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This publication presents 15 papers on various geological, geochemical, geo-
physical, data management and map production activities conducted by the 
GTK Consortium jointly with the Department of Geological Survey and Mines 
within the World Bank and Nordic Development Fund-financed Sustain-
able Management of Mineral Resources Project in Uganda during the period 
2008−2012.
 The first paper provides a general introduction to the project, describes the 
activities carried out, the products and the results of the separate project com-
ponents. The data management process and the workflow used in map produc-
tion are described in the next article. The results of the various project compo-
nents are discussed in detail in the following papers: the interpretation of the 
airborne geophysical survey and ground follow-up surveys, and the geochemi-
cal regional stream sediment and soil follow-up surveys. The analytical work of 
defining the isotopic ages of about 50 samples of key rock formations, which 
greatly affected the established lithostratigraphy, is discussed in detail. The min-
eral resources and their potential for further exploration and development are 
also described, based on the mineral resources assessment and supported by the 
geochemical and geophysical surveys.
 Interesting geological key areas are covered in articles on: 1) the geology 
of the Iganga gabbros in SE Uganda, 2) the large granite batholith of Mubende 
in central Uganda, 3) the stratigraphic implications of the sandy sediments of 
the Namuwasa and Bwesigoro Groups, 4) the Madi Group rocks and related 
regional structures in NW Uganda, 5) the nature of the granulites and char-
nockites in the Kalongo region, 6) the continental-scale Aswa structure with its 
highly deformed rocks and 7) a new find of tillites in the valley of the Kiruruma 
River, indicating glaciation of presumably Karoo age.
 A new way of highlighting in map format the risk of geological hazards, such 
as landslides, is discussed in the two last papers, with an example from Bududa 
in eastern Uganda illustrating the devastating power of such phenomena.
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EDITORS’ PREFACE

This Special Paper summarises work of the GTK (Geological Survey 
of Finland) Consortium in Uganda in the period 2008−2012, which 
comprised geological mapping, mineral resources assessment, geo-
chemical surveys and geophysical ground surveys, geodata manage-
ment, GIS-based map production, comprehensive reporting and an 
intensive training component. The client of the Sustainable Manage-
ment of Mineral Resources Project was the Ministry of Energy and 
Mineral Development of Uganda and its implementing agency, the 
Department of Geological Survey and Mines (DGSM) in Entebbe. 
The funding was provided by grants from the World Bank and the 
Nordic Development Fund.

A total of about 40 geoscientists from the GTK Consortium 
(GTK, CGS (Council for Geoscience) from South Africa , GAF AG 
(Gesellschaft für Angewandte Fernerkundung) from Germany, ITC 
(Faculty of Geo-Information Science Earth Observation of the Uni-
versity in Twente) from the Netherlands and FCL (Fels Consultants) 
from Uganda) worked jointly with DGSM staff (about 50 persons) 
during the implementation of the various surveys and studies.

Preliminary geological maps at scales ranging from 1:100 000 to 
1:500 000 were drafted based on the integrated geological interpre-
tation of remotely sensed data (satellite images) and new regional 
high-resolution radiometric and magnetic airborne data, combined 
with existing geological maps at various scales, publications and in-
ternal reports. Field verification was performed at 13 550 separate 
observation points, supported by digital photo documentation and 
digitally recorded geologists’ notes. Information on ca. 550 mineral 
and rock aggregate indications and sites was collected in a mineral 
occurrence database and used for map drafting and summary re-
ports. Of these, about 70 significant occurrences were assessed in the 
field and the database was updated accordingly. In order to improve 
the lithostratigraphy, a total of 54 new age determinations were car-
ried out and are summarised in this volume by Mänttäri (2014). 
About 900 lithochemical, 1 500 petrographic and 2 200 mineralogi-
cal analyses were also carried out. During the geochemical surveys, 
a total of 1 092 stream sediment samples and 3 730 soil samples were 
collected and analysed for 36 elements. In order to support the in-
terpretation of the airborne geophysical survey, geophysical param-
eters such as density and susceptibility were measured in 5 700 rock 
samples collected by the geological mapping teams and captured in 
a petrophysical database. 

The lithostratigraphic units distinguished during geological map-
ping are described in eleven map explanation volumes available at 
DGSM. These were summarised and put into a wider geological con-
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text in the recently published Geological Survey of Finland,  Special 
Paper 55 (Westerhof et al. 2014). Also, a new geological map at a 
scale of 1:1 million was compiled (Lehto et al. 2014a). The results 
of the geochemical and geophysical surveys are summarised in this 
volume by Backman et al. (2014) and Ruotoistenmäki et al. (2014), 
respectively. The mineral resources and their further exploration po-
tential are discussed by Lehto et al. (2014b).

Some key geological areas, such as the Iganga gabbros, Mubende 
granite, Namuwasa and Bwesigoro Group sediments, the Neopro-
terozoic Madi Group in NW Uganda, the Aswa Shear Zone and the 
Kiruruma River tillites, are highlighted in this volume. An introduc-
tion to the various map products, including geohazard maps, is also 
presented.

We trust that this publication will provide a gateway to the digital 
geodata sets covering Uganda, currently available at DGSM in En-
tebbe for use by geoscientists and exploration companies who want 
to conduct further research, carry out mineral exploration or invest 
in the mineral resources of Uganda.
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by

Tapio Lehto and Kirsti Loukola-Ruskeeniemi

Lehto, T. & Loukola-Ruskeeniemi, K. 2014. Introduction to GTK Geological 
Mapping Projects in Uganda 2008–2012, Sustainable Management of Mineral Re-
sources Project. Geological Survey of Finland, Special Paper 56, 9–36, 8 figures and 
3 tables.

The mapping of the geology and mineral resources of Uganda was implemented 
by a consortium headed by the Geological Survey of Finland (GTK) together with 
the Geological Survey and Mines Department of Uganda (DGSM). The Sustainable 
Management of Mineral Resources Project (SMMRP) was active during 2008–2012. 
The GTK Consortium (GTK, CGS from South Africa, GAF AG from Germany, 
ITC from the Netherlands and Fels Consultants from Uganda) produced geological 
and mineral resources maps, with geohazards-prone areas and geological heritage 
sites indicated, that covered an area of about 240 000 km2. Although during the 
field observation phase the Karamoja area in eastern Uganda was excluded due to 
safety concerns, the new geodata and maps cover the whole country, including the 
islands in Lake Victoria. The previous map products had been published during the  
colonial times. The geophysical, geological and geochemical methodology, together 
with accurate age determinations, enabled a new interpretation of the geological 
development of Uganda, with the number of rock types increased five-fold, for  
example.
 The first phase of the GTK mapping project, “Geological mapping, geochemi-
cal surveys and mineral resources assessment in selected areas of Uganda”, in-
volved the recovery, replication, re-conditioning and re-interpretation of existing 
relevant geo-data available at DGSM in Entebbe. The geological data were inte-
grated with new airborne geophysical data, resulting in preliminary geological 
maps. The geological interpretation was then verified by geological mapping at 
13 550 study sites. Digital photos and rock samples were taken from each of the 
sites. Areas with potential for mineral resources were studied by geochemical and 
ground geophysical surveys. The results were combined with 50 new age determi-
nations and several hundred lithochemical and petrological analyses, resulting in 
geological, mineral resources and mineral potential data sets. Maps were drafted 
at scales of 1:250 000 (19 sheets) and 1:100 000 (74 sheets). A more detailed map 
at 1:50 000 scale (52 sheets) was produced in areas with high mineral potential. 
About 40 geophysically interesting targets were measured by magnetic, grav-
ity or radiometric methods. A total of 1092 stream sediment samples and 3730 
soil samples were collected. The GTK consortium reported the results to DGSM 
in a large number of internal reports. Digital copies of the reports are available 
at DGSM, Entebbe. In addition, 557 mineral occurrences and indications were  

INTRODUCTION TO GTK GEOLOGICAL MAPPING PROJECTS 
IN UGANDA 2008–2012, SUSTAINABLE MANAGEMENT OF  

MINERAL RESOURCES PROJECT

GTK Consortium Geological Surveys in Uganda 2008–2012
Sustainable Management of Mineral Resources Project
Edited by Tapio Lehto and Edwards Katto
Geological Survey of Finland, Special Paper 56, 9–36, 2014
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documented and captured in a database compatible with the Geology and  
Mineral Information System (GMIS) at DGSM. The mineral resources and their 
exploration potential were described in internal reports.
 The GTK Consortium surveys are briefly summarized in the present Special 
Paper volume. The geology and geodynamic development of Uganda, including 
a geological map at a scale of 1:1 million, were published in 2014 as GTK Special 
Paper 55.

Keywords (GeoRef Thesaurus, AGI): geochemical surveys, geophysical surveys, 
mineral resources, geologic maps, Uganda

Geological Survey of Finland, P.O. Box 96, FI-02151 Espoo, Finland

E-mail: tapio.lehto@gtk.fi, kirsti.loukola-ruskeeniemi@gtk.fi
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Geologian tutkimuskeskus, Special Paper 56  
Introduction to GTK geological mapping projects in Uganda 2008–2012, Sustainable Management of  

Mineral Resources Project

PROJECT ORGANISATION

As part of the mining sector policy, the Ministry 
of Energy and Mineral Development of Uganda 
(MEMD), through the Department of Geologi-
cal Survey and Mines (DGSM), emphasizes the 
development of the national geo-scientific infra-
structure to promote mining investments in the 
country and sustainable social and economic de-
velopment. The availability of reliable geological 
data is the “first step” in mineral exploration and 
in the development of mining projects. 

Modern geo-data is of essential importance in 
promoting investments for mineral and hydro-
carbon exploration. The Government therefore 
implemented the Sustainable Management of 
Mineral Resources Project (SMMRP), funded by 
the World Bank (International Development As-
sociation IDA) and the Nordic Development Fund 
(NDF). Within this international project, the GTK 
Consortium1 was awarded two important con-
tracts covering geological mapping of the whole 
country, but excluding Karamoja region in eastern 
Uganda (20% of the land surface area) due to se-
curity concerns.

A consortium was formed to implement the 
project “Geological mapping, geochemical sur-
veys and mineral resources assessment in selected 
areas of Uganda”. As a principal partner, GTK was 

responsible for the overall management and ad-
ministration of the project. Experienced geologist 
teams from GTK, CGS and GAF were responsible 
for the geological mapping and mineral resourc-
es assessments. The cartography and production 
of various types of maps were GTK’s tasks while 
GAF AG, with its strong background in GIS and 
satellite imagery interpretation, concentrated on 
remote sensing analyses, limited field verification 
of the interpretation, and on the production of 
the preliminary geological and mineral resources 
maps. The planning and implementation of the 
geochemical surveys were a joint venture between 
DGSM, GTK and CGS, whereby DGSM staff car-
ried out the sampling supervised by GTK and/or 
CGS. Processing and interpretation of airborne 
geophysics, including the planning and implemen-
tation of geophysical ground surveys, were carried 
out by DGSM geophysical teams supervised by 
GTK geophysicists. For training, apart from the 
fieldwork, the experience of ITC in organizing 
focused and tailor-made courses in Uganda and 
abroad, was exploited in full. In addition, the high 
standard of geochemical exploration and mining 
technology was utilized by CGS in the field train-
ing in South Africa and Tanzania.

Personnel

GTK Consortium staff

The GTK Consortium personnel operating in 
Uganda during the project were as follows:

Management and administration: Yrjö Pekkala, 
Project Manager until August 2009; Tapio Lehto, 
Deputy Project Manager until August 2009, Pro-
ject Manager from September 2009 to December 
2012; Maija Kurimo, Special Services (Airborne 
Geophysics), Deputy Project Manager 1.1.2011–
31.12.2012; Kristian Lindqvist, Special Services, 
short consultancies; Pertti Murtovaara, Logistics 
Manager.

Geological mapping: Hannu Mäkitie (Team Lead-
er), Matti I. Lehtonen, Tapio Koistinen, Tuomo 
Manninen, Paavo Härmä, Petri Virransalo, Kers-
tin Saalmann (until 31.12.2010), Jussi Pokki, Phil 
Westerhof (Westcourt GeoConsult), Frik Hartzer 
(CGS), Gerrit de Kock (CGS), Nick Baglow 
(CGS), Tilmann Jenett (GAF AG), Andreas Schu-
mann (GAF AG), Steven Bogar (GAF AG), David  
Kyagulanyi (FCL), Dominique Elepu (FCL), Aalon 
Waluganja (FCL) and Wilson Ongom (FCL).

Age determinations: Irmeli Mänttäri.

Mineral resources assessment: Yrjö Pekkala, Tapio 
Kuivasaari, Niilo Kärkkäinen, Jukka Konnunaho 
and Janne Kuusela. 

1 The GTK Consortium consists of the Geological Survey of Finland (as the leading partner), GAF AG from Germany, the Council 
for Geoscience (CGS) from South Africa, the Faculty of Geo-Information and Earth Observation of the University in Twente 
(ITC) from the Netherlands and Fels Consultants Ltd (FCL) from Uganda.
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GTK cartography and databases: Eira Kuosmanen, 
Anneli Lindh, Merja Janhila, Hanna Virkki, Hei-
mo Savolainen and Maritta Ranta-Pantti. 

Geochemical surveys: Reijo Salminen, Esko Kor-
kiakoski, Birgitta Backman, Mikael Eklund, Henry 
Vallius, Jakobus Elsenbroek (CGS), Robert Netshi-
tungulwana (CGS), Eliah Mulovhedzi (CGS) and 
Sibo Hlatswayo (CGS). 

Geophysical surveys: Tapio Ruotoistenmäki, Jukka 
Lehtimäki and Pertti Turunen.

Geohazards and geosites (geological heritage):  
Michael Staudt and Andreas Schumann.

Training courses: Frank van Ruitenbeek (ITC), 
John Carranza (ITC), Tsehaie Woldai (ITC), An-
dreas Schumann (GAF AG) and Doug I. Cole 
(CGS).

Technical support in the preparation of the data-
sets and promotional material (CD-DVD, flyers 
and posters) has been provided by Maritta Ranta-
Pantti, Heimo Savolainen, Harri Kutvonen, Mir-
jam Ailani and Pirjo Jelkämäki.

The GTK Finance Team (Satu Ojanen, Marjatta  
Sahakangas and Sinikka Roos) have kept the 
books, while Pirkko Nissinen and Aila Rautalinko 
have taken care of the secretarial work.

DGSM staff

In addition to the GTK Consortium staff, a num-
ber of geoscientists from DGSM participated in the 
project and in the various training programmes, as 
follows:
Geological mapping: Zachary Baguma, James 

Natukunda, Annet Tumwine, Edward Isabirye, 
Edward Marimira, Richard Kiggwe, Catherine 
Nyaketcho, Fred Kigereigu, Isa Lugaizi, Martin 
Ekiryagana, Paul Lugoko, Peter Mawejje, Hen-
ry Ngada, Vincent Kedi, Molly Bakka Male and  
Annet Namboyera. 

Mineral resources assessment: Vincent Kato, Gabri-
el Data, Vincent Kedi, Henry Kasule, Annet Nam-
boyera, Edward Marimira, Fred Kigereigu, Peter 
Mawejje and Peter Turyasingura.

Geochemical surveys: Peter Turyasingura, Deus 
Muhwezi Katomi, Fred Kigereigu, Edward Isa-
birye, Vincent Kedi, Isa Lugaizi, Peter Mawejje, 
Lauben Twinomujuni, Molly Bakka Male, Annet 
Namboyera, Marion Leku and Grace Lajwe.

Geophysical surveys: Andrew Katumwehe, Eriya 
Kahwa, Isaiah Tumwikirize, Joseph Nyago, Rich-
ard Nelson Birungi, Lawrence Kabenge, Fredddie 
Muitta, Robert Macheri, Joseph Kinyera, Paula  
Babirye and Jessica Balinga.

Compilation of the petrophysical database was 
jointly carried out by Richard Nelson Birungi, 
Robert Macheri and Tapio Ruotoistenmäki. 

Geohazards and geosites (geological heritage): Vin-
cent Kato, Annet Namboyera, Isa Lugaizi, Molly 
Bakka Male and Paula Babirye. 

Supervision of the GTK Consortium assignment 
was carried out by Component Manager (Geol-
ogy) Zachary Baguma, SMMRP Technical Officer 
Gabriel Data and DGSM Principal Geologist Vin-
cent Kato. The whole SMMRP was coordinated by 
Edwards Katto.
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UGANDA SOUTH OF 1° N LATITUDE (IDA PROJECT)

The Project was implemented in three, partly 
overlapping phases: Phase I (data gathering and 
preparation), Phase II (geological synthesis, field-
work and compilation of draft maps) and Phase 
III (preparation of final products). Training was 
mainly focused on Phase II in fieldwork, data gath-
ering and preparation. The GIS environment was 
implemented throughout the field mapping and 
map preparation, including the use of GPS, laptop 
computers and digital cameras. ArcGIS, compat-
ible with the Geology and Mineral Information 
System (GMIS), was used in the production of 
maps and databases. This ensured that all collected 
data would be consistent over the mapping area. 

During Phase II, preliminary geological and 
mineral resources maps, based on the compilation 
of old maps, remote sensing (airborne geophysics 
and satellite imagery) and limited reconnaissance 
field checks were delivered to the SMMRP Pro-
ject Coordinator Edwards Katto in June 2009. The 
field verification and upgrading of the preliminary 
geology started in February 2009 and were com-
pleted by November 2009. The preliminary maps 
were then upgraded with the new geological data 
provided by field mapping and laboratory studies. 

Geological mapping

Geological fieldwork within the IDA area resulted 
in a total of 8115 geological observations (Fig. 1) 
due to the contractual requirements for map reli-
ability. Rock samples and digital photos were tak-
en at all these localities. All the data were spatially 
correlated so that the geologists’ field forms, pho-
tos of outcrops and rock samples have coordinates 
and can be viewed in ArcGIS and in other spatial 
media, such as Google Earth. 

A total of 300 thin sections were studied and 
300 whole rock chemical analyses conducted with-
in the IDA project area. A total of 26 (of the total 
50) age determinations were carried out by the 
GTK Isotope Laboratory (U-Pb in zircon, 21 pcs 
and Sm-Nd TIMS, 5 pcs). The accumulated age 
determination database is thoroughly discussed 
by Mänttäri in internal reports (Mänttäri 2009a,b, 
2010a,b, 2011a-c), presented at the 24th Colloqui-
um of African Geology (CAG)  Conference in Ad-
dis Ababa (Mänttäri et al. 2013) and in this volume 
(Mänttäri 2014).

New geological data, including the new ages, 
were first presented at the CAG23 conference in 
Johannesburg in January 2011 (de Kock et al. 2011, 
Westerhof et al. 2011, Mäkitie et al. 2011a, Mäki-
tie et al. 2011b, Mänttäri et al. 2011 and Birungi 
et al. 2011). A promotional flyer was prepared for 
the Mining Indaba congress in Cape Town in Feb-
ruary 2011, where the Draft Final geological and 
mineral resources maps were presented together 
with posters. 

The geology of the contract area is described in 
six map explanatory volumes, divided by a 250 000 
map grid (GTK Consortium 2012f-k). Each geo-
logical rock formation or polygon is described in 
these volumes. Based on new fieldwork and age de-
terminations, the geological and mineral resources 
of Uganda have been treated in a new, fresh way, 
giving ideas and a firm base for future exploration 
models. The Final Technical Report summarizes 
the work and results (Lehto 2011). 

Geochemical surveys

Several targets were jointly selected by DGSM and 
the GTK Consortium for geochemical follow-up 

The contract for the SMMRP component “Geo-
logical mapping, geochemical surveys and min-
eral resources assessment in selected areas of 
Uganda,” financed by IDA, was signed by the 
MEMD Permanent Secretary, F.A. Kabagambe-
Kaliisa, and by the Director of GTK Southern 
Finland Unit, Karita Åker, in Kampala on 6 Octo-
ber 2008. Geographically, the project was defined 
by the following:

•	 In the south, by the international border with 
Rwanda and Tanzania;

•	 In the west, by the international border with 
the Democratic Republic of Congo (DRC);

•	 In the east, by the international border with the 
Republic of Kenya; and 

•	 In the north, by the latitude of 1° N.

In total, the approximate land area in the IDA-
funded component was 108 800 km2.

Activities



14

Geological Survey of Finland, Special Paper 56 
Tapio Lehto and Kirsti Loukola-Ruskeeniemi

35°E

35°E

34°E

34°E

33°E

33°E

32°E

32°E

31°E

31°E

30°E

30°E

4°N 4°N

3°N 3°N

2°N 2°N

1°N 1°N

0° 0°

1°S 1°S

0 50 km

NDF

IDABlock A

Block B

50k mapping
observation (13407 -> 31.3.2012) 

Fig. 1. Distribution of geological observation points, 8115 sites within the IDA contract area. Blocks A and B indicate the min-
eral potential areas presented at 1:50 000 scale.

as part of the training of the DGSM geochemistry  
team: a total of 15 targets were chosen for soil sam-
pling (Fig. 2). The field surveys resulted in 2,422 
new soil samples, which together with 262 carefully 
selected old UNDP (United Nations Development 
Programme) samples from Buhweju region in SW 
Uganda were assayed in the CGS laboratory in Pre-
toria. Further soil sampling (73 new samples) was 
carried out in Kafunzo (Kafunjo), Ntungamo Dis-
trict, over a magnetic and gravity high zone to the 
SE of Mwerasandu (Fig. 2), modelled as a potential 
feeder zone for mafic intrusions, in the same style 

as in the Kabanga Ni-potential area further south 
in Tanzania. However, soil geochemistry did not 
add value to the geophysical anomaly zone in Kaf-
unzo.

The area around Singo granite (Fig. 2) was con-
sidered to have high gold potential, demonstrated 
by the ongoing AUC Mining Ltd’s gold mine pro-
ject in Kamalenge (Kamalenge Mine, Fig. 2). The 
shales, sandstones and volcanic rocks of the Bu-
ganda Group (Lehto et al. 2014a) encountered be-
tween the two granites, Mubende to the west and 
Singo to the SE, contain some base metal anoma-
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Fig. 2. Location of the geochemical follow-up targets in the IDA project area on the airborne total magnetic map (reduced to 
the equator). S = Singo granite, dark blue on map, bordered by a magnetically deviating zone (reddish band).

lies in stream sediment samples collected by the 
German mission (Kockel 1973). These anomalies 
were checked by soil sampling at Kigalama (244 
samples). Close to the SSW–ENE-striking geo-
physical block boundary, some local mafic boul-
ders with sulphide impregnation were found in 
Karuguza (Fig. 2). A total of 262 soil samples were 
collected there. In Kisamura, where a weak con-
ductor in an EM airborne helicopter survey along 
a magnetic lineament was interpreted, combined 
with alluvial gold indications at Butiti, 94 soil sam-
ples were collected.

Naigobya covers a combined magnetic-radi-
ometric anomaly, suspected to be caused by an 
unknown, pipe-like intrusion. A total of 109 soil 
samples were taken there. The Iganga (Nabukalu) 
target is a circular magnetic anomaly, most like-
ly caused by a differentiated gabbroic intrusion. 
A total of 105 soil samples were collected over a 
combined gravity and magnetic anomaly there. 
The follow-up targets for geochemical survey are 
summarized in Table 1.

The geochemical results were plotted on the 
maps produced by ArcMap 9.3 software with the 
Spatial Analyst extension. On the maps, the geo-
chemical element concentration is presented as 
dots. As background information, either the litho-
logical or geophysical map of the target area was 
used, visualizing the geochemical information.

Ground geophysical surveys

Several geophysical field expeditions were ar-
ranged during 2010 and 2011 in approximately 
twenty locations in southern Uganda (Fig. 3). The 
purpose of the surveys was to train the DGSM 
survey teams in planning, implementing and in-
terpreting the survey results. Target selection was 
largely based on the airborne geophysical survey 
and on its interpretations. Other criteria were geo-
logical observations and previously known min-
eral occurrences.

Table 2 and 3 present the geophysical ground 
surveys carried out by DGSM teams and the  
methods used.
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Fig. 3. Location of geophysical ground surveys (white dots) on a total magnetic map (reduced to the equator). The yellow 
crosses indicate sites that were surveyed in order to test their promotional value with respect to kimberlitic potential. M = 
Mubende granite (blue-green) and S = Singo granite (blue-green, surrounded by brown rim).

Table 1. Summary of soil samples collected at follow-up targets.

Report Target Soil samples District Northing Easting UTMzone
1 Kamalenge 1 49 Mubende 72678 363404 36N
  Kamalenge 2 139 Mubende 68648 356879 36N
2 Kassanda 1&2 268 Mubende 60399 371177 36N
3 Kiganda 208 Mubende 47187 350950 36N
4 Mutuba 116 Kibale 98124 334147 36N
5 Karaguza 262 Kibale 103092 294946 36N
6 Kisamura 94 Kyenjojo 72594 222648 36N
7 Bombo 183 Mityana 72001 399000 36N
8 Kigalama 244 Kiboga 93248 351498 36N
9 Buhweju 348 Bushenyi 9989054 213111 36S
10 Katozho/Katojo 147 Ntungamo 9893342 207122 36S
10 Mwerusandu 112 Ntungamo 9890729 209492 36S
11 UNDP 262 Bushenyi 9954287 192232 36S
12 Iganga 1, Nabukalu 105 Bukiri 76492 577374 36N
13 Iganda 2, Naigobya 109 Iganga 93341 539512 36N
  Bukusu 38 Mbale 96476 639587 36N

10
Kafunzo gravity-mag 
anomaly 73 Ntungamo 9893500 207122 36S

  Total 2757  
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Table 2. Summary of geophysical ground surveys (magnetics and gravity) carried out in the IDA project.

    Magnetics Gravity
Target Easting Northing Target Stations Metres Stations Metres
Wampewo 414150 50150 Pegmatite 244 1200    
Katwe 390000 85000 Granite U 
Muyenje 40300 85000 Granite U
Lwamula 456000 101000 Granite U
Bowa 438000 76000 Granite U
Naigobya 540000 94000 Intrusion 1802 7970 23 2200
Nabukalu 585000 78000 Gabbro   120 4600
Karuguza 206000 102000 Major contact 5601 55940 155 15300
Kabale, Rutoma 83100 9862000 Hematite 1192 11870 74 7100
Kabale, Makanga 166500 9861000 Hematite 547 5410 51 4800
Muko 136000 9873000 Hematite 905 9050 80 7700
Kafunzo 207000 9894000 Feeder channel 931 9360 64 5900
Bukusu 640000 95000 Carbonatite 3330 33 250 245 33 000
Bugiri 579650 64901 Gabbro 1639 16 560 78 21 000
Luuka 539770 78706 Kimberlite 1464 14 610 66 12800
Mbulamuti 506983 92894 Kimberlite 651 6500 37 7200
Wampologoma 501806 88101 Kimberlite 839 8370 31 6000
Atiri 634678 85033 Kimberlite 711 7090 41 7800
Namutumba 585019 97880 Kimberlite 1422 14 200 69 13 400
           
Total   21 278 201380 1134 148800

Table 3. Summary of geophysical ground surveys (radiometrics, IP and EM) carried out in the IDA project.

Radiometrics IP EM34 District
Target Spectra Assays Surveys Meters Stations Metres  
Wampewo 61           Wakiso
Katwe 35           Kiboga
Muyenje 11           Kiboga
Lwamula 41         Luwero
Bowa 17           Luwero
Naigobya   232         Bugiri
Nabukalu   32         Iganga
Karuguza   422 33 123 600 210 8400 Kibale
Kabale, Rutoma   114 3420       Kabale
Kabale, Makanga 432 14 220       Kabale
Muko   96 3300       Kabale
Kafunzo   580 4620       Ntungamo
Bukusu   5161 84 510       Tororo
Bugiri 3563 106 800       Bugiri
Luuka 7 1577 47 300       Iganga
Mbulamuti 1433 43 000       Kamuli
Wampologoma 1 1291 38 700       Iganga
Atiri 4 1427 42 800       Tororo
Namutumba 11 1286 38 500       Iganga
               
Total 188 17 646 460 293 600 210 8400  
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After a study of the Muko hematitic iron ores in 
Kabale and Kisoro districts in SE Uganda by the 
mineral resources assessment team, a gravimetric 
and magnetic survey was carried out over the de-
posits. The objective was to provide model data to 
support the evaluation of the iron ore resources. 
The massive hematite layers are mostly flat lying 
and not thicker than 2–5 metres. However, the he-
matite layer on Kamena Hill at Muko appears to be 
up to 20 m thick. With its horizontal extent of 300 
x 700 m and density of 4770 kg/m3, its mass is of 
the order of 20 Mt. A closer estimate would require 
core drilling and a dense gravity survey grid. 

Since a large number of hematite boulder fields 
were observed in the Kabale-Kisoro area, there is 
clearly geological iron ore potential, dispersed in 
separate deposits that may have up to 30–50 Mt 
of iron ore, as historically reported (Data 2008). 
However, geophysical survey methods appear un-
able to give reliable answers concerning the ore 
resources, leaving extensive drilling as the only 
option for reliable resource evaluation. In some 
cases, as at Makanga, close to the town of Kabale, 
trenching/quarrying would certainly provide more 
information about the dimensions of the hematite 
occurrences.

Mineral resources assessment

When carrying out fieldwork, all activities such as 
geological mapping, geochemical surveys, ground 
geophysical surveys and mineral deposit inspec-
tion contributed to the common, essential goal 
of the project: to improve the general mineral re-
sources datasets and to find indications of poten-
tial mineral occurrences. Exploration and mining 
companies are then expected to develop the occur-
rences to economically exploitable mining opera-
tions. Accordingly, the mapping teams observed 
and noted all interesting indications of various 
mineral commodities, including the potential rock 
types hosting mineralization for further study. 

However, it should be noted that in the terrain 
of southern Uganda, the fresh bedrock is generally 
only visible on the top of hills and along streams 
in deep valleys. This is due to strong weathering, 
which has altered a major part of the bedrock to 
soft, mica- and kaolinite-rich material, which may 
often extend to a depth of 15–20 m. As a result of 
this strong, regional alteration, kaolinitic and lat-

eritic crust covers extensive areas in the central 
parts of the country. Thus, the exposed indications 
of metallic minerals are not visible at the present 
surface, making the discovery of a fresh occur-
rence very difficult.

Since the occurrence of fresh base metal (sul-
phide minerals) indications in bedrock and as 
boulders is very poor, geochemical surveys and 
ground geophysical measurements (especially 
gravity and IP) may play an important role in con-
ducting exploration to locate these indications.

The occurrences of metallic and industrial min-
erals within the IDA project have been evaluated 
on the basis of existing information, new field ob-
servations and laboratory tests. Field inspections 
were carried out on the occurrences and deposits 
that were considered to have best potential for eco-
nomic exploitation. About 70 different sites were 
documented and sampled for laboratory tests 
within the IDA project component.

Mineral occurrences and deposits were studied 
and sampled in the field, as follows:
Aggregate rock:  Kiganda, Lwemivubo,  
 Ntungamo, Mwezi
Bentonite: Burama, Ntungwa, Kaiso
Brick clay:  Butende, Buteraniro 
Carbonate rock:  Rugando, Muhokya,  
 Hima, Tororo
Diatomite: Alwi, Atar, Panyango
Gypsum:  Kibuko
Kaolin: Moni, Buwambo, Migade,  
 Koki, Kibalya, Mutaka, Kabale
Pegmatite: Kabira, Wampewo, Kashojwa,  
 Mutaka, Nyabushenyi,  
 Rwenkanga, Kakanena
REE: Sukulu, Bukusu 
Vermiculite: Namekara
Tin: Mwerasandu, Burama,  
 Kyamugashe, Nyamuliro,  
 Nyamaherere, Rweminkoma,  
 Kibeho, Ruzinga, Ntundu,  
 Kikagati, Nyaburungo,  
 Naniankoko (metallic)
Gold:  Mashonga, Kamalenge,  
 Kisita, Tira, Ivukula
Iron: Muko, Kabale
Wolfram: Namuliro
Cobalt: KCCL cobalt plant/ 
 Kilembe Mine
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Starting with the Inception Report (Pekkala & 
Lehto 2009), the progress of the project was regu-
larly reported in Quarterly and Annual Reports 
available at DGSM, Entebbe.

Geological maps and reports

The geological data were collected as ArcGIS 
datasets that were used to produce the maps. 
The geological and lithological boundaries (poly-
gons) are seamless, and continue over the whole 
country. Maps can be produced and sectioned at 
various scales and sizes, depending on the need. 
In this project, geological maps were produced 
at the scales of 1:250 000, 1:100 000 and 1:50 000 
for selected mineral potential areas. The location 
of the geological observations was captured in a 
database, together with other parameters, such as 
tectonic measurements. All these parameters can 
be plotted on maps, depending on the theme of the 
map, but not forgetting map readability.

A total of 7 geological maps at 1:250 000 scale were 
produced:
NA-36-13 Fort Portal, NA-36-14 Kampala, NA-
36-15 Jinja, SA-36-1 Mbarara, SA-36-2 Masaka 
and SA-36-5 Kabale (Fig. 4).

The geological maps at a 1:100 000 scale comprise 
a total of 38 sheets (Fig. 5).

For areas that have a more complicated geology 
with higher mineral potential and a reasonable 
number of outcrops, maps at a scale of 1:50 000 
were produced, as shown in Figure 1. The 1:50 000 
geological maps number 28 in total, as follows:

Block A/ 58-1 Karuguza, 58-2 Kakumiro, 59-1 
Ntwentwe, 59-2 Kiboga, 58-4 Mubende, 59-3 De-
beza, 59-4 Kasanda, 60-3 Katera and 60-4 Bowa;

Block B/ 76-2 Ibanda, 76-3 Rubirizi, 76-4 Nsika, 
84-2 Ruhinda, 84-3 Kirima, 84-4 Ruhungiri, 85-1 
Bushenyi, 85-2 Kabwohe, 85-3 Rwashamaire, 85-4 
Ntungamo, 86-3 Chezo Valley, 93-1 Lake Mutan-
da, 93-2 Rubanda, 93-3 Kisoro, 93-4 Kabale, 94-1 
Mpalo, 94-2 Kafunzo, 94-3 Maziba and 95-1  
Kikagati.

The geology, including lithology, stratigraphy, 
metamorphism and structural and geotectonic 
settings, as well as the areas connected with geo-
logical risks (geohazards), are described in six 
separate volumes (GTK Consortium 2012f-k) cor-
responding to the 1:250 000 map grid, as follows:

NA-36-13 Fort Portal, NA-36-14 Kampala, NA-
36-15 Jinja, SA-36-1 Mbarara, SA-36-2 Masaka 
and SA-36-5 Kabale.

Photographs of outcrops and rock samples, map 
drawings, tables and diagrams of mineral and 
chemical analyses clarify the description. The 
geosites that are a part of the national heritage of 
Uganda and of interest for the growing tourism in-
dustry were described and for the first time shown 
on geological maps from Uganda by Schumann 
et al. (2011). The geological and geodynamic de-
velopment of Eastern Africa within the Ugandan 
context have been summarized in a separate vol-
ume by Westerhof (2012a) and Westerhof et al. 
(2014). Reports, memoirs and publications were 
collected and studied as much as possible, and the 
most relevant previous studies and publications 
are listed in a separate volume (Westerhof 2012b), 
available at DGSM. 

Mineral resources assessment

The above-listed geological maps all contain the 
symbols for various types of mineral occurrences. 
The map symbols are linked to an MS Access data-
base providing the necessary information.

In addition, mineral potential maps have been 
prepared utilizing information provided by the 
new geological mapping, mineral resources as-
sessment and the geochemical and geophysical 
ground surveys carried out by the project, com-
bining these with airborne geophysical data and 
satellite imagery. The mineral potential areas and 
zones are shown on 1:500 000 and 1:250 000 scale 
mineral resources maps.

Results of field investigations have been sum-
marized in DGSM intern mission reports by  
Kyagulanyi (2011a-c).

The mineral resources have been very briefly de-
scribed in the six map sheet explanations, in more 

Products of the IDA project



20

Geological Survey of Finland, Special Paper 56 
Tapio Lehto and Kirsti Loukola-Ruskeeniemi

Fig. 4. Index with map sheet names and numbers for the Uganda map grid at a scale of 1:250 000.

SA-36-5
Kabale

SA-36-1
Mbarara

SA-36-2
Masaka

NA-36-9
Hoima

NA-36-8
Moroto

NA-36-1
Arua

NA-36-4
Lodwar

NA-36-6
Gulu

NA-36-7
Aloi

NA-36-13
Fort Portal

NA-36-2
Kitgum

NA-36-5
Pakwach

NA-36-11
Mbale

NA-36-3
Kaabong

NA-36-14
Kampala

NA-36-15
Jinja

NA-36-10
Masindi

NB-36-15
Didinga

SA-36-3
Homa Bay

NA-36-12
Kapenguria

36°E

36°E

35°E

35°E

34°E

34°E

33°E

33°E

32°E

32°E

31°E

31°E

30°E

30°E

29°E

29°E6°N 6°N

5°N 5°N

4°N 4°N

3°N 3°N

2°N 2°N

1°N 1°N

0° 0°

1°S 1°S

2°S 2°S

WGS_1984_UTM_Zone_36N



21

Geologian tutkimuskeskus, Special Paper 56  
Introduction to GTK geological mapping projects in Uganda 2008–2012, Sustainable Management of  

Mineral Resources Project

Fig. 5. Index with map sheet names and numbers for the Uganda map grid at a scale of 1:100 000. Note that the Bubandi sheet 
is numbered 0. 
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detail in the Final Technical Reports by Lehto 
(2011 and 2012a), and summarized by Lehto et al. 
(2011 and 2013). A more thorough compilation is 
given in this volume (Lehto et al. 2014c). Ground 
geophysical surveys and geochemical sampling 
programmes over the various mineral indications 
and targets are discussed in separate, unpublished 
reports (see below) available at DGSM. Flow 
sheets of laboratory-scale beneficiation studies for 
the best-ranked industrial mineral commodities 
are presented in a separate report by Pekkala & 
Kuivasaari (2011).

Especially the gold occurrences in SW Uganda 
were studied more carefully by students from the 
University of Twente in the Netherlands, under 
guidance of Dr. Tsehaie Woldai from the ITC. 
Thesis describing the Buhweju area was produced 
by Bahiru (2011) while Herbert (2012) presented a 
more general picture of orogenic gold prospectiv-
ity in Uganda.

Geochemical surveys

The geochemical surveys were reported in sepa-
rate reports by Salminen et al. (2012 b-e and o-x) 
and are summarized by Backman et al. (2014) in 
this volume. 

Geophysical surveys

The results of the geophysical ground surveys were 
reported in Quarterly and Annual Reports, sum-
marizing the separate mission reports that were 
compiled by Lehtimäki (2010), Turunen (2010a 
and b), Ruotoistenmäki & Lehtimäki (2009 and 
2012) and Ruotoistenmäki (2011a and b). The 
methodology and procedures are described by 
Turunen & Lauri (2010), Turunen & Lehtimäki 
(2011) and Ruotsalainen & Hyvönen (2011). The 
geophysical characteristics of South Uganda and 
applications of geophysics in mineral exploration 
are discussed by Ruotoistenmäki et al. (2011).

Digital products

All geological field data have been captured in 
various databases. The field verification was docu-
mented in observation forms by hand. These forms 
have been scanned and are linked as pdf docu-
ments to the observation number in ArcGIS. The 
geological data recorded in the forms have been 

transferred to a Bedrock Logger database inte-
grated with ArcGIS. Geological photos describing 
the recorded outcrops and geological features have 
been given a unique observation number, and are 
thus linked to the ArcGIS database. By pointing 
the observation point symbol on the ArcGIS maps 
observation layer, all photos and notes of the ge-
ologist appear.

Data on mineral occurrences was extracted 
from digital and analogue DGSM reports, as well 
as from published sources such as company press 
releases and annual reports. 

The mineral resources information has been 
stored in MS Access format collected in six data 
sheets named as: Identification, Field Info, Deposit 
Info, Rock Info, Inventory and References. Dur-
ing compilation, it was found out that the location 
of several mineral indications and occurrences 
in different reports and datasets was not coher-
ently documented. A number of documents and 
maps could no longer be traced. GPS-controlled 
field checks were thus necessary. Inspection of 
the known mineral indications proved to be both 
time-consuming and quite often impossible. This 
was due to the inaccuracy of the reported coor-
dinates in existing documents and, having been 
abandoned for decades, a general lack of surface 
features for most workings.

All digital geology data are systematically stored 
in the DGSM server, as described by Pokki (2012) 
and by Kuosmanen et al. (2014) in this volume. 
The geological maps, map explanation volumes 
and summary reports are all available as print-
ready pdf files at DGSM. 

The geochemical surveys were reported in Arc-
GIS format as well as in pdf format (descriptions 
and selected maps). Thematic airborne geophysi-
cal maps were delivered at 1:500 000 scale as digi-
tal georeferenced ecw files (for ER Mapper and ER 
Viewer software), and the geophysical ground sur-
veys are available in pdf format.

The final datasets at DGSM are comprised of:
•	 A mineral deposit database in MS Access for-

mat
•	 A geological observation database in Bedrock 

Logger format and in ESRI ArcGIS format
•	 Photographs in ESRI ArcGIS format
•	 Chemical analyses in Excel tables
•	 Petrographical determinations in Excel format
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Geology

The field verification carried out during the project 
provided new geological data to enable the GTK 
Consortium to construct a detailed lithological 
column.

The geology and geodynamic development of 
Uganda are discussed in detail by Westerhof et 
al. (2014) and summarized in a geological map at 
1:1 million scale (Lehto et al. 2014a), close to 50 
years after the previous publication of the Geology 
of Uganda by DGSM (1966). The arcuate dolerite 
dyke swarm in SW Uganda, extending to Tanza-
nia, has been studied by the GTK Consortium and 
reported by Mäkitie et al. (2011a and 2014a). Oth-
er key geological areas have been discussed and 
presented by de Kock et al. (2011) and Mäkitie et 
al. (2013), and recently in this volume by Mäkitie 
et al. (2014b and c) and Koistinen et al. (2014).

Mineral resources assessment

The mineral resources of Uganda and their im-
portance and exploration potential are briefly dis-
cussed in this volume by Lehto et al. (2014c). 

The Archaean cratons, such as the West Nile 
Block and the Lake Victoria Terrane (Westerhof et 
al. 2014 Appendix 1), are, in addition to younger, 
reworked, placer types of occurrences, known to 
host diamonds, gold, nickel, copper, cobalt, plati-
num group metals, iron and chrome. 

Surrounding the Lake Victoria Terrane there are 
circular intrusions of young Cenozoic carbonatites, 
such as Sukulu, Tororo and Bukusu, and old Neo-
archaean mafic intrusions, such as the gabbros at 
Iganga (Lehto et al. 2014). A large number of other 
roundish structures were identified by the new air-
borne geophysical survey (Fig. 6). Two examples 
of these, Iganga/Nabukalu, with a larger magnetic 
body and without a radiometric response, and 
another, Iganga/Naigobya, with a small, pipe-like 
magnetic body and having a distinct radiometric 
signal, were studied to determine their nature and 
mineral potential. 

Iganga/Nabukalu is most likely caused by a 
ring-formed, Archaean gabbro complex (age 2611 
± 6 Ma), with some Ni potential (Kärkkäinen et 
al. 2014). Soil sampling carried out across the geo-
physical anomaly at Iganga/Nabukalu indicates a 
mafic intrusion by elevated levels of Cr, Ni and Cu 

in the soil. These are, however, not considered to 
indicate any sulphide mineral concentrations as 
such. Precious metals (Pt, Pd and Au) were low, 
except for a few samples in a high nickel sequence 
having gold contents of up to 12 ppb against the 
background of 1 ppb. 

In Iganga/Naigobya, anomalous values of Cr, 
Co, Cu and Ni combined with anomalous REE 
grades coincide with the centre of the pipe-like in-
trusion along a ca. 500-m-long sampling section 
(Backman et al. 2014). The results indicate that the 
small intrusion is complex and could host alkalic 
or carbonatitic layers. Unfortunately, Pt, Pd and 
Au values in soil are low.

The gold potential of the Palaeoproterozoic Bu-
ganda Group shales and sandstones was further 
strengthened during the mapping of the area be-
tween the Mubende and Singo granite intrusions 
(Fig. 3). The granite intrusions might provide the 
heat source mobilizing gold from the mafic vol-
canics underlying the shales. Remobilized gold 
occurs in hematite-quartz veins running roughly 
E–W through the shales, notably in Kamalenge 
and Kisita, close to the granite contacts. Potential 
for new gold occurrences also exists in other simi-
lar geological environments.

Other interesting results were derived from the 
interpretation of airborne data using parameters 
characteristic for kimberlite intrusions. A number 
of potential, pipe-like intrusions were identified in 
Kidera region (Fig. 6), on the southern shore of 
Lake Kyoga, to the north of Kamuli in the River 
Nile valley (Ruotsalainen & Hyvönen 2011). Some 
of them were checked by ground geophysical sur-
veys (Turunen 2011b), resulting in confirmation 
of heavier, pipe-like bodies at all inspected sites. 
However, no direct indications of kimberlite at the 
sites of the geophysical anomalies could be found. 
Further follow-up work by drilling is recommend-
ed. If kimberlite is identified, a large diamond po-
tential field for exploration would be opened in SE 
Uganda.

Geochemical surveys

Of the targets selected for geochemical survey and 
described in this volume (Backman et al. 2014), 
some require further exploration to follow up the 
geochemical anomalies and to find further posi-
tive indications of mineral concentrations. Geo-

Results of the IDA project
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Fig. 6. Location of circular geophysical anomalies on an airborne geophysical compilation map (combined radiometric ternary 
in brown-green colours and magnetic analytical signal in grey tone by Ruotsalainen & Hyvönen 2011). Note the strong tho-
rium anomaly (in brown) in Tororo and Sukulu, and also in the centre of the Kidera area (bordered by a black box). Possible 
kimberlitic pipes are shown in various colours, depending on their geophysical signal.

 

Iganga 
gabbros 

Sukulu 
carbonatite 

Tororo 
carbonatite 

logical data have been used as background in plot-
ting the anomaly points, giving an idea of what 
type of geology the element variations are associ-
ated with. The full-sized maps can be found in the 
geochemical reports separately prepared for each 
studied target (Salminen et al. 2012 a-d). Since the 
sampling media was soil, the anomaly source was 
expected to be quite close, except on hill slopes, 
where soil slumping could have occurred. The 
target areas were all also surveyed by ground geo-
physics, mainly for the sake of training, but also to 
help in locating mineral potential structures and 
formations to which the soil anomalies could be 
connected.

Geophysical surveys

About 80% of the land surface of Uganda was 
covered by an airborne magnetic and radiometric 

survey in the SMMRP. The geological field map-
ping that followed produced close to 10 000 bed-
rock samples representing the typical rock for-
mations. The susceptibility and density of 1855 
typical rock samples collected in the IDA project 
area were measured and captured together with 
the co-ordinates and rock type in a petrophysical 
database. The database, which was essential for the 
interpretation of the airborne geophysical surveys, 
was first presented by Birungi et al. (2010) and lat-
er elaborated by Ruotoistenmäki & Birungi (2010 
and 2012). 

Several geophysical anomalies were selected 
from the airborne surveys for field tests. The field 
surveys provided much-needed practical expe-
rience to the DGSM team of geophysicists in 
planning and implementing geophysical ground 
surveys and becoming familiar with the instru-
ments. The results of the geophysical surveys are  
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summarized by Ruotoistenmäki et al. (2011), Ruo-
toistenmäki & Mänttäri (2013) and Ruotoisten-
mäki (2014).

As an example of possible new target areas, the 
Kafunzo area, SE of Ntungamo, close to Tanzania 
and Rwanda border, could be noted. Magnetic and 
electromagnetic anomalies detected by airborne 
surveys (EM by fixed wing and helicopter) could 
be caused by a possible extension of a Ni poten-
tial mafic intrusion belt from NW Tanzania. Re-
sources there, at Kabanga, have been estimated by 
Barrick Gold to be 53 Mt at a grade of 2.62% Ni 
(Barrick Gold Corp., 2013) and contribute to the 
Tanzanian economy. 

The most distinct magnetic anomalies revealed 
by the airborne survey in Kafunzo were drilled by 

Vangold Company from Canada (latest drill holes 
from 2008), but only magnetite and pyrrhotite-
bearing mica schist was penetrated (oral comm. 
by Kyagulanyi 2009). On the northern side of the 
main magnetic body, there is a much smaller (2.5 
km long) magnetic rock formation connected to 
an electromagnetically (EM) high conductive 
zone. A preliminary gravimetric-magnetic sur-
vey was implemented, since a possible sulphide-
bearing feeder zone for mafic rocks was suspected. 
The geophysical ground surveys yielded encourag-
ing results that now need to be followed up with 
further fieldwork. However, one soil geochemical 
traverse cutting the anomaly zone did not give any 
support to the hypothesis that there would be any 
Ni-Cu sulphide bearing rocks at Kafunzo.

UGANDA NORTH OF 1° N LATITUDE (NDF PROJECT)

The contract for the project “Geological mapping, 
geochemical surveys and mineral resources assess-
ment in selected areas of Uganda,” a component of 
SMMRP funded by the Nordic Development Bank 
(NDF), was signed by the MEMD Permanent Sec-
retary, F.A. Kabagambe-Kaliisa in Kampala on 22 
April 2009, by Jorma Järvinen in the capacity of 
the Director General of GTK, and by the Power 
of Attorney from all the Consortium Partners in 
Espoo on 30 April 2009. 

The project area was defined by the following:
•	 In the south by the latitude 1° N;

•	 In the west by the international border with 
the  Democratic Republic of Congo (DRC),

•	 In the east by the international border with 
Kenya, and 

•	 In the north by the international border with 
South Sudan.

The area of the NDF-funded component covers 
about 130 000 km2 of land surface. It was agreed 
by an Addendum to the Contract in September 
2010 to exclude all fieldwork within the Karamoja 
region (see Fig. 1) due to security concerns.

Activities

The Consortium started data processing, map com-
pilation and interpretation of satellite images after 
the Contract was signed. The preliminary geologi-
cal maps based on remote sensing, existing geolog-
ical data and very limited ground verification were 
delivered in October 2009. A reconnaissance sur-
vey to support the design of a coherent geological 
model was carried out in June 2009 by GTK Con-
sortium and DGSM geologists. The updated model 
based on geological mapping was agreed upon dur-
ing a concluding field trip in April 2011. 

Geological mapping

Geological fieldwork started in January 2010 
in the southern parts of the project area and in 

March 2010 in Moyo District in the north to study 
some key structures important for the geodynamic 
model. The regional field mapping was completed 
by June 2011. After compilation of the draft ver-
sion of the final geological maps, areas of mineral 
resources potential were selected by DGSM and 
mapped by the GTK Consortium for presentation 
at 1:50 000 scale (Fig. 1). A total of 5 266 geological 
observations were made in the NDF area, the total 
for the whole country being 13 550 new geologi-
cal field observations. The distribution of observa-
tions is shown in Figure 1. 

Thin sections were prepared from 712 rock sam-
ples and whole-rock chemical analyses performed 
on 316 samples. Detailed petrographical studies 
on the thin sections were carried out during the 
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writing of the map explanatory notes. A total of 
20 age determinations were made at the GTK Iso-
tope Laboratory and the results were reported (by 
Mänttäri 2010a and b, 2011a and c and Mänttäri et 
al. 2013). 

The draft final geological maps were submitted 
to SMMRP in November 2011 for comments prior 
to the start of final map production. Geological 
maps with highlighted zones of risk for geohazards 
and the locations of geosites (geological heritage 
sites), interesting for tourism and land use plan-
ners, were also delivered for comments. 

After SMMRP review, the final version of the 
maps was presented in April 2012. Additional 
comments by DGSM were handled in mutual dis-
cussions and agreed in a workshop at GTK in June 
2012. The final revision of the maps was printed 
and delivered in August 2012.

Geochemical surveys 

Targets for geochemical follow-up were selected in 
co-operation with the DGSM geochemists, based 
on reports by DGSM and Exploration Licence 
owners and other available geochemical data com-
bined with new ideas provided by geophysical sur-
veys and geological mapping. 

Regional stream sediment surveys were car-
ried out in six mineral potential targets (see Fig. 4 
in Backman et al. 2014, page 86), including West 
Nile, Hoima, Karuma Falls, Kaliro, Icheme and 
Barr, 1092 samples in total (Korkiakoski et al. 
2012). The survey covered an area of nearly 8,000 
km2, the average sampling density being 7.5 km2 
per sample. In order to compare the different tar-
get areas, all results of the stream sediment survey 
were combined into one data file.

The stream sediment surveys were complement-
ed by soil sampling on ten different targets: Nebbi 
and Warr in West Nile, Kafu River, Kafu River East 
and West and Bugasa in Hoima district, Karuma 
Falls, Aboke in Icheme, and Okile and Aloi related 
to Barr regional geochemical survey. In addition, 
49 soil samples were collected from an area related 
to the Neoproterozoic Ogili suite leucogabbros in 
the NE part of the geochemical survey area. The 
number of the soil samples was 973.

All soil samples were sieved to minus 150 mi-
crons at the DGSM mineral laboratory in Entebbe, 
split into two, and the first sample was sent to the 
CGS Laboratory in Pretoria for XRF and precious 
metals analyses. Due to severe delays in forward-

ing and processing at the CGS laboratory, the ana-
lytical laboratory was changed to ACME labora-
tories in Vancouver, Canada, in November 2010. 
After that, all geochemical samples were sent there 
with very reasonable turn-around times. 

Draft versions of final geochemical reports 
and maps were delivered for comments in Janu-
ary 2012. Comments by DGSM geochemists were 
noted and action was taken to improve the Final 
Geochemical reports and maps, which were de-
livered in April 2012. Additional comments by 
DGSM were addressed and the upgraded final re-
ports delivered in June 2012.

Geophysical surveys

The geophysical follow-up ground surveys were 
selected in cooperation with DGSM in order to 
further solidify the working procedures estab-
lished, and they covered a wide spectra of different 
targets (see Fig. 14 in Ruotoistenmäki et al. 2014, 
page 61). Geophysical ground surveys were carried 
out within the NDF area at Aloi across the Aswa 
shear zone (sheet 33-1), at Kasongoire in Masindi 
(sheet 31-3), at Bukusu in Mbale (sheet 64-1) and 
at Achaba in Oyam (sheet 40-1) and were reported 
by Turunen (2011a and b).

Mineral resources assessment

The assessment of mineral resources was carried 
out during field activity periods of the project. The 
findings of the assessment work have been contin-
uously reported in Quarterly and Annual Reports, 
and also in “mission reports”, covering studies on 
the Bunyaruguru crater lakes, the Kitaka gold-
lead mineralized zones, radiometric anomalies at 
Makuutu, south of Iganga and at Agoro-Oboko to 
the north of Kitgum, and on the sampling of vari-
ous rock types for potential dimension stones (Ky-
agulanyi 2011a-d). Selected samples of different 
mineral commodities were sent to the GTK labo-
ratories for mineralogical, chemical and physical 
determinations. 

A total of 24 larger rock samples were sent to 
Athi River Granite & Marble Company in Nai-
robi, Kenya, for cutting and polishing to promo-
tional slabs. Good quality pictures of the rock 
slabs were used to make a flyer “Dimension Stone 
Prospects in Uganda,” which has been distrib-
uted to several potential investors. The rock slabs 
themselves are stored at DGSM premises in En-
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Starting with the Inception Report (Lehto & 
Pekkala 2009), the progress of the project was re-
ported in Quarterly and Annual Reports available 
at DGSM. In particular, the progress of mineral 
resources assessment and other fieldwork was re-
ported on a regular basis to the Project Coordina-
tor and to the World Bank and the NDF. 

Geological maps and reports

The geological data were collected as ArcGIS data-
sets that, in turn, have been used to produce the 
geological maps. The geological and lithological 
boundaries (polygons) are seamless, and continue 
over the whole mapped area. Maps can be produced 
and sectioned at various scales and sizes, depending 
on the need. The locations of the geological obser-
vations are provided by the geological database, in 
which other parameters of the observations, such 
as tectonic measurements, are also stored and can 
be plotted on maps, depending on the map scale 
readability. The observation points are plotted on 
maps at scales of 1:100 000 and 1:50 000.

The geological maps at 1:250 000 scale (see Fig. 4), 
with separate layers for structures, mineral occur-
rences, mineral potential, geological hazards and 
geosites (geoheritage), comprise a total of 12 sepa-
rate sheets, as follows: 
NA-36-1 Arua, NA-36-2 Kitgum, NA-36-3 & NA-
36-4 Kaboong-Lodwar, NA-36-5 Pakwach, NA-
36-6 Gulu, NA-36-7 Aloi, NA-36-8 Moroto, NA-
36-9 Hoima, NA-36-10 Masindi, NA-36-11 Mbale, 
NA-36-12 Kapenguria and NA-36-15 Didonga.

Geological, structural and mineral resources maps 
at 1:100 000 scale (see Fig. 5) cover a total of 36 
sheets, as follows:
5 Moyo, 6 Parachele, 7 Lotuturu, 8 Madiopei, 9 
Apoka, 13 Adjumani, 14 Atiak, 16 Naam Okora, 

17 Rom, 21 Amuru, 22 Gulu, 23 Amoro, 24 Pader, 
25 Alerek, 30 Paraa, 31 Kamdini, 32 Lira, 33 Aloi, 
34 Kapelebyong, 37 Lake Albert, 38 Kigoroya, 39 
Masindi, 40 Bweyale, 41 Awelo, 42 Kaberamaido, 
43 Soroti, 46 Rwebisengo, 47 Buhuka, 48 Hoima, 
49 Kyakwanzi, 50 Nakasongola, 51 Kalungi, 52 
Kagulu, 53 Pallisa, 54 Sironko and 55 Kapchorwa.

For areas with high mineral potential that have a 
more complicated geology and sufficient exposure, 
maps at 1:50 000 scale (see Fig. 1) were produced, 
the total number of map sheets being 24, as fol-
lows:
5-2 Laropi North, 5-3 Moyo, 5-4 Laropi, 19-2 
Vurra, 19-3 & -4 Kango, 20-1 Uleppi, 20-3 Okollo, 
22-1 Awer, 22-2 Gulu, 22-3 Koc, 22-4 Omoro, 28-
1& -2 Paidha, 29-1 Parombo, 29-2 Pakwach, 31-1 
Adibu, 31-3 Katulikire, 40-1 Kiryandongo, 48-1 
Munteme, 48-2 Hoima, 48-3 Kakindu, 48-4 Nyar-
weyo, 52-3 Balawoli, 52-4 Nawaikoke and 53-3 
Pallisa.

The geology, including lithology, stratigraphy, 
metamorphism and structural and geotectonic 
settings, as well as geohazards, are described in five 
separate volumes corresponding to the 1:250 000 
scale map grid:

1.  Map explanatory notes with maps (GTK  
 Consortium 2012a-e), as follows:
1.1.  Map sheet Explanation Hoima-Masindi, in-

cluding two folded geological maps at 1:250 
000 scale: NA-36-9 Hoima and NA-36-10 
Masindi;

1.2.  Map sheet Explanation Mbale-Kapenguria, 
including two folded geological maps at 
1:250 000 scale: NA-36-11 Mbale and NA-36-
12 Kapenguria;

1.3. Map sheet Explanation Didinga-Kaabong-
Lodwar-Aloi-Moroto, including four folded 

tebbe. A separate report highlighting the findings 
of the mineral resources assessment has also been 
compiled by Lehto (2012b) and printed as a flyer 
“New Potential Targets for Mineral Exploration”, 
available for distribution on the DGSM web page  
(www.uganda-mining.go.ug). For marketing, the 
new geological datasets of Uganda were presented 
at the Colloquium of African Geology (CAG23) 
in Johannesburg in January 2011. The above flyers 

were distributed to the delegates at the Mining In-
daba congress in Cape Town in February 2012 and 
at the PDAC conference in Toronto, March 2012.

The essential project products and mineral re-
sources potential of Uganda were presented at a 
stakeholder’s meeting, the Mineral Wealth Con-
ference, in Kampala from 1–2 October 2012, fol-
lowed up by a Final Seminar to DGSM staff on 4 
October 2012.

Products of the NDF project

http://www.uganda-mining.go.ug/
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geological maps at 1:250 000 scale: NB-36-15 
Didinga, NA-36-3-NA-36-4 Kaabong-Lod-
war, NA-36-7  Aloi and NA-36-8 Moroto;

1.4. Map sheet Explanation Kitgum-Gulu, includ-
ing two folded geological maps at 1:250 000 
scale: NA-36-2 Kitgum and NA-36-6 Gulu;

1.5. Map sheet Explanation Arua-Pakwach, in-
cluding two folded geological maps at 1:250 
000 scale: NA-36-1 Arua and NA-36-5  
Pakwach.

2.  Other geology reports and maps
2.1. Geosites (geological heritage sites) in the 

NDF Area by Schumann & Namboyera 
(2012);

2.2. A field guide for geological mapping by 
Koistinen (2011);

2.3. A summary report on the geology and geo-
dynamic development of Uganda by Wester-
hof (2012a);

2.4. References and abstracts relevant to the geol-
ogy of Uganda by Westerhof (2012b).

Mineral resources maps

The above-listed geological maps all contain the 
symbols for various types of mineral occurrences. 
The map symbols are linked to an MS Access data-
base providing the necessary information.

In addition, mineral potential maps have been 
prepared, utilizing information from the new geo-
logical mapping, the mineral resources assessment 
and the geochemical and geophysical ground sur-
veys, combining these with airborne geophysical 
data and satellite imagery. The mineral potential 
zones are shown on 1:250 000 scale maps.

The mineral resources have briefly been de-
scribed in the five map sheet explanations. A more 
thorough compilation is to be found in a report by 
Pekkala et al. (2012) and by Lehto et al. (2014c). 
Flow sheets of laboratory-scale beneficiation stud-
ies for the best ranked industrial mineral com-
modities are presented in a separate report by 
Pekkala & Kuivasaari (2012).

Geochemical surveys

Prior to planning of the geochemical surveys, an 
orientation survey was carried out. Basic param-
eters, such as the sieve fraction size, sampling 
density, sampling depth, detection limit and geo-
chemical background values, were defined and re-

ported by Elsenbroek & Salminen (2009). A draft 
Field Manual was compiled for the field teams and 
upgraded based on practices developed during the 
surveys by Salminen et al. (2012a).

Geochemical follow up sampling was focused 
on targets defined by geological mapping, mineral 
resources assessment, interpretation of airborne 
and ground geophysical surveys and interpretation 
of old geochemical surveys. Target-oriented sur-
veys were reported by Salminen et al. (2012 f-m) 
highlighting the results and the methodology used 
(Salminen et al. 2012n). The regional geochemi-
cal surveys were summarized by Korkiakoski et al. 
(2012). In addition to the above, the Geochemical 
Atlas of Uganda was updated based on the results 
of the recent field surveys (Salminen 2012).

Geophysical surveys

The results of the geophysical ground surveys have 
been reported in Quarterly and Annual Reports. 
In addition, separate mission reports have been 
compiled by Turunen (2011 a, b), Ruotoistenmä-
ki et al. (2012 a) and Ruotoistenmäki & Mänttäri 
(2013).

The petrophysical properties of rock samples 
(density and susceptibility) collected during the 
fieldwork have been measured at the DGSM lab-
oratory by Nelson Birungi and reported by Ruo-
toistenmäki & Birungi (2011). The results of the 
geophysical ground surveys, as well as ideas for 
further geophysical exploration work, have been 
summarized by Ruotoistenmäki et al. (2012b) and 
Ruotoistenmäki (2014).

Digital products

All digital data are systematically organized and 
stored on the DGSM server (Pokki 2012 and Kuos- 
manen et al. 2014). The geological, mineral re-
sources and mineral potential maps, geosites and 
geohazards are included as layers in the ArcGIS da-
tabase. The geological and mineral resources maps 
are stored as print-ready pdf files. Information on 
mineral occurrences (total 557 indications) is cap-
tured and stored in an MS Access database, which 
supports ArcGIS map production. The mineral 
potential and geohazard/geosites maps are stored 
as pdf files at 1:250 000 scale. The geological map 
explanation volumes and summary reports are all 
available as print-ready pdf files. 
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magnetic and heavy formation, most likely folded 
strata. New outcrops of banded iron formation ex-
plain well the geophysical anomalies. The Ni-Co-
Cu in stream sediment could also be explained by 
the iron formation, since these elements are some-
what elevated in the BIF exposures. The rock sam-
ples show a Fe2O3 grade of up to 60% and slightly 
elevated Ni (0.023%), Cu (0.013%) and As (0.046%)
values. One could expect a quite large iron forma-
tion, since the airborne magnetic anomaly is about 
10 km long and some hundreds of metres wide.

One soil sample traverse crossed the magnetic 
anomaly, giving very interesting results: nickel was 
found to be quite high in the magnetic zones (600–
800 ppm Ni). This might indicate that the BIF is 
surrounded or inter-layered by mafic rocks, which 
might themselves have some Ni potential.

The analytical results of the regional stream 
sediment survey indicate higher levels of Ni-Cu-
Co-Cr and Zn-As-Au-Pd-Pt. During the in-fill 
mapping in September 2011, the extension of the 
iron oxide-bearing, quartz-rich rock (BIF) could 
be followed further to the NE. It is speculated that 
these iron-rich formations are part of the alloch-
thonous Madi-Igizi Klippe (Fig. 7), since the dip 
of the strata is quite steep, sometimes vertical. 
However, several occurrences of mafic rocks, pos-
sibly amphibolized sills, which could explain the 
geochemical anomalies, have been mapped in the 
area (Lehto et al. 2014c). There is still a consider-
able amount of exploration to be carried out in this 
promising area.

In the West Nile area, the stream sediment sur-
vey was focused on the Archaean greenstone belts 
extending from the Kilo Moto gold fields in the 
DRC to Arua-Nebbi. The existence of these green-
stone belts close to the DRC border was confirmed 
by recent mapping (Fig. 8). According to the field-
work carried out by the Vangold Company, the 
Proterozoic metavolcanics and amphibolites may 
host shear zone-related gold in quartz veins and 
stockwork. Occurrences of placer gold are known 
in the Zeu and Paidha areas. During the in-fill 
mapping in September 2011, chert and BIF out-
crops were observed in Paidha, but since they oc-
cur within the “no-fly international border zone” 
with the DRC, their extent cannot be indicated by 
airborne geophysics.

Results of the NDF project

Geology

The field verification during the project provided 
new geological data to enable the GTK Consor-
tium to construct a detailed lithology column for 
the rock formations. A description of the various 
lithological units can be found in the five Map Ex-
planation volumes (GTK Consortium 2012 a-e).

Training of the geoscientists at DGSM was an 
important part of the project and was implement-
ed as learning-by-doing through the whole project, 
starting from planning of the surveys and running 
through the implementation phase and documen-
tation of results. Training courses were held both 
at DGSM and abroad (Finland, the Netherlands, 
South Africa and Tanzania) and reported to the 
DGSM management to support them in their hu-
man resources development (Cole 2011, Lehtimä-
ki & Ruotoistenmäki 2009, Mäkitie et al. 2011, van 
Ruitenbeek 2010 and 2012).

Mineral resources assessment

The most interesting mineral indications and de-
posits with recommendations for exploration are 
described in this volume by Lehto et al. (2014c). 

The mineral potential of Uganda remains most-
ly untested, since exploration applying modern 
exploration concepts and instrumentation has up 
until now been rather limited. New potential ex-
ploration targets, in addition to the known occur-
rences, are presented as a promotional leaflet by 
Lehto (2012b), and the most interesting findings 
in the NDF component area are highlighted below:

The occurrence of a banded iron formation 
exposed in Masindi, in Kitwanda, south of the 
Karuma Game reserve (Fig. 7), adds value to the 
Mesoproterozoic Igisi Group. The airborne mag-
netic anomalies in that area, termed the Mur-
chison Project by the company Flemish Gold 
conducting the exploration there, have been sus-
pected of being caused by ultramafic intrusions, 
since elevated Ni-Co-Cu and Pb-Zn levels were 
reported by Rizk (1977) after a 1972−1975 geo-
chemical stream sediment study of map sheet 31 
(for location, see Fig. 5). 

The SW–NE-trending airborne magnetic 
anomaly was surveyed with a limited number of 
geophysical ground traverses using magnetic and 
gravity methods. The survey indicated a distinct 
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Cenozoic rocks (– 66 Ma)
Albertine Rift: silt, sand, gravel

Neoproterozoic rocks (541 – 1000 Ma)

Adjumani-Midigo Suite; granite (659±15 Ma)
Gneissic granitoid
West-Karamoja Group; gneiss, granulite

Mesoproterozoic rocks (1000 – 1600 Ma)
Madi Group; quartzite, mica schist

Igisi Group; mica schist, quartzite, ironstone
Neoarchaean rocks (2500 – 2800 Ma)

Abiba Formation; leuco- to mesocratic gneiss
Metagabbro

Tara brown granite (2622±5 Ma)

Granulitic granitoid and gneiss
Yumbe Complex; granitic and sedimentary gneiss
Amuru Group; gneiss, amphibolite

Mesoarchaean rocks (2800 – 3200 Ma)
Karuma Group; felsic and mafic granulite
Goli charnockitic gneiss (3079±14 Ma)
Granite gneiss
Uleppi Group; leucocratic gneiss and granulite

Structural
elements

Fracture
1 Normal fault

Strike slip fault
( Thrust fault

Variable gneissic granitoid (2591±27 Ma; 2652±8
Ma)

War Group; mafic metavolcanic rock, fuchsite
quartzite (2637±16 Ma)
Lobule Group; granulite gneiss, amphibolite
(2631±6 Ma)

Bunyoro Group; shale, slate, phyllite, sandstone,
quartzite

Madi Group; intermediate metavolcanic rock
(984±8 Ma)
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Fig. 8. Gold anomalous stream sediment samples plotted on an airborne magnetic map (Lehto 2012b). A distinct concentra-
tion of points with higher gold grades can be seen to the north of the village of Zeu. Soil sampling results are available within 
areas marked by grey boxes (Warr and Nebbi).

Geochemical surveys 

One of the main objectives of the project, the train-
ing of the DGSM teams of geochemists in mineral 
exploration, was achieved, in addition to increased 
understanding of the use of geochemistry in min-
eral exploration.

The geochemical surveys resulted in several 
interesting findings with high mineral resources 
potential, as described above with two examples. 
Of the targets surveyed by stream sediment or soil 
sampling some require further exploration work, 
either to follow up the identified geochemical 
anomalies or to obtain further support in the iden-
tification of mineral potential target zones. 

Geophysical surveys

The geophysical ground surveys were, in addition 
to field training of the DGSM geophysical teams, 
also used to support structural interpretations. The 
gravity and magnetic ground surveys that were 
carried out in Lira and at Nakasongola helped in 
understanding the geodynamics and block move-
ments along the NW–SE-trending Aswa shear zone 
and the E–W-trending Nakasongola geophysical 
discontinuity. The possible structural conclusions 
based on the above ground geophysical surveys 
are discussed by Ruotoistenmäki (2014) and Ruo-
toistenmäki et al. (2014) in this volume.
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CONCLUSIONS

The GTK Consortium mapping project that start-
ed in October 2008 and finalized in October 2012 
has greatly contributed to improved understand-
ing of the geological development of Uganda. 

The age relationships that form the basis for the 
understanding of the geodynamical and geological 
model, as well as the geochemical and geophysical 
exploration targets, and the mineral resources, are 
summarized in this volume.

The geological mapping and the mineral re-
sources assessment were implemented based 
on the compilation of existing geological maps, 
mainly from the 1960s, supported by the inter-
pretation of recent satellite images and SMMRP 
airborne geophysical survey data. The prelimi-
nary maps thus produced were verified by about 
13 550 documented geological field observations, 
with ca. 20 000 digital photos. A total of 50 age 
determinations, as well as about 700 chemical, 1 
500 petrographic and 2 200 mineralogical analy-
ses were carried out to support the interpretation. 
The data from the observation and sample points 
are captured in georeferenced databases in ArcGIS 
compatible format at DGSM.

Data on known mineral occurrences and indi-
cations, covering metallic, industrial mineral and 
construction material resources, have been com-
piled in one database. The location, type and ma-
jor mineral commodities have been plotted on the 
new geological maps. In addition, maps delineate 
various mineral resource potential areas which 
are of interest for exploration companies. Separate 
maps have also been produced to show the location 
of geological heritage sites, the interest in which 
will certainly grow with increasing eco-tourism. 
The geological and mineral resources maps with 
geologically hazardous areas (seismicity and land-
slides) and restricted areas (e.g. national parks, 
forest reserves) will provide useful information for 
the regional authorities in land use planning.

Geologically, the most significant result is the 
updated lithostratigraphy, with detailed and reli-
able geological units based on one common model 
of geological and geodynamic development for 
Uganda. It is also worth noting that all data, in-
cluding observations, photos, analyses, rock sam-
ples, petrophysical rock parameters and age deter-
minations, are georeferenced in digital form and 
harmoniously cover the mapped area. This makes 
data processing, map production and further geo-

logical modelling and interpretations much more 
efficient and easier. 

The geological mapping indicates that old rocks of 
Archaean age (2 600–3 000 million years), which 
are known to host diamonds, gold, nickel, copper, 
cobalt, platinum group metals, iron and chrome, 
cover about 60% of the land surface in Uganda. 
This greatly improves the possibilities for discover-
ing new, economic deposits of these mineral com-
modities. Below, a few examples are mentioned:

In the eastern part of Uganda, close to the bor-
der with Kenya, Neogene carbonatite complexes 
such as Sukulu, Tororo, Bukusu, Bukiribo, Budeda, 
Lolekek, Napak and Toror host several potential 
mineral commodities (limestone, phosphates, Fe, 
Ti, Nb, REE, vermiculite and uranium/thorium). 
Carbonatites are very important formations, since 
in Uganda there is a huge demand for high-quality 
calcitic limestone for cement and other construc-
tion materials. In addition, the need for lime and 
phosphorous fertilizers for agriculture and forestry 
is rapidly increasing, mainly due to the poor, often 
acidic soils combined with a growing population 
in Uganda and East Africa. 

The new airborne geophysical survey indicated 
several large and medium-sized rounded aeromag-
netic anomalies to the east of the town of Iganga. 
Some of these are known to be connected to car-
bonatite complexes, while other similar anomalies 
are connected to gabbroic bodies, where indica-
tions of Cu-Ni-Au-Pt were discovered. In addition, 
to the west and northwest of these large magnetic 
anomalies, there are numerous small-sized, round-
ed aeromagnetic anomalies that are not exposed. 
They can be connected either to carbonatitic or 
mafic-ultramafic pipes or to kimberlites. Further 
detailed investigations are highly recommended, 
especially on the smaller geophysical anomalies to 
the south of Lake Kyoga. The geological Archaean 
craton environment is favourable for the occur-
rence of kimberlites, as known from Tanzania. 

A report in the archives of DGSM (Mineral 
Prospecting Uganda Ltd 1975), which involved a 
total of close to 109 000 stream sediment and loam 
samples distributed all over the country, presents 
interesting results. Kimberlite indicator miner-
als were observed in a large number of samples, 
and micro-diamonds, 0.02 carats or smaller, were 
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found within approximately 20 different map 
sheets (50 000 scale, grid 25 by 25 km). The exact 
location of the stream sediment samples with mi-
cro-diamonds can be found on map attachments 
to the report. Converting this geochemical dataset 
into a digital form and combining it with the vari-
ous datasets produced by this project would un-
doubtedly result in a better understanding of the 
diamond potential in Uganda.

Another promising airborne magnetic anomaly 
is located at Kasongoire, Kiryandongo district, to 
the south of Karuma Falls. The discovery of an up 
to 10-km-long iron formation was made during 
mapping. Geochemical surveys also indicate po-
tential for nickel and copper within or close to this 
magnetic-gravity anomaly zone.

Based on the geological mapping and geo-

chemical surveys (stream sediment sampling) in 
southern West Nile in NW Uganda, it is quite pos-
sible that the gold-bearing Kilo-Moto gold fields 
in DRC, connected to Archaean greenstone belts, 
extend to the Ugandan side.

In addition to the above potential exploration 
targets, it is essential to emphasize that the do-
mestic consumption of mineral raw materials and 
domestic value addition of mineral-based com-
modities would be taken in serious consideration 
when exploration programmes are planned. In 
this connection, the high demand for raw mate-
rials for cement and for soil amendment should 
be prioritized at the national level in order to di-
rect adequate technical and financial resources 
to the comprehensive investigation of these raw  
materials.
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This paper describes the workflow used and the associated data management ap-
plied during the two geological mapping projects in Uganda. It covers all proce-
dures followed in compiling the final map products and digital datasets. A new 
observation database and a new mineral deposits database that cover the whole 
country were constructed. In addition, three ESRI personal geodatabases (geologi-
cal data, topography and infrastructure, map grids) were created separately for the 
IDA and NDF funded project areas. The ESRI geodatabases feed the map features 
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INTRODUCTION

The Sustainable Management of Mineral Re-
sources Project (SMMRP) in Uganda comprised 
geological mapping, geochemical surveys and 
mineral resources assessment. It was divided into 
two contracts, funded by International Develop-
ment Association (IDA) and Nordic Development 
Fund (NDF). The first GTK Consortium contract 
covered southern Uganda (south of 1°N) and the 
second covered northern Uganda; together about 
80% of the country. For safety reasons, no field 
work was done in the Karamoja region, east and 
northeastern Uganda. 

One of the objectives of the geological mapping 
projects was to create a modern digital data library, 

where old materials and the new data from the 
SMMRP would be easy to find and update. In this 
paper, the workflow used and the associated data 
management applied during the two geological 
mapping projects in Uganda are described. First 
we discuss gathering of existing data from differ-
ent sources and, secondly, we give an account of 
the new databases and the geological maps, which 
were elaborated in several phases. Finally, we de-
scribe the digital dataset delivered to the Client, 
the Department of Geological Survey and Mines 
(DGSM). The dataset is an excellent starting point 
for continuous development of a national geologi-
cal data library in Uganda.

GENERAL WORKFLOW

The work was started from the very beginning be-
cause there had been no systematic data collection 
at the DGSM. First, all available material was col-
lected and evaluated and then relevant data needed 
for field work and map production were transferred 
into a GIS compatible format and arranged to en-
able easy retrieval and updating. Existing printed 
materials, such as geological maps, map sheet ex-
planations, reports and memoirs, that were re-
quired as background in field work planning were 
scanned and the old maps were georeferenced. 

Geophysical and topographic data were pur-
chased; topographic vector data and land use data 
were acquired from the National Forestry Author-
ity in Kampala (NFA, see www.nfa.org.ug). The 
data include shapefiles representing towns, rivers, 
lakes, contours, roads, swamps, national parks, 
natural reserve areas and administrative areas. Af-
ter cleaning and modification, the data was ready 
to be used as layers in the new geological maps. 
The Land Survey of Uganda provided topographic 
maps in tiff-format at a scale of 1:50  000, which 
were useful in the field during geochemical sam-
pling, geophysical ground surveys and geological 
mapping. The German partner of the GTK Con-
sortium, GAF AG, created new datasets for el-
evation contours and rivers. Other necessary data 
were downloaded from the Internet (DEM, satel-
lite images) or created during the GTK Consor-
tium projects (geological data). Data management 
was the responsibility of the GTK.

The two projects were similar in terms of work-
flow and output. Preliminary interpretation maps, 
based mainly on airborne geophysics and satellite 
imagery, were created by GAF AG to support the 
planning of field verification and geological map-
ping as well as the planning of geochemical and 
geophysical follow-up targets. The maps were pro-
duced at 1:100 000 and 1:250 000 scales, and they 
covered the whole of Uganda (including the Kara-
moja region that was later excluded). Subsequent 
map production, beginning with draft final maps, 
was done at the head office of the GTK in Finland 
following extensive geological, geophysical and ge-
ochemical fieldwork as well as ground verification. 
The various map layers were produced in close 
cooperation with the mapping geologists, particu-
larly the lithological polygons and tectonic lines.

The draft final maps were elaborated into final 
map products during several iteration and com-
ment cycles within the GTK Consortium and in 
cooperation with the DGSM. The maps are based 
on field data from 13 500 new observations, as well 
as including age determinations, thin sections and 
chemical analyses. As lithostratigraphic knowl-
edge of the study area increased significantly dur-
ing the mapping process, the geological interpre-
tations shown on the maps evolved considerably 
from those on the draft versions. Therefore, only 
the revised final versions of the maps are signifi-
cant. 

http://www.nfa.org.ug
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NEW DATABASES

The new databases created during the projects in-
clude three ESRI personal geodatabases, an obser-
vation database and a mineral deposits database.
They may be easily updated and, in an ArcGIS en-

vironment, the content can be viewed as seamless 
layers from any part of the project areas, regardless 
of scale. 

ESRI personal geodatabases

Nearly all the data displayed on the new geologi-
cal maps were arranged in three personal geodata-
bases (geological data, topography and infrastruc-
ture, map grids), each created separately for the 
southern and northern project areas. The geodata-
base for geological data contains numerous layers, 
such as lithology, dykes, tectonic measurements, 
observation points, age determinations, mineral 

deposits and areas with estimated high mineral 
potential. The geodatabase for topography and in-
frastructure contains lakes, rivers, roads, elevation 
contours, towns, villages, summits, reserved areas 
and administrative areas. The map grids indicate 
the area covered by each map sheet at the scale 
specified and these were collected in the third 
ESRI geodatabase. 

Observation database

In the field, geologists used standardised field 
forms for notes and this information was entered 
in a MS Access database with BedRockLogger, 
which is an application that has been developed 
at the GTK for geological mapping projects. It has 
previously been used in GTK mapping projects in 
Mozambique and Tanzania. The observation da-
tabase comprises 13 500 new observations from 

the two project areas. The information in the da-
tabase has been arranged in various tables cover-
ing observation metadata, lithology, mineralogy 
(particularly ore minerals and metamorphic in-
dex minerals), tectonic measurements, alteration, 
rock samples, free-form description etc. (Fig. 1). 
The tables have common key fields (OBSID and/or 
LITID) that link them. 

Mineral deposits database

Mineral occurrences/deposits in Uganda, both 
those previously known and those discovered 
during the SMMRP, were entered in the mineral 
deposits database, which is a MS Access database 
containing a total of 557 mineral occurrences/de-
posits from the two project areas. DGSM internal 
reports, published reports and press releases by 

mining companies were important sources for 
known deposits. During field work many known 
occurrences were revisited and the information 
was updated. The database contains observation 
metadata, information on the deposits, commodi-
ties and lithological context as well as references in 
the literature as separate tables (Figs 2−3).
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Fig. 1. Tables in the observation database and their mutual relations via common key fields.

Fig. 2. Data entry sheet for the mineral deposits database (MS Access).
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MAP PRODUCTION

New geological maps

The new geological maps comprise three thematic 
categories: geological maps, maps of areas with 
mineral potential, and maps of geohazards and 
geosites. All of these show lithology and mineral 
deposits. The first category of maps was produced 
at three different scales and an index map showing 
these is presented in Fig. 4. The various map types 
are summarised below: 

•	 1:250 000 scale − three map sets covering the 
whole of Uganda, 19 sheets each: 1) bedrock 
geological maps; 2) maps of mineral poten-
tial areas; 3) maps of geohazards and geo-
sites.

•	 1:100 000 scale − 74 geological map sheets 
covering the areas defined by the consultan-
cy contract.

•	 1:50  000 scale − 52 geological map sheets 
covering special areas selected in coopera-
tion with the DGSM (typically with a high 
mineral potential estimated).

In addition to the requirements of the contract, 
new map compilations were made at 1:500  000 
scale to support the development of geological ide-
as during project implementation and to promote 
the exploitation of mineral resources.

Fig. 3. Tables in the MS Access mineral deposits database and their mutual relations via common key fields. 
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Fig. 4. Index map showing geological maps produced at the three different scales. The names and codes of the 1:250 000 
scale maps are shown in blue; the code numbers of the 1:100 000 scale maps are brown, and the code numbers of the 
1:50 000 scale maps are green.
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Amount of detail in geological maps at various scales

Generally, the amount of detail displayed on geo-
logical maps decreases as the map scale decreases. 
Therefore, the 1:50 000 scale maps contain nearly 
all available details while some details are gener-
alised on 1:100  000 scale maps and are possibly 

excluded completely from 1:250  000 scale maps, 
depending on the size of the detail. 

The new geological maps show the same litho-
logical layer on maps at 1:100  000 and 1:50  000 
scales. All polygons shown on 1:50  000 scale 
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maps were still easily readable on 1:100 000 scale 
maps. Generalisation at the latter scale was not 
considered necessary; however, lithological units 
smaller than 800  000 m2 were removed from the 
1:250  000 scale maps. Additionally, geologically 
important small units, such as dykes, were exag-
gerated on 1:250  000 scale maps and small units 
near each other were combined to improve visibil-

ity. As requested by the Client, the new 1:50 000 
and 1:100 000 geological maps display joints while 
GPS tracks recorded during fieldwork are also  
shown on 1:50 000 scale maps. For many data lay-
ers (such as tectonic measurements, elevation con-
tours etc.), the number of features shown at small-
er scales has been cut down by specific selections 
(definition queries) to avoid symbol overlapping.

Data management

All data editing and map production were done 
by using ESRI’s GIS software (ArcGIS 9.3.1). WGS 
1984 datum − UTM projection (WGS_1984_
UTM_Zone_36N) was used as the coordinate sys-

tem for all products from both project areas as well 
as in the present volume. The material for maps 
at various scales was sorted into separate folders, 
which keeps data paths short and makes data dis-

Fig. 5. Example showing the data arrangement structure for the 1:250 000 geological maps of northern Uganda. The 
three ESRI personal geodatabases are shown as cylinder shaped icons and other grey icons represent the layers in them.
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tribution easier. For example, the folder for maps 
at 1:250  000 scale contains material for all map 
sheets produced at that scale (data, symbols used, 
each map sheet as .mxd and .pdf files, logos and 
summary tables; i.e. lists of rock units on each map 
sheet). 

The geological data used for the geological maps 
have been collected in one personal geodatabase; 
topographical data in another database, and map 
grids used on index maps in a third personal da-
tabase. There are also some data as shapefiles 
(e.g. geohazard data and additional topographic 
names). 

Tectonic measurements have been exported 
from the observation database and mineral de-
posits information from the mineral resources 
database. Joint measurements are an exception to 
this: joints were not measured systematically by 
all geologists during mapping and, consequently, 
there are not a sufficient number of records saved 
in a database. However, as this information was to  
be displayed on the 1:50 000 and 1:100 000 geo-
logical maps, the description texts (database and 
field forms) were checked and information about 
joints was added to the file that was used in map 
production.

GTK CONSORTIUM DATASETS

At the end of the projects, the final products and 
other essential files were handed over to the Client 
on an external hard disc and copied to the DGSM 
intranet. These files (302 GB) cover geological map-

ping, mineral resources assessment, geophysics 
and geochemistry in numerous maps, map expla-
nations, reports and GIS files. In a detailed descrip-
tion of the datasets (Pokki 2012), special emphasis  

Fig. 6. A snap shot from ArcMap shows over 13 400 observation points (black dots) on top of the lithology layer, together 
with age determinations (yellow) and samples from whole-rock geochemical analysis (red). The .pdf file, comprising 
hand-written notes and outcrop photographs, has been opened by clicking the corresponding observation point with 
the hyperlink tool. 
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was placed on the utilisation of the GIS data, which 
had been collected and logically arranged in a  
single ArcMap view for easy exploration (Fig. 6). 

During the field mapping, GTK geologists used 
field computers equipped with GPS receivers. This 
allowed real-time monitoring in relation to any 
feature in the digital dataset, which made field 
verification very efficient. Accordingly, use of the 
GIS datasets in field computers during subsequent 
field work is highly recommended. The attributes 
of each map feature (e.g. lithology, age determina-
tion, whole-rock geochemical analysis and thin 

section analysis) can be viewed by clicking it with 
the info tool. All the field forms, hand written by 
the geologists on outcrops, have been scanned into 
.pdf files and the photographs taken on the cor-
responding exposure have been attached. These 
.pdf files can be opened by clicking the observa-
tion symbol with the hyperlink tool on the map 
view, a method that has proven to be extremely 
useful. This enables direct viewing of outcrop 
photographs from most parts of Uganda (Fig. 6), 
whether in office or in the field.
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During 2008–2012, the Sustainable Management of Mineral Resources Project 
(SMMRP) succeeded in mapping the geology and mineral resources of Uganda. The 
project consisted of ground geological, geophysical, and geochemical sub-projects  
using countrywide airborne geophysical survey data and maps as source material to 
focus the studies. During the project, Fugro Ground Geophysics covered ca. 80% of 
Uganda with airborne magnetic and radiometric surveys. Geologists studied more 
than 13 500 outcrops and collected collected thousands of rock samples, the density 
and susceptibility of 5 700 of them were measured. The geophysical data, maps and 
interpretations on regional and local scales produced during the project are sum-
marized below. 
 Regional-scale, high-resolution magnetic and radiometric maps and their de-
rivatives provide invaluable information on geological structures, and they have 
been used for targeting more local-scale studies. They are indispensable in geologi-
cal mapping and provide information on crust-scale structures. Combinations of 
magnetic and radiometric maps can be used for rapid lineation of multi-anomaly 
targets representing possible zones of economic mobile element occurrences, e.g. 
Au, U or REE. Magnetic maps are used, for example, to indicate small roundish 
anomalies due intrusive bodies, such as gabbros, carbonatites or kimberlites. Petro-
physical data measured from bedrock samples can help in bedrock modelling and 
mineral exploration.
 Local-scale studies were carried out on 26 sites using gravimetric, magnetic and 
radiometric methods. Most of the targets are characterized by significant anomaly 
combinations that are related to ore potential in gabbros, carbonatites or kimber-
lites with Ni, Fe, REE, U, diamond and sulphide enrichment. Due to the limited 
time for the studies, the results of this project are preliminary only and identify 
regional- and local-scale targets that clearly require particular attention in future 
studies. 

Keywords (GeoRef Thesaurus, AGI): mineral exploration, bedrock, petrophysics, 
geophysical methods, airborne methods, geophysical maps, interpretation, ground 
methods, Uganda
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INTRODUCTION

During the SMMRP project, Fugro Ground Geo-
physics covered the majority of Uganda with an air-
borne magnetic and radiometric survey. The flight 
specifications are provided in Table 1 and the area 
covered is given in Figure 1. Geologists studied more 
than 13 500 outcrops and collected more than 5700 
samples, the density and susceptibility of which were 
measured. A generalized bedrock map of Uganda 
with the locations of major ore showings is presented 
in figure 2. The age distributions vary from Cenozoic 
volcanic and sedimentary rocks to Archaean gneiss-
es. Major tectonic events in the area have been the 
East African and Pan African orogenies ca. 630–500 
Ma ago (e.g. Kröner and Stern 2005, Mänttäri et al. 
2011). Moreover, the East African Rift System, aged 
ca. 25–30 Ma by Roberts et al. (2012), among others, 
is still active in the area. Economically prominent 
mineralisation includes copper, cobalt, nickel, gold, 
chromium, platinum, lead, zinc, iron, tin, wolfram, 
beryl, niobium, bismuth and manganese. Industrial 

minerals include carbonate rocks, phosphates, feld-
spars, kaolin, salts, gypsum, silica sand, vermiculite 
and construction materials such as sands, gravel, 
hard rock for aggregates and dimension stone re-
sources. In addition, there are high potentials for  
radioactive elements and rare earth elements (REE), 
as well as hydrocarbons. Potential geothermal sites 
also exist (Katto & Lehto 2012).

