentrationfmg/kg) and (%o) for stable isotopes

Location Sample [Temp.pH |CO, |H,S |SiQNa  [K Ca (Mg [SO, |[CI B |Li [ |sD [TDS
No. )
LKatwel3d |UG-93-01f 28.6 | 7.6l 156
L.Katwe6 UG-93-02| 28.5 | 9.64 11316
L.NyamunullUG-93-03(27.5 | 9.4 5523
L.Edwardl [UG-93-04 23.3 | 8.5p 223
Katungurul | UG-93-05 26.6 | 6.95 100
L.Kitagata5 [ UG-93-06 66.6 | 8.4[L 3104

29.3 447 3511 .118.92|7.0 3.9 0 0.03.52}9  [132

B 88.6 2560M035(0.1 |0.95 9940| 1900p 1.9 O0.(6¥ |-6 |72000
32(2 895D 724 013 (.4906|3340 | 0.27 0.02612 |9.1 | 24690
18.2 83.f 41/5%6.8127.3|18 202 | 0 0.0L 2.5 22[1 254
58.7 952 89296 |232|1800| 723 | O 0. 88[-8 4870

91 9310 644.6 (00.85|1340Q 2430| 0.8 0.0&873(0.5 |27770
L.Kitagata2 | UG-93-07] 56.6 | 8.0B 2544 105 6510 528.45(6.27(8970( 1770| 0.59 0.0816 |3.2 | 19410
KazingaChl| UG-93-08 26.2| 8.28 108 215 385 7.8 9m2(11 10.3 | 0.06 0.0038 |12.6| 180

L.Kitagatal |UG-96-06 61.1 | 9.3 10350 19.4 2[0 33@@A0 |4.1 |2 44000 8370 2.47 0.16 2 O 99515
L.KitagataW [UG-93-28 | 36 9.57 19470 0.3 380 873Dp0 4780 4.3 114030(R2200(6.9 | 0.04 10 | 24 | 2560(0
L.KatweW [UG-93-29| 28 9.5% 9008 4.§ 23I&H15002500|5.3 | 32.4 7130p 866Q0 17.5 0J11 9(6 245 :ﬁjoo

oo ooo® wuo

Table 2: Buranga analytical results. Concentratiarisng/kg) and (%o) for stable isotopes

Temp .
Location Sall\lmople ¢cy | P [CO:{HSISI0: Na | K |Ca|Mg| SO | cl | B | Li |8%| 3D |TDS

Mumbuga2 | UG-93-0993.4 | 7.87[2441
Mumbuga5 | UG-93-1j093.6 | 7.73[2411
Nyansimbe9| UG-93-1695.8 |8.15|2634
Nyansimbel3UG-93-11 80.3|7.61/2889

76.9 5320|195(2.45 2.13| 3720(3580| 4.3 | 1.34| -3.6| -17{1460(
76.4 5160(190|2.5¢ 2.27| 3570(3490( 4.2 | 1.3 | -3.49-12.8§1403(
87.7 5940(222(0.95 1.74| 4180|4010| 4.71| 1.48| -3.21-12.21625(
88.6 6160(230| 2.1|2.63| 4330{4160] 4.96| 1.51| -3.54-12.41705(
Nyansimbel1UG-93-32 98.2|8.57|2635 85.1 6270 235|0.39 0.28| 4400|4210| 4.96 | 1.51| -3.4%13.41708(
Nyansimbel9UG-93-13 85.8 |7.81|2878 85.7 6300(234|2.04 1.98| 4420|4240 4.8 | 1.54| -3.46-12.91705(
Kagoro20 | UG-93-1p 89 |7.50279§ 0.3 | 81 | 5950 219(2.69 2.19| 4160(4030| 4.7 | 1.47| -3.69-12.71640(
R.Mungera | UG-93-1521.8(7.52| 57| 0 (37.211.1| 3.7]11.23.61| 1.7 | 1.8 0 | 0.008-2.24|-3.7| 74
KyakatimballUG-93-17 23.8(7.54/197| 0 |36.3 21.2| 8.1|54.114.3| 27.6| 2.1 0 | 0.034-2.57|-4.6| 208

OO O O o o o

Table 3: Kibiro analytical results. Concentratiomgmg/kg) and (%o) for stable isotopes

Location |Sample [TempJpH |[CO,H, [SIO; [Na K [Ca Mg [SO, [CI B Li >0 D [TDS

No. (oc) S
MukabigaduG-93-1986.5 |7.06146 |10.129 |1530| 169| 62| 8.14 46.1 25(026 (1.5 |-2.01| -11}8576
4

MukabigaJUG-93-2081.1 |7.14155 (13| 125| 1490, 164 62/R96 |26.4 | 245(2.23 |1.48 | -2.08| -118436

Mwibanda|UG-93-2171.8 (7.14155 |17.122 (1480 | 165| 65.P.21 (15.4 | 244(2.21 |1.46 | -1.98| -10{4384
14

1
3
Muntere15UG-93-2239.5 (8.05115 |0 (135 1570| 182 75[®71|49.9 | 25802.47 |[1.53 | -1.01| -3.9 4548
L.Albert |UG-93-2330 8.93236 |0 (0.5 | 72.3| 49.90.75[27.3(19.3 | 24.2 0.01/p.47 |39.8[338
0
0
0

o

WantembgUG-93-2429.8 |6.89367 90.5( 87.5| 7.7| 75{89.5(139 |31.2 0.01p3.58 [-15.3662
Kiganjal |UG-93-223.6 |6.26130 70.8| 12.4| 2.6/ 14{803|53 |52 |0 0.0081.57 |-4.1| 124
Ndalagil |UG-93-2624.9 [6.72232 76.1| 50.6| 7.5 13

o

395 227 123 O 0.92M8 |-5.2| 680
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