In this paper, examples of regional-scale data, 
maps and the petrophysical database produced dur-
ing the geophysics sub-project in 2009–2012 are 
presented. Moreover, local-scale field data and inter-
pretations of selected, economically potential targets 
areas are reported. The project sub-areas are consid-
ered in more detail in our reports (Ruotoistenmäki et 
al. 2011, 2012, Turunen & Lehtimäki 2011) available 
at DGSM. The regional-scale geophysics and related 
major tectonic structures are presented in greater  
detail in Ruotoistenmäki (2014).

Table 1. Survey specifications of airborne geophysical measurements in Uganda by the company Fugro Ground Geophysics 
(Fugro Airborne Surveys Ltd. 2009, GMIS 2012). 
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Fig. 1. Sub-blocks covered by airborne magnetic and radiometric surveys conducted by Fugro Ground Geophysics. The NE 
Karamoja area (K) was not included in the Sustainable Management of Mineral Resources Project (SMMRP).
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Fig. 2. Generalized bedrock map and distribution of economic mineralisations in Uganda combined with a grey-tone mag-
netic map reduced to the North Pole (the coloured version of the magnetic map is presented in Figure 4). Pale blue: lakes. The 
map was processed at GTK by Eira Kuosmanen (SMMRP). The distribution of mineralisation has been adopted from Katto 
and Lehto (2012). The northeastern Karamoja area has not been covered by an airborne survey.
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REGIONAL GEOPHYSICAL CHARACTERISTICS OF UGANDA

Magnetic maps 

Figure 3 presents an example of a magnetic map 
by Fugro. In the map, the amplitudes are shown 
by colours and the gradients have been empha-
sized by contours and hill shading. A striking 
feature in this map is the strong minimum zone 
across southern Uganda (in blue). Moreover, the 
NE corner of Uganda is sharply cut by sinistral 
Aswa shear (A) and SW Uganda is characterized 
by a ring dyke complex (R) continuing across Lake 
Victoria to NW Tanzania (e.g. Ruotoistenmäki et 
al. 2011, Ruotoistenmäki 2014). 

A serious problem in magnetic data and their 
interpretation at low latitudes close to the equator 

is the low inclination of Earth’s magnetic field. In 
Uganda, the inclination is ca. -25° (upwards) to the 
north, which makes the magnetic anomalies gener-
ally very asymmetrical and difficult to interpret visu-
ally. In the map in Figure 4, this problem has been 
minimized by using the reduction to the North Pole 
(RTP) method, where the grid has been mathemati-
cally converted to the format that would exist if the 
Earth’s field inclination was 90 degrees; i.e. vertically 
downwards. However, the RTP method also pos-
sesses problems at low latitudes (e.g. MacLeod et al. 
1993). During this project, the reliability of RTP data 
was tested by modelling selected profiles of RTP data 

Fig. 3. Example of a magnetic map of Uganda produced by Fugro. A detail is enlarged in the inset. A: Aswa shear zone, R: Ring 
dykes. Note the sharp min–max discontinuity across central Uganda in a SW to NE direction.
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and using these model sources for the original data. 
In general, the fit was satisfactory, thus supporting 
the reliability of RTP data. 

The magnetic map reduced to the North Pole is 
presented in Figure 4. In the map, the strong mag-

netic minimum–maximum contrast across central 
Uganda in Figure 3 turns opposite and the contact 
zone moves to the north (‘N’ in the map). These 
amplitude variations are in better agreement with 
petrophysical data collected from Uganda.

Radiometric maps 

During the Sustainable Management of Mineral 
Resources Project, Fugro Ground Geophysics also 
recorded airborne radiometric data. Figure 5 pre-
sents a radiometric ternary map showing the rela-

tive variations in radiation due to potassium (K), 
thorium (Th) and uranium (U) using three over-
lapping colours. The radiometric maps and their 
derivatives are very useful in Uganda to prelimi-

Fig. 4. Magnetic map of Uganda reduced to pole (RTP). The map is a combination of three components: two grey-tone maps 
hill shaded from the NE and NW emphasizing the gradients, and one coloured version giving amplitudes. Some structural 
fields are outlined: A: The sinistral (left-handed) Aswa shear zone; N: the Nagasongola discontinuity, possibly a suture zone; 
R: Ring dykes. The inset presents an enlarged section of SE Uganda showing details of the Aswa shear and eastern flank of the 
Nagasongola discontinuity zone. Also note the SW–NE-trending dyke across the Aswa shear, which indicates that the shear has 
not been active since the intrusion of the dyke. For detailed study of these structures, see Ruotoistenmäki (2014).
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narily delineate bedrock blocks and their struc-
tures: The contacts are sharp and they are not dis-
torted by geometric effects, as magnetic maps are 
at low latitudes. It should be noted that although 
Uganda is largely covered by swamps, their effect 
on radiometric data appears to be minimal. In this 
map, the Aswa shear zone appears as a radiometric 

discontinuity, and even the sinistral movements 
are evident from the anomalies (e.g. as the curved 
anomalies along the shear in the inset). However, 
the semicircular ring dykes and Nagasongola dis-
continuity are not so obvious in the radiometric 
data.

MaxMap

During the project, numerous magnetic and radio-
metric maps, their derivatives and combinations, on 
local and regional scales, were prepared for bedrock 

mapping and exploration purposes. Most of them 
cannot be presented in this connection, and a ‘Max-
Map’ is therefore provided in Figure 6, which shows 

Fig. 5. Radiometric ternary map of Uganda. Lakes and rivers appear in black. The inset presents a detailed enlargement of 
northern Uganda showing the sharp contrast between the northwestern, potassium-rich sub-areas and the eastern, more U-
Th-rich areas. Note the radiometric anomaly (K) of the post-tectonic cross-cutting Kidera (Bukungu) felsic intrusion shown 
as a bright spot in the middle of the map. Also note the high potassium anomalies (bright red) on the banks of some rivers and 
lakeshores, caused by layers of potassium-rich clay deposited during seasonal periods of high water levels.
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major magnetic and radiometric anomalies and their 
combinations in a single map sheet. The map depicts 
the anomaly maxima and their combinations, where 
each anomaly component (= magnetic, U, Th and K) 
is greater than or equal to the minimum of the fourth 
(highest) quartile of anomaly ranges (A > Min + 
(75/100)*(Max-Min)). Each colour represents areas 
where one or more data values exceed the threshold 
value (i.e. minimum of the fourth quartile). Thus, for 
instance, red shows areas where only the magnetic 
intensity (RTP) is high, blue is connected to uranium 
or U+Mag, strong blue-violet to Th+U+Mag, and the 
topmost orange shows areas where all components 
are high. The numbers 1, 101, ... 1111 in the legend 

refer to method used here; i.e. the primary grids have 
been replaced by binary grids indicating whether the 
measured value is above the threshold or not. This 
‘four-in-one’ map thus combines the anomaly (i.e. 
their maxima) information from four separate maps 
into one single map sheet, allowing rapid outlining 
of potentially interesting anomaly details in the area. 

The inset in Figure 6 presents the same sub-area 
from NE Uganda as in the maps in Figure 4 and Fig-
ure 5. The complicated multi-colour anomaly com-
bination in the SE corner of the subarea may refer to 
an alteration zone and thus the potential mineralisa-
tion of mobile elements, e.g. uranium, gold and REEs 
(rare earth minerals). 

Fig. 6. ‘MaxMap’: Combinations of anomaly maxima in Uganda. The inset depicts the same sub-area from NE Uganda as in the 
maps in Figure 4 and Figure 5. In the legend are presented the cut-off values for the grids: Mag (RTP) > -1.0 nT, U > 5.6 ppm, 
Th > 22.4 ppm and K > 1.12%. 
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Anomalous zones as targets for exploration

The maps below provide examples of the use of  
geophysical map versions to define potential tar-
gets for the exploration of economic mineralisa-
tion. Shades of blue, violet and yellow in the Max-
Map in Figure 7 denote potential uranium anomaly 
areas in southern Uganda. Also note the complex 
‘multicolour’ anomalies in centre left of the map 

referring to alteration and possible enrichment 
of mobile elements (e.g. Au, U, REE). The elliptic 
anomaly in the NE corner is due to a complicated 
felsic plutonite intrusion at Kidera (Bukungu).

Using the analytic signal of the magnetic total 
field, one can emphasize sharp, high-frequen-
cy anomalies and reduce the effect of inclined  

Fig. 7. MaxMap: Uranium potential target areas in southern Uganda. Note the complex structure of the Kidera intrusion re-
vealed by this map. The width of map area is ca. 170 km. A high-quality geocoded version of this map is available from DGSM.

Fig. 8. Analytic signal of the magnetic map of SE Uganda (Block 1, see Fig. 1). Large circles outline anomalies interpreted to 
represent gabbros or carbonatites. Small circles border anomaly combinations of an analytic signal+radiometric anomaly, pos-
sibly due to kimberlites or carbonatites. Small boxes indicate the locations of analytic signal anomalies lacking a radiometric 
anomaly, but also possibly referring to kimberlites, gabbros or carbonatites. The diameter of the large circle is ca. 5 km and the 
width of the map area is ca. 165 km. A high-quality geocoded version of this map is available from DGSM.
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magnetization and remanence vectors (e.g. Keat-
ing and Sailhac 2004). The analytic signal map in 
Figure 8 reveals several small, pipe-like anomalies 
due to mafic intrusions (gabbros, kimberlites or 

carbonatites). Moreover, the dolerite dykes cross-
cutting the area can be reliably outlined using this 
map. 

Petrophysical database of Uganda

During the Sustainable Management of Mineral 
Resources Project, ca. 5800 bedrock samples were 
collected by field geologists covering most of the 
land areas of Uganda. The sample locations were 
defined by GPS and their rock characteristics were 
documented by camera and written notes. The 
samples, reports and database are archived on 
the premises of DGSM, Entebbe. The samples are 
stored in separate boxes containing 20–50 samples 
each. The petrophysics sub-project has measured 
the susceptibilities and densities of all field sam-
ples available using the petrophysics ‘field labora-
tory’ shown in Figure 9. The susceptibilities were 
measured using a hand-held SM-20 susceptibility 
meter and densities with a small weight scale. The 
susceptibility (K) of each sample was measured 
from three sample surfaces approximating x, y 
and z directions, giving indications of remanent 
magnetization (Kmax/Kmin ratio). Moreover, the 
susceptibilities and densities of five standards were 
measured each time a new sample box was started. 

The following section provides an introduction to 
the petrophysical database of Uganda, which is 
described in more detail in Ruotoistenmäki and  
Birungi (2011).  

The areal distribution of samples given in Fig-
ure 10 demonstrates that except for some localities 
in NW Uganda and the unmapped Karamoja area 
in NE Uganda, the coverage of samples is quite 
satisfactory. Figure 11 and Figure 12 depict the 
frequency distributions of densities and suscepti-
bilities of all Uganda samples. In the diagrams, the 
density maxima peak at ca. 2625 kg/m3 and 3025 
kg/m3, referring to ‘granitic’ and ‘gabbroic’ densi-
ties. The susceptibility diagram is more complicat-
ed, the paramagnetic peaks varying between (55–
240) and (500–1000-1500) [SI*106]. Moreover, the 
ferrimagnetic peak is wide, the maxima varying 
between (6000–30000) [SI*106]. The paramagnetic 
peaks are mainly due to varying amounts of mafic, 
iron-containing minerals in the samples, while the 
ferrimagnetic peak is mainly due to magnetite. 

Fig. 9. Petrophysics ‘field laboratory’.
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As an example of susceptibility-density dia-
grams, Figure 13 depicts the variations in all and 
in granite samples of the database. In the diagram, 
granites distribute in two main clusters: 1) a lower 
density, weakly magnetic paramagnetic group, the 
density and susceptibility being ca. 2635 kg/m3 and 
120 [SI*106], respectively, and 2) a higher density, 
highly magnetic ferrimagnetic group, the density 
and susceptibility being ca. 2650 kg/m3 and 5000 
[SI*106], respectively. 

This diagram demonstrates how unreliable the 
use of calculated average values of rock groups 
can be: The parameters are in clusters, which are 

also curved to higher densities when susceptibil-
ity increases due to the increase in mafic minerals 
and magnetite in the ferrimagnetic group. In some 
cases, the average values can occur in the ‘neck’ be-
tween the clusters, where the number of samples 
is at the minimum. Therefore, a careful study of 
petrophysical parameters is needed when defining 
representative values for densities and susceptibili-
ties. In the diagram, there is strikingly high num-
ber of low-density samples below ca. 2500 kg/m3, 
which refers to strong alteration of Uganda bed-
rock. However, the alteration of granitic samples 
has been minimal.

Fig. 10. Areal distribution of the petrophysical samples from Uganda. The base map is a magnetic map of Uganda reduced to 
pole (RTP, Figure 4).
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Fig. 12. Distribution of magnetic susceptibilities of samples in the petrophysical database of Uganda. Red: Frequency; Blue: 
Cumulative frequency. Values of Log(susc) below 1 probably refer to diamagnetic samples, or measurement errors.

Fig. 11. Distribution of sample densities in the petrophysical database of Uganda. Red: Frequency; Blue: Cumulative  
frequency.
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LOCAL-SCALE GEOPHYSICAL SURVEYS

Background to the geophysical surveys

The selection of targets for geophysical ground 
surveys was based on geological information, such 
as bedrock sampling data. Information on mineral 
deposits was available from earlier observations, 
and new findings were recorded as the current 
mapping programme proceeded. Aerogeophysical 
maps were consulted to find information on the 
response of known and potential deposits. Espe-
cially in covered areas, these were the only indica-
tion of the existence of potential mineral deposits. 
Geophysical anomalies alone were not, however, 
sufficient for survey site selection, because count-
less anomalies exist, not all of which are interesting 
in terms of useful mineral deposits.

The resources for field surveys were limited and 
only one or two carefully placed profiles could be 
completed for each selected anomaly. Gravity sta-

tion intervals were rarely less than 100 m, and in 
some targets, station intervals of up to 500 m were 
used. Profile lengths were likewise kept to a mini-
mum. This type of approach is not ideal for de-
tailed interpretation, but it may provide a general 
view of the geological deposit behind the anomaly.

The instrument used in the gravity survey was 
a Scintrex Autograv CG5, the magnetic unit con-
sisted of one Scintrex Envimag unit as a rover 
and another unit at the base station, and the ra-
diometric equipment consisted of three Radiation 
Solutions RS-230BGO units. Each method had its 
own GPS arrangements. The gravimeter readings 
were not tied to any common base level. Turunen 
and Lehtimäki (2011) describe the field surveys in 
more detail. 

Fig. 13. Susceptibility-density diagram of the granite samples (red) from Uganda compared with all Uganda rock samples (yel-
low). 
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Geophysical survey sites

Table 2 provides a list of the 26 sites where geo-
physical ground surveys were completed. Some of 
the targets were surveyed during one day, while 

others required several days of work. Figure 14 
presents the locations of the targets on an RTP 
magnetic map.

Table 2. Local-scale geophysical study sites. The coordinate projection WGS 84/UTM zone 36N.

Easting (m) Northing (m) Location Deposit No

414150 50150 Wampewo Pegmatite 1

390000 85000 Katwe Uranium 2

400000 77000 Kikooba Uranium 3

403000 85000 Muyenje Uranium 4

456000 101000 Lwamula Uranium 5

438000 76000 Bowa Uranium 6

306000 102000 Karuguza Major contact 7

163000 -138000 Kabale, Rutoma Hematite 8

166500 -139000 Kabale, Makanga Hematite 9

136000 -127000 Muko Hematite 10

207000 -106000 Kafunzo Feeder channel 11

439000 287000 Achaba Uranium 12

401700 222750 Kasongoire Nickel 13

578000 77000 Nabukalu Gabbro 14

540000 94000 Naigobya Pipe 15

640000 95000 Bukusu Carbonatite 16

579651 64901 Bugiri Gabbro 17

539770 78706 Luuka Pipe 18

504491 91552 Mbulamuti Pipe 19

501806 88101 Wampologoma Pipe 20

634678 85033 Atiri Pipe 21

585019 97880 Namutumba Pipe 22

486000 153000 Kidera REE, Pipe 23

596907 122805 Pallisa Pipe 24

609369 122805 Iki Iki Pipe 25

480716 146580 Galiraya Pipe 26
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POTENTIAL KIMBERLITES IN EAST UGANDA

The magnetic analytic signal map in Figure 15 
shows a number of local and isolated anomalies 
that were suspected to be caused by pipe-like in-
trusions. Some of the causative bodies, targets 14 
and 17, are known to be gabbros, and some are 
carbonatite pipes (targets S and T). Many of the 
smaller magnetic circular anomalies may indicate 
kimberlites, in analogy to the Tanzanian Craton. 
These targets would have high potential for min-
eral exploration.

The numbered and encircled structures on the 
analytic signal map in Figure 15 were interpreted 
to have magnetic properties comparable to vari-

ous intrusive bodies in the Archaean environ-
ment. The numbered targets were surveyed with 
gravimetry, magnetometry and radiometry, while 
the encircled targets were not surveyed but were 
considered potential ones. Problems in interpreta-
tion were to be expected, as these three rock types, 
gabbros, carbonatites and kimberlites, have physi-
cal properties close to each other.

Outcrops in Nabukalu (target 14 in Figure 15) 
and Bugiri (target 17) proved to be different types 
of gabbros. The radioactivity of gabbro is usually 
low, while kimberlitic pipes may contain uranium 
or potassium. The two carbonatite bodies, Sukulu 

Fig. 14. Location of the local-scale field studies on a magnetic map (reduced to pole, RTP) of Uganda.
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(target S) and Tororo (target T), have quite strong 
radioactivity, both in uranium and thorium, with 
the eTh/eU ratio being three times higher than 
globally in the Earth’s crust. One problem with 
radioactivity is that potassium has probably been 
lost by weathering, and uranium may have been 
depleted from the topmost soil layers due to acid 
rain. Deeper in the pipe, radioactive elements may 
be present, but radiation levels decrease towards 
the surface. Nevertheless, when searching for kim-
berlites, gamma radiation may be useful. 

The magnetic method is the most widely used 
method in the search for kimberlites (Mcnae 
1979). Usually, kimberlites contain magnetite as 
an accessory mineral. Because of its high perme-
ability, kimberlite weathers easily, considerably 
loses its magnetic property and becomes practi-
cally nonmagnetic, depending on the degree of 
weathering. It may appear that weathering makes 

the magnetic method unusable, but in the case of 
kimberlite, weathering may cause the magnetism 
to disappear completely, thus causing the magnetic 
anomaly to become negative in the magnetic envi-
ronment.

According to Mcnae (1979), hard, unweathered 
kimberlite has a high density of about 2700 to 3000 
kg/m3, but that of weathered near-surface material 
is typically only 2300 to 2500 kg/m3. Thus, in typical 
country rocks, an anomalously low-gravity feature 
can be detected over weathered kimberlite. Most 
known kimberlites intrude into granitic and high-
grade metamorphic rocks with similar properties. 
This also applies to the potential kimberlites of 
south-eastern Uganda. During field surveys, it was 
noted that outcrops were absent at anomaly sites, 
but granitic cliffs and boulders were present in the  
surroundings. 

Three targets are discussed in more detail in the 

Fig. 15. Magnetic analytic signal of Block 1. Red denotes a high analytic signal and blue a low one. Anomalies 14 and 17 
are caused by gabbroic intrusives and anomalies S (Sukulu) and T (Tororo) by carbonatites, respectively. Numbers indicate  
surveyed targets (see Table 2), while circles are considered targets.
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following. The source of the Naigobya gravity and 
magnetic anomaly (target 15 in Figure 15) is un-
known, while Kärkkäinen et al. (2014) discuss the 

geological and geophysical properties of two known 
gabbro deposits, Nabukalu and Bugiri, in more  
detail.

Naigobya

The airborne magnetic anomaly of Naigobya (tar-
get 15 in Figure 15) is shown together with the 
analytic signal and ground gravity values in Fig-
ure 16. The magnetic anomaly shows an isolated 
and strong max-min type (“bulls-eye”) anomaly 
with a diameter of two kilometres. The analyt-
ic signal maximum reaches a value of 24 nT/m, 
which suggests that the anomaly source is close 
to the ground level. The local eTh and eU maxima 
add to the interest in the anomaly. If the radio-
activity and magnetic anomalies have a common 
source, a gabbroic intrusion is not expected. There 
are no outcrops near the geophysical anomaly, but  

granitic hills are common in the surroundings.
One 4-km-long ground profile was surveyed 

along a dirt road crossing the anomaly maximum. 
The profile was too short at the northern end due 
to instrumental problems. The gravity anomaly, 
presented in Figure 17, is 3 mGal and its diameter 
is roughly one kilometre. Local inhomogeneities 
and electric power lines disturb the magnetic field, 
but gravity and magnetic anomalies clearly have a 
common source. An interesting detail is the tho-
rium maximum near the gravity high (see Figure 
18). Uranium is not anomalous and potassium is 
very low, of the order of 0.5%.

Fig. 16. Aeromagnetic anomaly at Naigobya. Black curves show the analytic signal and dots indicate the Bouguer gravity.
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Fig. 17. Field survey results along the road at Naigobya. The analytic signal (green line) is from airborne data, the blue curve is 
from a ground magnetic survey and red indicates gravity. eU and eTh are shown as bar charts above.

Fig. 18. Naigobya airborne eTh map with gravity stations and a gravity interpretation model (cylindrical lines).
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Gravity modelling in Figure 18 yields an elliptic 
cylinder model density of 2920 kg/m3, a depth ex-
tent of 5000 m, a surface depth of 25 m, and a vol-
ume of 2 km3. The pipe plunges at 58o towards 220o, 
even though these figures are not on safe ground 
in the case of an essentially 2D profile. The model 
does not conflict too much with the magnetic model 
presented by Paterson, Grant & Watson (Consulting 
Geophysicists 2009), although there are differences. 
In particular, the depth extent estimates are suscep-
tible to uncertainties due to the scarcity of data. The 

most interesting result is the visual correlation of the 
gravity model and the airborne thorium anomaly in 
Figure18. The model and the anomaly have the same 
strike and the eTh maximum is where the gravity 
model comes closest to ground. There are other eTh 
anomalies with the same strike, even though they are 
not visible on the magnetic map. The existence of the 
eTh anomaly in the same place as the gravity high 
and magnetic anomaly makes the target different 
from all other surveyed targets in this area. A car-
bonatite plug is a possible explanation.

Bukusu

One of the best-known carbonatite complexes in 
East Uganda is Bukusu (target 16 in Fig. 14). How-
ever, as the airborne survey does not extend that 
far due to Mount Elgon, there is no information on 
the magnetic response of the formation. The pur-
pose of the ground survey was to check whether 
gravity would provide information on the depth 
extent of the mass and help in establishing the to-
tal formation mass. Radiometrics was expected to 
be a suitable geophysical method in mapping the 
horizontal extent of the carbonatite, as its thorium 
content was expected to be high. 

The results along one of the surveyed profiles 
are presented in Figure 19. The gravity anomaly is 
~10 km wide and very high, exceeding 30 mGal. 
Anomaly flanks are steep, which means that the 
source must be near the surface. The anomaly was 
modelled with a vertical 3D circular cylinder, the 
diameter of which is eight kilometres, the top be-
ing near the surface and the bottom at a depth of 
2500 metres. With a density of 3040 kg/m3, this in-
dicates an immense volume of 120 km3.

The magnetic field is complex, with two ir-
regular zones near the gravity gradient maxima. 
Between the zigzag sections, the magnetic field is 
more even. The magnetic anomaly is difficult to 
model because of the noisy field, but its strong var-
iation requires the source to be close to the surface.

In radiometry, eTh is high while K is low. The 
eTh/eU content outside the intrusion is near the 
global Earth’s crust value of 4, while above the in-
trusion the ratio is ~13. This suggests that the eTh 
content and eTh/eU ratio on radiometric maps 
may be useful in the exploration of carbonatite  
deposits.

The main difference between the gabbro and 
carbonatite response is in radioactivity, especially 
in the eTh content. The other two large carbonatite 
deposits within the airborne survey area, Tororo 
and Sukulu, show similarly elevated eTh and eU. 
Gravity and magnetic anomalies of gabbros and 
carbonatites differ only qualitatively. Separating 
the anomaly types from each other would require 
the extensive use of petrophysics.

Fig. 19. Ground geophysical surveys along a road at Bukusu. Green denotes the eTh content, blue is ground magnetics and red 
is gravity. The profile orientation is on the right.
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Kidera

There are spectacular airborne radiometric anom-
alies on the peninsula of Kidera (Figs 7 and 14), 
on the southern shore of Lake Kyoga, where large 
granitic hills are exposed. eTh is very marked in 
relation to eU, and K is also high. Water surrounds 
the anomaly and attenuates the possible radiation 
farther from the hills. The magnetic field is low, ex-
cept at some scattered round spots, many of which 
are in water-covered areas. A 9-km-long gravity 
profile was surveyed along a country road to the 
tip of the peninsula. The increasing anomaly to-
wards north refers to an increasing source density 
below Lake Kyoga.

What is interesting here is the missing gravity 
anomaly between northing readings 154000 and 

156000 in Figure 20. The magnetic anomaly along 
the profile has the same appearance compared to 
surveys across other pipe-like anomaly sites, but 
no positive gravity anomaly exists. Rather, one can 
see a weak negative anomaly here. The ground ra-
diometric eTh survey reaches its maximum in the 
magnetically anomalous zones.

The reason for the magnetic anomaly is not 
known, but according to the gravity survey, its 
density cannot be higher than the background 
density of 2670 kg/m3. Nevertheless, the material 
is magnetic. Low gravity and high thorium make 
this target different from the other surveyed sites 
and interesting in terms of mineral exploration.

Fig. 20. Gravimetric, magnetic and radiometric ground profiles at Kidera. The magnetic profile is in blue, eTh is in green and 
gravity is in red.

Other pipe-like anomalies in the airborne survey of SE Uganda

All the other pipe-like anomalies surveyed on the 
ground in Eastern Uganda (Fig. 15) gave similar 
results. Every site had a positive gravity anomaly 
at the centre of the airborne magnetic anomaly. 
Anomaly strengths varied but were always sev-
eral milligals. The ground anomaly structure had 
much in common with the airborne anomaly, both 
for magnetics and radiometrics, which means that 
gabbro intrusions are the most probable explana-
tion. Carbonatites should still show some radio-
activity, even if they were as deeply seated as the 
modelling suggests. The soil above the intrusions 
is at least partly derived from weathered material 

from the original deposit, and this should be visi-
ble as elevated eTh. Furthermore, the three known 
carbonatite deposits are visible as mountains rath-
er than depressions, while the largest, Nabukalu, 
appears as flat topography. From the kimberlite 
point of view, none of the surveyed sites produced 
an anomaly where a local gravity minimum exist-
ed on the top of the magnetic maximum, making 
the probability of kimberlite finds quite low. A de-
tailed summary of the geophysical survey results 
for pipe-like anomalies is given in Ruotoistenmäki 
et al. (2012).
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OTHER TARGETS 

Kafunzo

The reason for the magnetic and conductivity 
anomaly at Kafunzo in the south of Uganda (Fig. 
14) was unknown before the geophysical surveys 
were conducted, and it remained unknown after 
the surveys. The airborne anomaly lies on steeply 
sloping hills under cultivated soil. Geologically, the 
survey area consists of shale, but there is only one 
outcrop within a distance of several kilometres.

The geophysical combination map in Figure 21 
shows two airborne components. The background 
colour indicates the variation in conductivity from 
the helicopter-borne TEM survey. What attracts 
attention is a long conductivity anomaly running 
from SE to NW. At the same location, there is a 
magnetic high. The topography at the site is mild-
ly sloping parallel to the anomaly crest, but very 

steeply varying perpendicular to it. The maximum 
conductivity anomaly around 875000E / 9893000N 
is on a very steep topographic slope. 

The contours on the map show the magnetic 
anomaly so that the anomaly is highest when the 
colour is red and lower where the colour chang-
es to blue. Dots are gravity stations, with their 
diameter growing as the anomaly grows. The 
gravity profiles are curved due to topographical 
constraints. It appears, however, that the grav-
ity maximum is located near the magnetic maxi-
mum and the conductivity maximum. This is an 
interesting target, as the causative body is dense, 
magnetic and conductive. It could be a heavy  
ultramafic rock with sulphides.

Fig. 21. Airborne TMI anomaly map of Kafunzo shown as contours with the colour key provided in the legend. Red contours 
indicate high magnetic intensity and blue colours low intensity. The background colour indicates airborne conductivity, with 
highest conductivity values shown as red. The dot diameter denotes the Bouguer gravity.
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Karuguza

Karuguza was selected for follow-up after an in-
teresting sample of mafic rock containing sul-
phides was found at the northern contact between 
Mubende granite and Archaean gneisses (Fig. 14). 
Gravity profiles were surveyed over an airborne 
magnetic anomaly that is located to the north of 
Mubende granite. In the granite domain, the mag-
netic field (Figs 22–23) is variable but low as a 
whole. North of the contact the field grows steeply, 
and further to the north it decays slowly and very 
evenly along a distance of more than twenty kilo-

metres. The source of the anomaly is not known, 
but judging from the smooth decay of the field, it 
can be estimated that the source lies rather deep 
below the non-magnetic gneiss. Towards the NW, 
either the magnetic properties of rock weaken or 
the gneiss grows thicker.

The surveys were completed along two exist-
ing roads. Along both profiles, the highest gravity 
readings were recorded above the magnetic maxi-
mum. Figure 23 illustrates the results for the main 
profile from south (left) to north.

Fig. 22. TMI anomaly map of Karuguza with gravity stations. Black and red dots indicate a gravity anomaly maximum.
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The gravity anomaly is ~7 mGal high and about 
2 km wide. Towards north the field level rises. The 
blue 2½D model (3010 kg/m3) lies rather deep and 
has a depth extent of 2.5 km. Its density is in the 
gabbro domain. Magnetic ground data show com-
mon features with gravity data, but suffer from 
near-surface inhomogeneities.

If the other curved profile in Figure 22 detects 

the same anomaly, 4 km west of the first profile, 
the magnetic maximum and gravity high could 
have an extent of several kilometres. Some rock 
boulder findings indicate that mafic rock could be 
the explanation for the geophysical anomalies, and 
the weak dissemination of Ni sulphides in some 
rock samples make the Karuguza target interesting 
for Ni prospects.

Kasongoire

At Kasongoire (Fig. 14) there is a magnetic mini-
mum on the airborne magnetic map (TMI reduced 
to the equator) that is several kilometres long and 
two kilometres wide, as can be seen in Figure 24. 
Geochemical sampling revealed anomalous Ni 
and other base metals in the soil above the mag-
netic anomaly. 

Three gravity profiles across the magnetic 
anomaly were surveyed together with magnetics 
and radiometrics. Radioactivity was very low and 
the magnetic ground survey did not deviate from 
the corresponding airborne survey.

Figure 25 shows the gravimetric and magnetic 
interpretation of the data measured along the road 
profile C–D in the eastern part of Figure 24. At the 
top of the diagram, the magnetic survey is shown 

as a red curve compared to the model anomaly in 
blue. In the middle, the corresponding graphs for 
gravity are shown with station points as red circles 
and modelled gravity values as a blue curve, and 
the estimated regional field as a green dashed line. 
The station separation for magnetics is ten times 
denser than for gravity, which contributes to the 
rapid variation, although several magnetic peaks 
may be due to instrumental problems.

The 2½D model is presented in blue at the bot-
tom of the diagram. The same model was used for 
gravity and for magnetics. The northern arm has 
a slightly lower susceptibility and differently ori-
ented remanence than the bulk of the body, but 
density does not change. 

Fig. 23. Gravity and magnetic survey at Karuguza together with gravimetric modelling. The green thin line on top of the grey 
field is the magnetic survey, red dots indicate gravity anomalies and the blue curve is a modelled anomaly. Model and back-
ground densities are presented as labels. 
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Fig. 24. Magnetic anomaly map with gravity stations from Kasongoire. TMI is reduced to the equator. At the strong negative 
magnetic anomaly, the rock is denser than in the surroundings, as indicated by the gravity stations. Red dots show maximum 
gravity anomalies. The yellow cross in the middle of the map is a rock sample point.

The model is a result of an automatic interpre-
tation of the gravity anomaly. The anomaly con-
sists of two main features. The first is the large and 
smoothly changing field that consists of ~8 mGal 
of the anomaly, and this part of the anomaly is 
caused by a deeply lying body. The second feature 
is formed by the two steeply sloped bumps in the 
middle. This anomaly pair is clearly caused by for-
mations that are rather close to the surface. These 
masses seem to be the common reason for both 
gravity and magnetic anomalies. The high density, 
3395 kg/m3, does not conflict with the density of 

the rock sample, 3682 kg/m3, found at 401684E / 
222751N.

Due to outcrops and local boulders, the mag-
netic and gravity anomalies are geologically inter-
preted to represent magnetite oxide/hydroxide-
bearing ironstones of the Mesoproterozoic Igisi 
group. The Igisi group is thrusted over the Neo-
archaean gneissose granites. It is possible that the 
larger body of dense rock in the model (Fig. 25) 
under the folded ironstones belongs to the Neoar-
chaean basement. 

Kabale

In the very south of Uganda, there are several 
known hematite deposits. Two sites were visited 
near Kabale and one at Muko (Fig 14). All the 
surveyed sites were on gently sloping hilltops. It 
was usual that the boundaries of the flat ore lenses 
ended at sharp escarpments. Hill slopes were very 
steep, causing geophysical surveys to be slow and 
difficult to undertake, and one could not proceed 
beyond the hematite lens boundary to acquire in-

formation on the background and depth extent of 
the deposit. The density of hematite samples, 4800 
kg/m3, would have been high enough for gravity 
surveys. Magnetic susceptibility was low, 0.003 
(SI), but this was dwarfed by the Q ratio, which 
was of the order of 1000. 

Despite their very anomalous physical proper-
ties, hematite lenses did not cause striking survey 
results. The typical magnetic signature consisted of 
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tight zigzag curves, but with no proper large and 
high anomalies. Similarly, there were no anoma-
lies in gravity data that could have been caused by 
thick, massive hematite deposits. Both of these ef-

fects can be explained by the thinness of the hema-
tite lenses, and even though the lenses were thou-
sands of square metres in area, their mass would 
be low.

RADIOMETRIC SURVEYS FOR URANIUM

On airborne radiometric maps, there are a num-
ber of large uranium anomalies in many parts 
of the country, especially north of Lake Victoria 
(light blue on the maps in Figures 6 and 7). On the 
geological map, the area consists of Neoarchaean 
granitoids. 

Some anomalies were selected for field checks 
around Bukomero and Luwero to the north of 
Kampala. Unfortunately, the field surveys were 
not fully successful due to instrumental problems. 

However, it became evident that airborne and 
ground surveying for radionuclides yielded con-
sistent results. Airborne maps are reliable enough 
in selecting areas with radionuclide potential, and 
field checks are only needed for closer investiga-
tion.

Comparing airborne radiometric maps with 
field observations, it is immediately noticeable that 
the highest eU peaks are without exception situ-
ated on exposed granitic cliffs. Granites obviously 

Fig. 25. Gravimetric and magnetic modelling of profile C–D at Kasongoire (see the location of the profile in Figure 24). The 
magnetic survey (red measured, blue modelled) is presented at the top of the diagram, the gravity survey (red dots measured, 
blue curve modelled) in the middle, and at the bottom in blue the model that would explain the measured values.
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have continuation beyond the exposures, below 
the soil, but they produce low radiation levels due 
to the attenuation effect of the soil and moisture. 
When conducting field surveys, one can map the 
variation in radionuclides on the outcrops, but 

cannot determine their extent in covered areas. 
Even if the soil were of local origin, it would have 
lost some of its U content due to weathering and 
its tendency to dissolve in acid rain water. 

CONCLUSIONS

The airborne high density and high resolution data 
covering most of the land area of Uganda provide 
a solid background for bedrock mapping, tectonic 
studies and for exploration target selection. On the 
regional scale, the maps and their derivatives iden-
tify anomalies indicating possible gabbros (Ni, 
sulphides), carbonatites (REE, U, limestone and 
phosphates), kimberlites (diamonds) and altera-
tion zones (REE, U, Au, base metal sulphides). The 
petrophysical database covers relatively densely 
the majority of the land area of Uganda, and thus 
gives support for more detailed geophysical and 
petrophysical studies in the future.

Most of the targets selected for field studies 
proved to be interesting and warrant future stud-
ies. The biggest challenge was the application of 
gamma spectrometers, since two of the available 
instruments proved not to work at all and the third 
one broke down during the field survey. All other 
instruments worked reasonably well, thus allow-
ing the planned surveys to be completed, and in-
teresting geophysical anomalies were located for 
further studies.

Two main problems need special attention to 
improve the productivity of the surveys. The avail-
able time and financial resources were too limited 
for detailed studies. For many targets, only one 

ground profile could be completed. The station in-
terval in gravimetry was too high, being 100–500 
metres. This type of approach causes the results to 
be more of the ON/OFF type, so that the surveyor 
only determines whether there is something inter-
esting or not. Estimates of depth and lateral extent 
can be made where the profile runs, but beyond 
the profile such estimates are not supported. Due 
to the difficult terrain, the survey traverses were 
often curved, and in gravity and magnetics bends 
help in limiting the model uncertainty of pure 2D 
cases.

One important limitation in the airborne survey 
was the lack of electrical resistivity (or conductiv-
ity) information, except in some limited areas in 
SW Uganda. Resistivity can be considered as the 
most important physical property in the search 
for metallic minerals, as variation in the resistiv-
ity of natural materials is wider than that of any 
other physical property. Electromagnetic mapping 
would eliminate many magnetic anomalies as be-
ing of less interest, while it would give new infor-
mation on conductors, which often indicate base 
metal sulphide occurrences. Due to intense weath-
ering, sulphide-bearing deposits have mostly  
eroded away.
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This paper describes the geochemical surveys carried out in 2009–2012 in Uganda. 
The main aim was to detect new targets for further mineral exploration activities, 
while another important component was the training of DGSM staff for geochemi-
cal studies. The training was focused on fieldwork and data processing with ArcGIS 
software. The training was provided in different courses with a theory part in class, 
a practical part in the field and on-the-job training. 
 Two geochemical study methods were used: regional surveying of stream sedi-
ments and target-orientated mineral exploration through soil sampling. Altogether, 
34 geochemical targets were studied. During the span of the projects, three manuals 
were produced. The main product of the survey was a comprehensive geochemi-
cal database with the metadata description and records of 4700 analysed stream 
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INTRODUCTION

The main objective of the geochemical surveys was 
to detect new targets for further mineral explora-
tion activities. Another important objective was to 
provide training in geochemical survey techniques 
to the staff of DGSM. The training started with an 
orientation study, which was carried out at the be-
ginning of the IDA project. In all, the work was 
composed of three parts: 1) training, 2) evaluation 
and re-interpretation of old geochemical data, and 
3) the new geochemical survey and processing of 
the generated data. These components were ex-
ecuted in both the IDA project in South Uganda 
and in the NDF project in North Uganda. One fur-
ther objective was to create modern working prac-
tices in sample preparation at the DGSM labora-
tory, enabling pre-processing of the samples before 
sending them to analytical laboratories. 

In total, 13 persons from DGSM participated in 
the geochemical survey training. The focus of the 
training was on geochemical fieldwork and con-
currently on data processing and interpretation. 
The training consisted of four stages: 1) a one-week 
course in geochemical mapping with an orienta-
tion survey at the Mubende–Mityana field target 
in May 2009; 2) a two-week course on geochemi-
cal studies in mineral exploration in March 2010, 
with a one-week fieldwork period; 3) short-term 
training in stream and alluvial sediment sampling 
in autumn 2010; and finally 4) a two-week course 
on data processing and interpretation arranged 
at CGS in Pretoria, South Africa, in September 
2011. In addition, on-the-job training took place 
throughout the fieldwork periods, when supervi-
sors accompanied DGSM staff out in the field. Five 
field geochemists in charge from Finland and four 
from South Africa worked in Uganda as supervi-
sors and trainers. Two Field Manuals, one for the 
IDA project and one for the NDF project, and one 
data processing manual on ArcGIS use in geo-

chemistry studies were produced (Salminen et al. 
2011n, 2012a, van der Walt 2011).

Targets for regional stream sediment surveys 
and more detailed follow-up soil surveys were se-
lected in co-operation with the geochemists and 
geologists of DGSM and the GTK Consortium.

The work was based on DGSM and company 
reports and available geochemical data, combined 
with new findings from airborne and ground geo-
physics and geological mapping. Altogether, the 
number of geochemical survey targets was 34 (Fig. 
1 and Tables 1 and 2).

The main product of the surveys was a new geo-
chemical database of Uganda based on analysis of 
the samples collected during the surveys; in addi-
tion, the results from the old re-analysed samples 
were included in the database. The results of the 
geochemical studies were reported separately for 
each target at the end of the survey (Salminen et al. 
2011a–2011m and Salminen et al. 2012b–2012i). 
The client took a substantial part in the reporting 
by providing constructive comments and addi-
tions to the content of the reports and to the lay-
out of the geochemical maps. A summary of the 
results for the most significant IDA project targets 
was presented in the Provisional Exploration Pro-
gramme (Lehto et al. 2011) and in a similar sum-
mary report introducing significant geochemical 
results for the NDF project (Korkiakoski et al. 
2012).

In order to make it easier for the reader, the 
objective of displaying the most interesting data 
visually has been applied, combining geochemi-
cal data with the new geological mapping results 
of the GTK Consortium. As a whole, this report 
summarizes the geochemical studies and their 
most important outcomes, concentrating on the 
ore potential of the target areas.
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Fig. 1. Location of the geochemical study targets for the IDA and NDF projects in Uganda. Lithology according to the Geologi-
cal Map of Uganda 1:1 000 000 (Lehto et al. 2014).

 METHODS

Planning for the geochemical survey 

The selection of the study areas and the study 
methods, both for stream sediment and soil sam-
pling, was carried out in co-operation between the 
DGSM staff and the GTK Consortium. The plan-
ning of the geochemical sampling programme 
at each target was based on all the available geo-
chemical, geological and geophysical data from 
the area. The detailed sampling plan was made us-
ing Esri’s ArcMap software, and the location data 
for the proposed sampling sites were uploaded 

onto the field GPS instruments of the sampling 
teams. The used coordinate system was WGS 1984 
UTM zone 36N.

It has to be emphasized that the soil targets were 
not selected on the basis of the current stream sed-
iment survey results, but on the basis of existing 
geological and geophysical data. The original plan 
for the geochemical survey in Uganda involved a 
regional stream sediment survey. On the client’s 
request, the method of the survey was, however, 
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changed to target-oriented mineral exploration 
from the beginning. Only later, at about the mid-
point of the NDF project, was the method changed 

to a regional stream sediment survey in the north-
ern part of Uganda. 

Sampling

The soil sampling in the IDA project was conduct-
ed according to the Field Manual for Geochemical 
Surveys, which describes the sampling procedure 
in detail (Salminen et al. 2011n). Later, the stream 
sediment and soil sampling in NDF project was 
carried out according to the updated Field Manual 
(Salminen et al. 2012a). 

In the soil sampling, the sampling pits were dug 
with a steel spade or steel hoe and the samples 
were taken with a plastic scoop from the pit wall 
(Fig. 2). The sampling depth was mostly 50–60 
cm, but it varied according to the local conditions 
from 20 to 90 cm. The sampling depth was coded 
with a letter C when it reached the saprolite or the 
hard bedrock, and in other cases with a letter B. 
The thickness of sampled layer was 10 cm for all 
samples. The size of the samples varied from two 
to three kilograms, depending on the grain size 

of the sample material defined by a rough estima-
tion in field. When the sample material was fine 
grained, the sample was smaller. The samples were 
collected into plastic bags. The sample number, or 
sample identification code (sample ID), consisted 
of the map sheet number (three first digits), the 
sample material code (MIS = minerogenic soil), 
the sampled horizon (B or C) and the sample site 
number, e.g. 482/MISB/3127.

The stream sediment sampling was preferably 
carried out from second-order streams based on 
map interpretation. The sampling point was cho-
sen at a site above the confluence of the stream 
running to the next order stream, so that the sec-
ond-order stream catchment size could be as large 
as possible. The sample was taken either from the 
dry or wet stream sediment or from the overbank 
sediment, according to availability (Fig. 3). When 

Fig. 2. Digging of a soil sampling pit in the study area at the Aloi target. 
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there was water in the stream channel, the sam-
ple was collected from a place with the minimum 
amount of water. The material was taken with a 
plastic spoon from five separate pits that were dug 
with a steel spade. The pits were shallow, with only 
the organic top layer being removed. The proper 
age of the sedimentation layers could not be tak-
en into account. The sample was a composite of 
five sub-samples. The sub-samples were carefully 
mixed and sieved through 2 mm nylon sieve mess 
in order to obtain smaller size samples. When the 
material was clay or silt, without coarse grains, no 
sieving was needed. The size of the samples var-
ied from two to three kilograms, depending on 
the grain size. When the sample material was fine 

grained the sample was smaller. The samples were 
collected into plastic bags. The sample number, or 
sample identification code (sample ID), consisted 
of the map sheet number (three first digits), the 
sample material code (SSE = stream sediment ma-
terial or ALL = alluvial sediment material) and the 
sample site number, e.g. 291/SSE/6622.

Altogether, 2304 soil samples were collected, 
and an additional 261 stream sediment samples 
from the 1990s were re-analysed from the IDA 
project area (Table 1) and 1025 sediment sam-
ples and 853 soil samples from the NDF project 
area (Table 2). In addition, during the survey, 257  
duplicate samples (5.8% of all samples) were col-
lected for quality control. 

Fig. 3. Digging of a stream sediment sample at the Karuma Falls target. 
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Table 1. Features of the IDA targets.  

Target Number of samples Area size Sampling density/grid

Kamalenge 1 47 soil samples  
(+2 duplicates)

2 sampling lines; 
á 1.2 km

Sampling interval 50 m

Kamalenge 2 132 soil samples  
(+7 duplicates)

12 sampling lines; 
0.45–1.15 km

Sampling interval 50 m

Kassanda 251 soil samples  
(+16 duplicates)

4 sampling lines; 
1.4–4.9 km

Sampling interval 50 m

Kiganda 194 soil samples  
(+13 duplicates)

42 km2 500 m x 500 m grid

Mutuba 109 soil samples  
(+6 duplicates)

2 sampling lines; 
2.6 and 3.1 km

Sampling interval 50 m

Karuguza 246 soil samples  
(+12 duplicates)

19 sampling lines; 
á 1.3 km 

Sampling interval 100 m

Kisamura 86 soil samples  
(+5 duplicates)

3 sampling lines; 
á 2.9 km

Sampling interval 50 m

Bombo 173 soil samples  
(+9 duplicates)

3 sampling lines;
 2.7, 3.2 and 0.7 km

Sampling interval 50 

Kigalama 231 soil samples  
(+13 duplicates)

3 sampling lines; 
á 5 km
4 sampling lines; 
á 0.4 km

Sampling interval 100 m
Sampling interval 50 m

Buhweju 323 soil samples  
(+25 duplicates)

13 sampling lines; 
á 2.8 km 

Sampling interval 100 m

Katojo

Katozho / 
Kafunzo

69 soil samples  
(+4 duplicates)

137 soil samples  
(+10 duplicates )

2 sampling lines; 
2.6 and 3.1 km

1 sampling line;
 6.9 km

Sampling interval 50 m

Mwerusandu / 
Kafunzo

105 soil samples  
(+7 duplicates 

1 sampling line; 
6.8 km

UNDP 261 sediment samples Old samples from the 
1990s

Irregular grid (re-analyses

Iganga 1, Nabokalu 98 soil samples  
(+7 duplicates )

1 sampling line; 
9.9 km

Sampling interval 100 m

Iganga 2, Naigobia 103 soil samples  
(+7 duplicates )

2 sampling lines; 
2.2 and 1.7 km

Sampling interval 100 and 
50 m

Total 2304 soil samples
261 sediment samples
143 duplicates
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Target/Type Number of samples Area size, planned Average catchment 
size /grid

West Nile

Nebbi 
Warr 

416 sediment samples 
(+25 duplicates)
56 soil samples (+3)
110 soil samples (+6)

2282 km2 

9.75 km2 
21.25 km2 

3.9 km2

500 m x 500 m grid
500 m x 500 m grid

Hoima 
Kafu River East 
Kafu River West 
Kafu River 
Bugasa 

338 sediment samples 
(+21)
28 soil samples (+1)
148 soil samples (+8)

72 soil samples (+4)
73 soil samples (+6)

3097 km2 
4.5 km2 
4 km2 

13.8 km2 
15 km2 

6.9 km2 
500 m x 500 m grid 
250m x 250 m grid¸ 
partly 50 m x 50 m 
500 m x 500 m grid 
500 m x 500 m grid 

Kaliro 119 sediment samples  
(+7)

1475 km2 2.3 km2

Karuma Falls 
Karuma Falls

86 sediment samples  
(+5)
44 soil samples (+3)

530 km2 
soil profile 3.5 km 

5.6 km2/sample 
sampling interval 
100m, partly 50 m

Icheme 
Aboke 
Okaka

34 sediment samples 
(+2)
99 soil samples (+7)
49 soil samples (+3)

150 km2 
0.7 km2 
2 sampling lines 
1.5 and 1.4 km 

2.7 km2/sample 
100m x100 m grid 
50 m sampling interval 

Barr
Okile 
Aloi 

32 sediment samples 
(+2)
90 soil samples (+6)
84 soil samples (+5)

110 km2; 
0.7 km2 
1 soil profile 12.5 km

2.6 km2/sample 
100 m x 100 m grid 
150 m sampling 
interval

Total 1025 sediment 
samples 
853 soil samples 
114 duplicates

Table 2. Features of the NDF targets.  

 Sample preparation

Samples were air-dried on material-tested steel 
trays outdoors in the laboratory of DGSM at En-
tebbe (Backman 2011). If the weather did not al-
low air drying, the samples were dried in an oven 
at 50 o C. In case of lumps in the material, the 
sample was disseminated in a ceramic mortar us-
ing a ceramic pestle without crushing the mineral 
grains. The samples were sieved through test sieves 
with a stainless steel frame and a 150-µm stainless 
steel mesh. Sieving of the material was carried out 
by hand until no more fine material was left.

The <150 μm fraction was split into two por-
tions using a metallic riffle splitter (12 slots with 
a slot width of 7 mm and feed area of 11 x 5 cm2). 
If the undersized material totalled less than 100 g 
(visually estimated), no splitting was undertaken. 

However, in such a case the importance of siev-
ing all available material was emphasized. Both 
portions of the split material were packed in new 
plastic bags appropriately labelled with the origi-
nal sample number and the fraction size. One of 
the bags with <150 μm material was sent to the 
laboratories for chemical analysis and its weight 
was therefore recorded. The other bag, containing 
the archive sample, was stored in a plastic storage 
box appropriately labelled on the outside with the 
sample serial number. The bag to be sent for analy-
sis was packed into a plastic sample box. After a 
sample had been sieved and split into two, the test 
sieve, riffle splitter and accessories were cleaned 
using a plastic brush and compressed air in prepa-
ration for the next sample.
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Analysis of samples in the IDA project

For the major and trace elements, the samples were 
analysed by simultaneous X-ray fluorescence spec-
trometry (XRF) for 38 elements by the Council for 
Geoscience (CGS) laboratories in Pretoria, South 
Africa. A total of 12 g of milled sample material 
and 3 g Hoechst wax was mixed and pressed into a 
powder briquette using a hydraulic press with the 
applied pressure of 25 t. The pellets were analysed 
with a PANalytical MagiX Fast XRF equipped with 
an Rh tube. The determined elements are summa-
rized in Table 3, which also includes the upper and 
lower detection limits given by the CGS laboratory 
and the average upper crust content values as back-
ground data according to Rudnick & Gao (2005). 
However, for some trace elements, the given lower 
detection limits proved to be too optimistic. Be-
cause the project schedule did not allow changes 
to the analytical method, some of the results had 
to be discarded (see Quality assurance chapter). 
The elements that were not considered acceptable 
varied slightly from target to target, but in most 
cases the values of S, As, Ag, Sb, Hf, Ta, Th and 

U were not accepted for further analysis. During 
the IDA project, UNDP stream sediment samples 
collected in the 1990s were re-analysed using the 
same method as for the soil samples.

Analysis for Pt, Pd and Au was carried out at the 
Applied Geochemistry Laboratory Unit, Institute 
for Geophysical and Geochemical Exploration 
(IGGE) in the Peoples Republic of China. A 10-g 
sample was roasted at 650 °C and decomposed us-
ing 30 ml hydrochloric acid/10 ml hydrogen per-
oxide on a hot plate. After cooling, 2 ml hydrogen 
peroxide was added to the solution. The Pt, Pd and 
Au in the solution was pre-concentrated with ac-
tive charcoal and assistant adsorbents, and subse-
quently washed with 2% ammonium bifluoride, 
5% hydrochloric and distilled water. The adsor-
bents were ashed in a muffle roaster at 650 °C. The 
0.25 mg residue was dissolved in 2 ml aqua regia 
and diluted to 5 ml with water, and determined 
with ICP-MS with a detection limit of 0.2 ppb for 
Pt, Pd and Au. The detection limits and methods 
are presented in Table 3.

Analysis of samples in the NDF project

XRF was considered to be an inaccurate method 
for the geochemical survey samples, and ICP-
MS was applied for all major and trace elements 
in the middle of NDF project. A serious logistical 
problem with sample delivery from Entebbe to the 
CGS laboratory in Pretoria was another reason for 
changing the laboratory in charge. The concentra-
tions of all selected elements were measured by 
ICP-MS in the Acme Analytical Laboratories (Van-
couver) Ltd., Canada (Group 1EX, Acme 2010). 
The element concentrations were determined after 
digestion by a combination of four strong acids. A 
0.25-g split of each sample was heated in HNO3-
HClO4-HF to fuming and taken to dryness. The 
residue was dissolved in HCl. The precious met-
als Au, Pt, Pd were determined by ICP-MS after 

a lead-collection fire-assay fusion for total sam-
ple decomposition (Acme 2010). The elements, 
methods, detection limits and average composi-
tion of the upper crust according to Rudnick & 
Gao (2005) are presented in Table 4. The concen-
trations of Ag, S and Be were also measured, but 
because more than 90% of the values were below 
the detection limit they were not included in any 
further processing of the data.

All stream sediment samples and soil samples 
from the Karuma Fall target were analysed in the 
Acme Analytical Laboratories. All other NDF 
project soil samples, collected before the decision 
to change the method, were analysed in the CGS  
laboratory in Pretoria (see previous chapter).
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Element LDL Upper limit Method Average crust 
content as 
background 
value*

SiO2 18 ppm 100.00 % XRF 66.60 %

TiO2 4.7 ppm 20.00 % XRF 0.64 %

Al2O3 8 ppm 80.00 % XRF 15.40 %

Fe2O3 3.5 ppm 20.00 % XRF 5.60 %

MnO 2.2 ppm 2.00 % XRF 0.10 %

MgO 12 ppm 40.00 % XRF 2.48 %

CaO 2.7 ppm 20.00 % XRF 3.59 %

Na2O 6.9 ppm 10.00 % XRF 3.27 %

K2O 2.5 ppm 15.00 % XRF 2.80 %

P2O5 0.85 ppm 2.00 % XRF 0.15 %

As 0.2 ppm 1000 ppm XRF 4.8 ppm

Ba 0.4 ppm 4000 ppm XRF 628 ppm

Ce 1.5 ppm 1000 ppm XRF 63 ppm

Co 0.1 ppm 1000 ppm XRF 17.3 ppm

Cr 0.4 ppm 20000 ppm XRF 92 ppm

Cu 0.1 ppm 1200 ppm XRF 28 ppm

Ga 0.03 ppm 1000 ppm XRF 17.5 ppm

Hf 0.3 ppm 1000 ppm XRF 5.3 ppm

Mo 0.02 ppm 1000 ppm XRF 1.1 ppm

Nb 2.8 ppm 1000 ppm XRF 12 ppm

Nd 1.1 ppm 1000 ppm XRF 27 ppm

Ni 0.1 ppm 2000 ppm XRF 47 ppm

Pb 0.1 ppm 5000 ppm XRF 17 ppm

Rb 0.1 ppm 1000 ppm XRF 82 ppm

S 1 ppm 6000 ppm XRF 621 ppm

Sb 15 ppm 1000 ppm XRF 0.4 ppm

Sc 0.6 ppm 1000 ppm XRF 14 ppm

Sn 14 ppm 1000 ppm XRF 2.1 ppm

Sr 0.1 ppm 4000 ppm XRF 320 ppm

Ta 0.1 ppm 1000 ppm XRF 0.9 ppm

Th 0.1 ppm 1000 ppm XRF 10.5 ppm

U 0.1 ppm 1000 ppm XRF 2.7 ppm

V 0.4 ppm 2000 ppm XRF 97 ppm

W 0.1 ppm 1000 ppm XRF 1.9 ppm

Y 3.5 ppm 1000 ppm XRF 21 ppm

Zn 0.04 ppm 2000 ppm XRF 67 ppm

Zr 3.3 ppm 2000 ppm XRF 193 ppm

Ag 0.02 ppm 1000 ppm AES 53 ppb

Au 0.2 ppb 500 ppb ICP-MS 1.5 ppb

Pt 0.2 ppb 500 ppb ICP-MS 0.5 ppb

Pd 0.2 ppb 500 ppb ICP-MS 0.52 ppb

Table 3. Summary of the elements, lower (LDL) and upper levels of determination and method of analysis, given by the CGS 
and IGGE laboratories, and average composition of the upper crust (* Rudnick & Gao 2005). 
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Element Method Detection 
limit

Upper limit Average  
upper crust

Au 3BMS 1 ppb 10 ppm 1.5 ppb

Pt 3BMS 0.1 ppb 10 ppm 0.5 ppb

Pd 3BMS 0.5 ppb 10 ppm 0.52 ppb

Mo 1EX 0.1 ppm 4 000 ppm 1.1 ppm

Cu 1EX 0.1 ppm 10 000 ppm 28 ppm

Pb 1EX 0.1 ppm 10 000 ppm 17 ppm

Zn 1EX 1 ppm 10 000 ppm 67 ppm

Ag 1EX 0.1 ppm 200 ppm 53 ppb

Ni 1EX 0.1 ppm 10 000 ppm 47 ppm

Co 1EX 0.2 ppm 4 000 ppm 17.3 ppm

Mn 1EX 1 ppm 10 000 ppm 775 ppm

Fe 1EX 0.01 % 60 % 3.92 %

As 1EX 1 ppm 10 000 ppm 4.8 ppm

U 1EX 0.1 ppm 4 000 ppm 2.7 ppm

Th 1EX 0.1 ppm 4 000 ppm 10.5 ppm

Sr 1EX 1 ppm 10 000 ppm 320 ppm

Cd 1EX 0.1 ppm 4 000 ppm 0.09 ppm

Sb 1EX 0.1 ppm 4 000 ppm 0.4 ppm

Bi 1EX 0.1 ppm 4 000 ppm 0.16 ppm

V 1EX 1 ppm 10 000 ppm 97 ppm

Ca 1EX 0.01 % 40 % 2.94 %

P 1EX 0.00 % 5 % 0.07 %

La 1EX 0.1 ppm 2 000 ppm 31 ppm

Cr 1EX 1 ppm 10 000 ppm 92 ppm

Mg 1EX 0.01 % 30 % 1.49 %

Ba 1EX 1 ppm 10 000 ppm 628 ppm

Ti 1EX 0.00 % 10 % 0.38 %

Al 1EX 0.01 % 20 % 8.15 %

Na 1EX 0.00 % 10 % 2.42 %

K 1EX 0.01 % 10 % 2.33 %

W 1EX 0.1 ppm 200 ppm 1.9 ppm

Zr 1EX 0.1 ppm 2 000 ppm 193 ppm

Ce 1EX 1 ppm 2 000 ppm 63 ppm

Sn 1EX 0.1 ppm 2 000 ppm 2.1 ppm

Y 1EX 0.1 ppm 2 000 ppm 21 ppm

Nb 1EX 0.1 ppm 2 000 ppm 12 ppm

Ta 1EX 0.1 ppm 2 000 ppm 0.9 ppm

Be 1EX 1 ppm 1 000 ppm 2.1 ppm

Sc 1EX 1 ppm 200 ppm 14 ppm

Li 1EX 0.1 ppm 2 000 ppm 24 ppm

S 1EX 0.10 % 10 % 0.06 %

Rb 1EX 0.1 ppm 2 000 ppm 82 ppm

Hf 1EX 0.1 ppm 1 000 ppm 5.3 ppm

Table 4. Summary of elements, methods and detection limits at Acme Laboratory and the average composition of the upper 
crust (Rudnick & Gao 2005).
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Quality assurance

Three types of samples were used for quality as-
surance purposes. Analytical results for these 
samples are included in the dataset of the target in 
the database. In the field, duplicate samples were 
collected, normally representing nearly 6% of the 
total number of samples. In the laboratory, some 
5% of the samples were randomly selected for du-
plicate analysis. Additionally, the laboratory used 
commercial standard samples (GSS-4, GSS-5 and 
GSS-9 in the CGS laboratory, and STD OREAS24P 
and STD PD1 in the Acme Laboratory) with a cer-
tified concentration value. 

The analytical duplicates demonstrated that the 
repeatability of the method was excellent for prac-
tically all elements. Field duplicates also indicated 
that the homogeneity of the samples was excellent. 

However, comparison of the commercial reference 
samples revealed that the given detection limit of 
the XRF method was too low for some elements. If 
the average of the measurements differed by more 
than 20% from the certified value, the element was 
not accepted for further processing and not in-
cluded in the database. Such elements were S, As, 
Ag, Sb, Hf, Ta, Th and U. However, this limit was 
considered flexible, especially regarding the ele-
ments of special interest. At higher concentration 
levels, most of the discarded elements would be 
acceptable, e.g. arsenic over 50 ppm, but such val-
ues were rare among the results. Detailed results 
from the quality assurance process are provided in 
the target reports (Salminen et al. 2011a–2011m 
and Salminen et al. 2012b–2012i).

Data storage, processing and map drawing

The data with the metadata description were 
stored using Excel software and the basic statisti-
cal processing and printing was also carried out in 
Excel, and in some cases using IBM SPSS software. 
The metadata included information on the pro-
ject: the target, sampling year, financiers, partners, 
sampling grid, number of samples, sample mate-
rial, analysed elements and extraction method, 
quality assurance, report and sample storage. The 
collected geochemical field data were specific for 
soil sampling and for stream sediment sampling. 
There were separate field forms for the two sample 
materials. The completed field forms are stored in 
the premises of DGSM in Entebbe.

The information stored in the sample site-specif-
ic database consisted of the sampling date, sample 
site description and sample material information, 
and the results from geochemical analyses of 3157 
soil and 1286 stream sediment samples, in addi-
tion to analyses of 257 duplicate samples (5.8% 
of the regular samples). Altogether, 4700 sam-
ples were analysed and 41–44 chemical elements 
from each sample were determined using XRF and  
ICP-MS. 

The analytical results were plotted on maps that 
were produced using ArcMap 9.3 software. The 
214 original geochemical maps were prepared us-
ing the Spatial Analyst extension. Geochemical el-
ement concentrations are presented as dots in the 
maps. The logarithmic symbol size function was 
used to determine the symbol diameter. The mini-
mum dot size denotes the 10th percentile of the 
frequency distribution, while the 98th percentile is 
denoted by the largest symbol size. The data were 
classified into 16 classes. If the number of values 
below the detection limit was higher than 10% 
for the entire data set, the values below the detec-
tion limit received the same dot size as the lowest 
class (Salminen et al. 2011a–2011m and Salminen 
et al. 2012b–2012i). In maps presenting stream 
sediment and soil sample results on the same map, 
the symbols for concentrations were colour-cod-
ed and the data were classified into five or seven 
classes according to the data features (Korkiako-
ski et al. 2012). The lithological information was 
adopted from the geological maps produced by the 
project and the geophysical information from the 
geophysical reports produced by the project. 
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RESULTS AND DISCUSSION

Geochemical associations

Geochemical studies were carried out at 16 targets 
(15 soil and 1 stream sediment targets) in the IDA 
project area and at 18 targets (6 stream sediment 
and 12 soil targets) in the NDF project area. Ten 
of the targets proved to be more interesting from 
the mineral exploration point of view. These tar-
gets had properties indicating a positive contribu-
tion to the mineral potential assessment, and their 

main features are introduced here. The targets are 
grouped according to the prevailing geochemical 
associations or anomaly types, and they include 
examples of 1) precious metals (Au, Pd, Pt), 2) Ni-
Cr-Co association, 3) polysulphidic association 
with Cu, Zn, Ni and Fe anomalies, 4) REE, Nb-Ta 
(high-tech) and Th-U element associations and 5) 
tungsten anomalies (Table 5). 

Table 5. Targets with a high degree of mineral exploration interest. 

Target Sample type Elements of interest Report

West Nile Stream sediment + soil Au-Cu; 
Cu-Zn-Ni-Fe  
association;
REE+Nb-Ta

Salminen et al. 2012c

Hoima Stream sediment + soil Au-Cu; 
Cu-Zn-Ni-Fe  
association;
REE+Nb-Ta

Salminen et al. 2012d

Karuguza Soil Au-Cu; 
Cu-Zn-Ni-Fe  
association;
REE+Nb-Ta

Salminen et al. 2011e

Kisamura Soil Precious metals Au, 
Pt, Pd

Salminen et al. 2011j

UNDP Stream sediment Au-Cu; 
Cu-Zn-Ni-Fe  
association;
REE+Nb-Ta

Salminen et al. 2011m

Karuma Falls Stream sediment + soil Ni-Cr association Salminen et al. 2012b

Naigobia Soil Ni-Cr association;
REE+Nb-Ta

Salminen et al. 2011l

Bombo Soil Ni-Cr association;
W

Salminen et al. 2011a

Mutuba Soil Ni-Cr association Salminen et al. 2011k

Kiganda Soil REE+Nb-Ta;
W

Salminen et al. 2011i

Precious metals 

The precious metals discussed here are Au, Pt and 
Pd. Slightly anomalous Au values were detected in 
many areas. In the southern IDA area they were 
mostly connected to areas where small-scale Au 
mines have been operating for many years, but 
new indications were also found, such as in the 
Kisamura and Karuguza targets. In the northern 
NDF area, some new indications of gold occur-

rences were detected (Fig. 4). Anomalies of the 
platinum group elements were generally low, but 
the concentration at the Kisamura target was an 
exception. Five targets are introduced in this con-
nection. Two of them, the West Nile area and the 
Hoima area, included both stream sediment and 
soil study targets. Elevated Cu values were often 
found together with precious metals.
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Fig. 4. Gold content of the stream sediment samples from the NDF project in northern Uganda.

West Nile area with Au-Cu and Pt-Pd anomalies 

The geochemical surveys in the West Nile area 
consisted of one stream sediment target (West 
Nile) and two soil sampling targets (Warr and 
Nebbi). The soil sampling targets were not selected 
on the basis of the results from the regional study, 
but the soil sampling was carried out earlier based 
on mineral indications in the reports available at 

DGSM. The study area is located in NW Uganda, 
in the Arua and Zombo districts, about 360 km 
from the capital city of Kampala, on map sheets 
19-2 (Vurra), 19-4 (Kango), 20-1 (Uleppi), 20-3 
(Okollo) and 28-1&2 (Paidha) (Salminen et al. 
2012c). 

According to Salminen et al. (2012c) and Kor-
kiakoski et al. (2012), the geology of the study 
area mainly consists of different types of Uleppi 
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group Mesoarchaean gneisses, including quartz-
feldspar-biotite gneisses, and banded and garnet-
iferous leucogratic gneisses. The southern part is 
covered by Mesoarchaean granite gneiss. The most 
interesting rocks types for mineral exploration are 
mafic metatuffs and amphibolites, which are asso-
ciated with partly fuchsitic quartzites and tremo-
lite-actinolite schists belonging to the War group. 
As part of the Kibale-Arua Supergroup (ages 2 631 
± 6 Ma and 2 637 ± 16 Ma), these rocks extend 

eastward from the Congo Democratic Republic, 
where they are known to host several sulphidic 
base metal and gold mineralizations. The mafic 
metavolcanic rocks are part of the Kaza formation, 
fuchsite quartzite belonging to the Agu formation 
and tremolite-actinolite schist to the Use forma-
tion. The Kibale-Arua Supergroup, also including 
the Warr and Nebbi soil sampling targets, forms a 
well-defined northwest-trending zone delineated 
by granite gneisses on both sides.

Fig. 5. Gold contents of the stream sediment samples in the southern part of the West Nile survey area (black dots), and more 
detailed data from the soil geochemical survey at the Nebbi and Warr targets (coloured dots). The green and yellow colours 
indicate the occurrence of volcano-sedimentary rocks forming an economically interesting exploration target. For target loca-
tion, see Fig. 1.
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The highest Au and Co concentrations in the 
West Nile stream sediments were recorded in the 
southern part of the study area. This feature was 
also supported by more detailed Nebbi and Warr 
soils surveys, as illustrated in Figs. 5 and 6. Even 
though the highest individual Au value of 25 ppb 
in the stream sediment study is not very high, the 
West Nile data show well-defined anomaly patterns, 
where several neighbouring samples were found 
to have elevated contents (Salminen et al. 2012c, 
Korkiakoski et al. 2012). The West Nile area forms 
a well-specified target for follow-up exploration. A 
suitable method for further studies in the area could 
be panning in order to identify new Au deposits.

Several anomalous stream sediment samples 
appear to have a drainage area related to Meso-Ar-
chaean quartz-feldspar-biotite gneiss (felsic par-
agneiss) of the Terego formation, and not to the 
geologically most probable source of the mafic vol-
canic rocks of the Kaza formation and associated 
fucsitic quartzites of the Agu formation of the War 
Group. However, association of the Au anomalies 
with mafic volcanic rocks and quartzites was in-
dicated by the soil survey. The data clearly show 
the highest Au values of the sampled soils to follow 
the N–S-trending zone of the volcano-sedimenta-
ry belt, forming a well-defined ore potential target 
zone for more detailed exploration. 

Fig. 6. Copper content at the Warr and Nebbi soil targets on Kibale-Arusa complex rocks. For target location, see Fig. 1.
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The soil study using a 500 m x 500 m grid at 
the Nebbi and Warr targets resulted in anomalous 
and correlated Pt and Pd values (Fig. 7). Anoma-
lous values were recorded over the mafic volcanic 
rocks in the southern part of the Warr target and 
another anomaly mainly over the tremolite-acti-
nolite schist in the eastern part of the Nebbi tar-
get. This indicates certain potential in the rocks of 
Kibale-Arua Supergroup. Although the values are 
not very high (ranges of Pd 0.47–13.5 ppb and of 
Pt 0.45–15.3 ppb), these two anomalies warrant 
follow-up studies.

Hoima area with Au anomalies

A regional stream sediment study was carried out 
in the Hoima study area, and more detailed soil 
studies in four smaller targets of the Kafu River, 
Kafu River East, Kafu River West and Bugasa. The 
study area is located in the western part of Uganda, 
close to Lake Albert in the Kibale and Kiboga dis-
tricts. The soil sampling targets were not chosen on 
the basis of the results of the regional study, but the 
soil sampling was performed earlier based on gold 
indications known to the DGSM. 

Fig. 7. Platinum content at the Warr and Nebbi soil targets on the Kibale-Arusa complex rocks. For target location, see Fig. 1.
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According to Salminen et al. (2012d) and Korkia-
koski et al. (2012), the geology in the area consists 
of sedimentary rocks of the Neoproterozoic Bu-
nyoro Group (mudstone, shale, slate, and phyllite) 
and tillites, which form an approximately 20-km-
wide, NE–SW-trending zone across the Hoima 
map sheet (map sheet 48). The SE part of the area 
consists of Archaean gneiss granite, TTG gneiss-
es (tonalite-trondhjemite-granodiorite gneiss),  
Kihanguzi granulite gneiss and smaller younger 
granite intrusions. The northwesternmost part is 
covered by sands of the Albertine Rift. The Kafu 
River West target is located in the contact zone of 
shale and granite gneiss with a metadolerite dyke, 

Kafu River in the contact zone of shale and tillite, 
Kafu River East close to the same contact but en-
tirely on the shale, and the Bugasa target in the 
contact zone of shale, slate and Kihanguzi felsic 
granulite. 

As a whole, the Hoima stream sediment sam-
ples were found to have low Au contents, and only 
three samples were elevated, having values higher 
than 6 ppb (Figs. 4 and 8). Interestingly, one of 
them, located in the central-southern part of the 
study area, had the highest individual Au value of 
all NDF stream sediment samples (69 ppb). Un-
fortunately, low Au contents were determined in 
the samples in its vicinity, and no signs of anomaly 

Fig. 8. Gold content at three Kafu River soil sampling targets. The Kafu River West data form a well-defined anomaly pattern 
(enlarged in the inset Fig.) related to the Archaean granites and granite gneisses with markedly elevated Au values (up to  
31 ppb).
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patterns were detected. At the Bugasa soil target, 
four samples had Au values higher than 6 ppb, 
while the Kafu River target had only two values 
exceeding 6 ppb. The values for Kafu River East 
were also low, but in contrast, nearly half of the Au 
values for Kafu River West were elevated (≥5 ppb), 
the maximum being 31 ppb. Thus, these distribu-
tion patterns form an interesting and well-defined 
follow-up target for gold exploration. Geological-
ly, the gold anomalies appear to be related to the  
Archaean granites and granite gneisses close to 
Bunyoro Group rocks (Salminen et al. 2012d, 
Korkiakoski et al. 2012). 

Karuguza area with Au anomalies

The Karuguza target area is located on the meta-
basalt and metagabbro formation lying between 
the Archaean gneiss in the north and the Palaeo-
proterozoic megacrystic granitoids in the south 
in the Kibaale district, to the north of the town 

of Mubende. The bedrock between Archaean 
and Palaeoproterozoic granites consists of ortho-
quartzite and conglomerate veins and the Karu-
guza gabbro formation (map sheet 58-1, Karugu-
za). Some pyroxene-bearing dolerites were found 
in the study area. The geophysical ground survey 
indicated heavier and magnetic rock dipping to-
wards the north in the target area (Ruotoistenmäki 
et al. 2011).  

Some high Au values (max. 49.4 ppb, mean 
1.96 ppb) were recorded in the contact zone of 
the conglomerate (Fig. 9) (Salminen et al. 2011e). 
Although the anomalous gold grades represent a 
rather low concentration, the geological setting 
makes them interesting for further exploration. 
An interesting lithological feature is the high CaO 
concentrations on the conglomerate, suggesting 
that it contains carbonate-rich fragments. On the 
other hand, the high CaO values could have been 
derived from the gabbro and transported down-
hill. The K2O values recorded in the soil are typical 

Fig. 9. Gold content in soil samples at the Karuguza target. For target location, see Fig. 1.
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for granite. However, low K2O values were found 
next to the granite contact with gabbro and con-
glomerate, indicating stronger weathering of the 
contact zone. 

Kisamura area with Au-Pt-Pd anomalies

The Kisamura target in the Kyenjojo district close 
to the town of Fort Portal consists of three paral-
lel soil sampling traverses running through the 
orthoquartzite-conglomerate sediments lying in 
the contact zone between the TTG gneiss on the 
SE side and Fort Portal granite on the NW side 
(map sheets: 56, Fort Portal; 57, Kyenjojo). In the 
surroundings of the study area, pyroxene-bearing 
dolerite veins can be observed, and the western-

Fig. 10. Gold, Pd, and Pt contents in soil samples at the Kisamura target. For target location, see Fig. 1

most sampling line crosses one of the veins at the 
SE end of the line. In addition, close to the NW 
part of the study area, a small gold deposit called 
Butiti is known.

All three sampling lines cross a 500–1000 m 
wide zone with elevated Au, Pt and Pd values in 
the NW part of the study area (Salminen et al. 
2011j). The mean values recorded in the zone were 
elevated (Au 14.2 ppb, Pt 11.3 ppb and Pd 17.6 
ppb), and the maximum values of Au, Pt and Pd 
were 111 ppb, 22.4 ppb and 106 ppb, respectively 
(Fig. 10). Another anomalous area is located at the 
southernmost end of the sampling lines, with es-
pecially high Pt values and also elevated Au and 
Pd values. As a whole, this target carries significant 
mineral exploration potential.
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UNDP project area with Au anomalies

In a UNDP-funded project (Pekkala et al. 1994), 
1359 stream sediment samples were collected 
in the Buhweju area in southwestern Uganda. In 
2010, only 261 samples were of good quality and 
possible to identify and re-analyse. Fortunately, 
these were rather equally distributed over the 
whole study area, so that new geochemical maps 
could be prepared. The results from the re-ana-
lysed samples have been interpreted and reported 
elsewhere (Salminen et al. 2011m). 

Fig. 11. Gold anomalies of stream sediment samples at the UNDP target, indicating a target for further Au exploration. For 
target location, see Fig. 1.

The results included many highly anoma-
lous Au (max. 2500 ppb), Pt (max. 54 ppb) and 
Pd concentrations. Large areas can be consid-
ered slightly elevated (2–5 ppb), but there is one 
main anomaly in the Kyamuhunga-Kayembe area 
(map sheets: 76, Buhweju; 76-3, Rubirizi), located 
in the westernmost part of the study area (Fig. 
11). In that area, the bedrock consists of granit-
ic gneiss, mudstone, shale and phyllite. Quartz 
dykes and veins and hornblendite-bearing doler-
ites cross the bedrock in many places. Occasion-
ally high values have also been detected in other 
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parts of the area. The area is known to belong to a 
gold province (Pekkala et al. 1994), where small-
scale gold mining has been carried out for many  
years. 

Platinum and Pd concentrations are slightly el-
evated and one main Pt anomaly coincides with 
the Au anomaly. Another Pt-Pd anomaly is located 
in the eastern part of the Kasyoha pelite formation.

Ni-Cr-Co association

Five Ni-Cr-Co soil anomalies, indicating a certain 
mineral potential, were detected. Two of these 
can be connected to mafic or ultrmafic intrusions 
(Karuma Falls and Naigobia targets), and two oth-
ers to mafic volcanic rocks (Bombo and Mutuba 
targets). All these anomalies also have a clear geo-
physical anomaly. At the Kisamura target, the cur-
rent bedrock interpretation, especially the size and 
location of pyroxene-bearing dolerite veins, might 
be inaccurate. Anomalies of Co, Cr, Ni, Cu are not 
typical for orthoquartzites and conglomerates, and 
the geochemical composition of the sampled soils 
rather refers to mafic rocks.

Karuma Falls area with Ni, Cr and Fe

The Karuma Falls target is located in the Kiry-
andongo district, about 80 km NE of the town of 
Masindi. The study included regional stream sedi-
ment sampling and one soil sampling traverse in 
the southern part of the study area. According 
to Salminen et al. (2012b) and Korkiakoski et al. 
(2012), the geology in the study area mainly con-
sists of the Kihaguzi granulite gneiss, Gulu banded 
TTG gneiss and Awela granodiorite gneiss, all of 
Archaean age (map sheets: 31, Kamdini; 40, Bw-
eyale). The younger Mesoproterozoic Igizi group 
with mica schist and a banded ironstone forma-
tion (BIF) is surrounded by Awela granodiorite. 
The soil sampling line crosses the iron formation 
with a couple of sampling sites on the Awela grano- 
diorite at both ends. 

Geologically, the Karuma Falls soil profile cross-
cuts the banded iron formation (BIF) and kyanite-
quartz schists related to a strong gravimetric and 
magnetic anomaly (Turunen 2011) (Fig. 12). The 
structure is not yet known in detail, but the BIF 
appears to form a tight fold. Additionally, the area 

is poorly exposed and the geological map interpre-
tation is only based on a few observation points, 
supported by geophysical data (Korkiakoski et al. 
2012).

As shown in Fig. 12, the high Ni, Cr, and Fe 
concentrations (up to 1495 ppm, 3467 ppm, and 
21.1%, respectively) of the soil traverse are geo-
logically related to the BIF or related quartz-rich 
rocks. The values of Ni, Cr and Fe correlate well 
and the high values are associated with distinct 
magnetic ground geophysical anomalies (Fig. 13) 
(Salminen et al. 2012b).

The good correlation between Ni, Cr and Fe and 
their relation to a high gravimetric and magnetic 
geophysical anomaly, combined with the fact that 
all sulphur values along the soil profile had val-
ues below the detection limit of 0.1%, indicate the 
occurrence of a low-sulphidic ultramafic body or 
even an intrusion rich in chromite. Due to the 
poor exposure, the postulated intrusion can only 
be verified by drilling. Some additional informa-
tion on the origin of the Ni-Cr-Fe anomaly could 
be obtained by analysing the BIF rock samples. As 
a whole, the geochemical anomalies at Karuma 
Falls indicate an interesting and geophysically 
well-delineated target for a follow-up survey for 
Ni and Cr. 

However, nickel and chrome did not show any 
marked elevated values in the Karuma Falls stream 
sediment survey (Salminen et al. 2012b), the max-
imum values being only 96 ppm Ni and 403 ppm 
Cr. These grades are rather low compared, for  
example, with the West Nile area, where maximum 
values were 602 ppm for Ni and 3119 ppm for Cr. 
However, the average Ni contents are clearly high-
er than in the other stream sediment survey areas, 
indicating the presence of mafic rocks. 
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Fig. 12. Geology and airborne magnetic field related to the Karuma Falls soil sampling profile and its high chromium values. 
For target location, see Fig. 1.
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Naigobia area with Cr, Co, Cu and Ni

The Naigobia study area is located in the Iganga 
district, about 28 km NW from Iganga and some 
106 km NE of the capital city of Kampala. The 
aim at the Naigobia target was to check the min-
eral potential of a round-shaped strong magnetic 
anomaly detected in an airborne geophysical sur-
vey. The magnetic pattern was interpreted to rep-
resent a pipe structure with a strong radiometric 
anomaly of Th and U (Ruotoistenmäki et al. 2011). 
The outcropping bedrock is Archaean metagabbro 
(with age 2611 ± 6 Ma), whereas the southernmost 
ends of the geochemical traverses lie on Archaean  
Kampala suite of granitoids and orthogneisses 
(map sheet 62, Kamuli). 

At the Naigobia target, the highest values of Cr 
(max. 559 ppm, mean 178 ppm), Co (max. 123 
ppm, mean 39 ppm), Cu (max. 151 ppm, mean 68 
ppm) and Ni (max. 162 ppm, mean 80 ppm) were 
recorded in the centre of the metagabbro intru-
sion, where the sampling lines intersect (Fig.14) 
(Salminen et al. 2011l). This element association 
is typical for gabbros. The location of these metal 
anomalies only in the centre of the massif sug-

Fig. 13. Nickel, Cr and Fe values at the Karuma Falls soil sampling profile and related magnetic ground survey data. View from 
the NE. For target location, see Fig. 1. 

gests that the composition of the rocks changes 
towards the outer part of the intrusion (Salmin-
en et al. 2011l). Thus, the intrusion probably has 
a zonal structure, although this feature could not 
be verified because of the limited number of sam-
ples. The diameter of the geochemical anomaly 
is some 500 m, whilst the diameter of the whole  
metagabbro intrusion is approximately 2 km. 
The surrounding granitoids and orthogneisses 
show only background values and typical natural  
geochemical variation. The Naigobia target has 
a high base metal potential and requires further 
exploration.

Kisamura area with Co, Cr, Cu and Ni

The zone of anomalous Co, Cr, Cu and Ni values 
(Co max. 131 ppm, mean 31 ppm; Cr max. 1067 
ppm, mean 206 ppm; Cu max. 195 ppm, mean 101 
ppm; Ni max. 202 ppm, mean 63 ppm) close to 
the SE contact of the quartzite/conglomerate for-
mation clearly indicates polysulphidic mineraliza-
tion. The target has a strong mineral exploration 
potential (Fig. 15) (Salminen et al. 2011j). Anoma-
lous values of the above elements are typical for 
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Fig. 14. Chromium content in soils at the Nai-
gobia target. For target location, see Fig. 1.

Fig. 15. Cobalt content in soils at the Kisam-
ura target. Interpreted zonality of the ortho-
quartzite/conglomerate formation. For target 
location, see Fig. 1.
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mafic rocks. Potassium concentrations vary from 
<0.2 to 2%. Most of the area shows very low metal 
concentrations, as could be expected in this type 
of lithology. However, in the NW part of the stud-
ied area there is a zone with higher concentrations, 
suggesting a different lithological zone inside the 
quartzite/conglomerate formation. More informa-
tion on the Kisamura target geology is provided 
in chapter Kisamura area with Au-Pt-Pd anoma-
lies. Further detailed studies are needed to check 
the ore potential of the observed polysulphide 
anomaly. At the same time, more detailed studies 
of the bedrock lithology are also needed, since the 
geochemical data indicate the existence of several 
mafic veins inside the quartzite/conglomerate. 

Bombo area with Cu and Ni 

The Bombo study area is located in the Mityana 
district, about 40 km north of the town of Mi-
tyana, close to Busunju village. The bedrock con-
sists of the continuation of Kilembe mafic volcan-
ics, which are surrounded by sedimentary rocks 
similar to the rocks hosting the Kamalenge gold 

deposit (map sheet: 60-3, Katera; Salminen et al. 
2011d). The target lies close to the major contact 
zone between Achaean and Palaeoproterozoic 
formations. 

Generally, the results show anomalous Cu and 
Ni values over the Bujagali Basalt. High Cu val-
ues on the northernmost end of the central trav-
erse suggest that the Bujagali Basalt formation 
continues slightly further to the northeast than is 
indicated by the lithological map. The highest Ni 
values (750–1900 ppm) are probably due to some 
enrichment of sulphide minerals, although a typi-
cal association of ultramafic rocks (Mg, Cr, Ni, Co) 
should be expected in the area (Salminen et al. 
2011a). The Cu and Ni anomalies do not coincide; 
thus, mafic (Cu enrichment) and ultramafic units 
(Mg, Ni, Cr) in the basalt could be expected. 

Very high nickel values of up to 1900 ppm 
(mean 247 ppm) were recorded (Fig. 16). These 
values are so high that they clearly indicate a nickel 
mineralization. Copper anomalies do not coincide 
with the Ni anomalies. The western and eastern 
traverses show only normal Ni concentrations. 
Magnesium (max. 11.1%), Cr (max. 2440 ppm) 

Fig. 16. Nickel content in soils at the Bombo 
target. For target location, see Fig. 1.
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and Co (max. 303 ppm) correlate well with Ni, 
thus showing a typical geochemical association for 
ultramafic rocks. Even a sample in the middle of 
the Ni anomaly with a high Cu concentration (486 
ppm) represented only a very low Ni concentra-
tion (52 ppm). In earlier studies carried out in a 
German project (BGR 1973), a Cu anomaly was 
detected in stream sediments of the area.

Mutuba area with Ni

The Mutuba study area is located in the Kiboga 
district, about 40 km west of the town of Kiboga. 
The Mutuba target is located on the mafic volcanic 
rocks of the Bujagali Basalt, which is a continua-
tion of Kilembe mafic volcanics, surrounded by 
sediments hosting, for instance, the Kamalenge 
gold deposit and cut by the Mubende granite (map 
sheet: 58-2, Kakumiro; Salminen et al. 2011j). Ge-
ophysical studies have revealed varying anomalies, 
including moderate U, Th, and K values (Ruotois-

tenmäki et al. 2011). Earlier stream sediment stud-
ies carried out in a German project (BGR 1973) 
showed weak Cu and Ni anomalies. 

The majority of the sampling sites are on the 
mafic rock unit of the Bujagali basalt. Thus, the re-
sults reflect the internal variation of this bedrock 
unit. Comparison between different bedrock types 
is not possible. On average, the mean Ni value is 
typical for mafic volcanic rocks. However, the dis-
tribution pattern shows a nice Ni anomaly at the 
northernmost end of the eastern line on the con-
tact between the Bujagali Basalt and slate (Fig. 17). 
The Ni values in this anomaly are >240 ppm, and 
they clearly indicate some enrichment of Ni-bear-
ing minerals (Salminen et al. 2011k). The distribu-
tion of the other high Ni values in the area of the 
westernmost traverse shows some enrichment of 
Ni at the point where the sampling line crosses a 
pyroxene-bearing dolerite vein, younger than the 
Bujagali basalt.

Fig. 17. Nickel content in soils at the Mutuba target. For target location, see Fig. 1.
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Geochemical indications of polysulphidic mineral 
associations, including anomalous contents of Cu, 
Zn, Ni, Fe and some other chalcophilic elements, 
are more common in the northern NDF area than 
in the southern IDA area. They are often connect-
ed with schists of varying lithological composi-
tion, and some of them are connected with mafic 
intrusions. In the following, four targets represent-
ing possible mineral occurrences associated with 
schists and one associated with a gabbro intrusion 
are introduced. Fig. 18 illustrates the distribution 
of some chalcophilic elements in stream sedi-
ments in the northern NDF area (Korkiakoski et 
al. 2012).

Hoima area with Cu, Zn and Fe

Some sites at the Hoima target have elevated Cu 
contents, which are locally related to high Zn 
values. Additionally, the Hoima area is also char-
acterized by an Fe-rich zone related to the fine-

Polysulphidic association including anomalous Cu-Zn-Ni-Fe

Fig. 18. A box plot of base metal contents of the six geochemical stream sediment target areas

grained Bunyoro Group of sediments, where the 
maximum Fe value was 15.2%. The results of the 
NDF stream sediment survey, covering 30 km of 
the 200-km-long belt of Bunyoro rocks, indicate 
a general Au and Cu potential for the whole Neo-
proterozoic sedimentary belt. However, the high-
est Cu values (max. 167 ppm) are related to the 
northwestern contact zone between the Bunyoro 
Group and Archaean rocks, therefore forming a 
more interesting and better-defined exploration 
target (Fig. 19) (Salminen et al. 2012d, Korkia-
koski et al. 2012).

West Nile area with Cu

For Cu, the connection between the anomalous 
values and mafic volcanic rocks – fuchsite quartz-
ites is clear in the West Nile area (Fig. 20). It can 
be seen from both stream sediment and soil data. 
The Cu content exceeds 100 ppm in eight stream 
sediment samples, the maximum value being 139 
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ppm, while 48 soil samples out of 161 have values 
above 100 ppm and the maximum value is 206 ppm 
(Salminen et al. 2012c, Korkiakoski et al. 2012). 
Despite these elevated values, it has to be remem-
bered that Cu is typically enriched in mafic rocks, 
and high contents can reflect normal geochemical 
variation related to the primary metal content of 

each rock type, and not the ore-forming processes. 
The background values of the mafic rocks could be 
verified by analysing some rock samples for com-
parison. A detailed description of the target geol-
ogy is presented in chapter West Nile area with 
Au-Cu and Pt-Pd anomalies.

Fig. 19. Copper content of the Hoima stream sediments and the Bugasa soil samples (enlargement in the inset figure on the 
left) displayed on a geological map. For target location, see Fig. 1.
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Karuma Falls area with Cu (and Au)

At the Karuma Falls target, the detected metal 
contents of the regional stream sediment survey 
were rather low. Only Cu and Au showed minor 
elevation; the maximum Cu value was 56 ppm, 
while four samples had Au contents exceeding 10 
ppb, the maximum value being 16 ppb (Salminen 
et al. 2012b). 

As can be seen in Fig. 21, the stream sediments 
show well-defined but relatively low Cu anoma-

Fig. 20. Copper content of the stream sediment samples (black dots) in the southern part of the West Nile survey area and more 
detailed data from the soil geochemical survey (coloured dots) at the Nebbi and Warr targets. For target location, see Fig. 1.

lies compared to the West Nile and Hoima targets. 
More importantly, six samples possess clearly el-
evated Au contents with values exceeding 5 ppb. 
Interestingly, three of them form a distinctive 
NE–SW-trending zone close to the contact zone 
between the Kihanguzi felsic granulites and Awela 
granodiorite gneiss (Korkiakoski et al. 2012). On 
the basis of the western drainage system of the 
samples with an elevated metal content, the mate-
rial probably originates from the felsic granulites. 
Accordingly, this zone can be considered to repre-
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Fig. 21. Stream sediment and soil sampling sites at the Karuma Falls geochemistry target. The copper content of the stream 
sediment samples is indicated by black dots, while the Ni content of the soil samples is indicated by coloured dots (enlarged 
in the inset figure on the right). The anomalous gold values (≥6 ppb) of individual stream sediment samples are denoted by 
yellow stars. For target location, see Fig. 1.

sent an interesting follow-up exploration target for 
a more detailed soil survey. A geological descrip-
tion of the Karuma Falls target is provided in chap-
ter Karuma Falls area with Ni, Cr and Fe.

Karuguza area with Cr, Ni, Cu (and Pb)

Values at the Karuguza target are clearly elevated 
for Ni (max. 419 ppm and mean 99 ppm), Cu (max. 

226 ppm and mean 114 ppm) and Cr (max. 856 
ppm and mean 212 ppm) (Salminen et al. 2011e). 
Although the highest Cr, Ni and Cu concentra-
tions were recorded on the conglomerate, their 
source is evidently the gabbro intrusion higher up 
on the hill slope, from where the material has been 
transported downhill over the conglomerate. The 
above element concentrations are not unusual in 
gabbros, but most likely there is some enrichment 
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Fig. 22. Nickel content in soils at the Karuguza target. For target location, see Fig. 1.

of sulphides in the western part of the gabbro in-
trusion that probably extends below the sedimen-
tary unit and the TTG gneiss (Fig. 22). A more 
detailed description of the Karuguza target geol-
ogy is provided in chapter Karuguza area with Au 
anomalies.

The observed Pb concentrations, with many 
values being 100–80 ppm (max. 285 ppm), can 
normally be interpreted as anomalous. However, 
the anomaly pattern shows very random features 
without any locations of enrichment. This feature 
suggests normal geochemical variation and the 
higher values are quite normal for granites.
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Fig. 23. Copper content in stream sediment samples at the UNDP target. For target location, see Fig. 1.

UNDP project area with Cu, Co, Ni, Zn and Pb

A polysulphidic element association (Cu, Co, Ni, 
Zn, Pb) is connected with the southern and south-
eastern part of the Kasyoha pelitic rock formation, 
mainly located on map sheet 76-4, Nsika (Fig. 23). 

The highest Mo values (up to 4 ppm) are also lo-
cated in this same area. Despite the rather high 
concentrations, such as 235 ppm Zn and 109 ppm 
Ni, these are most likely typical lithological fea-
tures of pelites without any special mineral explo-
ration interest (Salminen et al. 2011m).
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The determined REE values were slightly anoma-
lous in many targets studied here. In most cases 
they appear to be related to certain rock types, 
thus representing geological variation rather than 
ore-forming processes. Unfortunately, only part of 

REE (rare earth elements) and Nb-Ta and Th-U anomalies

the REEs have been analysed (La-Ce-Y-Nd), and 
it is therefore difficult to evaluate the economic 
importance of the anomalies and their explora-
tion potential. Very often, anomalous Ta and Nb 
values occur together with high REE values. Thus, 

Fig. 24. Summary of REE contents (La+Ce+Y) of the NDF stream sediment samples in northern Uganda. Samples analysed 
by ICP-MS.
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Fig. 25. Summary of REE contents (La+Ce+Y) of the stream sediment samples related to the Uleppi group gneisses at the West 
Nile target. Samples analysed by ICP-MS. For target location, see Fig. 1.

they indicate that Uganda has the potential for 
so-called high-technology metal deposits. Six tar-
gets are discussed in more detail in this chapter: 
West Nile and Hoima stream sediment surveys 
and Karugusa, Kiganda and Naigobia soil studies, 
as well as the re-analysed UNDP project stream 
sediment samples. In addition, there are other tar-
gets with low anomalies in only one element, but 
they are not discussed here. These include the Ka-
liro target, with elevated Nb values (max. 83 ppm, 
mean 47 ppm).

The West Nile stream sediment survey recorded 
the highest REE anomalies in the NDF project area 

(Fig. 24). At the two sites where the La and Ce con-
centrations indicate the highest REE concentra-
tions, REO (rare earth oxide) being >0.5%, other 
specific features also make the area very interest-
ing for mineral exploration. A specific feature of 
the Karuguza and Kiganda targets is that they have 
elevated thorium and uranium concentrations.

West Nile area with La, Ce, Y and Nb 

The stream sediment survey demonstrated that 
there are wide variations in the REE contents in 
the West Nile area (Fig. 25). At two sample sites, 
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6971 (coordinates N 312047, E 275802, WGS 
1984, UTM zone 36N) and 6808 (coordinates N 
299161, E290112 WGS 1984, UTM zone 36N), the 
Ce concentrations exceeded the upper detection 
limit of the analytical method, 2000 ppm. At site 
6971, La also exceeded the upper detection limit 
of 2000 ppm. The highest values occurred in the 
northern central part of the sampling area (Salm-
inen et al. 2012c). Very high concentrations of Ti 

Fig. 26. Cerium content in stream sediment samples at the West Nile target. For target location, see Fig. 1.

(max. 6.6%), Zr (max. 1480 ppm) and Th (max. 
1290 ppm are related to the highest Ce and La 
concentrations. Other anomalous elements related 
to the highest Ce and La anomalies are Pb, V, Cr, 
Y and Nb, and at the lower level also Zn, Fe, Sn 
and U. The highest Nb concentrations of all stream 
sediment target areas were also found here.

Geologically, the highest La (max. >2000 ppm, 
mean 80 ppm), Ce (max. >2000 ppm, mean  
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Fig. 27. A histogram of Ce contents in stream sediment samples point by point at the West Nile target divided into three classes 
(separated with black lines). Below the histogram are the mean values of elements that correlate with the Ce values. All the 
values are in ppm. 

158 ppm) and Y (max. 203 ppm, mean 19 ppm) 
values are related to the different gneisses and 
granulites (banded, partly migmatitic gneisses 
and garnetiferous leucocratic gneisses or Alibu 
charnocitic gneisses) of the Mesoarchaean Uleppi 
Group.

Fig. 26 illustrates the spatial distribution of the 
Ce content in stream sediment at the West Nile 
target is illustrated, and Fig. 27 presents a histo-
gram of the Ce data point by point. Based on this 
histogram, the anomalous Ce data were divided 
into three classes (250–510 ppm, 510–1000 ppm 
and >1000 ppm). For each three classes, the mean 
values of the elements showing anomalous values 
related to the Ce anomalies were also calculated. 
A prominent feature is the element association La, 
Ce, Ti, Zr and Th, followed by anomalous Pb, V, Cr, 
Y, Nb, Zn, Fe, Sn and U. No anomalies of alkaline 
metals or phosphorous were recorded in relation 
to the REE anomalies. This indicates a placer-type 
deposit as a source for the anomalies. The original 
source remains unknown; the data do not directly 
support an alkaline rock or carbonatite intrusion. 

Generally, in the whole West Nile area, the high-
est Nb concentrations are connected to the anom-
alous REE concentrations, indicating that REEs 
and Nb display regionally similar geochemical  
behaviour (Korkiakoski et al. 2012).

Hoima area with La, Ce and Th

The REE and high-technology metals of the stream 
sediments in the Hoima study area are locally 
anomalous, but the recorded values are still clearly 
lower than at West Nile (Salminen et al. 2012d, 
Korkiakoski et al. 2012). Lanthanum (range 15–
314 ppm) anomalies are rather weak and sporadic, 
but many of them correlate well with Th anomalies. 
The highest value of the Hoima stream sediments 
is related to the TTG gneisses (site 6261), with an 
La content of 313 ppm, the Th and Ce contents be-
ing 232 ppm and 715 ppm, respectively. Generally, 
samples with anomalous La concentrations also 
contain high Ce concentrations. All this suggests 
an elevated REE potential for the area. However, 
the anomaly level at Hoima is markedly lower than 
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at West Nile. A detailed geological description of 
the Hoima target is provided in chapter Hoima 
area with Au anomalies.

In the Bugasa soil survey, some of the Ce and 
Nd values were slightly anomalous, Ce con-
tents having values up to 380 ppm and Nd up to  
124 ppm (same sample) (Salminen et al. 2012d). 
Kafu River and especially Kafu River West were 
more anomalous than Kafu River East, the max-

imum values being comparable to the Bugasa  
target (Fig. 28).

Karuguza area with Ce and Th

At the Karuguza target, both Ce and Th show 
anomalous values on the Proterozoic megacrystic 
granite massif. The thorium anomaly coincides 
with the K2O anomaly, but Ce has its own smaller 

Fig. 28. Cerium content of the three Kafu River soil sampling targets. The data from Kafu River West form a well-defined 
anomaly pattern (enlarged in the inset figure on the right) related to the Archaean granites and granite gneisses also having a 
maximum Ce content of 324 ppm. For target location, see Fig. 1. 
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anomalies at both ends of the Th anomaly (Fig. 
29). The values were high (Th up to 81 ppm and Ce 
up to 432), even compared to the typically high av-
erage values of granites (around 10 ppm for Th and 
90 ppm for Ce on average) (Salminen et al. 2011e). 
From the mineral exploration point of view, the 
values are hardly interesting, but they indicate that 
the granite has a high REE concentration and thus 
also potential for certain REE minerals. A descrip-
tion of the Karuguza target geology is provided in 
chapter Karugusa area with Au anomalies.

Kiganda area with Nb and Th-U
 

The Kiganda study area is located in the Mubende 
district, about 34 km SE of Mubende and some 100 

km NW of Kampala (map sheet 69: Lake Wamala). 
The Kiganda target is located in the contact zone 
between the Palaeoproterozoic Mubende-Singo 
Suite and Buganda slates, shales and phyllites, with 
a strong magnetic anomaly in the contact zone and 
a strong radiometric anomaly in the sampling area 
(Ruotoistenmäki et al. 2011). In the NW corner, the 
bedrock consists of conglomerate-sandstone-silt-
stone sediments. Pyroxene-bearing dolerite veins 
of the Lake Victoria Arcuate Mafic Dyke Swarm 
cut the older bedrock in a SE–NW direction in the 
study area. The Singo granite also contains pegma-
tites, including Be, Ta, Nb occurrences, which have 
been mined on a rather small scale.  

The whole Singo massif, age 1848 ± 6 Ma, has 
high U and Th concentrations. Uranium is rela-

Fig. 29. Cerium content in soils in the Karuguza target. For target location, see Fig. 1.
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tively evenly distributed throughout the whole 
massif, and the measured concentrations repre-
sent slightly elevated values typical for this type 
of granite, most likely without any indications of 
economic mineralization. Thorium concentra-
tions are clearly elevated, and the location of the 
high values (>35 ppm) in a 1–2 km wide zone in 
the eastern contact of the massif shows an area 
where the mineralogy of the granite favours Th 
mineralization (Salminen et al. 2011i). Thorium is 
also the main reason for the detected radiometric  
anomalies.

Fig. 30. Niobium content in soils on the southwest ‘satellite’ of the Singo granite intrusion at the Kiganda target. For target 
location, see Fig. 1.

The Nb concentrations in the central part of 
the Singo massif are at such a high level that they 
would normally indicate ore mineralization (range 
28–110 ppm, mean 69 ppm). On the other hand, 
the large anomaly pattern in the W concentra-
tion (Salminen et al. 2011i) preferably suggests a 
lithological feature for the high-tech elements. In 
any case, the Nb potential in the central part of 
the massif is high, and more detailed studies are 
needed to check whether there are any economic 
Nb deposits to be found (Fig. 30). 
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Fig. 31. Cerium content in soils over the Naigobia intrusion, which were interpreted as metagabbro at the Naigobia target.  
For target location, see Fig. 1.

Naigobia area with Ce and Nd

The highest concentrations of Ce (307 ppm) and 
Nd (160 ppm) are some five times higher than the 
average of the upper continental crust (Fig. 31; see 
also Table 4). Furthermore, in mafic rocks the aver-
age concentrations of these elements are still lower. 
The highest values in Naigobya are located in dif-
ferent places. Neodymium is located together with 
Cr, Co, Cu and Ni in the centre of the massif, while 
Ce is further southwestwards. This is an indication 
of REE potential and it gives a new character to 
the gabbro, but elevated REE elements might also 
refer to alkaline mafic-ultramafic intrusions. They 
might also be an indication of carbonatite, espe-
cially when taking into account the round-shaped 

form of the aeromagnetic anomaly. Further explo-
ration is warranted. A geological description of the 
target is provided in chapter Naigobia area with 
Cr, Co, Cu, and Ni.

UNDP project area with Y, Nb, Ce, Nd and U 

An anomaly including high Nb (max. 197 ppm), 
Ce (max. 251 ppm), Nd (max. 101 ppm), U and 
Y concentrations was detected in the area where 
the River Kayenje joins the River Chambura (map 
sheet: 76-3 Rubirizi) (Fig. 32). This anomaly rep-
resents some unknown rock formation, possibly 
a carbonatite, and clearly possesses potential for  
future mineral exploration. 
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Two targets with tungsten (W) anomalies, Bombo 
and Kiganda, are discussed in this chapter. 

Bombo area with W

An elevated tungsten level of up to 36 ppm (mean 
5.8 ppm) was recorded at the Bombo target (Fig. 

Fig. 32. An enlargement of the Kayenje River area (UNDP project) showing niobium in stream sediment samples, indicating  
a possible carbonatite target. For target location, see Fig. 1. 

Tungsten anomalies

33). However, the distribution pattern of anoma-
lies over the mafic volcanic rocks is more or less 
random. More information on the geology is 
provided in chapter Bombo area with Cu and Ni. 
This suggests an uncommon source for the high 
concentrations. The quality assurance data do not 
support the possibility of analytical error, despite 
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Fig. 33. Tungsten content in soils at the Bombo target. For target location, see Fig. 1.

some variation between field duplicates. The actu-
al character of the tungsten mineralization should 
be verified by follow-up studies.

Kiganda area with W

Tungsten concentrations at the Kiganda target 
are considered elevated, reaching values more 
than ten times the average of the continental crust 
(max. 46 ppm, mean 17 ppm) (Fig. 34; see also Ta-
ble 4). The Singo granite also includes two mineral 
deposits: Kyasambawo with elevated W, Au, Mo, 
and Fe minerals, and the Lubanyi deposit with ele-
vated W. At Lubanyi, the tungsten occurrence is in 
tourmaline muscovite granite close to the contact 
against coarse-grained porphyric granite. Wolf-

ramite within coarse-grained tourmaline occurs in 
pegmatitic quartz veins in a network (Lehto et al .  
2011). The whole Singo granite massif has slightly 
elevated W concentrations, but the most interest-
ing area is the central part of the massif, where the 
highest W contents occur and where it coincides 
well with the K anomaly (Salminen et al. 2011i). 
High W concentrations are a lithological feature, 
and more detailed studies are needed to locate 
mineralised, probably quite narrow veins. Two 
such veins where tungsten has been mined are lo-
cated next to the area of the highest W anomaly 
in soil. The central part of the massif has a high 
potential for tungsten mineralization. A more de-
tailed geological description of the target is pro-
vided in chapter Kiganda area with Nb and Th-U.
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SUMMARY

The main objective of the geochemical surveys 
included in the GTK Consortium contract – to 
detect new targets for further mineral exploration 
activities – was achieved. The geochemical survey 
detected ten targets for further mineral explora-
tion in different parts of the country. The survey 
produced many new, previously unknown and in-
teresting findings with significant mineral poten-
tial. Anomalies of Au, Pt, Pd, Cu, Ni, Cr, Co, Zn, 
Fe, Pb, Th, U, REE, Nb, Ta and W were located. 
In addition, the survey produced new information 

concerning earlier-defined geological formations 
with a high mineral potential. The geochemical 
composition and extent of these formations is now 
better known, and some of the targets are ready for 
further studies.

As a first-stage geochemical survey method, 
the stream sediment and alluvial sediment sam-
pling proved to be a practical and effective method 
under the conditions prevailing in Uganda. The 
catchments of second-order streams with area of 
2 km2 gave a good covering of the terrain and the 

Fig. 34. Tungsten content in soils at the Kiganda target. For target location, see Fig. 1.
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geochemical data were adequate to fulfil the aim 
of the survey. Target-orientated mineral explora-
tion through soil samples is a practical and more 
detailed method in a second-stage geochemical 
survey.

Altogether, 34 targets were investigated. During 
the span of the project, three field manuals were 
produced. The main product of the survey was, 
however, a comprehensive geochemical database 
with metadata description and records of 4700 an-
alysed stream sediment and soil samples and more 
than 196 000 geochemical determinations. During 
the project, 23 geochemical reports and 214 geo-
chemical maps were produced. Further processing 
of the data will form a strong basis for future geo-
chemical studies and applications. 

New findings were defined at the West Nile tar-
get, with interesting multi-mineral-rich bedrock. 
Elevated Au, Cu, Pd and Pt values in stream sedi-
ment and soil samples were found in the south-
ern part of the study area. Mesoarchaean quartz-
feldspar-biotite gneiss, mafic volcanic rocks and 
quartzites are potential sources of Au and Cu. 
Elevated Pt and Pd values in mafic volcanic rocks 
and tremolite-acinolite schist were found. Stream 
sediment samples revealed that high REE contents 
occur in the Uleppi group gneisses in the northern 
part of the study area. In the Nebbi and Warr tar-
get areas, the soil sampling was carried out using a 
500 m x 500 m grid, leaving many interesting tar-
gets for more detailed geochemical soil sampling. 
In particular, the folds and other related NE–SW 
structures south of the Nebbi sampling area form 
an interesting exploration target. 

The sedimentary rocks of the Bunyoro Group, 
studied at the Hoima target, appear to be interest-
ing in many ways. Elevated Au, Cu and Zn values 
in Fe-rich sedimentary rocks are characteristic of 
the area. REE potential is also suggested for the 
Hoima target area. Evidently, the ore potential is 
high in the whole Neoproterozoic sedimentary 
belt of the Bunyoro sediments. 

Anomalous Au, Cr, Ni and Cu, as well as Th 
and Ce values were found in the orthoquartzite 
conglomerate and gabbro deposit contact zone 
between Archaean gneiss and Proterozoic meg-

acrystic granitoids at the Karugusa target. At the 
Kisamura target, an interesting zone with high Au, 
Pt and Pd values was also identified in a contact 
zone of orthoquarzite-conglomerate sediments 
and granite gneiss, and in addition, Co, Cr, Ni and 
Cu values were elevated.

An interesting mineral potential in a round-
shaped, strong magnetic anomaly was found at the 
Naigobia target. High Cr, Co, Cu and Ni contents 
and a high REE potential create an interesting tar-
get for further studies.

Two targets, Bombo and Mutuba, are located 
in an area of mafic volcanic rocks of the Bujagali 
Basalts, which is a continuation of the Kilembe 
mafic volcanic rocks surrounded by sediments 
hosting, for example, the Kamalenge gold deposit. 
Although gold was not found, elevated Ni and Cu 
values were detected. In addition, elevated W val-
ues were recorded at the Bombo target. Another 
W anomaly was defined at the Kiganda target, 
where high U and Th concentrations also add to 
the mineral potential of the target.

Targets with previously known mineral poten-
tial, the Karuma Falls target and the UNDP target 
at Buhweju, were investigated in this project. Both 
targets are highly interesting. The Karuma Falls 
target with a high Ni anomaly and elevated Au and 
Cu is highly promising. The UNDP target is espe-
cially interesting because of its highly anomalous 
Au, Pt and Pd. In addition, there is also a polysul-
phidic element association with elevated Cu, Co, 
Ni, Zn and Pb values. 

Some initially high-interest targets were, how-
ever, disappointing. For example, the Aloi target 
with a soil sampling traverse crossing the Aswa 
shear zone was expected to have a high mineral 
potential. However, no elevated contents of any 
ore minerals could be found. The Aswa shear zone, 
at least in the Aloi area, appears to be a so-called 
dry shear zone where ore-forming solutions have 
not been available during tectonic activities

A cost-effective and productive method for fur-
ther studies in Uganda could be panning or wash-
ing of samples in order to concentrate heavy min-
erals, especially for targets with elevated Au and 
Ta minerals. 
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MESOARCHAEAN TO NEOPROTEROZOIC 
CRUSTAL EVOLUTION OF UGANDA: EVIDENCE 

FROM NEW U−Pb AND Sm−Nd ROCK AGES

by

Irmeli Mänttäri

Mänttäri, I. 2014. Mesoarchaean to Neoproterozoic crustal evolution of Uganda: 
evidence from new U−Pb and Sm−Nd rock ages. Geological Survey of Finland, Spe-
cial Paper 56, 121−164, 14 figures, two tables and two appendices (only digital).

This paper exclusively presents U−Pb and Sm−Nd isotopic data, including the radio- 
metric ages determined, for 44 rock samples from Uganda, East Africa. Sampling 
was performed in conjunction with geological mapping by a consortium headed 
by the Geological Survey of Finland (GTK), in collaboration with the Department 
of Geological Survey and Mines of Uganda (DGSM). The rock dating methods in-
clude U−Pb on zircon and monazite using LA-MC-ICPMS (Laser Ablation Mul-
ticollector Inductively Coupled Plasma Mass Spectrometry) while the fine-grained 
mafic rocks were dated using Sm−Nd mineral isochrons by TIMS (Thermal Ioni-
zation Mass Spectrometry). The age range of felsic to mafic magmatic rocks varies 
from 3.08 Ga to 0.66 Ga. Many samples have been overprinted or metamorphosed 
by Neoarchaean 2.58 Ga and/or 0.8−0.6 Ga Pan-African igneous activity and reac-
tivation events.
 The age data from northern Uganda indicate, that the West Nile Block and the 
North Uganda Terrane underwent prolonged Archaean tectono-thermal evolu-
tion from >3.0 Ga to ~2.58 Ga, which included Mesoarchaean magmatism and, 
presumably, coeval high-grade metamorphism at ~3.0 Ga; crustal formation and 
metamorphism at 2.64 Ga to 2.61 Ga; a Neoarchaean reactivation event at ~2.58 
Ga, and subsequent Kibaran/Grenvillean and Pan-African crustal reactivation and 
magmatism at ~1.0 Ga and 0.66 Ga, respectively. In contrast, charnockitic rocks in 
the western part of the Karamoja Belt have only yielded Pan-African ages. The rift 
sediments of the Madi Igisi Belt contain Neoarchaean and Palaeo- to Neoprotero-
zoic detrital zircons, which were deposited after 0.97 Ga and were finally metamor-
phosed at 0.66 Ga. In northern Uganda, rock ages related to the Palaeoproterozoic 
Eburnian/Ubendian orogen are as yet undetected. 
 In southern central Uganda, the age data from the Neoarchaean West Tanzania 
Terrane indicate 2.65−2.64 Ga felsic and mafic magmatism with 2.92−2.73 Ga in-
herited zircon cores and grains. A rare age of 2.49 Ga was measured from granite 
and from a feldspar porphyry occurring close to the Neoarchaean E-W trending 
geophysical discontinuity. A few zircons indicate widespread Neoarchaean crus-
tal reactivation at 2.58−2.56 Ga. Furthermore, the well-determined lower intercept 
ages from two samples indicate 0.80−0.79 Ga Pan-African reactivation induced ra-
diogenic Pb loss in zircons. In the Neoarchaean Lake Victoria Terrane occupying 
the SE corner of Uganda, granite, nepheline syenite and a metatuff breccia were 
dated at 2.64−2.63 Ga. A gabbro and granite have slightly younger ages of 2.61 
Ga and 2.59 Ga respectively. Pan-African reactivation at 0.68−0.60 Ga was also 
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detected from this terrane. Thus, the Neoarchaean crust-forming event in the West 
Tanzania and Lake Victoria Terranes was approximately coeval, whereas only the 
West Tanzania Terrane samples indicate crustal recycling and earlier Meso- to Neo-
archaean evolution of the terrane. 
 The Palaeoproterozoic Rwenzori Fold Belt in the western part of southern 
Uganda comprises rocks of the Ubendian orogen with felsic and mafic magmatic 
ages of ~2.15−1.85 Ga. A 2.15 Ga granitic gneiss displays intense Kibaran/Gren-
villean overprinting and a dolerite contains 2.48 Ga inherited zircon. The post-
Rwenzori platform sediments have maximum depositional ages of 2.05 Ga and 1.97 
Ga and different detrital zircon age distributions. In the SW corner of Uganda, the 
Kibaran event is indicated by a large arcuate dyke swarm and a 1.1 Ga pegmatite 
granite. 
 
Keywords (GeoRef Thesaurus, AGI): granites, metasedimentary rocks, gneisses, 
cratons, crust, metamorphism, magmatism, absolute age, U/Pb, Sm/Nd, zircon, 
Proterozoic, Archean, Uganda
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INTRODUCTION

The project “Sustainable management of mineral 
resources: geological mapping, geochemical sur-
veys and mineral resources assessments in selected 
areas of Uganda” produced updated geological 
maps and databases with explanations. During 
bedrock mapping in 2009−2011, 51 rock samples 
were collected for radiometric dating (Table 1) by 
the geologists of a consortium led by the Geologi-
cal Survey of Finland (GTK) in collaboration with 
the Department of Geological Survey and Mines 
of Uganda (DGSM). The rock crushing, mineral 
separation, BSE/CL imaging and age dating were 
processed at GTK, Espoo, Finland. Methods in-
cluded LA-MC-ICPMS zircon U−Pb dating and 
Sm−Nd mineral isochron dating using TIMS.

This paper presents radiometric age data for 44 
rock samples. Of the 51 samples collected, the Sm−
Nd data for 1.37 Ga dolerite samples UG-2_1021 
and UG-10_1186 have been published in Mäki-
tie et al. (2014a) and U−Pb data for samples UG-

37_15257.1, UG-38_15257.2, UG-40_15478 and 
UG-45_15413 will be dealt with in a paper on the 
Aswa Shear Zone by Saalmann et al. (in prep.) to 
be published separately. Nevertheless, the sample 
information as well as the final ages of these sam-
ples are presented briefly here (Table 1 and Fig. 1) 
as well as in previous congress abstracts (de Kock 
et al. 2011, Mäkitie et al. 2011a, 2011b, 2013, Mänt-
täri et al. 2011, 2013, Ruotoistenmäki et al. 2013). 
Sample UG-29_3323 did not yield enough unal-
tered pyroxene for radiometric dating and is only 
mentioned in the sample information table (Table 
1). Further information on the geological context 
of the samples can be obtained from Lehto et al. 
(2014), Westerhof et al. (2014a), the original map 
explanations (GTK Consortium 2012 a–k) and 
from the other papers in this volume (Koistinen 
et al. 2014; Mäkitie et al. 2014b–c; Westerhof et al. 
2014b).

TECTONO-THERMAL UNITS IN UGANDA

The rock ages are reported according to the tecto-
no-thermal units of Uganda as described by West-
erhof et al. (2014a and references therein). This 
thorough overview of the geodynamic evolution of 
Uganda and surrounding areas contains informa-
tion and descriptions of their “building blocks”; i.e. 
the tectono-thermal units shown on the geological 
map in Fig. 1. In this context, the Mesoarchaean 
“Uleppi Group with Goli charnockitic gneiss and 
granite gneiss” and the “Karuma Group” are com-
bined with the “Autochthonous rocks of the West 
Nile Block” and the “Autochthonous rocks of the 
North Uganda Shield”, respectively. Furthermore, 
the “Kiboga Suite” is combined with the “West Tan-
zania Terrane”. Phanerozoic rocks were not dated.

The northern part of Uganda is divided into the 
Meso- to Neoarcahean West Nile Block (WNB) 
and the North Uganda Terrane (NUT) and the 
Neoproterozoic Karamoja Belt (KB). The NUT 
comprises the northern part of the former ‘Base-
ment Complex” that is considered to be part of 
the Congo Craton (i.e. the easternmost segment of 

the Bomu-Kibalian Shield). To the S it is bordered 
by a roughly E–W trending low-magnetic belt 
(Ruotoistenmäki 2014) of the West Tanzania Ter-
rane, in the W by the WNB and in E by the KB. A 
late Mesoproterozoic intracratonic N−S trending 
thrust and fault zone − the Madi-Igisi Belt (MIB) 
− is situated between the WNB and the NUT. The 
Karamoja Belt (KB) in NE Uganda (which extends 
into to W Kenya) belongs to East African Orogen. 
The northern part of Uganda was also intruded by 
the in-situ Pan-African granitoids (PAG).

The central and southeastern part of S Uganda 
is divided into the Neoarchaean West Tanzania 
Terrane (WTT) and the Lake Victoria Terrane 
(LVT). The western part of S Uganda comprises 
the lithologies of the Palaeoproterozoic Rwenzori 
Fold Belt (RFB), which was formed during the 
Eburnian Orogenic Cycle. The Mesoproterozoic 
North Kibaran Belt (NKB) rocks, coinciding with 
the Grenvillean Orogen, occupy the SW corner of 
Uganda. Short descriptions of each of the tectono-
thermal units follow.
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Mesoarchaean to Neoproterozoic crustal evolution of Uganda: evidence from new U−Pb and Sm−Nd rock ages

•	 Mesoarchaean	Uleppi	Group	with	Goli	 char-
nockitic	gneiss	and	granite	gneiss	and	the	au-
tochthonous	 Neoarchaean	 rocks	 of	 the	 West	
Nile	 Block	– The WNB in the NW corner of 
Uganda, occupies the eastern segment of the 
Bomu-Kibalian Shield, one of the major ‘ter-
ranes’ of the proto-Congo Craton. In the east, it 
is bordered by the NUT. The Mesoproterozoic 
Kibaran/Grenvillean MIB is situated between 
the WNB and the NUT.

•	 Mesoarchaean	 Karuma	 Group	 and	 the	 au-
tochthonous	Neoarchaean	 rocks	 of	 the	North	
Uganda	 Terrane	 (NUT) – These rocks in 
northern central Uganda represent the eastern-
most segment of Bomu-Kibalian Shield of the 
proto-Congo craton. In the S it is bordered by 
the WTT, in the W by the WNB and in the N 
and E by Neoproterozoic Pan-African fold belts 
(KB in E). A late Mesoproterozoic intracrustal 
N−S trending thrust and fault zone (MIB) is lo-
cated between the WNB and the NUT. The su-
ture between the WTT and the NUT is thought 
to represent the suture between the Tanzania 
Craton and the Bomu-Kibalian Shield. 

•	 Neoarchaean	 West	 Tanzania	 Terrane	 − This 
tectono-thermal domain in south central 
Uganda is a granite-gneiss-migmatite terrane 
that continues into Tanzania where these rocks 
occupy the western segment of the Tanzania 
Craton.

•	 Neoarchaean	Lake	Victoria	Terrane – This tec-
tono-thermal domain occurs in the SE corner of 
Uganda and represents the classic Neoarchaean 
granite-greenstone terrane of the Tanzania Cra-
ton. It is partly overlain by the Palaeoprotero-
zoic metasediments of the Buganda Group of 
the RFB.

•	 Palaeoproterozoic	 Rwenzori	 Fold	 Belt	 – This 
occurs in SW Uganda and is part of a major 
Palaeoproterozoic fold belt around the Tan-
zania	Craton. Collision and amalgamation of 
the Congo and Tanzania Cratons during the 
Eburnian/Ubendian Orogenic Cycle (~2.1–

1.85 Ga) gave rise to the Usagaran-Ubendian-
Ruzisian-Rwenzori Fold Belt. 

•	 Kibaran	 rocks of	 the	 North	 Kibaran	 Belt	 – 
These occur in SW Uganda and coincide with 
the Palaeoproterozoic suture of the Tanzania 
and Congo Cratons. The NKB (~1.55−0.95 
Ga) correlates with the Grenville Orogenic Cy-
cle. Eburnean extension caused rifting of the 
Central Africa Craton that was followed by 
Grenvillean compression (~1.1−0.95 Ga) cul-
minating in the formation of the Rodinia Su-
percontinent. 

•	 Kibaran	 rocks	 of	 the	 Madi-lgisi	 Belt – The 
MIB in NW Uganda is an intracratonic, N-S-
trending thrust and fault zone situated between 
the WNB and the NUT and that is coeval with 
the aforementioned Grenvillean compression. 
It consists of apparently reworked Archaean 
rocks (Yumbe complex) and juvenile ~1.0 Ga 
Mirian lithologies.

•	 Neoproterozoic	autochthonous	Malagarasi	Su-
pergroup (Bunyoro Group) – These rocks occur 
in the Malagarasian Basin in central Uganda. It 
is an early Neoproterozoic post-Rodinia intra-
cratonic basin that was not affected by subse-
quent deformation and metamorphism.

•	 Neoproterozoic	 allochthonous	Karamoja	 Belt  
– This feature consists of the Karasuk Su-
pergroup and the West Karamoja Belt in NE 
Uganda. The Pan-African Orogenic Cycle 
(~0.90−0.55 Ga) culminated in the amalgama-
tion of East and West Gondwana to form the 
Gondwana Supercontinent. West KB occupies 
collisional Pan-African high-grade lithologies 
related to the East African Orogen (EAO).

•	 Neoproterozoic	in-situ	Pan-African	Granitoids 
– These intrusive igneous rocks occur in North-
ern Uganda and are related to the Pan-African 
subduction, collision and amalgamation that 
culminated in the creation of the Gondwana 
Supercontinent. 
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ANALYTICAL METHODS

Zircon U−Pb dating using LA-MC-ICPMS

Zircon for LA-MC-ICPMS (Laser Ablation Mul-
ticollector Inductively Coupled Plasma Mass Spec-
trometry) U−Pb dating was selected by hand-pick-
ing after heavy liquid and magnetic separation. The 
chosen zircon grains were mounted in epoxy resin 
and sectioned approximately in half and polished. 
In order to target the spot analysis sites, back-scat-
tered electron (BSE) and cathodoluminescence 
(CL) images were prepared for the zircons. 

U–Pb zircon analyses were performed using a 
Nu Plasma HR multicollector ICPMS at the Geo-
logical Survey of Finland in Espoo using a tech-
nique very similar to Rosa et al (2009) with the 
exception that a New Wave UP193 Nd YAG la-
ser microprobe was used. Zircon analyses, in five 
separate running sessions over a three year period, 
were made in static ablation mode with a beam di-
ameter of 20−25 μm, a pulse frequency of 10 Hz 
and a beam energy density of 1.0−2.8 J/cm2 with 
the parameters for monazite analyses being 15 μm, 
10 Hz, and 3.5 J/cm3, respectively. A single U–Pb 
measurement included 30 s of on-mass back-
ground measurement, followed by 60 s of ablation 
with a stationary beam. Masses 204, 206 and 207 
were measured in secondary electron multipliers 
and 238 in an extra high mass Faraday collector. 
Ion counts were converted and reported as volts by 
Nu Plasma time-resolved analysis software. Mass 
number 204 was used as a monitor for common 
204Pb. Raw data were corrected for background, 
laser induced elemental fractionation, mass dis-
crimination, and for drift in ion counter gains as 
well as reduced to U–Pb isotope ratios by calibra-
tion with concordant reference zircons and mona-

zites of known age, using protocols adapted from 
Andersen et al. (2004) and Jackson et al. (2004). 
Standard zircons GJ-01 (609 ± 1 Ma; Belousova 
et al. 2006) and 91500 (1065 ± 1 Ma; Wiedenbeck 
et al. 1995) and in-house standard zircons A382 
(1877 ± 2 Ma; Huhma et al. 2012) and A1772 
(2711 ± 3 Ma/TIMS; 2712 ± 1 Ma/SIMS; Huhma 
et al. 2012), and in-house standard monazites A49 
(1874 ± 3 Ma; Salli 1983) and A1326 (2635 ± 3 
Ma; Hölttä et al. 2000) were used for calibration. 
For reference, either A1143 (TIMS-ID 1638 ± 2 
Ma; Vaasjoki, unpublished data), A382, or A1933 
(TIMS/1641±2 Ma; Heinonen et al. 2010) was run 
as an unknown to check the calibration. During 
2009−2011 the 125 U−Pb analyses on reference 
sample A382 yielded a concordia age of 1876±2 
Ma. Age related common lead (Stacey & Kram-
ers 1975) correction was used when the analysis 
showed common lead contents above the detection 
limit. The calculations were performed off-line, 
using an interactive spreadsheet program written 
in Microsoft Excel/VBA by Tom Andersen (Rosa 
et al. 2009). To compensate for drift in instrument 
sensitivity and Faraday vs. electron multiplier gain 
during an analytical session, a correlation of signal 
vs. time was assumed. A description of the algo-
rithms used is provided in Rosa et al. (2009). 

Plotting of the U−Pb isotopic data and the age 
calculations was performed using the Isoplot/Ex 3 
program (Ludwig 2003). All the ages were calcu-
lated with 2σ errors and without decay constants 
errors. Data-point error ellipses in the figures are 
at the 2 σ level.

Sm−Nd mineral dating using TIMS

For Sm−Nd analyses performed using TIMS 
(Thermal Ionization Mass Spectrometry), hand-
picked mineral concentrates were washed ultra-
sonically in warm 6 N HCl for 30 min and rinsed 
several times in ultra clean water. The samples 
(150-200 mg) were dissolved in HF-HNO3 us-
ing Savillex® screw cap teflon beakers for 48 h. A 
mixed 149Sm-150Nd spike was added to the sample 
prior to dissolution. After evaporation of fluorides 
the residue was dissolved in 6N HCl. Sm and Nd 
were separated in two stages using a conventional 

cation-exchange procedure (7 ml of AG 50W-X8 
ion exchange resin in a bed 12 cm in length) and 
a modified version of the Teflon-HDEHP (hydro-
gen di-ethylhexyl phosphate) method developed 
by Richard et al. (1976). The measurements were 
performed indynamic mode on a VG SECTOR 54 
mass spectrometer using Ta-Re triple filaments. 
The 143Nd/144Nd ratio is normalized to 146Nd/144Nd 
= 0.7219. The average value for the La Jolla stand-
ard was 143Nd/144Nd = 0.511850 ± 10 (std., 50 
measurements since 2002). The Sm/Nd ratio of 
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the spike was calibrated against the Caltech-mixed 
Sm/Nd standard (Wasserburg et al. 1981). Based 
on duplicated analyses the estimated error in 
147Sm/144Nd is 0.4%. Initial 143Nd/144Nd and ε were 
calculated with the following parameters: l147Sm = 
6.54 x 10-12a-1, 147Sm/144Nd = 0.1966 and 143Nd/144Nd 
= 0.51264 for present CHUR (Jacobsen & Wasser-
burg 1980). T-DM was calculated according to De-

Paolo (1981). Measurement of the rock standard 
BCR-1 gave the following values: Sm = 6.58 ppm, 
Nd = 28.8 ppm, 147Sm/144Nd = 0.1380, 143Nd/144Nd 
= 0.51264 ± 0.00002. The blank measured during 
the analyses was 30-100 pg for Sm and 100-300 pg 
for Nd. The programs of Ludwig (2003) were used 
in the age calculations.

AGE RESULTS

Samples and general information

The sample locations with resultant ages are pre-
sented on a geological map showing the tectono-
thermal units of Uganda (Fig. 1). In addition, 
the sample rock types, related coordinates and 
other information on the samples are compiled 
in Table 1. The coding of the samples first gives 
the laboratory code UG-“number” and then a 
field observation code that can be used when 
searching detailed sample information from 
the map sheet explanations (GTK Consortium  
2012a–k). 

Of the collected samples, a dolerite UG-29_3323 

that did not contain enough pyroxene for Sm−Nd 
mineral isochron dating has been omitted. The U−
Pb LA-MC-ICPMS and Sm−Nd TIMS analytical 
data (Appendix 1 and Appendix 2) are presented 
only in digital format attached as a separate file to 
the electronic version of the article (www.hakku.
gtk.fi). Some selected representative BSE and CL 
images of the zircons, as well as the U−Pb concor-
dia diagrams and Sm−Nd plots, are illustrated in 
Figures 2 and 3−13, respectively. In the text, l:w 
denotes the length to width ratio of zircon. 

Mesoarchaean Goli charnockitic gneiss and the autochthonous Neoarchaean rocks  
of the West Nile Block, NW Uganda

UG-44_8723 Goli charnockitic gneiss

The zircon population in this deformed charnock-
itic gneiss (or metamorphosed, deformed plutonic 
rock) with granite dykes is heterogeneous in terms 
of both colour (brown to colourless) and transpar-
ency (turbid to transparent), as well as grain-size 
and morphology, the latter ranging from euhedral, 
long prismatic to short oval-shaped types. In BSE 
and CL images (Fig. 2), most of the zircon grains 
display CL-dark/BSE-pale indistinctly zoned “core 
domains” enveloped by thin CL-bright/BSE-dark-
er rims. Some grains exhibit secondary metamor-
phic zircon growth as texturally homogeneous 
BSE-darker/CL-paler rims around the CL-bright 
rims. A few grains have CL-paler/BSE-darker cen-
tre domains.

A total of 33 zircon domains were dated using 
the LA-MC-ICPMS method (Appendix 1 and Fig. 
3A). Of these, one analysis was rejected due to 

high discordance and the analysis 06a was ignored 
in data processing because the age obtained may 
be mixed (falls between the 1st and 2nd groups). 
On the concordia diagram, the U−Pb data scatter 
between 3.1−2.5 Ga. There is a strong correlation 
between the zircon domain types analysed and the 
ages obtained as follows: 

1. The zoned zircon grains and zircon cores 
yielded the oldest ages (Fig. 3B) as well as the 
highest U-concentrations within the U−Pb 
data. The decreasing trend in the 207Pb/206Pb 
age plot plausibly reflects lead loss caused by 
the overprinting events. Therefore, the age is 
estimated using solely the three oldest data 
points. A concordia age of 3079 ± 14 Ma de-
termines the age for the rock, presuming it is 
igneous in origin. 

2. The CL-bright, texturally rather homoge-
neous rims (see Fig. 2; zircons 16 and 19) 
that are occasionally enveloped by CL-paler, 
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Table 1. Sample information and age dating methods.

 
 
 

Sample Code Rock type
Sample 
location Era

Tectono-
thermal unit Suite

Super-
group Group Formation

Rock 
type

Easting_
WGS84U
TM36N

Northing_
WGS84UT

M36N

Dating 
method

UG-1_1015 Golomolo granite 29 SW of Jinja NA Lake Victoria 
Terrane

P 503611 26731 U-Pb 
MC-LA-ICP-MS

UG-2_1021 3) Dolerite 48 km W of 
Masaka tow n, 
Bukoto village

PP North Kibaran 
Belt

V 311386 -42304 Sm-Nd / TIMS
plag, px, w r

UG-3_2012 Kisoko granite 9 km NW of 
Tororo tow n

NA West Tanzania 
Terrane

Tororo P 623161 80498 U-Pb 
MC-LA-ICP-MS

UG-4_3002 Kayango granite 8 km E of Bugiri 
tow n

NA Lake Victoria 
Terrane

P 591397 61443 U-Pb 
MC-LA-ICP-MS

UG-5_1071 Katakw i granite Katakw i tow n 
area

NA North 
UgandaTerrane

P 603047 208452 U-Pb 
MC-LA-ICP-MS

UG-6_1083 Otukei 
charnockite 

Western 
outskirts of the 
Labw or Hills

NP Karamoja Belt Labw or Hill P 567478 274381 U-Pb 
MC-LA-ICP-MS

UG-7_1094 Gulu banded TTG 
gneiss 

East of Gulu NA North 
UgandaTerrane

P 442169 301719 U-Pb 
MC-LA-ICP-MS

UG-8_1127 Tara brow n 
granite 

Arua NA West Nile Block P 279536 356926 U-Pb 
MC-LA-ICP-MS

UG-9_1184 Kalonga granite 23 km SE of 
Mubende tow n

PP Rw enzori Fold 
Belt

Rukungiri P 342674 52778 U-Pb 
MC-LA-ICP-MS

UG-10_1186 3) Dolerite 23 km SE of 
Mubende tow n

MP North Kibaran 
Belt

D 342458 53630 Sm-Nd / TIMS
plag, px, w r

UG-11_2057 Midigo granite Sudanese 
border in the NW

NP Pan-African 
granitoids (in 
West Nile Block)

Adjumani-
Midigo

P 304176 400047 U-Pb 
MC-LA-ICP-MS

UG-12_2077 Kaseeta 
potassium 
granite gneiss 

Lake Albert rif t 
margin W of 
Hoima

NA North 
UgandaTerrane

P 274611 154483 U-Pb 
MC-LA-ICP-MS

UG-13_4727 Nakasongola 
granite

Nakasongola, S 
of Lake Kyoga

NA North 
UgandaTerrane 

P 444383 147626 U-Pb 
MC-LA-ICP-MS

UG-14_6073 Amphibolite 10 km NE of Goli 
tow n, NW 
Uganda

NA West Nile Block Kibale-Arua Lobule Nebbi V 288288 273766 U-Pb 
MC-LA-ICP-MS

UG-15_6098 Mafic metatuff, 
amphibolite

8 km NW of Goli 
Tow n, NW 
Uganda

NA West Nile Block Kibale-Arua War Kaza V 274142 268644 U-Pb 
MC-LA-ICP-MS

UG-16_6107 Felsic granulite Southern gate of 
the Murchison 
national park

MA North 
UgandaTerrane

Karuma S/V? 356388 204534 U-Pb 
MC-LA-ICP-MS

UG-17_3052 Mubende granite 44 km SE of 
Kyenjojo tow n

PP Rw enzori Fold 
Belt

Mubende-
Singo

P 279570 54066 U-Pb 
MC-LA-ICP-MS

UG-18_12404 Kasagama 
granite

113 km WNW of 
Sembabule tow n

PP Rw enzori Fold 
Belt

Sembabule P 313744 -2671 U-Pb 
MC-LA-ICP-MS

UG-19_12441 Rw amasha 
granite 

32 km ESE of 
Ibanda tow n

PP Rw enzori Fold 
Belt

Sembabule P 250407 -28066 U-Pb 
MC-LA-ICP-MS

UG-20_15003 Lutukuma granite 12 km NNW of 
Kiboga tow n

PP West Tanzania 
Terrane

Kiboga P 357338 110530 U-Pb 
MC-LA-ICP-MS

UG-21_3189 Nabukalu gabbro 28 km NE of 
Iganga tow n

NA Lake Victoria 
Terrane

P 580002 76578 U-Pb 
MC-LA-ICP-MS

UG-22_4258 Metatuff breccia 17 km WSW of 
Iganga tow n

NA Lake Victoria 
Terrane

Kavirondian Busiro V 536837 64263 U-Pb 
MC-LA-ICP-MS

UG-23_4824 Amphibolite 3 km W of 
Kiboga tow n

NA West Tanzania 
Terrane

V 360152 100125 U-Pb 
MC-LA-ICP-MS

UG-24_12040 Maluba nepheline 
syenite 

31 km S of Bugiri 
tow n

NA Lake Victoria 
Terrane

P 580237 30454 U-Pb 
MC-LA-ICP-MS

UG-25_8096 Metasandstone 21 km NE of 
Mubende tow n

PP Post-Rw enzori 
platform 
sediments

Namuw asa Kikonge S 339661 71176 U-Pb 
MC-LA-ICP-MS

UG-26_8114 Orthosandstone 28 km NE of 
Mubende tow n

PP Post-Rw enzori 
platform 
sediments

Namuw asa Maseke S 345129 75257 U-Pb 
MC-LA-ICP-MS

UG-27_8126 Feldspathic 
sandstone 

19 km SE of 
Kiboga tow n

PP Post-Rw enzori 
platform 
sediments

Bw ezigoro Nsala S 371031 83443 U-Pb 
MC-LA-ICP-MS

UG-28_3139 TTG biotite 
gneiss 

38 km NE of 
Iganga tow n

NA West Tanzania 
Terrane

P 580964 93910 U-Pb 
MC-LA-ICP-MS

UG-29_3323 1) Dolerite 12 km SW from 
Luw ero tow n

n.a. D 437953 83198 Sm-Nd / TIMS
plag, px, w r

UG-30_3675 Rubaale 
pegmatite granite 

10 km ENE of 
Ntungamo tow n

MP North Kibaran 
Belt

P 205133 -94220 U-Pb 
MC-LA-ICP-MS

UG-31_4784 Naluvule feldspar 
porphyry 

4 km ESE of 
Kiboga

PP West Tanzania 
Terrane

Kiboga P 367147 99837 U-Pb 
MC-LA-ICP-MS
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Table 1. Continued.

structureless rims give ages between 2.7−2.6 
Ga (Fig. 3C). Almost all the zircon grains 
have this rim, but it is normally too thin 
even for a spot analysis and therefore only 
four rims were dated. The age data scatter 
and therefore the ~2.63 Ga age estimate for 
the timing of the metamorphic event has 
been calculated using two data points only.

3. The second rim phase is not as common as 
the first one but where it occurs it is rather 
wide (see Fig. 2; zircons 07, 16 and 09). The 

relative ages of the two rim phases are clearly 
detectable in few zircon grains. In a CL im-
age, the second rim phase is always darker 
than the first rim phase but paler than the 
hosting zircon core − in BSE images the 
situation is vice versa. Altogether ten U−Pb 
analyses were obtained from these rims (Fig. 
3D). Six equal concordant analyses deter-
mine a concordia age of 2580 ± 10 Ma for 
the second phase rims. 

Table 1. Continued. 

 

Sample Code Rock type
Sample 
location Era

Tectono-
thermal unit Suite

Super-
group Group Formation

Rock 
type

Easting_
WGS84U
TM36N

Northing_
WGS84UT

M36N

Dating 
method

UG-32_4928 2) Bujagali Basalt; 
mafic volcanic 
rock

12 km SSE of 
Kiboga tow n

PP Rw enzori Fold 
Belt

Buganda Nile V 365291 89223 Sm-Nd / TIMS
plag, px, w r

UG-33_10260 TTG gneiss 11 km NE of Fort 
Portal tow n

NA North 
UgandaTerrane

P 202373 82151 U-Pb 
MC-LA-ICP-MS

UG-34_23253 Woi charno-
enderbite

50 km E(-SE) of 
Kitgum tow n

NP Karamoja Belt Okaka P 524746 351472 U-Pb 
MC-LA-ICP-MS

UG-35_3823 Variable granitic 
gneiss 

10 km SW from 
Ntungamo tow n

PP Rw enzori Fold 
Belt

Rukungiri P 188000 -104136 U-Pb 
MC-LA-ICP-MS

UG-36_15097.2 Tillite/Glaciogene 
deposits

11 km NW of 
Kabale tow n

PH Phanerotzoic 
rocks

Karoo Kiruruma S 158088 -129551 U-Pb 
MC-LA-ICP-MS

UG-37_15257.1 
2,3)

Quartz-feldspar 
vein in 
Muw ozansimbe 
quartz dioritic 
gneiss 

Mbale area, E 
Uganda

NA West Tanzania 
Terrane

D 635036 124680 U-Pb 
MC-LA-ICP-MS

UG-38_15257.2 
3)

Muw ozansimbe 
quartz dioritic 
gneiss 

Mbale area, E 
Uganda

NA North 
UgandaTerrane

P 635036 124680 U-Pb 
MC-LA-ICP-MS

UG-39_1272 Quartz-
muscovite schist 

Moyo, Nile NP Madi-Igisi Belt Mirian Madi Anyurapi S 359388 390894 U-Pb 
MC-LA-ICP-MS

UG-40_15478 3) Apuch granite, 
migmatitic in 
places 

Asw a shear 
zone, Eastern 
Uganda

NA North 
UgandaTerrane

P 509876 261810 U-Pb 
MC-LA-ICP-MS

UG-42_1101 Kitgum granite 20 km E of 
Kitgum

NP Karamoja Belt P 506015 362057 U-Pb 
MC-LA-ICP-MS

UG-43_1231 Adjumani granite 15 km SSE from 
Moyo

NP Pan-African 
granitoids (in 
North Uganda 
Terrane)

Adjumani-
Midigo

P 367935 391771 U-Pb 
MC-LA-ICP-MS

UG-44_8723 Goli charnockitic 
gneiss

26 km N of Nebbi MA West Nile Block P 286543 300071 U-Pb 
MC-LA-ICP-MS

UG-45_15413 3) Kuju granitic and 
granodioritic 
gneiss 

36 km N of Soroti NA North 
UgandaTerrane

P 567966 225806 U-Pb 
MC-LA-ICP-MS

UG-46_23579 Dacitic metatuff 8 km E of Moyo PP Madi-Igisi Belt Mirian Madi Metu V 365282 403811 U-Pb 
MC-LA-ICP-MS

UG-47_34096 Aw ela 
granodiorite 
gneiss

11 km S of Lira NA North 
UgandaTerrane

P 490918 236986 U-Pb 
MC-LA-ICP-MS

UG-48_34181 Kitgum granite 25 km S of 
Kitgum

NP Karamoja Belt P 502964 343340 U-Pb 
MC-LA-ICP-MS

UG-49_34295 Orthoquartzite, 
sericite quartzite, 
sericite schist

30 km W of 
Soroti

NP Malagarasi 
Supergroup

Malagarasi Bunyoro Mudosi S 537654 181491 U-Pb 
MC-LA-ICP-MS

UG-50_34399 Akuru sericite 
quartzite, 
quartzite 

13 km SE of 
Nebbi

NP Madi-Igisi Belt Mirian Igisi Akuru S 298295 266761 U-Pb 
MC-LA-ICP-MS

UG-51_34620 Mesocratic 
gneiss

20 km NNE of 
Nebbi

NA West Nile Block Arua-Kibale Lobule Abiba V 294977 292211 U-Pb 
MC-LA-ICP-MS

UG-8117 2) Kyato dolerite 31 km NE of 
Mubende tow n

PP Rw enzori Fold 
Belt

D 348064 77366 Sm-Nd / TIMS
plag, px, w r

1) No age data.  2) Only poor age data available. 3) Age data published elsew here (Mäkitie et al., 2014; Saalmann et al., in prep).
Abbreviations used: MA=Mesoarchaean; NA=Neoarchaean; PP=Palaeoproterozoic; MP=Mesoproterozoic; NP=Neoproterozoic; PH=Phanerozoic; D=dyke/vein; S=sedimentary; 
V=volcanic; P=plutonic;  plag=plagioclase; px=pyroxene; w r=w hole-rock. 
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01a(core): disc.  Ga
01b(rim):  disc. 2.59 Ga

2.57

04a:  Ga~2.70

05a:  Ga~2.6502a:  Ga2.66

UG-7_1094 banded TTG gneissUG-6_1083 charnockite

04a:  Ga~0.70

07a: 
 Ga~0.7009a(core):  Ga

09b(rim):  Ga
~0.70

~0.6801a(core):  Ga
01b(rim):  Ga

~0.69
~0.66

17a: 
2.63 Ga~

24a(core): 2.74 Ga
24b(rim): 2.63 Ga

~
~

23a: 
2.62 Ga~

UG-5_1071 granite

UG-13_4727 granite

09a: youngest 
Pb-Pb age

01a: least disc.
2.57 Ga~

UG-19_12441 granite

09a:disc.  Ga~1.69

14a:  Ga~1.99

15a:  Ga~1.99

16a:disc.  Ga~2.02

15a: 2.61 Ga~ 20a: 2.61 Ga~

UG-1_1051 granite

02a: highly 
discordant data; 

 Ga1.98

05a: 2.59 Ga~

UG-4_3002 granite07a: 2.61 Ga~

43a(core): 2.65 Ga
43b(rim): 2.65 Ga

~
~33a: 2.76 Ga~

10a: 2.65 Ga~

UG-3_2012 granite

07a:  Ga~2.63

13a(core):  Ga
13b(rim): 

~2.63
~2.60 Ga

UG-8_1127 granite

UG-9_1184 granite 
18a: disc.
  Ga2.0620a:  Ga~2.13

09a:  Ga~2.12

UG-11_2057 granite

05a:  Ga~disc. 0.70

04a:  Ga~0.66

03a:  Ga~0.66

UG-18_12404 granite
19a:  Ga~1.97

01a(core): 2.02 Ga
01b(rim):  Ga

~
~1.96

10a:  Ga~1.96

UG-14_6073 amphibolite

04a:  Ga~2.59

11a:  Ga~2.63

07a(core):  Ga
07b(rim): 

~2.64
~2.65 Ga

UG-15_6098 mafic metatuff/amphibolite

01a: ~2.64 Ga

05b(core):  Ga
05a(rim): 

~2.63
~2.65 Ga

26a:  Ga~2.56

10a:  Ga~2.60

UG-20_15003 granite

31a, b: disc. ~1.78Ga,1.67 Ga27a(core): 2.48 Ga
27b(rim): 2.45 Ga

~
~

22a: 2.49 Ga~

UG-17_3052 granite

03a:  Ga~1.85

13a:  Ga~1.86

12a:  Ga~1.85
23a:  Ga~1.84

UG-12_2077 granite gneiss

24a:  Ga~2.74 13a:  Ga~2.68

05a:  Ga~2.49

UG-16_6107 felsic granulite

20a: Ga~2.99

03a: Ga~3.01

22a: Ga~2.93
09a: Ga~2.74

100mm

UG-21_3189 gabbro
18a: disc.

01a: 2.58 Ga~

02a: 2.61 Ga~
03a: 2.60 Ga~

Fig. 2. Selected representative BSE (left) and CL (right) imag-
es of the U–Pb dated zircon grains. The analysis spot sites on 
BSE images, corresponding analysis numbers, and resulted 
~207Pb/206Pb ages are indicated (see Appendix 1 for individual 
U–Pb data). Abbreviations used: disc. = discordant U–Pb 

data only giving a minimum age for the zircon. UG-1_1015	
Golomolo	granite:	Magmatic zircon with oscillatory zoning. 
UG-3_2012	Kisoko	granite:	Different types of magmatic zir-
con ± zoning related alteration. Zircon 33 is from the palaeo-
some material. UG-4_3002	Kayango	granite: Initially coeval 

Continues.
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10a(core): 2.56Ga
10b(rim):  Ga

~
~0.84

08a:  Ga~1.00

06a(core): Ga
06b(rim): 0.68

~0.97
~

No analyses.02a: 2.62 Ga~

11a:  Ga~0.96

UG-39_1272 quartz-muscovite schist

23a: Ga~1.37

24a: Ga~1.36 

25a: Ga~2.63 

32a: Ga~1.31

44a: Ga~1.31
47a: Ga~1.31

65a(core): Ga
65b(rim):disc.1.0 Ga

~0.69 
67a: Ga~2.07

66a(core): Ga
66b(rim): Ga

~1.37
~1.37

UG-36_15097.2 
glaciogene deposit

13a(lower): 2.47 Ga
13b(upper): 2.49 Ga.

~
~

15a: 2.49 Ga~

26a: disc.2.16 Ga

UG-31_4784 feldspar  porphyry
18a(right): rejected
18b(center):  Ga
18c(left): disc.

206 204
low Pb/ Pb  Ga

~1.10

~1.36

19a(right):  Ga
19b(left):disc.  Ga

~1.15
~1.11 Totally altered. 

No analyses.

03a(CL-pale):
 Ga

03b(CL-darker):
 Ga

~0.72

~0.61

UG-30_3675 pegmatite granite

17a: 2.65 Ga~ 24a(core): 2.68 Ga
24b(rim):disc. 2.58 Ga

~
~

04a(core): 2.65 Ga
04b(rim): 2.66 Ga

~
~

UG-28_3139 TTG biotite gneiss

41a:
 Ga~1.79

36a:  Ga~1.90
13a,b: 

 Ga~1.97-1.98
29a:  Ga~1.97

11a:  Ga~1.98

UG-27_8126 feldspathic sandstone

12 ~ 05a: 2.  Ga

38 ~ 07a: 2.  Ga

35 ~ 06a: 2.  Ga
34 ~ 06a: 2.  Ga

UG-26_8114 orthosandstone

07a: 2.15 Ga~

08a: disc. 1.72 Ga

No analyses.

UG-35_3823 granitic gneiss
04a:  Ga~0.69

03a:  Ga~0.82

05a(core):  Ga
05b(rim):  Ga

~0.81
~0.78

UG-34_23253 charno-enderbite

06a: 2.60 Ga~

09a(core): 2.61 Ga
09b(rim): 2.58 Ga.

~
~

07a: 2.61 Ga~

UG-33_10260 TTG gneiss

100mm

UG-24_12040 nepheline syenite06a(dark): disc.
06b(pale): 2.63 Ga~

16a(pale): 2.63 Ga
16b(dark):disc.

~

01a: disc.

05a: 2.28 Ga~

UG-42_1101 granite

08a(core): 1.89 Ga
08b(rim):  Ga0.72

11a(core): 0.70 Ga
11b(rim):  Ga0.71

10a: 0.69 Ga

UG-23_4824 amphibolite

02a: 2.65 Ga~

21a: 2.73Ga~

17a: 2.92 Ga~

04a: 2.65 Ga~

UG-22_4258 metatuff breccia 

21a: 2.63 Ga~
13a: 2.64 Ga~

29a: 2.07 Ga~

08a: 2.05 Ga~
33a: 2.05 Ga~

20a: 2.07 Ga~

UG-25_8096 metasandstone

rather homogeneous core domain (05) and a stubby zircon 
grain. UG-5_1071	 Katakwi	 granite: Two types of coeval 
magmatic zircon (17 and 23) and an older core with coeval 
rim (24). UG-6_1083	Otukei	charnockite:	Coeval ages from 
zircon cores and rims as well as metamorphic and magmatic 
grains. UG-7_1094	Gulu	banded	TTG	gneiss:	Three types of 
magmatic zircon and an almost totally homogenized grain 
with discordant U–Pb ages. UG-8_1127	Tara	brown	granite: 

Zoned magmatic grain and a zircon with rather homogene-
ous core and rim domains. UG-9_1184	 Kalonga	 granite: 
Coeval zircon grains. UG-11_2057	 Midigo	 granite: Long 
prismatic and stubby coeval zircon. UG-12_2077	 Kaseeta	
potassium	granite	gneiss: ~2.7 Ga magmatic grains and a 2.5 
Ga metamorphic grain. Zircon 13 has a thin BSE-pale rim. 
UG-13_4727	Nagasongola	granite: CL-dark least altered but 
fractured and altered zircon. UG-14_6073	amphibolite: An 

Continues.
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UG-47_34096 
granodiorite gneiss

03a(core): 2.65 Ga
03b(rim): 2.60 Ga

06a: 2.65 Ga
13a: 2.65 Ga

UG-50_34399 sericite quartzite

04a(core): disc. 0.90 Ga
04b(rim): 1.04a

35a: 1.05 Ga

33a: 0.99 Ga

19a: 0.98 Ga

30a(core): 1.04 Ga
30b(rim): 1.03 Ga

05a: 0.67 Ga

06a(pale): 0.87 Ga
06b(dark):  Ga0.65

Monazites

15a: 0.66 Ga

UG-43_1231 granite

08a(core): 0.64 Ga
08b(rim): Ga0.59 

06a(core): disc. 1.15 Ga
06b(rim):  Ga0.59

02a(core): 0.99 Ga
02b(rim): Ga0.69 

UG-51_34620 mesocratic gneiss

15a(core): 
2.85 Ga
15b(rim): 
2.55 Ga

01a(core): 
disc. 2.51Ga
01b(rim): 
disc. Ga0.82

27a(core): 
disc. 2.45 Ga
27b(1st rim): 
2.53 Ga
27b(2nd rim): 
disc. 2.44 Ga 20a(core): 

disc.2.52 Ga
20b(rim): 
2.54 Ga

03a(core): 
disc. 2.97 Ga
03b(rim): 
disc. 2.49 Ga

33a(core): 2.58 Ga
33b(rim): 1.72 Ga

28a(core): 
2.60 Ga
28b(rim): 
disc. 2.55 Ga

17a: disc. 
2.52 Ga

11a: disc. 
2.54 Ga

25a: 
2.60 Ga

18a(core): 
disc. 2.71 Ga
18b(rim): 
2.53 Ga

24a(core): 
2.53 Ga
24b(rim): 
disc. 0.98 Ga

30a(core): 
3.00 Ga
30b(rim):
2.56 Ga

UG-49_34295 orthoquarzite/sericite quartzite

08a: 0.99 Ga

19a: 0.98 Ga

16a: 0.98 Ga

10b(rim): 0.98 Ga
(Data from core 
rejected)

31a: 0.98 Ga

36a: 0.99 Ga 05a: 1.00 Ga
44a: 1.01 Ga

06a: 0.97 Ga

UG-48_34181 granite

02a(core): 0.71 Ga
02b(rim):  Ga0.69

08a: 0.73 Ga

07a(core): 0.67 Ga
07b(rim):  Ga0.67

05a(core): 0.69 Ga
05b(rim):  Ga0.70

100mm

UG-46_23579 dacitic metatuff

15a: 0.98 Ga
08a(core): 0.99 Ga
08b(rim):  Ga0.9514a: 1.01 Ga

UG-44_8723 Goli charnockitic gneiss

10a: 3.07 Ga
16a(core): 3.05 Ga
16b(1st rim): 2.63 Ga
16c(2nd rim): 2.60 Ga

09a(core): disc. 3.0 Ga
09b(1st rim): 2  Ga
09c(2nd rim): 2.58 Ga
09d(3rd rim): disc. 2.49 Ga

.71 19a(core): 
disc. 3.03 Ga
19b(rim): 2.60 Ga

07a(core): 3.04 Ga
07b(rim): 2.58 Ga

oscillatory zoned 2.63 Ga zircon (11). A zircon exhibiting a 
coeval homogeneous BSE-dark rim and a zoned core (07) 
and a metamorphic/homogenized zircon (04) with a younger 
age. UG-15_6098	 mafic	 metatuff/amphibolite: Different 
types of coeval zircon and zircon domains (01, 05, 10) and a 
homogenized/metamorphic grain with ragged texture. UG-
16_6107	 felsic	 granulite: Oscillatory zoned ~3.0 Ga zircon 
(20, 03). Grain 22 has a recrystallized 2.93 Ga core domain 
that is surrounded by zoned zircon rim phase (supposedly 
3.0 Ga). Core of zircon 09 yielded the youngest metamorphic 
age of 2.74 Ga. UG-17_3052	Mubende	granite: Coeval dif-
ferent types of zoned zircon and a homogenized one. UG-
18_12404	Kasagama	granite: ~1.96 Ga long prismatic zircon 
and a rim phase. The core of zircon 01 has an older age. UG-
19_12441	Rwamasha	granite: 1.99 Ga magmatic zircons. A 
sector zoned metamorphic core and a CL-dark homogeneous 
rim with discordant U–Pb data yielded significantly older 

and younger Pb–Pb ages of 2.02 Ga (16) and 1.69 Ga (09), 
respectively. UG-20_15003	Lutukuma	granite: Coeval mag-
matic zircon (22) and rim zircon growth (27b), enveloping a 
homogenized core. Altered zircon 31 is fractured and yielded 
strongly discordant U–Pb age data. UG-21_3189	Nabukalu	
gabbro:	 Different types of coeval gabbroic zircon grains. 
The intensely altered zircon (18) yielded highly discordant 
age data suggesting Pan-African overprinting. UG-22_4258	
metatuff	 breccia:	 Typical oscillatory zoned zircon. UG-
23_4824	amphibolite:	Inherited and co-magmatic zoned zir-
con grains. UG-24_12040	Maluba	nepheline	syenite:	~2.63 
Ga ages from BSE-paler/CL-dark zircon domains. The BSE-
darker domains gave highly discordant age data. Zircon 01 is 
an example of a porous, intensely altered grain. UG-25_8096	
metasandstone:	The two youngest 2.05 Ga zircon grains and 
two 2.07 Ga zircons. UG-26_8114	orthosandstone:	The three 
youngest 2.05–2.06 Ga zircon grains and one 2.07 Ga zircon. 

Continues.
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UG-27_8126	 feldspathic	 sandstone:	 Two youngest single 
ages from a supposed recrystallized very small core (41) 
and a metamorphic grain (36). The other three 1.97–1.98 
Ga detrital zircons are examples of the youngest grains. UG-
28_3139	TTG	biotite	gneiss:	~2.65 Ga ages from a oscillatory 
zoned grain, zoned core and surrounding texturally homo-
geneous BSE-dark rim, and from the zoned centre domain, 
with a bleached slightly younger outer domain. UG-30_3675	
Rubaale	pegmatite	granite:	Unaltered, apparently metamor-
phic zircon 03 with Pan-African ages. Intensely altered grains 
18 and 19 have ages of 1.1–1.2 Ga and discordant analysis 18c 
yielded a Pb−Pb age of 1.36 Ga that may be an artefact caused 
by the low 206Pb/204Pb ratio. The undated grain is an example 
of the most altered grains with xenotime. UG-31_4784	Nalu-
vule	feldspar	porphyry: 2.49 Ga grains 13 and 15 are inclu-
sion rich and 26 is an example of the fractured-type zircon 
with discordant U–Pb data. UG-33_10260	TTG	gneiss:	2.61 
Ga magmatic grains two of which have 2.58 Ga CL-darker 
rims (06, 09). UG-34_23253	Woi	charno-enderbite:	Differ-
ent types of zircon with Pb–Pb ages varying from 0.69 Ga 
to 0.82 Ga. UG-35_3823	 variable	 granitic	 gneiss:	Altered 
grains 07 and 08 and intensely altered undated zircon. Zir-
con 07 yielded a concordant age of 2.15 Ga. UG-36_15097.2	
glaciogenic	deposit:	Different types of detrital zircon: most 
yield ages of 1.31–1.37 Ga. Zircon 65 has a sector zoned 
metamorphic 0.69 Ga core enveloped by a >1.0 Ga texturally 
homogeneous zircon rim. UG-39_1272	 quartz-muscovite	
schist:	~2.6 Ga and ~1.0 Ga detrital zircon. Rim growths yield 
clearly younger ages − 0.84 Ga and 0.68 Ga − than the cores.  

UG-42_1101	Kitgum	granite: ~0.7 Ga ages from zoned grains, 
a fairly homogeneous rim domain enveloping older core, and 
from a core. UG-43_1231	Adjumani	granite:	Zircons 2 and 6 
enclose rounded CL-bright zoned inherited cores. Zircon 15 
is an example of simple magmatic grains with an age of 0.66 
Ga. UG-44_8723	 charnockitic	 gneiss:	 10 is a simple mag-
matic zircon yielding the maximum age of the charnockitic 
gneiss (3.07 Ga). Zircons 07, 09, and 16 exhibit complex tex-
ture with cores and two rim phases. UG-46_23579	tonalite	
gneiss:	The homogenized BSE-pale rim domain of zircon 08 
yielded the youngest Pb–Pb age and was omitted from the 
mean Pb–Pb age calculation. UG-47_34096	 biotite-horn-
blende	 gneiss:	2.65 Ga oscillatory zoned zircon grains and 
a slightly younger homogenized CL-dark rim phase (03b). 
UG-48_34181	 porphyritic	 granite: Approximately similar 
ages from texturally various zircon domains. UG-49_34295	
quartzite:	Youngest detrital zircon grains. A monazite grain 
exhibiting recrystallization around the grain margins (06) 
and a totally metamorphic monazite 05 (BSE-images only). 
UG-50_34399	Akuru	sericite	quartzite:	The youngest detri-
tal zircon grains. Monazite 06 with heterogeneous internal 
texture and varying ages. Monazite 05 is totally recrystallized 
at 0.67 Ga. UG-51_34620	mesocratic	gneiss:	Many cores give 
the same ages as the surrounding zircon rims indicating dis-
turbance of the U–Pb system in the cores (27, 24, 20). A few 
cores have >>2.55 Ga ages (03, 15, 18, 30) and two cores are 
~2.60 Ga (28, 25). The ~2.55 Ga ages are frequently discord-
ant (03, 17, 11) and a few yield concordant U–Pb age data 
within the error limits (15, 20, 18, 20).

UG-8_1127 Tara brown granite

The Tara brown granite is a homogeneous, coarse-
grained, brown charnockitic rock without pre-
ferred mineral orientation. It yielded abundant 
zircon with a homogeneous population. Zircon 
is typically transparent, prismatic to stubby (l:w 
~3), colourless to pigmented yellow. In BSE and 
CL images (Fig. 2), zircon usually has a composite 
or oscillatory-zoned BSE-paler/CL-darker centre 
domain that is enveloped by a structurally more 
homogeneous rim domain. The boundary be-
tween the centre and rim domains is either sharp 
or gradual. 

A total of 24 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 3E). The 
U−Pb data either are concordant or show minor 
discordance. On the concordia diagram, the entire 
data set plot in a tight cluster. The 11 point con-
cordia age and weighted mean of all the 207Pb/206Pb 
ages are equal. However, as the MSWD of con-
cordance is somewhat high, the age for the Tara 
brown granite is determined by the mean Pb−Pb 
age of 2622 ± 5 Ma. Inherited and subsequent 

metamorphic ages are completely absent despite 
the textural evidence in BSE and CL images (Fig. 
2; zircon 13).

UG-14_6073 amphibolite

The zircon population in coarse-grained, massive 
amphibolite with deformed plagioclase porphy-
roblasts is quite homogeneous. Typically zircon 
is colourless, transparent and prismatic/elon-
gated (l:w ~2.5−3) with smooth crystal faces and 
pyramidal tips. There are also some subhedral to 
anhedral subrounded bright grains that are meta-
morphic. Grain size varies and the larger grains 
are frequently less transparent and more coloured. 
In BSE and CL images (Fig. 2), most of the grains 
have a BSE-pale/CL-dark oscillatory-zoned centre 
domain surrounded by a texturally homogeneous 
rim phase. The number of thoroughly zoned or 
homogeneous grains is small. The few metamor-
phic zircon grains display sector and/or composite 
zoning in CL images; while in BSE images they ap-
pear quite homogeneous.
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A total of 20 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 3F). The U−
Pb data from zoned centre domains and homoge-
neous rim domains (Fig. 2; 07 and 11) cluster on a 
concordia diagram and are thus coeval. Since the 
data points are only marginally concordant, the  
2631 ± 6 Ma age for the amphibolite was deter-
mined using the weighted average of the 207Pb/206Pb 
ages. The two metamorphic subrounded zircon 
grains (see Fig. 2; 04) are ~2.59 Ga. 

UG-15_6098 mafic metatuff/amphibolite

Zircon in banded mafic metatuff/amphibolite 
sample UG-15_6098 is bright, pinkish and sub-
rounded with a morphology that ranges from 
prismatic to oval. The grain-size also varies. In BSE 
and CL images (Fig. 2), the majority of the zircon 
grains are BSE-dark texturally rather homogene-
ous and in CL images they exhibit either sector or 
composite zoning. In places they enclose either 
BSE-pale/CL-dark remnants of the original zircon 
or distinctly bordered zoned BSE-pale/CL-dark 
inner domains surrounded by more homogeneous 
BSE-darker/CL-paler rims. A few long prismatic 
zircon crystals also occur.

A total of 36 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 3G). The 
U−Pb data from the apparent metamorphic zircon 
grains and domains are mostly concordant while 
some are slightly discordant. The weighted aver-
age of the 207Pb/206Pb ages from the metamorphic 
zircon domains is 2581 ± 8 Ma and determines the 
age of the metamorphism. The mean Pb−Pb age 
for the zoned zircon domains as well as the struc-
turally homogeneous rim domains of the same zir-
con grains is 2637 ± 16 Ma. The lower intercept age  
reflects a later thermal event at ~0.7 Ga.

UG-51_34620 mesocratic gneiss

The zircon in darkish grey, medium-grained band-
ed gneiss sample UG-51 is turbid to translucent 

correlating with its density. Mostly, it is prismatic 
and more rarely subrounded. In BSE and CL im-
ages (Fig. 2), the zircon usually displays weak/hazy 
wide zoning and thin BSE-dark/CL-bright meta-
morphic zircon rims. In addition, many grains en-
close a very small core that is often altered and/or 
cracked and therefore they are unsuitable for dat-
ing purposes. A few CL-darker rim phases around 
the cores were further surrounded by younger rim 
phases. Many grains are spotted and dark in CL im-
ages and some display alteration related to zoning.

A total of 48 zircon domains were dated using 
the U−Pb LA-MC-ICPMS method (Appendix 1 
and Fig. 3H). One analysis was rejected due to a 
low 206Pb/204Pb ratio. The U−Pb data are mostly 
discordant and the U concentrations are usually 
moderate or rather high. Three analyses from the 
younger rim domains have <100 ppm U. The oldest 
ages of ~3.0 Ga (Fig. 2; 03a and 30a) and 2.87 Ga 
were measured from zircon cores. On the concor-
dia diagram, the majority of the U−Pb data plot at 
~2.57 Ga and on the corresponding discordia line. 
These data were mostly measured from weakly 
zoned zircon grains enveloped by thin CL-bright 
rim growths. In addition to these, the age group 
includes analyses from CL-dark hazily zoned zir-
con grains, zircon cores and “older” zircon rim do-
mains around older cores. However, the 2549 ± 16 
Ma (MSWD=1.8; n=20) age determined from the 
weakly zoned grains and “older rims” only is pre-
ferred as it excludes the ages from cores that can 
be inherited material and from the CL-dark hazily 
zoned grains that may have suffered lead loss dur-
ing the subsequent metamorphic event indicated 
by the thin CL-bright zircon rim growths. 

Of the youngest data, the highly discordant 
analysis 35a with a minimum age of 1.91 Ga was 
measured from a CL-dark/BSE-pale homogeneous 
centre domain. The two concordant U−Pb data 
from the CL-pale texturally homogeneous zircon 
rim growths give Pb−Pb ages of 1.72 Ga and 0.51 
Ga. The other slightly discordant data points have 
minimum ages of 0.98 Ga, 0.82 Ga and 0.61 Ga. 

Fig. 3. (facing page) LA-MC-ICPMS zircon U–Pb data from WNB. A–D) Goli charnockitic gneiss UG-44_8723. A) Concordia 
plot of all the data. B) 207Pb/206Pb age distribution of the analyses from the zoned zircon grains and cores. Inset shows the con-
cordia age for the three oldest data points. C) 207Pb/206Pb age distribution of the analyses from the CL-bright rims (1st phase). 
Inset shows the concordia age for the two equal data points. D) 207Pb/206Pb age distribution of the analyses from the CL-pale 
rims (2nd phase). Inset shows the concordia age for the six oldest and equal data points. Concordia plots for E) UG-8_1127 Tara 
brown granite, F) UG-14_6073 amphibolite, G) UG-15_6098 mafic metatuff/amphibolite and H) UG-51_34620 mesocratic 
gneiss. In Fig. 3G, the green ellipses and bars represent metamorphic zircon domains and the red ellipses and bars indicate 
zoned and related zircon domains. Insets in Figures E, F, and G show the 207Pb/206Pb age distributions and the means of the 
Pb−Pb ages. For calculation of the Pb–Pb mean age, in all diagrams the less discordant data were selected. 
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UG-16_6107 felsic granulite

Banded granitic to granodioritic felsic granulite 
sample UG-16_6107 yielded abundant, mainly 
dark brown, translucent and long prismatic to 
stubby (l:w ~2−4) zircon. Transparent and com-
pletely turbid grains are also common. Generally, 
the population appears to be quite homogeneous 
and the grain-size is medium to coarse. In BSE 
and CL images (Fig. 2), the zircon mostly displays 
oscillatory zoning with sporadic texturally homo-
geneous patches. There are also grains with an in-
ternal structure that is either more homogeneous 
or blurred.

A total of 25 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 4A). The 
concordant or slightly discordant U−Pb data clus-
ter at 2991 ± 9 Ma while some texturally homoge-
neous or indistinctly zoned, blurred zircons give 
younger ages of up to 2.74 Ga indicating later met-
amorphism and/or radiogenic Pb loss. The zircon 
lacks metamorphic rim growths.

UG-5_1071 Katakwi granite

Zircon in the pink, fine-grained and homogeneous 
undeformed Katakwi granite sample UG-5_1071 is 
mostly fine-grained, transparent and pale brown-
ish to almost colourless. Morphologically it can be 
euhedral prismatic (l:w ~2−5), stubby to nearly 
equidimensional or anhedral/subhedral elongated 
to formless. In BSE and CL images (Fig. 2), the long 
zircon grains exhibit banded zoning whereas the 
shorter/stubby and almost equidimensional grains 
display oscillatory compositional zoning. Thin 
BSE-pale/CL-dark rims envelope many grains and 
some grains enclose larger homogenized zircon 
domains around the cores. 

A total of 43 zircon domains were dated us-
ing LA-MC-ICPMS (Appendix 1 and Fig. 4B). Of 
these, four analyses were rejected due to a high 
proportion of common lead and/or high discord-
ance. The number of U−Pb analyses is rather high, 
because the discovery of the 0.7 Ga zircon (01a) 
gave rise to further searching for these exception-
ally young grains. However, these were not found 
and therefore the single Neoproterozoic zircon is 
ignored in further discussions. The majority of 
the U−Pb data show a varying degree of discord-

ance but are approximately coeval. Within the er-
ror limits, the resulting upper intercept age and 
the weighted average of 207Pb/206Pb ages of less 
discordant U−Pb data (discordance ≤ 5%) are 
the same. The mean Pb−Pb age of 2622 ± 5 Ma 
is considered as the best age estimate for the Ka-
takwi granite. The lower intercept age of ~0.4 Ga 
is poorly constrained and therefore does not have 
any factual geological meaning. The few analyses 
of homogeneous zircon domains and rims did not 
result in younger U−Pb data. However, most of 
the rims were too thin even for spot analysis and 
therefore the metamorphic U−Pb data is absent. 
Three zircon cores and domains definitely yielded 
older ages of 2.70−2.77 Ga and, in addition, two 
~2.66 Ga grains are considered to be inherited.

UG-7_1094 Gulu banded TTG gneiss

Zircon in banded gneiss sample UG-7_1097 is 
mostly euhedral prismatic (l:w ~1.5−3), translu-
cent and brownish. More rarely it is completely 
transparent and colourless with either euhedral 
prismatic or equidimensional to subrounded 
morphologies. In BSE and CL images (Fig. 2), the 
zircon usually exhibits oscillatory zoning, which 
is frequently concentrated in the outer grain do-
mains. Texturally, relatively homogeneous do-
mains and grains are also quite common. A few 
thin BSE-pale/CL-dark rims, too thin for dating 
purposes, were also detected. Small inclusions are 
rather common.

A total of 24 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 4C). Of 
these, the four most discordant U−Pb analyses 
were ignored in data processing. Excluding both 
the most discordant and the 2.70 Ga analyses, the 
U−Pb data plot in a tight cluster on the concordia 
diagram determining an age of 2652 ± 6 Ma for the 
TTG gneiss. 

UG-12_2077 Kaseeta potassium granite gneiss

Zircon in pinkish, weakly to strongly deformed 
granite sample UG-12_2077 is either longer pris-
matic to stubby (l:w ~2−3) or almost equidimen-
sional “rounded”, dark brown, translucent and fine 
to medium-grained. Usually, the larger grains are 
more turbid while the smaller ones are brighter. 

Mesoarchaean Karuma Group and the autochthonous Neoarchaean rocks of the North Uganda 
Terrane, northern central Uganda 
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Fig. 4. LA-MC-ICPMS zircon U–Pb data from NUT. Concor-
dia plots for A) UG-16_6107 felsic granulite, B) UG-5_1071 
Katakwi granite, C) UG-7_1094 Gulu banded TTG gneiss, 
D) UG-12_2077 Kaseeta potassium granite gneiss, E) UG-
13_4727 Nagasongola granite, F) UG-33_10260 TTG gneiss 
and G) UG-47_34096 Awela granodiorite gneiss. Insets in 
Figures B, D, F, and G show the 207Pb/206Pb age distributions 
and the means of the Pb−Pb ages.
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In BSE and CL images (Fig. 2), the zircon either 
exhibits BSE-dark/CL-bright zoning or BSE-pale/
CL-dark weakly zoned or blurred internal texture. 
Many grains are enveloped by thin BSE-pale rims 
and alteration concentrated in zones is common.

A total of 31 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 4D). Analy-
sis 20a was rejected due to exceptionally high er-
rors. On the concordia diagram, the majority of 
the U−Pb analyses on zoned zircon domains plot 
in a tight cluster between 2.65 Ga and 2.75 Ga. 
The concordia age calculation resulted in a high 
MSWD and therefore the 207Pb/206Pb mean age of 
2732 ± 8 Ma is considered the best age estimate for 
the potassium granite gneiss. The four data points 
measured on metamorphic zircon domains plot 
between 2.5 Ga and 2.6 Ga.

UG-13_4727 Nagasongola granite

The pink, rather homogeneous Nagasongola gran-
ite only contains fragments of strongly altered zir-
con. In BSE/CL images (Fig. 2), the zircon displays 
blurred and dark CL and tight cracking. The zon-
ing is still visible in places. 

U−Pb dating was performed on a total of 11 zir-
con domains using MC-LA-ICP-MS (Appendix 
1 and Fig. 4E). Despite the fact that the analysed 
zircon material was selected to represent the less 
altered and cracked domains all the U−Pb data 
are discordant. Nine of the 11 data points plot ap-
proximately on the same discordia line indicating 
a ~2.63 Ga age for the granite and a subsequent 
reactivation event at ~0.61 Ga.

UG-33_10260 TTG gneiss

The medium-grained, equigranular to porphy-
roblastic, granitic gneiss with varying degrees of 
migmatization yielded abundant fine-grained, 
transparent and lilac zircon. The morphology var-
ies from almost round to long prismatic although 
zircon with a length to width ratio of ~1.5-2 is the 
most common one. The population appears to be 
quite homogeneous. In BSE and CL images (Fig. 
2), the zircon exhibits oscillatory zoning and some 
grains are enveloped by thin BSE-pale/CL-dark 
rims. 

A total of 27 zircon domains were dated using 
MC-LA-ICPMS (Appendix 1 and Fig. 4F). Two 
data points were deleted due to a high degree of 
discordance. Otherwise, the data are concordant 
within the error limits. The oldest age of ~2.79 
Ga was measured from a core enveloped by a 
2.62 Ga rim zircon growth. Other U−Pb analyses 
plot in a cluster at 2.6 Ga. The age for the granite 
is determined using the weighted average of the 
207Pb/206Pb ages of the magmatic zircon grains be-
cause the concordia age of 2611 ± 6 Ma resulted in 
a high MSWD of concordance (23); the age for the 
granite is 2611 ± 5 Ma (MSWD = 0.53; n=19/24). 
Zircon rims, a homogenized grain and two other 
younger analyses yielded a concordia age of 2575 
± 11 Ma for the apparent subsequent reactivation 
event.

UG-47_34096 Awela granodiorite gneiss

The zircon population in the pale brownish/blu-
ish grey, medium-grained, strongly deformed 
Awela granodiorite gneiss appears to be quite 
homogeneous. Zircon is euhedral, prismatic (l:w 
~1.5−4), pale brown, primarily translucent and 
fine-grained. In BSE and CL images (Fig. 2), the 
zircon is mostly BSE-dark and exhibits rare crack-
ing, abundant inclusions and clear oscillatory 
compositional zoning. The usually thin BSE-pale/
CL-darker rims (zircon 03) surround almost all 
the grains.

A total of 21 zircon domains were dated using 
the U−Pb LA-MC-ICPMS method (Appendix 1 
and Fig. 4G). The U concentrations of the zoned 
zircon domains are rather low and vary mostly 
between 300 ppm and 100 ppm. The CL-dark rim 
domains exhibit the highest U contents and give 
the most discordant data. The poorly determined 
lower intercept age of 0.9 Ga may have a factual 
geological meaning. Two older 2.7 Ga and 2.8 Ga 
discordant data points indicate inheritance. The 
mean of the 207Pb/206Pb ages for the zoned zircons 
is 2649 ± 6 Ma and determines the age for the 
Awela granodiorite gneiss.
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Neoarchaean West Tanzania Terrane, south central Uganda 

UG-3_02012 Kisoko granite

The medium-grained Kisoko granite with palaeo-
some inclusions contains a small amount of zircon 
that is predominantly fine-grained, euhedral, long 
prismatic (l:w = 3−5), turbid to translucent and 
pale to dark brown. The zircon in the lighter den-
sity fraction (< 4.2 g cm-3) is completely turbid and 
has a milky shine. In BSE and CL images (Fig. 2), 
it displays weak zoning and, often, zoning related 
alteration. Only a few CL-bright grains were de-
tected and the possible core domains are very rare.

A total of 48 zircon domains were U−Pb dated 
using LA-MC-ICPMS (Appendix 1 and Fig. 5A). 
Eight data points were rejected due to high com-
mon lead contents. The data mainly show high dis-
cordance in spite of the carefully selected analysis 
sites. On the concordia diagram, the majority of 
the U−Pb data plot approximately on the same 
discordia line intercepting the concordia curve at 
2644 ± 10 Ma and 403 ± 65 Ma. Six analyses from 
cores and grains yielded meaningfully higher ages 
of 2.71–2.76 Ga. The older U−Pb data apparently 
reflect the age of the palaeosome material and the 
age for granite is 2644 ± 10 Ma.

UG-20_15003 Lutukuma granite   

The sheared and partly migmatized Lutukuma 
granite yielded plenty of zircon with varying 
grain-size. The most common zircon type is vio-
let, transparent to translucent and stubby to longer 
prismatic (l:w ~1.5−4). Dark inclusions are com-
mon, especially in the larger crystals. There are 
also completely turbid altered grains. In BSE and 
CL images (Fig. 2), the altered grains are intensely 
fractured and are CL-dark. The less altered grains 
exhibit compositional zoning in CL, common in-
clusions in BSE and, less frequently BSE-paler/CL-
dark centre domains with zoned rims. A few rims 
detected on zircon, assumed to be metamorphic 
growths, are too thin even for spot U−Pb analyses.

A total of 36 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 5B). 
Most of the analyses, including those from the 
BSE-pale/CL-dark cores and surrounding rim do-
mains, show concordant and coeval ages at 2485 ± 
3 Ma. Furthermore, the discordant data reveal ini-
tially coeval ages with the concordant U−Pb data 

and radiogenic lead loss at ~0.80 Ga. A single 2.36 
Ga age was measured from a zoned zircon.

UG-23_4824 amphibolite

In the amphibolite xenolith/roof pendant sample 
UG-23_4824, the amount of zircon is very small 
but the population appears to be quite homogene-
ous. For the most part, it is fine-grained, transpar-
ent to translucent, brown and short prismatic (l:w 
~1−2) to equidimensional. In BSE and CL images 
(Fig. 2), the zircon mostly displays oscillatory com-
positional zoning and the grains are either BSE-
pale/CL-dark or BSE-dark/CL-pale. Some zircons 
are blurred and CL-dark indicating that there has 
been some damage in the lattices.

A total of 26 zircon domains were U−Pb dat-
ed using MC-LA-ICP-MS (Appendix 1 and Fig. 
5C). The U-concentrations of these are quite low. 
Twenty-two analyses reveal coeval ages. The con-
cordant and nearly concordant equivalent U−Pb 
age data determine an age of 2648 ± 9 Ma for the 
amphibolite. A few significantly older inherited 
zircon grains have ages of 2.74−2.73 Ga, 2.86 Ga 
and 2.92 Ga. It should be noted, that the ~2.65 Ga 
zircon most probably comes from the more felsic 
parts of the sample.

UG-28_3139 TTG biotite gneiss 

The sample yielded only a few hundreds of zircon 
grains. These varied in grain-size with the main 
population consisting of simple prismatic, trans-
lucent to turbid, brownish zircon. In addition to 
these, there are a few transparent, lilac, equidimen-
sional and turbid, yellowish, small grains. In BSE 
and CL images (Fig. 2), the zircon usually exhibits 
clear or weak oscillatory zoning. The darker the 
zoned zircon is in BSE, the paler it is in CL while 
the texturally homogeneous grains are always CL-
dark, indicating that homogenization had started. 
Only a few distinct zircon cores were detected and 
most of the rim zircon growths are too thin for de-
cent U−Pb dating. 

A total of 33 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix and Fig. 5D). 
Two analyses were rejected due to a high content 
of common lead. Most of the data are coeval; de-
spite the degree of discordance. They determine 
an upper intercept age of 2650 ± 8 Ma that agrees 
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Fig. 5. LA-MC-ICPMS zircon U–Pb data from 
WTT. Concordia plots for A) UG-3_2012 Kisoko 
granite, B) UG-20_15003 Lutukuma granite, C) 
UG-23_4824 amphibolite, D) UG-28_3139 TTG 
biotite gneiss and E) UG-31_4784 Naluvule feld-
spar porphyry. Insets in Figures D and E show the 
207Pb/206Pb age distributions and the means of the 
Pb−Pb ages.
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well with the mean 207Pb/206Pb age of 2647 ± 9 Ma. 
Three analyses on core domains have ages between 
2.82 Ga and 2.77 Ga and three younger ages are 
2.58-2.56 Ga. A single zircon is Palaeoproterozoic 
(1.89-1.84 Ga).

UG-31_4784 Naluvule feldspar porphyry  

The zircon population in the undeformed feldspar 
porphyry sample is bimodal. The main population 
consists of coarse to medium-grained, lilac, trans-
parent, inclusion-rich, simple prismatic zircon. 
The other zircon type is turbid, yellowish and pris-
matic. In BSE and CL images (Fig. 2), the first type 
displays composite or blurred zoning. The other 
type, apparently inherited, is densely fractured, 
CL-dark and has occasional BSE-darker/CL-paler 
zircon rims.

A total of 40 zircon domains were U−Pb dated 
using LA-MC-ICP-MS (Appendix 1 and Fig. 5E). 
Two analyses were rejected due to high common 
lead content. The main zircon population has 
rather constant and moderate U-concentrations 
(~300-100 ppm) and the fractured type clearly 
exhibits a higher U content. On the concordia dia-
gram, the U−Pb data for the main zircon popula-
tion plot in a tight cluster, excluding analysis 11a 
that yielded somewhat younger discordant age 
data. The concordia age calculation resulted in a 
very high MSWD value of concordance. Thus, the 
2487 ± 4 Ma age for the feldspar porphyry is de-
termined by the mean of the 207Pb/206Pb ages. The 
U−Pb data from the second zircon type include 
highly discordant ages with a lower intercept age 
at ~0.8 Ga.

Neoarchaean Lake Victoria Terrane, SE corner of Uganda

UG-1_1015 Golomolo granite 

The pinkish to greyish, medium-grained or coarse 
porphyritic Golomolo granite yielded abundant 
zircon with a quite homogeneous population. It is 
usually rather fine-grained, yellowish to colourless, 
translucent to turbid and prismatic (l:w > 2.5−4). 
In BSE and CL images (Fig. 2), the zircon mostly 
displays oscillatory zoning and contains frequent 
apatite inclusions. Clear core or rim domains were 
not detected. 

A total of 30 zircon domains were U−Pb dated 
using LA-MC-ICPMS (Appendix 1 and Fig. 6A). 
The U−Pb data are quite discordant although the 
spot analyses were made to zircon domains to 
avoid fractures and alteration. On the concordia 
diagram, all the data plot on the same discordia 
line, with an upper intercept age of 2627 ± 14 Ma 
determining the age for the granite. The well-con-
strained lower intercept age of 677 ± 58 Ma reflects 
Neoproterozoic Pan-African radiogenic lead loss.

UG-4_3002 Kayango granite

The slightly porphyritic, coarse-grained and 
only weakly deformed Kayango granite yielded 
a small amount of mostly short prismatic/stubby 
(l:w=2−3), quite fine-grained and fractured zircon 
with frequent inclusions. Among these, there are 
also some longer prismatic grains. The violet zir-
con is transparent to translucent while the turbid 

to translucent grains are yellowish to colourless. In 
BSE and CL images (Fig. 2), the zircon normally 
exhibits a texturally quite homogeneous inner do-
main and an oscillatory-zoned outer domain. Gen-
erally, the zircon population is quite homogeneous.

A total of 19 zircon domains were U−Pb dated 
using LA-MC-ICPMS (Appendix 1 and Fig. 6B). 
Two data points were rejected due to a high con-
tent of common lead and one because of extremely 
large errors. The most discordant data are quite 
widely scattered and are therefore ignored in the 
age calculation. On the concordia diagram, the 
data plot approximately on a discordia line inter-
cepting the concordia curve at 2.61 Ga and 0.32 
Ga. The least discordant data (n=6), with an upper 
intercept age of 2591 ± 27 Ma, are considered to 
give the best age estimate for the granite.

UG-21_3189 Nabukalu gabbro

A gabbro sample representing the coarser-grained 
porphyritic, feldspar-rich phase yielded a small 
amount of turbid to translucent brown zircon with 
rugged crystal faces and a coarse grain-size. In BSE 
and CL images (Fig. 2), the zircon usually displays 
either sector or composite zoning. The commonly 
rather equidimensional altered zircon are textur-
ally homogeneous and dark in BSE and CL images.

A total of 20 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 6C). 
On the concordia diagram, the U−Pb analyses on 



142

Geological Survey of Finland, Special Paper 56 
Irmeli Mänttäri

Fig. 6. LA-MC-ICPMS zircon U–Pb data from LVT. Concor-
dia plots for A) UG-1_1015 Golomolo granite, B) UG-4_3002 
Kayango granite, C) UG-21_3189 Nabukalu gabbro, D) UG-
22_4258 metatuff breccia and E) UG-24_12040 nepheline 
syenite. Inset in Fig. 6B shows the concordia plot for the least 
discordant U–Pb data only.
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unaltered low-U zircon plot in a tight cluster at 
~2.6 Ga. They define a 2611 ± 6 Ma concordia age 
for the gabbro. The altered zircon yielded discord-
ant U−Pb data with a quite well determined lower 
intercept age of 602 ± 49 Ma.

UG-22_4258 metatuff breccia

This grey, fine-grained felsic metatuff, which is lo-
cally exposed within the felsic metavolcanic rocks, 
yielded a small amount of short prismatic to equi-
dimensional, translucent and pale brownish zir-
con. The grain-size is quite fine and the population 
appears to be homogeneous. Among the common 
zircon type, there are also a few transparent longer 
prismatic grains. The zircon usually displays rather 
intense oscillatory compositional zoning in BSE 
and CL-images (Fig. 2). Some grains have frac-
tures and inclusions are also common.

A total of 21 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 6D). 
The most discordant analysis from an altered core 
(20a) was ignored. The concordant U−Pb data 
determine an age of 2639 ± 7 Ma for the metatuff 
breccia. 

UG-24_12040 Maluba nepheline syenite

This partly foliated, greyish, usually medium- to 
coarse-grained nepheline syenite yielded a small 
amount of turbid zircon with a reddish brown 
colour. Some of the fragmented grains have origi-
nally been very large. Heavy alteration is indicated 
by the strongly porous nature of many grains and 
dark CL images (Fig. 2). In addition, some grains 
or grain domains are CL-bright while some grains 
appear to be less altered and a few exhibit major 
fracturing.

A total of 23 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 6E). 
Seven analyses were rejected due to low 206Pb/204Pb 
ratios and one because of high reverse discordance. 
The U-concentrations vary from a few to several 
hundreds of ppm. However, no indication of cor-
relation between high-U/low-U and the type of 
zircon domain has been found. The U−Pb analyses 
on BSE-pale/CL-dark zircon domains determine a 
concordia age of 2628 ± 6 Ma. A ~2.28 Ga age was 
measured from a porous and CL-dark zircon. 

To clarify whether the zircon is inherited from a 
homogeneous source, Sm−Nd analyses were pro-
cessed from whole-rock powder, from pyroxene 
and from plagioclase (Appendix 2). The data do 
not plot on a same line, but gives a model age of 
2.66 Ga and εNd of +1.9.

Palaeoproterozoic Rwenzori Fold Belt, SW Uganda

UG-9_1184 Kalonga granite

Zircon in the intensely deformed Kalonga granite 
appears to be quite heterogeneous. A coarse grain-
size fraction consists of fragmented, thoroughly 
altered/metamict zircon. Finer-grained zircon is 
typically brown and subhedral but, exceptionally, 
there are also some euhedral dark brown, trans-
lucent to transparent grains. In addition there are 
some completely bright, pale coloured to colour-
less grains with subhedral rounded morphologies. 
In BSE and CL images (Fig. 2), zircon usually dis-
plays either weak oscillatory zoning or a blurred 
internal texture. Numerous grains exhibit a vary-
ing degree of alteration, and frequent cracks and 
inclusions are common. 

A total of 26 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 7A). One 
data point was rejected due to a high content of 
common lead and further six were ignored dur-

ing data processing because of the high degree 
of discordance. For the most part, the rest of the 
analyses still show a varying degree of discordance 
even though only less altered zircon domains were 
selected for the U−Pb dating. All the data show 
the same initial age and the weighted mean of the 
207Pb/206Pb ages determines an age of 2128 ± 12 Ma 
for the Kalonga granite. The lower intercept age of 
~0.5 Ga is apparently slightly skewed and better 
timing for the radiogenic lead loss at ~0.64 Ga was 
determined using the discordant U−Pb data only.

UG-17_3052 Mubende granite

A coarse to megacrystic variety of the Mubende 
granite UG-17_3052 yielded abundant zircon 
that is transparent to translucent, dark violet to 
almost colourless, usually prismatic (l:w ~2−5) 
and, more rarely, equidimensional or bipyramidal. 
In BSE and CL images (Fig. 2), zircon is usually  
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Fig. 7. LA-MC-ICPMS zircon U–Pb and TIMS Sm–Nd data from RFB. U-Pb concordia plots for A) UG-9_1184 Kalonga 
granite, B) UG-17_3052 Mubende granite, C) UG-18_12404 Kasagama granite, D) UG-19_12441 Rwamasha granite, F) UG-
35_3823 variable granitic gneiss and H) UG-8117 Kyato dolerite. Insets in Figures A and F show the 207Pb/206Pb age distribu-
tions and the means of the Pb−Pb ages. Sm–Nd plots for E) UG-32_4928 Bujagali basalt and G) UG-8117 Kyato dolerite.
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CL-pale and exhibits oscillatory or composite zon-
ing. Some of these grains are CL-dark and textur-
ally quite homogeneous or blurred.

A total of 29 zircon domains were dated us-
ing LA-MC-ICPMS (Appendix 1 and Fig. 7B). 
The most discordant U−Pb analysis was ignored 
in the data processing. Regardless of the type of 
the analysed zircon domain, most of the data plot 
on the concordia diagram in a narrow cluster be-
tween 1.88 Ga and 1.82 Ga. The concordant data 
determine an age of 1848 ± 6 Ma for the Mubende 
granite.

UG-18_12404 Kasagama granite

The even-grained variant of the Kasagama granite 
yielded abundant quite fine-grained zircon with a 
homogeneous population. The mineral is mostly 
euhedral long prismatic (l:w ≥ 4), transparent to 
translucent and brown. Among these, however, 
there are a few turbid and yellowish zircon grains. 
A few short to subrounded grains have BSE-dark-
er/CL-sector or oscillatory-zoned core domains 
surrounded by BSE-paler/CL-dark rim domains 
(Fig. 2). The long prismatic grains display either 
longitudinal or oscillatory zoning. 

A total of 24 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 7C). 
They have moderate U concentrations and many 
exhibit minor discordance. Three apparently older 
zircon cores with younger rims have a mean age of 
2.01 Ga. Another three, apparent core-rim pairs, 
did not yield deviating ages. The least discordant 
U−Pb data from magmatic long zircon, rim zircon 
growths and some apparent core domains deter-
mine an age of 1964 ± 4 Ma for the granite.

UG-19_12441 Rwamasha granite

Zircon in the porphyritic variant of the Rwama-
sha granite (sample UG-19_12441) is mostly quite 
fine-grained, turbid to translucent, yellowish pale 
brown and prismatic (l:w ~2−5). In addition to 
this type, there are some grains with of mixed 
morphology and appearance. In BSE and CL im-
ages (Fig. 2), the zircon usually displays either os-
cillatory or longitudinal compositional zoning and 
many grains are also surrounded by BSE-paler/
CL-darker thin rims.

A total of 16 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 7D). 
One data point was rejected due to a high content 

of common lead. Twelve of the 13 coeval analyses 
on zircon domains with magmatic compositional 
zoning determine a concordia age of 1987 ± 5 Ma 
for the granite. Discordant U−Pb data from a rim 
growth of zircon 09 yields significantly younger 
Pb−Pb age of ~1.69 Ga. A BSE-dark/CL-bright 
round zircon core enveloped by a thin rim (see 
Fig. 2, zircon 16a) has a discordant Pb−Pb age of 
~2.02 Ga. 

UG-32_4928 Bujagali basalt

This Bujagali basalt sample yielded abundant 
unaltered pyroxene and a small amount of fresh 
plagioclase. Sm−Nd analyses were performed on 
plagioclase, pyroxene and whole-rock powder 
(Appendix 2). Because the amount of plagioclase 
was very small and the Nd-concentration was ex-
tremely low, the analysis resulted in poor data with 
significant errors. Furthermore, the analyses on 
pyroxene and the whole-rock powder do not devi-
ate enough to yield adequate spread on a line (Fig. 
7E). Nevertheless, the poorly determined isochron 
age of ~2.3 Ga (±0.2 Ga) indicates a Palaeoprote-
rozoic age for the basalt. It has an εNd of +2.6 and a 
model age of 2.4 Ga.

UG-35_3823 variable granitic gneiss

This strongly deformed granitic gneiss yielded a 
small amount of turbid brownish zircon. All the 
zircon was fragmented during the rock crush-
ing and therefore its morphology is unknown. 
In BSE and CL images (Fig. 2), the highly altered 
and homogenized nature of the zircon is clearly 
seen although the selected grains represent the 
best quality in the separated zircons; no composi-
tional zoning is visible, CL is really dark and spot-
ted, some grains have many pores and some show 
phase separation because of the destruction of the 
high-U lattice.

A total of 31 zircon domains were dated using 
MC-LA-ICP-MS (Appendix 1 and Fig. 7F). Two 
analyses showing the highest discordance were ig-
nored in the age calculations. The U−Pb data are 
mostly discordant, show high U concentrations, 
scatter on a reference line intercepting the concor-
dia curve at 2.21 Ga and 1.23 Ga. The oldest coeval 
data comprise of four concordant and two slightly 
discordant analyses. The calculated concordia age 
of 2142 ± 16 Ma resulted in a high MSWD value 
and therefore the age is determined using the mean 
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of the 207Pb/206Pb ages of the concordant four data 
points. As a result, the apparent age of the gneiss is 
2147 ± 16 Ma. The rest of the U−Pb data possibly 
indicate a single stage lead loss at ~1.2 Ga. 

UG-8117 Kyato dolerite

Sm−Nd analyses were performed on plagioclase, 
pyroxene and whole-rock powder (Appendix 2). 
There is not enough scatter of the data to allow de-
termination of a reasonable mineral-whole-rock 
isochron age (Fig. 7G). Nevertheless, the poor 
isochron age of 1679 ± 260 Ma indicates either 
Palaeoproterozoic or Mesoproterozoic age for the 
dolerite. 

The sample also contained about 20 very small 
zircon grains with magmatic compositional zon-
ing in CL and/or BSE images. Eight zircon do-
mains were dated using LA-MC-ICP-MS (Ap-
pendix 1 and Fig. 7H). Two populations with ages 
of ~2.48 Ga and ~1.98 Ga were detected. These 
zircon grains most likely are inherited and reflect 
the age of the deeper/surrounding bedrock but the 
co-magmatic origin of the 1.98 Ga zircon cannot 
be excluded, especially because the zircon is so 
fine-grained. Accordingly, the ~1.98 Ga age is the 
maximum age for the dolerite. 

Post-Rwenzori platform sediments, southern central Uganda

UG-25_8096 metasandstone

A sample from a metasandstone yielded abundant, 
mainly fine-grained detrital zircon. It is translu-
cent to turbid and red to white. The zircon often 
exhibits quite sharp edges but some grains are sub-
rounded/abraded and have pitted surfaces. In BSE 
and CL images (Fig. 2), zircon frequently displays 
cracking and oscillatory zoning. More rarely it ex-
hibits composite or sector zoning or homogene-
ous/homogenized internal texture. Spotted and/or 
zone related alteration is seen in many grains.

A total of 42 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 8). 
Six analyses were rejected due to high discord-
ance. Most of the U−Pb analyses show moderate 
U-concentrations; only two BSE-dark homogene-
ous/CL-bright zoned grains are low in U. Neither 
good quality recycled zircon cores nor metamor-
phic rims wide enough for laser spot analyses were 
detected. However, in the group of U−Pb dated 
zircons, there are four ~2.10−2.13 Ga and one 
~2.37 Ga grains that are apparently metamorphic. 

The 207Pb/206Pb age distribution (Fig. 8A) of the 
detrital zircon ranges from 2.70 Ga to 2.05 Ga. The 
two youngest ages of 2.05 Ga, from zoned zircon 
domains, determine the maximum age for the 
sedimentation. In the relative probability plot (Fig. 
8B), the most prominent age peak is at ~2.07−2.08 
Ga, which includes ages from 2.09 Ga to 2.05 Ga. 
On the older side of that peak, there is a pooled 
peak made by numerous ~2.10 Ga ages. The old-
er Palaeoproterozoic detrital zircon grains are 
~2.16−2.18 Ga, 2.32−2.37 and 2.42 Ga. The small 

Archaean population consists of zircon grains with 
ages of ~2.56 Ga, 2.63 Ga and 2.70 Ga.

UG-26_8114 orthosandstone

Orthosandstone yielded abundant, quite fine-
grained transparent to turbid detrital zircon. Com-
pared to the sandstone sample UG-25_8096, the 
amount of subrounded/abraded grains is clearly 
smaller and the number of euhedral, sharp edged 
zircon is larger. The colour varies between dark 
brown to white and yellowish indicating some 
degree of alteration. In BSE and CL images (Fig. 
2), the zircon is usually CL-dark and exhibits frac-
tures and oscillatory zoning. Spotted and/or zone 
related alteration is also visible in many grains. 
More rarely, the zircon displays composite or sec-
tor zoning and a homogenized internal texture. 

A total of 48 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 8). 
Seventeen analyses were rejected due to high dis-
cordance. Most of the U−Pb analyses show mod-
erate U concentrations. Only six grains have U 
concentrations of <100 ppm. Neither good quality 
recycled zircon cores nor metamorphic rims that 
were wide enough for laser spot analyses were de-
tected. However, in the group of analysed zircons, 
there are three apparently metamorphic grains 
that are ~2.08−2.19 Ga old and one that is ~2.35 
Ga old. 

The 207Pb/206Pb age distribution (Fig. 8A) of the 
detrital zircon ranges from 2.83 Ga to 2.05 Ga. The 
three youngest U−Pb analyses on zoned zircon 
domains with ages of 2.06−2.05 Ga determine the 
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Fig. 8. LA-MC-ICPMS zircon U–Pb data 
from post-Rwenzori platform sediments. 
A) 207Pb/206Pb age distributions of detrital 
zircon grains in sandstone samples UG- 
25_8096, UG-26_8114 and UG-27_8126.  
B) Relative probability plots for 207Pb/ 
206Pb ages of detrital zircon grains in sam-
ples UG-25_8096, UG-26_8114 and UG-
27_8126.
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maximum age for the sedimentation. On the rela-
tive probability plot (Fig. 8B), the most prominent 
age peak is at ~2.07 Ga, which includes ages from 
2.05 Ga to 2.09 Ga. The older Palaeoproterozoic zir-
con grains have ages of ~2.11−2.15 Ga, 2.18−2.19 
Ga, 2.29 Ga and 2.33−2.35 Ga. The small Archaean 
population consists of zircon grains with ages of 
~2.62 Ga and 2.83 Ga. 

UG-27_8126 feldspathic sandstone

Among the three Post-Rwenzori platform sand-
stone samples, sandstone sample UG-27_8126 
contains those detrital zircon grains that are the 
most strongly abraded. Also the number of CL-
bright and structurally homogeneous grains is 
the highest. In addition, only in this sample does 
the zircon grain-size vary from coarse to fine. In 
BSE and CL images (Fig. 2), the zircon frequently 
displays fractures, oscillatory zoning and spotted 
and/or zone related alteration. More rarely, the zir-
con exhibits composite or sector zoning or a ho-
mogeneous internal texture. 

A total of 65 zircon domains were U−Pb dated 
using MC-LA-ICP-MS (Appendix 1 and Fig. 8). 
Sixteen analyses were rejected due to high dis-
cordance. Approximately two thirds of the U−Pb 
analyses show moderate U-concentrations and 
one third have <100 ppm U. Neither good quality 

recycled zircon cores nor metamorphic rims that 
were wide enough for laser spot analyses were de-
tected. However, ten apparent metamorphic grains 
have ages of ~2.1 Ga, 2.46−2.44 Ga, 2.55 Ga, 2.68 
Ga, 2.91 Ga and 3.06 Ga. In fact, the number of the 
apparent metamorphic grains also seems to be sig-
nificantly higher in this sample than in the other 
two sandstone samples.

The 207Pb/206Pb age distribution (Fig. 8A) of 
the detrital zircon grains ranges from 3.06 Ga to 
1.79 Ga. The youngest age at 1.79 Ga (41a; see Fig. 
2) may represent a recrystallized very small core 
domain and the second youngest 1.90 Ga zircon 
(36a; see Fig. 2) may be metamorphic. Neverthe-
less, single ages cannot be used when determining 
the maximum age for the sedimentation as there is 
always the possibility of contamination during the 
crushing and mineral separation processes. U−Pb 
analyses on magmatic zircon domains with ages 
of 1.97−1.98 Ga determine the maximum age for 
the sedimentation. In the relative probability plot 
(Fig. 8B), the youngest age group of 1.97−1.99 Ga 
is also seen as a major frequency peak. However, 
the most prominent age peak is at ~2.06 Ga, which 
includes detrital zircon ages from 2.04 Ga to 2.08 
Ga. The 19 Archaean ages scatter between 3.06 Ga 
and 2.52 Ga and the older Palaeoproterozoic detri-
tal zircon ages between 2.44−2.14 Ga.

 
Kibaran rocks of the intracratonic North Kibaran Belt, SW Uganda

UG-30_3675 Rubaale pegmatite granite

This coarse-grained muscovite granite sample 
yielded a small amount of turbid and altered zir-
con with a stubby morphology. A few long pris-
matic grains were also found. In BSE and CL im-
ages (Fig. 2), the zircon is completely CL-dark and 
BSE-spotted with fluid pores. There are also some 
bright/unaltered zircon grains. 

A total of 26 zircon domains were dated using 
MC-LA-ICPMS (Appendix 1 and Fig. 9A). The 
U-concentrations are high and 206Pb/204Pb ratios 
are usually very low. Eleven analyses − those with 
the highest common lead contents − were rejected 
during U−Pb data processing. On the concordia 
diagram, the data scatter widely. However, the old-
est and most discordant ages are from analyses 
showing the lowest “accepted” 206Pb/204Pb ratios 
and could therefore also be artefacts. An excep-

tion is a discordant analysis 09b with a Pb−Pb age 
of 1.49 Ga. The majority of the zircon ages plot 
around ~1.12 Ga. These data are the least discord-
ant, showing the lowest common lead content and 
the lowest U-concentrations. Therefore it is sug-
gested that the ~1.12 Ga age is the best age esti-
mate for the pegmatite granite. The youngest ages 
were measured from two metamorphic zircon 
grains. One grain has a ~0.72 Ga central domain 
and a ~0.61 Ga outer domain while the other gives 
an age of ~0.67 Ga (see Fig. 2). 

Although most of the data were unsuitable for 
reliable U−Pb age determinations, all were suit-
able for determining a Pb−Pb isochron age. In a 
206Pb/204Pb vs. 207Pb/204Pb plot (Fig. 9B), most of the 
data plot on the same line giving a robust isoch-
ron age of 926 +35/-45 Ma (n=20/22), which sets a 
minimum age for the pegmatite granite.
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Fig. 9. LA-MC-ICPMS zircon U–Pb data from NKB, UG-30_3675 Rubaale pegmatite. A) Concordia plot. Red ellipses inter-
cepting the concordia curve at ~1.1 Ga determine the age for the pegmatite. Green ellipses are from metamorphic grains. B) 
206Pb/204Pb vs. 207Pb/204Pb plot. Rejected data with low 206Pb/204Pb are also included. The most radiogenic point 02a and the data 
from the metamorphic grains are excluded.

Kibaran rocks of the Madi-Igisi Belt, NW Uganda

UG-39_1272 quartz-muscovite schist

The zircon population in quartz-muscovite schist 
sample UG-39_1272 appears to be quite homoge-
neous. It mainly consists of transparent, pinkish 
grains with occasional inclusions and morphology 
ranging from equidimensional to elongated pris-
matic (l:w ≤ 3.5). In addition to the main popu-
lation, there are some turbid grains with varying 
morphology. In BSE and CL images (Fig. 2), the 
zircon either displays BSE-dark quite homogene-
ous/CL-pale zoned characteristics or the grains 
are BSE-paler/CL-dark and surrounded by zircon 
rims. Additionally, there are some cores and grains 
exhibiting heavy alteration and/or destruction of 
the grains. The monazite appears to be “porous” 
and in places forms dendritic-like growth net-
works.

A total of 37 zircon domains were dated us-
ing MC-LA-ICP-MS (Appendix 1 and Figs. 10A–
10C). Three analyses were rejected due to a high 
content of common lead and/or high discordance. 
On the concordia diagram, the U−Pb data divide 
into three apparent age groups. Archaean ages 
and one ~2.48 Ga age were determined mostly 
from the core domains, surrounded by younger 
rim growths. The spread from 2.63 Ga to 2.48 Ga 
(Fig. 10A inset) most probably does not indicate 

different ages, but rather radiogenic lead loss from 
the originally ~2.63 Ga zircons. Actually, the Ar-
chaean ~2.6−2.5 Ga migmatization/reactivation is 
documented from that part of Uganda in particu-
lar. The main zircon population consisting of BSE-
dark/CL-pale zoned zircon yielded a concordia age 
of 977 ± 9 Ma (Fig. 10B), that sets a maximum for 
the timing of the sedimentation. This group also 
includes the rim zircon growths on the Archaean 
grains. Three analyses show later lead loss. The few 
rim growths on the ~1.0 Ga grains that were wide 
enough for dating give Pan-African 660 Ma ages 
(Fig. 10B). 

UG-46_23579 dacitic metatuff

The grey, rather fine-grained, weakly banded or 
foliated dacitic metatuff yielded abundant zircon 
with fine to medium grain-size. The euhedral 
grains are almost colourless to brownish, translu-
cent to turbid and usually elongate to stubby with 
a length to width ratio of ~1.5−2.5. In BSE and 
CL images (Fig. 2), the BSE-darker/CL-paler zir-
con displays compositional zoning and the BSE-
pale domains and grains are dark and spotted in 
CL. Obvious cores or metamorphic rim zircon 
growths were not detected. Fracturing is rare and 
inclusions are common.
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A total of 18 zircon domains were dated using 
the U−Pb LA-MC-ICPMS method (Appendix 1 
and Fig. 10D). One analysis was rejected due to a 
high content of common lead. The U concentra-
tions for the clearly zoned grains are rather con-
stant and moderate. The CL-darker and more tex-
turally homogeneous zircon domains have higher 
U contents. On the concordia diagram, the U−Pb 
data plot in a tight cluster at 1.0 Ga. The calculated 
concordia age of 996 ± 11 Ma resulted in a very 
high MSWD value of 37. Consequently, the 984 ± 
8 Ma age for the dacitic metatuff was determined 
using the mean of the 207Pb/206Pb ages. 

UG-50_34399 Akuru sericite quartzite

Sericite quartzite sample UG-50 yielded a small 
amount of zircon of varying grain-size. Under 
the stereomicroscope, no signs of abrasion were 
detected. The zircon is mostly almost colourless, 
transparent, quite short (l:w ~1−3) and either has 
sharp or rounded edges. A few larger, turbid meta-
mict grains were also detected. Some monazite 
grains suitable for U−Pb dating were also found. 
In BSE and CL images (Fig. 2), zircon usually 
displays compositional zoning texture and thin 
BSE-pale/CL-dark enveloping metamorphic rims. 

Some grains are spotted and CL-dark images indi-
cate metamictization of the crystal lattices. 

A total of 51 zircon and 15 monazite domains 
were dated using the U−Pb LA-MC-ICPMS meth-
od (Appendix 1 and Figs. 10E-10H). One mona-
zite and six zircon analyses were rejected due to 
high discordance. The detrital zircon grains yield-
ed ages from 1.0 Ga to 2.6 Ga. In the 207Pb/206Pb 
age probability plot, the most prominent peak is at 
~1.86 Ga. The population of ~1.0 Ga detrital zir-
cons is the second highest. The maximum age of 
sedimentation is determined by the youngest ages 
for detrital zircon grains (976 ± 30 Ma and 990 ± 
34 Ma).

Of the monazite analyses, texturally homoge-
neous BSE-darker domains and grains yielded 
younger ages and higher U concentrations than 
those of the texturally heterogeneous and BSE-pale 
domains and grains. A good example is monazite 
grain 06 (see Fig. 2): the oldest age of ~0.87 Ga was 
measured from its BSE-white domain (1341 ppm 
U) while its BSE-darker domain yielded an age of 
~0.65 Ga (4101 ppm U). It is clear that the higher 
the U concentration was, the more easily the U−
Pb clock was reset. The mean 207Pb/206Pb age of the 
metamorphic monazites is 661 ± 17 Ma (10H).

Neoproterozoic autochthonous Malagarasi Supergroup (Bunyoro Group), central Uganda

UG-49_34295 orthoquartzite/sericite quartzite/
sericite schist 

The amount of the zircon in quartzite sample UG-
49 was very small and, therefore, all the zircon 
with diameter >50 µm was mounted for the U−Pb 
analyses. The grain-size is mostly fine with many 
grains being clearly abraded. Their colour varies 
from colourless to dark reddish brown and their 
morphology is mostly stubby to subrounded. In 
CL and BSE images (Fig. 2), the zircon usually dis-
plays oscillatory, composite or sector zoning with 
varying intensity. Some of the CL-brightest grains 
are considered to be metamorphic in origin. The 
few fractured zircon grains are dark in CL images. 

A total of 49 zircon domains were dated using 
the U−Pb LA-MC-ICPMS method (Appendix 
1 and Figs. 11A–11B). Three highly discordant 
data points were rejected. The post-sedimentary 
metamorphic rims were too thin for age dating. 
On the concordia diagram (Fig. 11A), the detri-
tal zircon U−Pb data scatter between 2.9 Ga and 
1.0 Ga. The most prominent frequency peaks 
are at ~1.0 Ga, 1.9 Ga and 2.0 Ga (Fig. 11B). The 
youngest detrital zircon grains 06a and 19a (see 
Fig. 2) have ages of 972 ± 22 Ma and 976 ± 24 Ma  
(± 2σ errors) respectively. These ages determine 
the maximum age for the sedimentation.

Fig. 10. (facing page) LA-MC-ICPMS zircon and monazite U–Pb data from MIB. A–C) UG-39_1272 quartz-muscovite schist. 
Concordia plots of all (A) and younger detrital zircon data (B) and relative probability plot for all 207Pb/206Pb ages (C). D) 
Concordia plot for UG-46_23579 dacitic metatuff. E–H) UG-50_34399 Akuru sericite quartzite. Concordia plot of all detrital 
zircon data (E), distribution of 207Pb/206Pb ages of detrital zircon (F), relative probability plot of 207Pb/206Pb ages (G) and con-
cordia plot of monazite U–Pb data (H). Insets in Figures A, B, D and H show the 207Pb/206Pb age distributions with/without 
the means of the Pb−Pb ages.
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Fig. 11. LA-MC-ICPMS U–Pb data on detrital zircon from Malagarasi Supergroup and a glaciogenic deposit. A–B) UG-
49_34295 orthoquartzite belonging to Malagarasi Supergroup. C–D) UG-36_15097.2 tillite from a glaciogenic deposit in-
terpreted as Phanerozoic (Westerhof et al. 2014a). Relative probability plots of 207Pb/206Pb ages (A and C) and distributions of 
207Pb/206Pb ages (B and D). Insets in Figures B and C show concordia plots for all the U–Pb data.

Neoproterozoic Karamoja Belt, NE Uganda

UG-6_1083 Otukei charnockite

Charnockite sample UG-6_1083 yielded abundant 
medium to coarse-grained zircon with a homoge-
neous appearance. The zircon is transparent and 
either colourless or has a brown pigmentation. The 
morphology is usually subhedral to euhedral and 
short to long prismatic. A small number of anhe-
dral grains were also detected. It contains occa-
sional inclusions. In BSE and CL images (Fig. 2), 
some of the grains have BSE-pale/CL-dark cores 
enveloped by quite homogeneous to weakly zoned 
CL-paler rims. Elsewhere, the zircon exhibits dif-
ferent styles of internal textures from oscillatory 
and composite zoning to fuzzy and homogeneous. 

A total of 26 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 12A). The 

U−Pb data are mostly concordant but these spread 
broadly on the concordia curve between 650 Ma 
and 730 Ma. No significant age differences were 
detected between core and rim domains in the 
same grain or between magmatic and metamor-
phic zircon. The mean of the 207Pb/206Pb ages de-
termines an age of 684 ± 6 Ma for the Otukei char-
nockite. One apparently inherited 0.74 Ga zircon 
was found.

UG-34_23253 Woi charno-enderbite

Woi charno-enderbite yielded abundant zircon 
with a homogeneous population and varying 
grain-size. Zircon is transparent, colourless, and 
has a simple prismatic morphology. Apparently 
inherited grains were not found. In CL images 
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(Fig. 2), it exhibits compositional zoning and some 
grains have CL-bright zoned centre domains en-
veloped by CL-darker weakly zoned to quite ho-
mogeneous rim phases.

A total of 27 zircon domains were U−Pb dated 
using MC-LA-ICPMS (Appendix 1 and Fig. 12B). 
Usually, the analyses show low 206Pb/204Pb and quite 
low U concentrations (~110-20 ppm). The seven 
analyses with the lowest 206Pb/204Pb ratios and high 
degree of discordance were ignored in the calcula-
tions. Analyses from apparent core-rim pairs did 
not yield deviating ages within the 2 sigma error 
limits. The U−Pb analyses plot in an apparently 
tight cluster on the concordia curve. However, 
the inset in Fig. 12B shows that the 207Pb/206Pb age 
distribution of ~0.86-0.68 Ga is quite wide with 
a mean of 721 ± 18 Ma. The concordia age of 737 
±11 Ma has a rather high MSWD of concordance 

(6.5; n=20/20) but can be considered the best age 
estimate for the rock. 

UG-42_1101 Kitgum granite 

The coarse-grained, porphyritic Kitgum granite 
yielded abundant euhedral to subhedral, mostly 
transparent, elongated to long prismatic (l:w ≥ 
4) and pale brownish to almost colourless zircon. 
In addition to the transparent type, there are also 
brown coloured, translucent to turbid and long 
prismatic to stubby grains. The zircon population 
as a whole is rather homogeneous. In BSE and CL 
images (Fig. 2), the zircon texture appears to be 
quite variable. Usually, the grains have zoned, in 
places resorbed cores enveloped by quite homo-
geneous CL-paler zircon rims. A few grains have 
CL-darker rims and CL-bright cores.

C

B

C

A

DC

B

C

A

D

Fig. 12. LA-MC-ICPMS U–Pb data on zircon from KB. Concordia plots for A) UG-6_1083 Otukei charnockite, B) UG-
34_23253 Woi charno-enderbite, C) UG-42_1101 Kitgum granite and D) UG-48_3418 Kitgum granite. Insets in Figures A, B 
and C show the 207Pb/206Pb age distributions and the means of the Pb−Pb ages.
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Fig. 13. LA-MC-ICPMS U–Pb data on zircon from PAG. Concordia plots for A) UG-11_2057 Midigo granite and B) UG-
43_1231 Adjumani granite. Insets in Figures A and B show the 207Pb/206Pb age distributions and means of the Pb−Pb ages.

A total of 22 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 12 C). The 
majority of the U−Pb data are concordant and 
show moderate U-concentrations. Despite the 
dated zircon domain type – zoned cores or textur-
ally homogeneous rim domains (see Fig. 2; zircon 
11) – the age results mostly plot at ~700 Ma on the 
concordia diagram. Two meaningfully older ages 
of ~1.89 Ga and >1.75 Ga were measured from 
cores. The 694 ± 10 Ma age for the granite is deter-
mined by the mean of the Pb−Pb ages as the con-
cordia age resulted in a high MSWD value.

UG-48_34181 Kitgum granite 

Another porphyritic granite sample, UG-48, 
yielded abundant zircon with a homogeneous 
population. It is mostly medium-grained, trans-

parent and colourless. Morphologically it varies 
from euhedral needles to almost equidimensional 
oval-shaped. In BSE and CL images (Fig. 2), the 
zircon exhibits a variety of textures. Some grains 
have BSE-darker/CL-bright zoned inner domains 
surrounded by BSE-paler/CL-darker rim do-
mains that can be irregularly shaped (zircons 02 
and 08 in Fig. 2). Furthermore, some grains are 
CL-darker and zoned. Fracturing and inclusions 
are uncommon.

A total of 15 zircon domains were dated using 
the U−Pb LA-MC-ICPMS method (Appendix 1 
and Fig. 12D). The U concentrations vary between 
25 ppm and 487 ppm. Despite the type of the ana-
lysed zircon domains, all the analyses plot on the 
concordia diagram in a cluster around 700 Ma. 
The concordia age of 697 ± 8 Ma determines an 
age for the Kitgum granite.

UG-11_2057 Midigo granite (WNB)

The zircon in slightly foliated granite sample UG-
11_2057 is commonly medium to fine-grained, 
transparent, euhedral longer prismatic (l:w 
~2.5−5) or stubby and quite colourless. In addition 
to this type, there are also larger and more turbid 
grains. The population appears to be mostly rather 
homogeneous. In BSE and CL images (Fig. 2), the 
zircon commonly displays oscillatory growth zon-
ing. A few grains exhibit texturally homogeneous 

BSE-paler/CL-darker centre domains.
A total of 21 zircon domains were dated using 

LA-MC-ICPMS (Appendix 1 and Fig. 13A). The 
most discordant data point (18a) records an age of 
≥ 0.92 Ga for an inherited core. On the concordia 
diagram, most of the data from the zoned zircon 
domains plot approximately between 600 Ma and 
650 Ma, but several analyses have 207Pb/206Pb ages 
of ~700 Ma. On the Pb−Pb age plot (inset in Fig. 
13A), the decreasing Pb−Pb age trend most prob-
ably indicates lead loss. The mean 207Pb/206Pb age 

Neoproterozoic in-situ Pan-African Granitoids, Northern Uganda
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of 656 ± 16 Ma is considered to be the best age 
estimate for the Midigo granite. The youngest age 
of ~600 Ma was measured from a texturally homo-
geneous core domain, plausibly reflecting late clo-
sure of the U−Pb system in a recrystallizing core.

UG-43_1231 Adjumani granite (WNB)

The zircon in the granite sample UG-43 is for the 
most part even and fine to medium-grained and 
has a homogeneous population. The euhedral 
grains are nearly colourless, long prismatic (l:w 
≥3) to needle-shaped and contain abundant inclu-
sions. In BSE and CL images (examples in Fig. 2), 
the zircon exhibits irregular cracking, abundant 
inclusions and magmatic growth zoning. Envelop-
ing metamorphic zircon growths are absent, but 
three grains have CL-bright rounded zoned cores 
surrounded by the magmatic zircon (Fig. 2; zir-
cons 02 and 06).

A total of 24 zircon domains were dated using 
LA-MC-ICPMS (Appendix 1 and Fig. 13B). Three 
analyses were rejected due to a high content of 
common lead and one because of abnormally high 
errors. On the concordia diagram, the U−Pb data 
plot in a rather tight cluster at 700−600 Ma and 
four data points from cores plus a single zircon 
grain have older ages of 0.76 Ga, 0.99 Ga and ~1.2 
Ga (the upper intercept age for two discordant U−
Pb analyses 04a and 06a). The 207Pb/206Pb ages of 
the 700−600 Ma zircons divide into two apparent 
age groups of ~0.59 Ga and ~0.66 Ga (see the inset 
in Fig. 13B). Although difficult to judge, it is sug-
gested that the younger ages resulted from ancient 
lead loss. A good example is zircon 08 (Fig. 2) hav-
ing a CL-paler inner domain (not a core) and CL-
dark outer domains with ages of 0.64 Ga and 0.59 
Ga, respectively. The concordia age of 659 ± 15 Ma 
for the “older zircon domains” determines the age 
for the Adjumani granite.

Others

UG-36_15097.2 glaciogenic deposit 

The tillite sample from a glaciogenic deposit yield-
ed abundant, mostly fine grained and euhedral zir-
con. A few pink, transparent, stubby grains exhibit 
abraded surfaces. The grains are usually short and 
quite colourless ± pigmented. The BSE and CL-
images of the zircon (Fig. 2) display varying pat-
terns from BSE-dark/CL-bright zoned to weakly 
BSE-zoned/CL-dark homogeneous/blurred. Only 
a few zircon rim growths that were wide enough 
for dating were detected. A few apparently meta-
morphic/homogenized zircon grains or domains 
were also found.

A total of 75 zircon domains were U−Pb dated 
using MC-LA-ICPMS (Appendix 1 and Figs. 11C 
and 11D). Six analyses were ignored due to a high 
degree of discordance. The analyses on apparent 
core-rim pairs did not usually yield deviating ages 
within the error limits. Three Archaean ages of 
2.63 Ga (n=2) and 2.54 Ga were measured from 
zoned zircon. Palaeoproterozoic detrital zircon 

has ages of 2.40 Ga (n=2), 2.16 Ga, 2.07-2.06 Ga 
(n=2), 1.88−1.87 Ga (n=2) and 1.83 Ga. Of these, 
the 2.16 Ga, one 2.40 Ga and one 2.07 Ga zircon 
grains are considered to be metamorphic. Besides 
the main age frequency peak in the probability plot 
(Fig. 11C), the Mesoproterozic ages include two 
~1.44-1.43 Ga and three ~1.31 Ga zircon grains. 
The majority of the Mesoproterozoic detrital zir-
con has ages between ~1.40 and 1.34 Ga (n=52). 
The mean 207Pb/206Pb age for these is 1367 ± 4 Ma 
(Fig. 11D). However, it may not be reasonable to 
combine detrital zircon ages as the zircon mate-
rial may have various sources. The youngest single 
age of ~700 Ma was measured on a sector-zoned 
and recrystallized core domain of a zircon 65. The 
maximum age for the sedimentation is determined 
by a ~1.31 Ga age for the three youngest detrital 
zircon grains, which are all magmatically zoned. 

Geological field evidence supports a Phanero-
zoic (Karoo) depositional age for the glaciogenic 
deposits (Westerhof et al. 2014a and 2014b).
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SUMMARY OF THE AGE RESULTS 

General 

This paper presents isotopic ages for 44 rock sam-
ples from Uganda sampled by the GTK consortium 
geologists during the years 2009−2011. The U−Pb 
and Sm−Nd analytical data (Appendices 1 and 2) 
are presented only in digital format attached as a 
separate file to the electronic version of the article 
(www.hakku.gtk.fi). A summary of the radiometric 
ages with comments on them is presented in Table 

2 and visualized in Fig. 14. The age range of the fel-
sic to mafic magmatic rocks varies from ~3.08 Ga 
to 0.66 Ga (Fig. 14). North Uganda lacks Palaeo-
proterozoic magmatic rocks related to the Uben-
dian/Eburnian orogen and in south Uganda, Pan-
African rocks are absent. Many samples have been 
overprinted or metamorphosed by Neoarchaean 
(2.58 Ga) and Pan-African reactivation events. 

Meso- to Neoarchaean West Nile Block 

In the WNB, the Mesoarchaean 3.08 Ga char-
nockitic gneisses plausibly manifest coeval high 
grade metamorphism. Moreover, the charnockite 
zircons show evidence of two later metamorphic 
zircon rim phases at ~2.64 Ga and ~2.57 Ga. The 
Neoarchaean phase of the crustal formation pro-
cess is associated with charnockitic 2622±5 Ma 
“Brown granites”. The 2.64−2.63 Ga volcanic rocks 
and associated sediments were deposited coevally. 
A mafic metatuff that has an age of 2.55−2.57 Ga 
contains 3.0 Ga and 2.9 Ga inherited zircon grains 
and cores and a few younger rims as well as meta-
morphic zircon domains indicating Pan-African 
overprinting at 0.8−0.6 Ga. Additional evidence 
for Pan-African reactivation is visible in the 2.64 
Ga volcanic rock and in a mafic metatuff. 

Meso- to Neoarchaean North Uganda Terrane 

In the NUT, the Mesoarchaean phase is indicated 
by a ≤ 2991 ± 9 Ma felsic granulite of the Karuma 
Group to the east of the Albertine Rift margin. 
Otherwise, the ages for the Neoarchaean granites 
and gneisses are 2732±6 Ma (Kaseeta potassium 
granite); ~2.66 Ga (Apuch granite); 2652 ± 6 Ma 
(Gulu TTG); 2649 ± 6 Ma (Awela granodiorite 
gneiss); ~2.63 Ga (Nagasongola granite); 2629 ± 
10 Ma (Kuju granitic/granodioritic gneiss); 2622 
± 5 Ma (Katakwi) granite; and 2611 ± 6 Ma (TTG 
gneiss). The ≤ 3.0 Ga granulite has a 2.74 Ga re-
crystallized zircon domain and some of the ~2.6 
Ga gneisses contain 2.7 Ga inherited zircon grains 
and/or cores plausibly indicating crustal recycling. 
Neoarchaean overprinting at 2.5−2.6 Ga is also 
obvious. The intense Pan-African crustal reacti-
vation is seen in the Nagasongolo granite with a 
lower intercept age of 0.69 Ga. 

Neoarchaean West Tanzania Terrane 

The age data indicate 2.65−2.64 Ga felsic and mafic 
magmatism with 2.92−2.73 Ga inherited zircon 
cores and grains indicating crustal recycling and 
an earlier Meso- to Neoarchaean evolution of the 
terrane. An unusual age of 2.49 Ga was measured 
from both a granite and a feldspar porphyry near 
the Neoarchaean E-W trending geophysical dis-
continuity. A few zircons show evidence for the 
widespread Neoarchaean crustal reactivation at 
2.58−2.56 Ga. Furthermore, the well determined 
lower intercept ages from two samples indicate 
0.80−0.79 Ga Pan-African reactivation induced 
radiogenic lead loss in the zircons.

Neoarchaean Lake Victoria Terrane 

A granite, a nepheline syenite and a metatuff brec-
cia were dated at 2.64−2.63 Ga. A gabbro and a 
granite have slightly younger ages of 2.61 Ga and 
2.59 Ga respectively. Inherited zircon material, 
which occurs in the WTT, is totally absent from 
these samples. However, 0.68−0.60 Ga Pan-Afri-
can reactivation was also detected in this terrane.

Palaeoproterozoic Rwenzori Fold Belt

The granitic rocks of the Palaeoproterozoic Rwen-
zori Fold Belt in SW Uganda yielded ages of 
~2.15−1.85 Ga. A 2.15 Ga granitic gneiss exhibits 
intense Kibaran/Grenvillean overprinting and a 
1.96 Ga granite has apparent 2.01 Ga zircon cores. 
The age data from mafic rocks are poor, but the 
maximum age for the dolerite is 1.98 Ga and it also 
contains 2.48 Ga inherited zircon. 

Summary of the age results by tectono-thermal units
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Fig. 14. Summary of the age results.

Post-Rwenzori platform sediments 

The post-Rwenzori platform sediments have a 
maximum depositional ages of 2.05 Ga and 1.97 
Ga. Compared to the two ≤ 2.05 Ga sandstones, the 
≤ 1.97 Ga sandstone contains a higher amount of 
metamorphic zircon grains, the zircon is strongly 
abraded and the distribution of detrital zircon ages 
differs significantly. 

Mesoproterozoic Kibaran rocks of the  
intracratonic North Kibaran Belt 

In SW Uganda, the Kibaran event is indicated by 
an arcuate dolerite dyke swarm and a 1.1 Ga peg-
matite granite with Palaeo- and Mesoproterozoic 
inherited zircon.

Kibaran rocks of the Madi-Igisi Belt 

The N-S trending Madi-Igisi Belt between WNB 
and NUT in NW Uganda, comprises ≤ 0.98 Ga 
and 0.97 Ga gneisses and schists of sedimentary 
and magmatic origin (Mirian schists), respectively. 
In the sedimentary schists, the thin metamorphic 
zircon growths and monazites indicate metamor-
phism at 0.66 Ga.

Neoproterozoic autochthonous Malagarasi 
Supergroup (Bunyoro Group)

An orthoquartzite belonging to the Bunyoro 
Group, yielded a maximum depositional age of 
0.97 Ga. Most of the detrital zircon grains are ei-
ther Palaeoproterozoic or ~0.98 Ga in age. This 
indicates that the sedimentation apparently took 
place coevally with the Mirian schists of the MIB. 

Neoproterozoic Karamoja Fold Belt 

In the Neoproterozoic Karamoja Belt, the Otukei 
charnockite and Woi charno-enderbite of the West 
Karamoja domain yielded ages of 684 ± 6 Ma and 
737 ± 11 Ma, respectively. These relate to Pan-
African granulite-facies metamorphism within a 
subduction-collisional environment in the Neo-
proterozoic Mozambique Belt of the EAO (East 
African Orogen). The intrusive Kitgum granites of 
the West Karamoja domain in the KB yielded ages 
of 694 ± 10 Ma and 697 ± 8 Ma with Palaeoprote-
rozoic Eburnian/Ubendian inherited zircon. 
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Neoproterozoic Pan-African in-situ granites 

The Neoproterozoic Pan-African in-situ granites 
are represented by the 0.66 Ga Adjumani-Midigo 
granites emplaced in the Archaean rocks of the 
WNB and NUT. These enclose some ~1.2−0.76 Ga 
Kibaran/Grenvillean inherited zircon cores and 
grains. 

Others

A tillite from a glaciogenic deposit in the SW 
corner of Uganda mostly has Mesoproterozoic 
1.40−1.34 Ga zircon with a depositional maximum 
age of 1.31 Ga. However, the tillite is considered to 
be Phanerozoic in age (Westerhof et al. 2014b).

Summary

The age data from north Uganda indicate, that the 
West Nile Block and North Uganda Terrain under-
went prolonged Archaean tectono-thermal evolu-
tion from >3.0 Ga to ~2.58 Ga. The ~3.0 Ga Meso-
archaean charnockitic gneiss may also represent 
evidence of coeval high grade metamorphism. Ne-
oarchaean crustal formation and metamorphism 
took place at 2.64−2.61 Ga and was followed by a 
crustal reactivation event at ~2.58 Ga. Subsequent 
Kibaran/Grenvillean and Pan-African magmatism 
and metamorphism was dated at ~1.0 Ga and 0.66 
Ga, respectively. However, the dated charnockitic 
rocks in the western part of the Karamoja Belt only 
yield Pan-African ages. The rift sediments of the 
Madi Igisi Belt, which contain Neoarchaean and 
Palaeo- to Neoproterozoic detrital zircon, were de-
posited after 0.97 Ga and finally metamorphosed 
at 0.66 Ga. In northern Uganda, rock ages relat-
ed to the Palaeoproterozoic Eburnian/Ubendian 
orogen remain hidden although inherited zircon 
grains of that age have been detected. 

In south central Uganda, the age data from 
Neoarchaean West Tanzania Terrane indicate 
2.65−2.64 Ga felsic and mafic magmatism. There 
are also 2.92−2.73 Ga inherited zircon cores and 
grains. A rare age of 2.49 Ga was measured from 
both a granite and a feldspar porphyry near the 
E−W trending Neoarchaean geophysical dis-
continuity. A few zircons show evidence of the 
widespread Neoarchaean crustal reactivation 
at 2.58−2.56 Ga. Furthermore, well determined 

lower intercept ages from two samples indicate 
0.80−0.79 Ga Pan-African reactivation induced 
radiogenic Pb loss in zircons. In the Neoarchaean 
Lake Victoria Terrane occupying the east southern 
corner of Uganda a granite, a nepheline syenite 
and a metatuff breccia were dated at 2.64−2.63 Ga. 
A gabbro and granite have slightly younger ages of 
2.61 Ga and 2.59 Ga respectively. Pan-African re-
activation at 0.68−0.60 Ga was also detected from 
this terrane. Thus, the Neoarchaean crust-forming 
event in WTT and LVT was approximately coeval 
whereas only the WTT samples provide evidence 
of crustal recycling and an earlier Meso- to Neoar-
chaean evolution of the terrane. In fact, the inher-
ited zircon ages of 2.9 Ga and 2.7 Ga found from 
the WTT magmatic rocks are coeval with age data 
from the WNB and the NUT.

The Palaeoproterozoic Rwenzori Fold Belt in 
the western part of south Uganda comprises rocks 
of Ubendian orogen, some of which yield felsic 
and mafic magmatic ages of ~2.15−1.85 Ga. A 2.15 
Ga granitic gneiss exhibits intense Kibaran/Gren-
villean overprinting and a dolerite contains 2.48 
Ga inherited zircon. The post-Rwenzori platform 
sediments of Kagera-Buhweju Supergroup have 
maximum depositional ages of 2.05 Ga and 1.97 
Ga and a different detrital zircon age distribution. 
In the SW corner of Uganda, the Kibaran event is 
indicated by an arcuate dyke swarm and by a 1.1 
Ga pegmatite granite that was further metamor-
phosed at ~0.7 Ga.
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INTRODUCTION

In the following, the most interesting mineral in-
dications, based on mineral resources assessment 
carried out jointly by the GTK Consortium and 
the Department of Geological Survey and Mines 
(DGSM) under the Sustainable Management of 
Mineral Resources Project (SMMRP), are discussed 
with a focus on the occurrences that are considered 
to have potential for further development. However, 
it should be noted that this description is not a col-
lection of all known historical occurrences, which 
often have only limited economic potential. In ad-
dition to the classical summary by Barnes (1961), 
comprehensive and detailed summaries of known 
mineral occurrences and indications are available 
at DGSM in Entebbe, such as Kabagambe-Kaliisa 
(1976 and 1981), Katto (1992a-c and 1997a and 
b), Data & Ongee (2005), Data (2008a-e) and Data 
et al. (2009) for metallic mineral occurrences and 
Kato & Namboyera (2008) and Kato (2010a and b) 
for industrial minerals (kaolin, bentonite, gypsum 

and limestone). The most important mineral oc-
currences and some ideas for further follow-up are 
discussed by the GTK Consortium in two SMMRP 
intern reports: Lehto et al. (2011) and Pekkala et 
al. (2012). The industrial mineral occurrences are 
described in detail in Pekkala & Kuivasaari (2011) 
within the SMMRP-IDA project and in Pekkala & 
Kuivasaari (2012) within the SMMRP-NDF pro-
ject. Promotional leaflets are available describ-
ing new potential targets for mineral exploration 
in Uganda (Lehto 2012) and for dimension stone 
prospects (DGSM 2012).

The geological evolution in Uganda is compiled 
in one volume (Westerhof et al. 2014), and also 
presented as a simplified geological map at 1:1 mil-
lion scale (Lehto et al. 2014). 

Below, the mineral occurrences are briefly de-
scribed, divided in metallic minerals, industrial 
minerals and construction materials based on the 
internal reports above.

METALLIC MINERALS

Gold 

Gold appears to be widely distributed throughout 
Uganda, and has mainly been exploited by artisanal 
miners in many areas such as Busia (SE Uganda), 
Buhweju and Kigezi (SW Uganda), Mubende (cen-
tral Uganda), and more recently in Karamoja (NE 
Uganda). Most of the gold historically exploited oc-
curs in small, high-grade alluvial deposits located 
around the Palaeoproterozoic Buhweju basin (Fig. 1).

Official statistics on gold production in Uganda 
are unreliable. Some 50,000 artisanal miners are 
employed in informal gold production exploiting 
a multitude of generally small and very small de-
posits, not to be compared to the world class (over 

one million troy ounces) gold deposits of northern 
Tanzania and NE Congo. 

A few mining companies are currently actively 
exploring and exploiting gold-bearing quartz-he-
matite veins in the Buganda Group shales around 
the Mubende and Singo granites (Kamalenge and 
Kisita mines) and in the Archaean greenstones of 
the Nyanzian Supergroup in the Lake Victoria Ter-
rane (e.g. Tira Mine in Busia and Amonikakinei). 
These areas appear to have untested mineral po-
tential, and special attention should be addressed 
to these formations. 
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Fig. 1A. Gold in the Buhweju area. Platform sediments of the Palaeoproterozoic Kagera-Buhweju Supergroup overlying Rwen-
zori basement (Rukungiri Suite; ~2.15 Ga) and metasediments of the Buganda Group (~ 2.05 Ga). The yellow dots are known 
gold occurrences. The stream sediment sampling performed in 1993–1995 during the UNDP project (Pekkala et al. 1995) 
returning high gold values is shown by grey dots. The re-analyses of 280 of these samples during 2010 provided clear gold in-
dications (red dots) in the area to the south of the Mashonga gold field, where no gold occurrences are currently known. Gold 
potential quartz vein systems are indicated by orange lines. The well-known occurrences of Anderson’s and Buckley’s reefs are 
strongly indicated by the UNDP stream sediment survey. The re-analyses of the UNDP samples also indicate a strong REE 
anomaly to the SE of Mashonga. The grey box indicates an area for soil geochemistry (Buhweju soil). 
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Fig. 1B. Lithostratigraphic table of the geological map in Fig. 1A.



169

Geologian tutkimuskeskus, Special Paper 56  
Mineral resources in Uganda

Gold in west and central Uganda

In the Buhweju and Bushenyi areas, there are tens 
of separate gold occurrences and panning sites. 
Medium grained metadolerite at Kitaka (Fig. 1A) 
hosts quartz veins and networks of quartz veins 
showing successive generations of quartz vein 
formation. They contain pyrite, chalcopyrite and 
galena. Gold panned from crushed hard rock is ei-
ther angular or sub-angular (Fig. 2).

A galena sample from the main quartz vein in 
the Kitaka quarry contained interesting grades of 
silver, 30.1 ppm Ag. A sample from carbonate-
chlorite altered wall-rock also contains dissemi-
nated galena (2.35% Pb) and analyzed 8.4 ppm Ag, 
and 1.79 ppm Au. All % figures are in this article 
given as weight percentage.

The mafic rock has metamorphosed under low 
greenschist facies conditions and is mainly com-
posed of chlorite and carbonate. 

At Muti River (Fig. 1A), in the Bushenyi gold 
area about 20 SW of Ibanda, there are gold pan-
ning localities within a couple kilometres of the 
river valley. The lowermost of these panning sites 
is located downstream from an old gold reef com-
posed of a quartz network in a light-coloured seric-
ite quartzite (or sandstone) matrix (Fig. 3). The 
river cuts this reef, which most likely is the source 

Fig. 2. Gold grains from galena-quartz veins hosted in mafic 
rocks, Kitaka deposit (Kamwenge District, map sheet 76-2). 

of the gold panned presently just downstream the 
reef. Upstream of the river valley, there may be ad-
ditional bedrock gold occurrences along the river.

At Mashonga (Fig. 1A), 17 km north of Bush-
enyi, gold is in a steep NE-SW-trending shear zone 
composed of soft schistose material and kaolinized 
granite veins with only minor vein quartz (Fig. 4). 
The soft mica-rich rock in the shear zone has re-
sulted from strong deformation, hydrothermal 
alteration and weathering into clay-rich material. 

Fig. 3. An old gold reef at Muti River, map sheet 76-4. Material for panning is excavated between the large in situ boulders 
composed of quartz stock work in quartzite. 
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Gold is fine grained and the panned material con-
tains also much fine grained magnetite, suggesting 
that ground magnetic survey could be an efficient 
exploration tool.

The Kamalenge gold deposit is located within 
the Kamalenge-Kisita gold field, 26 km south of 
the town of Kiboga, and it is hosted by sandstone 
interbeds of the Nile Shale of the Buganda Group 
(Westerhof et al. 2014) between Mubende and Sin-
go granites (Fig. 5). Gold is currently mined there 
from a hard rock resource where it occurs in thin 
hematite-quartz veins in shale within a sheared 
quartz vein zone, hosted by coarse-grained, weakly 
metamorphosed Buganda Group sandstone (Fig. 
6A). Alluvial and colluvial gold also occurs and 
has been exploited in the initial stage of the mining 
operation. Weakness zones trending WNW–ESE 
are cut by NE–SW fractures, which have provided 
passage for gold-bearing fluids. The airborne EM 
survey by SMMRP indicates some E–W-trending 
conducting zones, which are connected to mag-
netic structures and might be worth more detailed 
exploration. 

The Kisita gold deposit is another major min-
eralization in the area. There, quartz veins also 
penetrate into the weakness planes of the brittle 
Buganda sandstones (Fig. 6B). 

Recent mapping (Westerhof et al. 2014) has 
strengthened the gold potential of this part of Bu-
ganda shales and sandstones, where the Mubende 
and Singo granite intrusions might provide the 
heat mobilizing the gold from the mafic volcanics 
underlying the shales and sandstones (Lehto et al. 
2011).

According to recent field observations in the 
Mubende area (Kamalenge and Kisita deposits) 
and in the Kigezi area in the Kabale map sheet, gold 
mineralization occurs closely connected with post 
Ruwenzori (1.85 Ga) and early Kibaran (1.40 Ga) 
granites and orogenic tectonic processes. Most of 
the bedrock gold prospects in the Buhweju, Bush-
enyi and Busia areas have characteristics com-
mon with orogenic gold deposits. Based on exam-
ples introduced in this report, the gold occurs in 
the bedrock of Buhweju plateau in at least three 
main types of occurrence: orogenic shear zones 
(Mashonga type), shear zone-related quartz veins 
(Muti River) and a stringer-type quartz network 
possibly related to base metal mineralization of 
the early orogenic or synmagmatic stage (Kitaka). 
Traditionally, in the Kigezi area for instance, the 
regional metallogeny (Sn-W-Nb-Ta-Au) is con-
sidered to support the idea that the origin of gold 
is closely related to the cassiterite granite suite. In 

Fig. 4. Mashonga gold reef is a weathered shear zone cutting schists (shear zone weathered to clay, yellow-brown) and granite 
veins (kaolinitized, white) close to the contact of schist and conglomerates at the Lubare Ridge north of Mashonga.
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Kisita Gold Kamalenge Gold 

M 

S 

70 000 

 

study 

Fig. 5. Kisita and Kamalenge gold occurrences are located in shales and sandstones between two granite intrusions, Mubende 
(red to the left, M) and Singo (red to the right, S). The light blue denotes Buganda group shale and sandstone, while the yellow 
is slightly younger sandstones and conglomerates of the Namuwasa Group. The grid size is 10 by 10 km.

Fig. 6. (A) Gold-bearing quartz-hematite veins in sandstone, Kamalenge Mine. (B) Gently dipping gold-bearing quartz veins 
at Kisita Prospect. Hammer length 65 cm.

hydrothermal ore-forming processes, gold usually 
precipitates at a lower temperature and respective-
ly higher in the crust than cassiterite and tungsten.

Gold in the Lake Victoria Terrane in south-east 
Uganda 

Deeply weathered bedrock around the Tira de-
posit in SE Uganda (Fig. 7), part of the Neoarchae-

an Lake Victoria Terrane (Westerhof et al. 2014), 
comprises a layer of laterite, up to 7 m thick, cover-
ing up to 35 m of saprolite. Formerly underground 
exploitation of the Tira deposit was facilitated by 
two shafts, 47 and 60 m deep, but at the moment 
underground mining has been discontinued. 

In the Davies open pit, the gold-bearing quartz 
vein is 1–1.5 m thick and the Au content in this 
reef is >10 g/ton, the highest values exceeding  
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200 g/ton. The reef has been excavated down to 
fifty metres. The old McAllister vein (Fig. 8) is just 
outside the current mining licence area. Resistivity 
measurements have been found effective in locat-
ing Au-bearing veins, since they are good conduc-
tors of water and indicate the direction of veins 
(Andreas Schumann, oral comm. 2012). 

The company’s exploration licence area outside 
the mining concession is occupied by artisanal 
miners, who have effectively prevented profes-
sional exploration work. There are 4–5 additional 
large excavations, showing that the area would also 
have a high potential for an industrial-scale min-
ing operation. 

A BIF formation in Busia (0622357E / 
0053632N) on the exploration licence of Roraima 
Mining (Andreas Schumann, oral comm. 2012) 
was inspected, and a gold content of 0.1–2 g/ton 
was recorded. Pyrite is the host mineral of the gold. 

In the Busia gold field (Fig. 7), at Amonikaki-
nei, there are about seven parallel veins within a 
width of one kilometre along a length of 6–7 km. 

 

Fig. 7. Gold occurrences in SE Uganda (yellow rings). Geology, original map at scale 1:250 000. A3VMgr, light brown = Masaba 
biotite granite; A3VBmiv, light green = Idubu Mafic and intermediate volcanic rocks; A3VBmv, darker green = Butte Mafic 
volcanic rocks; A3VLch, magenta = Nangoma Cherty quartzite, shale, black shale and BIF; A3do, dark green = Archaean met-
adolerites; and P3do, light green = Proterozoic metadolerites.

Fig. 8. A 400-m-long excavation in an artisanal gold mining 
area just outside McAllister’s reef (0620155E / 0056979 N.

 

Individual veins are about 0.4 m wide. All in all, 
there are about 100 excavations and pits in the area 
(Fig. 9).

There are several other potential areas for 
new gold deposits in southeast Uganda, such as 
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Fig. 9. Deep gold panning in 
trenches cutting the Ammoni-
kakinei gold mineralized zone.

Walumbe, Nakatama and Bulondo Valleys and 
Mwiri Hill, 5−20 km to the N-NE of Jinja, where 
the bedrock is composed of amphibolites, quartz-
ites and granites of the Buganda Group. Artisanal 
miners are presently working in the recently dis-
covered Bude-Kitoja prospect near the town of 
Mayuge in the Bugiri district, 30 km SW of Busia. 

Gold in north and northeast Uganda

In northern Uganda, gold exploration has been 
limited to the Hoima area, to West Nile in the 
northwest and to the Kaabong-Karamoja area in 
the northeast. Placer gold is known in the north, in 
the Moyo area, where gold is currently panned in a 
tributary of the Kaya River at Yumbe and in Arapi 
village in the valley of the Apipi River, a tributary 
of the River Nile (0368657E / 0416345N). Gold is 
excavated from a two-metre-thick layer of lateritic 
soil that contains abundant angular fragments of 
local bedrock, schist, quartz, dolomite and mafic 
rocks. 

In the early 1900s, a minor gold rush took place 
close to Hoima, at Butiaba by the Kafu River, in 
Bunyoro (Barnes 1961). Traces of gold were later 
found in many localities within a distance of 70 
km along the river down to the bridge of Kyenjo-
jo-Hoima road (Harris 1943). One primary gold 
mineralization occurs in the Kaitakona stream, in 
quartz veins associated with mica schists and am-
phibolites (Data & Ongee 2005). 

In the index map of gold in Uganda, Barnes 
(1961) indicates some localities between Arua 
and Rhino Camp, as well as one close to Zeu, 
West-Nile. Recently the Au potential in this part 
of Uganda has been based on the analogies with 
the greenstone belt and Au deposits in Kilo-Moto, 
in the DR of Congo, where gold is associated with 
quartz veins, shear zones, albitites, schists or iron 
formations in the Kibalian greenstone belt (Goos-
sens 2009) where more than 3 million ounces 
of gold is produced in the Moto greenstone belt 
(Westerhof et al. 2014).

Occurrences of placer gold are known in the 
Zeu area (map sheets 19-4 and 28-2) and Paidha 
(map sheet 28-2). Chert and BIF outcrops have 
been observed in Paidha within the area that is not 
covered by airborne geophysics due to closeness of 
international border. According to the fieldwork 
carried out by Vangold in their claim area, the 
Proterozoic metavolcanics and amphibolites may 
host shear zone-related gold in quartz veins and 
stock-work. 

In mineral-rich northeastern Uganda, gold is 
found in the Kaabong area and close to Alerek 
(Angorom), southeast of Kotido, Rupa, north 
of Moroto town, Lopedo, east of Kaabong, and 
Katabok (Morulem) in the Labwor Hills area 
about 100 km east of Lira (Fig. 10). Gold explora-
tion has previously been carried out by the Geo-
logical Survey of Uganda and later by several com-
panies (MacGregor 1962, Data & Ongee 2005). 
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Fig. 10. The Labwor Hills gold potential area (inside yellow line) in eastern Uganda (original map at scale 1:250 000 NA-36-7 
Aloi). The grid size is 50 by 50 km. Gold is found in placer deposits in Obwar granulite (P3WKgl) and in Kalapata mafic granu-
lite (P3Kmgl), indicated in blue on the map.
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Mineral occurrences are related to lenticular bod-
ies of quartz in shear zones, closely associated with 
the contact between granites and metasediments. 
Arsenopyrite is a typical ore mineral. Probably the 
mineralisation type corresponds to orogenic gold 
deposit. 

Located northeast of Mbale is the Karita allu-

vial gold mining area on the NE slope of Mount 
Elgon, close to the border with Kenya, between 
Tedua (Chebinyinyi) and Alalam rivers (map sheet 
55/1). According to Data et al. (2009), the area has 
been explored, but no results of production or 
grades are available. The source of the placer gold 
is unknown.

Copper and Zinc

The Kilembe Mine (active 1956–1977) is situated 
420 km west of Kampala, near the border with the 
DRC (Figs 11 and 12). At present, the KCCL in 
Kasese is bio-leaching cobalt (1.37%) from Kilem-
be sulphide concentrate. Small amounts of nickel 
(0.4%) are also being recovered (http://www.kccl.
co.ug). 

Falconbridge Ltd mined over 16 million tons of 
ore from the Kilembe deposit grading 1.98% cop-
per and 0.17% cobalt. Reserves at closure were re-

ported to be 4.1 million tons, with a copper con-
tent of 1.77% (in proven and probable category) 
plus 1.8 Mt with a Cu content of 1.46% (in possible 
category). According to the most recent resource 
estimate from 1997 by Steve Le Brun, who used a 
geostatistical block model and available drill data, 
in the Lower Bukangama and Eastern zones there 
is an in situ resource of 3.15 million tonnes grad-
ing 0.18% cobalt and 0.97% copper (not a NI 43-
101 defined resource). 

Fig. 11. Location of Kilembe Mine, close to Kasese, SW Uganda (original map at scale 1:250 000 Fort Portal, 36-13). The grid 
size is 50 by 50 km. The sulphide-rich lenses are connected to a contact zone between Archaean TTG gneisses (grey on map, 
A3Uttg) and sediments of the Nile Formation (P1BNms, blue on map = mica schists with quartzitic interbeds) and mafic vol-
canics (P1BNabl, green on map = Bujagali mafic rocks).
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The ore is composed of chalcopyrite, Co-rich 
pyrite and pyrrhotite. The texture of the ore varies 
from massive to disseminated, or veins or stock-
work of sulphides in various country rocks. The ore 
and the surrounding rocks are strongly deformed 
and sheared. Due to this, sulphides are mobilised 
and occur in different host rocks. Chlorite-rich 
schists and fine- to medium-grained plagioclase-
hornblende rocks, probably remnants of mafic vol-
canic rocks, belong to the country rocks of the ore, 
although various schists and clearly younger felsic 
igneous rocks and quartz veins are also common.

A representative massive sulphide ore sample 
(15.4% S) taken by the project team in the mine 
contained 2.20% Cu, 0.25% Co, 0.36% Ni, 0.11% 

V, 158 ppm Cr, 113 ppm Zn, 20 ppm Pb, 2.8 ppm 
Ag, 70 ppb Au, 65 ppb Pd, <10 ppm As and <0.5 
ppm Cd. Ni hydroxide is a product of KCCL, but 
based on the high Ni in the massive ore, it would 
be worth studying whether there are Ni minerals 
that do not follow pyrite in processing of the ore.

Based on the mafic rocks and the metallogeny, 
the Kilembe ore can be classified as a VMS type of 
ore that is characterized by Cu, Co and Ni. 

The new airborne geophysics survey by Fugro 
during 2008 did not extend to the mine area it-
self, partly due to strong variation in topography 
around the mine, limiting the usefulness of air-
borne geophysics in the interpretation of the ma-
jor structures controlling the mineralisation.

Chromium and platinum group metals

Chromitite with interesting grades of platinum-
group metals occurs in the ultramafic intrusive 
rocks in the Nakiloro area, on Moroto Mountain 
(Fig. 13). Chromite forms northeast-plunging 
chromitite lenses within serpentinites and talc and 
chlorite schists, and is found as floats or outcrops 
in a 6-km-long zone. The surrounding bedrock is 
mainly composed of feldspar-poor amphibolites 

and hornblende schists, which are locally migma-
tized. Ultramafic rocks are intercalated by >60-m-
thick zones of quartz-feldspar-muscovite gneisses 
and quartz-feldspar-biotite gneisses and marbles 
(Fleuty 1962, Barnes 1961).

The ultramafic rocks are variably composed 
of talc, carbonate, serpentine and magnetite and 
contain 40–41% MgO. The Cr ore is composed 

Fig. 12. The Kilembe mine is situated on the eastern slope of the Rwenzori Mountains. The main adit is at 1,300 m above sea 
level and the mine extents both upwards (top at 2 050 m above the sea level) and downwards (bottom at 990 m above the sea 
level) from this altitude. 
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Fig. 13. Location of chromite-bearing rocks at Nakiloro to the north of Moroto (red rings). Original map at scale 1:250 000 
NA-36-8 Moroto. Chromite is connected to banded amphibolites and hornblende biotite gneiss (green on map, P3Rbag). The 
grid size is 50 by 50 km.
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of isolated pods and veins of massive or dissemi-
nated chromite. The grain size varies from coarse 
grained to fine grained (Fleuty 1962).

Generally, there is 45−55 wt-% Cr2O3 in the 
chromite, and the Cr/Fe ratio varies from <1 to 
2.5. Based on the host lithologies and the occur-
rence of chromitite at Nakiloro, it corresponds to 
the podiform type or Cr deposits.

According to analyses published by Fleuty 
(1962) the platinum content in the Nakiloro chro-
mitite is very high, 3−8 ppm Pt, which also makes 
the ultramafic formation a very	attractive	explo-
ration	target for PGE. The Cr-PGE potential area 

(Nakiloro) is outlined according the lithological 
map, which indicates that serpentinites occur over 
quite a large area north of Moroto Mountain.

In the Jinja region of SE Uganda, there are sev-
eral larger gabbroidic intrusions that contain dis-
tinctly elevated grades of nickel (0.18% Ni), copper 
(0.1% Cu) and gold (55 ppb Au), but only slightly 
elevated Pd (11 ppb) and low Pt. These intrusions 
were located during the SMMRP mapping cam-
paign and are considered to have high base met-
al potential, as discussed by Lehto (2012) and in 
more detail by Kärkkäinen et al. in this volume.

Iron

Iron ore mainly occurs in two areas in Uganda: in 
the southwest and the southeast. Sedimentary he-
matite iron ore deposits are known in the south-
west in the Muko area (Butare, Kashenyi, Ka-
mena), located in Kisoro and Kabale districts and 
close to the town of Kabale (Fig. 14). 

Stratigraphically, the Muko iron ores belong to 
the Midproterozoic Ankole Group in the Cyohoha 
Formation. Sedimentary iron ore is also found in 
Mugabuzi, close to the town of Mbarara, and in 

Fig. 14. Location of hematite iron ore deposits in SW Uganda; mining licenses in yellow.

southeast Uganda in Nambogwe and Namugon-
go, in the Mayuge district, 12-14 km southeast of 
the town of Jinja (Data 2008d). 

Magnetite iron ore is known to occur in the 
carbonatite complexes in east Uganda. Abundant 
magnetite is found in the Sukulu and Bukusu car-
bonatites in the Tororo district. Also noteworthy 
as a possible iron source is the observation of Cu-
Fe oxide ore at Ndaraji Hill.
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Hematite iron ores

Muko-type iron ore occurs as massive or semi-
massive Fe-oxide layers between mica schists and 
phyllites. The thickness of the layers is from a cou-
ple of metres to more than 10 metres (Fig. 15). The 
Muko iron ore is of sedimentary origin and is host-
ed by arenitic schists. The contacts of the ore and 
the country rock are mainly very sharp. Locally, 
the ore is strongly deformed and tectonically brec-
ciated, and mixed with the surrounding schist. The 
strata can be followed either by boulders (float) or 
in outcrops of a hundred metres or longer. They 
are likely to be stratigraphically controlled, and so 
the Fe-rich layers can be very wide and their thick-
ness may be variable, especially when thickening 

of ore layers in the fold hinges has occurred during 
deformation. 

There have been exploration activities, includ-
ing a ground magnetic survey and drilling, to 
estimate the dimensions and the quality of the 
Muko-type ore (Katto 1997, Data & Ongee 2005). 
Additional geophysical surveys have been carried 
out at the Muko and Kabale iron ore fields by GTK 
Consortium. Gravimetric surveys provide the best 
response, but are not always reliable due to the 
very rough topography.

Muko-type iron ore is of high quality and is 
mainly composed of very fine-grained (10–30 
µm), oriented and massive hematite (Figs 16 and 
17). 

Fig. 15. (A) Muko iron ore in a road cut in the Kashenyi area. The thickness of the iron-rich rock here is at least 10 m. (B) Iron 
ore outcrops at Makanga, on the summit of the hill to the north of the town of Kabale. The outcrops of hematite ore can be 
followed for a length of 400 m and the maximum measured width is 48 m.

Fig. 16. (A) Muko-type massive hematite iron ore in Butare. Typical hematite ore, bluish and shiny on the broken fresh surface. 
(B) Strongly oriented texture due to flaky nature of the hematite (right).
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The quantity of silicates is small in the mas-
sive ore (Fig. 17), but there are occasional spots 
of carbonate. Chemically, the iron ore is pure, 
and the amounts of chemical impurities, such as 
phosphorus, sulphur, chromium, titanium and 
vanadium, are very low. According to chemical 
analyses, a typical Muko-type iron ore contains 
97.9% Fe2O3, 0.05% P2O5, 0.65% SiO2 and 0.004% 
S (Data & Ongee 2005). The results were similar 
and only minor variation was found in localities 
visited by the project team. The iron content was 
69.3% Fe (99.2% Fe2O3,) in samples from Butare, 
57.7–68.7% Fe (82.5–98.3% Fe2O3,) in Rutoma and 
67.0% Fe (95.9% Fe2O3) in Makanga. Titanium, va-
nadium and chromium contents were low: 0.02% 
TiO2, 0.017% V and 0.08% Cr (5 samples).

During the project fieldwork, new occurrences 
of Muko-type hematite ore were found around the 
town of Kabale. One zone is located to the south 
of the main road from Kabale to Kisoro and an-
other on the summit of Kabale Hill (Fig. 14). The 
latter can be followed as a group of outcrops along 
a 400-m-long zone, where the ore is exposed in 
a 47-m-wide zone. The orientation in both zones 
is NW–SE. In addition, new outcrops of iron ore 
were discovered in the Muko area, and these indi-
cate potential for a large total volume of iron ore 
resources in this region. 

The proved reserves of three Muko iron ore de-
posits (Butare, Kashenyi and Kyanyamuzinda) are 
only 4.7 Mt in total (Data & Ongee 2005). The total 
resources of the Muko-type iron ore may be much 
larger based on the close relationship of the iron 

ore layers and surrounding schist that make up 
the major rock type over large areas in this part 
of Uganda. The Muko type of ore forms outcrops 
and can be studied on the summits and slopes of 
hills. In these localities, the exposed iron ore layers 
may have been partially eroded away and the pri-
mary layers may have been thicker. For instance, 
according to an interpretation of gravity surveys 
conducted during this project, the quantity of Ka-
mena hematite ore could be about 20 million tons 
when the thickness of the ore layer is 20 m.

Since the known occurrences are exposed on 
the summits or steep slopes of high hills, geophys-
ical methods are generally very difficult to apply, 
although the petrophysical properties clearly differ 
from the country rock of shales and schists. For 
instance, the ore is slightly but clearly magnetic, 
but remanence is so strong that the results of the 
magnetic surveys are very problematic to interpret 
without accurate structural observations.

The quality, composition and physical proper-
ties of the Muko iron ore correspond to an exploit-
able iron ore. The Muko ore could be used as a feed 
raw material for sinter and pellet making, either 
smelting by blast furnace or using direct reduction 
processes (Muwanguzu 2010). Further exploration 
is strongly recommended.

The Mugabuzi iron occurrence close to Mba-
rara consists of hematite in layers alternating with 
quartzite layers (Data 2008d). The hematite out-
crop is 12 m wide and can be followed for about 
1 km. The texture of the ore is massive or “cellu-
lar”, with rectangular box-work structures filled 

Fig. 17. (A) Microscopic texture of typical Muko iron ore (Kashenyi, road cut). Scale 0.1 mm. Ore microscope, reflected light. 
(B) Microscopic texture of recrystallized Muko iron ore in Butare, with the texture varying from typical fine-grained hematite 
matrix (lower right corner) to larger hematite aggregate (porphyroblast, left of image). Scale 0.5 mm. Ore microscope, reflected 
light with partly crossed nicols.
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with limonite and goethite. Other minerals are 
magnetite, barite, chalcopyrite, azurite and mala-
chite. Acimovic & Statham (1973) carried electric 
and magnetic surveys on the northern part of the 
hill. Rough estimates for the iron ore resources of 
the order of 1–2 Mt were reported. The Mugabuzi 
iron deposit lies in the Basement Complex gneiss-
es which here include two types of quartzites. A 
few gossaniferous rocks consisting of limonitic ag-
gregates, dark to deep red in colour, are common 
in the northeast, while in the southeast, laterites 
and intensely weathered mica schists are abundant 
(Pekkala et al. 1995).

Sedimentary iron ore is also known in south-
eastern Uganda, on the Nambogwe and Namu-
gongo peninsulas of Lake Victoria in Mayuge 
District. Similar layers probably extend to the 
southwest from Jinja, where hematite fragments in 
laterite have been used for making iron. Iron stone 
is also known on the islands of Mpata and Bwema 
in Lake Victoria (Data 2008d).

Nambogwe and Namugongo iron ores occur 
in parallel NS-trending ridges rising about 60 
m above the lake. Iron stone consists of a black 

or dark brown, fine-grained material (hematite, 
magnetite, goethite) and massive or brecciated 
by quartz veins (Fig. 18). Other rock types of the 
ridges are chert and black shale. Susceptibility is 
rather low. In Nambogwe, the iron stone forma-
tion is 18 m thick and can be followed along 300 
m, and there is probably a parallel band or lens on 
the northwest slope of the ridge. Chemical analysis 
gives 64.1% Fe2O3, 1.8% P2O5, 0.05% TiO2, 0.76% 
MnO and 0.20% S. An estimate of the volume is 
1–2 Mt ore down to 60 m (Data 2008d). A gravity 
and magnetic survey has been carried out without 
the survey giving a clear indication of the size of 
the deposit.

Historical data from Moyo district, northern-
most Uganda, includes information of the use of 
iron from local iron-rich boulders in laterite, e.g. 
at Gweri Hill (368000E / 416000N, map sheet 5-4, 
Data 2008d). At one GTK Consortium observa-
tion point, laterite contained less than 1% mag-
netite-rich pebbles (Fig. 19), while one magnetite-
rich boulder collected from the laterite contained 
78.1% Fe2O3, according to chemical analysis. The 
source of magnetite pebbles is not exposed.

Fig. 18. Iron formation boulders on Nambogwe peninsula (0536266E / 39873N) in Mayuge district.
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Magnetite iron ore 

Magnetite is a prominent mineral in Sukulu and 
Bukusu carbonatite complexes in southeastern 
Uganda, but the magnetite ore in these carbon-
atites is not used as source of iron due to the high 
titanium content in magnetite. Titanium is consid-
ered as an impurity in iron ore if it does not occur 
as separate ilmenite grains that can be separated 
from the magnetite. Contents higher than 4% of 
TiO2 are regarded as problematic in iron smelting.

Much titaniferous magnetite has previously 
been quarried within phosphorus-rich residual 
soils and driven to a waste pile after processing 
of phosphate at Sukulu, just south of the town of 
Tororo. In Bukusu complex, close to the town of 
Mbale, magnetite is concentrated within limited 
formations in the NW part of the complex. The 
Nangalwe deposit contains magnetite with a rel-
atively low Ti content: 1.01% TiO2. According to 
Data (2008d), magnetite in Nangalwe shows el-
evated Mn, V and Cu contents (0.92–1.01% Mn, 
0.16–0.18% V, 282–354 ppm Cu) when compared 
to magnetite in Namekara (0.5% Mn, 0.08% V, 
39–63 ppm Cu).

Within the extensive Bukusu complex, there are 
several localities of massive iron ore, in total 23 Mt 
with 10–15% TiO2 (Cox 1993). The largest deposit, 
Busumbu, is located near the Namekara vermic-

ulite deposit. There is also magnetite with low Ti 
and P contents, such as at Nangalwe (1.01% TiO2 
and 0.75% P2O5, Cox 1993). The high Ti content of 
the magnetite is a limitation to its economic use as 
a raw material for iron. The phosphorus content 
should remain below 0.1% and TiO2 less than 4% 
(Bykhovsky & Tigunov 2008). The surface and soil 
of the hills of Nangalve and Surumbusa are com-
posed of magnetite boulders and iron sand and 
gravel (Fig. 20). Based on field observations, it is 
possible that the magnetite hills belong to a broad 
chain of iron occurrences that is several kilometres 
long and at 50–100 m in width.

According to XRF analyses of the samples taken 
from Namekara and Nangalwe, there are differ-
ences in the composition of magnetite. In Name-
kara, the magnetite contains significant amounts 
of titanium (13% TiO2), with a high vanadium 
content (0.15% V) and some manganese (0.7% 
MnO), whereas the Nangalwe magnetite is charac-
terized by low titanium (3.8% TiO2) and vanadium 
(0.1% V), but with rather high manganese (1.20% 
MnO). The iron content is 88.0% in Nangalwe and 
80.0% in Namekara. Ilmenite exsolutions occur as 
typical narrow laths and needles and small irregu-
lar patches in magnetite grains of Namekara (Fig. 
21), but their volume is much less than could be 
expected according to the chemical composition. 
No discrete ilmenite grains (outside magnetite) 

Fig. 19. Magnetite pebbles in laterite in the Moyo area (373351E / 407831N). 
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Fig. 20. (A) A hill with a school on top (centre of the picture) formed by the iron occurrence of Nangalwe seen from the hill of 
Surumbusa (640150E / 99870N), another iron occurrence. (B) Weathered iron ore, Fe-rich soil, magnetite gravel and boulders 
at Nangalwe (641400E / 98460N).

Fig. 21. Ore microscopy photograph of the Namekara Ti-
magnetite (reflected light), which includes narrow laths of 
exsolved ilmenite and small plebs and irregular patches of 
exsolved ilmenite. Ilmenite is too fine grained to be processed 
with conventional methods to produce pure ilmenite and 
magnetite concentrates.

were found in microscope studies on Bukusu Ti-
Fe ores.

At Sukulu, the magnetite resource estimate 
in residual soil is 45 Mt, with an iron content of 
49–62%, 0.2–4.5% P2O5 and 0.5–3.9% TiO2 (Cox, 
1993). Magnetite occurs as coarse-grained nod-
ules, nests or bands in carbonatite. Close to the 
old open pit of TICAF, there is a large pile of fine-
grained magnetite concentrate (Fig. 22A). 

Samples from Sukulu were collected from the 
outcrop and the magnetite waste pile. Chemical 
XRF analyses from bulk rock samples prove that 
Sukulu magnetite is quite pure of titanium (0.49–
1.03% Ti), chromium (<0.005% Cr) and vanadium 
(0.05% V). In processed magnetite powder from 
the waste pile, the iron content was 56.1% (80.3% 
Fe2O3) and the phosphorus content was rather 
high (3.74% P2O5). The phosphorus is the same as 
in the outcrop sample, which contained 48.9% Fe 
and 3.36% P2O5. During mining, the beneficiation 

lost about a quarter of the phosphorus when pro-
cessing residual soil with 12.8% P2O5. It should be 
possible to find a process in which the loss of phos-
phorus would be lower and the magnetite concen-
trate would consequently contain significantly less 
phosphorus. According to ore microscope studies, 
there are no ilmenite exsolutions in the Sukulu 
magnetite. Instead, there is some hematite that 
could originate from weathering (Fig. 23).

If phosphorus is in future produced from the 
Sukulu formation, magnetite may be an important 
by-product and be a source of iron for the steel in-
dustry. 

There is an old observation of the occurrence of 
iron at Nyaituma in the Bulindi area, about 15 km 
NE of Hoima (Kabagambe-Kaliisa 1981). Hema-
tite occurs as massive veins in ferrous shale. The 
hematite veins (80% Fe2O3) are up to 150 m long, 
occur in a limited area, and are probably related to 
local faults and fissures.
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Fig. 22. (A) A pile of fine-grained magnetite that was separated during processing of the Sukulu carbonatite rock by TICAF. 
The area of the pile is about 50 x 100 m2. (B) Coarse-grained magnetite in a carbonatite outcrop close to the old phosphate 
quarry of TICAF (628549E /71980N). Pencil 15 cm.

Fig. 23. Magnetite from the Sukulu carbonatite complex, 
Tororo district. The large magnetite grain is only slightly 
weathered and altered to hematite (light coloured patches). 
In small grains, hematite (martite) is developed along crys-
tal planes during weathering. The sample was taken from a 
processed waste pile. Ore microscope, reflected light, partly 
crossed nicols, scale bar 0.5 mm.

Titanium 

Anorthosite complexes are potential for ilmenite 
(Ti) ores. The Waal anorthosite complex is located 
40 km SE of Kitgum in a terrain identified as non-
magnetic in an airborne survey (Fig. 24). There are 
two exposed areas within a distance of 3 km from 
each other. The rock is composed of plagioclase 
(95%), minor ilmenite (3%) and orthopyroxene 
(2% of volume). Fe-Ti oxides and mafic minerals 
occur between plagioclase laths. Locally, plagio-
clase is very coarse grained and the texture of the 

crystals is zoned. The rock is mainly non-oriented 
and non-deformed (Fig. 25).

Although the amount of ilmenite is small in the 
outcrops, there is potential for ilmenite ore in this 
area due to analogies from Norway and Canada, 
where world-class ilmenite ores occur in minor 
layered gabbroic sills within or close to massif an-
orthosites (Force 1991). Three chemical analyses 
of the anorthosite showed low total REE contents 
of less than 0.01%. 
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Fig. 24. Location of the Waal anorthosites on the road map (A), Kitgum in the far north, and on the aeromagnetic map (B). 
(517411E / 339209N, map sheet NA-16-3). The grid size is 25 by 25 km.

Fig. 25. (A) Waal anorthosite. (B) The rock is locally pegmatoid, large non-oriented plagioclase crystals, and ilmenite (and 
orthopyroxene) crystallized in the late magmatic stage. The hammer length is 65 cm.

Tungsten 

Tungsten in southwest Uganda

Tungsten has previously been mined at Bahati, 
Kirwa, Mpororo and Ruhizha in southwest Ugan-
da and in five different locations in the Singo area. 
Today, mining by Krone (U) Limited is ongoing on 
a small scale at the Nyamuliro (or Nyamoliro or 
Bjordal) mine in Kabale district (www.kroneugan-
da.com). The annual production in Uganda during 
the last few years has been some 45–94 tons. The 
Nyamuliro deposit (Fig. 26) was found in 1947 and 
is one of six similar tungsten occurrences in the 
Kibaran orogeny belt in the Kigezi area (Reedman 

1973). Tungsten mainly occurs in quartz veins, 
larger grains preferentially emplaced into cleav-
age planes cutting the bedding and smaller veins 
following the bedding. Veins are boudinaged and 
folded, and cross-cut each other. They are com-
posed of glassy quartz, patches of kaolinite and 
ferberite (Fig. 27). 

The actual country rocks are carbonaceous 
shales. The main ore mineral is ferberite, which 
is an iron-rich member of the wolframite group, 
but scheelite also occurs among vein quartz. The 
swarm of ore-bearing veins is up to 90 m wide 
and 1000 m long, and extends to a depth of at 
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least 100 m. The thickness of individual veins is 
from a few millimetres to 1 m, averaging 15–40 
cm, and the length of individual veins is 7–60 m, 
with the grade being about 0.12% WO3 (Reedman 
1973). The composition of ferberite (wolframite) 
is 69.36–71.29% WO3, 25.86% Fe2O3, 0.56% MnO 
and 0.02% Mo in samples from the 1950s (Kato 
2010a). The ore formation is related to a late-oro-
genic mesothermal – epigenetic hydrothermal sys-
tem from the same deep magmatic source as the 
cassiterite in the Kigezi area.

Daily production rates in 2010 were rather vari-
able, ranging from 150–800 kg, and the monthly 
production is about 20 t of ferberite.

The Rushunga tungsten mine, 2.5 km south-
east of the Nyamuliro mine, is located in similar 
geological environment (Fig. 28). It is an old, small 

Fig. 26. (A) General view of the Nyamuliro tungsten mine. (B) New part of the Nyamoliro mine, where ore-bearing quartz 
veins are located at the hinges or cleavage plains of isoclinally folded schists. Old adits indicate the location of tungsten-bearing 
quartz veins.

underground mine, where two adits exist (alti-
tudes 1963 m and 1975 m) to tunnels following 
the same narrow quartz vein in the axial plane of 
schistosity. Small-scale production is carried out 
by local miners (Fig. 29) and the ore is sold to the 
Nyamuliro plant. Chemical analyses performed on 
tungsten concentrates from the Rushunga mine by 
the Geological Survey of Uganda during the 1950s 
yielded 70.68% WO3, 60.61–67.22%, WO3 56.45% 
WO3 and 47.87% WO3 (Kato 2010a). 

The old Bahati tungsten mine, 10 km SE of the 
town of Kisoro, was under reactivation in 2010 
(Fig. 30). The ore is composed of hydrothermal, 
0.5–2.5-m-thick quartz and pegmatitic veins in 
mesoproterozoic quartzites and schists. Tunnels 
follow different veins: the strike and dip are 020 
and 40 W for one tunnel and 350 and 70 E for an-

Fig. 27. (A) Concentration plant of the Nyamuliro mine. (B) A rich ore sample (right) in which scheelite and quartz (white and 
grey) occur as a network between coarse-grained wolframite. (143950E /-128740N).
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Fig. 28. Location of the Rushunga and Nyamuliro/Nyamoliro mines on the lithological map (yellowish grey = glacifluvial sedi-
ments; blue = schists; bright yellow = quartzite; red = granite) with elevation lines.

Fig. 29. (A) The road to the Nyamuliro mine. (B) Semiactive old adits in the Rushunga ore (143965E /-128740N).

other. Veins mainly follow the axial plane of the 
wall rock. Some graphite occurs in the schists. 

The geology of the ore is similar to the Nyamuli-
ro and Rushunga tungsten ores. Muscovite, beryl-
lium, arsenopyrite-loellingite and pyrite occur in 
the ore. Tourmalinisation of the wall rock accom-
panied mineralisation and the vein walls are heav-
ily affected, consisting of a matt of fine tourmaline 
with secondary silica (Barnes 1956). 

Country rock schists belong to the Pindura 
formation of the Akole Group. Metal-rich fluids 
probably originate from the Kamwezi suite gran-
ites. Ore formation is related to rifting of the crust 
above an upward swelling granite massif located 
deeper below the present surface.

According to Pargenter (1956), there is about 10 
Mt of low-grade ore in the Ruhizha (or Ruhijha or 
Ruhinza) tungsten deposit, located about 15 km 
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to the north of Nyamuliro and 10 km to the SW of 
the village of Rutenga, and covering an area of 230 
x 600 m2. In adits, the ore zone is 230 m long and 
50–65 m wide, containing 4.5 volume % veins. The 
thickness of individual veins is 2.5–75 cm, the total 
thickness of vein-bearing ore zones is 1–2 m and 
the frequency is 2–5 veins per 10 m.

The ore is composed of ferberite-bearing quartz 
veins and disseminations of ferberite in shear 
zones, drag folds and cross-fractures. The ore zone 
is on the hinge of a flexure in graphitic phyllite, 
in tension cross-fractures and compression shear 
zones caused by regional orogenic pressure and 
uplifting of the granite plug. The mine grade is 
about 30 g of ferberite per ton of ore (0.03%), and 
the maximum grade in shear zones and veins is 3.5 
to 5.5 kg per ton (0.4–0.6%). The recovery in the 
operation in 2010 was 40%.

The country rocks are composed of andalusite, 
staurolite and garnet-bearing graphitic phyllites, 
mudstones and shales. 

Tungsten in central Uganda

Lubanyi and Kyasambowo tungsten deposits in 
the Mubende district are related to the Singo gran-
ite and occur in the SW section of the granite (Fig. 
31). At Lubanyi, the wolframite occurrence is in 
tourmaline muscovite granite close to the contact 
against coarse-grained porphyric granite. Wolf-

ramite within coarse-grained tourmaline occurs in 
pegmatitic quartz veins and a network, at least in 
an 80-m-wide and 400-m-long lens, where indi-
vidual veins are grouped within 1-m-wide zones. 
According to local people, there are adits on the 
northern slope of the hill. Wolframite mineralized 
tourmaline concentrations are in pegmatitic or ir-
regular vein swarms probably representing a greis-
en-type formation. A typical tourmaline-rich ore 
sample taken during the visit in September 2010 
contained 0.27% W.

The target is worth further detailed exploration, 
starting with mapping of the muscovite granite. 
The Kyasambowo tungsten deposit is located 3 km 
SW of Lubanyi in the same granite intrusion as the 
Mbale Be-Nb-Li occurrence, 7 km NW of Lubanyi 
and clearly outside the exposed granites. Kyasam-
bowo has produced 25.6 tons of wolframite (King 
1945).

The age of the Singo granite is 1848 ± 6 Ma. The 
major rock type in the eastern hill of Lubanyi is 
coarse-grained non-deformed granite. West of 
this, the granite is even and fine grained and the 
colour is lighter. It represents the younger igneous 
phase of the Singo granite suite. Tungsten-bearing 
mineralization is composed of tourmaline-quartz 
rich pegmatitic lenses and irregular veins probably 
representing the youngest igneous period close to 
the roof of the intrusion. 

Fig. 30. (A) The Bahati wolfram mine has an engine room and (B) the old adits are equipped with various facilities. Note that 
the adit is directed to a mineralized quartz vein that follows the foliation of the country rock (140888E /-144187N).
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Cassiterite

Cassiterite was in the past mined in the Ntungamo 
district at Mwerasandu, Kikagati and Rweminy-
inya, and in numerous smaller occurrences in the 
Kiberian belt of southwestern Uganda (Table 1 
and Fig. 32). Primary ores are of the fracture filling 
type with ore minerals consisting of cassiterite and 
beryl, generally coarse grained in veins composed 
of quartz and yellowish muscovite (Fig. 33). Dur-
ing the last ten years the production has been spo-
radic, varying from 27.1 to 7.0 tons between 2001 
and 2009.

All the mining activity that is currently taking 
place is focused on old tin deposits using artisanal 

“pick and shovel” methods. There is still a consid-
erable amount of valuable material in the soil and 
bedrock, but a large portion of it is also lost with 
these primitive mining methods. The price of tin 
has followed a good shift upwards, and it is expect-
ed to increase the interest in tin mining in Uganda. 
If basic mining equipment such as water pumps, 
drills and explosives could be provided, it would 
greatly improve the present production capacity of 
the artisanal miners. It was also noted that support 
and help for the artisans is really needed in under-
standing geology, especially exploration methods, 
but also mining geology and mining methods. 

Table 1. Location of major tin occurrences in SW Uganda.

Deposit E N          Map         Type

Mwerasandu 209016 -109609 85/4 Mining activity

Burama Ridge 192081 -131411 94/1 Minor activity

Kaina 182395 9876727 94/1 Minor activity

Kyamugashe 190144 9894080 85/3 No recent activity

Nyamaherere 201876 9890442 85/4 Minor activity

Rweminkoma 210217 9889429 94/1 No recent activity

Kibeho 208969 9885441 94/2 No recent activity

Ruzinga 233447 9888307 95/1 No recent activity

Ntundu 237605 9884888 95/1 No recent activity

Kikagati-Nyaburungo 240353 9884807 95/1 Mining activity

Naniankoko 234150 9893260 86/3 No recent activity

Fig. 31. (A) Location of the Lubanyi and Kyasambowo tungsten deposits in an aeromagnetic map, where the Singo granite is 
the rounded formation (cut by dolerite dikes). (B) Lubanyi tourmaline granite with wolframite bearing tourmaline veins and 
nests (351500E / 47965N). Pencil 14 cm.
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Pindura Group; shale, slate, phyllite, quartzite
Gikoro Group; shale, slate, phyllite, sandstone
Ruvubu Group; quartzite, slate, conglomerate
Muyage Group; shale, slate, quartzite, conglomerate

Palaeoproterozoic rocks (1600 – 2500 Ma)
Sembabule Suite; granite (~1.99 Ga)
Buganda Group; slate, phyllite, mica schist, metasandstone
Rukungiri Suite; granite, variable granitic gneiss (~2.15 Ga)

Neoarchaean rocks (2500 – 2800 Ma)
Gneissic granitoids of Ugandan Neoarchaean (2.59–2.65 Ga)

Lithology
Cenozoic rocks (– 66 Ma)

Albertine Rift: alkaline lava, lapilli tuff
Albertine Rift: silt, sand, gravel

Mesozoic rocks (66 – 252 Ma)
Kiruruma River Formation; tillite
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Commodity
!( Base metals: Cu, Co, Ni, Pb, Zn
!( Iron and Special metals: Fe, Sn, W, Cr, Bi, Mn, Ti, Mo
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!( Construction materials: Cy, Aggr, Gr, MQ
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Industrial minerals: CK, CB, Vm, Di, Mc, Gy, Gp, Ky, Fs,
Gs, P, Sa, K, Cl

Pegmatite minerals: Be, Nb, Ta, Li, Eux!(

Fig. 32. Map of mineral occurrences in SW Uganda. The tin (Sn) and coltan (Nb-Ta) occurrences in grouped in “Iron and Spe-
cial metals”, red dot on the map. Codes for industrial minerals on the map: Cy=clay, CK=kaolin, CB=bentonite, Ls=limestone, 
Aggr=aggregates, Gr=granitic dimension stone, Gy=gypsum.
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In Mwerasandu the cassiterite occurs in a 1.5 
km long and up to 50 m wide pinch-and-swell 
structured zone. The vertical extension is at least 
186 m. Individual ore veins are 0.2–2 m thick, 
often folded, and the length of veins about 20 m 
(Fig. 33). The wall rock is composed of schists. The 
ore grade in underground production was about 
0.35% Sn. This was Uganda’s largest tin mine and 
produced 5 700 tons of cassiterite during 1926–
1956, much of which was from surrounding allu-
vial deposits (Kagera Mines Ltd). Small-scale pro-
duction has continued until today, both from hard 
rock and old tailing heaps. Several artisanal teams, 
up to 300 people in total, are working in the area, 
some with the tailings but most inside the tunnels. 

In the Burama Ridge, small-scale tin mining 
produces approximately 5 kg cassiterite/day exca-
vated from a 1.5-m-thick vein, which was already 
mined tens of years ago by other miners. The loca-
tion of the Burama Ridge between two tin-critical 
Kamwezi suite granites indicates that there should 
be good possibilities to find so far unknown sets of 
tin-bearing veins. 

The Kaina deposit is located on top of an E–W-
trending ridge of muscovite schists and quartzites, 
just south of the contact with Rushenyi granite 
of the Kamwezi Suite, above the village of Kaina. 
There is a partly collapsed adit, and today on top of 
the hill a small team is working a pit yielding about 
2 kg cassiterite per day. On a hill nearby, there are 
some old small adits. 

The Kyamugashe deposit, with some old over-
grown N–S-directed excavations, is located in 
Karagwe-Ankolean phyllites and quartzites on the 
western side of the Kabungo Ridge (sheet 85-3). 

The nearest granites are those of Rwentobo sur-
rounding Lake Karenge, belonging to the Kam-
wezi Suite. 

In the Nyamaherere deposit, the geology is 
characterized by mainly sandstone and quartz-
itic rocks. Cassiterite is associated with 15–30-cm-
wide quartz-mica veins. Three test pits of the 
UNDP exploration programme in 1994 gave an 
average tin grade of 1 kg/m3. During the visit in 
2011, preliminary work in an effort to clean up 
collapsed adits was carried out in anticipation of 
future mining (Fig. 34A).

The Rweminkoma deposit is actually a southern 
extension of the Mwerasandu deposit and was op-
erated in 1957–1963 by Metero Co, and obviously 
no work has been done since. At the sites there are 
two shallow shafts, approximately ten metres deep, 
with tunnels. 

In the Kibeho deposit, some tin mining oc-
curred in 1966 and lasted only one year. A narrow, 
less than 2-m-wide excavation trends 140º and is 
surrounded by heaps of waste rock. In Ruzinga, 
modest excavations and overgrown waste heaps 
are found on a hill slope, but no work has been 
done for years. In the Ntundu prospect, alluvial or 
eluvial mining has been carried out in the past. 

The old Kikagati-Nyaburungo deposit is lo-
cated on a ridge on the eastern side of the Chezho 
valley, close to the border with Tanzania. It is al-
luvial, consisting of strongly tourmaline altered 
boulders and quartz fragments. At the southern tip 
of Nyaburungo ridge there has been a lot of quite 
recent mining activity, where rock faces have been 
opened by pick and shovel (Fig. 34B). The deposit 
dips about 90º/40º. The local workers estimated in 

Fig. 33. (A) Cassiterite-bearing quartz vein in adit ZH11 of the Mwerasandu tin mine. (B) A selected sample for chemical 
analysis was taken from this vein. The mining licence is owned by Zarnac Holdings (U) Ltd.
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2011 that over 100 people are working on the hill, 
possibly even more. 

In the Naniankoko deposit, on the west side of 

Fig. 34. (A) Opening of a collapsed adit at the Nyamaherere mine and (B) new mining activity with traditional tools at the 
southern end of Nyaburungo.

Chezho valley, several pits and excavations have 
been made in the direction of 300º. There are no 
signs of recent workings.

INDUSTRIAL MINERALS

The distinction between metallic ores and indus-
trial mineral deposits is not very clear, but metals 
are extracted from metallic ores, while in the in-
dustrial mineral category, the minerals are mainly 
used as such. Rare metal and industrial mineral-
rich pegmatite occurrences are discussed here first, 
because they typically belong to both categories. 
Beryllium, rare earth elements (REE) and lithi-
um are typical rare metals and kaolin, quartz and 
feldspar are typical industrial minerals hosted by 
pegmatites. Carbonatites are later described sepa-

rately as a rock type globally hosting several types 
of metallic ores and industrial minerals. Clays are 
composed of variable soil or soft rock deposits that 
have a partly similar end-use and often the same 
common deposit environment. Clays make up a 
third composite title under industrial minerals. 
Because of their national importance in Uganda, 
construction materials, especially limestones, are 
grouped within another chapter after industrial 
minerals, although most construction materials 
belong to the group of industrial minerals.

Be-Nb-Ta minerals

More than 140 beryl pegmatites have historically 
been exploited, mostly in SW Uganda. In the past, 
beryl played an important role in the minerals 
industry of Uganda. Exports started in 1944 and 
continued until 1976, and the cumulative produc-
tion totalled 6300 t, with an average assay of ap-
proximately 11% BeO. The main activity was from 
1955–1974, i.e. almost 20 years, and on average 
corresponded to about 7% of the world produc-
tion. At present, the beryl production is nil or very 
small, and no export or production data are avail-
able covering the last ten years. 

In Ankole/Kigezi, the largest producers were 

sodium-lithium (Na-Li) type pegmatites. They 
represented about 10% of the exploited pegma-
tites, but accounted for over 50% of the total pro-
duction. Of the hundred or so small mines that 
produced beryl, only four produced more than 
400 t each: Rwanza (sheet 85/1), Rwemirire (85/3), 
Bulema (84/3) and Nyabushenyi (85/3). A further 
ten mines produced more than one ton each. Of 
these fourteen major producers, ten were sodium-
lithium types and the remaining four potassium-
sodium types (Reedman 1969).

Nyabushenyi (Na-Li-type) pegmatite is located 
some 10 km from the town of Ntungamo towards 
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Kabale. The deposit is hosted in the Karagwe-An-
kolean rocks, like tens of other pegmatites in SW 
Uganda. The deposit was mined from the early 
1960s until the mid-1970s by the Uganda Mining 
Company (Fig. 35).

The main product was beryl, over 400 tons of 
which was produced, and amblygonite and colum-
bite-tantalite were by-products. It has been esti-
mated that probable beryl reserves down to 50 m 
depth would currently be about 4800–6300 tons.

The Nyabushenyi pegmatite is considered to 
be quite extensive, over 500 m long and over 100 
m wide, but it is poorly exposed. The main min-
erals are quartz, feldspars and mica. In exposed 
parts and quarries, the rock is weathered (kaolin-
ized) in places, but strongly kaolinized parts form 
only small, irregular lenses. Accordingly, there is 
not enough good quality kaolin for even semi-
industrial exploitation. However, considering the 
above reserve estimate, further exploration is rec-
ommended.

All other pegmatites inspected, namely Kabira 
(Sheet 851), Mbale Estate (69/1) and Wampewo 
(70/2), are completely overgrown and hardly any 
signs of previous mining activities are visible.

Elsewhere in Uganda, beryl and monazite (REE-
Th mineral) were found in radiometric measure-
ments on traverses and systematic heavy mineral 

studies in river courses of the Kaabong area (map 
sheet 10) in the 1950s by the Geological Sur-
vey of Uganda (MacGregor 1962). Barnes (1961) 
mentioned beryllium occurrences in Apyakale, 
Kalapata and Kamacharcol (map sheet 10/3) in 
northern Karamoja. Pegmatites found in an aero-
radiometric survey about 3 km north of Kalapata 
were reported by MacGregor (1962). Beryl was 
found in two of a total of 15 veins, which were 
locally zoned and narrow, rarely more than 5 m 
wide. It is possible that they were associated with 
the roughly E–W-oriented Proterozoic pegmatite 
veins and vein swarms that according to the new 
lithological map are typical in a large area (Karam) 
in northern Karamoja. According to a model of 
the zonal distribution of rare minerals in a pegma-
tite field, the possible complex pegmatites in some 
parts of the field could be critical for REE (allanite, 
gadolinite), columbite, beryl etc. (deep crustal sec-
tion), and in other parts critical for Li, Sn, Ta and 
Cs (section close to the past surface). 

Monazite is concentrated in quartz-rutile-il-
menite nodules and in pegmatitic portions of the 
biotite gneisses in Kalapata Mountains in north-
ern Karamoja, and in the Kalera river valley, where 
rutile is also enriched (MacGregor 1962, Barnes 
1961). Monazite of Kalapata is Th-rich (12% ThO2).

There are some 50 known columbite-tanta-

Fig. 35. Nyabushenyi was a large mine from the 1960s until the mid-1970s. (Map sheet 85/3, 188584E / 9899120N).
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lite-bearing pegmatites in Uganda, mostly in the 
southwest where Nb-Ta minerals have mainly 
been recovered as a by-product of beryl mining. 

In the Nyanga tantalite property in September 
2010, exploration was ongoing in the southwest-
ern part of the prospect. There, an east–west-run-
ning, 50-m-wide, near-vertical pegmatite vein is 
exposed on the surface for 370 m and is open on 
strike. Good Nb-Ta mineralization has been found 
in the form of lenses adjacent to, and on both sides 
of the pegmatite body. These lenses appear to pinch 
and swell vertically and horizontally and measure 
up to 0.5 m in width. Kakanena, Rwenkanga and 
Kwakirenzi Ta-Nb deposits are located 23 km SW 
of the town of Ntungamo (Roberts 1943). Rwen-
kanga is 550 m NE of Kakanena Hill (Fig. 36A), 
and an adit of the small historical Kwakirenzi mine 
was found about 5 km SW of Kakanena. Colum-
bite was found in Rwenkanga in 1937 and the mine 
was then worked for columbite and beryl.

Kakanena and Rwenkanga probably belong to 
same system, although the orientation is not the 
same. Kakanena Hill elongates in a NNW–SSE 
direction and the strike of the main vein is 080. 
The deposit is a zoned, 25-m-thick pegmatite that 
sharply cuts the surrounding pelitic and arenitic 
schists, in which the schistosity is dipping with 
a very small angle (10 degrees) to the south. At 
Kakanena, one border zone of the pegmatite is 
composed of glassy coarse-grained quartz and the 
other border zone of strongly kaolinized feldspar. 
The central zone is rich in mica and hosts several 
narrow quartz veins, which probably represent the 
major ore zone. The veins are almost vertical and 
cut the country rock.

At Rwenkanga (Fig. 36B), the pegmatite is 
mainly sub-conform with the schistosity, or cuts 
it at an angle of 10–30 degrees. Respectively, the 
thickness of the pegmatite vein varies. The propor-
tion of quartz core also varies in the sub-conform 
pegmatite lenses in the quarry.

The composition of Kakanena columbite var-
ies between 53–71% Nb2O5 and 11–29% Ta2O5, 
and a panned composite sample from 45 pits of 
the columbite-tantalite ore from the Kakanena 
mine contained 55% Nb2O5+ Ta2O5 (Kato 2010a). 
Gangue minerals chiefly consisted of quartz, with 
surbordinate muscovite mica. Four analyses of 
beryl from Kakanena indicated BeO contents of 
10.46%, 11.30%, 64.64% and 9.8%, respectively 
(Kato 2010a). 

The Kakanena and Rwenkanga Nb-Ta pegma-
tites are hosted by the Mesoproterozoic Karagwe-
Ankolean System. Mica schist belongs to the Pin-
dura Formation of the Ankole Group. Near the 
contact, the schists contain garnet and staurolite. 
Mineralization and pegmatites are probably re-
lated to a porphyric granite of the Kamwezi Suite 
(1.12 Ga) located 2 km south of the Kakanena-
Rwenkanga area.

The Kihimbi Ta-Nb mine is located in the 
Kisoro district, 14 km NW of the town of Kisoro, 
on the western side of Lake Mutanda. The mine 
was active during the 1940s to 1950s, and artisa-
nal mining for tantalite was ongoing at the latest 
in 2007.

The ore is composed of a swarm of pegmatites 
and the adits into the mine occur over a large area, 
with some in the village of Rbange. One major 
dyke, visible near the summit of a hill, is about 2 

Fig. 36. (A) View from the summit of Kakanena Hill (176214E /-107984N) towards Rwenkanga Hill. (B) The quarry of Rwen-
kanga Nb-Ta pegmatite is about 20 m wide (176852E /-107115N).
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m thick (Fig. 37A). There are several 10–30-cm-
thick quartz-dominant apophyses close to it. The 
strongly kaolinized pegmatite is sub-conform with 
the quartzitic wall rock. The dyke is zoned, with 
a) a muscovite-rich contact, b) a quartz core, c) 
a feldspar-rich zone and d) another quartz-rich 
contact. The surrounding quartzite belongs to the 
Gikoro Formation of the Ankole Group. Pegmatite 
veins are sub-conform or cut the sediments. 

The main product of the mine was tantalum, 
but the grade of Ta and Nb varies according to old 
analyses of the concentrate. The Kihinbi concen-
trate in the 1950s contained 42–64% Ta2O5 and 
12–40% Nb2O5 (Kato 2010a). Other minerals in-
cluded cassiterite, hematite, ilmenite and limonite. 
Analyses of four samples of the ore, taken in the 
1950s, yielded 0.5% Nb2O5 and 0.5 % Ta2O5 (Kato 
2010a).

Lithium 

Lithium, traditionally used in glass and ceramics, 
is now one of the “new” hot commodities, along 
with REE. The expected massive increase in lithi-
um demand for batteries in hybrid electric vehicles 
has boosted interest in lithium deposits around 
the world. The main focus has been in Li-bearing 
brines, especially in South America, but hard rock 
deposits are also being developed, especially in 
Australia and Finland.

There is no current Li mineral production in the 
Uganda. Due to their relatively low price/weight 

compared to tantalite, for example, Li minerals 
have only occasionally been exploited as by-prod-
ucts. If the demand for Li minerals increases sub-
stantially in the near future, the market and price 
will also change. Training of local workers in Li 
mineral recognition is important in the exploita-
tion, since valuable minerals need to be separated 
from the rest. There might be other additional 
resources, and even waste rock piles at old beryl 
mines can be potential lithium sources. 

Kaolin

Fig. 37. (A) A kaolinized Ta-pegmatite vein at Kihimbi mine. (B) A folded quartz-rich apophysis from the major pegmatite 
(162575 / -137402N).

Kaolin (china clay) is a white clay predominantly 
consisting of kaolinite, Al4Si4O10(OH)8. Although 
originally valued for use in white ware ceramics, 
its principle use at present is as a pigment material 
as the filling and coating of paper, a filler in paints, 
rubber and plastic, and in a wide range of other 
applications. 

Kaolin deposits are generally classified as either 

primary or secondary (sedimentary). Primary de-
posits are formed as a result of the in situ altera-
tion of parent rock, mainly by regional weather-
ing. Sedimentary kaolin is derived by the erosion 
of pre-existing deposits and subsequent transport 
and re-deposition in a non-marine environment. 
In Uganda, primary kaolin is commonly exposed 
in weathered pegmatites and granites around the 
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country, while secondary occurrences are com-
mon, for instance in Karagwe-Ankolean siltstone 
formations at Kibalaya, Kabale, Koki and in many 
other places.

Sedimentary kaolin is common in the Alber-
tine Rift sediments, but the currently known beds 
are not thick enough and/or the kaolinite content 
is too low to arouse economic interest. Second-
ary kaolin also occurs in the weathered siltstones 
of the Bunyoro Group in the Hoima area. Three 
such locations are currently known and have been 
sampled at Mparangasi Hill (328775E / 163315N, 
Binoni Hill (321810E / 156650N) and at Nyabino-
ni Hill (327510E / 158320N). They are all alike and 
are located on map sheet 48/2, not far from Hoima 
(Kato 2010b). 

In Uganda, the principal technical use for kao-
lin has so far been as an alumina additive in ce-
ment production, both in Tororo (Moni deposit in 
Mbale) and in Hima (Kibalya in Bushenyi). It has 
also been used for whitewashing of homes, and 
Mutaka and Buwambo kaolin is additionally used 
in small amounts for ceramics. Recently, some 
interest has aroused in the use of kaolin as a raw 
material in ceramics production and as a filler ma-
terial in paints.

Fig. 38. Moni kaolin deposit in Mbale. The brown staining colours only appear on the surface.

Primary kaolin in pegmatites

The Moni kaolin deposit, located in the suburbs 
of Mbale town, at 633833E / 117949N, is a peg-
matite body that is strongly weathered in places, 
and this kaolinitic material is used by Tororo Ce-
ment as an alumina additive in cement manufac-
ture. The main part of the quarry is comprised of 
quartz-feldspar-pegmatite (coarse granite) and the 
eastern wall is bounded by khaki green, weathered 
mica schist. Currently, the quarry is about 150 
m by 30−40 m wide and 5 m deep, meaning that 
about 20 000 m3 has been excavated. The general 
colour of the pit wall is earthy reddish due to red 
laterite trickling from topsoil, but under this thin 
veneer the kaolin is quite white (Fig. 38). 

An XRD study demonstrated that the main 
minerals of the weathered material at Moni are 
quartz, K-feldspar, kaolinite and illite-muscovite, 
and occasionally also plagioclase. The rock has not 
weathered throughout and the kaolinite content 
therefore varies to a great extent. At highest it is 
over 50%, but on average less than 20% (Table 2).

The Moni kaolin is also used at a new brick 
works at Kamonkoli, some kilometres west of 
Mbale. The purpose of kaolin is to act like sand to 
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make clay that is too heavy become thinner and 
more suitable for brick making. The analyses in-
dicate that the Al2O3 content varies greatly, and so 
does the kaolinite content as well, which reflects 
the residual weathering in pegmatites.

Buwambo pegmatite is located some 27 km 
from Kampala towards Bombo (Masindi) on the 
top of Namakonkomi Hill, about 1 km east of the 
main road. The pegmatite is hosted in Buganda-
Toro rocks and is exposed in a rather small area 
(100 x 50 m), but obviously it is somewhat larger. 
At times, the deposit has been exploited for kaolin 

Table 2. Two XRF analyses of Moni kaolin.

Pit  bottom Western wall Northern wall

SiO2 56.8 72.9 78.7

Al2O3 28.5 16.6 13.8

Na2O 0.76 0.32

K2O 6.35 5.07 2.83

CaO 0.029 0.39

MnO <0.0077 <0.0077

MgO 0.12 0.15

TiO2 0.167 0.058

Fe2O3 0.35 0.35 0.45

P2O5 0.037 0.021

Fig. 39. Buwambo kaolinized pegmatite.

(Fig. 39). At least Uganda Clays has been exploit-
ing the deposit.

Buwambo pegmatite is mostly strongly weath-
ered (kaolinized), but not throughout the body, 
and the mineralogical composition consequent-
ly varies from place to place. At maximum, the 
amount of kaolinite may be up to 60%, but on av-
erage it is less than 20%.

In places, the content of mica minerals (illite-
muscovite) is well over 50%. The quartz content 
may also be high, and on average it is 15–25%.
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A few preliminary processing tests have been car-
ried out at GTK on the whitish kaolin:

Hydrocyclone concentrates contained 90–95% 
kaolinite with some quartz and mica material. The 
grain-size distribution (Sedigraph) indicated that 
all is less than 10 microns and the ISO brightness 
88–90%. The viscosity (Brookfield) was also even 
low enough for paper coating, at 66% solid con-
tent, and at 100 rpm speed the values were 300–
304 cP. The brightness was 90.46–90.50% and yel-
lowness 3.57–3.62%.

The results indicate that the product could fulfil 
the technical requirements as a filler, extender or 
in pigment applications for ceramics, paint, paper, 
rubber and plastics.

Further, detailed studies would be worthwhile 
to determine the extent of kaolinized material and 
the actual content of kaolinite. The optimum pro-
cessing methods should also be established by test-
ing. Other minerals with potential as by-products 
should be evaluated.

On Migade Hill, about 2 km west of Buwambo, 
the same type of whitish, kaolinized pegmatite is 
exposed and has also been mined in the past in 
two small quarries. The weathered material is not 
as white as at Buwambo.

Mutaka pegmatite (174343E / 9918189N) in 
Bushenyi district is located 6 km to the SSW of 
Kabira trading centre and can be accessed from 
Ishaka via the Mbarara-Kasese road by travelling 
16.6 km south to Kitagata and then 16 km west 
to Kabira. As at Buwambo, the Mutaka pegmatite 
is not weathered throughout and there are parts 
where most of the feldspar still remains. The de-
posit has been exploited at times since 1960, when 
beryl was discovered there. By 1968, Mutaka had 
produced 270 tons of beryl, 17 tons of cassiterite 
and 5.5 tons of columbite-tantalite.

Based on a number of studies carried out in 
the 1980s to 1990s, the ore reserve calculation for 
kaolin was prepared by DGSM/Hadoto in 1993, 
giving proved reserves of 300,557 tons and prob-
able reserves of 538,623 tons. This calculation was 
based on the 30% kaolin (kaolinite) content in the 
ore.

Latest laboratory tests of Mutaka kaolin by 
GTK yielded an average kaolinite content of 13.5% 
for seven (7) samples. These determinations also 
showed that in soft, partly weathered material of 
the Mutaka deposit, the main mineral is K-feld-
spar, with an average content of 85.5% in these 
seven samples. Chemical analysis showed that as 

such, kaolinite is very pure: Al2O3 38.43%, SiO2 
47.69%, K2O 1.02% and Fe2O3 0.34%.

However, the grain-size distribution of partly 
weathered material is very fine, even for K-feld-
spar. In the less than 20 microns fraction, its por-
tion is generally 25–35%. Consequently, the sepa-
ration of pure kaolinite concentrate, needed in 
paper coating, would be quite problematic on an 
industrial scale.

On the other hand, it can be noted that the K-
feldspar of laboratory concentrate is extremely 
pure, with a very high K2O content (14–17%) and 
low Fe2O3 (0.02–0.1%). This type of high quality 
product could find special markets with a special 
price, if the production and marketing could be 
economically arranged. The K2O content of indi-
vidual K-feldspar crystals according to SEM/EDS 
analysis is occasionally very high, at best over 
20%.

Thus, the technical properties of the processed 
kaolin from Mutaka pegmatite would meet the 
requirements for many filler, extender or pigment 
applications in ceramics, paper, paint, fibreglass, 
rubber and plastics industries.

Considering the above, additional studies on 
the Mutaka deposit would be worthwhile to deter-
mine its real potential for various industrial appli-
cations. Special interest should be directed to find-
ing out possibilities for utilizing the K-feldspar, 
which is of very high quality.

Primary kaolin in sedimentary rocks

The Kibalya kaolin deposit (203025E / 9951425N) 
in Bushenyi district is located some 25 km to the 
northeast of the town of Bushenyi, passing Buga-
rama, Nyanga and Nyakikoto villages. Kaolin oc-
curs on the topmost part of Kibalya Hill, over 200 
m above the surrounding valleys. It is also found 
capping other nearby hills.

Kaolin is mainly mined as an aluminium addi-
tive for cement production at the Hima plant, the 
transportation distance being about 135 km.

The Kibalya kaolin is derived from Kibaran 
(Karagwe-Ankolean) siltstones and schists by re-
gional weathering, and the resulting material is 
very fine grained (Fig. 40). The colour is rather 
white, but pinkish colouring caused by iron/man-
ganese minerals is quite common. This type of 
mineralization is a typical weathering result of silt-
stones and schists, and can be observed in many 
road cuttings in SW Uganda. The kaolinized area 
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at Kibalya extends more than 1 km in length and 
the depth may exceed 50 m. 

According to XRD determination, the raw kao-
lin is mainly comprised of kaolinite, quartz and 
illite-muscovite. XRF analysis of two samples gave 
18.9–19.1% Al2O3, 70–71% SiO2, 3.60–3.64% K2O 
and 2.07–2.10% Fe2O3. The high K2O content cor-
relates with the presence of illite and muscovite, as 
revealed by XRD studies. However, such a material 
is widely used as a source of alumina and silicates 
in cement production. It could most probably also 
be used for many other industrial applications, and 
the ceramic properties were therefore tested at the 
Uganda National Bureau of Standards. The drying 
shrinkage was 0.7%, water absorption 25–27% and 
plasticity index 37%. All values received a result of 
“passed” in the tests.

In the Kabale area, kaolin occurs quite exten-
sively and exposures can be observed in several 
road cuttings along the main road, both towards 
Kisoro and Ntungamo. The bedrock belongs to 
Karagwe-Ankolean (Kibaran) siltstones/schists 
and resembles that of Kibalya Hill. The weathering 
and resulting kaolinitic material also looks very 
much the same. Generally, it is quite whitish, but 
pinkish colouring is common.

Two samples were tested, one towards the east 
and the other to the northwest, both some 10 km 
from Kabale. According to XRD analysis, the kao-
linite content was 50 and 55%, quartz 35 and 40%, 

Fig. 40. Kaolin from Kibalya is mainly used as an alumina additive in cement manufacture at Hima. 
 

illite-muscovite 10%. XRF analysis yieded 19.0 and 
22.0% Al2O3, 66.0 and 72.6% SiO2, 3.60 and 5.31% 
K2O, and 0.71 and 1.67% Fe2O3. The rather high 
K2O content indicates that the illite-muscovite 
content is also higher here than the 10% given by 
XRD determination.

However, these results indicate that Kabale kao-
lin can also be used for many industrial purposes.

A sample from Mparangasi hill, tested at GTK 
(XRD), gave 55% kaolinite, 40% quartz, <5% mica 
and <5% potash feldspar. The grain-size distribu-
tion was 86% <10 μm, 75.8% <6 μm and 34.4% 
<2 μm. The kaolinite content was quite high, and 
further analysis is needed to gain a better under-
standing of the quality of these deposits. Chemical 
analysis by XRF for the main elements gave: 17.4% 
Al2O3, 73.3% SiO2, 2.65% K2O, 0.79% MgO, 1.16% 
TiO2 and 1.26% Fe2O3.

Other chemical results of the Geological Survey 
of Uganda (Lab. report 27,985 and 27,997, 1977) 
from Nyabinoni gave the following values: 17.6% 
and 16.1% Al2O3, 66.2 and 62.7% SiO2, and notably 
high (10.25% and 14.2%) Fe2O3, which indicates 
that these samples contained a large amount of 
secondary Fe oxides.

If all Al2O3 were from kaolinite, this would 
mean that the kaolinite content would be about 
40−46%, while on the other hand, the H2O content 
indicates that kaolinite content is about 32–48%. 
In a sample from Hoima (Lab. Report 27,996), 
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the -10 μm fraction, 38% of the original weight, 
contained 62.98% SiO2, 18.00% Al2O3 and 0.90% 
Fe2O3. This suggests that the kaolinite and quartz 
contents are rather similar in the finer fraction, but 
also that fine quartz is difficult to remove. All in 
all, the kaolinite content, according to the previ-
ous analysis, appears to be around 50%, with high 
silica plus some K-feldspar and mica.

The main use of these occurrences has clearly 
been in the whitewashing of houses (Fig. 41), but 
the suitability for ceramics could also be tested.

Fig. 41. (A) Kaolin occurrences (code CK) observed in the 
Hoima Sheet 1:250  000, connected to Bunyoro sediments 
(bluish P3MB). (B) Kaolin has been used as whitewashing for 
houses at Binoni hill. 

Fig. 42. Layering in the Koki kaolin deposit. The length of the pen is 14 cm.

 

Secondary kaolin

The Koki kaolin deposit (319195E / 9934635N) in 
Kisai, Rakai district, has been known for tens of 
years and at times it has been exploited for various 
purposes. The host rocks are Kibaran sandstones 
and schists, and the weathering has produced kao-
linized material that very much resembles that at 
Kibalya and around Kabale. Generally, the mate-
rial is off white, but pinkish stripes are prominent 
throughout (Fig. 42). 
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According to two laboratory tests, the composi-
tion of the material varies considerably:

XRD analysis gave 20% and 60% kaolinite, 40% 
and 45% quartz, 5% and 25% illite-muscovite, and 
some plagioclace. XRF analysis of a bulk sample 
gave 15.8% Al2O3, 75.7% SiO2, 2.53% K2O and 
1.15% Fe2O3. These figures indicate about 30% 
kaolinite, 20–25% illite-muscovite and 45–50% 
quartz. The grain-size distribution indicated that 
the material is very fine grained. In a tested sam-
ple, all the material was finer than 62 microns and 
over 90% less than 10 microns. The quartz is also 
extraordinarily fine, as the size fraction less than 

20 microns contained 25% quartz.
These results indicate that if the composition is 

largely like this, the material must be used as such, 
because quartz cannot be separated, or at least this 
is difficult and expensive to do.

However, even bulk material with the above 
composition can find many uses as a pigment and 
in ceramics. For refractory applications, this would 
also be a suitable raw material. The material was 
tested at the Uganda National Bureau of Standards 
and the drying shrinkage was 0.7%, water absorp-
tion 30–33% and plasticity index 30–33%. All val-
ues were ranked as “passed” in the tests. 

Bentonite

Bentonite is a fine-grained clay, essentially consist-
ing of the smectite group minerals. Due to their 
chemical composition, individual smectite crys-
tals are negatively charged and electrical neutral-
ity is maintained by “exchangeable” cations mainly 
located between the clay crystals or layers. The 
structure, chemical composition, exchangeable 
ion type and small crystal size of smectite are re-
sponsible for several unique properties, including 
a large chemically active surface area, interlamellar 
surfaces having unusual hydration characteristics, 
and the ability to strongly modify the flow behav-
iour of liquids. These properties form the basis for 
the wide range of uses for bentonite.

Many of the world’s largest commercial benton-
ite deposits were formed by the alteration of fine-
grained volcanic debris deposited in water, seas 
and lakes over relatively large areas. Other ben-
tonites were formed by the in situ hydrothermal 
alteration of coarser igneous rock. Because cer-
tain chemical trace elements are usually retained, 
when an igneous rock is altered to clay, the ratios 
of these elements often indicate the composition of 
the parent igneous material. This may be of use in 
bentonite exploration.

Bentonite layers of airborne origin (such as tuffs) 
may be relatively thin, but extensive. The colour of 
raw clay ranges from black to white or bluish green 
when fresh, but weathers to yellowish brown on an 
outcrop due to the oxidation of ferrous iron. The 
fresh cut surface usually has a waxy lustre.

The importance of bentonite in Uganda was 
noted only a few years ago, when oil drilling began 
to boom. Two bentonite occurrences in Rukungiri 
District, at Burama and Ntungwa, are known to 

occur in SW Uganda. (see Fig. 32).
The Burama deposit (817906E / 9978092N) 

has recently been investigated by DGSM (Kato & 
Namboyera 2008). In the investigated 1.7 ha area, 
the bentonite occurs in a 3–4-m-thick layer, total-
ling 116,000 t. It is obvious that bentonite occurs 
over a much larger area than covered by the pre-
liminary study.

A study at GTK laboratories confirmed that 
smectite (85%) is the main mineral, while other 
identified minerals were kaolinite (10%), quartz 
(below 5%) and K-feldspar (below 5%).

The EDX spectrum indicates that the clay is 
mainly Ca bentonite, but there is also Na in the 
lattice of bentonite. An XRF analysis yielded 0.19% 
Na2O and 0.76% CaO, which supports the EDX 
results. The main components were SiO2 (56.7%), 
Al2O3 (24.3%) and Fe2O3 (4.42%). Both chemical 
and mineralogical compositions are within the 
range of Ca bentonite given in the literature.

At Ntungwa the bentonite (810791E / 
9931597N) is exposed in valley walls dissected by 
the River Ntungwa (Birira). The bentonite layer, 
thickness so far unknown, is covered by an ap-
proximately 10-m-thick layer of Quaternary sand 
and gravel overburden (Fig. 43). 

A preliminary study at GTK laboratory con-
firmed that the main mineral in parts of the de-
posit is smectite (80%), together with K and Ca 
feldspar (both below 10%), with minor kaolinite, 
quartz and analcime. The chemical composition 
determined by three XRF analyses is 0.74–1.21% 
Na2O and 0.96–1.27% CaO, and main components 
are SiO2 (58.7–60.3%), Al2O3 (14.3–16.9%) and 
Fe2O3 (7.64–8.81%).
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The above composition could also match with 
Na bentonite, even though the Fe content is very 
high and the EDX spectrum better supports the Ca 
bentonite type.

These two occurrences represent separate de-
posits, since they are 8 km apart from each other. 
Considering that bentonite is formed as wind-
blown sediment, it can be expected to cover larger 
areas than currently known.

Before these findings, bentonite deposits were 
not known to exist in Uganda. However, in addi-
tion to these, bentonite layers have recently been 
found in Quaternary formations along Lake Al-
bert, close to Kaiso village.

Potential areas for bentonite occurrences in 
Uganda include the ancient basin of Lake Edward, 
close to the Virunga/Bufumbira mountains, and 
towards the north, the volcanic fields of Katwe-
Kikorongo, Bunyarunguru and Fort Portal may 
also have generated enough volcanic ash to form 
bentonite layers in the Lake Albert basin. The 
Virunga/Bufumbira mountain volcanic rocks may 
be more versatile for bentonite formation due 
to their higher silica content (trachytes, trachy-
andesites and -dacites) compared to the volcanic 
rocks between Lake Edward – Lake George and 
Fort Portal (Link et al. 2010). The mid-Miocene 
to recent volcanism started at about 12 Ma ago in 
Virunga, but only about 70 Ka ago in the province 
of Toro-Ankole (Katwe-Kikorongo, Bunyarungu-

Fig. 43. The Ntungwa bentonite deposit.

ru) and less than 8 Ka ago in the Fort Portal area 
(Link et al. 2010).

Kaiso clays (bentonite, kaoline)

Along the eastern coast of Lake Albert in the West-
ern Rift Valley, extensive sediment beds occur that 
are in many places largely composed of weathered 
material. Local people have used this often-whit-
ish (kaolinitic) material to whitewash their houses. 
Recently, bentonite interbeds have also been iden-
tified within these sediment formations.

Following the investigations at Rukungiri, the 
geologists of DGSM have carried out preliminary 
studies along the shores of Lake Albert (Kaiso 
area). Although several XRD analyses by SEAMIC 
revealed that the collected samples were mainly 
quartz-muscovite-kaolinite bearing, a few samples 
also contained such large amounts of smectite/
montmorillonite minerals, even exceeding 70%, 
that they could be classified as bentonite. Howev-
er, in most cases the collected and studied samples 
contained even more kaolinite and quartz with il-
lite than smectite. 

The GTK Consortium teams collected several 
clay samples from different locations in the Kaiso 
clay formations, and six of these were studied at 
GTK for their mineralogical and chemical compo-
sition. 

The XRD determinations showed that quartz 
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(35−50%) and kaolinite (15−45%) were the pre-
vailing minerals in these samples, followed by pla-
gioclase (10−20%), K-feldspar (5−15%) and illite 
(below 5%). The smectite content was generally 
5−10% and at highest 25%; in commercial benton-
ite it should be at least 65−70%.

Regarding the chemical composition (XRF), 
LOI and moisture content, most of the major el-
ements (SiO2 58−70%, Al2O3 17.8−18.7%, Fe2O3 
3.3−7.8%, MgO 0.9−1.3%, TiO2 1−1.2%), and also 
LOI (5.4−7.2%) and moisture (0.8−10.1%) were all 
within the acceptable range of traded bentonites. 
The Na2O content (0.1−1.5%) was clearly lower 
than that of commercial Na bentonites (1.7−3.4%) 
and CaO (0.1−1%) was low for Ca bentonites 
(0.3−4.5%). Considering the low Na and Ca val-
ues, it is obvious that the smectite content would 
be generally low in these samples. 

The above chemical and mineralogical results 
strongly indicate that one should be very careful 
when classifying these Kaiso type clay deposits, 
because it is clear that different, alternating layers 
occur in which the mineral and chemical compo-
sition changes within rather small intervals from 
sandy to kaolinitic and smectitic. 

In order to determine the potential for exploit-
ing bentonite raw material at Kaiso, a comprehen-
sive investigation should be carried out, including 
systematic sampling along profiles and through 
different layers, followed by thorough laboratory 
studies on the mineralogy and chemistry, and if 
these so justify on the physical properties of the 
bentonite material.

Possible sites for further investigations are: 1) 
a high cliff facing the lake at 274780E / 169350N; 
2) a river valley at about 800 m S of the mouth of 
River Warwire at 263370E / 155730N; and 3) along 
a road to an oil well, close to the River Kabyosi at 
269290E / 156945N. 

At present, local demand for bentonite has still 
been quite small and it is mainly used in oil drill-
ing. In the case of Uganda, the transportation costs 
are a significant factor in the overall price of ben-
tonite, and the domestic production of this rather 
low price bulk material could therefore only be 
competitive with imports if the raw material base 
was adequate and the required quality could be 
achieved and ensured. Among many other min-
eral commodities, bentonite is one that could be 
produced locally.

Diatomite

Diatomite is a usually unconsolidated, earthy sedi-
mentary rock consisting of the skeletons of unicel-
lular siliceous algae (diatoms). These organogenic 
deposits can arise in marine, brackish and fresh-
water environments. The colour is largely depend-
ent on the content of organic material and iron, as 
well as on its position in the water table. 

Diatom skeletons consist of almost pure amor-
phous silica, and each species has a unique and 
highly intricate skeletal structure. The purity, high 
porosity, low bulk density, high absorption capac-
ity and large surface area of diatomite directly re-
sult from the shape, structure and composition of 
its constituent diatoms. These properties, together 
with chemical inertness, low thermal conductivity 
and superb filtration properties, are responsible for 
the versatile uses of diatomite in industry. The size 
of individual diatoms is mostly within the range 
of 10–150 µmDry, while unconsolidated diatomite 
has bulk densities of only 0.12 to 0.25 g/cm3. In 
exploration, this is the principal property to dis-
tinguish diatomite from other clays. The MOHS 
hardness of individual particles is 4.5−5 and den-
sity 2−2.3 g/cm3.

Between 2005−2009, diatomite and tripolit 
(synonym for diatomaceous earth) imports to 
Uganda totalled 1684 tons, being on average about 
340 tons per year. The main use has most probably 
been as a filter aid for different fluids such as beer. 
The potential to find commercial diatomite depos-
its in Albertine Rift is significant, not only in the 
West Nile area. Prior to further exploration, po-
tential consuming companies should be contacted 
concerning a) their interest in domestic raw ma-
terials and b) the specifications for their diatomite 
uses.

Diatomite has been identified in Uganda in sev-
eral beds of the Quaternary sediments in the West-
ern Rift. The best-known occurrences are located 
on the western bank of the Albert Nile around Pa-
kwach (Hepworth 1957 and 1964). Three princi-
pal occurrences are known around Panyango (Fig. 
44) and at Alwi (Alui) and Atar villages, and in the 
road cuts between these. 

The best known and largest deposits occur at 
Panyango, where up to 100-m-thick, almost hori-
zontal sediments are exposed (Fig. 45). Six diato-
mite beds are known in the upper 15−20 m within 
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Fig. 44. Potential area in Pakwach (blue line) for finding diatomite, kaolin and bentonite clay occurrences. Connected to Neo-
gene Kaiso clay and diatomite (NeKcd). The grid size is 50 by 50 km. The whole West Nile valley has potential for various types 
of clays, diatomites and other shallow basin sedimentary deposits. Due to the active rifting, geothermal energy would provide 
another source of energy in addition to oil that has recently been located in exploration drilling. 
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an approximately 35-m-thick clay-rich middle 
unit. Their total thickness is about 6 m, while the 
thickest bed is 3.65 m. 

Laboratory tests by GTK (XRD, XRF, SEM, 
Sedigraph) showed that those extensive and thick 

sediment layers in the Pakwach area, and probably 
within the whole Albertine Rift, are generally com-
posed of variable materials. 

There occur layers composed mainly of diato-
mite, kaolinite or clay material (smectite, illite) 

Fig. 45. (A) Diatomite layers in Panyango and (B) sampling of 
the Panyango diatomite deposit. 

 

 

 

Fig. 46. SEM images of a diatomite sample (UGA 2.1/2010) from Alwi. Mostly centric diatoms (disk shaped, sizes 30–100µm) 
and broken diatoms in bulk rock as well as in pulverized diatomite. The matrix mainly consists of finely broken diatom mate-
rial (see picture in first row on the right), and clayish material (probably kaolinite). The clay content is very low, barite occurs 
in minor amounts, and there is no gypsum or salt. 
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and occasionally also of quartz. However, it ap-
pears that these materials are often mixed while 
pure, mono-mineral layers may not be so com-
mon. Due to the non-crystalline state of diatoms, 
scanning electron microscopy (SEM) studies are 
essential in determining their shape, species, 
size and total amount in ratio to other minerals  
(Fig. 46).

In general, it can be noted that sedimentary for-
mations in the Pakwach area are very thick and 
their coverage is extensive. It is also obvious that 
substantial amounts of diatomite do occur there. A 
comprehensive investigation programme with sys-
tematic sampling and laboratory studies should be 
carried out to clarify the real potential of diatomite 
resources for various industrial applications.

Feldspathic materials

Alkali feldspars are of economic importance and 
most are consumed in glassmaking and ceram-
ics manufacture. Natural mixtures of feldspar and 
quartz may be acceptable products, for instance, 
in the manufacture of ceramics. An alternative 
source of alumina and alkalis for both glass and 
ceramics is nepheline syenite, a rare silica-deficient 
plutonic, alkaline igneous rock that contains no 
free quartz. This rock essentially consists of alkali 
feldspars and the feldspathoidal mineral nepheline 
[(Na,K)AlSiO4].

Pegmatite frequently occurs around the coun-
try and feldspar-rich granitoids are also common. 
Accordingly, possible sources for feldspar are 
very much adequate. The key question is whether 
the domestic production could be economically  
viable.

Concerning possible exploitation, e.g. of Muta-
ka pegmatite, all mineral commodities should be 
considered (K-feldspar, kaolin, quartz, mica, ber-
yl and tantalite). Taking into account all these as 
possible by-products, the economics show better 
feasibility. The K-feldspar of the Mutaka pegma-
tite deposit (Fig. 47) has an unexceptionally high 
potassium content, 14% K2O or even more, and 
in addition it is chemically very pure (0.02−0.04% 
Fe2O3). Analysis of individual K-feldspar grains 
by SEM/EDS demonstrated that the K2O content 
is 25−27% at highest, and in the best locations 
17−19%. This type of material could find a market 
for special uses with a high price.

Fig. 47. The Mutaka open pit. Feldspar-quartz heaps on the pit bottom after kaolin has been separated. 
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Carbonate rocks – carbonatite complexes (phosphorus, REE, iron)

Limestone, marble and other carbonate rocks are 
extremely important raw materials and widely 
used in different industrial applications and ag-
riculture. Regarding the tonnage, construction 
and cement manufacture are by far the biggest 
consumers of carbonate rocks. In Uganda, part of 
the available carbonate is mined from carbonatite 
complexes and part from sedimentary limestones.

Strategic evaluations of national or regional 
limestone and marble resources or site-specific 
reserve estimations must involve much more than 
basic geological investigations. Laboratory deter-
minations of physical, mechanical, chemical and 
mineralogical properties of the stone should al-
ways be included. The evaluation also needs to in-
clude a comparison with national or international 
specifications for each potential end use. 

Another very important commodity for the 
national economy could be phosphate fertilizers, 
which can be produced from the apatite-bearing 
carbonatites of eastern Uganda (Livingston 1988). 
There are several alkaline rock and carbonatite 
complexes in eastern Uganda, the best known 
being Sukulu and Bukusu (Fig. 48), which a host 
major resource of carbonate, apatite (phosphorus) 
and vermiculite, and are also potential for mag-
netite (iron), Nb minerals and rare earth elements 
(REE). Carbonatitic limestone (soevite) is used for 
cement production in Tororo and Sukulu, and a 
couple of other carbonatite intrusions are poten-
tial for limestone.

At the Sukulu carbonatite complex in the Tororo 
District, the soils contain over 230 Mt of 12.8% 
P2O5 and 0.24% Nb2O5 (Beardon-Potter Corpora-
tion 1982). The fine grain size of the pyrochlore 
may hamper the mineral recovery in dressing; 
up to 45% of the pyrochlore has a grain size less 
than 10 microns. However, considering the large 
tonnage, the pyrochlore will be a very potential 
by-product when the phosphate based fertilizer 
production at Sukulu starts. In addition, the soils 
contain 45 Mt of magnetite.

The Bukusu carbonatite (Figs 49 and 50) hosts 
a significant phosphate resource in the Busumbu 
zone, which was exploited from 1945 to 1963. 
Semi-processed material was sold to Kenya. An es-
timated 8.5 Mt of residual soils grading an average 
of 13% P2O5 have been identified at Busumbu. The 
(titano-) magnetite content is also high.

Preliminary REE contents were tested in sam-

ples from the surrounding fenitic rocks at Suku-
lu and Bukusu. For analyses, the sample size was 
reduced / concentrated to one fourth of the total 
by removing coarse-grained material, mainly feld-
spar. These figures only give approximate grades. 
In Sukulu, the total REEs in all the seven samples 
amounted to 783–2890 ppm (heavy REE 5.5–7.2% 
of the total REE). In Bukusu (3 samples), the vari-
ation was 630–2350 ppm REE (5.5–9.5% HREE of 
the total REE). A new set of soil samples was col-
lected at Bukusu in December 2010. Of these, nine 
were assayed for REE. The best grade (REE+U+Th) 
was 2973 ppm from a small murram pit, 642519E 
/ 92878N. Two samples were from the Namekara 
vermiculite pit, with 1075 ppm and 1847 ppm, 
639619E / 92800N. The remaining six samples 
assayed between 679 ppm and 1866 ppm, the lat-
ter figure being from 640864E / 98934N, close to 
the Nangalwe iron occurrence. The highest REE 
grades are connected to iron-phosphate occur-
rences in the Bukusu area.

Butiriku and Bukiribo (SE of Mbale), Budeda 
and Lolekek (north of Mbale), Napak, Toror (Fig. 
48) and Theno carbonatite complexes, as well as 
the surrounding bedrock, are critical for Nb, REE, 
Zr and other metals (Cu, Ti, Fe, U, Th) that are 
typical for carbonatite–alkaline igneous com-
plexes. They were studied and reported in 1960s 
by Trendall (1961, 1962, 1965a and 1965b). For 
instance, minerals identified in the Lolekek sövite 
include apatite, zircon, pyrochlore, baddeleyite 
and Mn magnetite (Bloomfield 1973). Almost 3% 
of total rare earths have been detected in carbon-
atite samples, and also small amounts of Nb and 
Mo (Bloomfield 1973). Enrichment of molybde-
num up to 400 ppm has been reported in the Lole-
kek and up to 0.18% Mo in soils west of Butiriku 
(Bloomfield 1973). There are also high concen-
trations of Co (450 ppm), Ni (1800 ppm) and Cu 
(500 ppm) in soils in the western part of Butiri-
ku, which indicate local sulphide mineralization 
(Bloomfield 1973). Reedman (1969) reported also 
slightly increased Be, Nb and La in the western 
part of the complex, and increased Cu (similar to 
Bukusu) and Co in the soils of eastern and north-
ern part of the complex.

New chemical analyses by GTK Consortium of 
the bulk rock samples in the contact of carbonatite 
and alkaline volcanic rocks of the Butiriku com-
plex (Mast Hill, Bunyanga) indicate high phospho-



208

Geological Survey of Finland, Special Paper 56 
Tapio Lehto, Yrjö Pekkala, Niilo Kärkkäinen, Gabriel Data and Vincent Kato

Fig. 48. Location of the carbonatitic intrusions in east Uganda (geology according to Macdonald 1966). Since there have been 
no recent airborne geophysical surveys covering the area where the known carbonatite bodies occur, except the southernmost 
Sukulu and Tororo, the potential for new finds is considered high.
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Fig. 49. Map showing the distribution of intrusive (black) 
and extrusive (yellow) rocks of the Elgon Complex in eastern 
Uganda (adapted from Davies 1956).

 

Fig. 50. Bukusu hill, where the brown colour of the weathered rock is typical.

 



210

Geological Survey of Finland, Special Paper 56 
Tapio Lehto, Yrjö Pekkala, Niilo Kärkkäinen, Gabriel Data and Vincent Kato

rus contents, up to 5.88−6.99% P2O5, which means 
approximately 14−16% apatite. One carbonatite 
rock sample from this area also contained 5.7% 
P2O5.

Budeda (652550E / 126640N), 12 km NNE 
from Butiriku, forms a tiny complex comprising 
of two small intrusions of carbonatite and several 
masses of ijolite and melteigite, surrounded by a 
zone of syenitic fenite (Bloomfield 1973).

Lolekek (661210E / 193820N), located 10−15 
km to the west of Mt. Kadam, is a remnant of a 
small central volcano. It is comprised of phono-
lite, nephelinite and agglomerate. The central car-
bonatite plug is about 0.5 km in diameter and is 
surrounded by a collar of alkaline rocks 800 m 
in width. Bloomfield (1973) noted strong REE 
anomalies related to all three Karamoja carbon-
atite complexes. At Lolekek, samples of carbonatite 
contained almost 3% total REEs, and need to be 
closely re-investigated. 

Napak (or actually Moruangoberu plug) is only 
400 m in diameter and principally consists of 
banded sövite with variable amounts of dolomite 
and siderite. There are also some small masses of 
carbonatitic agglomerate. The low Lokupoi Hills 
almost encircle the plug and are made up of ijolite, 
melteigite and urtite variations (Bloomfield 1973). 
The Toror (and Theno, a small plug 5 km SW of 
Toror Hills) carbonatites consist of sövites with ap-
atite, biotite and pyrochlore; dolomite types con-
taining magnetite and barites and mixed silicate 
rocks. At Toror, coincident lanthanum-yttrium 
anomalies are associated with the carbonatite and 
with ferruginous veins in the surrounding fenites. 
Barites have been recorded from the soils of the 
North Valley of Toror and also around the Theno 
carbonatite. High barium and strontium values in 
the primary and secondary geochemical disper-
sion patterns may provide good pathfinders of 
REE mineralization (Bloomfield 1973).

Vermiculite

In Bukusu vermiculite has been mined at Name-
kara (Fig. 51) to east of the Tororo-Mbale road. 
When owned by Rio Tinto, until mid-2009, it was 
promoted as being “a potential world class, long 
life resource, thought to be the largest of its kind in 
the world”. The vermiculite is formed as a weather-
ing product of phlogopite.

The deposit is estimated to contain an inferred 
resource of about 55 Mt of vermiculite ore with 
26.7% vermiculite in the +180 µ fraction (http://
gulfindustrials.com.au/projects /uganda-vermic-
ulite/). The vermiculite prospect occurs on the 
southwestern margin of the Bukusu complex, 
where the vermiculite formation has been devel-

Fig. 51. Mining at the Namekara vermiculite mine in September 2010.

http://gulfindustrials.com.au
http://gulfindustrials.com.au
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oped at the contact between mica-rich pyroxenite 
and carbonatite. The deposit is overlain by a 5–6 
m of soil cover, largely composed of magnetitic  
residue. 

Considering the most recent report by SRK 
Consulting from RSA, on the behalf of the cur-
rent property owner, Gulf Industrials Ltd from 

Australia, it is clear that the vermiculite reserves in 
Namekara are large enough and obviously also the 
quality fulfils the requirements for a major opera-
tion. The vermiculite content in the ore is 26.7% in 
the +180 micron fraction and 18.8% in the +425 
micron fraction.

REE, thorium

Thorium and REE in perovskite and niobium and 
tantalum in pyrochlore are potential ore minerals 
in the alkaline intrusive rocks and carbonatites of 
Eastern Uganda and Karamoja. Pyrochlore occurs 
in Sukulu, Butiriku, Napak and Toror carbonatites 

(Barnes 1961). Perovskite is found in Surumbusa 
magnetite ore of the Bukusu complex. Fenites re-
lated to the carbonatites and alkaline rocks may 
also be critical for other REE minerals.

Flake graphite

Graphite, the crystalline form of native carbon, 
is a very soft mineral that is greasy and soils the 
fingers and paper. Because of this property, it 
has long been used in the manufacture of pencil 
leads. There are three types of naturally occurring 
graphite: microcrystalline or amorphous, crystal-
line lump or vein, and crystalline flake. Crystalline 
flake is currently in great demand by the refrac-
tories industry and in Li-ion batteries. Generally, 
graphite-bearing rocks could be utilized by rather 
simple processing methods, which could also be 
used in small-scale mining operations and thus 
create enterprises to produce flake graphite for lo-
cal and export markets. 

In Uganda, graphite is known to occur in high 
metamorphic grade sedimentary rocks, especially 
in Karamoja and basement gneisses and charnock-
ites in West Nile (Barnes 1961). It occurs as sparse 
graphite flakes to coarse gneiss containing up to 
25% graphite. A narrow, 15-cm-wide vein of al-
most pure graphite in a valley of Mobuku River in 
the Ruwenzori Mountains was reported by Barnes 
(1961). On the Kadam map sheet, Trendall (1961) 
describes discontinuous bands of graphite gneiss, 
up to 3 m thick, occurring sporadically within the 
eastern meta-calcareous assemblage. Graphite 
may form up to about 10% of the rock. (No closer 
location is indicated).

Respectively, on the Napak map sheet (645690E 
/ 243250N), Trendall (1965b) mentions gneisses in 
Lokeru containing up to 10% of graphite as 0.2- to 
1-mm-long flakes with biotite and occasional gar-
net. 

Baldock et al. (1969) described a site 1.5 km NW 
of the summit (590338E / 285490N) of Angoleb-
wal Mountain (Napak sheet, 25), where outcrops 
of graphite bearing gneiss occur along a river bed. 
Graphite is present as flakes in feldspar-rich gneiss. 
The width of the gneiss is some 90 m across and at 
least 130 m along the strike. The gneiss contains up 
to 50% graphite in richer streaks and on an average 
about 10−15%. Just above the weathered bedrock, 
there is an approximately 15-cm-thick layer of al-
most pure graphite admixed with clay. However, 
the exposures are few and systematic pitting and 
sampling should be carried out to determine the 
extent and grade. Then, if the results so justify, pre-
liminary processing tests could be conducted. 

In the Karamoja area, graphite is also known 
to occur in high-grade gneisses, and it was previ-
ously worked for pottery decoration SW of Ewio 
Hill (Sheet 20/l).

In the older map sheet explanations, graphite is 
also mentioned on the southern West Nile sheet 
(Hepworth 1964).

Other industrial minerals

According to Hepworth (1964), highly aluminous 
muscovite schist generally occurs in the West Nile. 

In places it contains abundant kyanite, and rutile 
has also been identified. Kyanite occurs at Ayugi 
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(sheet 20/3), Erusi (29/1) and Azi (19/4), where 
rutile has also been found. 

The kyanite content is at best over 10% in all 
these places, and at Azi the rutile content is 4%. 
Hepworth (1964) carried out some reconnais-
sance on these occurrences, considering kyanite as 
a raw material for alumina production (mullite). 
One sample from Azi contained 81% kyanite, 11% 
muscovite, 4% rutile, 2% quartz and 2% ortho-
clase. The chemical analysis showed 40.4% SiO2, 
5.84% TiO2, 50.7% Al2O3, 0.74% Fe2O3, 0.36% FeO, 
1.23% K2O, 0.41% Na2O, 0.10% CaO and 0.12% 
Cr2O3. This type of material could be rather eas-
ily processed into a refractory product (min. 59% 
Al2O3 and max. 39% SiO2). It should also be not-
ed that the content of rutile is interesting even as 
such considering its price, which is currently USD 
1300−1600 per ton for 95% concentrate.

Besides the above mineral commodities, some 
other occurrences in southern West Nile have pre-

viously been exploited on a small scale or could be 
utilized. The following notes have been compiled 
from Hepworth (1964).

Mica (muscovite): Long, narrow pegmatite 
veins with an easterly alignment cross-cut the 
north striking gneisses (Sheets 20/4, 29/2). They 
are pink, microcline-quartz-muscovite-biotite 
pegmatites, with tourmaline and occasionally 
garnet. Mica was previously exploited in several 
places between Ngal and Parombo. It was of good 
quality and up to 10 cm in size.

Fuchsite (chromium mica) occurs in small 
amounts in all quartzites within the Neoarchaean 
War group in the West Nile area. The best sea-
green fuchsite is found on Kango Hill (Sheet 19/4), 
and it would make a beautiful ornamental stone. 

Soapstone (massive talc) occurs on the western 
side of the Zeu Hill summit (sheet 19/4). It has 
been used for carvings, as in Kenya.

CONSTRUCTION MATERIALS

Construction materials are widely used for infra-
structure and in various building projects (dams 
and housing), and they are essential for the devel-
opment of a nation. Unfortunately, one of the most 
promising construction material occurrences is 
located in the Karamoja region, which could not 
be studied by GTK due to safety concerns. How-

ever, the dolomitic marbles in Moroto, such as 
Katikekile, would provide ample resources for ce-
ment manufacture and other construction materi-
als, such as dimension stones of banded marble. 
Hard rock aggregates are common all over Ugan-
da, while good quality clays for brick making have 
not been sufficiently explored.

Cement raw material resources

At present, by far the most important activity in 
the mining sector in Uganda is the manufacture 
of cement, with two main producers: Tororo (1.8 
Mt/year) and Hima (1 Mt/year). According to the 
latest available data (USGS Minerals Information 
2013), cement production in Uganda totalled 1.66 
Mt in 2011, since Hima Cement Ltd completed the 
expansion of its capacity to 0.85Mt in 2011. Tororo 
Cement Ltd plans to increase its capacity to 2.2 
Mtpa. 

In an ideal case, the bulk raw material re-
sources of cement manufacturing, limestone and 
clay, should be available close to the plant. Un-
fortunately, this is not the case in Uganda. Long 
transport distances of low-value bulk materials 
substantially raise the cost of the final product. As 
a consequence, large, good quality limestone re-

sources relatively close to the cement plants are in 
urgent demand, and accordingly, serious investi-
gations to discover new deposits or/and confirm 
the quality and reserves of existing deposits should 
be carried out.

Tororo Cement

At Tororo, the current cement production is very 
much based on importing 1 Mt, 50% of the clinker 
demand, from abroad via Mombasa. The second 
half of clinker is manufactured from local raw ma-
terials, comprising limestone from the Tororo car-
bonatite complex and marble from Karamoja, with 
a small addition of clay (kaolin) from the Moni de-
posit, Mbale, used as an alumina additive. 

The reason why so much imported clinker is 
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needed is due to rather variable chemical compo-
sition of all cement raw materials used at Tororo. 
In carbonatite, the P2O5 content is often too high 
(max. 2.5% P2O5 is currently accepted), and high 
silica, magnesia and iron contents also commonly 
reduce the quality. In order to balance the chemi-
cal composition, especially the excessively high 
phosphorous content of the clinker raw meal mix-
ture, about as much limestone (Karamoja marble) 
with as a low P content as carbonatite limestone 
must be added to the raw meal. 

Finally, the local and imported clinker are 
mixed and ground with local pozzolana and im-
ported gypsum to make cement. Tororo imports 
close to one million tons of clinker through Mom-
basa. In addition, it needs 1.5 Mt of cement qual-
ity limestone from Tororo and Moroto/Katikekile 
to produce another 1 Mt of clinker. This leads to 
logistical, economic and technical problems. Re-
garding the availability and quality of cement raw 
materials for the Tororo plant, it is obvious that 
comprehensive, detailed investigations should be 
carried out on domestic resources to fulfil the es-
sential requirements of this large scale, nationally 
and economically important operation. 

In 1987−1988, Scancem Ltd (Sweden) investi-
gated the carbonatite complexes in the Tororo area 

for cement manufacture. This study comprised 
core drilling (41 holes), a large number of chemi-
cal analyses and cement production tests. Nine-
teen holes (1440.80 m) were drilled at Lime Kiln 
Hill (Fig. 52), 9 holes (943.83 m) at Cave Hill, 12 
holes (1861.16 m) at Tank Hill and 2 holes (250.95 
m) at Sukulu.

The study revealed that the P2O5 content was 
generally too high (3–4%) for cement production 
in all of these bodies. At Lime Kiln Hill, several 
holes pierced carbonatite in which the P2O5 con-
tent was at acceptable level, which is currently 2.5% 
at maximum. However, in many holes the SiO2 
content was too high, being 15–20%, and even 30–
40%, and the Fe2O3 and MgO contents were also 
too high in a few holes. Only in 3 holes were 20–30 
m-thick horizons detected having a chemical com-
position that was within the acceptable limits for 
cement manufacture (Scancem 1988). However, it 
should be noted that the drilling at Lime Kiln Hill 
did not adequately cover the surroundings of the 
3 holes with good quality carbonatite limestone. 
On the contrary, there were no drill holes on the 
northern side of these 3 holes, and this area should 
be studied as the first priority. 

Another important investigation target is the 
Karamoja marble area due to its good potential for 

Fig. 52. Lime Kiln Hill comprised of carbonatite at Tororo. The hill provides a significant part of limestone for cement produc-
tion.
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cement quality calcitic rocks. At present, the geol-
ogy of the marble areas, such as in Katikekile, is 
not known in such detail that cement quality lime-
stone could be reliably quarried on a large scale. 
In Karamoja, a lot of marbles occur as extensive 
layers, several tens of kilometres long and at least 
0.5 km wide, within the Neoproterozoic metamor-
phic rocks of the Karasuk Supergroup. Marbles are 
mostly dolomitic or highly magnesian in composi-
tion (Pekkala et al. 1991). Correlating with simi-
lar geological provinces, it is quite safe to assume 
that calcitic marbles probably comprise only about 
20% of the total in Karamoja marbles.
Katikekile. Although the Karamoja area, includ-

ing Katikekile, was excluded from GTK Consorti-
um’s contract, DGSM has recently carried out field-
work there and sampled 40 marble sites (Fig. 53). 
Altogether, 70 samples from 40 sites were analysed 
by XRF for 35 elements, and carbon (C) and loss on 
ignition (LOI) were additionally measured. From 
70 analyses, 34 were within the range of cement 
quality carbonate rock: MgO below 2.5% and SiO2 
below 5%. In addition, the CaO content was high 
enough, being over 47%, and LOI was over 40%. 

Fig. 53. Hard, dense white marble (A), an amphibolite interbed in marble (B), the typical brownish weathering surface of dolo-
mitic marble (C) and workers on the quarry site (D).(Note, the camera dates are not correct).

 

 

 

 

However, many analyses showed that even 
at the same limited sampling site, the composi-
tion of marble may change from pure calcitic to 
highly dolomitic. Since the marbles in Karamoja 
are the direct continuation of the marble forma-
tions of the Cherangani Hills in the Ortum area, 
West Pokot, Kenya, certain parallels can be drawn. 
There, the Kenyan Mines and Geology Depart-
ment carried out extensive investigations on the 
marbles for cement raw material in 1982–1984. 
The study comprised detailed geological mapping 
and sampling of four separate marble deposits: 
Ortum, Iyon River, Sebit and Chepchoi. The field-
work was completed by core drilling of 34 holes 
(3662.5 m). Laboratory studies comprised over 
300 chemical analyses. Technical and economic 
calculations on the viability of the establishment 
of a cement plant in Ortum were also carried out 
(Pekkala et al. 1991).

This comprehensive study revealed that the 
marbles are widely spread within the Karasuk Su-
pergroup of the Mozambique Belt metamorphic 
rocks in West Pokot. The marbles are mostly dolo-
mites or dolomitic, and only 15–20% of them are 
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calcitic or low magnesia rocks in composition. It 
was also found that calcitic marbles occur in few 
areas as layers that are extensive and thick enough 
(20–30 m) and with a chemical composition ac-
ceptable for cement manufacture.

However, the lesson learned during the Ortum 
project was that without a comprehensive and sys-
tematic study, good quality calcitic marble layers 
with an adequate tonnage would not have been 
discovered and reliably confirmed to justify the 
planning of industrial scale cement production. 
It is very obvious that the above is also valid for 
the marbles in Karamoja. Therefore, it is strongly 
recommended that an appropriate investigation be 
carried out on Karamoja marbles.

The Gweri Hills dolomitic marble deposit is lo-
cated about 16 km to the NE of Moyo town, near 
the South Sudanese border. Impure dolomitic mar-
ble in the area has been studied by Anyoli (1977), 
Onega (1977), Kabagambe-Kaliisa (1978) and El-
epu (2002). Anyoli reported four analyses, which 
averaged 73.7% CaCO3, 13.1% MgCO3, 4.0% SiO2, 
1.44% Fe2O3 and 1.12% Al2O3. Kabagambe-Kaliisa 
(1978) provided an estimate of possible reserves at 
4.8 Mt, with up to 32.6% MgCO3, 55.77% CaCO3 
and 5.78% SiO2. These analyses show that the mag-
nesia content is much too high for cement manu-
facture.

Geologically, Gweri marbles belong to the Mes-
oproterozoic Madi Group, which is mostly com-
prised of mica schists, while on the prominent 
ridges, pure, hard quartzites are exposed. Mar-
bles are generally widely spread as separate layers 
within the mica schists, and the zone where mar-
ble layers/beds have been observed is more than 
200 m wide across the strike (Elepu 2002). Marble 
has been excavated in a small quarry, where the 
hanging wall of the main marble layer is amphibo-
litic rock, which contains carbonate material even 
as thin intercalations. The marble itself is clearly 
banded, rather pure and white in colour. In the 
small quarry, the marble layer is about 10 m thick, 
and a thickness of up to 30 m has been observed, 
but generally it is much less.

Even though the marble at Gweri Hill does not 
fulfil the quality requirements for cement manu-
facture, it could find uses as different filler materi-
als, and as finely ground powder it would be good 
as agricultural lime to improve the excessively acid 
arable land, which is a common problem around 
the country. Gweri marble could also find use as a 
dimension stone due to its white colour and solid 

texture. It is often nicely banded, which makes it 
attractive in appearance.

At Bukiribo Hill (648080E / 113790N), on the 
western part of the Butiriku Complex, a number 
of small carbonatite (sövite) exposures occur. An 
investigation with minor drilling was carried out 
there for its potential as a cement raw material, 
and the results indicated that the contents of P2O5, 
MgO and Fe2O3 would be within the acceptable 
limits (Plummer 1972). Later, the area was studied 
by Sekamwa (1973), a Turkish company in 1982 
and recently also by Tororo Cement. All these 
studies have reported that the carbonatite is suita-
ble for cement manufacture. However, this has not 
been confirmed by systematic investigations, and 
Bukiribo still remains as a reserve source of lime-
stone for Tororo. New chemical analyses of bulk 
rock samples (GTK Consortium) from the contact 
area of carbonatite and alkaline volcanic rocks of 
the Butiriku complex (Mast Hill, Bunyanga) indi-
cated 5.5−7% P2O5, which is too high for cement 
limestone. In pure carbonate rock (93–95% cal-
culated carbonate), the phosphorous content is 
0.65–1.8% P2O5.

The Moni kaolin deposit in Mbale, exploited for 
alumina additive in cement production at Tororo, 
is rather small, and if the demand is doubled the 
resources at Moni will soon be depleted. High 
potential for new resources is recognized in the 
Mbale-Tororo area, where kaolinitic weathering is 
visible in many road cuttings.

Ordinary clays in the nearby areas should also 
be checked to determine whether clays occur with 
lower iron content than the one from Malaba, 
which was previously used for cement manufac-
ture. There are several sites with clay in the sur-
roundings of Tororo, and these should be system-
atically investigated to provide cement production 
with the necessary clay raw material.

Hima cement

The other cement plant in Uganda is located at 
Hima in Kasese district, a subsidiary of Bamburi 
Cement and a part of Lafarge East Africa. The 
annual production capacity was 850,000 t (2011) 
and the demand of limestone about 1.5 Mt. The 
current source is the lacustrine limestone exposed 
near the plant (see Fig. 11). In the deposit, the rock 
is generally good for cement production in terms 
of chemical composition, but there are areas where 
the Mg content is too high. Therefore, selective 
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mining is in use. The deposit consists of two lime-
stone layers, both about 5 m thick and separated 
by a 5 m-thick clay bed. So far, only the topmost 
bed has been exploited. 

The future reserves are in the Dura limestone, 
and according to the Company’s commercial man-
ager there are sufficient reserves. Logistically, the 
exploitation of Dura limestone is problematic; the 
shortest distance between Hima and Dura is less 
than 20 km, but in practice the distance is about 
150 km, unless the old railway connection or route 
along the rail bed is re-opened.

Along the beach of Kaku River and along the 
road clearings NW of the town of Kisoro there are 
boulders of travertine (Fig. 54). Chemical analy-
ses of Kaku limestone from the 1950s indicate a 
low magnesium content: 51.77% CaO and 2.03% 
MgO (Kato 2010a). However, the total resources 
are not known and they should be clarified, first by 
geophysical means to study the dimensions of the 
carbonate rock.

Clay is another basic raw material in cement 
manufacture, as a source of alumina. Generally, 
common clay is good enough, but for chemical ad-
justing, both of the cement companies in Uganda 
also use kaolinitic materials as an alumina addi-
tive. Hima Cement quarries kaolin from Kibalya 
deposit in Bushenyi. 

Gypsum. Hima Cement currently imports 
CaSO4·2H2O, about 5% of which is needed in ce-
ment manufacturing, from Kenya. A large but 
low-grade deposit occurs in Kibuku, Bundibugyo 
District. The Bundibugyo Miners Association has 
previously excavated and processed small amounts 
of gypsum with primitive methods, amounting to 
100–300 tons/year, and sold it to Hima Cement. At 
present, this has ceased. The annual gypsum con-
sumption of Hima Cement will be about 40,000 
tons. 

It would be worthwhile to determine the poten-
tial of the Kibuku deposit by carrying out proper 
industrial processing tests to achieve a pure gyp-
sum concentrate. Previously, this was not the case 
and the consumers complained that the gypsum 
was not pure enough for cement production. How-
ever, mineralogical (XRD) and chemical (EDS) 
studies carried out at GTK indicate that gypsum 
crystals as such are clear and pure, with only mi-
nor inclusions as impurities. The crystal surfaces 
appear to be covered by a sticky material, which 
should be removed by appropriate processing 
methods. After this, the Kibuku gypsum would be 
of reasonable quality for cement production, but 
the question is how large the exploitable resources 
in the deposit are. 

Fig. 54. Travertine along the road close to the bridge over Kaku River (122810E /-132600N).
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Brick clays

The term ‘clay’ covers the mineral groups kaolin-
ite-serpentine, illite and smectite, and/or it is also 
a particle size term (<0.002 mm). Clay is generally 
defined as any fine-grained, natural, earthy mate-
rial that is generally plastic at an appropriate wa-
ter content and becomes hard when dried or fired. 
Important physical properties of common brick 
clays are shrinkage on drying and firing, plasticity, 
clay strength, firing colour and fired properties.

The material that is most suitable for brick man-
ufacturing is comprised of 30−40% clay (<0.002 
mm) and 35−45% silt (0.002−0.02 mm), with the 
rest being coarse silt (0.02−0.2 mm). 

Brick clay deposits are common throughout 
the country and production occurs at hundreds 
of sites. The majority of brick clay deposits have 
formed from the weathering products of basement 
rocks, either as in situ or re-deposited sediments. 
In situ weathered clays generally contain a large 
amount of kaolin, which gives good refractory 
properties but weakens the plasticity.

The basin of the Kafu River is a typical example 
of where alluvial deposits have extensively formed, 
and they were subjected to rather detailed study by 
Bishop (1969). A number of pits have been dug along 
several lines penetrating clay horizons with or with-
out sand and occasional gravel layers in between.

At Butema village, some 20 km from Hoima 

along the Kampala road, there is a mechanized 
brick factory utilizing local clay. It is managed by 
Hoima Diocese and has been in operation for over 
20 years. It also produces quite a lot of sand and 
aggregate from materials occurring near the fac-
tory, and at present this appears to be the main 
business.

Two clay samples from Butema were tested at 
GTK and Cerateam Ltd, Finland. A composite 
sample from the pit proved to be a good brick clay 
(heavy) with a clay fraction (minus 2 microns) of 
69.3%. The other sample was a ready-mixed mass 
from extruder and it had good contents of clay 
(39.6%) and water (20.4%) for extruded bricks.

The results of mineralogical, chemical and tech-
nical tests on Butema and nine other clay deposits 
indicate that the quality varies considerably from 
site to site. Some samples fulfil the requirements 
for a good raw material for bricks.

Much of the brick production in Uganda is still 
carried out manually by local people, and firing 
takes place in heaps heated by timber, which is in-
efficient and not sustainable at all. There are also 
many small-scale mechanized brick works, such 
as in Butema, while in Mbale there is the newest, 
most modern brick factory in Uganda, producing 
quality bricks and tiles for various construction 
purposes (Fig. 55). 

Fig. 55. (A) A new brick factory at Kamonkoli, close to the town of Mbale, and storage of bricks for sale (B).
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Aggregates

The term ‘aggregate’ refers to a wide variety of 
construction materials. These are predominantly 
crushed rocks or sands and gravels (‘primary’ ag-
gregates), although industrial by-products (such 
as slag, colliery wastes, fly ash) and recycled waste 
materials (such as brick, concrete) may be used as 
substitutes (‘secondary’ aggregates) for quarried 
materials.

The construction industry consumes huge 
amounts of natural sand, gravel and crushed-rock 
aggregates. The demand for concreting aggregates 
continues to rise throughout the world, and ag-
gregates, either bound or unbound, are also widely 
used in road construction.

In Uganda, a large number of aggregate quar-
ries operate around the country (Fig. 56). However, 
most of these are small and manually worked by 
local people, exploiting all kinds of rocks for the 
building of local houses. In addition, there are tens 
of small, mechanized workings and a couple of large 
modern aggregate plants. One of the most recent 
and modern aggregate plants is located at Nakason-
gola (Fig. 57), which utilises granitic rocks nearby.

Good and moderate quality raw materials for 
aggregates do occur in most parts of the country, 
based on the existence of crystalline and solid Pro-
terozoic and Archaean bedrock, especially meta-
volcanic rocks, gneisses and granites.

Fig. 56. The Mwezi rock aggregate quarry, Singo granite (393580E / 71670N, alt. 1260 m), slightly porphyric, medium-grained 
granite.



219

Geologian tutkimuskeskus, Special Paper 56  
Mineral resources in Uganda

Dimension stones

The term dimension stone or natural stone refers 
to a stone that is cut to specific dimensions. It is 
quarried as large rectangular blocks by densely 
lined drilling and blasting with low velocity explo-
sives. These blocks are further drilled, blasted and 
wedged into smaller blocks (for instance 1  x  2  x   
3 m).

When prospecting and evaluating a potential 
dimension stone deposit, it is essential to estimate 
the marketability or attractiveness of the rock, 
its soundness, the size and shape of exploitable 
blocks, the amount of overburden, the distance to 
roads and other utilities needed in production.

In Uganda, there are numerous rock aggregate 
quarries where a good idea of the attractiveness 
and jointing of the rock can be obtained, but it is 
also important to note that in the quarries the rock 
is generally fractured and broken at a distance of 
tens of metres from the stopes, due to the pow-
erful explosives used for quarrying rock aggre-
gates. Some tens of metres of space should be left 
between the quarry stopes and the site where the 
soundness of the dimension stone is to be investi-
gated or evaluated.

At present, no industrial-scale quarrying and 
manufacture of finished dimension stone products 

Fig. 58. Typical porphyric Mubende granite, Lwemivubo quarry (299693E / 53953N). Hammer head 15 cm long.

Fig. 57. A new rock aggregate plant at Nakasongola.
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is taking place in Uganda. However, a number of 
rock types occur that could most probably raise 
interest in industrial-scale exploitation if their oc-
currence, soundness, jointing, texture, colour and 
overall appearance were adequately studied. Ex-
ploitable rock types could be found within many 
large granite bodies (Mubende, Singo, Ntungamo 
and many other intrusions around the country). 
Black rocks are always in demand, if their colour 
is distinctly black, the texture is homogenous and 
the rock is sound enough for blocks of a reason-
able size to be quarried. Numerous dolerites (dia-
bases) as well as gabbros, when their thickness and 
size is adequate, would be possible sources of black 
dimension stone.

Rock aggregate quarries also suitable for the 
production of dimension stones are found at plac-
es such as the following:

Lwemivubo crushed rock aggregate quarry 
within the Mubende granite massive is situated 
some 20 km west of the town of Mubende, by the 
Fort Portal road.

The rock fulfils the main technical and me-
chanical quality requirements as crushed rock ag-
gregates for all types of construction, even though 
the large grain size restricts its use for the highest 
quality products. In the quarry and its vicinity, the 
rock is generally strongly fractured owing to the 
use of explosives for blasting.

However, often the granite has vertical and hori-
zontal joints that are nearly perpendicular to each 
other and well developed. This is an important 
property for quarrying economically large dimen-
sion stone blocks. The general appearance of the 
rock, its colour and texture, could also generate in-
terest among dimension stone entrepreneurs (Fig. 
58 and Fig. 14 in Mäkitie et al. 2014).

Considering that the Mubende granite covers 
an area of over 3600 km2, an investigation into the 
best potential areas for dimension stone quarrying 
would be worthwhile.

Kiganda rock aggregate quarry, within the Sin-
go granite massive, is located about 38 km E of the 
town of Mubende towards Mityana and some 2 
km south of the main road.

The rock is coarse-grained, porphyric, post-oro-
genic granite. The colour varies from reddish to 
greyish, and plagioclase is often slightly greenish, 
obviously due to alteration to epidote. Compared 

to Lwemivubo, the rock here is more variable in 
texture, colour and grain size, and accordingly 
some types are very good as crushed rock aggre-
gate. Several granite types occur that have an in-
teresting appearance, and they could be quarried 
as smaller blocks providing slabs for special uses, 
which in fact comprise a good proportion of all di-
mension stone business.

Mwezi rock aggregate quarry is located at the 
northeastern end of Singo granite, some 80 km 
NW of Kampala towards Hoima, about 1.5 km 
southwest from the main road (393583E / 71670N, 
alt. 1263 m). The medium- to fine-grained varie-
ties have very good properties and are suitable for 
use as crushed rock aggregate. 

A large, old rock aggregate quarry (192852E 
/ 9903107N) was studied near Ntungamo. The 
rock is granitic, slightly foliated and porphyric. 
The form of the crushed rock blocks is near cubic, 
which makes it a good rock for aggregates. Explo-
ration for homogeneous granite fulfilling the re-
quirements for dimension stone is recommended 
in the area around the quarry. 

In addition to the above, there are numerous 
large rock aggregate quarries around the country, 
where ever road construction has been carried out, 
as well as in areas near major towns (Fig. 59). A few 
of these might also have use as dimension stones, 
such as the migmatitic gneisses in the Gulu Dis-
trict (Fig. 60A) and the charnockite in the Apila 
quarry (Fig. 60B), near Lira Town, but systematic 
studies should be conducted to confirm this.

Marbles offer a further interesting possibility 
for dimension stone production. They occur as 
formations that are tens of kilometres long and 
several hundreds of metres wide within the Kar-
asuk metamorphic rocks in Karamoja. Marbles oc-
cur as white, grey, reddish and greenish varieties, 
which could provide attractive rock types for spe-
cial decorative uses. Sandstones and slates are also 
common in many parts of the country, and their 
occurrences have locally been used for a long time 
to provide building material. 

Even though some reconnaissance studies to 
promote industrial scale dimension stone produc-
tion have been carried out by DGSM and the GTK 
Consortium, a serious inventory of the whole 
country is warranted. 
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Fig. 59. Known mineral occurrences in Uganda according to the commodity found. Abbreviations Ls = limestone, Do = do-
lomite, Ma = marble, CK = kaolin clay, CB = bentonite clay, Vm = vermiculite, Di = diatomite, Mc = mica, Gy = gypsum, 
Gp = graphite Ky = kyanite, Fs = feldspar, Gs = garnets, P = phosphate, Sa = salt; K = potassium and Cl = chlorine, Cy = clay, 
Aggr = aggregates, Gr = granite and MQ = dimension stones.
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Fig. 60. (A)Migmatitic, grey gneiss with open folds and quartz or biotite dominated bands, Gulu District, Kidere Roko quarry 
(431242E / 311484N). (B) Dark, coarse-grained charnockite, Lira District, Apila quarry (495681E / 254805N). The size of the 
polished rock slabs is 10 x 10 cm.

RECOMMENDATIONS FOR ExPLORATION 

The known mineral occurrences provide a sound 
basis for further exploration in the whole of Ugan-

da, where the potential areas are numerous (Fig. 
61).

Short-term exploration

On the basis of geology and metallogeny, and 
the import-export statistics, the most important 
targets for exploration and more detailed investi-
gations in the short term should be the minerals 
and commodities that have continuous and high 
demand in the country. These commodities are 
imported in large amounts, even though domes-
tic resources are available. In the following, such 
minerals and commodities are discussed in order 
of importance:
1. Carbonate rocks for cement, for agro lime 

products and technical powders, granules, 
chippings and dimension stone. In most cases, 
the needed rock is pure limestone and/or calcit-
ic marble and the deposits are of sedimentary 
(Hima, Dura), metamorphic (marble in Kara-
moja) and/or carbonatitic (Tororo, Sukulu) ori-
gin.

2. Carbonatites for phosphate fertilizers (Sukulu, 
Busumbu, Bukiribo, Lolekek, Napak and Toror, 
from south to north). Sukulu and Busumbu 

deposits have been investigated on many oc-
casions, but their economic potential has not 
been established and/or developed systemati-
cally. The core drilling that has been carried has 
been too scanty and fragmented to provide a re-
liable understanding of the overall composition 
and amounts of phosphates and pure limestone, 
magnetite, pyrochlore or REE. Phosphate in 
carbonatites is becoming increasingly inter-
esting, since there is a growing demand for all 
types of fertilizers in eastern and central Africa.

3. Salts. The total resources and technical usabil-
ity of the Katwe deposit on the shores of Lake 
Edward should be re-investigated. Besides so-
dium chloride to replace the considerable im-
ports, possibilities to obtain potassium chloride 
for fertilizers should also be studied.

4. Several other mineral commodities, such as 
diatomite, kaolin and bentonite, have con-
tinuous demand in Uganda. The demand will 
increase substantially provided that the known 
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Fig. 61. The main mineral potential areas in Uganda according to commodity. For abbreviations, see Fig. 59.
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occurrences and deposits, even though cur-
rently small, are properly investigated. Ade-
quate volumes of material that can be processed 
to products that fulfil the requirements for vari-
ous applications are to be defined.

The first priority in the short term would be to 
confirm the resource base of the commodities that 
provide raw materials for the cement industry. The 
second priority would be sources for metal pro-
duction (such as iron occurrences) and industrial 
mineral raw materials for various industrial prod-
ucts, the manufacture of which would increase the 
value of the primary products and create industrial 
jobs. Below, some interesting targets for mineral 
exploration are briefly described:

1. Karamoja calcitic marbles with low MgO and 
P2O5 are urgently needed for Tororo cement man-
ufacture to compensate or at least reduce clinker 
imports. Good quality limestone is known to oc-
cur in the area with dolomitic marble. Systematic 
exploration is needed to locate suitable minable 
targets.

2. The Kibuku gypsum deposit in the Western 
Rift is quite well located in relation to the Hima 
Cement Plant, which previously used manually 
produced material, the quality of which was not 
satisfactory. The Company is at present importing 
gypsum. The annual need will be close to 40 000 
tpa. The Kibuku deposit should be systematically 
re-investigated by pitting and drilling to deter-
mine the total resources. Feasible mineral separa-
tion facilities to make satisfactory concentrate are 
also needed.

3. The Mugabuzi hematite occurrence in Mba-
rara district has also been known for a long time 
and some geochemical and geophysical studies 
along with pitting have previously been carried 
out. The location for possible iron ore mining and 
processing is logistically much better than in the 
Muko area, if the concentrate should be trans-
ported to Jinja for smelting. Preliminary drilling 
supported by geophysical gravity and magnetic 
surveys should show the possibilities for an eco-
nomic size and quality of the occurrence. An es-
timate of 0.75–1.7 Mt iron ore has been reported, 
and there are also slightly elevated grades for Cu 
and Pb (Data 2008d).

4. The Nyamuliro tungsten deposit and other 
corresponding occurrences require accurate study 
to estimate the dimensions and ore resources. 
Systematic core drilling combined with detailed 
ground geophysics is essential for this type of work.

5. The Muko area for its large hematite resources 
has been under discussion for tens of years, but 
only limited, systematic exploration has been car-
ried out there. In particular, the extent of geophysi-
cal exploration and drilling has been quite cursory. 
The Kamena Hill area appears to be the most po-
tential exploration target. Gravity surveys and core 
drilling are recommended to establish the dimen-
sions of the hematite-rich layers.

6. The Busumbu phosphate deposit has, in ad-
dition to the Sukulu carbonatite complex, good 
potential for single superphosphate production, 
since there is a growing demand for all types of 
fertilizers in eastern and central Africa due to the 
poor and acidic soils. Comprehensive resource es-
timation is needed between the Mission Hill and 
Namekara. Even though preliminary REE values 
are quite low, more assays should be carried out as 
the work proceeds.

7. The Buwambo kaolin deposit is located only 30 
km from Kampala in the Bombo direction near 
the main road. Chemical and mineralogical tests 
have shown that the material is suitable for most 
kaolin applications. Detailed exploration is needed 
to outline the kaolinized area, both in a horizontal 
and a vertical direction, and to verify the quality of 
exploitable material in this area. 

8. The Au potential in the Zeu-War area, Nebbi, 
West Nile, is based on analogies with the Kilo-Mo-
to Au deposits (in DRC) of the Kibalian greenstone 
belt. According to the fieldwork by Vangold com-
pany, the Proterozoic metavolcanics and amphi-
bolites may host shear zone-related gold in quartz 
veins and stockwork. New data from a stream 
sediment survey in the West Nile area by SMMRP 
indicates zones with gold potential to the north 
of the village of Zeu and close to the border with 
the DRC. Detailed mapping, trenches, systematic 
heavy mineral studies and a ground geophysical 
survey (magnetic, IP) are needed to estimate the 
Au potential of the Zeu Au anomaly area.
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9. Fe (Ni) in the Kasongoire geophysical anom-
aly is one of the most interesting of the recently 
discovered mineral indications in Uganda. There 
is an occurrence of banded iron formations in a 
strong, 9-km-long and 3-km-wide aeromagnetic 
and gravity anomaly in Kasongoire (Kitwanga), 
just south of the Karuma Game Reserve in Masin-
di District. (The anomalies are referred to as the 
Murchison Project by the company Flemish Gold). 
The iron formation contains 36.2−69.4% Fe2O3 
and somewhat elevated base metals. Both mag-
netic and gravity surveys support the presence 
of a large magnetic and dense mineral deposit in 
the same location. It is also possible that there are 
other rock types with high specific gravity, such as 
mafic-ultramafic intrusions or/and sulphide-rich 
rock types. Based on the above indications, a cou-
ple of long diamond drill holes are recommended 
along geophysical ground profiles. In addition, a 
systematic ground geophysical survey (M, EM, G) 
and systematic geochemical survey (100 m grid) 
should be carried out.

10. Magnetic anomalies are a new target type of 
mineralization in the Iganga area and to south of 
Lake Kyoga, SE Uganda. A number of potential, 
pipe-like intrusions have been identified in the 
Kidera region, on the southern side of Lake Kyoga 
in the River Nile valley. They may be related to a) 
kimberlites, b) other alkaline igneous rocks or/and 
c) Cu-Ni-Pt potential ultramafic intrusions (mag-
ma channels and cumulates). Some of them were 
checked by ground geophysical surveys, which con-
firmed that heavier, pipe-like bodies could be found 
at all inspected sites. The field checks have shown 
that in Iganga area, sulphide-bearing gabbros are lo-
cally an explanation for the geophysical anomalies. 
The existence of sulphides is seen as an interesting 
indication of the Cu, Ni, PGE and Au potential of 
these intrusions (Kärkkäinen et al. 2014). If kimber-
lite or mineralized ultramafic rocks are identified, a 
large potential field for exploration will be opened 
in SE Uganda. It should be noted that kimberlites 
are easily weathered to a substantial depth (tens of 
metres), and the indicator minerals are simultane-
ously also mostly weathered and disappear. In order 
to find out the above possibilities, detailed explora-
tion is highly recommended. A further follow-up to 
the diamond exploration carried out in the 1960s 
and 1970s (Mineral Prospecting Uganda 1975) 
should include a heavy mineral survey, detailed 
ground geophysical survey and drilling.

11. Chromite (Cr) with interesting grades of plat-
inum (Pt) occurs in a 6-km-long zone of ultramaf-
ic intrusive rocks in the Nakiloro area, Moroto 
mountains in East Uganda. The Cr ore is composed 
of isolated pods and veins of massive or dissemi-
nated chromite in serpentinite and talc-carbonate 
schists. According to old analyses, the platinum 
content in the Nakiloro chromite is very high, 3–8 
ppm Pt, which also makes the ultramafic forma-
tion a very attractive exploration target for PGE. 
A systematic ground geophysical survey, hammer 
prospecting of Cr oxides, detailed geological map-
ping, a systematic geochemical survey, and drilling 
are recommended in the first-stage exploration of 
Cr and PGE in the Moroto Mountains.

12. Bobong, Cu-Zn-Au-Ag in the Karamoja-
Kaabong area, 60 km NW of Moroto, is one of the 
base metal discoveries by the Geological Survey 
of Uganda during the 1960s. There are interesting 
grades of copper, zinc, gold and silver in drilling 
and channel sampling (0.11–1.6% Cu, over 1% 
Zn, 6 ppm Au and 15 ppm Ag in 1–5-m sections) 
within the length of 530 m (Plummer 1973). Ac-
cording to EM studies, the presumed ore body of 
Bobong extends southwards. A systematic ground 
geophysical survey (IP, EM, G), hammer prospect-
ing, detailed geological mapping, a systematic geo-
chemical survey and drilling are recommended in 
the follow-up exploration of the mineralization at 
Bobong.

13. Kaabong geochemical Cu-Zn anomalies (at 
Karamoja) in gossan and sediments have also been 
found by the Geological Survey of Uganda. The 
geochemical anomalies are underlain by a promi-
nent geophysical anomaly, seen as two IP anomaly 
zones. A systematic ground geophysical survey 
(IP, M, G), hammer prospecting of Cu oxides and 
sulphide minerals, detailed geological mapping, 
a systematic geochemical survey and drilling are 
recommended.

14. The Zn (Cu, Ni) anomaly of Rom, 80 km east 
of Kitgum, was found by the Geological Survey of 
Uganda during the 1960s, and is in a conductive 
zone composed of graphite-bearing schists with 
sphalerite dissemination. A systematic ground ge-
ophysical survey (IP, M, G), hammer prospecting 
of Cu oxides and sulphide minerals, detailed geo-
logical mapping, a systematic geochemical survey 
and drilling are also recommended in this area. 
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15. Copper, zinc and gold anomalies have been 
found in Loyoro in NE Uganda, SE of Kaabong by 
the Geological Survey of Uganda. In Loyoro, there 
is an approximately 4-km-long graphite-bearing 
gossan zone that has been found to contain elevat-
ed Cu, Zn and Ni in a geochemical survey and sul-

phide mineralization in drilling. In addition to old 
observations, it is assumed that mountains on the 
border with Kenya, composed of volcanic rocks, 
may also be potential for Bobong-type base metal 
sulphides.

Medium-term exploration

In addition to the mineral occurrences listed un-
der short-term exploration, other industrial min-
eral occurrences where detailed exploration could 
quickly bring additional value are as follows:

1. Mutaka pegmatite has been exploited and still 
has potential for beryl, tin, columbite-tantalite 
and kaolin. Recent investigations have also shown 
the existence of high-quality K-feldspar, and its 
total extent should be investigated. The limits of 
the pegmatite body must be outlined and detailed 
geological mapping of the area carried out. If the 
country rock is magnetic, a magnetometric survey 
may be sufficient to delineate the contacts with the 
country rock. An estimate of 600 m in length and 
100 m in width has been given in the literature. 
Appropriate beneficiation tests should also be car-
ried out on other mineral commodities of the de-
posit.

2. The Nyabushenyi pegmatite deposit produced 
beryl, columbite and amblygonite in the 1960s 
and 1970s. The deposit has been estimated to be 
more than 500 m long and 100 m wide. Detailed 
exploration is needed to establish the dimensions 
of the pegmatite by detailed geological mapping. 
Lithium minerals are especially interesting due to 
their increasing use in electric vehicles. 

3. The Kigezi area with the granite-related metal 
association Ta-Nb-Sn-W (-Be-Au-Bi-Pb-Zn) is 
promising, and further value addition by explo-
ration could be achieved. The commodities are 
hosted by Mesoproterozoic arenitic and pelitic, 
locally graphite-bearing schists that are intruded 
by biotite granites, which are most likely the en-
gine of the ore-producing hydrothermal processes 
and also the source of the metal brines. The min-
eralized zone in Kigezi follows the general strike 
of the folded schists in the direction of NW–SE or 
NWW–SEE. There is some metallogenic zoning 
along the strike of the zone. Gold and bismuth are 
found at the northeastern end of the zone, whereas 

tin is more common at the southeastern end of 
this zone. Most of the known tungsten deposits 
are in the middle of the zone, and Nb-Ta pegma-
tites are most common at both ends. The host rock 
of the ore minerals varies from zoned pegmatites 
to quartz stringers or veins, and sheared silicified 
schists in shear zones. 

Most of the deposits were discovered and mined 
from the 1940s to the 1960s on the summits or 
slopes of hills and mountains, and the mining 
was also carried out in numerous tunnels. There 
still exists a good potential in deeper sections of 
the known deposits. Parallel, new mineralisations 
could be explored in the nearby valleys, where the 
bedrock is covered by (often fluvial) overburden 
and the placer material represents weathered bed-
rock of the surrounding hills. 

4. Carbonatites. Besides IM commodities (lime-
stone, phosphate and Ti minerals), carbonatites 
have potential for iron ore, REE, Cu, U, Th and Nb. 
These would form targets for the medium-term 
exploration programme of DGSM. These include 
Bukiribo (+Butiriku complex), Lolekek, Napak, 
Toror and Theno carbonatites and related alka-
line rocks. Geophysical surveys, detailed mapping, 
heavy mineral studies and geochemical surveys 
should be planned and implemented. Surrounding 
fenites or vein systems in connection to the intru-
sions are most critical for REE. 

The high-tech metal potential of the Karamoja 
area should also simultaneously be revised. In ad-
dition to carbonatites, granite pegmatites may host 
concentrations of REE, Nb, Ta and Be. A couple of 
beryllium occurrences were found in an old air-
borne radiometric survey, and according to the 
new lithological map, pegmatites are typical in a 
large area (Karam) in northern Karamoja. Spe-
cial attention should be paid to the possible zoned 
distribution in pegmatite veins and vein swarms. 
Monazite is enriched in quartz-rutile-ilmenite 
nodules and pegmatitic portions of biotite gneiss 
in Kalapata Mountains. Monatzite granites may be 
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seen in radiometric maps due to the Th content of 
the monazite and associated minerals. Geophysi-
cal interpretation, detailed mapping of pegmatites, 
and mineralogical and heavy mineral studies for 
Nb, Be (Th, U) are also a proposed for the medi-
um-term exploration programme.

5. The Masindi-Karuma Falls area (Kasongoire 
area). Stream sediment sampling carried out dur-
ing 1972–1975 by Rizk (1977) covered map sheet 
31 at Karuma Falls, and results indicated anoma-
lous nickel. Further stream sediment sampling by 
GTK Consortium was carried out in 2010 in or-
der to confirm the prospectivity of this area. The 
identified Ni indications in stream sediment were 
not strong, but grouped to the north of the mag-
netic zone at Kasongoire. A regional exploration 
programme for Cu-Ni, Cr, PGE and Fe potential 
should be carried out, including more detailed ge-
ological and geochemical mapping, hammer pros-
pecting and a ground geophysical survey in select-
ed subareas as a first step in the follow-up work. 

6. Waal area. Anorthosite complexes and related 
mafic rocks are globally critical for ilmenite, which 
is the major titanium ore mineral. Anorthosite is 
exposed in the Waal area, SE of Kitgum. Ilmenite 
is a typical mineral in these outcrops. It may be 
concentrated in narrow layers in anorthosite, but 
most potential for Ti ore are the gabbroic rocks 
commonly related to anorthosites. They are usu-
ally sill-like feeders of gabbro-norites, which con-
tain semi-massive or disseminated ilmenite ore, or 
disseminated ilmenite-apatite-Fe-oxide ore. For 
assessment of the anorthosite complex in general, 
and mapping of the associated mafic intrusions, 

geophysical interpretations, prospecting and map-
ping of Fe-Ti mineralization and phosphates in 
noritic intrusions are recommended.

7. The Aswa shear zone. Structures and possible 
weakness zones, such as second-order faults and 
shear zones related to the major Aswa shear, have 
potential for gold and uranium and possibly base 
metals. Since laterite cover is common in that par-
ticular area, soil geochemistry is not working well. 
Hammer drilling may be suitable to obtain fresh 
samples for geochemistry. To focus the explora-
tion, structural analyses, mapping of critical shear 
and fault zones and regional heavy mineral studies 
are recommended.

8. Karamoja NE. Base metals (Cu, Zn, Ni), gold, 
chromium and platinum-group elements (PGE) 
are potential in large areas of the Karamoja area. 
The exploration carried out in the 1960s by the Ge-
ological Survey of Uganda provided positive and 
promising results (such as Bobong, Rom, Loyoro, 
Kaabong and Nakiloro). Only a little systematic 
exploration has been carried out since those times. 
Mineral resource assessment of this area was ex-
cluded from the fieldwork of GTK Consortium 
owing to security problems. This drawback should 
be dealt with as soon as the circumstances allow. 
This is also supported by the occurrence of promi-
nent deposits in similar bedrock just behind the 
border in Kenya. 

A regional geochemical survey, mapping (alter-
ation zones), hammer prospecting for sulphides 
and Cu, Zn potential in an area outlined on the 
mineral potential map should be carried out.

Long-term exploration

Considering the importance of limestone and 
marble-based commodities in many industrial 
applications in Uganda, it would be recommend-
able to establish a long-term programme to de-
termine whether new limestone/marble occur-
rences could be discovered in the surroundings 
of Hima and Tororo cement plants. Geologically, 
it is understood that carbonate rocks form from 
10 to 20% of all sedimentary sequences, from the 
youngest (Neogene) to the oldest (Archaean). At 
present, larger known carbonate rocks of sedimen-
tary origin in southern Uganda include Neogene 
limestones (travertine) in the Western Rift (Hima, 

Dura, Muhokya). In addition, there are a number 
of smaller ones, often within volcanic formations. 
The Neoproterozoic Karasuk group in the Kara-
moja area hosts by far the largest carbonate rock 
formations that are currently known in Uganda. 
They are mostly dolomitic marbles, but calcitic 
layers also occur that are thick and pure enough 
for industrial-scale exploitation for cement manu-
facture. The marble layers extend over a distance 
of at least 60 km, from the NE corner of the Kadam 
1:100 000 map sheet to the NNW, where around 
Katikekile the largest occurrences are located. The 
main objective should be to determine where the 
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widest and purest calcitic layers occur. In addi-
tion to cement production, these marbles could 
be quarried for dimension stone, and at their pur-
est they are a good quality raw material for highly 
priced powders, chips, fillers and agrolime (burned 
marble).

A long-term exploration target would also be 
an overall investigation of the dimension stone 
potential in Uganda. This should include gran-
ites, gneisses, gabbros and dolerites, then marbles 
and limestones (travertines) and slaty quartzites. 
All these rock types do occur in the country, and 
many potential occurrences are already known. 
The new geological observation data include over 
13 500 descriptions of exposures with photos and 
laboratory results, and they provide a very good 
background for a desk study to prepare the actual 
fieldwork plan.

It is clear that entrepreneurs in the dimension 
stone business would be ready to set up quarries 
and start a processing plant in Uganda whenever 
a technically exploitable and aesthetically interest-
ing rock type is found. This would have an eco-
nomic impact, since at least a part of the rapidly 
increasing use of dimension stone, currently cov-
ered by imports from Kenya and overseas, could be 
replaced. The transportation costs of these heavy 
bulk commodities account for a large proportion 
of the final price.

Another long-term target would be a systematic 
countrywide investigation of base metal indica-
tions and occurrences. Considering the general ge-
ology of Uganda, there should be a number of such 
rock units and formations that are favourable, for 
instance the Kilembe-type mineralization. In ad-

dition to the mineral resources database compiled 
during the project, a number of brief descriptions 
of occurrences of sulphide mineralization can be 
found in the geological observation databank, as 
well as in old exploration reports. The databases 
would provide a good source when carrying out a 
systematic collection and analysis of existing ex-
ploration information in planning the programme 
for this comprehensive investigation. 

Why are the indications of sulphide miner-
alization so rare throughout the country, despite 
the potential geology? One fundamental factor is 
likely to be the regionally strong weathering, often 
kaolinization, which generally extends to a depth 
of several metres, and even tens of metres. In this 
process, the sulphide minerals are entirely decom-
posed and no visible indications can be observed. 
The problem could be approached by collecting 
all available data on exploration for sulphides and 
thoroughly evaluating it, especially geochemical 
and ground geophysics (IP) with drilling results 
when available. Such exploration has been carried 
out rather systematically at least in the Karamoja 
area in the 1960s, and also in other targets.

All existing exploration data from the past to the 
present should be carefully analysed and utilized 
in the planning of any further exploration pro-
gramme. Owing to the common, strong and deep-
reaching weathering, it is essential that methods 
and equipment that can provide information from 
the fresh bedrock below the weathering crust are 
effectively utilized, such as core drilling with a 
lightweight, easily moveable rig and ground geo-
physics (IP and gravity).

PROSPECTS FOR THE MINERAL INDUSTRY IN GENERAL

In general, the outlook for developing an active 
mineral industry in Uganda appears promising, 
since the geological potential for many com-
modities exists (Fig. 61). However, the future 
greatly depends on several internal and external 
factors. Firstly, there should be a fully transpar-
ent policy in awarding and controlling various 
permits for prospecting, exploration and finally 
for mining. All permit holders should be treated 
equally in order to create an investment-friendly 
environment. Secondly, the government should 
consider measures that could promote new in-

vestment in the mineral sector, including gen-
eral improvement in infrastructure such as rail-
ways, roads, bridges and power lines. As a third 
measure, well-balanced taxation and a reduc-
tion in the price of electricity and fuel etc. could 
be considered. 

One major problem is also the scarcity of entre-
preneurs to set up and to manage small- to me-
dium-scale mining enterprises, first to exploit and 
then process and sell various mineral-based mate-
rials and goods. At the moment, a large proportion 
of these everyday goods (e.g. dimension stones, 
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bricks, tiles, ceramic products, refractory materi-
als, fertilizers, lime and agrilime) are imported. 
The value addition on raw materials should benefit 
Uganda much more.

One important factor affecting the success of 
the extractive industry is the world market for 
various minerals. In order to compete or enter the 
market, the price, quality of marketable commodi-
ties and the reliability of production must be dem-
onstrated. The same also concerns the domestic 
market; if local mineral commodities or products 

do not meet adequate requirements, the imported 
products will put them into a corner or even out of 
the market. 

Finally, Uganda certainly has great potential to 
promote investments in the mining sector at large. 
Much depends on the strategy and active meas-
ures taken by the Ugandan authorities to promote 
the untapped mineral wealth. When a few global 
exploration companies commence their work and 
regularly report the results, more investment will 
come.
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INTRODUCTION

Mafic and ultramafic intrusions are a major source 
of several metals and industrial minerals (e.g. 
PGE, Cu, Ni, Cr, Fe, Ti, V and P). Base metal and 
PGE mineralizations are associated with the basal 
part of large mafic intrusions, the feeder channel 
environment (e.g. Norilsk in Russia and Voicey’s 
Bay in Canada, Naldrett 2004), the marginal zone 
of layered intrusions (e.g. Suhanko in Finland, 
Alapieti & Lahtinen 2002) or some specific layers 
within layered intrusions (e.g. Merensky Reef in 
Bushveld in South Africa, Barnes & Maier 2002). 
Some economic mineralizations are also associated 
with ultramafic parts of smaller mafic intrusion 
(e.g. Vammala-type Cu-Ni ore in Finland, Peltonen 

2005). Thus, new discoveries of gabbroic intrusions 
need to be investigated using various geological, 
geophysical and geochemical methods to clarify 
their potential in terms of valuable metals. 

The Archaean Tanzania craton in SE Uganda, 
near the town of Iganga, contains a field of gab-
broic intrusions that have not yet been reported 
(Fig. 1). This gabbroic field (~50 x 50 km2) has at 
least three larger intrusions and a cluster of pos-
sible small intrusions or pipes, the data on which 
are mainly based on geophysics. According to 
gabbro outcrops, the limits of these three intru-
sions coincide well with large rounded aeromag-
netic anomalies of the region (Fig. 2), whereas the 
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smaller anomalies are practically unexposed. The 
large geophysical anomalies resemble those caused 
by the Cenozoic Tororo and Sukulu carbonatite 
bodies further east in Uganda.

The Iganga gabbro intrusions are situated 130 
km east of Kampala, and 10–15 km east of Igan-
ga town. Three of the largest gabbroic bodies are 
named after nearby villages as Bugiri (Ø ca. 4 km), 
Nabukalu (Ø ca. 6 km) and Butamakita (Ø ca. 8 
km). These, with some mafic dykes nearby were 
initially verified during bedrock mapping, geo-
physical surveys and ore geological fieldwork by 
the GTK (Geological Survey of Finland) Consor-
tium in 2008–2012, as part of the extensive World 
Bank-financed Sustainable Management of Min-
eral Resources Project (SMMRP) in Uganda (see 
Lehto et al. 2013). 

The age of the Nabukalu gabbro is 2.61 Ga, 
which is close to the Great Dyke layered intrusion 
in Zimbabwe (2.57 Ga) and Lac des Iles Intrusive 
Complex in Canada (2.69 Ga) containing a word-
class Pd resources (Oberthür et al. 2002, Hinch-
ley et al. 2005, Smyck & Corkery 2012, Mänttäri 
2014). Mineralized part of the Lac de Iles intrusion 

is mainly composed of gabbroic rocks with vari-
ous textures. It includes a minor pyroxenite zone 
associated with complex breccia, vari-textured 
and pegmatitic variations, which together make 
up the PGE-critical and heterogeneously sulphide 
mineralized part of the intrusion, the Roby Zone. 
According to these analogies, the Iganga gabbros 
could be regarded as potential for Cu-Ni-PGE de-
posits. These gabbros were estimated to be among 
the most potential for new mineral occurrences in 
Uganda by the SMMRP (Lehto et al. 2013).

Our article introduces the field relationships 
and petrology of the Iganga gabbros, and discusses 
the structure and ore potential of this new gabbro 
field, which is Neoarchaean in age. The results of 
ground geophysical surveys and interpretations 
are also used to describe the possible setting and 
structure of the intrusions. Moreover, geochemical 
differences between the Iganga gabbros and mafic 
dykes of the region are reported. Finally, the ori-
gin of rounded geophysical anomalies in the Ar-
chaean Tanzania craton of SE Uganda is discussed, 
and some recommendations for further studies are 
provided.

Fig. 2. Aeromagnetic analytic signal map of eastern Uganda. Outlined areas: Iganga gabbro suite including major gabbroic 
bodies (Bugiri, Nabukalu and Butamakita) (see also magnetic anomaly map in Fig. 4) and Tororo and Sukulu carbonatites. The 
large Bukusu carbonatite NE of Tororo is outside the geophysical flight area.
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GEOLOGICAL SETTING 

The Iganga gabbro field is located in the northern 
part of an Archaean shield traditionally known 
as the Tanzania Craton (Fig. 1). There are, how-
ever, different opinions about the northern limit 
of this craton. For example, according to Borg and 
Shackleton (1997), the Tanzania craton extents to 
SE Uganda, but Begg et al. (2009, Figure 1) have 
proposed that the Archaean basement north of 
Lake Victoria belongs to the “Ugandan Craton”. 
The large Precambrian granitic basement in cen-
tral Uganda has also been named as “Uganda base-
ment gneisses” (Cahen et al. 1984), to distinguish 
it from the nearby Tanzania craton. Recently, the 
Archaean rocks of southeastern Uganda were di-
vided into the Lake Victoria Terrane and the West 
Tanzania Terrane by Westerhof et al. (2014). The 
Lake Victoria Terrane is composed of a greenstone 
belt and associated granitoids, and it continues to 
Kenya. The greenstone belt belongs to the Neoar-
chaean Nyanzian system, which in Tanzania hosts 
word-class gold deposits. The West Tanzania Ter-
rane of Uganda is composed of diverse para- and 
orthogneisses, migmatites and granitoids.

The country rocks of the gabbros at Iganga are 
Neoarchaean metamorphosed gneisses and vari-
ous granitoids (Westerhof et al. 2014). The country 
rocks at the NE contact of the Butamakita gabbro 
intrusion are intensively foliated and sheared, and 

may indicate a tectonic contact between the gab-
bro and granitoids.

The bedrock also comprises fine- to medium-
grained dolerites, which locally make up extensive 
dykes, and according to magnetic anomalies are 
up to 100 m wide and even 50 km long. One of the 
largest dykes trends in an E–W direction, while 
another nearby dyke is NW–SE trending (Fig. 2). 
A few fine-grained dolerites also occur inside the 
gabbro intrusions.

The updated geology of SE Uganda is presented 
in the unpublished 1:100 000 and 1:250 000 scale 
geological maps and their explanatory texts com-
piled by the GTK Consortium during the SMMRP, 
and later archived in the Department of Geologi-
cal Survey and Mines (DGSM) in Entebbe, Ugan-
da. For these data, please contact DGSM (dgsm@
minerals.go.ug).

The Iganga region has a flat and locally swampy 
landscape. It is partly cultivated and in the south-
ernmost parts rather densely inhabited. Due to the 
low landscape, the gabbro intrusions are poorly 
exposed. There are, however, restricted areas with 
broken outcrops and scattered local boulders and 
boulder fields (Fig. 3). Access to the gabbro field is 
good, as the main highway from Kampala to Kenya 
passes just south of the Bugiri intrusion, and there 
are also proper roads to the two other intrusions. 

Fig. 3. Typical flat landscape with some gabbro outcrops in the Iganga area.

mailto:minerals@infocom.co.ug
mailto:minerals@infocom.co.ug
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RESEARCH METHODS 

Geophysics

About 80% of Uganda has recently been covered 
by airborne magnetic and radiometric surveys in 
the SMMRP, also including the Iganga area. The 
Bugiri, Naigobya and some smaller of the geophys-
ical anomalies were chosen as targets for ground 
surveys, the main purpose of which was to classify 
the anomaly types according to whether they were 
related to carbonatites or mafic-ultramafic bod-
ies (Ruotoistenmäki et al. 2014). In this context, 

it is notable that the Meso-Cenozoic Tororo and 
Sukulu carbonatite complexes nearby in the east 
produce rather similar anomalies (Fig. 2). Selected 
small rounded anomalies were later also consid-
ered for their possible relationship with kimberlite 
pipes. This was justified, as Phanerozoic kimber-
lites are common in the Tanzania craton south of 
Victoria Lake (e.g. Brown et al. 2012, and refer-
ences therein). 

Geological mapping

The Iganga area has been geologically mapped 
with a relatively low density of observations, part-
ly due to poor outcropping and partly to the re-
stricted time for fieldwork during the GTK Con-
sortium project. All the field observation places 
are spatially referenced (GPS) and the geological 
observations were written up using field forms. At 
the same time, numerous photos and rock samples 
were taken. In terms of the gabbroic rocks, petro-
graphic observations were made from about thirty 

outcrops, but only two sites were studied in more 
detail for possible Ni-Cu-PGE mineralizations 
(red dots in Fig. 6). The main mineral composi-
tion of the gabbro samples was identified by opti-
cal microscope, and some minerals were checked 
by SEM/EDS analyses. The metamorphic modal 
composition restricts the use of mineralogical 
methods in studying the igneous history of the 
magmas in the Iganga gabbros.

Geochemistry

To clarify the geochemical characteristics of the 
gabbros, multi-element chemical analyses were 
performed on gabbroic samples from 10 different 
sites in the study area using XRF methods, and 8 of 
these samples by ICP-MS in the chemical labora-
tory of Labtium Oy in Finland. In addition, some 
samples were analysed only for metals by ICP-OES 
from an aqua regia partial leach of the crushed 
bulk rock samples. All analysed samples were tak-
en from small outcrops or large boulders of gab-

broic rocks. Chemical compositions of selected 
samples from the Iganga gabbro field and dolerite 
are presented in Table 1.

Soil geochemical surveys by the GTK Consor-
tium included mapping of the Naigobya (Fig. 2) 
magnetic and gravity anomaly northeast of the 
large Iganga gabbros (Backman et al. 2014). The 
aim was to determine whether if the anomaly is 
related to mafic-ultramafic intrusive rocks or to a 
carbonatite pipe.

GEOPHYSICAL STUDIES

Aerogeophysical maps

On the aeromagnetic analytic signal map (Fig. 
2), the shapes and sizes of the Iganga gabbros 
are better distinguished than on the traditional 
magnetic anomaly map (Fig. 4). Anomalies in 
the total magnetic field are not very high for geo-
logical reasons and because of the strength and 
orientation of the inducing field, but the anom-

aly in the map area still ranges from -4000 nT to  
+2400 nT.

In the map area in Figure 2, there are also sev-
eral small circular min–max anomalies, some of 
which were surveyed. All of them had a gravity 
high, a magnetic low/high and a low in radiation, 
but no outcrops were present. They are considered 
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to be gabbros. All the outcrops found were granitic 
rocks, probably due to the strong weathering of 
mafic rocks.

Near the magnetic equator, bodies with sus-
ceptibility tend to magnetize horizontally, and the 
resulting anomaly is of the min–max type, where 
the minimum is located south of the maximum. 
The body itself is located between the low and the 
high, or where the horizontal gradient is highest. 
The total gradient, or analytic signal, is the vector 
sum of vertical and two horizontal gradients, and 
its maximum is above the causative body. Analytic 
signal maps may be good tools for visually inspect-
ing the magnetic properties of rocks. However, one 
should remember that an analytic signal map is a 
derivative map, not an anomaly map. In the first 
place, it exposes the approximate location of the 
causative body, but other body parameters must be 
deduced from the anomaly map.

Interpretation of the magnetic anomalies of the 
Iganga complex does not rest on firm ground. All 
three magnetic anomalies differ from a simple 

anomaly induced by susceptibility. At Nabukalu, 
the maximum and minimum have interchanged 
their locations, which can be explained by the re-
manent magnetization alone (Fig. 4). As there is 
no information on the remanence properties of the 
causative bodies, too many degrees of freedom ex-
ist for a reliable interpretation.

The Bugiri anomaly consists of one minimum 
between two maxima (Fig. 4). Except for the north-
ern maximum, the Bugiri anomaly has similar ex-
terior features to Nabukalu, and these two anoma-
lies may be expected to have common causes. The 
Butamakita anomaly is complex and appears to 
be the sum of two bodies. In the northernmost 
of these, the minimum and maximum have inter-
changed again.

The magnetic anomaly at Nabukalu is the largest 
and highest, with a high maximum and deep mini-
mum in the magnetic field, while the other two are 
minor in size and intensity. In addition to the big 
three, there are numerous small anomalies around 
the map area. 

Ground surveys 

Six geophysical ground profiles were surveyed to 
investigate the Nabukalu and Bugiri aeromagnetic 
anomalies.  The total profile length at Nabukalu 
was 37.6 km with 181 stations, and at Bugiri 17.7 
km with 79 stations (Fig. 4). All the profiles except 
for the long one at Bugiri pass along dirt roads, and 

as the number of routes was limited, it was difficult 
to place the profiles optimally. After completing 
the surveys, it was evident that there should have 
been an extended survey in the western corner of 
Nabukalu and south of Bugiri. 

A schematic interpretation of the gravimetric 

Fig. 4. Magnetic anomaly map of the Iganga filed. Dots indicate gravity survey stations. The outlined area is interpreted in Fig. 5.
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survey is presented in Figure 5. The magnetic air-
borne anomaly map (Fig. 5a) is mostly white, as 
the anomalies are intense and the background is 
flat. In Figure 5b, the gravimetric data with survey 
stations are shown. Two of the profile ends, one 
south of Nabukalu and one north of Bugiri, come 
within a distance of ~2 km from each other. Un-
fortunately, the two survey sets have no common 
points, and a visual level setting had to be made to 
fit the two surveys together. In Figure 5c, the com-

pleted calculation with two models and the model 
anomaly are presented. The models are elliptic cyl-
inders with a density of 3000 kg/m3 and vertical 
extents of 4000 m for Bugiri and 1900 m for Nabu-
kalu. Both models occupy a volume of 50 km3. 

Depth estimates are not reliable due to the lack of 
data in the west and east. The models are in rather  
good agreement with the magnetic modelling of 
Paterson (2009), even though one must remember 
the possible problems caused by remanence.

GEOLOGY

Overview

The outcrops and bolder clusters in the rounded 
magnetic anomalies of the Iganga area are gabbroic 
in composition (Fig. 6). Some of the rocks approach 
dioritic to anorthositic variations, while ultramaf-

ic rocks have not been observed. The most mafic 
rocks, medium- to coarse-grained melagabbros, are 
located in the southern part of the Bugiri and the 
northeastern part of the Butamakita intrusions. 

Fig. 5. Anomalies at Bugiri-Nabukalu. A) Magnetic airborne anomaly (see outlined area in regional map in Fig. 4); B) Gravity 
survey with stations; C) Gravity interpretation with models.
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Petrography

The texture and modal composition of the gab-
bros varies locally within outcropped (sub)areas. 
The most common rock type is a massive, coarse-
grained gabbro with a variable proportion of plagi-
oclase and mafic minerals (Fig. 7). Structurally, this 
type is non-deformed or only slightly foliated. Lo-
cally, there is minor banding, probably due to mag-
matic layering. Banding is visible in both the most 
common modal composition type (Fig. 8A) and 
the most mafic end member (Fig. 8B). Other modal 
and structural rock types include mottled gabbros, 

anorthositic gabbros, coarse-grained, vari-textured 
or breccia-structured gabbros and gabbro-pegma-
toids, and some medium-grained variations (Figs 
8C–F). Due to a couple of good outcrop areas, the 
most diverse texture and composition has been  
observed in the Nabukalu gabbro.

Although the magmatic texture is often well 
preserved in outcrops, both the mineral assem-
blage and microscopic texture of the rocks are 
clearly metamorphic. Igneous minerals of the gab-
bros have been totally recrystallized amphibolite 

Fig. 6. Geological map of the study area with positions of the outcrops and boulder fields studied in the Iganga gabbro intru-
sions. The brownish dashed line refers to the boundary between two Archaean terranes, the Lake Victoria and West Tanzania 
Terranes. Map is modified after Lehto et al. (2014). The geographic locations are: Butamakita 563617E, 78720N, Nabukalu 
575552E, 77355N, and Bugiri 580440E, 65900N (WGS 1984 UTM Zone 36N). 

Fig. 7. Typical texture of Iganga gabbros: A) coarse-grained massive gabbro (Butamakita); B) dark plagioclase-poor gabbro, 
which comprises some joints filled with secondary minerals (Butamakita). Number tag 8 cm.
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facies conditions during regional metamorphism. 
The rocks could thus be referred to as metagab-
bros that are mainly composed of plagioclase and 
hornblende. The hornblende is actually uralite, 
with metamorphic amphibole replacing pyroxene. 
Remnants of pyroxene are only sporadically de-
tected in the gabbros.

In coarse-grained gabbros, hornblende occurs 
as zoned patches, usually with a light core and 
brownish green outer rim. Igneous plagioclase 
laths have been recrystallized to granoblastic mul-
tigrain aggregates, and in microscopic texture they 
are corroded by amphibole needles, or include 
abundant saussurite as an alteration product.  

Fig. 8. Various magmatic structures in the Iganga gabbros; A) igneous layering in the Nabukalu gabbro (place 23369); B) Bu-
tamakita gabbro (place 3160, number tag 8 cm); C) gabbro pegmatoid cross-cuts in medium-coarse grained gabbro, Nabukalu 
(place 23369); D) fine-grained fragments and gabbro pegmatoids, Nabukalu (place 23270); E) vari-textured gabbro, Nabukalu; 
F) rusty patches of sulphides in a coarse-grained gabbro, Nabukalu (place 22369).
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Fe-Ti oxides have reacted with silicates, so that 
magnetite is rare. Ilmenite, locally rimmed by very 
fine-grained sphene, is more common. Sulphides 
are common opaque minerals, and they occur as 
weak or partly heavy dissemination in some out-
crops and boulders, and may be minerals of igne-
ous origin.

The metamorphic mineral composition is also 
reason to the low density of the gabbroic rocks, the 
average being 2864 kg/m3 (range 2584–3083 kg/
m3, n = 16). 

In places within the Iganga gabbro intrusions 
there are outcrops of dolerites and mafic plagio-
clase porphyric rocks, which have high magnetic 
susceptibility compared to gabbros. Geochemical-
ly, these rocks are similar to the dolerites outside 
the gabbro intrusions. They are fairly homogeneous 

fine- to medium-grained rocks and are composed 
of plagioclase and metamorphic hornblende, with 
some subordinary quartz, biotite, sphene, epidote, 
ilmenite and relicts of pyroxene (Fig. 9). A typi-
cal feature of the dolerites is that there are many 
remnants of subeuhedral ilmenomagnetite grains. 
Most of the magnetite has been dissolved so that 
only ilmenite skeletons are left as remnants of ex-
solution lamellae. The mineral composition with 
granoblastic textures and local deformations in-
dicates that these doleritic rocks have undergone 
metamorphism. The medium-grained dolerites 
can, in fact, locally resemble the Iganga gabbros so 
closely that chemical analyses are needed to clas-
sify the rocks. In the next section, we show that 
these doleritic rocks geochemically clearly differ 
from the Iganga suite.   

CHEMICAL COMPOSITION

Classification

The chemical composition of the Iganga gabbro 
samples varies within a limited range (Table 1). All 
gabbros studied, including leucocratic dioritic or 
anorthositic rocks, clearly fall into the (subalkalic) 
basalt field (Fig. 10A).

Contents of iron (5–9 wt% Fe2O3), titanium 
(<0.40 wt% TiO2) and phosphorus (<0.1 wt% 
P2O5) are low, whereas magnesium (up to 12 wt% 
MgO) and aluminium (18–22 wt% Al2O3) are lo-
cally rather high. The concentration of vanadium is 
usually low (<90 ppm V), as well as that of chromi-

um (<20 ppm, maximum 990 ppm Cr). The chem-
ical composition corresponds to tholeiitic magma 
according to the variation in the iron–magnesium 
ratio (Fig. 10b). This ratio is a little higher in Bu-
tamakita gabbro than in Nabukalu gabbro.

The magnesium number (Mg#) of the gab-
bros varies from 44 to 68. Among the normative 
mafic minerals, the proportions of hypersthene 
(2–17 % hy) and diopside (3–28 % di) are ap-
proximately equal, and the proportion of oli-
vine is less than 10%. The amount of normative  

Fig. 9. Doleritic rocks of the Iganga region: a) fine-grained dolerite within the Bukamakita gabbro (E563619, N78721); b) 
medium-grained dolerite located 10 km NW of the Bukamakita gabbro (E556447, N84997) (WGS 1984 UTM Zone 36N). 
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plagioclase (ab+an) is between 51 and 72 %, and 
the normative anorthite content is 60–80 %AN 
(Table 1).

The dolerites near the Iganga gabbros are main-
ly tholeiitic basalts in composition (Figs 10A–B). 
Two typical analyses of dolerites are included in 

Table 1. In some chemical characteristics, dolerites 
clearly differ from the Iganga gabbros. The main 
differences are that they contain more iron (10–17 
wt% Fe2O3t), titanium (1–3 wt% TiO2), phospho-
rus (0.1–0.5 wt% P2O5), vanadium and zirconium 
than the gabbros. 

REE and fractionation 

The Bugiri and Nabukalu gabbros have almost 
identical REE distributions (Fig. 11a). The ratio of 
LREE to HREE (La/Yb) is 21 in Bugiri and Nabu-
kalu, and 7 in the Butamakita gabbro, where the 
slope of the REE array is less inclined, although 
the concentration of chondrite-normalized REE is 
about the same (Fig. 11 A). In REE arrays there is 
a prominent positive Eu anomaly in all gabbroic 
samples.

Differences in the geochemistry of dolerites and 
Iganga gabbros are clear. The total REE is higher 
and the REE array of dolerites is less inclined than 
in gabbros. The correlation between titanium and 
silica (Fig. 11B) and aluminium and magnesium 
(Fig. 11C) clearly differs between the gabbros and 
dolerites. 

Ni-Cu mineralization

Dense disseminations of sulphides have locally 
been observed in the Bugiri and Nabukalu intru-
sions. Sulphides occur as fine-grains through the 
dissemination in homogenous dark gabbro varia-
tions of some parts within the intrusions (Fig. 12), 
and as patches or bands with ilmenite in brecci-
ated coarse-grained, vari-textured gabbros and 
gabbro pegmatoids of Nabukalu gabbro (Fig. 8F). 
The most abundant sulphide minerals are pyrrho-
tite and pyrite, while chalcopyrite and pentland-

ite are minor minerals. According to the chemical 
analyses from Bugiri and Nabukalu gabbros, the 
mineralized rocks contain clearly elevated concen-
trations of nickel (up to 2200 ppm), copper (1900 
ppm), and slightly elevated gold (95 ppb Au).  In 
the analysed samples Pd (max 17 ppb, partial-
leach  method) and Pt (< 1 ppb) are low. However, 
it is noteworthy that the number of PGE analyses 
is very small and there are analyses the only from 
sulphide-bearing rocks.

Fig. 10. a) Geochemical diagrams of the Iganga gabbros and dolerites in the Iganga area: a) classification diagram (chemical 
analyses calculated volatile-free); b) AFM diagram. 
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Fig. 11. Geochemical diagrams of the Iganga gabbros and 
dolerites in the Iganga area: A) chondrite-normalized REE 
diagram (normalized according to Sun and McDonough 
1989); B) Harker diagram for titanium; C) Fenner diagram 
for aluminium. 

Fig. 12. Sulphide dissemination in Iganga gabbros: A) rusty 
surface of the Nabukalu gabbro due to sulphide dissemina-
tion; B) heavily disseminated magmatic sulphides (pyrrho-
tite, chalcopyrite and pentlandite) in rusty Bugiri gabbro in 
a boulder field behind the Lwaba primary school (Table 1, 
sample JPK2-2.2); C) microphotograph of chalcopyrite with 
pyrrhotite (pyrr) and pyrite (py) in a sample from an outcrop 
of partly pegmatitic gabbro in Fig. 8e.

B
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DISCUSSION

Magma source and volume of the gabbros and dolerites

Locally, dolerites in the Iganga area are petro-
graphically relatively similar to the gabbros. The 
higher total REE, lower Mg#, and higher Fe, P and 
V indicate that the dolerites probably represent 
more evolved magma than that of the gabbros. Re-
spectively, the dolerites and gabbros have probably 
not been derived from the same parental magma. 
This assumption is based on differently inclined 
REE arrays, and various correlations of Ti vs. silica 
and Al vs. Mg (Figs 10 & 11).

Because of the limited number of studied out-
crops and local boulders within the magnetic 
anomalies at Iganga, the volume of the gabbroic 
rocks is partly questionable. However, there are 
also outcrops of dolerite and plagioclase porphyric 
rocks in the Iganga area, and locally also within 
the mafic intrusions. Dolerites, like the gabbros 
nearby, have been totally recrystallized in regional 

metamorphism, so that the igneous mafic miner-
als have been replaced by metamorphic minerals. 
Due to this, the emplacement of dolerite dykes is 
believed to be partly Archaean in age (see Lehto et 
al. 2014), although the absolute age of these mafic  
dykes is unknown.  

Nevertheless, the mafic intrusions at Iganga 
form a distinct and a new lithodem unit in the 
crystalline basement of Uganda. In this context, it 
is notable that related Archaean gabbros seem to 
be missing elsewhere in the Tanzania craton. The 
Iganga gabbros are located at the boundary of two 
interpreted Archaean terranes in Uganda, the Lake 
Victoria and West Tanzania Terranes (see Wester-
hof et al. 2014); thus, the gabbros may represent 
“stitching plutons” at the contact of these two ter-
ranes.

Small aeromagnetic anomalies

Small circular aeromagnetic anomalies in the 
Iganga area were investigated as possible mafic-
ultramafic intrusions. The relationship of these 
anomalies with the Iganga gabbro complex is in-
teresting, because the anomalies may refer to feed-
ers or cumulated pipes of the gabbro field and 
would thus be critical for Ni-Cu-PGE ores.

According to a ground geophysical survey at 
Naigobya, 15 NW of Butamakita, there is a mag-
netic and gravity anomaly with a diameter of 1000 
m (Ruotoistenmäki et al. 2014). According to mod-
elling, the anomaly field corresponds to a steeply 
dipping pipe structure. A characteristic of Naigo-
bya is that there is also a radiometric anomaly. No 
outcrop has been found in the area. Some samples 

from the lateritic crust were chemically analysed 
from a partial aqua regia leach. As compared to 
the gabbros in Table 1, the lateritic crust of Naigo-
bya contains large amounts of Fe (22 % in partial 
leach analysis), Mn (3.5 wt%), Cr (up to 0.11 wt%) 
and P (up to 0.39 wt%), whereas the contents of Cu 
(<60 ppm) and Ni (<25 ppm) are low.

According to a geochemical survey in Naigobya 
(Backman et al. 2014), the soil is clearly elevated 
in Cr. In addition, there is a high content of REE 
in the soil, geographically partly overlapping with 
Cr and partly in separate locations. If elevated REE 
and Cr are from the same source, it could refer to 
a different intrusion type from those related to the 
Iganga gabbro field.  

The gabbro field: a network or separate bodies?

Some estimates were made of the structure and 
compositional variation of the gabbro field by 
geophysical modelling. Due to poor outcropping, 
there are only a few observations of the alignment 
of the intrusions. However, it would be important 
to know whether the mafic intrusions comprise Ni-
Cu-PGE potential ultramafic parts or layers at the 
bottom or elsewhere within the intrusive bodies. 

Another interesting question is whether the aero-
magnetic anomalies represent truly individual in-
trusive bodies, or whether the exposed anomalies 
represent arms of a large pluton deeper in the crust. 
In the section of the recent surface, the gabbro in-
trusions are round isolated formations (Fig. 2). 
The magnetic field between Bugiri and Nabukalu 
is slightly elevated, which supports the hypothesis  
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of a single large deep pluton; similarly, from Bu-
tamakita towards Bugiri there is another weak 
anomaly (Fig. 4). All the three large anomalies 
have common magnetic properties, suggesting 
that they could originate from the same source. 

Even if a large volume of a deeply seated gab-
broic pluton existed in the Iganga area, its anomaly 
above ground level would be very weak. This is ex-
amined more closely in Figure 13, which presents 
a schematic gravity and magnetic model along a 
profile that connects the two anomalies. The pro-
file consists of the long Nabukalu profile and takes 
the two short parallel profiles at Bugiri with it. The 
two short profiles are shown as blue and green 
in the graph. Magnetic and analytic signal data 
were sampled from an airborne survey. The Bugiri 
anomaly is at 66000 N and the Nabukalu anom-
aly at 77000 N. The magnetic anomaly at Bugiri 

is weak in comparison with that of Nabukalu, and 
the same applies to the analytic signal.

The magnetic anomaly was modelled by two 
blocks with a constant susceptibility of 0.003 (SI), 
the value that was measured from gabbro samples. 
The geometric and remanence parameters of the 
elliptic cylinder models, shown in grey in Figure 
13, were free to change. The fit between the survey 
and model data is good after including the contri-
bution of remanence. The only misfit, of the order 
on 100 nT, is a few kilometres south of the Nabu-
kalu anomaly maximum. It could be filled by a mi-
nor model block near the surface or by a deeply 
seated body. In the latter case, the body volume 
would be of the order of 100 km3. This means that 
the magnetic method is not sensitive to masses at 
great depth, and many structures would produce 
the same response within error limits.

Fig. 13. Schematic gravimetric and magnetic modelling on a profile from Bugiri to Nabukalu. The lowermost diagram repre-
sents possible intrusion blocks. For the location of the modelled profiles, see the map in Fig. 4.
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For gravity, the starting models were adopted 
from the magnetic modelling, and they were mod-
ified to fit the surveyed gravity anomaly. The final 
models are shown as different colours. The Bugiri 
model apparently consists of three parts, because 
the anomaly is divided into three profiles. Each col-
our corresponds to the three profiles. One can eas-
ily see that the two models representing the Nabu-

kalu and Bugiri intrusions are not necessarily in 
contact with each other, and even though there is 
a gap of almost 5 km between the models, no extra  
mass is needed to explain the anomaly. According 
to gravity, there is no need for a massive gabbro 
pluton that connects the outcrops. One must keep 
in mind, however, that there is little data and the 
two gravity sets are not tied to the common level.

Ore potential 

Based on the observations from the restricted 
number of outcrops of the Iganga gabbro com-
plex, the gabbros can be regarded as potential for 
Ni-Cu-PGE mineralization. There are common 
reasons for the Ni-Cu-PGE potential at Iganga: 
a) large-scale mafic magmatic, and at least three 
poorly studied gabbroic intrusions, which cover 
an area of about a hundred square kilometres; b) 
magmatic sulphides are associated with gabbroic 
rocks in every intrusion; c) rather similar textures 
and features are associated with many famous Ni-
Cu-PGE deposits in the world; and d) smaller, lo-
cally also round unexposed geophysical anomalies 
with gravity and magnetic highs exist. 

Because of the restricted area of the outcrops, 
no estimate of the dimensions or variation in the 
grade of the mineralized rocks can be made. How-
ever, because most of the nickel is present in sul-
phides and the contents of Ni and Cu are close to 

ore grade, it would be important to perform de-
tailed geological and geophysical mapping of the 
intrusions, and drill geological profiles in selected 
key areas. Moreover, because of the limited num-
ber of outcrops and local boulders, layered ultra-
mafic rocks, for example, may still occur in the 
area, although they were not observed during the 
present study. 

The cross-cutting gabbropegmatoids of the 
Nabukalu gabbro represent late-stage fluid-bear-
ing phases. Similar gabbro pegmatoids occur in 
mafic intrusion-hosted PGE(Ni-Cu) mineralized 
zones in Lac des Iles in Canada (e.g. Hinchley 
et al. 2005) and in the Portimo layered intrusion 
complex in Northern Finland (e.g. Iljina & Hanski  
2005). Actually, gabbro pegmatoids and vari-tex-
tured gabbro characterize PGE-critical parts of 
many other intrusions, and are an indication of 
some exceptional activity during crystallization. 

Further studies 

Ni-Cu-PGE exploration within the Iganga area 
could be carried out in the following way: a) the 
Iganga intrusions should be covered by systematic 
ground geophysical surveys (electromagnetics, IP, 
gravimetry and magnetics); b) the most attractive 
anomalies should be drilled after the ground geo-
physical surveys; c) some drillings for geological 
reasons are advisable (e.g. contact zone of gabbroic 
body and drilling profile through gabbroic body); 
and d) extensive geochemical surveys may be ef-
fective within larger gabbroic bodies (e.g. Nabu-
kalu and Butamakita).

Several interesting geological questions also 
remain open: a) What are the smaller magnetic 
anomalies within the area (e.g. similar intrusions, 
ultramafic cumulates, mafic-ultramafic pipes) 
(Fig 2.)? b) What is the “dyke”-shaped anomaly in 
the southern part of the area, and is it associated 
with gabbroic bodies? c) What is the significance 
of the fact that the gabbros seem to be located at 
the boundary between two obviously different  
Archaean terranes, the Lake Victoria and West 
Tanzania Terranes?
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 CONCLUSIONS 

The Neoarchaean Iganga gabbro field is composed 
of three large circular, poorly exposed gabbroid 
intrusions. Geophysical interpretation and geo-
logical field observations indicate that these rather 
large intrusions are separate and several to tens 
of square kilometres in size. Moreover, according 
to geophysics, the area contains a cluster of small 
bodies or pipes (probably related mafic rocks).

The mafic intrusions at Iganga form a distinct 
and new lithodem unit in the crystalline basement 
of Uganda, and in the Tanzania craton. The rocks 
of these intrusions have been metamorphosed in 
amphibolite facies conditions, and are in many 
places practically non-foliated. Locally, there are 
primary igneous textures, such as layering, brec-
cias and gabbropegmatoids, but the rocks are 
mainly massive and rather coarse grained. There 
is also group of dolerite dykes in the Iganga area, 

which are metamorphosed, and locally of a modal 
composition and texturally similar to Iganga gab-
bros. However, the dolerites and Iganga gabbros 
are geochemically different and may represent dif-
ferent magmatic stages.

Interesting amounts of disseminated magmatic 
sulphides have been found in two of the studied 
intrusions. The highest concentrations of nickel 
(up to 0.22 wt%) and copper (0.18 wt%) are close 
to ore grade, and were detected with rather prelim-
inary research. Moreover, the vari-texture gabbros 
and gabbropegmatoids observed in the Iganga 
gabbro field are similar to many known Ni-Cu-
PGE-bearing rocks in mafic-ultramafic intrusions 
around the world. Thus, the Iganga gabbros are 
potential for Ni, Cu and PGE mineralizations. This 
is also due to their many geological analogies with 
world-class Ni-Cu-PGE mafic intrusions.
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The geological characteristics of the Palaeoproterozoic Mubende granite batholith 
(~3,100 km2) in Uganda are presented. The batholith consists of weakly peralumi-
nous granites, which can be divided texturally into three phases: (1) dominant meg-
acrystic granite with very large phenocrysts (→10 cm), (2) fairly common coarse-
grained granite, which is either porphyritic or even-grained, and (3) subordinate 
medium-grained granite. All the phases contain biotite (1–8 %) and magnetite, and 
each has undergone intensive late hydrothermal alteration resulting in chloritiza-
tion of biotite and sericitization of plagioclase. Muscovite, sphene, epidote, fluorite 
and carbonate occur as accessories. Mg# in the megacrystic granite is higher (0.31–
0.39), than in the medium-grained type (0.20–0.28). The REE patterns of the gran-
ites generally exhibit fractionated LREEs, whereas the HREEs have flat patterns. The 
Mubende batholith is postkinematic relative to prominent deformation in the area. 
It is cut by narrow post-emplacement shears, but large outcrops are often relatively 
massive with only a few joints. Consequently, the granite is potential for dimension 
stone production. In a geodynamic context it represents postorogenic magmatism 
in relation to the Palaeoproteozoic Ubendian Fold Belt system, which is adjacent to 
the Tanzania and Uganda cratons of eastern Africa. The batholith is coeval with the 
smaller Singo granite intrusion nearby, but its megacrystic phase has a lower SiO2 
concentration and higher Ba/Rb than the predominant coarse granite in the Singo 
intrusion. In general, the batholith appears to represent a less fractionated magma 
body than the Singo intrusion. 
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INTRODUCTION

Granitic rocks form a major proportion of the 
continental crust and, from a scientific and eco-
nomic perspective, it is important to establish 
their petrology, structure and general utility. For 
thousands of years, granites have been used as a 
source for various metals and construction stones, 
and today the dimension stone business is glob-
al. Scientific studies of granites, such as magma 
petrogenesis and tectonic setting often yield clues 
about the geodynamic development of a whole re-
gion – an issue that is crucial for further mineral 
exploration. 

The Palaeoproterozoic Rwenzori Fold Belt, 
which is adjacent to the Archaean Uganda cra-
ton in western Uganda, eastern Africa, contains 
the large (3,100 km2) Mubende granite batholith 
(Cawley 1962, Mäkitie et al. 2013). This body has 
not been properly studied although its existence 
has been known for decades. It was emplaced 
1848±6 Ma ago (Mänttäri 2014) and it is coeval 
with the smaller Singo granite intrusion (700 km2) 
described in detail by Nagudi et al. (2003). Initial 

comparison of the data available for the Mubende 
batholith with those from the Singo intrusion 
clearly indicated that they have much in common. 
For example, both intrusions are predominantly 
composed of porphyritic biotite granite, are rela-
tively massive, and have undergone hydrother-
mal alteration. Moreover, they seem to represent 
the only products of a distinct magmatic event in 
Uganda (cf. Lehto et al. 2014, Mänttäri 2014).  At 
an orogenic scale this is significant, since the near-
est known felsic intrusion of similar age, ~1.85 Ga 
(see Lenoir et al. 1994, Lawley et al. 2013), is lo-
cated 1000 km south in western Tanzania, never-
theless, in somewhat coeval country rocks.

In this paper we describe the field relationships, 
petrography and chemical composition of the 
Mubende batholith. The chemical data are com-
pared carefully with those from the coeval Singo 
granite. The general construction rock potential 
of the Mubende granite is also introduced. Finally, 
the tectonic setting and implications for the mag-
ma source of the batholith are discussed.

GEOLOGICAL SETTING

The Mubende granite batholith is situated 150 km 
west of Kampala, the capital city of Uganda. It is 
named after to the nearby town. The bedrock of 
the region is characterized by the Palaeoprotero-
zoic Rwenzori (or Buganda-Toro) Fold Belt and 
by the Archaean Uganda craton (also called the 
Uganda Gneiss Complex), which is sometimes 
included in the larger Tanzania craton (see Begg 
2009, Westerhof et al. 2014) (Figs. 1 and 2). More 
accurately, the Mubende batholith occurs at the 
contact between the belt and the older craton. The 
Uganda craton, located just north of the Mubende 
batholith, is mainly composed of 2.9–2.6 Ga grani-
toids and gneisses (Mänttäri 2014, see also Link et 
al. 2010). The craton continues below the Rwen-
zori Belt, since it appears as “windows” within the 
supracrustal rocks of the local Buganda Group of 
the belt (Lehto et al. 2014).

The old 1:250 000-scale geological map sheet 
Fort Portal (Cawley 1962) does not show any 
lithological differences within the intrusive gran-
ites and no explanations for it were published. The 
only 1:100 000 map sheet explanation available is 

that for 1960 Kiboga map sheet of Johnson and 
Williams, which includes the extreme northeast-
ern corner of the Mubende batholith. In their sub-
sequent explanation, Johnson and Williams (1961) 
briefly noted that the Mubende granite resembles 
the nearby Singo granite, for which Pinna et al. 
(2001) have reported a zircon evaporation age of 
1847 ± 6 Ma. According to the study of Nagudi 
et al. (2003, see also King 1947), the Singo gran-
ite consists of different phases, the most common 
being a very coarse-grained type and a medium-
grained type. 

In SW Uganda, the Rwenzori Fold Belt is 
mainly composed of the Buganda Group, which 
begins with basal quartzites overlying the grani-
toids and gneisses of the Uganda craton (Lehto 
et al. 2014). Basalts, metapelites and arenacoeus 
metasediments of the same group were later de-
posited above these quartzites, (Westerhof et al. 
2014). The volcano-sedimentary succession of 
the Rwenzori Fold Belt is interpreted to be 2.2–
2.0 Ga old (Master et al.  2013 and references 
therein). The belt also contains various 2.15–1.96 
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Fig. 2. Lithological map of the Mubende batholith and the nearby basement. The positions and codes of whole rock chemical 
analyses taken from the batholith are marked by blue dots. The regional setting of the map area is in Fig. 1. The map is modi-
fied after Lehto et al. (2014). 

Fig. 1. Geological setting of the study area (rectangular small grey box) in eastern Africa. Different parts of the Palaeo-
proterozoic Ubendian-(Toro) Belt are abbreviated as follows: Rw = Rwenzori, Ub = Ubendian, Us = Usagaran. The map 
is modified after Link et al. (2010). 
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Ga granitoids, and the 1.85 Ga Mubenbe batho-
lith and the Singo granite, and is crosscut by the 
giant arcuate 1.37 Ga Lake Victoria Dyke Swarm 
(see Lehto et al. 2014, Mäkitie et al. submitted) 
(Fig. 2). Moreover, the region contains Protero-
zoic platform sediments of the Namuwasa, Buko-
ba and Bwezigoro Groups. On the southern side, 
the Rwenzori Fold Belt is limited by the Mesopro-
terozoic Kagera-Buhweju and Akanyaru-Ankole 
Supergroups (Lehto et al. 2014) of the Karagwe-
Ankole Belt (see Tack et al. 2010). 

From an orogenic point of view, the Rwenzori 
Fold Belt together with the Ubendian Belt and 

the Usagaran Belt forms the ~2000 km long com-
plex Palaeoproterozoic Ubendian (-Toro) Fold 
Belt System (Daly 1988, Lenoir et al. 1994), which 
surrounds the Tanzania and Uganda cratons lo-
cally (see Fig. 1) (e.g. Schlüter 2006, Boniface et al. 
2012), and causes them to merge with the Congo 
craton. The Ubendian Belt in SW Tanzania com-
prises many 1.90–1.81 Ga old gneisses and 1.86–
1.84 Ga granites (Lawley et al. 2013, and references 
therein) and is interpreted to represent a subduc-
tion environment because of the occurrence of 
eclogites (Boniface et al. 2012). 

GEOPHYSICAL DATA 

The airborne geophysical data (processed from 
Fugro data, Uganda and from  Geosurvey Interna-
tional 1977−1980, Tanzania) indicate that in com-

parison to country rocks the Mubende granite has 
magnetic and total gamma radiation signatures 
that are clearly elevated (Fig. 3). In particular, the 

Fig. 3. Geophysical images of the Mubende batholith (compare to Fig. 2). (A) Aeromagnetic map (reduced to north pole) and 
(B) the ternary map. Note that the batholith area is outlined by a dashed black line. Images are processed at GTK from the 
Fugro data. 
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potassium and uranium signatures of the granite 
are higher than those detected from the adjacent 
pelitic and basaltic rocks of the Buganda Group.

The aeromagnetic and radiometric data also 
show that the western contact of the batholith is 
angular locally (Fig. 3B) – probably due to NW-
SE trending strike slip faults between the granite 
and country rocks. In this context it is notewor-

thy that the wide mafic dykes of the Lake Victoria 
Dyke Swarm (Mäkitie et al. 2014) are indicated 
by elongated anomalies with trends parallel the 
aforementioned NW-SE faults (Figs. 3A, B). The 
Mubende batholith is located in an areal gravi-
metric minimum in relation to its country rocks 
(Uganda Geophysics and Seismology 1969). 

RESEARCH METHODS 

The geology of the Mubende batholith was studied 
at 220 outcrop sites, all positioned using GPS. At 
the same time rock samples were collected for thin 
sections and chemical analyses. The spatial refer-
ence for coordinates given in the present paper is 
WGS 1984, UTM Zone 36N.

In addition to optical identifications, electron 
microprobe analyses of main minerals in thin sec-
tions from common rock types in the batholith 
were performed with the wavelength dispersive 
technique using a Cameca SX100 instrument at 
the Geological Survey of Finland. Natural minerals 
and synthetic metals were employed as standards. 
Analytical conditions were as follows: accelerating 
voltage 15 kV, beam current and diameter 20 nA 
and 5 µm, respectively. Analytical results were cor-
rected using the PAP online correction program 
(Pouchou and Pichoir, 1986). Representative min-
eral compositions for plagioclase, biotite, sphene 
and Fe-Ti oxides in the Mubende batholith are 
presented in Table 1.

Ten samples from different phases of the 
Mubende granite batholith were chosen for the 

whole rock chemical analyses; four samples are from 
a megacrystic type with very large phenocrysts, two 
from coarse- to even-grained granite, which have 
a grain size between 1 and 4 cm, and four that are 
representative of the medium-grained variety. The 
samples of about 1 kg were taken from unweathered 
parts of the outcrops. All whole rock samples were 
carefully cleaned before being processed by a steel 
jaw crusher, quarter and cone split and then pulver-
ized in a tungsten-carbide swing mill. 

Major chemical elements, as well as Ba, Cl, Cr, 
Cu, Ga, Hf, Ni, Sr, Th, U, V, Y and Zr concentra-
tions, were determined by X-ray fluorescence 
(XRF). Lanthanides, as well as Nb, Rb, Sc and 
Ta, were analysed by inductively coupled plasma 
mass spectrometry (ICP-MS). Gold, palladium 
and platinum contents were checked from four 
samples by inductively coupled plasma atomic 
emission spectroscopy (ICP-AES). Six chemical 
analyses were carried out at the laboratory of the 
Council for Geoscience (CGS) in South Africa and 
four in the laboratory of Labtium Ltd in Finland. 
All analyses are presented in Table 2.

Fig. 4. Landscapes in the Mubende batholith area. (A) View from a large elevated outcrop. Note the ~600 metres long, well 
exposed granite kopje on the background (279351E / 60170N). (B) Outcropped hill composed of massive granite (270595E / 
46038N).
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 FIELD RELATIONSHIPS, PETROGRAPHY AND MINERALOGY

Overview 

Topographically, the area of the Mubende batho-
lith forms a low upland that is often well exposed; 
for example, kopjes hundreds of meters long and 
very well exposed hills are common (Figs. 4A, B). 
However, between the elevated and exposed gran-
ite areas there are wide NW-SE trending valleys 
with only a few outcrops. The NW margin of the 
batholith is tectonic (see Fig. 2).

Texturally, the Mubende granite can be divid-
ed into the following three main rock types: (1) 

dominant megacrystic granite that contains very 
large K-feldspar phenocrysts (up to 10 cm), (2) 
relatively common coarse-grained granite with a 
porphyritic to even-grained texture, where grain 
size is between 1 and 4 cm, and (3) less common 
medium-grained granite with an even-grained 
texture. The approximately spatial distribution of 
the three granite phases of the Mubende batholith 
is presented in Fig. 2. Pegmatites are rare in the 
batholith.

Megacrystic granite

The main rock type in the Mubende batholith is 
megacrystic granite, which is grey to pale pink in 
colour. It has subrounded K-feldspar phenocrysts, 
which are 4–10 cm in size (Fig. 5A). Some large 
phenocrysts are zoned; a feature that is easily seen 
with the naked eye. Plagioclase occurs as small-
er, cream white grains between the K-feldspar 
crystals. Quartz occurs as still smaller, greyish 
grains, but locally it has a rounded “drop quartz”  
appearance.

The K-feldspar is cross-twinned (cross-hatched) 
with elongated grains that exhibit Carlsbad twins. 
Its modal proportion is generally ~40 %. Plagio-
clase (An5-15), which has a mode of ~20 % and has 
undergone sericitization, is typically more preva-
lent in the cores of larger crystals than in their 
rims. There is ~30 % quartz. Biotite constitutes 1–8 
% of the minerals and is often altered to chlorite, or 
has been broken down to sphene, epidote, opaque 
minerals and quartz. Sphene (0.1–1 %) also oc-
curs as individual crystals that are 1.5 mm in size. 
Fine-grained secondary muscovite is a common 

accessory mineral. Fairly often small aggregates 
(1–5 mm) of black opaque minerals can be recog-
nised on the rock surface. They are composed of 
magnetite with minor Fe-Ti oxides, which locally 
are surrounded by very small sphene crystals. The 
magnetite mode is 0.2–2 %, and the detection of 
some euhedral crystals suggests primary crystal-
lization. The granite samples often have relatively 
high magnetic susceptibility values, up to 50 nT. 
Because of the low amount of mafic minerals, 
these granites can be termed leucogranite locally.

The subhedral groundmass of the rock is com-
posed of quartz, alkali-feldspar, plagioclase and 
biotite (or its alteration products). Some cracks in 
the rock are filled with secondary carbonate, epi-
dote and fluorite. The fluorite crystals can in places 
appear as 10 cm wide crystal aggregates within the 
open cracks (Fig. 6A), but they also occur as euhe-
dral forms associated with carbonate in joints, and 
even as small grains in altered biotite. Pyrite and 
chalcopyrite are detected near fluorite. 

Coarse-grained granite

The contacts between the coarse-grained granite 
and the megacrystic type are gradual. The K-feld-
spar phenocrysts in the coarse-grained granite are 
subangular to subrounded and up to 4 cm in size. 
The rock is usually porphyritic in texture (Fig. 5B), 
but may be almost even-grained locally. It usually 
has a “crystal-supported” cumulus fabric, in which 
the phenocrysts are in contact with each other. 

Together, the coarse-grained granite types occupy 
~20 % of the Mubende batholith area (Fig. 2).

Mineralogically the coarse-grained granites re-
semble the megacrystic type. In addition to the 
feldspars and quartz, there are, however, only a 
few percents of biotite, which often is altered to 
chlorite. The most common accessory minerals are 
sphene, sericite and magnetite.
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Fig. 5. Granite types of the Mubende batholith. (A) Megacrystic granite, which has subrounded phenocrysts up to 8 cm in size 
(304398E / 75276N). (B) Coarse-grained porphyritic granite, where phenocrysts are 2–4 cm in diameter (267843E / 26595N). 
(C) Medium-grained, aplitic granite. Note the rounded quartz aggregates. (286800E / 41140N). (D) A medium-grained gran-
ite, which is sparsely porphyritic. The large subangular K-feldspar phenocrysts are concentrically zoned (274911E / 40986N). 
(E) Medium-grained granite dyke cross-cuts the megacrystic granite. A few large phenocrysts are crystallized at the contact 
of the dyke (296735E / 55086N). (F) Fresh surface of the coarse-grained granite and the aplitic granite (on right) (299696E / 
53953N). Number plate is 8 cm.
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Medium-grained granite

The medium-grained granite is only a subordinate 
phase (~5 %) within the Mubende batholith. This 
rock is even-grained and massive with a grain size 
between 1 and 5 mm (Figs. 5C, D). The weath-
ered surface of the rock is light brown, while the 
fresh surface is various shades of grey (Figs. 5E, 
F). The medium-grained granite often occurs as 
dykes, 1–50 meters wide but in places, for exam-
ple 11 km NE of the small town of Kyegegwa, it 
forms hills hundreds of metres long. In fact, the 
rock could also be termed aplite granite. The 
medium-grained dykes have sharp contacts (Fig. 
5F) against the coarser granites, but in places the 
contact area can contain large K-feldspar crystals 
(Fig. 5E).

 The main minerals in the medium-grained 
granite are K-feldspar (~45%), plagioclase (~15%) 

and quartz (~30%); the amount of alkali-feldspar is 
thus slightly higher than in the megacrystic gran-
ite. The K-feldspar is cross-twinned. The plagio-
clase is albitic in composition and less sericitized 
than in the other granite types. Locally, quartz ap-
pears as slightly larger “drop-quartz” crystal aggre-
gates. The amount of biotite is small (1–5 %) and 
the mineral is often altered to chlorite. 

Locally, the granite may contain individual K-
feldspar phenocrysts, which results in a texture 
that could be termed sparsely porphyritic (Fig. 
5D), i.e., the rock is intermediate between the me-
dium-grained and porphyritic granite. These alkali 
feldspar phenocrysts usually are subhedral and 
have concentric zones. The medium-grained gran-
ites in places contain small (1–4 cm) black inclu-
sions, which resemble enclaves. These inclusions 

Fig. 6. Post-emplacement minerals and textures in the Mubende batholith. (A) Close-up of fluorite (bluish lila) and epidote 
(grey green material in upper left corner) fillings in a wide crack (299696E / 53953N). (B) Narrow shears and joints in a coarse-
grained granite (276128E / 55298N). (C) A “fan” of small quartz veins in a deformed granite (280856E / 58573N). (D) Rarely 
found, intensively deformed gneissic part of the Mubende granite. Note the network of quartz-rich veins and organic material 
locally covers the rock surface (295580E / 54386N). Number plate is 8 cm. 
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are mainly intergrowths of secondary chlorite, 
epidote, sphene and opaque minerals. They appear 

to represent altered biotite aggregates rather than 
quartz-poor mafic magma remnants.

Mineral chemistry

Representative electron microprobe analyses are 
presented in Table 1. Plagioclase is predominantly 
albitic in composition in the Mubende batholith. 
This mineral is often zoned; rims generally have 
a slightly lower An content (An5-10) than the cores 
(An10-15). Biotite contains relatively abundant flu-
orine, 3.9 wt%. In the megacrystic granites, the 
mineral has a Mg-number of about 0.60, in the 
medium-grained type the value is slightly lower, 

0.45. Pure biotite is relatively rarely found due to 
the widespread alteration of the granites. 

Sphene has a slightly elevated F-content (1.9 
wt%) (see Table 1). The mineral may also contain 
some REEs, because the total weight percentages 
of concentrations detected are relatively low, only 
~96 wt%. The opaque minerals are often almost 
pure magnetite.

Rock    Megacrystic granite Medium-grained granite 
Code 3052 3052 3052 3052 3601 3601 3601
Mineral Albite Biotite Sphene Magnetite Albite Chloritized Magnetite

biotite

SiO2 67.47 38.69 29.68 0.00 66.10 31.24 0.06
TiO2 0.00 1.02 28.42 0.05 0.00 0.18 0.01
Al2O3 19.87 11.85 3.52 0.02 19.73 18.55 0.00
V2O3 0.00 0.03 0.32 0.22 0.00 0.00 0.07
FeOt 0.00 15.72 3.03 92.30 0.05 19.51 92.22
MnO 0.01 0.54 0.16 0.07 0.00 0.40 0.00
MgO 0.00 16.01 0.17 0.00 0.00 13.30 0.02
CaO 0.27 0.01 27.17 0.00 0.60 0.10 0.00
Na2O 11.24 0.09 0.00 0.00 10.94 0.12 0.00
K2O 0.05 9.83 0.02 0.00 0.06 2.12 0.00
SrO 0.00 0.00 0.00 0.10 0.00 0.00 0.02
BaO 0.01 0.13 0.69 0.00 0.00 0.03 0.00
ZnO 0.24 0.22 0.11 0.00 0.00 0.12 0.00
P2O5 0.00 0.00 0.40 0.00 0.00 0.01 0.00
F 0.03 3.85 2.48 0.22 0.02 0.47 0.23
Cl 0.02 0.09 0.00 0.01 0.01 0.11 0.01

Total 99.21 98.06 96.16 93.00 97.52 86.28 92.64

Si 11.908 5.920 4.228 0.000 11.856 5.141 0.025
Ti 0.000 0.117 3.045 0.016 0.000 0.022 0.003
Al 4.133 2.136 0.591 0.010 4.171 3.597 0.000
Fe2+ 0.000 2.012 0.361 31.926 0.070 2.685 31.927
Mn 0.001 0.069 0.019 0.025 0.000 0.056 0.000
Mg 0.000 3.654 0.036 0.000 0.000 3.263 0.012
Ca 0.051 0.001 4.147 0.000 0.115 0.018 0.000
Na 3.846 0.270 0.006 0.000 3.804 0.038 0.000
K 0.110 1.919 0.000 0.000 0.014 0.445 0.000
F 0.000 1.863 0.000 0.000 0.000 0.245 0.000

Table 1. Representative mineral analyses of plagioclase, biotite, sphene and magnetite in the megacrystic and medium-grained 
granites of the Mubende batholith. 
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Country rock inclusions

Gneissic inclusions of the Buganda Group are 
generally rare in the batholith. They occur, for 
example, in areas 11 km NE(N) from the vil-
lage of Kakabara near the western margin of the 
batholith. This area does not show as high aero-
magnetic signatures as is usual for the Mubende 
batholith. Mafic enclaves are practically absent in 
the batholith.

A few outcrops of sandstones are present in the 
northeastern corner of the batholith (Fig. 7A). 
These grey, quartz-rich rocks are not analogous 
with the quartz-sericite bodies described by Na-
gudi et al. (2003) in the nearby Singo granite. They 
are medium- to coarse-grained, and in places have 
muscovite flakes up to 1 cm in size. The amount of 
muscovite is usually between 2 and 7 %. Tourma-
line is also present in the rocks locally. Although 
they have not been studied in detail, we believe 
that these sandstones either (1) represent weath-
ered paleosols above the granite or, (2) more prob-

ably they are contact metamorphosed epiclastic 
country rocks undergone alteration. 

Some large elongated hills (size 100 x 400 m; 
e.g. 276618E / 37279N) in the southern part of the 
Mubende batholith are composed of inhomoge-
neous, deformed “quartz rocks”, which comprise 
quartz veins and ghost breccias (Fig. 7C). Local-
ly, they resemble the Victoria quartzite ridges of 
the Buganda Group. We believe that these large 
outcrops in the batholith represent recrystallized 
sedimentary quartzites stoped during the em-
placement of the magma – rather than wide quartz 
dykes. Note that Victoria quartzite ridges are lo-
cated at the contact of the Mubende batholith (see 
Fig. 2). Some small outcrops of medium-grained, 
partly transparent quartz rocks are also found, for 
example 2.5 km NW (281886E / 55694N) of the 
village of Kyewewga. These rocks may represent 
quartz dykes. 

Post-emplacement textures 

Fig. 7. Felsic large xenoliths within the Mubende batholith. (A) Close-up photo of sandstone at the contact of the granite  
(336883E / 81171N). (B) Deformed quartz rock that apparently represents strongly recrystallized Victoria quartzite of the 
Buganda Group (288088E / 47653N). Number plate is 8 cm.

In places outcrops of the Mubende granite contain 
shears and joints (Fig. 6B), which vary in density 
from one location to the other. Some deformed 
parts of the rock can also contain narrow quartz 
veins, which appear as fan-like networks (Fig. 6C). 
Although the granites usually are relatively mas-
sive, deformation has occasionally changed the ig-
neous texture to a gneissic one (Fig. 6D).

The batholith also displays several wide and up 
to 25 km long, NW-SE trending straight valleys, 

which are probably the result of significant crustal 
fracturing. It is noteworthy that that the valleys are 
relatively parallel to the dolerites of a 1.37 Ga mafic 
dyke swarm described by Mäkitie et al. (2014) and 
the fracturing may be associated with the emplace-
ment of the swarm. Continuation of the NW-SE 
trending fractures outside the Mubende batholith 
is difficult to observe from topographic maps or 
satellite images as these areas are flat and outcrops 
are relatively rare. Consequently, we have not ex-
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trapolated the wide fractures within the Mubende 
granite into the country rocks.

The joints and narrow shear-like fractures (see 
Fig. 6B) in the southern and middle parts of the 
Mubende batholith commonly trend in three di-
rections, ~20o–30o, ~70o and ~130o–150o (Fig. 8); 
the latter being direction that is most commonly 
measured. The observed joints have steep dips, 
and are often filled with epidote and carbonate. 
Field observations record that rare N-S -trending 
brittle joints intersect all other trends. Tectonic 
measurements for the northern part of the batho-
lith are not available.

 

 
Fig. 8. Rose diagram of the strike trend of joints and narrow 
shears in the Mubende batholith. The data refer to outcrops 
close to (no more than ~20 km) the Kampala – Fort Portal 
highway. 

WHOLE ROCK GEOCHEMISTRY 

Rock classification and chemical characteristics

According to the R1 vs. R2 diagram of De la Roche 
et al. (1980) (Fig. 9A), all samples are granites, but 
three medium-grained granites and one coarse-
grained granite plot at the margin between the 
granite field and alkali granite field. The AFM clas-
sification diagram of Irvine and Baragar (1971) 
shows that all of the samples are calc-alkaline in 
composition (Fig. 9B). 

The granites are slightly peraluminous (A/CNK 
= 0.99–1.11; see Table 2) according to the alu-
minium saturation index of Shand (1947), and can 
also be classified as I-type granites. Moreover, they 
have alkali-calcic to calc-alkali characteristics (Fig. 
10A). The medium-grained granites are slightly 
ferroan, while the coarser granites are interme-
diate between the ferrroan and magnesian types 
(Figs. 10B). 

The SiO2 concentration in the Mubende gran-
ites ranges from 70 to  77 wt% (Table 2). The medi-
um-grained types have the highest silica contents. 
The amount of iron in the rocks is between 1 and 4 
wt% (Fe2O3T). The Mg number in the megacrystic 
granite is 0.39–0.31, in the coarse-grained granite 
it is 0.30–0.28, and in medium-grained granites 
still lower, 0.28–0.20. 

In terms of radioactive elements, the megacrys-
tic and coarse-grained granites have elevated ura-
nium and thorium concentrations in average, ~9 
ppm (3–11 ppm), ~46 ppm (11–79 ppm) and in the 
medium-grained type even higher, ~14 ppm (7–25 
ppm) and ~89 ppm (53–157 ppm), respectively 
(Table 2). Also the average yttrium concentration 

is relatively high in the granites studied, 48 ppm 
(23–87 ppm).

Fluorine, although not analysed, must have el-
evated concentration in the granite samples, since 
fluorite has been detected on many outcrops by 
naked eye, and biotite in the granite contains ~3.9 
wt% F. Cu-content in the granite is very low, usu-
ally below detection limit. The few PGE analyses 
made indicate that the granite has only very small 
concentrations of gold, palladium and platinum 
(Table 2). As a curiosity, silver is reported to occur 
in parts of the Mubende granite (Uganda Invest-
ment Authority 2013). 

Typical A-type granites have high concentra-
tions of Nb, Ga, HREE and also clearly elevated Fe/
Mg (e.g. Dall’Agnol & Oliveira, 2007 and references  
therein). The Mubende batholith granites show 
some tendency to these characteristics, such as the 
slightly elevated HREE. This similarity can also be 
demonstrated using the discrimination scheme 
for A-type and calc-alkaline granites of Dall’Agnol 
and Oliveira (2007), where Mubende samples plot 
in the A-type granite field (Fig. 10C). However, the 
Mubende granites are not rich in sodium (only  
2.9 wt% Na2O on average) and are not distinctly 
ferroan – as are many A-type granites. Mubende 
granites also show chemical affinity with the A2 
–type granites (Fig. 10D). The chemical compo-
sition of the granites plots in the field of within-
plate-granites using the geotectonic diagrams of 
Pearce et al. (1984) (Fig. 10E). 
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Fig. 9. Classification diagrams of the Mubende granite. (A) R1 vs. R2 diagram after De la Roche et al. (1980). (B) A-F-M diagram 
after Irvine and Baragar (1971). 

Fractionation

Although the chemical data are limited, the trends 
in Harker variation diagrams indicate that the 
Mubende megacrystic granites crystallized from 
less fractionated magma than the coarse-grained 
and medium-grained phases (Fig. 11). Correla-
tions between silica and manganese, sodium and 
potassium (not illustrated in Fig. 11) are poor. The 
medium-grained granites have, however, a slightly 
higher average Na-content (3.1 wt% Na2O) than 
the coarser granite phases (2.7 wt% Na2O). This 
is probably due to the elevated sodium content in 
plagioclase, i.e. this plagioclase is related to a later 
phase of Bowen’s reaction series than the same 
mineral in the coarser granites. Also the average 
potassium and rubidium concentrations in the 
medium-grained granites are slightly higher (5.5 
wt% K2O, 347 ppm Rb) than those in the coarser 
types (5.3 wt% K2O, 266 ppm Rb) (see Table 2). 

Fractionation indexes such as Rb/Sr and K/
Rb separate the medium-grained granites from 
those having coarser grain size (Figs. 12A–C). The 
diagrams in Figs. 11 and 12 indicate that the two 
analyses from coarse-grained granites (i.e. exclud-
ing the megacrystic rocks) share similarities, such 
as P2O5, Fe2O3T, CaO and Zr contents, as well as 
Ba/Rb, with the medium-grained granites.

The megacrystic and coarse-grained granites 
have higher Mg numbers than those in the medi-
um-grained ones (Fig. 12D). The first-mentioned 
rocks have also the highest Zr-contents (see Fig. 
12E) in comparison to the other granites in the 
batholith. These differences agree with the afore-
mentioned fractionation trends of the granite 
phases in the Mubende batholith.

 = Mubende megacrystic granite
 = Mubende coarse-grained granite
 = Mubende medium-grained granite
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Rock Megacrystic Megacrystic Megacrystic Megacrystic Coarse- Coarse- Medium- Medium- Medium- Medium-
granite granite granite granite grained grained grained grained grained grained

granite granite granite granite granite granite
Code 3052 3524 3590 8279 8158 3545 3595 3601 8159 8247

SiO2  wt% 70.2 71.49 71.9 70.97 76.01 75.70 73.3 75.22 77.0 73.91
TiO2 0.57 0.57 0.31 0.64 0.20 0.38 0.31 0.26 0.19 0.21
Al2O3 14.2 13.56 14.2 13.05 12.36 11.98 13.9 12.95 12.7 13.57
Fe2O3T 3.11 3.16 2.39 4.27 1.61 2.33 2.37 1.87 1.05 2.08
MnO 0.06 0.04 0.03 0.04 0.04 0.06 0.04 0.04 0.02 0.03
MgO 0.91 0.63 0.53 0.88 0.29 0.45 0.42 0.25 0.12 0.30
CaO 1.84 1.69 1.31 0.57 0.88 0.80 0.95 0.65 0.53 0.70
Na2O 3.17 3.00 2.85 2.27 2.72 2.42 3.18 2.94 3.04 3.13
K2O 5.32 4.98 5.99 6.56 5.37 4.95 5.11 5.62 5.08 5.55
P2O5 0.16 0.13 0.13 0.19 0.04 0.08 0.09 0.04 0.02 0.05

Total 99.53 99.26 99.64 99.44 99.52 99.14 99.66 99.83 99.75 99.54

Ba  ppm 1127 608 892 1118 213 404 487 240 b.d.l. 355
Cl 388 - - - - - 240 - 143 -
Cr   b.d.l. 8.4 b.d.l. 13 8.8 9.5 b.d.l. 13 b.d.l. 8.5
Cu b.d.l. 3 b.d.l. b.d.l. b.d.l. 6 b.d.l. b.d.l. b.d.l. b.d.l.
Ga 26 17 - 15 12 13 21 17 - 18
Hf 7.9 10 11.8 8.8 4.7 7 6.8 9.5 - 9.3
Nb 34 32 9 31 15 22 17 21 23 23
Ni b.d.l. 6 b.d.l. 6.3 5.2 6.3 b.d.l. 4.7 b.d.l. 3.5
Rb 206 262 282 266 283 297 297 411 330 350
Sc 10.2 5.8* 5.7 9.4* 4.8* 7.9 8.8 4.0 11.7 5.2*
Sr 180 122 112 88 60 65 76 52 25 57
Ta 1.45 2.5 1.1 3.1 2.4 b.d.l. 1.4 b.d.l. 2.9 b.d.l.
Th 37 74 11 30 47 79 61 157 88 53
U 6.7 10 3.1 11 9.2 11 7.4 25 15 8.8
V 75 41 - 65 15 32 - 18 - 16
Y 36 63 23 45 44 87 41 44 46 53
Zr 325 247 318 262 104 166 241 188 43 193

La 81 60 66 - - 72 83 228 51 -
Ce 154 133 126 - - 130 160 276 100 -
Pr 16.9 20.8 12.5 - - 16.0 18.4 28.1 10.8 -
Nd 59.2 81.0 39.1 - - 54.8 62.7 82.7 36.7 -
Sm 9.67 15.33 5.59 - - 9.72 11.2 10.99 7.13 -
Eu 1.78 2.05 1.02 - - 1.36 0.75 1.25 0.51 -
Gd 8.54 12.44 4.63 - - 9.87 9.88 10.09 7.09 -
Tb 1.26 2.01 0.71 - - 1.77 1.47 1.33 1.29 -
Dy 6.94 11.56 3.92 - - 11.44 7.91 7.09 8.06 -
Ho 1.32 2.29 0.74 - - 2.65 1.47 1.46 1.74 -
Er 3.81 6.59 2.28 - - 8.46 4.14 4.35 5.40 -
Tm 0.57 1.19 0.37 - - 1.54 0.60 0.85 0.82 -
Yb 3.71 7.40 2.59 - - 9.47 3.80 5.69 5.28 -
Lu 0.54 1.07 0.39 - - 1.47 0.54 0.94 0.77 -

Au  ppb b.d.l. - 0.59 - - - b.d.l. - 0.60 -
Pd b.d.l. - b.d.l. - - - b.d.l. - b.d.l. -
Pt 4.05 - 1.02 - - - 0.64 - b.d.l. -

Mg# 0.39 0.31 0.33 0.31 0.28 0.30 0.28 0.22 0.20 0.24
A/CNK 0.99 1.01 1.05 1.10 1.04 1.11 1.11 1.07 1.11 1.09
Rb/Ba 0.18 0.43 0.32 0.24 1.33 0.74 0.61 1.71 - 0.99
Rb/Sr 1.14 2.15 2.52 3.02 4.72 4.57 3.91 7.90 13.20 6.14
(La/Sm)N 5.24 2.46 7.55 - - 4.64 4.63 13.08 4.46 -
(La/Yb)N 14.63 5.45 17.21 - - 5.11 14.64 27.06 6.46 -

  
Laboratory Labtium CGS Labtium CGS CGS CGS Labtium CGS Labtium CGS
Easting 279570 307453 304398 287370 330720 267843 283873 286801 332745 304265
Northing 54066 55127 75276 85748 77262 26596 81660 41140 80854 101012
Mg# = molar MgO/(MgO+Fe2O3t(0.9)(0.8998)),  -  = not determined, b.d.l. = below detection limit, * = by XRF (as also major elements)
Detection limits: Ba (20 ppm), Cr (20 ppm), Cu (20  ppm), Ni (20 ppm), Ta (0.2 ppm), Au (0.5 ppb), Pt (0.5 ppb), Pd (2 ppb)

Table 2. Whole rock chemical analyses of the Mubende granite.
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E)  = Mubende megacrystic granite
 = Mubende coarse-grained granite
 = Mubende medium-grained granite

Fig. 10. Mubende granites plotted in various discrimination diagrams. (A, B) Those of Frost et al. (2001, and references there 
in). (C) CaO/(FeOt+MgO+TiO2) vs. CaO+Al2O3 of Dall’Agnol and Oliveira (2007). (D) Diagram of Eby (1992) separating A1 
and A2 types of A-type granites. (E) Geotectonic Nb vs. Y diagram of Pearce et al. (1984). 

A) B)

C)

D)
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Fig. 11. Harker variation diagrams (A-E) using major elements for the Mubende granite. Data for the Singo granite are after Nagudi 
et al. (2003). 

 = Mubende megacrystic granite
 = Mubende coarse-grained granite
 = Mubende medium-grained granite

 = Singo biotite granite (medium-grained) 
 = Singo intermediate granite
 = Singo pink porphyritic granite (coarse-grained)

E)

A) B)

C) D)
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Fig. 12. Fractionation indexes (Rb/Sr, K/Rb, Ba/Rb) vs. SiO2 diagrams (A-C), Mg-number vs. SiO2 diagram (D) and Zr vs. SiO2 
diagram (E) for the Mubende and Singo granites. Data used to construct the fields for the nearby Singo granite phases are after 
Nagudi et al. (2003).

 = Mubende megacrystic granite
 = Mubende coarse-grained granite
 = Mubende medium-grained granite

 = Singo biotite granite (medium-grained) 
 = Singo intermediate granite
 = Singo pink porphyritic granite (coarse-grained)

E)

A) B)

C) D)
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REE

The chondrite-normalized REE patterns of the 
granites generally exhibit fractionated LREEs, 
whereas the HREEs have flat patterns (Fig. 13A). 
The sparse analytical data suggest that there is larg-
er dispersion in the HREE values of the megacrys-
tic granites than those of the medium-grained, 
aplitic types. They also display weaker Eu anoma-

lies (Eu/Eu* = 0.45–0.61) than those of the aplitic 
granites (0.22–0.36). 

As shown in Fig. 13B, the medium-grained 
granites have lower concentrations in Sr and P, in 
relation to the coarser granites. The same spider 
diagrams (Fig. 13B) also show that the granites 
have small negative Nb and Ti anomalies. 

Fig. 13. Spider diagrams for the Mubende batholith granites. (A) Chondrite-normalized after Boynton (1984). (B) Primitive 
mantle normalized after Sun & McDonough (1989).

 = Mubende megacrystic granite
 = Mubende coarse-grained granite
 = Mubende medium-grained granite

A)

B)
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Fig. 14. Two polished surfaces of coarse-grained granite samples from the Mubende batholith; (A) Lwemiwubo quarry 
(299693E / 53953N), (B) Kakabara quarry (271636E / 57439N). The pink grey mineral is K-feldspar and the greenish yellow 
mineral is plagioclase that has undergone seriticization. The actual width of plate is 10 cm.

AGGREGATE AND DIMENSION STONE PROPERTIES

There are two large  quarries for rock aggregates  in 
the Mubende batholith, alongside the main high-
way between Kampala and Fort Portal. They are 
in the megacrystic granite and are mainly used for 
pavement aggregates of the highway. Due to the 
coarse grain size of the rock, the aggregate has a 
relatively poor Los Angeles value while the mate-
rial might show good strength in an abrasion test.

Our field observations from the often large 
outcrops prove that, locally, the distance between 
cracks is at least two metres. Accordingly, the gran-
ite has potential for dimension rock production.

Polished surfaces of two coarse-grained granite 
samples from the Mubende batholith are present-
ed in Fig. 14. In general, the colour of these rocks 
ranges over the grey colour spectrum and includes 
hues of light pink and greenish yellow. The pink-
ish mineral in the plates is K-feldspar and the yel-
lowish grains represent plagioclase that has under-
gone sericitization. Quartz is present as bluish grey 
transparent grains. The small black phases in the 
polished surfaces are Fe-oxides or intergrowths 
between these oxides and chloritized biotite  
(Fig. 14).

 

DISCUSSION

Implications for the setting and tectonic stage

As shown in Fig. 10E, chemical composition of the 
studied granites plot in the field of within-plate-
granites (WPG). When the same chemical data are 
used in the related discrimination scheme present-
ed by Pearce (1996), they occupy the field of post-
collision granites. These interpretations match well 
with the field observations that the rock is essen-
tially massive in comparison to the schistose coun-
try rocks that have undergone regional tectono-

metamorphism. The same observations also show 
that the emplacement of the Mubende batholith is 
postkinematic with respect to the prominent de-
formation in the area.

Typical within-plate-granites usually have the 
strong enrichment of the LIL and HFS that is 
characteristic of derivation of an enriched man-
tle source; although crustal assimilation can also 
selectively increase the LIL content (e.g. Pearce, 
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1996). The Mubende batholith has some elevated 
LIL and HFS element concentrations such as Rb 
(average 298 ppm) and Th (average 64 ppm), but 
these values fluctuate significantly between the 
samples (see Table 2). 

Post-collisional magmatism refers to the end of 
magmatic emplacement, which is thought to be 
linked to plate tectonic orogenic processes. The 
volcano-sedimentary succession of the Rwenzori 
Fold Belt is inferred to be 2.2–2.0 Ga old (Master 
et al. 2103 and references therein). Synorogenic 
1.99–1.96 Ga deformed granitoids occur south 
of the Mubende granite in the Rwenzori Belt and 
probably are contemporaneous with the local tec-
tono-metamorphic peak (Mänttäri 2014, Wester-
hof et al. 2014). Thus, there is a time gap of ~110 
Ma between the orogenic peak and the emplace-
ment of the Mubende batholith. Although this is a 
relatively long time gap, it is still a suitable “delay” 
for postorogenic magmatism. For example, the 

Svecofennian synorogenic granitoids in Finland 
have intrusion ages of about 1.89–1.86 Ga and the 
postorogenic granites are dated at 1.81–1.77 Ga 
(Nironen 2005). Due to the missing isotopic data 
and the somewhat unclear distinction between the 
terms postorogenic and anorogenic, we tectonical-
ly classify the Mubende batholith as postorogenic. 

 In this context, it is worth mentioning that a 
related fold belt, the Ubendian, which is located 
1000 km south of Mubende in southwestern Tan-
zania, underwent regional peak metamorphism 
at c.1.90 Ga (Boniface et al. 2012). The Ubendian 
Belt also contains the late- to postkinematic 1.85 
Ga Mpanda granite, which age corresponds to the 
end of a ductile shear phase in that region (Lenoir 
et al. 1994). The age and postkinematic nature 
of the Mubende batholith fit with these tectonic 
events. However, such comparisons need to take 
in account the possible temporal shift in postkin-
ematic magmatism across orogenic belts. 

Comparison with the Singo granite 

The dominant megacrystic and coarse-grained 
granite phases in the Mubende batholith are rela-
tively similar in texture to the dominant “pink, 
very coarse-grained granite” of the Singo intru-
sion described by Nagudi et al. (2003). Besides, 
the subordinate “fine- to medium-grained biotite 
granite” (Nagudi et al. 2003) in the Singo intrusion 
seems to be texturally comparable to the medium-
grained granite in the Mubende batholith. The 
Mubende and Singo granites also share mineral-
ogical similarities such as the presence of magnet-
ite and biotite (or its alteration products), the latter 
being the only major Fe-Mg silicate. 

However, we note the following differences be-
tween the two aforementioned intrusions. Most 
of the extensive Mubende batholith has very large 
phenocrysts (up to 10 cm), but according to Na-
gudi et al. (2003) the grain size in the smaller Singo 
intrusion is at most 6 cm. The country rocks of the 
intrusions also differ in some way. For the Mubende 
batholith, at least in southern part, they are phyl-
lites and mica schists, while the Singo intrusion is 
mainly surrounded by slates of the same Buganda 
Group. These differences support the idea that, in 
comparison to the coeval Singo intrusion, the large 
Mubende granite represents a deeper erosional sec-
tion of the crust. In other words, the Singo intru-
sion was emplaced at higher crustal levels. 

According to Nagudi et al. (2003), the fine- to 
medium-grained granites in the Singo intrusion 
represent a phase older than the coarse granites 
that form the dominant phase of the intrusion. The 
chemical compositions of the rocks support this; 
the granites first mentioned contain less silica and 
alkalies, but more titanium and magnesium, than 
the coarser granites (see Nagudi et al. 2003). In the 
Mubende batholith the relationships between the 
texturally rather similar granite types are opposite; 
the medium-grained granites cross-cut the domi-
nant megacrystic phase and have elevated SiO2 
concentration and Rb/Sr, as well as lower Ti- and 
Mg-contents than the megacrystic types. Another 
difference is that the dominant megacrystic gran-
ites at Mubende have a lower SiO2 concentration 
(70–72 wt% SiO2) than the common coarse gran-
ites at Singo (75–77 wt% SiO2). Moreover, the Y 
concentration of the granites at Mubende is higher 
than the value reported from the Singo intrusion.

Regarding fractionation indexes, the domi-
nant granite phase (coarse-grained) in the Singo  
intrusion has higher Rb/Sr and lower Rb/Ba than 
the megacrystic granite in the Mubende batho-
lith. We could conclude that the Singo intrusion 
in general represent a more fractionated magma 
body than Mubende batholith. However, because 
the aforementioned granites have undergone hy-
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drothermal alteration, interpretations using rubid-
ium (a mobile element in hydrothermal processes) 
should be used with caution. 

The Mubende granites have usually higher Ce-, 
Nd-, Sm-, Eu- and Tm-contents than those re-
ported from the Singo intrusion by Nagudi et al. 
(2003). Particularly the thulium concentration in 
the “pink porphyritic granite” of Singo intrusion 
is lower than in the Mubende granites, usually 
below 0.17 ppm (see Nagudi et al. 2003, Table 3). 
Comparisons of REE concentrations between the 
Mubende and Singo granites remain slightly in-
sufficient, because Pr, Pm, Dy, Ho, Er are not ana-
lysed in the last-mentioned rocks (see Nagudi et 
al. 2003). 

Although many of the diagrams in the Figs. 11 
and 12 refer to a common magmatic source for the 
Mubende and Singo intrusions, the Zr vs. SiO2 di-
agram (Fig. 12E) argues against this possibility. In 
addition, K/Rb and Ba/Rb differ in those Mubende 
and Singo samples that have SiO2 concentrations 
between 70 and 72 wt% (Figs. 12B, C). In these cas-
es the compositional variations follow separated  
trends, which could indicate a different source of 

magma. Unfortunately, our chemical data is too 
limited to verify these possibilities. While Mg 
numbers in the Mubende granites decrease with 
increasing silica amount, the behaviour of this pa-
rameter seems to be much more complex in the 
Singo intrusion (Fig. 12D). The coarse “pink por-
phyritic granites” in the Singo intrusion have very 
variable Mg numbers although there is not much 
variation in SiO2 concentration (see Nagudi et al. 
2003). However, the coarse-grained granite type 
(i.e. not the megacrystic type) of the Mubende 
batholith plots in the field of the texturally simi-
lar granites of Singo in the Mg# vs. silica diagram 
(Fig. 12D). This may indicate that these two gran-
ite types are similar in terms of fractionation.

 Finally, we conclude that the dominant meg-
acrystic granite phase in the Mubende batholith 
represents less evolved magma than the most abun-
dant rock type in the Singo intrusion, the “pink, 
very coarse-grained granite”. In total, the coeval 
Mubende batholith and Singo intrusion contain at 
least 5 chemically different granite phases. In other 
words, it seems that the granites were formed by 
the aggregation of several magma pulses.

Source of magma

The absence of mafic enclaves, orthopyroxene, oli-
vine and hornblende in the Mubende batholith as 
well as the peraluminous composition indicate a 
crustal source for the magma, rather than mantle 
genesis. As noted, the batholith can still be classi-
fied as I-type biotite granite – rather than typical 
A-type granite. 

Although there are small chemical differences 
between them, the coarse-grained granite and me-
dium-grained granite of the Mubende batholith 
could be the products of fractionation from the 
megacrystic type (see Figs. 11 and 12). However, 
because the medium-grained granite crosscuts 
the megacrystic type – while the coarse-grained 

type has gradual contacts – it could even have its 
own, unexposed parent magma source below the 
Mubende batholith.

Due to the aforementioned large degree of 
scatter in some diagrams (see Fig. 12), the differ-
ent phases in the Mubende and Singo intrusions  
should not be result of fractionation processes 
from common and homogeneous magma body. 
These kinds of chemical differences may instead 
reflect variations in the source rocks that were par-
tially melted to form the various magma phases 
(see e.g. Clemens et al. 2010). 

Contact metamorphism and heat budget changes

The contact between the Mubende granite and 
country rocks is usually covered by thick soils. 
However, the Buganda Group metapelites sur-
rounding a small granite body SW of the Singo 
intrusion exhibit contact metamorphic effects at a 
distance of 50–100 metres from granite outcrops 
(see Westerhof et al. 2014, Fig. 6.13B). These por-

phyroblastic andalusite slates adjacent to the gran-
ite body are relatively massive and differ texturally 
from the intensively schistose slates and phyllites 
that are located further away from the intrusion. 
The aforementioned textural variations between 
slates indicate that the emplacement of the large 
Mubende and Singo granites has increased the 
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heat budget of the local crust.
Emplacement of large granitic intrusions can 

dramatically affect the local heat budget, which 
may result in epigenetic, often structurally con-
trolled mineral deposits (via changes in the mo-
bility of the chemical elements) in fertile country 
rocks. In this context, it can be speculated that the 
aforementioned heating process has generated 

some of the mineralizations found in the country 
rocks of the Mubende batholith. The increased heat 
may have mobilized gold away (upwards) from the 
Buganda Group Bujagali basalts stratigraphically 
lying below the Nile Formation metapelites, which 
today comprise epigenetic Au-mineralizations 
controlled by faults, for example in the Kamalenge 
area (see Mining Journal Uganda 2012).

CONCLUSIONS

The Mubende batholith is slightly peraluminous in 
composition and mainly composed of megacrystic 
granite (K-feldspar phenocrysts up to 10 cm). It is 
also characterized by a low amount (1–8 %) of bio-
tite, 0.2–2 % of magnetite and strong hydrothermal 
alteration. Chemically, the batholith approaches 
A-type granites; for example the concentrations 
of F, Nb and HREE are elevated but do not allow 
its classification as a typical A-type intrusion. The 
batholith has some I-type granite characteristics, 
such as A/CNK values between 1.0 and 1.1. 

Field relationships and the age (1.85 Ga) of 
the Mubende granite distinguish it as the young-

est Palaeoproterozoic granite in Uganda. The 
Mubende granite, with the smaller and coeval 
Singo intrusion nearby, represents a distinct mag-
matic event and can be classified as postorogenic 
pluton with respect to the Palaeoproterozoic tec-
tono-metamorphic peak in the Rwenzori Fold Belt 
of Uganda. 

Although the extensive Mubende batholith is 
sheared in places, it often appears as very large and 
relatively massive outcrops, with sparse jointing 
and, accordingly, can be recommended as a target 
for more detailed dimension stone investigations.
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INTRODUCTION

The sedimentary platform sequences along the 
southern edge of the Uganda craton (Fig. 1), south 
of the town of Kiboga, east of the Mubende and 
southeast of the Singo granitic plutons, have al-
ready been a topic for research and discussion for 
close to a hundred years due to their very distinc-
tive physical appearance on hilltops and due to 
their spectacular conglomerate formations. Their 
grouping and stratigraphic position have up to 
now been controversial. During the geological 
mapping of the GTK Consortium, these erosional 
remnants of the platform sequences, which discor-
dantly overly the Archaean and the Palaeoprotero-
zoic Buganda strata (Fig. 2), were studied in more 
detail. Here, the implications of the new age de-
terminations by zircon study (Mänttäri 2014, this 
volume) for the interpretations are discussed.

Several plateaus in the study area are defined 
by relatively thin remains of clastic successions, 
which were already divided into the Singo and 
Mityana Series by Winters in 1923. Rocks to the 
south of Lake Wamala were added to the Singo Se-
ries by King (1942a, b and 1943). Sandstones and 
conglomerates from the Mityana region, reported 
by Wayland (1921), were added to the Mityana Se-
ries by Combe (1923, 1924). King (1947), howev-

er, allocated all sedimentary units of the Mityana 
area to the Singo Series and postulated a northern 
Namutambo facies with rocks typical of the Bu-
tologo and Bulago plateaus (Fig. 3). He allocated 
the typical Singo Series rocks to the Wamala fa-
cies, exposed around Mityana and Lake Wamala. 
Johnson (1958, 1960) and Johnson & Williams 
(1961) found that the Wamala facies were depos-
ited around erosion relicts of conglomerate and 
sandstone of the Singo Series and are therefore 
younger. Johnson & Williams (1961) described 
the intrusive relationship of the Mubende granite 
with quartzite of the Butologo plateau, while con-
glomerate of the Bulago plateau and silicified Wa-
mala Series unconformably overlies the granite. 
Johnson & Williams (1961) also concluded that 
the conglomerate and sandstone of King’s Namu-
tambo facies are similar to those of the Bulago and 
Butologo plateaus and remain in the Singo Series. 
For the younger series of conglomerates, arkose, 
sandstone and silicified rocks, the name Mityana 
Series, as allocated by Combe (1924), was retained. 
In this study the Singo Series sandstones of the 
Butologo and Bulago plateaus are divided into the 
Namuwasa and Bwesigoro Groups, while the beds 
around Lake Wamala form the Mityana Group 
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Fig. 2. Location of the Namuwasa Group (Na) and Bwesigoro Group (Bw) on the 1:2.5 million scale geological map (adapted 
from Westerhof et al. 2014, App. 1). The Mityana Group (Mi) extends from the Lake Wamala area further south, exposed on 
the islands in Lake Victoria. Note the Lake Victoria Arcuate Dyke Swarm (green) and magnetic discontinuities (blue dotted 
lines). WTT = West Tanzania Terrain, LVT = Lake Victoria Terrain, NUT = North Uganda Terrain and EARS = East African 
Rift System.

(Lehto et al. 2014). Steeply dipping quartzite layers 
within the Nile Formation (Fig. 3) were re-defined 
as belonging to the Namuwasa and not to the Bu-
ganda Group.

It also became evidenet that the Mityana Group 
around Lake Wamala is the equivalent of Neopro-
terozoic rocks belonging to the Malagarasi Super-

group (Westerhof et al. 2014) occurring further to 
the south (Figs 1 and 2). This paper describes in 
detail the platform units of the Butologo, Bulago 
and Namutambo plateaus − the former Singo Se-
ries − and the Kyato dolerite. Finally, a depositional  
setting is presented for these sediments.

REGIONAL GEOLOGY

The rocks to the north of the platform sequenc-
es belong to the Archaean West Tanzania Ter-
rane (Westerhof et al. 2014, Lehto et al. 2014), 
with orthogneisses dated between 2.65 and 2.64 
Ga (Mänttäri 2014, this volume) and intrusions 
of Palaeoproterozoic Kiboga Suite granites dated 
at 2487−2485 Ma (GTK Consortium 2012a, b). 
Southward of the Kiboga granite, the Buganda 
Group covers the West Tanzania Terrane. The 
Buganda Group comprises the basal conglomer-
ate and arenitic Victoria Formation and the Nile 
Formation. The latter comprises siltstone and shale 

with subordinate grits and sandstones and the in-
terbedded Bujagali basalt member. The units of 
the Buganda Group show variable degrees of de-
formation and metamorphism associated with 
folding to thrusting in the E−W-trending Rwen-
zori fold belt, which links with the N–S-trending 
Rusizian (Ubendian) fold belt, (both of?) which 
were affected by the 2100−2025 and ~1860 Ma tec-
tonothermal events (Lenoir et al. 1994). Towards 
the south, the Buganda Group apparently over-
lies the Rukungiri Suite (2147 Ma and 2130 Ma) 
and is intruded by the Sembabule Suite (1987 ± 5 
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and 1964 ± 4 Ma, Mänttäri et al. 2011 and GTK 
Consortium 2012c, d). Younger intrusions are the 
granite of the Mubende Suite (1848 Ma) and mafic 

Lake Victoria Arcuate Dyke Swarm (Fig. 2; ~1368 
and 1374 Ma, Mäkitie et al. 2013, 2014b, Wester-
hof et al. 2014 and Mänttäri 2014, this volume).

The Platform sequences

Namuwasa Group

Rocks of the Namuwasa Group occur 1) as hori-
zontal and titled beds in the Butologo plateau, 2) as 
slivers and 3) as layers in the Nile shale north and 
south of the Bujagali basalt (Fig. 3). The sequence 
overlies the deformed and metamorphosed Bu-
ganda Group with a discordant contact, but the 
units concordant with the Nile shale and basalt 
layering have tectonic contacts. In addition, the 
stratigraphic way-up indicators within the Bu-
jagali basalt, the Victoria quartzite and Namuwasa 
slivers are always in the same direction. Although 
beds may be vertical, they are never overturned. 
Slivers within the Buganda Group always young 
towards the south, but within the Butologo pla-
teau, beds may be tilted to the north or the south 
and younging, respectively, to the south or the 
north. Along the southern edge of the Butologo 
plateau, the beds are vertical and all sedimentary 
structures have been destroyed by shearing.

The Butologo plateau of ~350 km2 comprises 
several irregularly shaped east–west runners linked 
with narrower north–south sections (Fig. 3). A 
significant characteristic of the east–west runners 
is the presence of inclined to vertical beds, while 
the connecting sections mostly display horizontal 
to slightly titled beds. The contact with the under-
lying tilted and deformed Nile Formation is up in 
the slope of the plateau, and where the sequence 
is horizontal it is along a flat surface, probably a 
peneplain. The steep beds, however, only penetrate 
the contact surface by a few metres (15−30 m) and 
are restricted to the plateau, not being found with-
in the valleys (Fig. 4). The Namuwasa Group com-
prises the upper Buwekela, the middle Maseke and 
basal Kikonge Formations.

Kikonge Formation: The conglomerate is well ex-
posed at the base of the horizontal beds above the 
Nile shale. The unit, about 15 m thick, consists of 
several continuous conglomerate beds (<1.2 m 
thick) and individual lenses within grit- to sand-
stone. The conglomerate varies from pebble to 
matrix supported and contains pebbles of vein 
quartz, subordinate maroon phyllitic shale and 

fine-grained sandstone (Fig. 5A-B). Granite peb-
bles are rare. The pebbles, up to 20 cm in size, vary 
from round to oblate to angular, are moderate to 
well sorted and not imbricate. Upwards, the unit 
grades into thin gritstone that passes into clean 
sandstone. The grit and sandstone are well cross-
bedded. The cross-bed sections show upward fin-
ing of grain size. Grit-sized particles are randomly 
distributed within the cross-lamellae, displaying 
upward fining and sorting. Primary features of the 
matrix sandstone are similar to those of the over-
lying Maseke Formation into which it grades. The 
loose packing of the pebbles indicates that the con-
glomerates mostly have bimodal compositions.

In the tilted sections, conglomerate beds are 
aligned parallel to the edges of ridges and are 
crossed several times along N–S traverses. The 
stratigraphic successions in the tilted sections are 
irregular and incomplete. The top of the Kikonge 
Formation is taken at the top of the uppermost 
conglomerate bed.

Maseke Formation: The transition from the 
Kikonge to the Maseke Formation is gradual, as 
the conglomeratic lenses decrease upwards within 
the sandstone matrix. A minimum thickness of 
120 m was determined within a horizontal sec-
tion along which the contact with the overlying 
Buwekela Formation had been eroded away. The 
Maseke Formation comprises a homogeneous suc-
cession of even, medium- to thick-bedded (<80 
cm) continuous layers with well-developed planar 
tabular cross-bedding displaying low- to medium-
angle foreset laminations of about 2 cm thickness 
(Fig. 6A). These beds may contain solitary sub-
rounded to rounded milky quartz pebbles of 2−3 
cm. Trough cross beds are abundant and display 
cross-cutting and truncation of older laminations 
(Fig. 6B). Also present are solemarks, imprints 
from small shallow current ripples (Fig. 6C),  
elongated crests and channels, as well as soft-sedi-
ment slump folding (Fig. 6D).

The sandstones are moderately sorted with lim-
ited upward-finer grading. Grit-size fragments are 
unevenly distributed throughout the well-devel-
oped cross-bedded packages. The purplish-grey 
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Fig. 3. Simplified map showing the geology south of Kiboga and between the plutons of the Mubende Granite Suite. The  
stratigraphy presented here deviates from the model presented by Westerhof et al. (2014) and Lehto et al. (2014) and must be 
considered as the opinion of the authors only. Note that Kyato dolerite is located at sample point 8117. 
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the contact plane caused by the vertical oriented unit.
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Fig. 5. Conglomerate from the Kikonge Formation: (A) Well-rounded and well-sorted pebbles comprising vein quartz (341094E 
/ 76519 N). (B) Basal conglomerate comprising matrix supported, less-rounded clasts of vein quartz and grey to light brown 
schist in a gritty purple-grey sandstone matrix (349562E / 75548N). Number plate 8 cm.

Fig. 6. Primary features of the Maseke Formation: (A) Medium to thick beds of clean sandstone with a typical purple grey 
colour (340633E / 90366N). Note the low-angle tabular cross-laminations above a horizontal laminated bed tilted slightly to 
the northwest. Transport was from the southwest. (B) Erosive nature of individual foreset beds, showing the variation in the 
lamination/bedding intersect. Also evident is the dark, heavy mineral concentrations along the base of the foresets (346632E / 
80631N). (C) Sole mark imprints at the base of a steeply inclined bed. Note the variation in size of the current ripples and their 
lenticular arrangement (341008E / 76387N). (D) A northward-tilted sandstone bed displaying soft-sediment folding of some 
tabular cross-laminations (332010E / 91732N). Transport and slumping was from the east. Number plate 8 cm.
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sandstones have dark-grey millimetre-thick basal 
laminations, which change upwards to purplish-
pink. Thin sections show that the base of the fore-
set lamellae is defined by heavy mineral concen-
trations, predominantly hematite and zircon. The 
purple grey colour is caused by the high content of 
detrital hematite.

Under the microscope, the undeformed sand-
stones in the Kikonge Formation are more gritty 
and have coarse- to medium-sized grains of com-
posite, deformed to undeformed quartzite, quartz-
feldspar and cherty granules. The fragments and 
grains are well rounded to elongated. Angular 
well-preserved hematite grains define the cross-
bed layering. The intergrain matrix consists of 
quartz, rare feldspar remnants and detrital biotite. 
The clayey fraction is metamorphosed to non-
aligned sericite and subordinate muscovite. 

The Maseke sandstone comprises fine- to me-
dium-grained, well-sorted grains of quartz, chert 
and strained quartzite, which were well to mod-
erately rounded. The primary round to elongated 
grain shapes were still preserved, although many 
were annealed by compression. Secondary quartz 
and minor sericite and chlorite filled some of the 
intergrain spaces where prismatic to abraded zir-
con and hematite may occur. Although the opaque 
mineral is primary, limited secondary precipita-
tion is also present.

Buwekela Formation: The distinct light- to promi-
nently pink- to crimson-coloured unit comprises 

a thick succession of medium- to fine-grained 
quartzitic sandstones with subordinate, poorly 
displayed, conglomeratic horizons along the base 
and minor interlayered lenses of gritstone. The Bu-
wekela Formation is only found within the tilted 
sections where it overlies the Maseke Formation. 
Bedding and primary tabular and trough cross-
bedding (Fig. 7A) are omnipresent, except in the 
extreme south where they were destroyed by tecto-
nism. The trough and tabular cross-bedded units 
vary from thin to thick-bedded units and may 
truncate the lower layers by low to moderate an-
gles (Fig. 7B). The gritstone beds show similar sed-
imentary structures and upward-fining grading.

Along the Nakasasa valley, against the Bujag-
ali basalt, the contact between the Buwekela and 
Maseke units is exposed. Here, the Maseke sand-
stone shows abundant bedding, cross-bedding and 
synsedimentary slump features, as well as a hori-
zon of synsedimentary slump breccias. The latter 
contains pieces of sandstone foresets and beds as 
a chaotic mass, in which most of the primary fea-
tures have been destroyed (Fig. 8A). It also con-
tains numerous irregular fragments of angular to 
rounded pieces in a structureless matrix of similar 
composition. This is overlain by purple grey sand-
stone in which the cross-beds indicate younging 
towards the south. This unit is abruptly overlain 
by a thin conglomerate horizon grading into deep-
red, very fine-grained arenitic sandstone (Fig. 8B) 
in which silicification rendered an amorphous ap-
pearance with prominent conchoidal fracturing 

Fig. 7. Primary sedimentary structures preserved in the tilted pink Buwekela Formation. (A) Small-scale cross-beds in the fine-
grained quartzite with well-developed heavy mineral concentrates at the base of the foresets. Note the small-scale and irregular 
shapes of the erosive channels and flaring of the foresets and en echelon tension quartz veins, as well as displacement caused 
by subsequent fracturing (340590E / 70853N). (B) Thin to medium-thickness beds displaying truncating relations between 
tabular-laminated foreset beds, where the intersect angle can vary from low to moderate. The central layer contains pits of 
weathered-out fragments (342137E / 94506N). Hammer shaft 15 cm.
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in this well cross-bedded unit. The pebbles are up 
to 16 cm in size, vary from oblate to well-round-
ed, and comprise vein quartz, jasper-like material, 
metamorphosed purple shale and grey to buff phyl-
lite and schist clasts. The matrix of the conglomer-
ate is the same as the deep red to light pink, very 
fine to gritty glassy quartzite of the overlying aren-
itic sandstone. The change from the Maseke to Bu-
wekela sandstone is abrupt across an erosion base.

Pockets of irregularly distributed conglomerate 
layers occur within the Buwekela Formation. These 

pockets contain matrix-supported fragments, 
mostly of dark red jasper, are poorly sorted and an-
gular (Fig. 9) and can be oblique to parallel to the 
layering, whether foresets or bedding. The unit also 
contains fine-grained sandstone with irregular grit-
ty lenses. Bed thicknesses (<40 cm) are inconsist-
ent and non-continuous and were controlled by the 
erosion-truncation of the foresets causing them to 
peter out along strike. Abundant thin foresets (<2 
cm thick) with well-developed, medium to dark 
grey heavy mineral concentrations have moderate 

Fig. 8. (A) Slump-deformed grey Maseke sandstone close to the contact with the pink Buwekela sandstone. The slump-breccia  
comprise rounded to angular fragments displaying foreset cross-beds in a structureless matrix of the same composition 
(370729E / 71308N). (B) Purple-grey Maseke sandstone (upper half), with cross-bedding, overlain by Buwekela conglomerate 
(lower half) in a crimson fine-grained matrix. The sharp contact plane is along the base of the number plate.

Fig. 9. Medium- to thick-bedded Buwekela sandstone with foresets that are truncated at moderate angles. Note the angular, 
poorly sorted jasper and schistose fragments along the base (342137E / 94506N). Pen length 14 cm.
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to very low-angle intersects. The heavy mineral la-
mellae, normally 1−3 mm, can be 12−15 mm thick. 
In the thinner-bedded portions, the cross-bedding 
appears trough-like, but the erosive nature and in-
consistency of the foreset/bedding intersection are 
more indicative of tabular cross-laminations in a 
system with strong lateral movement. The thick-
ness of the Buwekela Formation could not be de-
termined, as it had been completely eroded in the 
horizontal sections and was incomplete in the tilted 
sections, but it must be several hundreds of metres. 
The deep pink colour and cross-bedding are diag-
nostic for this formation.

A thin section of the tilted pink sandstone with 
well-developed heavy mineral lamellae and some 
gritty facies shows that the unit contains fine to very 
fine, even grained and well sorted grains of quartz 
and subordinate rock fragments (cherty and mo-
saic textured) and evenly distributed detrital hem-
atite. Hematite and zircon grains define the foreset 
bedding planes. No primary intergrain spaces are 
preserved, as they were filled by compaction and 
welded by secondary quartz. Metamorphic sericite 
and muscovite have not developed due to the lack 
of clay and feldspar material. If compared to the 
Maseke Formation, the Buwekela sandstone has 
more heavy minerals concentrated along the fore-
set planes and less within the matrix. Secondary 
precipitation and recrystallization of the detrital 
hematite is minor.

Bwesigoro Group

Rocks allocated to the Bwesigoro Group are re-
stricted to the Bwesigoro-Ganga (Bulago) plateau, 
(Fig. 3; ~115 km2), and the Namutambo plateau 
south of the Singo pluton (Lehto et al. 2014). It 
discordantly overlies the tilted and metamor-
phosed Buganda and Namuwasa Groups and the 
Mubende Granite. The group comprises the basal 
Kiryamuddo, middle Nsala and upper Namutam-
bo Formations. Original deposition characteristics 
are abundant, but undisturbed layering is actually 
rare. In the Bulago plateau, with abundant incised 
drainage channels, exposure is abundant and of 
good quality. Johnson and Williams (1961) ob-
served several shale beds in this succession, but 
only conglomerate, gritstone and sandstone were 
encountered when remapping the area.

Kiryamuddo Formation: The conglomeratic unit, 
up to ~100 m thick, is exposed along the north-

ern slopes of the triangular plateau and comprises 
interbedded conglomerate and gritty sandstone 
layers. The formation is wedge shaped, as it thins 
rapidly from north to south. The transgression 
of the conglomerate beds indicates an original 
northward-dipping floor during deposition. The 
unit comprises well-developed conglomerate/
sandstone pairs (Fig. 10A). The pebble beds are 
clast-supported with size sorting and imbrica-
tion is well developed. The conglomerate fines 
upward into gritty sandstone across a thin tran-
sition zone. Small pockets of pebbles may form 
part of the sandy layer and may be in contact with 
the overlying conglomerate base. The pebbles, up 
to 20 cm in size, are well rounded to oblate and 
comprise quartzofeldspathic gneisses, vein quartz, 
quartzite and rarely granite. In places, compaction 
has resulted in fracturing of single pebbles, while 
tectonic fracturing has affected both the pebbles 
and matrix. Towards the top of the conglomerate, 
the interbedded sandstone layers are thicker and 
better developed and contain all the depositional 
characteristics of the overlying Nsala Formation 
(Fig. 10B). The medium- to thick-bedded sand-
stones contain foreset packages with low basal in-
tersection angles. The foreset laminations are sub-
parallel with each other, medium- to large-scale, 
and are truncated at low to medium angles by the 
overlying beds. The erosive nature of the currents 
formed channels and uneven beds. Occasionally, 
the overlying bed is subparallel to the underlying 
unit, which caused thickening of the foreset pack-
age containing individual or groups of fragments, 
up to cobble-size, to represent sieve-lobe deposits 
(Fig. 10C and D).

Nsala Formation: Sandstone of this unit forms the 
majority of the rocks on the Bulago plateau, and 
the absence of an overlying unit makes it is impos-
sible to determine the original thickness, of which 
only a hundred or so metres are preserved. On 
average, most of the sequence seems to be hori-
zontal, (Fig. 11A) but, in places, subsequent minor 
faulting has tilted the beds up to moderate angles. 

The Nsala Formation mostly comprises sand-
stone. Except for limited solitary vein quartz peb-
bles (~2 cm), the grain size is coarse to fine, well 
sorted and graded. The well-rounded quartz grains 
are densely packed with the inter-grain contact sur-
faces lined with yellowish (sericitic?) material and 
silicification is present in numerous localities. The 
primary detrital shapes and sizes are well preserved 
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Fig. 10. Kiryamuddo Formation from the Bulago plateau (373383E / 87427N). (A) Alternating succession of basal conglomer-
ate grading upward into grit- and sandstone. Pebble sorting and imbrication are evident. (B) Thicker sandstone in the con-
glomerate showing bedding, cross-bedding, and truncation of the foresets. The angular to parallel alignment of the foresets to 
bedding indicates a constant change in flow direction. (C) Disseminated pebbles in thickening foreset lamellae are typical of 
sieve-lobe deposits. Sorting of the pebbles is insignificant. (D) Poorly sorted boulder-supported conglomerate of the Namu-
tambo Formation with grey sandy matrix. Hammer length 30 cm and number plate 8 cm.

with no post-depositional stress imprints, although 
compaction has reduced the inter-grain spaces. 
Zircon is more abundant than detrital hematite.

The beds are thin to thick, homogeneous and 
reveal well-developed cross-bedding with low to 
moderate angle bedding/foreset intersections. The 
foreset lamellae are up to 2 cm thick with a con-
stant thickness over several meters. The orienta-
tion of the foresets between successive beds shows 
a significant change in the direction of the trans-
porting currents (Fig. 11B). Current ripples on top 
of the foreset beds vary from longitudinal (Fig. 
11C) to dome-like, are quite rare and indicative of 
low-energy, shallow water conditions. The erosion 
of the foresets within a bed indicates considerable 
lateral movement (Fig. 11D), while asymmetric 
slump deformation affected the forest beds (Fig. 
11E). Occasionally, the beds below the slump-

deformed beds have steepened cross-bed layer-
ing. The Nsala sandstone remnant, furthest to the 
south, is directly west of the Namutamba plateau 
and comprises only several metres of horizontal 
laminar to cross-bedded medium- to fine-grained 
beds (Fig. 11F). Thin sections have revealed that 
the Nsala sandstone comprises well sorted quartz 
grains that are well to moderately rounded and an-
nealed in places by compression, as the primary 
roundness is disturbed. The unaffected grains are 
round to oblate and secondary quartz has filled the 
inter-grain spaces, although some of the triangular 
gaps contain sericite or chlorite. Secondary iron 
oxide is minor to the secondary quartz. Detrital 
zircon is abundant and well abraded.

The upper Namutamba Formation is found on 
the incised Namutamba plateau north of Mityana 
(Lehto et al. 2014) and comprises poorly sorted 
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and angular to poorly rounded clast-supported, 
boulder to pebble conglomerate. The clasts consist 
of metaquartzite, quartz-feldspar gneiss, banded 
gneiss and quartzitic conglomerate with rare gran-

ite and vein quartz pebbles. Some of the pebbles 
are from the cross-bedded pink Buwekela quartz-
ite. The matrix comprises mostly sand and fine 
grit-sized particles and shows no layering or grad-

Fig. 11. The Nsala Formation in the Bulago region. (A) Near vertical cliff in the southwest with well-developed, horizontal beds 
(384931E / 81028N). (B) A single bed of the Nsala sandstone with well-defined forest lamellae. Note the truncation and orien-
tation of the cross-beds in the lower and upper beds, which reveal a changing transport direction and continuous lateral drift 
of the channels (383160E / 81772N). (C) A thin veneer of parallel to curved, asymmetric current ripples on a medium thick-
ness, large- to medium-scale cross-laminated bed indicating flow direction and a shallow water depth (379705E / 84677N). (D) 
Medium to thick, subhorizontal sandstone showing bed-parallel and two-direction-inclined cross-bedding. The top bed has 
foresets dipping to the right, and is truncated by foresets dipping to the left (384115E / 81867N). (E) Disharmonic folding of 
foreset lamellae in a near horizontal sandstone bed. The inclination and folding in this case show transport and soft-sediment 
slumping towards the east (380262E / 84664N). (F) Thin bedded sandstone at the southernmost outcrop of Nsala sandstone 
(378070E / 56940N) covered with lichen. Bedding is well displayed but the internal small-scale cross-bedding is only apparent 
with closer observation. These sandstone islands are surrounded by Bukoba Group conglomeratic mudstone.
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ing. The fragments, which are distinct in composi-
tion from the matrix, are up to 50 cm in size and 
can form beds up to 2 m or 10–15 cm thick. The 
latter can contain a single or double layer of peb-
bles. The pebble units can be separated by even-
grained layered and cross-bedded sandstone. In 
places, the beds are feldspathic and contain un-
evenly distributed detrital muscovite and grit-size 
quartz and grade upwards into the massive sand-
stone. Interlayered with the boulder and conglom-
erate beds, this dirty sandstone unit is greyish, but 
higher up it becomes orangey. Although bedding 
is obvious, sedimentary features such as graded 
and cross-bedding are poorly defined. In fresh sur-
faces, gritty quartz and reddish oxidized fragments 
(muscovite?) occur in a dirty matrix with a high 
clay content. 

Kyato Dolerite

The Kyato dolerite occurs as a single WNW–ESE-
trending dyke in the Kyato valley (Fig. 3) below the 
Bucucuke-Maseke ridge of the Butologo plateau 
(GTK Consortium 2012a). It is intrusive in the 
Nile shale of the Buganda Group and at an acute 
angle with the plateau edge. The 100-m-thick and 
2-km-long dyke comprises fine grained, spilitic 
dolerite with round to irregular spherules of light 
green chalcedony and small geodes of milky quartz 
(Fig. 12). The spherules are slightly elongated and 

up to 2 cm long, while the geodes are in irregu-
lar cavities of up to 8 cm. Plagioclase phenocrysts, 
2−3 mm in size, are greenish white due to epidote 
and/or chlorite alteration. The weathered dolerite 
is brownish-grey and dove-grey in fresh cuts. The 
spherules and vesicles resemble amygdales and the 
fine-grained mafic rock appears as basaltic lava. 
The intrusive relationship with the Nile shale, how-
ever, establishes it as intrusive, while the amygda-
les show that it resembles a shallow intrusion that 
allowed the escape of volatiles in bubbles. Except 
for irregularly spaced intersecting fracture sets, 
the rock reveals no obvious compressional tec-
tonic imprint. In thin section, the fine- and even-
grained rock has a primary igneous texture with 
clinopyroxene and plagioclase displaying ophitic 
to subophitic intergrown relationships. The albite-
oligoclase forms small laths, while the augite is in 
small anhedral crystals. Postmagmatic alteration is 
present and secondary chlorite, in blue and green 
varieties, occurs as intergrain to nodular semicir-
cular growths. The round to subhexagonal vesicles 
can be surrounded by tangentially arranged pla-
gioclase laths. Johnson and Williams (1961) con-
sidered this dolerite as part of the Jurassic post-
Karoo mafic magmatism, and thus implied an age 
of 183 ± 2 Ma (Duncan et al. 1997).

Two samples collected about 2 km from each 
other were analyzed and their chemical composi-
tions are presented in Table 1.

Fig. 12. Fine-grained Kyato dolerite with oblong to subhexagonal spherules and vesicles of chalcedony and spherules and  
irregular geode cavities containing milky to clear quartz (348063E / 77366N). Number plate 8 cm.
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The major element concentrations are very sim-
ilar, with slight differences for SiO2, CaO, Na2O 
and K2O. On average, the trace and REE concen-
trations are also comparable. The low total for the 
oxides of sample 8117 indicates some loss of ig-
nition by post-crystallization metasomatic altera-
tion, which is observed as chloritization.

On the R1 R2 plot (Roche et al. 1980), the Kyato 
dolerite classifies as gabbro and gabbro-norite due 
to the variation in the SiO2 content (Fig. 13A). This 
is verified in the trace-element plots of Winches-
ter and Floyd (1977) (Fig. 13B–C). The low Zr and 
Ti (Fig. 13D) define the dolerite as an arc and not 

Sample SiO2 TiO2 Al2O3 Fe2O3t MnO MgO CaO Na2O K2O P2O5 Total
8117 49.3 0.57 15.2 9.41 0.16 7.99 9.43 3.08 0.78 0.08 95.99

28436 51.78 0.55 15.31 9.48 0.15 7.99 11.16 1.33 0.74 0.07 98.57
Cr Ni V Zr Ba Sr Rb Nb S C

8117 190 209 159 72 195 226 26 b.d. 109 1460
28436 181 167 149 74 192 155 26 5 -

Ce Dy Er Eu Gd Ho La Lu Nd Pr Sc
8117 25.8 3.36 2.07 0.86 3.77 0.73 14.2 0.23 12.8 3.17 29

28436 25 - - - - - 14 - - - 23
Sm Tb Th Tm U Y Yb

8117 2.79 0.55 2.8 0.26 0.78 36.2 1.54
28436 - - 4 - 0.7 13 -

Table 1. Major, trace and REE data on the Kyato dolerite unit.

within plate magma. The low Zr/TiO2, Zr/Ti and 
Zr/Ti/Sr (Fig. 13C–F) define the calc-alkaline na-
ture of the dolerite. According to Figure 13E-F, the 
dolerite was formed in a continental arc setting. 
Normalized against the chondrite values of Boyn-
ton (1984) (Fig. 13G), it is clear that the LREE were 
significantly enriched against the HREE, while the 
trace element spiderplot of Figure 13H has nega-
tive Nb, P and Ti anomalies, which is indicative 
of contaminated (subduction-related) sources and 
not of intracontinental flood basalts (Pearce 1983, 
Wilson 1989, Sun & McDonough 1989 and  Ray et 
al. 2011).
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Fig. 13. Major, trace and REE plots of the Kyato dolerite. Classification on (A) R1R2 (gabbro-norite field), (B) Nb/Y-Zr/TiO2 
and (C) Zr/TiO2-SiO2 diagrams. Tectonic setting discrimination diagrams on (D) Zr-Ti, (E) Ti/100-Zr-Sr/2 and (F) Zr-Ti and 
source on (G) Chondrite and (H) Primitive Mantle normalized RE and trace element spider plots.
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GEOCHRONOLOGY

Zircon from the Namuwasa and Bwezigoro Groups 
and the Kyato dolerite were dated by Mänttäri (this 
volume). The Kikonge Formation (Namuwasa 
Group) was sampled in the sheared southern edge 
(8096) and vertical tilted purple grey (8114) sand-
stones of the Butologo plateau. Horizontal sand-

stone beds (8126) of Kiryamuddo conglomerate 
(Bwezigoro Group) were sampled just above the 
contact with the Nile Formation. Care was taken 
to limit the geode and amygdales in the Kyato dol-
erite (8117) (see Fig. 3 for sample localities). 

Namuwasa Group: Kikonge Formation

Sample 8096 yielded abundant, rather small, de-
trital zircons varying from translucent to turbid 
and red to white (altered). The zircons mostly 
have prismatic sharp edges with minor rounding 
due to abrasion, while back-scatter and cathode-
luminescence images indicate rare composite and 
sector zoning or homogenized internal zones (Fig. 
14A–B). Many grains show spotted and zone-re-
lated alteration. Of the 42 analyzed grains, 6 had 
high discordance and were excluded from the in-
terpretation. Inherited cores and metamorphic 
rims were not analyzed, but four grains are consid-
ered metamorphic in origin (~2.10−2.13 Ga and 
2.37 Ga). The ages obtained (see Fig. 8 in Mänttäri 
2014, this volume, page 147) vary between 2.70 
and 2.05 Ga, indicating the age of the source and 
the maximum age of deposition. A large popula-
tion peaks at 2.08 to 2.07 Ga with smaller fractions 
at 2.09 and 2.05 Ga. Archaean grains have ages of 
~2.56, 2.63 and 2.70 Ga, while older Palaeopro-
terozoic grains are dated at ~2.42, 2.37−2.32 and 
2.18−2.16 Ga. A strong peak occurs at 2.10 Ga.

Sample 8114 yielded fairly small, transparent to 
turbid detrital zircon, and compared to 8096 has 
clearly fewer subrounded grains and more euhe-
dral, sharp edged crystals. The colour ranges be-
tween dark brown, yellowish and white, which is 
indicative of alteration. BSE and CL images re-
veal fractures and oscillatory zoning. Spotted and 
zone-related alteration is present in many grains. 
Composite or sector zoning and homogenized in-
ternal structures were rarely observed. Of the 48 
analysed grains, 17 were rejected due to their high 
discordance. The zircon ages vary between 2.83 
and 2.05 Ga (Mänttäri 2014, this volume). Three 
grains are considered to represent metamorphic 
events at ~2.35, 2.19 and 2.08 Ga. The Archaean 
era is represented by ages of 2.83 Ga and 2.62 Ga, 
while the Palaeoproterozoic granitoids formed at 
~2.35−2.33, 2.29, 2.19−2.18 and 2.15−2.11 Ga. 
Three ages of 2.06−2.05 Ga on magmatic zircon 
domains determine the maximum age for deposi-
tion, although the peak population is at 2.07 Ga 
with ages of 2.09 Ga that border the anomaly.

G H



288

Geological Survey of Finland, Special Paper 56 
Gerrit de Kock and James Natukunda

Bwesigoro Group: Kiryamuddo Formation

Sample 8126 yielded an abundant population of 
zircon. They were much more abraded (rounded 
to subrounded, Fig. 15A–B) than those from the 
Namuwasa Group. The zircon grain size varies 
from coarse to fine. Yellowish abraded turbid/met-
amict monazite suggests a metamorphic source re-
gion. In the back-scatter and CL images, the zircon 
shows fractures, oscillatory zoning as well as spot-
ted and zone-related alteration. Rarely, the zircons 
show composite or sector zoning or homogeneous/
homogenized internal structures. The abundance 
of CL-bright and structurally homogeneous grains 
is much greater when compared to the Namuwasa 
Group samples.

Of the 65 zircons analysed, 16 were highly dis-
cordant and excluded from the interpretation. The 

U concentrations were moderate (280–100 ppm) 
and a third of the values were <100 ppm. Neither 
good quality recycled zircon cores nor metamor-
phic rims wide enough for laser spot analyses were 
detected. A large fraction of the grains, 10 grains, 
with ages of ~2.1 Ga (2.14−2.06 Ga), 2.46−2.44 Ga, 
2.55 Ga, 2.68 Ga, 2.91 Ga and 3.06 Ga are consid-
ered as metamorphic in origin. The detrital zircon, 
considered as magmatic in origin, ranges between 
3.06 and 1.79 Ga (see Fig. 8 in Mänttäri 2014, this 
volume, page 147). There is, however, a possibility 
that the age of 1.79 Ga may represent a recrystal-
lised core domain and that the 1.90 Ga age may be 
metamorphic. Although it is wise to use the age 
from a population, the near concordance meta-
morphic value indicates that the youngest material 

Fig. 14. (A) Back-scatter and (B) cathode-luminescence images from zircons extracted from sample 8096. Note the 
fractured nature of the grains and their well-preserved prismatic crystal shapes with limited rounding of the tips and 
corners. Photo by Mänttäri (2014, this volume).

Fig. 15. (A) Back-scatter and (B) cathode-luminescence images from zircons extracted from sample 8126. Note the frac-
tured nature of the grains and their roundness. Abrasion during transport smoothed all the tips and corners. Photo by 
Mänttäri (2014, this volume).
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sourced formed around 1.79 Ga. The fact that the 
sequence overlies the Mubende granite verifies the 

value of 1.79 Ga as valid in using it as the maxi-
mum age of deposition.

DISCUSSION OF AGE DATA

The data for the three detrital zircon samples were 
plotted on the relative probability and age distri-
bution diagrams (see Fig. 8, Mänttäri 2014, this 
volume, page 147) for easy comparison. On the 
plots, the Bwesigoro sample has groupings at 1.79 
Ga, with the largest between 2.08 and 2.04, hav-
ing a peak at 2.06 Ga. The 19 Archaean ages are 
scattered between 3.06 and 2.52 Ga, with a high 
frequency cluster between 2.71 and 2.61 Ga. The 
older Palaeoproterozoic detrital zircon has peaks 
at 2.46−2.44 Ga, 2.27 Ga, 2.20 Ga and 2.14 Ga.

The correlation between the Namuwasa sam-
ples 9096 and 8114 is very similar, especially the 
population around 2.07−2.05 Ga, with a slight dif-
ferentiation in the age of the source area around 
2.10 Ga. The grouping between ~2.45 and 2.27 Ga 
argues for a long period of continuous magma ad-
dition to the crust after a long hiatus, since spo-
radic and non-continuous magmatism occurred 
between 2.85 and 2.55 Ga in the Archaean. 

Except for the field evidence of the sedimentary 
groups, the Bwezigoro material differs from that of 
the Namuwasa Group. Zircons from the Bwezig-
oro Group show prominent abrasion (rounding) 
and wider grain-size variation, the number of 
CL-bright and structurally homogeneous grains is 
higher, the maximum age of deposition is younger 
and the provenances are more complex.

Kyato dolerite: Zircon extraction yielded 20 tiny 
grains, which is uncommon for very fine-grained 
mafic dyke rocks. Since they were so small, they 
were considered co-magmatic to the dolerite min-
eralogy. The zircons show magmatic composi-
tional zoning either only in CL or in CL and BSE. 
The eight analysed zircons define two concordant 
populations of 2478 ± 19 and 1975 ± 41 Ma (see 
Fig. 7H in Mänttäri 2014, this volume, page 144). 
One discordant grain defines a regression from the 
younger population.

INTERPRETATION OF THE AGE RESULTS

The source of the detrital zircons is speculative, 
but the following conclusions can be made:

The age and distribution patterns for samples 
8096 and 8114 (Namuwasa Group) are very simi-
lar, but distinguishable from sample 8126 (Bwesig-
oro group). Although a larger percentage of the 
ages are present in both groups, the Bwesigoro 
is distinguished due to a much older, as well as 
a younger component. The zircons from the Na-
muwasa Group also had a more proximal source, 
whereas the more rounded grains of the Bwesig-
oro, which includes the 2200−2050 Ma popula-
tion, were derived from a more distal source area. 
Detrital zircons of Archaean age can, according to 
Westerhof et al. (2014), be separated into Neoar-
chaean 2.7−2.6 Ga zircons derived from ordinary 
West Tanzania and North Uganda Terranes. Older 
Archaean zircons with ages between 3.1 and 2.8 
Ga may be derived from mafic enclaves from the 
tonalite-trondjemite granite gneisses of the West 
Tanzania terrane, or alternatively from the Meso-

archaean >3.08 Ga rocks of the Uleppi Complex 
(West Nile block), or the more proximal 2.99 Ga 
Kuruma Complex of the North Uganda Terrane, 
north of Masindi. Another, although an unlikely 
source, could be the Angola block, with rocks 
formed from 2.8 Ga down to 1.79 Ga, having a 
good population between 2.03 and 1.96 Ga (De 
Waele et al. 2006). The small 2.46−2.44 Ga peak 
is only present in the Bwesigoro sample, and can 
be correlated with granites and feldspar porphy-
ries of the Kiboga Suite (2487 ± 4; 2485 ± 3 Ma, 
Mänttäri, this volume). Detrital zircons with ages 
between 2.35 and 2.20 are difficult to interpret in 
terms of the source area, but are supposedly relat-
ed to small or local perturbances before the start 
of the Eburnean cycle. Clear peaks around 2.19 
to 2.16 Ga and 2.09−2.05 Ga manifest the two-
phase history of the Rusizian and Ruwenzori fold 
belts around the margins of the Tanzania craton.  
Further south, the main magmatic phases of the 
Usagara belt occurred between 2.05-1.93 Ma and 
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in the Ubendian belt between 1.88−1.85 Ga (De 
Waele et al. 2006, 2008, Lawley 2012, Lawley et al. 
2013a,b). In the Bangweulu block, to the south of 
the Ubendian belt, granitoids with ages between 
1.88 and 1.81 Ga indicate the presence of a large 
volcanic arc along an active convergent margin. 
The northern rim of the Ubendian belt (Lupa ter-
rane) along the southern edge of the Tanzania 
craton (Lake Rukwa region) consists of Archaean 
granitoids of 2758−2723 Ma with Palaeoprotero-
zoic intrusions between 1960 and 1880 Ma (Law-
ley 2012, Boniface et al. 2011, Boniface & Schenk 
2012). These three orogenic belts to the south 
could be the source of the Rhyacian (2.3−2.05 Ga) 
and Orosirian (2.05−1.80 Ga) aged material. The 
origin and ages of the two youngest grains (1.9 
and 1.79 Ga) illustrates Ubendian metamorphism 
and younger magmatism. The lack of comparable 
zircons with an age of 1.88−1.81 Ga rules out the 
Bangweulu and late-Ubendian rocks as the source 

material. This can probably be due to the fact that 
the Ufipa belt, north-adjacent to the Bangweulu 
block, was only accreted to the Ubendian Belt 
along the Tanzanian craton margin during the 
Neoproterozoic (Boven et al. 1999, Boniface & 
Schenk 2012).

Zircons with ages younger than 2.05 Ga have 
only been encountered in sample 8126. The four 
ages of magmatic grains from sample 8096 be-
tween 1.97 and 1.95 Ga are comparable to the ages 
of the nearby Sembabule Suite (Rwamasha granite, 
1987 ± 5; Kasagama granite, 1964 ± 4 Ma, and Ky-
ato dolerite, 1975 ± 41 Ma) (Mänttäri, this volume, 
Westerhof et al. 2014). This would suggest uplift 
and erosion of these units soon after their emplace-
ment. The youngest magmatic zircon (1.79 Ga) is 
similar to that of the Murore Tuff (1780 Ma) of the 
Kagera-Buhweju Group (Westerhof et al. 2014) 
from Burundi (Fernandez-Alonso et al. 2012).

DEPOSITIONAL SETTINGS

Namuwasa Group

The group comprises two sedimentary cycles of 
basal conglomerate grading upward into sand-
stones. Sedimentary textures are similar for both 
cycles. In the basal Kikonge conglomerate, the 
pebbles comprise vein quartz and phyllite and 
schistose rocks quite common in the underlying 
Nile formation. The basal conglomerate layers, 
grading into the sandstones, illustrate some uplift 
initially causing higher energy conditions, which 
progressed to more passive environments with 
stable conditions during which uniform tabular 
cross-bedded sandstones were deposited. Lique-
faction and instability resulted into local soft-sed-
imentary, syndepositional deformation. The over-
all finer grain size of the pink Buwekela Formation 
shows a more mature depositional environment, 
and the total lack of shale and mud argues for ac-
tive depositional conditions in mature medium- to 
low-energy fluvial or shallow water systems, and 
not passive and stable deeper-water environments. 
The conglomerates are sheet-flash deposits caused 
by uplift in the source region. The pebble size and 
uniform grain size of the sandstone units and total 
lack of feldspars are indicative of a distant source 
area. The colouring of the sandstones shows a 

source region with hematite rich pelitic sediments.
The sharp transition to and smaller concentration 
of the detrital hematite in the Buwekela Formation 
indicate the depletion of the ore in the source area, 
and the preferred accumulations along the bases 
of the foresets and finer grained sands reflect an 
increase in maturity and a decrease in energy of 
the fluvial system. The preservation of the detrital 
magmatic zircons is indicative of rapid deposition 
with limited subsequent reworking. 

The ages of the zircon populations show the 
presence of Neoarchaean (2.72−2.55 Ga) (distinct-
ly older than in the Bwesigoro Group) and Palaeo-
proterozoic (Siderian: 2.5−2.3 Ga) material in the 
hinterland. The majority of material, however, is 
derived from Rhyacian (2.2−2.025 Ga) volcano-
magmatic material. The presence of detrital hema-
tite, jasper and metamorphosed material indicates 
that the sedimentary sequences in the source re-
gion were tectonized and enriched by secondary 
processes. The Namuwasa Group remnant proba-
bly represents a distal portion of an intracontinen-
tal hinterland foreland basin mostly sourced from 
a Rhyacian orogenic arc accreted onto continental 
margins. The unit is not older than 2050 Ma.
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Bwezigoro Group

The environment scenario envisaged for the 
Bwesigoro Group started with deposition after 
1.79 Ga, when basal aerial/subaerial talus-breccia 
was deposited as flows on shallow slopes, which 
became submerged and covered by fluvial sand-
stone. In places, the talus-breccia was reworked 
and redeposited as alluvial fan conglomerate of 
the Kiryamuddo Formation in a subsiding basin, 
in which the higher and more distal Nsala forma-
tion was deposited as a subaquatic shallow fluvial 
unit. Although a passive environment, tectonic 
activity and basin instability caused soft-sediment 
deformation. It is evident that there was initially 
topographic relief to produce the angular breccia 
conglomerate, reworked by high energy streams 
that reduced the large fragments to smaller peb-
bles with more quartz and less gneiss pebble pre-
served. As the relief and energy of the currents 
were reduced, the cross-bedded Nsala Formation 
was deposited by transgressing and lateral shifting 
rivers and currents. Ripples indicate shallow water 
with low-energy flow and stagnant conditions. The 
absence of siltstone, shale and mud argues against 
deep-water very low-energy environments. The 
boulder to pebble conglomerate and sandstone in-
terbeds of the Namutambo Formation are indica-
tive of significant tectonic instability. Poor sorting, 

rounding and grading in the conglomerate are in-
dicative of proximal deposits with limited rework-
ing. The cross-bedded interbedded sandstones ar-
gue for active fluvial depositional conditions. The 
increase in the clay content and decrease in fluvial 
sedimentary structures argues for a more inactive 
system as the closed basin filled.

The unit eroded an Archaean terrane with crust 
continuously added between ~3.06 and 2.45 Ga. 
The source regions of 2.65, 2.5 and 2.45−2.275 Ga 
(clusters in the Namuwasa Group) were not ac-
cessible during the deposition of the Bwesigoro 
Group. The population cluster between 2.2−2.05 
Ga shows the age of the main source terrane 
(Rhyacian). The younger ages indicate that the 
Rhyacian-aged terrane obtained younger magmas, 
while the metamorphic grains have tectono-met-
amorphic implications prior to the deposition of 
the Bwesigoro Group after 1.79 Ga. The compara-
tive age of the Murore Tuff (1780 Ma, Fernandez-
Alonso et al. 2012) defines the Bwesigoro Group as 
a distal erosional remnant of the Kagera-Buhweju 
Supergroup (Westerhof et al. 2014) exposed along 
a north–south anticlinal ridge in the eastern part 
of the Karagwe-Ankole/Akanyaru- Ankole Super-
group (Koegelenberg & Kisters 2014).

Significance of the Kyato dolerite

The older zircon population of the Kyato dolerite 
of 2.48 Ga is comparable to granitoids and feldspar 
porphyry granite of the Kiboga Suite (Westerhof 
et al. 2014) to the north and northeast, and illus-
trates the age of the Palaeoproterozoic crust that 
underlies the Buganda Group. The calc-alkaline 
nature of the dolerite and increased REE indicates 
that the basaltic magma was contaminated by low-
er continental crust. The younger zircon popula-
tion is comparable to the Sembabule Suite (1987 
to 1964 Ma) further to the south and southwest 

and the youngest (~1975 Ma) detrital zircons in 
the Bwezigoro Group. As the Namuwasa Group is 
younger than 2050 Ma, the extension phase that 
allowed the intrusion of the Kyato dolerite may be 
related to the block faulting that caused the tilting 
in the platform sequence and signalled the start of 
normal and thrust/shear deformation (de Kock et 
al. 2011a,b). This age is also compatible with that 
further to the south. The fine-grained Kyato dol-
erite is thus a Palaeoproterozoic and not a Jurassic 
intrusion.

CONCLUSIONS

Dating of two sedimentary units as well as a dol-
erite dyke has provided an opportunity for a new 
interpretation for the maximum ages and strati-
graphic positions of the erosional remnants of 

platform sequences along the southern margin 
of the Uganda craton. The units on the western 
Butologo platform define the Namuwasa Group 
with the lower Kikonge and Maseke and upper  
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Buwekela Formations. The Bulago platform, to-
wards the east, comprises the Bwesigoro Group 
with the lower Kiryamuddo and upper Nsala For-
mations. Dating of detrital zircons from the basal 
conglomeratic beds defines the deposition of the 
Namuwasa Group after 2050 Ma. Deformation of 
the Group occurred prior to the intrusion of the 
Kyato dolerite at 1975 Ma. The age of the Kyato 
dolerite is compatible with that of the Sembabule 
Suite of granites (1987−1964 Ma). The Singo pluton 

of the Mubende Suite (1848 Ma) was exposed with 
the onset of the deposition of the Bwesigoro Group 
after 1790 Ma, but before 1780 Ma. The Bwesigoro 
Group is the time equivalent of the Muyaga Group 
and therefore belongs to the Kagera-Buhjewu Su-
pergroup. Although there is an overlap in the age 
populations of the detrital zircons, it is evident that 
the two sedimentary platform groups had different 
source regions.
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INTRODUCTION

The rocks of the Madi Group belong to the new-
ly identified Madi-Igisi Belt, which Westerhof 
et al. (2014) described as a separate Kibaran, or 
late Mesoproterozoic to early Neoproterozoic, 
tectono-thermal terrane. This intracratonic N–S-
trending double-verging thrust and fault zone ex-
tends from the Moyo District in north Uganda to 
Lake Albert in the south, separating the Archaean 
North Uganda Terrane from the West Nile Block. 
Other Kibaran rocks are located in the southwest-
ern part of Uganda. The Kibaran rocks are as-
sociated with a major period of crust formation 
in Uganda, and they are connected to the global 
Grenvillean Orogeny, culminating in the assem-
blage of the Rodinia Supercontinent at ~1.0 Ga 
(Westerhof et al. 2014).

While conducting reconnaissance mapping 
in the Moyo District of northern Uganda and in 
southern Sudan (present South Sudan), Combe 
(1946) placed schists, quartzites, marbles and 
gneisses into the Madi Series. The Metu moun-
tains, covering an area of 10 km x 15 km in eastern 
Moyo District, are the type location of the Madi 

Series (see Fig. 8). Owing to abundant resistive 
quartzites, these mountains rise over the rather flat 
central Moyo highland. The mountains, character-
ised by large, curving, quartzite ridges, also host 
various micaceous schists, marble and other inter-
calates. The Madi Series also appears in the 1:1.5 
million scale geological map of Uganda (DGSM 
1966), scattered around the town of Moyo, with-
out further subdivisions on the map. Subsequent 
fieldwork in the area has been carried out by  
Elepu (2002), who described the Gweri marble 
and the small-scale iron production in the Metu 
area, northeastern Moyo District. 

The fieldwork of the GTK Consortium with 
three new age determinations greatly improved 
knowledge of the geology in the area, and a new 
lithological unit, previously regarded as Archae-
an, was consequently incorporated into the Madi 
Group. In this paper, we describe the lithostratig-
raphy in the area and present sections visualising 
the overthrust tectonics related to the major un-
conformity that separates the Madi Group from 
the Archaean basement. 

LITHOLOGY OF THE MADI GROUP

Quartzite

Although the quartzite is compositionally rather 
pure, tiny flakes of muscovite mark the metamor-
phic fabric parallel to the layering. The layering 
probably corresponds to the bedding expressed as 
slight colour variations between tabular units one 
to several decimetres in thickness (Figs 1A–C). 
The layer boundaries can be distinguished by a 
thin veneer of muscovite, supposedly represent-
ing thinly deposited clay laminae. No unequivocal 
cross-bedding or ripple marks have been found in 
the quartzite. A ubiquitous feature of the quartz-

ite is the NNW-plunging lineation produced by 
the intersection of the layer-parallel metamorphic 
fabric and the steeply dipping axial plane cleavage 
of open folds, which are present both at regional 
and outcrop scales. A different variety of quartz-
ite, composed of quartz, tremolite and diopside in 
variable proportions, together with some epidote 
and carbonate, can be found south of the town of 
Moyo, where it forms a narrow SE-oriented band 
with quartz mica schist.

Schistose rocks

The quartz mica schist west of Laropi yielded a 
maximum sedimentation age of 977 ± 9 Ma (UG-
39 in Mänttäri 2014). The schist occurs abundantly 
as separate layers intercalated with the quartzite. 
It is coarse grained, highly quartzose with large 
flakes of biotite and muscovite and occasion-
ally plagioclase. The muscovite flakes are strained 
and produce silvery reflections under sunlight, a  

diagnostic feature of the rock in the field (Fig. 2A). 
Kyanite was observed as small prisms southwest of 
the town of Moyo, and small sillimanite bundles 
were seen at Erra, west of Moyo. A dull grey mica 
schist occurs as intercalates in quartzite in the cen-
tral and northern Metu mountains; this is biotitic 
schist with sporadic tiny garnets (Fig. 2B).
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Fig. 1. (A) Quartzite, eastern flank of the Ovuvu syncline, northern Adjumani District. The three impressive mountain tops of 
the southern Metu mountains (Otzi, Ilo and Illengwa) are seen in the background behind the Nile River (384617E / 388976N). 
(B) Quartzite, western flank of the Ovuvu syncline (383015E / 385465N). (C) Sheared package of quartzite, showing shear 
planes discordant at a small angle to the layering. Central Metu mountains, eastern Moyo District (373981E / 405274N). (D) 
A tight fold with a thickened hinge in quartzite. This fold and associated flagstones were formed in ductile deformation in the 
core of a megashear between two major blocks. Corresponding folds were observed nowhere in the imbricate layers of the 
Metu mountains area. Southern end of the Erra ridge (359398E / 390815N).

Fig. 2. (A) Intensely foliated quartz mica schist at the site of the dated sample (UG-39) showing a compressed fold structure 
formed between moving crustal megablocks in association with the introduction of vein quartz. Southern end of the Erra ridge, 
west of Laropi (359388E / 390894N). (B) Mica schist with tiny garnets, central Metu mountains. These folds, with a gently  
NNW-plunging axis, are sample-scale equivalents to the wide open warps of layers in the mountains (370682E / 403068N).
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Marble and metamorphic derivatives of basalt

Marble has been quarried in the past at Gweri in 
the northern Metu mountains, close to the South 
Sudanese border. For the most part, the carbon-
ate unit has intercalations of micaceous, tremolitic 
and orthoamphibolic portions (Fig. 3A). Thicker 
marble layers also occur, and small pits have selec-
tively been quarried there. Northwest of the pits, 
there is an outcrop comprising non-carbonatic 
layered quartz anthophyllite rock (Figs 3B–C). Its 

formation was possibly related to Mg-metasomat-
ic effects induced by the vicinity of carbonates and 
the dacitic tuff during regional metamorphism. A 
chocolate brown surface of thoroughly weathered 
basalt was observed in a small outcrop (368547E / 
416767N) in the vicinity of the marble pits, while 
in situ blocks of unweathered basalt were found on 
a nearby hill (Fig. 3D).

Ath

Qtz

Fig. 3. (A) A marble layer in between amphibole and micaceous intercalates. Gweri pits, northern Metu mountains (368547E / 
416767N). (B) An outcrop of quartz anthophyllite rock observed on the way to Gweri (366493E / 416920N). (C) Anthophyllite 
(Ath) and quartz (Qtz) in thin section from the location of (B). (D) In situ block of basalt near the Gweri marble pits (368375E 
/ 416358N).

Metatuff

The area occupied by the dacitic metatuff was pre-
viously attributed to the undifferentiated basement 
of northern Uganda (DGSM 1966). However, 
the structural and metamorphic similarity of the 
metatuff with the quartzites and mica schist above 
forms a clear contrast with respect to the Archaean 
rocks, which show diverse complex structures. In 
addition, the new zircon age of 984 ± 8 Ma (UG-

46 in Mänttäri 2014) from the dacitic metatuff 
called for a revision and consequently the meta-
tuff is assigned to the Madi Group, doubling its  
areal coverage.

Outcrops of the metatuff characteristically lie 
in the relatively flat terrain and in flat-floored 
valleys outside the quartzite ridges. The metatuff 
is only found at a higher elevation on mountain 
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slopes where the quartzite above has protected this  
easily erosive unit. The metatuff is ubiquitously 
grey to pale grey, foliated and obscurely layered, 
with layer thicknesses from a few decimetres to 
about one metre (Fig. 4A). Foliated micaceous 
bands, occasionally veined by quartzofeldspath-
ic segregated material, were interpreted as layer 
boundaries (Fig. 4B). The thick layers (beds) are 
usually devoid of any veining (Fig. 4C). On out-
crop, the rock appears compositionally rather uni-

form, which is also apparent in thin sections and 
in chemical analyses (Westerhof et al. 2014, App. 
2., anal. 144–149). The mineral composition con-
sists of quartz, plagioclase, biotite ± small amounts 
of potassium feldspar. The rock lacks a differenti-
ated gneissic structure, but rather contains almost 
continuous to slightly spaced schistose fabric. The 
intersection lineation L1

2 (intersection between S1 
and S2) plunging gently in the NNW direction is 
present throughout (Figs 4C–D). 

Fig. 4. (A) Thick easterly dipping layers (beds) of metatuff below quartzite on the lower slope of Oiji hill in Ovuvu, Northern 
Adjumani District (383371E / 384410N). (B) Thick layers (beds) of metatuff with thin quartzofeldspathic segregations. Tara 
village at the foot of the Ilo mountaintop (378865E / 403913N). (C) Metatuff without segregated veins, in the uppermost 
stratigraphic position, north of Gweri. The gently NNW-plunging lineation is an intersection lineation of crossing fabrics (see 
D), and it is always parallel to the lineation of other units of the Madi Group rocks, regardless of the stratigraphic position of 
the metatuff (366570E / 417860N). (D) Microphotograph of metatuff at Oiji hill, Ovuvu. The early schistocity is marked by 
extended growth of biotite along the bedding, while the crenulation is associated with axial planar mineralogy, with the latest 
formation along discordant cleavage (arrows). The lineation in the Madi Group rocks is throughout an intersection lineation 
produced by these features.
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LITHOLOGY OF OTHER ROCK UNITS IN THE AREA

Various banded and migmatitic gneisses, includ-
ing the Gulu banded TTG gneiss dated at 2652 ± 8 
Ma (UG-7 in Mänttäri 2014), characterise the re-
gion outside the area of the Madi Group. Com-
positionally variable and often abundant igneous 
vein and complex crossing structures are typical in 
these Archaean rocks (Figs 5A–D). 

Abundant younger granites (659 ± 15 Ma, UG-
43 in Mänttäri 2014), named as Adjumani granite 
during the GTK mapping project (Westerhof et al. 
2014), form large mountainous terrains in the area 
between Gulu and Adjumani. Their northward ex-
tension is a spectacular narrow ridge between the 
city of Moyo and the village of Metu. A regional 
late ENE-trending fracturing pattern, particu-
larly effectively expressed in this unit, has formed 
deep narrow gullies in the ridge (Fig. 7). During 
intrusion, large granite volumes enclosed angular 
fragments of the Archaean gneisses, while small 
granite volumes are expressed as sharply cutting, 
several-metres-wide dykes. The granite is usu-
ally homogeneous, non- to weakly oriented, even-

grained or porphyritic with sparsely scattered phe-
nocrysts (Figs 6A–D). 

A peculiar ultramafic rock forms the Nyu Nyu hill 
west of the village of Metuli. This hill is 5 km long, 
100−600 m wide and up to 100 m high, surrounded 
by cultivated lowland. The ultramafic, metaperido-
titic body is composed of dark greenish pyroxene, 
tremolite, in part also with abundant needles of an-
thophyllite. The growth of the minerals in random 
orientations makes the rock very tough, and the re-
gional ENE fracturing pattern is therefore poorly de-
veloped in the unit compared to the nearby Adjum-
ani granite (Fig. 7). The rock is probably a tectonic 
fragment bounded by shears, but its source remains 
unknown. This occurrence, formerly part of the 
Madi Series, was assigned to the Igisi Group of the 
Madi-Igisi Belt during the recent mapping project 
(Westerhof et al. 2014). A second, small ultramafic  
body, which can be correlated with the Nyu Nyu 
Formation but showing talc as the dominant min-
eral, was discovered in an Archaean tectonic slice, 
west of the town of Moyo (Fig. 8).

 

 

 

 

 

 

 

 

 

 

Fig. 5. (A) Tonalitic TTG gneiss showing segregations and several deformation events with the introduction of granitic  
neosomes. Number tag 15 cm. Western Moyo District (337285E / 399030N). (B) Dark tonalitic stringers in felsic neosome. 
Patico, south of Moyo (409454E / 333657N). (C) TTG gneiss, veined by granite, showing folding and cross-folding, Patico. (D) 
Granite, conformably intruded into TTG gneiss and compressed into tight folds, Patico. Note the bending of the axial plane 
seen in the grey gneiss, while the hinges of the granite folds are rounded. 
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Adjumani granite

Nyu Nyu Hill
Ultramafite

Metu mountains

Metatuff

Metatuff

Fig. 6. (A) Adjumani granite at the site of the dated sample (UG-43), southern ferry harbour in Laropi (367935E / 391771N). 
(B) Typical shapes of outcopping Adjumani granite. East of the town of Adjumani (374673E / 373859N). (C) The Adjumani 
granite is generally homogeneous and almost unoriented. The same location as in (B). (D) An angular enclave of Archaean 
gneiss in Adjumani granite. West of Laropi (369099E / 387992N).

Fig. 7. Google Earth image of the northeasternmost Moyo District (view towards the NE) showing the ENE-trending regional 
fracture pattern in the area, spectacularly expressed in the Adjumani granite ridge in the foreground. This pattern is almost 
absent from the very tough Nyu Nyu Hill ultramafite, which is framed by the metatuff occupying the surrounding flatland 
behind the granite. The northern Metu mountains rise in the background. Four fracture trend lines have been drawn in the 
image. The yellow line is the international border between Uganda and South Sudan.
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REGIONAL GEOLOGICAL STRUCTURE 

In the Metu mountains, the imbricate layering of 
all Madi Group rocks generally dips gently about 
to NNW (A-A4 in Fig. 8), together with the layer- 
parallel early metamorphic fabric. Local varia-
tions are caused by superposed open folding of the 
strata with NNW plunging fold axis. Steepening 
of the strata up to subvertical attitudes takes place 
only east and west of the central Metu mountains, 
characterised by NNW-SSE strikes. The regional 
scale open fold and warp structure of the central 
Metu mountains is clearly distinct on the southern 
slopes, where the resistant quartzites form kilo-

metres-wide curved crests resembling horseshoe 
shapes (Fig. 8). This simple local setting of the Metu 
mountains is interrupted at its both margins, in the 
east against the Aswa Shear Zone and in the west 
by a set of major N–S to NNW–SSE shears. The 
easternmost quartzite ridge, Illengwa, is parallel to 
the adjacent NW-running Aswa Shear Zone. This 
orientation is interpreted as an effect of sinistral 
movements along the Aswa Shear Zone, a product 
of a mild counter-clockwise rotation, perhaps asso-
ciated with some tightening of the previous NNW- 
trending upright fold structure of the ridge. 
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Fig. 8. Left: The Madi Group rocks in Moyo and northern Ad-
jumani Districts are lying on top of the Archaean TTG gneiss 
(grey) and are cut by the Neoproterozoic Adjumani granite 
(pink). The band running through the town of Moyo is com-
posed of Archaean rocks, apart from the metaultramafite 
correlated with Nyu Nyu hill metaultramafite of an unknown 
source and age. Below: The longitudinal section A−A4 (sub-
parallel to the axis of regional open folds) illustrates the early 
imbrication structure in the Madi Group, while the western 
part of the section B−B1 cross-cuts the later megashear zone.
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West of the Metu mountains, around the city of 
Moyo, the area is characterised by metatuff, in its 
present position the lowermost unit of the Madi 
Group. In this domain, the attitude of the metatuff 
is nearly subhorizontal, whereas the Madi quartz-
ites and schists are found only within major verti-
cal shears, which separate internally undeformed 
crustal megablocks. These bands of quartzite and 
mica schist are kilometres long but commonly 
only 100−200 m wide. They represent the once 
horizontal layers above the present erosional sur-
face and now occur as downwards-squeezed tec-
tonic wedges in the exhumed metatuff (vertical 
section B in Fig. 8). The amphibolites and other 
gneissic rocks in the kilometre-wide band run-
ning through the city of Moyo represent a tectonic 
wedge originating from the Archaean basement 
below. As rocks originating from both above and 

below the metatuff are exposed at nearly the same 
elevation close each other, the metatuff is probably 
a rather thin unit.

The tectonic process causing such redistribu-
tion of material into slices must have been vigor-
ous. On the outcrop scale, the effects are expressed 
as rather complex folding of quartz mica schist 
mixed with abundant vein quartz between the 
megablocks, as well as shearing of quartzite into 
flagstone, occasionally folded (Fig. 1D). This is 
demonstrated by the Erra ridge, west of the city of 
Moyo, comprising vertical flagstone quartzite and 
deformed quartz mica schist. Bounded by a strip 
of vertical metatuff on both sides, the ridge con-
tinues southwards to the Nile River. The Archaean 
rocks between the megablocks have suffered less, 
owing to the solid coherent nature of the Archaean 
basement.

DISCUSSION

Stratigraphy within the Madi Group

The whole Madi Group may be interpreted as 
a part of a larger thrust mass with an unknown 
northern source on the Archaean crust. Features 
of thrusting are present in the region, but do not 
allow advanced conclusions. The present strati-
graphic order within the Madi Group may not be 
the original one, but may have been modified by 
tectonism. Fig. 1C presents a small-scale example 
of how the bedding of metasediments may be lat-
erally modified by slightly discordant shears, mak-
ing each side unpaired. An important observa-
tion is that in the Gweri region the metatuff in its 
present position occurs above the quartzites and 
schists (Combe 1946) (Fig. 8). This can be inter-
preted as tectonic stacking, raising the question of 
the original stratigraphic position of the metatuff. 

The boundary between the metatuff and the 
underlying quartzites has not been observed at  
Gweri, but there the lineation also plunges gently 
to the NNW in both units. The lineation marks an 
intersection between the layer-parallel metamor-
phic fabric and the axial plane cleavage and fold 
hinge crenulation of the open folds (Figs 4C–D), 
systematically plunging to the NNW in the whole 
area. In fact, the original stratigraphic position of 
the marbles and basalts at Gweri, now in a high 
stratigraphic position, can also in principle be  

anywhere in the package (vertical section A−A4 in 
Fig. 8). 

An excellently exposed section across the con-
tact of the metatuff and the overlaying quartzite 
can be seen in Ovuvu village, in the northernmost 
part of Adjumani District (Fig. 9). The quartzite 
there is a local erosional remnant, comparable 
to the Metu mountains on a small scale. This is a 
key outcrop concerning the common tectonic and 
metamorphic history of the two units. The bound-
ary between the metatuff and the quartzite is 
sheared over a few metres, with most of the strain 
restricted to a narrow band only. The structure and 
the metamorphic fabric are equal on both sides of 
the interface, parallel to the bedding. 

The metatuff was initially assigned with the field 
name ‘tonalite gneiss’, but the lack of thermal influ-
ence in the Ovuvu section suggests a supracrus-
tal origin. In addition, we could not explain how 
acidic intrusive rock could have been regionally 
emplaced below the quartzite without thermal in-
fluence on the walls. The name ‘metatuff ’ may be 
regarded as provisional, as long as the origin of the 
thrust masses remains undefined.

The southern boundary between the metatuff 
and the underlying Archaean gneisses is located 
somewhere in the area from Laropi to Ovuvu.  
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Although the contact is covered by papyrus swamps 
and soil, its approximate location can be deduced 
because Archaean gneisses are exposed south of 
these two locations. The lower boundary of the 

metatuff is expected to be a major thrust plane and 
the northern boundary could be searched for in 
South Sudan (Combe 1946).

Pan-African deformation in the area

The vertical-subvertical megashears, which form 
ridges between megablocks around the city of 
Moyo, are unique features in the area. There the 
early structures and metamorphic fabrics of the 
Madi Group rocks can be recognised, but are in 
various ways further deformed. This relation shows 
that the unique style of shears and block tectonics 
developed only after all deformation responsible 
for the imbrication structure, and is attributed to 
the subsequent Pan-African orogenic cycle, includ-
ing shearing in the Aswa Share Zone. It produced a 
counter-clockwise bend in the fold structure in the 
northern corner of the Moyo District and in South 
Sudan. The mega-shears are similarly bent. 

Fabrics in the Adjumani granite set time con-
straints to the latest ductile movements along the 
Aswa Shear Zone. The easternmost parts of the 
Adjumani granite are modestly foliated due to the 
movements along the Aswa Shear Zone, whereas 
the granite bodies in the west are almost unde-
formed. Thus, the eastern bodies record the very 

last, waning movements along the Aswa Shear 
Zone, which were slightly posterior to the em-
placement of the Adjumani granite (659 ± 15 Ma). 
Moreover, the intrusion of the Adjumani granite 
was effectively controlled by the mature megas-
hear structure, possibly in part overlapping with 
the megashear movements.

The shear zones are well constrained around the 
city of Moyo, but can only be approximated south-
eastwards into the Amuru District and beyond 
due to poorly exposed terrains, although the shear 
zones are clearly distinguishable on geophysical 
maps. While approaching the northern end of 
Lake Albert, the shear zones bend to the Pakwach-
Nebbi area verging west and to the Masindi area 
verging east. In both the Pakwach-Nebbi and 
Masindi areas, there is a rich imbrication of all lo-
cal rocks, including the Archaean basement and 
the Igisi metasediments. The fan seems to close 
again to the south on the shoreline of Lake Albert, 
but the area is poorly exposed. 
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metatuff and the overlying quartzite is exposed. 
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On the map scale, this configuration fulfils the 
criteria of a major dextral transcurrent fault zone, 
where the northern Lake Albert region represents 
a transpressional part of the zone. Hence, the 

northern Lake Albert area appears to provide sup-
porting constraints to the local megashears of the 
Moyo District.

CONCLUSION

Lithological, structural and metamorphic con-
trasts and the new age determination of 984 ± 8 
Ma indicate that part of the area previously attrib-
uted to the Archaean basement should be recog-
nised as a new formation in the Madi Group. The 
unit, supracrustal in origin, is tentatively named 
as dacitic metatuff, and approximately doubles the 
area of the traditionally defined Madi Group on 
the Ugandan side of the international border.

The Madi Group may be interpreted as a frontal 
part of a larger thrust mass on Archaean crust. The 
original stratigraphy within the Group may have 
been modified by tectonic events, as demonstrated 

by the repetition of the lowermost unit, the metat-
uff, at the top in Gweri, north of the Metu moun-
tains.

West of the Metu mountains, later Pan-African 
shears split the previously metamorphosed, de-
formed and solidified Madi Group, together with 
the underlying Archaean basement, into N–S-ori-
ented crustal megablocks, and also activated the 
Aswa Shear Zone in the east. The elsewhere typi-
cally nonfoliated 659 ± 15 Ma Adjumani granite is 
weakly foliated within the Aswa Shear Zone, pro-
viding constraints to the latest ductile movements 
of this important shear zone. 
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PETROLOGICAL CHARACTERISTICS OF THE EAO GRANULITES AND 
CHARNOCKITES IN THE KALONGO REGION  

ADJACENT TO THE ARCHAEAN UGANDA BLOCK

by

Hannu Mäkitie1, Peter Mawejje2 and Mia Tiljander1 

Mäkitie, H., Mawejje, P. & Tiljander, M. 2014. Petrological characteristics of the 
EAO granulites and charnockites in the Kalongo region adjacent to the Archaean 
Uganda block. Geological Survey of Finland, Special Paper 56, 305–333, 20 figures,  
3 appendices.

The granulites and charnockites of the East African Orogen (EAO) in the Kalongo 
region, NE Uganda, are described in detail for the first time. The granulites can be 
divided into volcanoclastic orthopyroxene gneisses and pelitic garnet migmatites 
while the charnockites, with an associated suite of smaller but coeval mangerites, 
leucogabbros and granites, occur as separate intrusions within the granulites. These 
granulites and plutonic rocks often have an anhydrous mineralogy. Orthopyroxene 
in the granulites contains up to 8.4 wt% Al2O3. Locally the garnet in the migmatites 
is pyropic. The mineral assemblages and textures in the granulites indicate that the 
Kalongo region has undergone granulite-grade metamorphism with intense dehy-
dration and melting, and thermobarometric P-T calculations indicate that meta-
morphism occurred at least at 880 oC and 6 kbar. The charnockitic intrusions have 
low mg# and contain fayalite, orthoferrosilite, hedenbergite and hastingsite, while 
the leucogabbro has olivine that is much richer in Mg as well as orthopyroxene. 
The charnockitic rocks, previously dated at 0.74–0.70 Ga, intruded the region as 
dry and hot (~900 oC) magmas. A major shear zone, here named Kitgum, 2–7 km 
in width and dipping eastwards, separates the EAO rocks studied from the adja-
cent Archaean Uganda block. The charnockites near the shear zone are strongly 
deformed, but further away they exhibit a less strongly developed structural fabric. 
The Kitgum shear zone is interpreted as a décollement associated with westward 
thrusting of a major EAO nappe on to the Uganda block.

Keywords (GeoRef Thesaurus AGI): granulite, charnockite, petrography, geochem-
istry, petrology, Archean, Neoproterozoic, East African Orogen, Uganda
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INTRODUCTION 

The East African Orogen (EAO; also known as the 
Pan-African Orogen) is a 6,000 km long Neoprot-
erozoic–early Cambrian, N-S trending mobile belt 
that occurs mostly in eastern Africa (e.g. Fritz et al. 
2013 and references therein). The orogen extends 
north into Israel, the Sinai and Jordan and as far 
as Antarctica in the south. The EAO can also be 
divided into the Arabian-Nubian shield (ANS) in 
the north and the Mozambique belt in the south; 
both parts having own crustal characteristics (see 
e.g. Stern 2002, Viola et al. 2008). It formed during 
the collision between the East and West Gondwana 
continents, and is one of Earth’s major orogenic 
belts. In eastern Africa, this collision resulted, lo-
cally, in the formation of westward thrusting, thick-
ening of the crust, nappes, ultra-high temperature 
(UHT) metamorphism, and the emplacement of 
large granitic bodies (e.g. Fritz et al. 2013 and ref-
erences therein). Although the EAO has been ex-
tensively researched, for example in Mozambique 
(Boyd et al. 2010) and Tanzania (Fritz et al. 2009), it 
still contains large areas where geological informa-
tion is limited, for example NE Uganda. 

The Kalongo region in NE Uganda contains 
EAO supracrustal granulites and charnockites 
(Mäkitie et al. 2011, Westerhof et al. 2014), which 
have not been investigated adequately. These  

granulites and charnockites are of interest because 
they are located adjacent to the Archaean Uganda 
cratonic block and thus may give clues to the tec-
tonic relationship between the Archaean and the 
EAO rocks. Moreover, they also locate at frontier 
where the ANS merges the Mozambique belt. The 
UHT metamorphic rocks of the EAO at Labwor 
Hills (Sandiford et al. 1987 and references there-
in), ~75 km SE of Kalongo, can also provide an op-
portunity for comparative tectono-metamorphic 
studies. Finally, besides charnockites, the Kalongo 
region also comprises mangerites, leucogabbros 
and granites. Thus, the local plutonic rocks resem-
ble the anorthosite-mangerite-charnockite-granite 
(AMCG) association, which has usually been re-
ported from anorogenic terrains (Emslie 1991). 
However, the granulites and charnockites exposed 
in NW Uganda are Archaean in age (see MacDon-
ald 1968, Schenk et al. 2005, Westerhof et al. 2014).

This article presents new data concerning the 
field relationships, mineralogy and chemical com-
position of the EAO granulites, charnockites and 
related plutonic rocks of the Kalongo region. The 
petrological characteristics of the granulites and 
plutonic rocks are described, and the geotecton-
ic setting for the development of the bedrock is  
discussed. 

GEOLOGICAL SETTING 

The Kalongo region is located in NE Uganda, in Pad-
er district, about 50 km SE of the town of Kitgum, 
and has traditionally been assumed to represent the 
eastern boundary of the Archaean Greater Congo 
Craton with the N-S trending EAO (MacDonald 
1966; see also Schenk et al. 2005) (Fig. 1). Prior to the 
geological mapping programme of the GTK Con-
sortium (see Lehto & Loukola-Ruskeeniemi 2014), 
the existing geological maps of this region had been 
marked unmapped; i.e. an area 55 km wide between 
Kitgum (see Cawley 1960) in the west and Kara-
moja (see Williams 1966) in the east. Following the 
mapping programme, the rocks of the Kalongo re-
gion, which are located adjacent to the Neoarchaean  
basement (Fig. 2), have been categorised as products 

of the EAO (Mäkitie et al. 2011, Lehto et al. 2014, 
Mänttäri 2014, Westerhof et al. 2014).

The Neoarchaean basement of northern Uganda 
is part of the Greater Congo Craton (Fig. 1). The 
area was included in the Uganda block by Begg et 
al. (2009), but more recently Westerhof et al. (2014) 
defined it as the North Uganda Terrane (NUT). It 
is composed of gneissose 2.7–2.6 Ga tonalites and 
granodiorites that have locally undergone reheat-
ing during the EAO (Mänttäri 2014, Westerhof 
et al. 2014). According to Lehto et al. (2014), the 
EAO rocks (~0.74–0.70 Ga; see Mänttäri 2014) 
at Kalongo are separated from the Neoarchaean 
basement in the west by a thrust fault, forming a 
major nappe that has been thrust on to the NUT.
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Fig. 1. Palaeogeographical reconstruction showing the geological setting of the Kalongo region within the East African  
Orogen; the study area (red dot) is situated between the West Gondwana and East Gondwana continents. The Archaean/ 
Precambrian cratons are shown in yellow, while the brown areas represent Neoproterozoic orogenic belts. Abbreviations:  
UB = Uganda block, TC = Tanzania Craton. The map is modified after Kusky et al. (2003).

Fig. 2. Geological map of the Kalongo study area. Note that the map area in the west extends to the Neoarchaean Uganda block 
(see also Fig. 1). The locations of the chemical whole rock analyses are marked as green dots. The map is modified after Lehto 
et al. (2014).
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The aerogeophysical ternary data (processed 
from the Fugro data, Uganda) from NE Uganda 
indicate that the Kalongo region comprises several 
different lithologies (Fig. 3); for example rocks with 
both low- and high-potassium signatures. Moreo-
ver, the data suggest that these lithologies differ 
from the Archaean rocks in the west. Together with 
the long and elongate aeromagnetic lineaments 
(see Fugro data), they also indicate that there is a 
few kilometers wide, probably crustal-scale shear 
zone between the Archaean and the EAO rocks in 
the east. The aforementioned magnetic lineaments 
are noticeably absent in the Kalongo region, and 
mostly also in the Archaean basement. The gravity 
data available from the Kalongo region (Uganda 
Geophysics and Seismology, 1969) indicate a posi-
tive anomaly with respect to the nearby areas.

The aforementioned clearly major shear zone is 
relatively poorly exposed, but a few field observa-
tions indicate that it mainly comprises intensively 
sheared and tightly banded gneisses dipping to 
the east (Fig. 4A). Locally, these gneisses have 
undergone silicification and are phyllonitic in ap-
pearance (Fig. 4B). There are also some deformed 
quartz schists and amphibolites (not shown in Fig. 
2) near the shear zone, for example NE of the vil-

lage of Acholibur. However, the zone also contains 
some deformed granitic portions and some peg-
matites. 

The nearest well-studied EAO rocks are located 
in the Labwor Hills, 75 km SE of the town of Ka-
longo, where UHT aluminous granulites are re-
ported by Sandiford et al. (1987) (see also Schenk 
& Loose 2011). Charnockite from the Labwor 
Hills is dated at 0.68 Ga (Mänttäri 2014), and thus 
is coeval with the Kalongo intrusions. Moreover, a 
0.69 Ga old deformed garnet-biotite granitoid oc-
curs about 40 km to the NW, just outside the study 
area (Mänttäri 2014). Charnockites and various 
garnet-bearing granulites have also been reported 
on the northern and eastern sides of the study area 
(Westerhof et al. 2014).

The physiography of the Kalongo region is 
characterised by a few mountain ridges rising to 
200–900 metres above the extensive lowlands (Fig. 
5). The highest peak is called Mount Ogili (1992 
metres a.s.l.). The amount of outcrops varies: in 
the lowlands outcrops are often relatively scarce 
except for plutonic rocks that usually form small 
rounded hills. The best time to study the local  
geology is the dry season when the grass has fallen 
down or is being burned away.

Fig. 3. Ternary map of the Kalongo study area and nearby regions. The red rectangular box indicates the extent of the area 
shown in Fig. 2. The broken black lines represent crustal-scale shear zones.
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Fig. 4. Rocks in the major shear zone separating the EAO rocks studied from the Archaean Uganda block in the west. (A) 
Strongly deformed, weathered tonalitic gneiss (485845E / 343228N). (B) Close-up of an intensively sheared tonalitic rock, 
which is silicified and phyllonitic in appearance (485854E / 343233N). Number tag, 8 cm.

Fig. 5. Typical landscape (viewed from the south) of lowlands and mountains in the Kalongo region. The Ogili mountain ridge 
can be seen in the background. 

RESEARCH METHODS

The study area around the town of Kalongo (see 
Fig. 2) is bounded in the west by a major shear 
zone against the Archaean rocks, in the south by 
extensive laterite overburden and, in the east, by 
large greyish orthogneissic granites. The spatial 
reference for coordinates given in the present pa-
per is WGS 1984, UTM Zone 36N.

In this study, 26 whole rock analyses that are 
chemically representative of the EAO were per-
formed (App. 1): nine samples were taken from 
the supracrustal granulites; five from the composi-
tionally intermediate orthopyroxene gneisses and 
four from the pelitic garnet migmatites. Thirteen 
samples are from the different plutonic rocks of 
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the region and, finally, four analyses are from rath-
er massive, medium-grained pyroxene rocks; the 
origin of which is discussed later. 

All samples (~1 kg) were collected from the 
unweathered parts of outcrops or boulders. Sam-
ples chosen for chemical analyses were carefully 
cleaned before being processed with a steel jaw 
crusher, quarter-and-cone split and then pulver-
ized in a tungsten-carbide swing mill. The concen-
trations of the major chemical elements, as well 
as Ba, Cr, Ga, Ni, Rb, Sr, U, V, Y, Zn and Zr, were 
determined by X-ray fluorescence (XRF). Lantha-
nides and some additional trace elements, such as 
Co, Nb, Ta and Th, were analysed by inductively 
coupled plasma mass spectrometry (ICP-MS). All 
chemical analyses were carried out at the laborato-
ries of Labtium Ltd. (Finland) and of the Council 

for Geoscience in South Africa. 
Electron microprobe analyses of minerals by the 

wavelength dispersive technique using a Cameca 
SX100 instrument were performed at the Geo-
logical Survey of Finland (GTK). Natural minerals 
and synthetic metals were employed as standards. 
Analytical conditions were as follows: accelerating 
voltage 15 kV, beam current and diameter 20 nA 
and 5 µm respectively. Analytical results were cor-
rected using the PAP online correction program 
of Pouchou and Pichoir (1986). Moreover, brown 
mineral grains from the leucogabbro  were identi-
fied with the Bruker D8 Discover A25 X-ray dif-
fraction (XRD) instrument at GTK. Representa-
tive mineral compositions of the minerals in the 
various granulites and plutonic rocks are present-
ed in Appendices 2 and 3. 

FIELD RELATIONSHIPS 

Overview

The East African Orogen rocks in the Kalongo 
region can be divided into three main groups: (1) 
supracrustal granulites, (2) igneous plutonic rocks, 
and (3) medium-grained pyroxene rocks. The 
granulites are further separated into two types: 
compositionally intermediate orthopyroxene 
gneisses, which are predominant, and less com-
mon pelitic garnet migmatites. The most common 
plutonic rock in the region is a coarse-grained 
charnockite; the less common intrusions are 
mangerites, leucogabbros, pyroxene-free granites 
and orthogneissic granites. We describe the plu-
tonic rocks in terms of 6 different intrusion types; 
Okaka charnockite, Wol mangerite, Kalongo char-
nockite, pyroxene-free granite, leucogabbro and 
orthogneissic granite (see Fig.2). The third main 
group includes rocks that are relatively massive in 

appearance and mainly composed of orthopyrox-
ene, plagioclase and quartz. Due to difficulties in 
identifying the origin of the last-mentioned group, 
we have distinguished these pyroxene rocks as a 
separate group. 

Field observations of the rock types match well 
with the ternary images of the region. For exam-
ple, the orthopyroxene gneisses, which are poor 
in K-feldspar and biotite, occupy the dark areas 
on the ternary map shown in Fig. 3. On the other 
hand, reddish ternary images correspond to areas 
characterised by charnockites and granites (com-
pare Figs. 2 and 3). Orthogneissc granite hills in 
the eastern margin of the study area coincide with 
areas exhibiting yellowish ternary colours. 

Granulites
Orthopyroxene gneisses 

The orthopyroxene gneisses are medium-grained 
and equigranular in texture. They are mainly com-
posed of andesitic plagioclase (~55%), quartz 
(~30%) and orthopyroxene (~10%); their min-
eralogy is more or less anhydrous. The accessory 
minerals in these rocks – ~5% in total of the mode 
– are amphibole, clinopyroxene, K-feldspar and 

ilmenite. Sphene and epidote are absent except 
for some minor retrogressive crystallization. The 
supracrustal origin of these gneisses is evident 
from some relict primary bedding. This primary 
texture appears as metamorphic bands of vary-
ing compositions (Fig. 6A). The rocks also con-
tain some rare granitic patches. Purple quartz  
segregations (~5 x 30 cm) are characteristic in 
places – particularly in the K-feldspar-bearing va-
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rieties (Fig. 6B). Dark brown orthopyroxene crys-
tals (1–5 mm) are usually visible in the small veins 
and granitic patches  (Fig. 6C). The weathered sur-
faces of the gneisses are slightly rusty while their 
fresh surfaces are dark grey. 

Texturally the gneisses are granoblastic. The 
orthopyroxene crystals sometimes contain very 
small, elongated clinopyroxene exsolution-type 
crystals. The K-feldspar, when detected, is anti-
perthitic.

Garnet migmatites 

These migmatites are divided into three subtypes: 
(1) migmatitic biotite-garnet gneiss, (2) practically 
anhydrous spinel-garnet rock and (3) anhydrous 
diatexite. The biotite-garnet gneiss is composed of 
plagioclase, K-feldspar, quartz, garnet (5–10%) and 
biotite (10–15%), with rare cordierite, sillimanite, 
hercynite and magnetite (Fig. 7A). They are most 
common near the Okaka intrusion in west, and 
locally comprise two deformation phases; (NE)E 
trending crosscuts N-S trending. The spinel-gar-
net rocks contain plagioclase, K-feldspar, quartz, 

Fig. 6. Textures in the orthopyroxene gneisses. (A) Weakly banded orthopyroxene gneiss with relict bedding and small gra-
nitic patches (530358E / 346834N). (B) Homogenized part of the orthopyroxene gneiss including purple quartz segregation 
(Qtz) (533679E / 354758N). (C) Orthopyroxene-bearing veins in weakly banded orthopyroxene gneiss (532059E / 353095N). 
Number tag, 8 cm.
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garnet (5–15%), spinel (1–5 %), and, rarely, biotite 
(1–5%) and ilmenite (Fig. 7B). Both the biotite-
garnet and spinel-garnet subtypes grade into a 
garnet-rich diatexite subtype indicating intensive 
partial melting (Fig. 7C). The diatexite contains 
garnet-orthopyroxene mineral pairs, hercynite 
and ilmenite. Close to the major shear zone sepa-
rating the EAO rocks from the Archaean Uganda 
block in the west, the biotite-garnet gneisses are, 
however, intensively deformed and may contain 
several per cent of secondary muscovite.

Some quartz- and feldspar-rich relict layers in 
the pelitic biotite-garnet gneisses prove their sedi-
mentary origin, although the rock contains many 
anatectic veins and patches. Garnet is up to 2 cm 
in size and is present both in the palaeosome and  
in the neosome. Biotite is relatively small and often 
replaces garnet. It has a pleochroic reddish colour. 
Cordierite usually forms coronas around garnet – 
a texture which can even be seen with the naked 

eye (Fig. 7D). Hercynite is always fine-grained and 
has greenish pleochroism. It is never in contact 
with quartz while locally it is surrounded by sil-
limanite. 

The spinel-garnet rocks and the diatexites do 
not, in practice, exhibit many primary textures. 
They contain abundant garnet. In the spinel- 
garnet rocks, microscopically small hercynite 
grains occur locally as aggregates, which are vis-
ible as dark areas on the rock surface (Fig. 7B). 
This spinel is either included in garnet crystals 
or, when occurring outside garnet, is surrounded 
by a thin mantle of garnet, sillimanite or feldspar. 
The spinel-garnet rocks contain mesoperthite. An 
unusual well-exposed, a couple of metres wide 
garnet-spinel rock layer (530358E / 346834N) oc-
curs within orthopyroxene gneiss at the village of 
Lokaba, on the top of a low lying hill near the local 
road.

Fig. 7. Images of the garnet migmatites. (A) Migmatitic biotite-garnet gneiss, which mostly comprises neosome material 
(504411E / 336343N). (B) Spinel-garnet rock: an intensively metamorphosed and melted metapelite in which fine-grained, 
hercynitic spinel occurs as dark aggregates on the rock surface. A relict of psammitic layer can be seen in lower part of the 
photo (532733E / 343372N). (C) Anhydrous garnet-orthopyroxene diatexite (532252E / 343425N). (D) Close-up of pelitic 
migmatite showing bluish grey cordierite (Crd) surrounding reddish garnet (529277E / 346013N). Number tag, 8 cm.
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Plutonic rocks 

Okaka charnockite

The largest occurrence of igneous plutons at Ka-
longo is the Okaka charnockite, which forms a 30 
km long, N-S -trending ridge of well-exposed hills, 
which is a mountain ridge marked as Okaka in lo-
cal geographic maps. The intrusion is predomi-
nantly composed of rather anhydrous, porphyritic 
charnockite (Fig. 8A), which locally grades into 
quartz syenite varieties. The weathered surface of 
the rock is rusty and brownish while fresh frag-
ments are dark in colour. The Okaka intrusion is 
often deformed and in its southern (near the shear 
zone separating EAO rocks from the Archaean 
basement) and northern parts in particular, it 
has the texture of an augen gneiss (Fig. 8B). Al-
though charnockites are the dominant rock type 
in the Okaka mountain ridge, there are also some 

Fig. 8. Pyroxene granitoids of the Kalongo region. (A) Deformed, porphyritic charnockite of the Okaka intrusion (504169E / 
352536N). (B) Close-up of intensively deformed Okaka charnockite with augen gneiss texture (508609E / 334273N). (C) Por-
phyritic Wol mangerite in the central area of the study area. Note the “shimmering” of the K-feldspar phenocrysts (519324E 
/ 357752N). (D) Close-up of magmatic pocket in the Wol mangerite containing coarse orthopyroxene crystals (519630E / 
357910N). Number tag, 8 cm.

rare medium-grained granitic sub-types in which 
orthopyroxene seems to be absent. One of these 
granites has been dated at 0.70 Ga (Mänttäri 2014). 
Gneiss enclaves are rare, but dominate towards the 
nearby supracrustal country rocks.

The Fe-Mg silicates in the largest Okaka intru-
sion are mainly fayalite and hedenbergite, with 
minor amphibole and biotite. Their mode is some 
10% in total. Orthopyroxene is rare in this largest 
intrusion, but is observed elsewhere. The amount 
of K-feldspar is up to 40–50%. Stringlet to rod-
shaped perthitic K-feldspar phenocrysts are up 
to 8 cm in size. The highest proportions of K-
feldspar are found in the quartz syenite varieties, 
which also contain light green (pleochroic) hast-
ingsite. The quartz mode is between 10 and 30%. 
Rare garnets also occur in the most sheared parts 
of the rock. Accessory minerals are ilmenite and 
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some darkly coloured small grains with weak pleo-
chroism and low birefringence. Compositionally, 
this latter mineral species approaches deerite (see  
App. 3).

Wol mangerite 

The Wol mangerites – i.e. pyroxene-bearing quartz 
monzonite (see Le Maitre 1989) – form a few 
stock-like, weakly deformed intrusions in the cen-
tral area of the Kalongo region (Wol is the name of 
a local village). These have a slightly smaller grain 
size than the charnockites, although still being 
porphyritic and coarse-grained (Fig. 8C). Moreo-
ver, they contain less quartz (10%) than the char-
nockites. In places these rocks apparently grade 
into the charnockites. The weathered rock surface 
is brown with rusty shades whereas the fresh rock 
surface is dark with a greenish tinge. U-Pb zircon 
dating yields a crystallization age of 0.74 Ga for the 
Wol mangerite (Mänttäri 2014).

Perthitic K-feldspar occurs in the mangerite 
as euhedral phenocrysts, 1−3 cm in size usually 
with brightly reflecting crystal faces. The other 
main minerals are plagioclase, quartz and either 
orthopyroxene or hedenbergite (1−6%). The rock 
also occasionally has small magmatic pockets 
composed of orthopyroxene crystals (Fig. 8D). Ac-
cessory minerals include fayalite, ilmenite, amphi-
bole and secondary biotite. Magnetic susceptibility 
values are low.

Kalongo charnockite and granite

The Kalongo charnockite body (25 km2) (Figs. 9A) 
is located just NW of the town of Kalongo where 

it forms a high, very steeply sloped mountain. This 
biotite-bearing charnockitic intrusion only rarely 
contains orthopyroxene. Locally even pyroxene 
is absent, and it appears that this lithology grades 
into nearby pyroxene-free granites (Fig. 9B). 

These rocks have a lighter colour than the Oka-
ka charnockites or the Wol mangerites. They are 
deformed locally and contain some narrow cross-
cutting pegmatite veins. The main minerals are 
K-feldspar phenocrysts, sericitised plagioclase, 
undulose quartz and biotite (up to 15%). The ac-
cessory minerals are apatite, zircon and opaques 
(~5% in total).

Leucogabbro

A few leucogabbro outcrops (100–10,000 m2) 
occur 25 km west of the town of Kalongo. These 
rocks, which are massive, coarse-grained and light 
grey in colour, appear to form a few isolated in-
trusions 1–10 km2 in size. The grain size in the 
leucogabbros greatly varies: for example there are 
very coarse-grained, large magmatic pockets, 1–3 
square metres in size, of plagioclase, enstatite and 
opaque minerals (see Fig. 10) within the more or 
less common coarse-grained and equigranular leu-
cogabbro. The main mineral in the rock is labra-
doritic plagioclase. Enstatite, diopside, hortonolite 
and cummingtonite occur locally, but their mutual 
distribution varies from place to place. The gab-
bros also contain hematite, ilmenite, quartz and 
K-feldspar as accessory minerals and locally the 
K-feldspar mode reaches some 5%. These rocks 
grade into monzogabbros. 

Due to the scarcity of outcrops and the limited 
amount studied, the areal extent of leucogabbros 

Fig. 9. Plutonic rocks adjacent to the town of Kalongo. (A) Relatively light coloured, porphyritic Kalongo charnockite (540681E /  
335822N). (B) Pyroxene-free granite on the top of the mountain located just north of the Kalongo town. Note the biotite-
bearing narrow pegmatites (540565E / 336296N). Number tag, 8 cm.
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is uncertain and it may be wider than presented 
in Fig. 2. This is supported by the fact that quartz-
poor leucotonalitic rocks occur 15 km to the 
north, at the margin of the study area. Moreover, 
some uninvestigated outcrops apparently occur  
1 km north of observation site 23225 (see Fig. 10). 

Fig. 10. Magmatic pegmatoid patch in leucogabbro. It consists of very coarse-grained enstatite, plagioclase and ilmenite 
(515421E / 338178N). Number tag, 8 cm.

Orthogneissic granite

Gneissic garnet-bearing granites form topo-
graphic hills and ridges to the NE of the town of 
Kalongo (Fig. 2). These rocks are coarse-grained, 
heterogeneous and greyish in colour. Typically, 

Fig. 11. Orthogneissic granite with leucocratic patches containing garnet indicating dehydration melting (548001E / 343647N). 
Number tag, 8 cm.
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they are relatively equigranular and contain some 
granitic patches including garnet (Fig. 11). The 
mineral composition of these rocks is K-feldspar 
(25–35%), oligoclase (25–40%), quartz (25–35%), 
biotite (~15%) and garnet (1–5%). Accessory min-
erals are secondary muscovite, opaques and chlo-
rite. Due to the variation in the K-feldspar mode, 
the rock is locally as granodiorite according to 

Streckeisen’s (1976) classification.
These granites differ from the nearby granitoids 

by their gneissose and metamorphic texture (e.g. 
granitic patches resulting from dehydration melt-
ing) and moderate abundance of biotite and garnet 
and, accordingly, they are metagranites. The west-
ern margin of this large granitoid area is locally 
intensively sheared (Fig. 2).

Medium-grained pyroxene rocks 

Medium-grained pyroxene rocks, which are local-
ly exposed in the study area, are characterised by 
a relatively homogeneous texture, an orthopyrox-
ene-plagioclase-quartz mineral assemblage and a 
slightly rusty surface (Figs. 12A). Their unweath-
ered surface is dark (Fig. 12B). In places the rocks 
resemble the orthopyroxene gneisses, but can be 
distinguished from them by their usually more 
or less homogeneous, even igneous-like appear-
ance. The charnockites and mangerites studied are 
much coarser in grain size than these pyroxene 
rocks, which grain size is 1–3 mm. 

The main minerals in the medium-grained py-
roxene rocks are plagioclase (40–55%), quartz 
(15–25%) and orthopyroxene (5–15%). Orthopy-
roxene contains elongated lamellae and perthitic 
inclusions of clinopyroxene. The mineral appears 
on the weathered rock surface as brown, partly 
rectangular dots. Common accessory minerals are 
clinopyroxene, amphibole and ilmenite, and K-
feldspar, which occurs as antiperthite. The pyrox-
ene rocks have a clear granoblastic texture.

 

Fig. 12. Appearance of the medium-grained pyroxene rocks. (A) Weathered surface of a relatively massive type in which the 
orthopyroxene crystals form brown dots on the surface (531975E / 343531N). (B) Fresh surface of similar rock that is typically 
dark in colour and appears to be smaller in grain size than it actually is (537456E / 336589N). Number tag, 8 cm.
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MINERAL CHEMISTRY

Olivine

Olivine in the Okaka charnockites and Wol mag-
nerites contains 65–67 wt% FeOt and only 1.5–2.0 
wt% MgO (see App. 2) and thus is fayalite (Fa95) 

by composition. In the leucogabbro, the olivine 
includes much more magnesium (~26 wt% MgO) 
(App. 2), and can be classified as hortonolite. 

Pyroxenes

Orthopyroxene in the orthopyroxene gneisses has 
clearly higher magnesium and aluminium con-
tents (up to 19 wt% MgO; up to 6 wt% Al2O3) than 
the Wol mangerites and Okaka charnockites, in 
which orthopyroxene is characterised by high Fe/
Mg (see App. 2). Nevertheless, orthopyroxene in 
the diatexites comprises still more aluminium (8.4 
wt% Al2O3). The highest Fe/Mg in the orthopyrox-
ene grains studied is, however, detected from the 
quartz syenite portions of the Wol mangerite. Min-
eralogically, the orthopyroxene in the granulites is 
hypersthene (Fs60), while that in the plutonic rocks 
is orthoferrosilite (Fs90) (App. 2). XRD determina-
tions indicate that the orthorhombic pyroxene in 
the leucogabbros approaches enstatite in structure. 

The clinopyroxene in the orthopyroxene gneiss-
es is more or less diopsidic in composition with 
predominantly MgO ≥ FeOt (wt%). In the char-
nockite and mangerite intrusions, the mineral 
is characterised by relatively high Fe/Mg, and is 

hedenbergitic or ferroaugitic in composition. The 
clinopyroxene within the leucogabbros has the 
lowest Fe/Mg value compared to the other rocks in 
the area. Moreover, this same mineral has elevated 
Al-content (4.2 wt% Al2O3). Rare pyroxene grains 
found in the Kalongo charnockites have slightly 
lower Fe/Mg ratios than those in the other char-
nockites and mangerites studied. In the medium-
grained pyroxene rocks, the pyroxenes have Fe/
Mg values that are intermediate in comparison to 
those studied in the granulites and plutonic rocks. 

In summary, we note that the chemical compo-
sition of the pyroxenes clearly varies in the rocks 
studied. This is imaged in the pyroxene quadrilat-
eral diagram (Fig. 13) that shows all the aforemen-
tioned chemical variations in the rocks studied. 
According to Fig. 13, the chemical variation in 
pyroxenes is a reflection of petrologically distinct 
host rocks.

Fig. 13. Pyroxene quadrilateral diagram for minerals in the granulites and plutonic rocks of the Kalongo region.

= Okaka charnockite
= Wol mangerite
= Kalongo charnockite
= Leucogabbro
= Medium-grained pyroxene rock
= Garnet migmatite
= Orthopyroxene gneiss
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Garnet, cordierite and spinel

Compositionally, the garnet in the pelitic migma-
tites is usually almandine, but locally it approaches 
pyrope. The most magnesium-rich varieties oc-
cur in the spinel-garnet rocks and diatexites and 
contain 10–11 wt% MgO (App. 3). Some profiles 
transecting large garnet porphyroblasts indicate 
compositional zoning with cores containing 9–11 
wt% MgO and rims containing 7–8 wt% MgO. 
These garnet grains also contain 1.0–1.5 wt% of 
CaO. Their pyrope component is 38–40%, while 

the related grossular is often ~3.0%, but locally up 
to ~4.0%. Cordierite, a rare mineral in the migma-
tites, is relatively rich in magnesium (10–11 wt% 
MgO). 

Tiny crystals of spinel have up to 11 wt% MgO 
and 25–30 wt% FeOt, in addition to dominant alu-
minium. They can be classified as hercynites. One 
hercynite in the biotite-garnet migmatites con-
tains an elevated amount of zinc, up to 7 wt% ZnO 
(see App. 3). 

Biotite and amphibole

Biotite in the pelitic migmatites contains ~5 wt% 
TiO2, which is more than that detected in the 
orthopyroxene granulite’s biotite. However, the 
amount of biotite is often small (less than 5%), and 
thus titanium may be concentrated anomalously 
in these few mineral grains. 

Amphibole in the orthopyroxene gneisses can 
be classified as a common calcium hornblende. 
In the charnockites and mangerites, the mineral 
has clearly higher Fe/Mg compared to those of the 

gneisses. The highest Fe/Mg was detected in the 
quartz syenite portions of the Okaka charnock-
ite intrusion, where this mineral is classified as 
hastingsite, also due to the slightly elevated Na/K. 
The leucogabbro contains cummingtonite that 
has about equal amounts of FeOt and MgO (App. 
3). Amphibole in the medium-grained pyroxene 
rocks has Fe/Mg ratios that are intermediate be-
tween those of the orthopyroxene gneisses and 
charnockites.

Feldspar, opaques and other minerals

Plagioclase in the orthopyroxene gneisses is ande-
sinitic in composition. The leucogabbros have lab-
radoritic plagioclase (11 wt% CaO; 5 wt% Na2O). 
The Mg-content of ilmenite (1.4 wt% MgO) is 
slightly elevated in the spinel-garnet migmatites. 
Ilmenite in the pelitic migmatites contains also he-
matite lamelleaes.

In addition to ilmenite, the deformed charnock-
ite types also contain small dark minerals, which 
compositionally approach deerite (see App. 3). 
Deerite is a relatively rare mineral, which is detect-
ed in riebeckite-stilpnomelane bearing rocks and 
in blueschists (e.g. Fleet 1977).

WHOLE ROCK CHEMISTRY

Granulites

Orthopyroxene gneiss 

The SiO2 concentration of the orthopyroxene 
gneisses varies between 57 and 65 wt%. Thus, these 
rocks mainly are intermediate in chemical compo-
sition. They have relatively high contents of iron 
(5.9–8.9 wt% FeOt), calcium (4.2–7.3 wt% CaO) 
and sodium (3.5–4.6 wt% Na2O), but a low K2O 
concentration, less than 1.2 wt% (see App. 1). The 
orthopyroxene gneisses also have relatively high 
Sr in comparison to Ni and Cr, a feature which is 

typical of volcanoclastic rocks but not of epiclastic 
sediments (Fig. 14). 

On the classification diagram of Le Bas et al. 
(1986) for volcanic rocks, the orthopyroxene 
gneisses are andesitic to dacitic in composition 
(Fig. 14C). Plots on the AFM diagram of Irvine 
and Baragar (1971) – not shown here – indicates 
that the gneisses belong to a calc-alkaline series. 
With Jensen’s cation diagram (1976) it can be 
shown that compositionally the orthopyroxene 
gneisses are calc-alkaline and andesites (-dacites). 
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Garnet migmatite

The garnet migmatites are not particular rich in 
aluminium; their Al2O3 concentration ranges from 
12 to 18 wt%. The large chemical variations in the 
major elements of these rocks (see App. 1), for 
example in silica, calcium and potassium are also 
due to the migmatitic texture of the rocks. That 
is, certain minerals such as garnet, plagioclase or 
K-feldspar have become unequally enriched in 
the analysed samples (~1 kg). The Ni-, Cr- and Sr-
contents indicate that the garnet migmatites were 

initially epiclastic sediments (see Figs. 14A, B). 
Their locally elevated potassium and aluminium 
concentrations, with low Ca-contents indicate epi-
clastic pelitic compositions.

The LREE trend in the orthopyroxene gneisses 
is steeply decreasing, i.e. fractionated, while the 
HREE trend is more flat (Fig. 15). Two samples 
from the four garnet migmatites here shown are 
relatively enriched in HREE. These elevated con-
centrations may be due to the high amount of gar-
net in the analysed samples. 

Fig. 14. Discrimination diagrams for the granulites. (A) Cr vs. Sr diagram, and (B) Ni vs. Sr diagrams of Winchester et al. 
(1980). (C) Classification after Le Bas et al. (1986). For comparison, analyses of the medium-grained pyroxene rocks are also 
included in the diagrams.

= Medium-grained pyroxene rock
= Garnet migmatite
= Orthopyroxene gneiss
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(Figs. 16A, B) that have been produced with the 
Perplex program (www.perplex.ethz.ch; see e.g. 
Connolly & Petrini, 2002) using mineral and 
whole rock chemical data from the same dia-
texite. The pseudosection is constructed by as-
suming 1 wt% H2O and 0.01 wt% O2.  The 23534 
sample has large garnet and orthopyroxene grains  
(Ø 3–5 mm) in contact and contains plagioclase 
(~30%), quartz (~30%) and K-feldspar (5–10%) as 
the main minerals, with accessory minerals such 

Fig 15. Chondrite normalized (Boynton 1984) REE distribution curves for the granulites. Note that the diagram also includes 
the medium-grained pyroxene rocks. 

P-T calculations

To calculate P-T conditions of metamorphism, 
we use Grt-Opx thermometer of Harley (1984) 
and Grt-Opx-Pl-Qtz barometer of Perkins and 
Chipera (1985) for the studied practically an-
hydrous diatexite (App. 1, sample 23534) (see 
also Fig. 7C). Secondly, we present pseudosec-
tion for mineral assemblages and related con-
tour diagram for pyrope and grossular isopleths 

Fig. 16. (A) Pseudosection for the mineral assemblages in the studied garnet-orthopyroxene diatexite (see Fig. 7C). Red star 
refers metamorphic P-T conditions calculated by thermometer of Harley (1984) and by barometer of Chipera and Perkins 
(1985). (B) Contour diagram using pyrope and grossular components of garnet for metamorphic temperatures and pressures 
in the same sample. The hatched red area is indicative for the P-T conditions in the sample.  The diagrams are drawn with an 
inferred amount of 1 wt% H2O and 0.01 wt% O2. 

= Medium-grained pyroxene rock
= Garnet migmatite
= Orthopyroxene gneiss

A B

http://www.perplex.ethz.ch
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as hercynite, biotite, monazite and ilmenite. It is in 
the centre of the study area (see Fig. 2), where an-
hydrous orthopyroxene gneisses and charnockitic 
intrusions are also common.

The garnet-orthopyroxene thermometer of Har-
ley (1984) and garnet-orthopyroxene-plagioclase-
quartz barometer of Perkins and Chipera (1985) 
yield temperature and pressure estimations of ~880 
oC and ~6.9 Kbar for the metamorphism. These 

results plot in the Opx(HP) melt(HP) Pl(h) San 
Gt(WPH) q field in the pseudosection in Fig. 16A. 
The intersecting pyrope and grossular isopleths, cor-
responding to the analysed garnet composition, in  
Fig. 16B indicate still higher temperatures of 900–
1000 °C. The related pressure estimations vary 
from 8 to 9 kbar. These results are typical for ultra-
high temperature metamorphism. 

Plutonic rocks

Classification

The chemical data of the plutonic rocks have been 
studied in terms of the following 6 different intru-
sion types (see Fig. 2): Okaka charnockite, Wol 
mangerite, Kalongo charnockite, leucogabbro, 
pyroxene-free granite and orthogneissic granite. 
Using the R1-R2 diagram of De la Roche et al. 
(1980), the rocks can be classified as monzogab-
bro via quartz monzonite to granite (Fig. 17A). 
Due to the relatively small amount of magnesium  
(<1 wt% MgO) and calcium (<9 wt% CaO), the 
leucogabbros are classified as monzogabbro in the 
diagram. The Q’-ANOR diagram, on the other 
hand, indicates that the Okaka charnockite intru-
sion has quartz syenitic variations and the leu-
cogabbro is dioritic (Fig. 17B). 

The pyroxene-bearing granitoids mostly have 
metaluminous signatures, but the pyroxene-free 
granites and orthogneissic granites exhibit peralu-
minous affinities. On average, the Wol mangerite 
has the lowest A/CNK (aluminium saturation in-
dex) values (Fig. 17C). According to the classifica-
tion of Frost et al. (2001), all the granitoids except 
the orthogneissic granites are ferroan (Fig. 17D; 
see also references therein). The AFM diagram of 
Irvine and Baragar (1971) – not shown here – in-
dicates that the Wol mangerites have the highest 
F/A ratio in relation to other plutonic rocks. On 
the geotectonic diagrams of Pearce et al. (1984), 
the Wol mangerites and Okaka charnockites share 
chemical characteristics with “within-plate-gran-
ites, WPG” while the other granitoids plot in the 
field of “volcanic arc granites, VAG” (Fig. 17E). 
Using the related geotectonic diagram of Pearce 
(1996), the charnockitic rocks represent post-col-
lisional intrusions. 

Major and minor elements

The Wol mangerites have higher TiO2 (0.8−1.1 
wt%), Fe2O3t (8−10 wt%) and Zr (1000−2000 
ppm) contents in relation to the charnockites 
(App. 1). They have, however, low Mg-content. 
Such concentrations result, for example, in the 
aforementioned  clearly ferroan character, and also 
support the crystallization of fayalite and orthofer-
rosilite. The small pyroxene-free granite within the 
Okaka charnockite has also a low mg#. The leuco- 
gabbro has high concentrations of Al2O3 (26 
wt%) and CaO (8−9 wt%). The Ni-, V- and  
Ti-contents in the leucogabbro are low. 

The chemical composition of the orthogneiss-
ic granites differs from the charnockites. Despite 
having relative similar silica and potassium con-
centrations, these metagranitoids are peralumi-
nous and have a lower Fe/Mg ratio and Ti-content, 
but higher Na2O/CaO and Rb/Ba than the char-
nockites. Moreover, the orthogneissic granites 
have low but distinctly higher U contents than the 
charnockites. As previously mentioned, they are 
magnesian while other granitoids are ferroan (Fig. 
17D).

REE 

The Okaka charnockites have much higher con-
centrations of Ce, La, Nd than the other granitoids 
(App. 1). These rocks and the Kalongo charnock-
ites seem to be characterised by a negative Eu 
anomalies that appears to be absent in the Wol 
mangerites and in the pyroxene-free granites (Fig. 
18). The orthogneissic granites have the flattest 
HREE spectrum.
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Fig. 17. Classification diagrams for the Kalongo plutonic 
rocks. (A) R1-R2 diagram of De La Roche et al. (1980). (B) 
Q’-ANOR diagram using granite mesonorms. Fields: (1a) 
syenogranite; (1b) monzogranite; (2) granodiorite; (3) to-
nalite; (4) alkali-feldspar quartz syenite; (5) quartz syenite; 
(6) quartz monzonite; (7) quartz monzodiorite. (C) A/CNK 
vs. SiO2 diagram.  (D) FeOt/(FeOt+MgO) vs. SiO2 diagram 
of Frost et al. (2001). (E) Geotectonic diagram of Pearce et al. 
(1984). For comparison, the chemical data of the medium-
grained pyroxene rocks are also presented. 

= Pyroxene-free granite
= Kalongo charnockite
= Okaka charnockite
= Wol mangerite
= Leucogabbro
= Orthogneissic granite
= Medium-grained pyroxene rock
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Fig. 19. Representative Harker-type 
diagrams for the plutonic rocks. For 
comparison, the diagrams also in-
clude the medium-grained pyroxene 
rocks.

Fig. 18. Chondrite-normalized (Boynton 
1984) spider diagrams for the granitoids stud-
ied. Note that the medium-grained pyroxene 
rocks are included in the diagram.

= Pyroxene-free granite
= Kalongo charnockite
= Okaka charnockite
= Wol mangerite
= Orthogneissic granite
= Medium-grained pyroxene rock

= Pyroxene-free granite
= Kalongo charnockite
= Okaka charnockite
= Wol mangerite
= Leucogabbro
= Orthogneissic granite
= Medium-grained pyroxene rock

#
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Fractionation 

Harker-type diagrams for the plutonic rocks are 
shown in Fig. 19. The elevated Ti- and Zr-contents 
(Figs. 19A, H) together with the low Rb/Ba (Fig. 
20) in the Wol mangerite indicate that this magma 

Fig. 20. Diagram showing the magmatic evolution features of the Kalongo plutonic rocks. Note that the medium-grained  
pyroxene rock are also presented in the diagram.

had not undergone much evolution, i.e. the rock 
does not have a fractionated nature. The diagrams 
in Fig. 19 also indicate that there has often been a 
weak fractionation trend from mangerite to gran-
ite. However, some diagrams in Fig. 19, such as 
mg# vs. SiO2, reflect two separate trends. 

Medium-grained pyroxene rock

According to the diagrams in Figs. 14–15 and 17–
19, the medium-grained pyroxene rocks chemi-
cally resemble most of the orthopyroxene gneisses. 
However, they also have differences compared to 
these gneisses. For example, Sr and Na are usually 
lower and K is higher in the pyroxene rocks than in 
the gneisses and, on average, the HREE appear to 

be enriched. Compared to the charnockitic rocks, 
the medium-grained pyroxene rocks have higher 
MgO but lower K2O concentrations, and lower 
LREE. In the AFM diagram of Irvine and Baragar 
(1971) the pyroxene rocks are separate from the 
plutonic rocks. 

DISCUSSION

Origin of the medium-grained pyroxene rocks

Establishing the origin and petrogenesis of the 
medium-grained pyroxene rocks is challenging. 
As described above, they chemically and miner-
alogically resemble the orthopyroxene gneisses 
and, thus, could be the metamorphic product of 
these rocks. Their texture is granoblastic rather 
than idiomorphic, which also suggests that they 
have undergone metamorphic evolution. One dif-
ference is, however, that the chemical composition 

of orthopyroxene in the pyroxene rocks is not as 
Mg-rich as in the orthopyroxene gneisses, which 
are clearly supracrustal rocks. 

The pyroxene rocks could also be indicative 
of medium-grained metaenderbites, but then we 
could expect to find in the Kalongo region also 
some enderbites with slightly coarser grain size 
than the pyroxene rocks exhibit. The available 
chemical data from the medium-grained pyroxene  

= Pyroxene-free granite
= Kalongo charnockite
= Okaka charnockite
= Wol mangerite
= Leucogabbro
= Orthogneissic granite
= Medium-grained pyroxene rock
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rock are too limited to make proper petrogenetic 
conclusions. Our interpretation is that the medi-
um-grained pyroxene rocks represent intensively 

metamorphosed volcanic rocks, which differ 
slightly in composition from the more common 
orthopyroxene gneisses of the Kalongo region.

Metamorphism

The adundance of orthopyroxene and the low 
(<5%) amount of OH-bearing minerals in the or-
thopyroxene gneisses show that almost all hydrous 
phases were consumed in dehydration and melt-
ing reactions in high-temperature metamorphism. 
This  more or less complete dehydration of amphi-
bole and/or biotite in compositionally intermedi-
ate rocks indicates a temperature of at least ~750 
oC; although as pointed out by Spear (1993), possi-
ble quartz saturation can lower the first appearance 
of orthopyroxene by as much as 50 oC. Moreover, 
the crystallization of metamorphic orthopyroxene 
with high Al-content, as observed in the Kalongo 
region, is commonly reported in  granulite-grade 
and UHT metamorphic rocks (e.g. Dharma Rao et 
al. 2012, and references therein).

The abundant anatectic veins and locally an-
hydrous mineralogy (Figs. 7A–C) indicate that 
melting required a temperature of at least 700 oC 
to occur. Further, the relatively high Mg-content 
(11 wt% MgO) of the garnet indicates high tem-
peratures and pressures (Fig. 16B) (Spear 1993, 
and references therein). Finally, the mesoperthite 

observed in the spinel-garnet rocks indicates  
metamorphic temperatures >800 °C (see e.g. Jiao 
& Guo 2011). Cordierite surrounding garnet (see 
Fig. 7D) apparently formed during decreasing P-T 
conditions.

The thermobarometric calculations from the 
diatexite with the pseudosection and isopleths 
shown in Fig. 16 indicate ultra-high metamor-
phic temperatures 880–1000 °C, which have been 
suggested for the nearby Labwor Hills area by 
Sandiford et al. (1987). The pressure estimations  
(6.9–9.4 kbar) is consistent with the presence of 
pyropic garnet as well with the absence of pro-
grade cordierite in the pelitic rocks. The grossular 
component of garnet in the spinel-garnet rocks 
and diatexites varies from 2.9 to 3.9 %; isopleths 
in Fig. 16B refer to pressure between 8.1 and 9.4 
kbar. Finally, the spatial locations of the observed 
mineral assemblages in the granulites and the in-
trusions indicate that the highest metamorphic 
temperatures occurred in the central part of the 
study area.

Distribution of the plutonic rocks and their A-type characteristics 

The intrusions in the Kalongo region separate 
spatially: the Okaka charnockites are located in 
the west and are to some extent parallel with the 
major shear zone; the Wol mangerites and the leu-
cogabbros occur in the central areas of the region, 
while the Kalongo charnockites and orthogneissic 
granites only occur in the east. In other words, the 
EAO plutons do not form one or two extensive 
batholiths composed of many phases, but are sepa-
rate intrusions each with their own characteristics. 
Moreover, the massive, coarse-grained leucogab-
bro is only observed in a restricted area. It is of 
note that the mangerites and gabbros – with the 
most anhydrous granulites – are located roughly in 
the central area of the study area. The sharp con-
tact between granulites and plutonic rocks in the 

Kalongo region indicates that the intrusions have 
ascended and crystallized from magma.

The studied intrusions resemble the anorthosite–
mangerite–charnockite–granite suite (AMCG; e.g. 
Emslie 1991). The AMCG suite is often reported 
to be anorogenic, and associated with rapakivi and 
A-type granites. The EAO granitoids studied at Ka-
longo do not have all chemical characteristics of A-
type granites, such as high Nb, but they resemble, 
however, the A2 type of A-type granitoids of Eby 
(1992). This can be demonstrated, for example, 
by using the Y-Nb-Ce diagram (not shown here) 
of Eby (1992). Moreover, the age data from the  
studied intrusions (0.74–0.70 Ga; see Mänt-
täri 2014) are clearly related to the East African  
Orogeny, not to anorogenic periods.
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Relation to the nearby EAO rocks 

As previously mentioned, relatively homogeneous 
charnockitic rocks comprising both garnet and or-
thopyroxene occur outside the study area about 35 
km SE of the town of Kalongo; for example near 
the village of Adilang (see also Westerhof et al. 
2014). In these rocks, fine-grained garnet locally 
surrounds orthopyroxene. Meanwhile, the inten-
sively deformed and garnet- and biotite-bearing 
0.69 Ga Kitgum granite (Westerhof et al. 2014, 
and references therein), occurs north of the N-S 
trending Okaka intrusions, just outside the study 
area. Nevertheless, garnet is very rare in the Okaka 
pluton that is characterised by pyroxene, thus indi-
cating that the intrusions are chemically different.

The EAO granulites in the Labwor Hills, which 
is located 75 km SE from the town of Kalongo, 
contain ultra-high temperature (UHT) miner-
als such as sapphirine- and kornerupine-bearing 
assemblages (Nixon et al. 1984, Sandiford et al. 
1987). We have not observed sapphirine or kor-
nerupine, or for example orthopyroxene-silliman-
ite-quartz assemblages in the Kalongo region. This 

may be due to the absence of Mg-rich granulites 
at Kalongo. Moreover, orthopyroxene in the Lab-
wor Hills’s granulites has higher Al-content (see 
Loose et al. 2005) than in the Kalongo region.  Ac-
cording to Sandiford et al. (1987), the metamor-
phism occurred at deep levels within crust of nor-
mal thickness as the result of an extreme thermal 
perturbation induced either by the emplacement 
of mantle-derived magmas or by the thinning of 
the subcontinental lithosphere in an extensional 
tectonic regime. Because the rocks at the Labwor 
Hills belong to the same West-Karamoja Group 
and are also located within the same nappe struc-
ture (see Lehto et al. 2014), the high metamorphic 
temperatures (at least 880 oC) observed in the an-
hydrous granulites at Kalongo are not surprising. 
The development of higher temperatures in the 
Labwor Hills may be related to the development 
of the notable dome-like gravimetric anomaly in 
the area (see Uganda Geophysics and Seismology, 
1969) – in comparison to that of Kalongo region.

Geotectonic setting

The deformation seen in the Okaka charnock-
ite – parallel to the shear zone against the Neo-
archaean Uganda block in the west – is mainly 
ductile, indicating that the zone developed under 
deep crustal conditions. Following the emplace-
ment of the 0.74–0.70 Ga granitoids studied, there 
has been no significant tectono-metamorphism in 
the Kalongo region (see Westerhof et al. 2014, and 
references therein). Thus, we may infer that duc-
tile deformation in the Okaka charnockite is more 
or less coeval with the East African Orogeny. This 
deformation with the nearby major shear zone 
against the Archaean craton may be indicative of 
a significant crustal-scale structure. The Kalongo 
region also contains some small internal fault and 
shear lines (Fig. 2). However, the major shear zone 
may have reactivated during final stages of the 
long-term East African Orogeny.

The East African Orogeny records in Kenya and 
Tanzania many overthrusts and nappe complexes 
that have been transported westwards (e.g. Fritz et 
al. 2013, and references therein). We interpret that 
the major shear zone separating the Kalongo EAO 
rocks from the Archaean craton (i.e. Uganda block 
in the west) represents the décollement of a major 

nappe composed of the EAO rocks studied at Ka-
longo (see also Lehto et al. 2014). A consequence 
of this crustal-scale movement was intense shear-
ing that has resulted in a clear foliation (dipping 
east) and lineation (dipping to east or north east) 
in the Okaka charnockite and nearby rocks. The 
absence of metapelites, compositionally interme-
diate metavolcanic rocks and charnockitic intru-
sions west of the major shear zone is consistent 
with the aforementioned major nappe setting; i.e. 
the Kalongo granulites do not represent reworked 
Uganda block. We propose that this 200 km long 
shear zone be named as Kitgum, due to the name 
of local town (see Fig. 3). 

 In the R1-R2 diagram of Batchelor and Bowden 
(1985), the orthogneissic granite plots in the area 
of “syn-collision”, while the Okaka charnockites 
and Wol mangerites plot in the “late-orogenic 
field”. Such results are consistent with the gneissose 
appearance of the former granitoids as well as their 
anatectic veins. In contrast, the latter granitoids 
(Okaka charnockite and Wol mangerite) are rela-
tively massive – indicating later emplacement – 
except where the former is close to the aforemen-
tioned shear zone against the Archaean craton. As 
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mentioned, the orthogneissic granites share chem-
ical affinities with the “volcanic arc granites” and 
the charnockites with the “within plate granites” 
on the tectonic diagrams of Pearce (1984); indicat-
ing also that the latter granitoids are younger. 

Isotopic age determinations verify that mag-
matic activity in the study area lasted at least ~40 
Ma, from the ~737 Ma Wol mangerite to the ~697   
Ma pyroxene-free granite within the Okaka char-

nockite (Mänttäri 2014). However, EAO tectono-
magmatic evolution of the Kalongo region should 
have lasted for a longer period (>50 Ma) as indi-
cated by the orthogneissic granite, which appar-
ently evolved during the East African Orogeny. 
These gneissic granites predate the emplacement 
of the Wol mangerite, but we have assumed that 
they belong to the EAO due to their location with-
in the granulites.

CONCLUSIONS

The Kalongo region comprises more or less an-
hydrous orthopyroxene- or garnet-rich granulites 
that have a supracrustal origin. These granulites 
are intruded by rather anhydrous charnockites, 
mangerites and leucogabbros. The pyroxene-bear-
ing granitoids have low mg# and include  iron-rich 
minerals such as fayalite, orthoferrosilite and hast-
ingsite, while the leucogabbros have relatively Mg-
rich silicates. The supracrustal rocks have under-
gone granulite-grade or even UHT metamorphim 
(>880 oC) associated with dry, high-temperature 
magmatism (~900 °C). Thus, the Kalongo region 
represents a relatively common granulite-char-
nockite terrain that has been assigned a magmatic 
age of 0.74–0.70 Ga (see Mänttäri 2014) and is 
considered to belong to the EAO. 

Field observations with limited chemical data 
support the idea that the granulites are mainly 
volcanic and partly sedimentary in origin. The 
plutonic rocks form mainly individual intrusions, 
each having their own chemical and mineralogical 
characteristics. The chemical composition of py-
roxene notably differs in the plutonic rocks from 
that in the granulites. These mineralogical differ-
ences can be used as a tool to distinguish between 
locally similar plutonic and metamorphic rocks.

The Kalongo region also comprises orthogneiss-
ic granites indicating the synorogenic emplacement 
of granitic magmas, in contrast to the aforemen-
tioned charnockites, mangerites and leucogabbro, 
which can be seen as late-orogenic intrusions. The 
local tectono-magmatic evolution of the region has 
taken place over at least 50 Ma years.

The contact between the EAO rocks investi-
gated and the Archaean Uganda block in the west 
is marked by an eastward dipping tectonic shear 
zone that is a few kilometres wide. Close to the 
zone, the charnockites have a strong fabric paral-
lel to the zone that suggests that the zone between 
the EAO rocks and Archaean craton is a crustal-
scale shear zone. Further it is considered that this 
zone was active ~0.7 Ga ago, because no signifi-
cantly later high-grade tectono-metamorphism is 
known in the region: i.e. it is thought that there 
probably was a strong stress against the Archaean 
craton from the east at ~0.7 Ga at the same time as 
the plutonic rocks still undergoing ductile defor-
mation. The shear zone – proposed to be named as 
Kitgum – apparently represents the décollement, 
from the east towards the Archaean craton, of a 
major EAO nappe comprising the Kalongo granu-
lites and charnockites. 
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Appendix 1. Chemical whole rock analyses of rocks from the Kalongo region.
 
Rock Orthopyroxene gneiss  Migmatitic Spinel- Diatex- Medium-grained pyroxene rock

     biotite-garnet garnet ite   
gneiss rock (homog.)(homog.)

Code 23257 23377 23378 34181A 23258 23205 34181B 23256 23534 23254 14258 23541 23535
SiO2   wt% 57.3 59.7 63.0 64.6 59.7 68.6 58.1 72.9 61.8 64.2 59.59 58.9 62.50
TiO2 1.00 1.10 0.90 0.86 0.89 0.74 0.84 0.91 1.01 1.44 0.90 2.13 0.81
Al2O3 18.1 17.2 16.8 14.9 17.0 15.1 18.0 11.5 15.7 14.3 16.07 13.5 16.47
Fe2O3T 8.85 6.77 5.87 7.04 7.83 7.96 9.69 6.66 9.83 7.38 6.50 11.50 7.49
MnO 0.14 0.10 0.10 0.08 0.14 0.09 0.24 0.05 0.15 0.09 0.10 0.15 0.12
MgO 1.79 2.52 1.62 3.58 2.85 2.42 3.03 1.77 4.14 1.09 4.49 1.36 1.75
CaO 7.25 6.21 5.50 4.22 6.54 0.91 1.78 1.77 2.54 3.83 5.88 5.28 6.68
Na2O 4.32 4.61 4.39 3.54 3.94 1.12 2.19 1.81 2.80 3.51 3.37 3.43 3.53
K2O 0.62 1.11 1.19 0.90 0.68 2.55 5.60 2.16 1.67 3.15 2.00 2.49 0.31
P2O5 0.33 0.37 0.32 0.02 0.23 0.04 0.12 0.03 0.07 0.57 0.23 0.95 0.21
Total 99.70 99.70 99.68 99.75 99.80 99.53 99.59 99.56 99.71 99.56 99.14 99.70 99.86

mg # 28.6 42.4 35.3 50.2 41.9 37.6 38.2 34.5 45.5 22.6 57.8 19.0 31.6

Cr  ppm b.d. 27 24 30 70 141 183 107 135 - 143 - 21
Ni 21 45 31 - - 58 89 45 79 27 40 - 2
V 98 122 79 117 106 105 136 110 145 106 109 156 66
Zr 262 255 350 305 92 253 199 280 246 463 183 311 289
Ba 232 546 522 364 346 1211 1637 813 532 1321 716 1156 154
Sr 453 690 500 218 426 191 205 166 201 263 348 322 396
Rb 12 13 15 18 5.13** 59 174 37 38 77 47 20 3
S 270 96 b.d. b.d. b.d. 87 76 b.d. b.d. 394 - 689 -
Ce 64 58 96 84 39.1** 138 100 79 104 117 51 50 35
Zn 104 98 107 60 110 83 134 53 132 123 - 147 68
Ga 27 30 25 24 20 28 b.d. 20 23 27 15 - 20
Y 16 13 22 10 22.3** 18 51 18 46 35 22 24 11

Dy  ppm 4.77 3.94 3.29 2.44 4.35 4.25 8.29 4.07 8.30 7.70 - 6.30 -
Er 2.78 1.92 1.65 1.45 2.47 1.64 6.11 1.88 5.69 3.24 - 3.27 -
Eu 2.01 2.03 1.70 1.63 1.22 1.63 1.75 1.47 1.95 2.88 - 3.78 -
Gd 5.28 5.12 4.72 3.46 4.84 7.53 7.05 5.46 7.35 11.7 - 7.94 -
Ho 0.95 0.70 0.59 0.45 0.85 0.65 1.83 0.70 1.79 1.32 - 1.22 -
La 23.7 39.5 53.1 37.7 18.2 63.9 46.5 45.0 46.2 60.6 25* 12.1 14*
Lu 0.38 0.26 0.24 0.29 0.35 0.20 0.93 0.26 0.86 0.32 - 0.42  
Nd 24.3 31.1 32.9 28.1 20.7 55.9 37.4 31.2 40.8 64.9 20* 27.1 18*
Pr 5.75 8.31 9.50 7.50 5.00 14.6 10.0 8.69 10.5 15.6 - 4.94 -
Sc 23.6 12.6 6.77 18.2 16.0 9.29 26.6 b.d. 26.7 13.1 14* 27.7 22*
Sm 5.14 5.49 5.30 4.07 4.48 9.18 6.71 5.32 7.14 12.2 4* 6.90 -
Tb 0.81 0.71 0.64 0.44 0.74 0.91 1.19 0.77 1.25 1.51 - 1.12 -
Th <0.5 <0.5 4.91 9.11 0.69 34.0 16.2 18.0 5.61 12.0 - - -
Tm 0.39 0.27 0.23 0.24 0.34 0.20 0.95 0.26 0.85 0.37 - 0.43 -
U <0.2 0.35 0.84 0.70 <0.2 0.42 1.75 0.31 0.50 0.30 - 0.24 -
Yb 2.61 1.69 1.51 1.73 2.28 1.25 6.20 1.78 5.58 2.27 - 2.68 -
Co 16.5 21.4 14.2 15.7 17.9 21.1 26.2 - 26.2 - - 21.5 14*
Hf 4.18 4.06 6.05 9.84 2.37 8.51 6.95 5.68 8.54 10.4 - 7.78 -
Nb 6.09 10.0 15.4 5.50 4.89 5.27 12.8 6.49 8.65 10.0 5* 11.9 6*
Ta 0.30 0.85 0.80 0.23 0.24 0.21 0.65 0.20 0.35 0.74 24* 0.60 -
Laboratory Labtium Labtium Labtium Labtium Labtium Labtium Labtium Labtium Labtium Labtium CGS Labtium CGS
Easting 532221 532316 532059 502964 528653 504441 502989 532780 532522 538987 538966 537456 531975
Northing 340979 353436 353095 343339 341139 336343 343306 343317 343425 336113 336172 336569 343531
* = XRF; ** = ICP-MS; mg # = molar MgO/(MgO+Fe2O3T(0.9));  - = not determined.
Detection limits are:  Ni (20 ppm), Cr (20 ppm), S (60 ppm), V (30 ppm)
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Appendix 1. Continued.
 

Rock Okaka Wol Kalongo Pyroxene-free Leucogabbro Orthogneissic 
charnockite mangerite charnockite granite granite

 Kalongo  Okaka
Code 23204 34182 34184 23253 23216 23265 23264 23525 34181C 23225A 23225B 23574 23576
SiO2   wt% 70.11 68.7 65.71 66.5 57.9 72.9 75.6 71.76 73.3 53.44 52.77 74.2 72.9
TiO2 0.31 0.44 0.54 0.78 1.07 0.30 0.13 0.33 0.49 0.15 1.73 0.30 0.24
Al2O3 15.29 14.5 14.63 13.4 16.6 13.7 12.8 14.80 12.6 25.98 25.46 13.7 14.9
Fe2O3T 3.68 4.72 6.34 7.81 9.86 2.62 1.56 2.98 4.64 1.74 3.54 2.05 1.55
MnO 0.06 0.05 0.10 0.11 0.15 0.02 0.02 0.04 0.04 0.02 0.04 0.01 0.02
MgO 0.05 0.08 0.15 0.23 0.44 0.28 0.10 0.45 0.08 0.49 0.97 0.63 0.41
CaO 1.66 1.70 2.84 2.82 4.52 2.21 1.33 1.85 1.23 8.82 7.84 1.58 1.62
Na2O 2.94 3.33 3.29 2.79 3.59 3.59 3.39 3.09 2.17 4.80 4.53 3.50 3.76
K2O 6.16 5.97 5.90 4.51 4.58 4.05 4.79 4.44 4.98 1.77 1.69 3.69 4.27
P2O5 0.07 0.11 0.14 0.44 0.53 0.07 0.02 0.09 0.12 0.76 0.09 0.06 0.10

Total 100.34 99.60 99.63 99.39 99.24 99.75 99.74 99.83 99.66 97.97 98.65 99.73 99.77

mg # 2.6 3.4 4.5 5.6 8.1 17.6 11.2 22.9 3.4 35.8 35.1 37.8 34.6
A/CNK 1.05 0.96 0.86 0.92 0.87 0.96 0.97 1.12 1.13 1.00 1.08 1.09 1.08

Cr  ppm 14 - 21 b.d. b.d. b.d. b.d. 21 - 13 18 - -
Ni b.d. - 3 b.d. 27 23 23 3 - 9 11 - -
V 6 6 5 40 56 b.d. b.d. 18 4 10 139 33 20
Zr 402 851 877 1082 1982 205 123 181 801 16 27 167 132
Ba 920 866 971 2490 2664 932 441 710 1063 886 833 387 660
Sr 116 103 110 203 320 117 66 104 85 613 624 120 167
Rb 144 160 160 76 66 124 148 129 108 8 9 169 174
S - - - 338 b.d b.d. b.d. - - - - b.d. b.d.
Ce 355 328 405 90 86 84 59 78 175 13 b.d. 119 72
Zn 83 123 145 155 244 50 32 63 122 15 24 79 53
Ga 32 29 38 25 40 26 - 20 24 27 24 22 24
Y 57 78 121 42 57 21 30 20 27 9 3 22 17

Dy   ppm - 19.9 - 8.74 11.9 4.04 3.25 - 5.14 - - 3.39 2.59
Er - 8.82 - 4.32 6.26 2.02 2.40 - 2.19 - - 1.22 1.52
Eu - 3.22 - 4.12 5.85 1.39 0.86 - 2.67 - - 0.74 0.80
Gd - 27.3 - 12.1 15.2 5.50 3.88 - 8.25 - - 5.25 3.66
Ho - 3.47 - 1.57 2.24 0.72 0.70 - 0.84 - - 0.52 0.43
La 197* 143 263* 41.3 44.5 41.5 29.0 49* 85.7 - - 56.7 37.0
Lu - 1.14 - 0.59 0.93 0.28 0.48 - 0.27 - - 0.13 0.16
Nd 181* 164.0 257* 56.0 64.1 32.8 25.0 33* 70.1 - - 43.8 25.5
Pr - 40.2 - 12.3 13.8 8.79 6.68 - 18.2 - - 12.2 7.25
Sc 7* 8.63 11* 9.80 20 4.42 <0.5 7* 9.66 6.6* 5* 5.18 4.91
Sm 28* 29.9 47* 11.8 14.5 5.91 4.43 - 9.76 - - 6.93 4.50
Tb - 3.77 - 1.62 2.12 0.77 0.56 - 1.03 - - 0.69 0.50
Th 20* 28.0 34* 0.54 1.44 1.89 19.0 6.3* 6.52 - - 36.9 20.2
Tm - 1.18 - 0.58 0.87 0.27 0.41 - 0.28 - - 0.15 0.17
U - 2.44 - 0.28 0.72 0.62 0.70 - 0.78 - - 4.26 3.54
Yb 6* 7.44 11* 3.75 5.96 1.91 3.06 - 1.70 - 0.86 1.03
Co 3.7* 1.44 5* - 6.00 2.57 1.43 6* 2.07 5.3* 8* 4.12 2.39
Hf - 25.1 - 18.4 23.7 4.65 2.32 - 21.7 - - 5.01 4.58
Nb 30* 44.7 64* 27* 35.5* 5.40 4.10 9.8* 9.86 - 5* 10.3 4.66
Ta - 1.86 4.1* 1.38 - 0.34 0.32 - 0.34 - - 0.64 0.27

(La/Sm)N - 3.01 - 2.20 1.93 4.42 4.42 - 5.52 - - 5.15 5.17
(La/Yb)N - 12.96 - 7.43 5.03 14.65 6.39 - 33.99 - - 44.55 24.22

Laboratory CGS Labtium CGS Labtium Labtium Labtium Labtium CGS Labtium CGS CGS Labtium Labtium
Easting 507630 509194 508609 524746 519323 539353 540681 540565 502986 517421 517400 545958 548286
Northing 338983 332270 334273 351472 357752 336120 335822 336296 343338 339153 339179 338724 339717
* = XRF; ** = ICP-MS; mg # = molar MgO/(MgO+Fe2O3T(0.9));  - = not determined.
Detection limits are:  Ni (20 ppm), Cr (20 ppm), S (60 ppm), V (30 ppm)
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Appendix 2. Representative electron microprobe analyses of olivines and pyroxenes from the Kalongo 
rocks.

OLIVINES ORTHOPYROXENES   
Mineral Fayalite FayaliteHorton- Ortho- Ortho- Ortho- Ortho- Ortho- Ortho- Ortho- Ortho- Ortho- Ortho- Ortho- Ortho-

olite pyrox- pyrox- pyrox- pyrox- pyrox- pyrox- pyrox- pyrox- ferro- ferro- ferro- pyrox-
ene ene ene ene ene ene ene ene silite silite silite ene

Sample 23204 23253 23226 34181A 23543 23378 23250 23380 23257 23258 23534 23248 23253 23216 23265
Rock Okaka Wo l Leuc o - Ortho - Ortho - Ortho - Ortho - Ortho - Ortho - Ortho - D iatex- Okaka Wo l Wo l K alo ngo

c har- manger-  gabbro pyro xene pyro xene pyro xene pyro xene pyro xene pyro xene pyro xene ite c har- manger- manger- c har-

no c kite ite  gneis s gneis s gneis s gneis s gneis s gneis s gneis s no c kite ite ite no c kite

SiO2 29.12 30.20 34.61 51.06 45.78 50.44 47.71 51.55 49.13 50.36 47.56 46.93 46.07 46.75 47.58
TiO2 0.00 0.04 0.00 0.06 0.09 0.11 0.14 0.07 0.07 0.03 0.11 0.09 0.11 0.08 0.11
Al2O3 0.01 0.00 0.00 1.26 5.70 1.24 0.55 0.67 0.92 1.03 8.25 0.56 0.44 0.39 0.64
FeOt 64.49 66.80 38.78 27.28 33.66 30.82 37.47 28.69 35.19 28.17 24.19 43.60 47.55 47.54 43.89
MnO 2.12 0.97 0.50 0.45 0.89 0.80 0.86 1.31 0.83 0.79 0.20 0.82 0.95 1.04 1.02
MgO 1.94 1.98 25.95 18.85 12.73 15.97 11.16 17.37 12.64 18.18 18.89 6.31 3.05 3.42 6.14
CaO 0.01 0.02 0.03 0.36 0.12 0.71 0.64 0.71 0.70 0.53 0.07 0.69 0.83 0.89 0.78
Na2O 0.00 0.05 0.00 0.00 0.00 0.00 0.01 0.02 0.02 0.01 0.00 0.06 0.08 0.06 0.02
ZnO 0.32 - 0.09 - - - - - - - 0.01 - - - -
Total 98.01 100.06 99.96 99.52 98.96 100.09 98.54 100.40 99.50 99.11 99.28 99.05 99.08 100.16 100.18

Formula 4 4 4 6 6 6 6 6 6 6 6 6 6 6 6

Si 0.996 1.005 0.983 2.010 1.834 1.962 1.961 1.980 1.968 1.956 1.800 1.978 1.986 1.989 1.982
Ti 0.000 0.001 0.000 0.002 0.003 0.003 0.004 0.002 0.002 0.001 0.003 0.003 0.004 0.003 0.003
Al 0.000 0.000 0.000 0.059 0.269 0.057 0.027 0.031 0.044 0.047 0.368 0.028 0.023 0.020 0.031
Fe 1.846 1.860 0.921 1.108 1.128 1.003 1.288 0.922 1.179 0.915 0.766 1.537 1.715 1.691 1.529
Mn 0.061 0.027 0.012 0.030 0.030 0.026 0.030 0.043 0.028 0.026 0.006 0.029 0.035 0.038 0.036
Mg 0.099 0.098 1.099 0.747 0.760 0.926 0.684 0.994 0.755 1.052 1.066 0.396 0.196 0.217 0.381
Ca 0.000 0.001 0.001 0.005 0.005 0.030 0.028 0.029 0.030 0.022 0.003 0.031 0.038 0.040 0.035
Na 0.000 0.004 0.000 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.000 0.005 0.006 0.005 0.002

Mg- 5 5 54 40 40 48 35 52 39 53 58 20 10 11 20
number: (100Mg/(Mg+Fe))

ORTHOPYROXENES CLINOPYROXENES
Mineral Ortho- Ortho- Ortho- Ortho- Diop- Diop- Diop- Heden- Heden- Heden- Ferro- Augite Augite Augite

ferro- pyrox- pyrox- pyrox- side side side bergite bergite bergite augite 
silite ene ene ene (inclusion)

Sample 23166 23165 23254 23535 23258 23377 23380 34182 23248 23216 23166 23226 23165 23535
Rock K alo ngo M edium- M edium- M edium- Ortho - Ortho - Ortho - Okaka Okaka Wo l K alo ngo Leuc o - M edium- M edium-

c har- grained grained grained pyro xene pyro xene pyro xene c har- c har- manger- c har- gabbro grained grained 

no c kite P x ro c k P x ro c k P x ro c k gneis s gneis s gneis s no c kite no c kite ite no c kite P x ro c k P x ro c k

SiO2 47.57 48.08 47.08 48.77 50.49 51.81 51.37 47.67 48.69 48.44 48.18 49.55 49.42 49.88
TiO2 0.09 0.07 0.09 0.10 0.17 0.25 0.12 0.15 0.15 0.11 0.22 0.94 0.14 0.27
Al2O3 0.55 0.77 1.04 1.16 2.01 2.16 1.86 0.98 1.05 1.07 1.45 4.24 1.41 1.81
FeOt 42.20 38.85 38.23 36.71 10.43 10.86 13.13 27.25 20.97 26.69 21.51 8.74 18.48 15.97
MnO 0.99 0.82 0.63 0.80 0.32 0.35 0.65 0.60 0.30 0.49 0.50 0.18 0.35 0.30
MgO 7.14 9.66 10.61 11.75 12.76 12.19 11.75 1.98 6.04 3.06 5.96 13.46 7.90 9.21
CaO 0.70 1.12 0.59 0.65 21.82 21.43 20.34 19.51 20.33 19.77 20.01 21.89 20.65 21.23
Na2O 0.03 0.02 0.01 0.02 0.46 0.67 0.66 0.37 0.37 0.34 0.41 0.34 0.34 0.33
ZnO - - - 0.00 - - - 0.19 - - - - - 0.09
Total 99.26 99.40 98.27 99.96 98.46 99.71 99.87 98.69 97.91 99.98 98.24 99.68 98.69 99.09

Formula 6 6 6 6 6 6 6 6 6 6 6 6 6 6

Si 1.985 1.970 1.947 1.959 1.934 1.956 1.955 1.975 1.969 1.967 1.948 1.866 1.957 1.946
Ti 0.003 0.002 0.003 0.003 0.005 0.007 0.003 0.005 0.005 0.003 0.007 0.027 0.004 0.008
Al 0.027 0.037 0.051 0.055 0.091 0.096 0.083 0.048 0.050 0.051 0.069 0.188 0.066 0.083
Fe 1.473 1.331 1.322 1.230 0.334 0.343 0.418 0.944 0.709 0.907 0.727 0.275 0.612 0.521
Mn 0.035 0.028 0.022 0.027 0.010 0.011 0.021 0.021 0.010 0.017 0.017 0.006 0.012 0.010
Mg 0.444 0.590 0.654 0.704 0.729 0.686 0.666 0.122 0.364 0.185 0.359 0.756 0.466 0.536
Ca 0.032 0.049 0.026 0.028 0.896 0.867 0.829 0.866 0.881 0.860 0.867 0.883 0.876 0.888
Na 0.002 0.001 0.001 0.002 0.034 0.049 0.049 0.030 0.029 0.027 0.032 0.025 0.026 0.025

Mg- 23 31 33 36 69 67 61 11 34 17 33 73 43 51
number: 100(Mg/(Mg+Fe))
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Appendix 3. Representative electron microprobe analyses of garnet, cordierite, hercynite, biotite,  
amphibole and possible deerite from the Kalongo rocks.
Mineral Garnet Garnet Garnet Garnet Garnet Garnet Cordi- Cordi- Zn- Hercy- Hercy- Hercy- Biotite Biotite Biotite

 erite erite hercynite nite nite nite
Sample 23205 23546 23256 23534 23549 23164 23205A23205B23205B 23256 23546 23534 34181A 23380 23549
Rock M igmat. S pinel- S pinel- D iatexite Ortho - Ortho - M igmat. M igmat. M igmat. S pinel- S pinel- D iatexite Ortho - Ortho - Ortho -

B t-G rt garnet garnet gneis s ic gneis s ic B t-G rt B t-G rt B t-G rt garnet garnet pyro xenepyro xene pyro xene

gneis s ro c k ro c k granite granite gneis s gneis s gneis s ro c k ro c k gneis s gneis s gneis s

SiO2 38.33 39.13 38.74 39.19 36.96 38.82 49.67 49.45 0.00 0.00 0.02 0.01 37.92 38.38 36.38
TiO2 0.04 0.04 0.00 0.01 0.01 0.03 0.00 0.01 0.02 0.01 0.02 0.00 4.66 3.92 5.43
Al2O3 21.56 21.85 21.85 22.05 21.03 21.83 32.88 32.71 56.61 58.27 59.01 57.41 13.70 13.83 14.27
Cr2O3 0.02 0.02 0.01 0.00 0.01 0.00 0.00 0.00 0.33 0.32 0.19 2.44 0.03 0.01 0.03
V2O3 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.02 0.03 0.07 0.16 0.24 0.11 0.03 0.07
FeOT 28.49 27.47 26.42 26.79 33.78 28.70 4.79 5.16 27.52 30.24 29.29 25.61 14.73 13.53 21.45
MnO 2.05 0.61 0.63 0.85 1.23 0.71 0.16 0.25 0.79 0.06 0.03 0.02 0.00 0.04 0.02
MgO 8.29 10.46 10.66 10.17 3.48 9.03 10.78 10.68 6.17 10.39 10.30 10.97 14.51 16.39 8.79
CaO 1.27 0.78 1.52 1.08 2.93 1.10 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00
Na2O 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.97 0.01 0.00 0.09 0.00 0.03 0.00
K2O 0.02 0.00 0.02 0.00 0.01 0.01 0.02 0.01 0.00 0.00 0.01 0.00 9.94 9.37 9.46
ZnO 0.02 0.12 - 0.05 0.00 - 0.06 0.26 7.33 - 0.45 1.76 0.13 - 0.23
Total 100.19 100.51 99.86 100.21 99.56 100.27 98.46 98.61 99.78 99.37 99.50 98.55 95.73 95.54 96.11

Formula 12 12 12 12 12 12 18 18 4 4 4 4 22 22 22

Si 2.984 2.992 2.974 2.999 2.981 2.995 5.031 5.023 0.000 0.000 0.001 0.000 5.659 5.670 5.586
Ti 0.002 0.002 0.000 0.000 0.001 0.002 0.000 0.001 0.000 0.000 0.000 0.000 0.523 0.436 0.627
Al 1.978 1.970 1.978 1.989 2.000 1.985 3.927 3.917 1.987 1.905 1.925 1.902 2.411 2.409 2.583
Cr 0.001 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.008 0.007 0.004 0.054 0.003 0.001 0.003
Fe 1.855 1.757 1.696 1.715 2.279 1.852 0.406 0.438 0.685 0.701 0.678 0.602 1.839 1.672 2.754
Mn 0.135 0.040 0.041 0.055 0.084 0.047 0.014 0.022 0.020 0.001 0.001 0.000 0.000 0.005 0.002
Mg 0.962 1.192 1.220 1.160 0.418 1.038 1.628 1.616 0.274 0.429 0.425 0.460 3.227 3.608 2.013
Ca 0.106 0.064 0.125 0.089 0.254 0.091 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.000
Na 0.000 0.000 0.001 0.001 0.000 0.003 0.000 0.000 0.056 0.000 0.000 0.005 0.000 0.007 0.000
K 0.002 0.000 0.002 0.000 0.001 0.001 0.002 0.002 0.000 0.000 0.000 0.000 1.893 1.766 1.853 
Mg- 34 40 42 40 16 36 80 79 29 38 39 43 64 68 42
number: 100(Mg/(Mg+Fe))

Mineral Biotite Biotite Biotite Biotite Biotite Horn- Horn- Has- Has-  Has-   Cumming-  Horn- Horn- Deeritic
blende blende tingsite tingsite tingsite tonite blende blende mineral

Sample 23250 23205A23205B 23265 23164 23250 23378 23216 34182 23253 23226 23166 23165 34182
Rock Ortho - M igmat. M igmat. K alo ngo Ortho - Ortho - Ortho - Okaka Okaka Wo l Leuc o - K alo ngo  M edium- Okaka

pyro xene B t-G rt B t-G rt c har- gneis s ic pyro xene pyro xene c har- c har- manger- gabbro c har- grained c har-

gneis s gneis s gneis s no c kite granite gneis s gneis s no c kite no c kite ite no c kite P x ro c k no c kite

SiO2 35.45 35.35 35.87 34.75 36.90 40.72 41.06 37.93 38.82 37.87 50.95 39.48 40.24 29.39
TiO2 4.77 4.01 3.30 4.98 5.00 2.00 1.63 2.44 1.81 1.55 0.11 1.85 1.93 0.00
Al2O3 14.24 17.64 18.40 13.35 15.95 11.59 11.96 11.80 10.55 12.15 2.39 11.99 11.96 0.04
Cr2O3 0.02 0.02 0.03 0.00 0.07 0.01 0.03 0.00 0.04 0.00 0.01 0.00 0.00 0.00
V2O3 0.07 0.02 0.08 0.02 0.12 0.16 0.07 0.01 0.00 0.07 0.00 0.06 0.12 0.00
FeOT 23.62 14.69 11.66 28.74 15.09 21.50 19.34 29.07 30.91 29.06 21.86 25.71 23.65 61.57
MnO 0.02 0.15 0.10 0.10 0.02 0.16 0.13 0.24 0.21 0.15 0.42 0.20 0.15 1.27
MgO 7.87 12.60 14.11 4.59 12.74 6.48 8.37 1.72 1.51 1.82 22.14 3.92 5.35 0.63
CaO 0.00 0.00 0.01 0.00 0.02 10.95 11.37 10.73 10.08 10.95 0.80 10.89 11.09 0.05
Na2O 0.03 0.00 0.00 0.03 0.04 1.30 1.05 1.52 1.66 1.37 0.00 1.27 1.29 0.00
K2O 9.36 9.67 9.73 9.17 9.59 1.74 1.95 1.95 1.60 2.11 0.00 1.77 1.97 0.01
ZnO - 0.02 0.27 - - - - - 0.20 - 0.00 - - 0.33
Total 95.46 94.17 93.56 95.74 95.55 96.62 96.95 97.40 97.38 97.08 98.68 97.12 97.75 93.31

Formula 22 22 22 22 22 23 23 23 23 23 23 23 23

Si 5.540 5.352 5.392 5.562 5.507 6.378 6.340 6.157 6.343 6.173 7.380 6.285 6.305
Ti 0.560 0.456 0.373 0.600 0.562 0.236 0.189 0.298 0.223 0.190 0.012 0.221 0.227
Al 2.623 3.149 3.261 2.520 2.805 2.140 2.177 2.259 2.031 2.335 0.408 2.250 2.209
Fe 3.087 1.859 1.465 3.847 1.884 2.817 2.497 3.946 4.224 3.961 2.648 3.423 3.098
Mn 0.003 0.019 0.012 0.014 0.003 0.021 0.017 0.033 0.028 0.021 0.052 0.027 0.020
Mg 1.834 2.843 3.161 1.095 2.833 1.513 1.925 0.416 0.367 0.441 4.779 0.929 1.248
Ca 0.000 0.000 0.001 0.000 0.004 1.838 1.882 1.867 1.765 1.913 0.124 1.858 1.862
Na 0.010 0.000 0.000 0.010 0.012 0.394 0.314 0.478 0.524 0.432 0.000 0.391 0.392
K 1.866 1.868 1.866 1.872 1.826 0.348 0.383 0.403 0.334 0.438 0.000 0.359 0.395

Mg- 37 60 68 22 60 35 44 10 8 10 64 21 29
number: 100(Mg/(Mg+Fe))
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The Aswa Shear Zone (ASZ) is a long-lived, ductile-brittle, major NW-SE trend-
ing structure of over 1000 km length in East Africa. In Uganda, it extends as a 
linear zone up to 11 km wide cutting the Archaean gneisses. This study is based on 
macroscopic outcrop observations during the Sustainable Management of Mineral 
Resources Project (SMMRP) in Uganda. The fabric in the ASZ is characterised by 
a pronounced and well-developed SE-NW striking and subvertical or steeply NE- 
or SW dipping mylonitic foliation. The foliation is defined by the shape-preferred 
orientation of minerals, a stretching lineation and parallel lens-shaped mineral ag-
gregates and layers. High strain zones in which there is complete obliteration of the 
pre-existing fabric are more frequent with proximity to the ASZ. An overwhelm-
ing majority of various kinematic indicators (mantled feldspar porphyroclasts with 
asymmetric tails, shear bands, S-C fabrics etc.) indicates a sinistral shear sense; 
however, dextral shear sense indicators occur locally. The main shear zone is ac-
companied by a number of splay faults and parallel shear zones, typically displaying 
a sinistral sense of shear compatible with the kinematics of the ASZ. These occur at 
a distance of up to 20−45 km from the ASZ, most of them on its southwestern side. 
The ‘Lira-Gulu domain’ in the SW is the most prominent area of subordinate, paral-
lel shear zones while the Amuria zone is a parallel lineament to the NE. The tectonic 
foliation (not mylonitic) in a narrow strip of the 659 ± 15 Ma Adjumani granite at 
the western margin of the ASZ indicates its emplacement during the late stages of 
Pan-African tectonics in this area. Neoproterozoic activity along the ASZ is also 
indicated by the lower intercept ages from two Archaean gneisses in the Lira-Gulu 
domain. A number of semi-brittle shear zones, brittle faults and veins cross-cut the 
ductile mylonitic foliation in the ASZ and in the surrounding gneisses. They can be 
subdivided into two sets and indicate multiple reactivation of the ASZ.
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INTRODUCTION

The Aswa Shear Zone (ASZ) is a long-lived, duc-
tile-brittle, major NW-SE trending structure over 
1000 km in length that extends from South Su-
dan to Kenya and can be traced further south-
eastwards to the Indian Ocean (Schreurs et al. 
2006). In Uganda the ASZ is a structure up to 11 
km in width that extends for ca. 365 km from the 
towns of Mbale and Siroko in the SE towards NW 
through an area that contains the towns/villages 
of Kumi, Soroti, Aloi and Aswa (Fig. 1). The main 
shear zone (ASZ sensu stricto) is accompanied by 
a number of splay faults and parallel shear zones, 
in particular in the area between Lira and Gulu 
(this region surrounded by splay faults is labelled 
the ‘Lira-Gulu domain’ in the following). Most 
splay faults occur to the SW of the ASZ s.s., but 
there are also SE-NW striking zones up to ca. 14 
km NE of it that curve into the Aswa zone towards 
the NW. 

The fabric of the ASZ is characterised by a pro-
nounced and well-developed mylonitic foliation 
(Smyl) that strikes SE-NW and is subvertical or 
steeply NE- or SW-dipping. The structural and foli-
ation trends are clearly visible on geophysical maps 
(Ruotoistenmäki 2014). On aeromagnetic maps 
the ASZ is a very prominent feature composed of 
a SE-NW trending cluster of sub-parallel linea-
ments. The wall rocks to the SW and NE of the ASZ 
also possess an internal fabric, which is apparently 
folded and is deflected towards parallelism with the 
ASZ and is transposed by the mylonitic foliation. 

A 45 km long SW-NE geophysical profile across 
the ASZ northeast of the town of Lira reveals that 
the shear zone represents a density discontinuity 
that separates a western block of high density con-
taining magnetic highs and radiometric maxima 
from an eastern block that contains a zone with a 
very low radiometric signature and is a magnetic 

minimum. The shear zone is interpreted as dip-
ping steeply to the NE (Ruotoistenmäki 2014).

The study is based on macroscopic observations 
from 400 outcrops (Fig. 1), comprising the record-
ing of lithology and structural measurements. 
The fieldwork area extends along the whole ASZ 
in Uganda, but observations are more abundant 
in the SE, where outcrops surrounding the ASZ 
were also studied. The fieldwork for the study was 
done during the Sustainable Management of Min-
eral Resources Project (SMMRP) in Uganda, led 
by the GTK Consortium together with the Client, 
the Department of Geological Survey and Mines 
(DGSM) in Entebbe. A more general description 
of the ASZ is contained in Westerhof et al. (2014), 
manifesting that the ductile-brittle development 
of the ASZ mimics the Pan-African geodynamic 
processes in northern Uganda, culminating in the 
formation of Gondwana.

In this paper we first describe the stratigraphic 
units cut by the ASZ and their pre-shear fabric. The 
units and the codes are from the new unpublished 
1:250 000 and 1:100 000 scale geological maps of 
the DGSM, on which the tectonic measurements 
can be viewed in more detail. Most of the rocks 
are gneisses of Neoarchaean age, except for the 
Neoproterozoic Adjumani granite in the north. 
Second we discuss the effects of Aswa shearing 
as well as the shear sense indicators in the rocks 
while also covering the subordinate shear zones 
parallel to the main ASZ. The Adjumani granite 
gives an important insight into the timing of late 
stage tectonic activity along the ASZ during the 
Pan-African Orogeny. A number of semi-brittle 
shear zones, brittle faults and veins cross-cutting 
the ductile mylonitic foliation in the ASZ and in 
the surrounding gneisses represent traces of later 
deformation in the area.

Nomenclature

To avoid misunderstandings, an introduction 
to the nomenclature used in the text follows. 
Mylonites are well-foliated rocks formed by duc-
tile deformation in zones of localised high strain. 
They are formed mainly by predominantly plastic 
deformation mechanisms, and, due to dynamic re-
crystallisation processes, most mylonites typically 
undergo significant grain size reduction. Porphy-
roblasts are new-grown metamorphic minerals 

while porphyroclasts are relict mineral grains that 
remain large while grain size reduction is taking 
place in the surrounding matrix.

The classification of fault rocks, including 
mylonites, follows the scheme proposed by Sibson 
(1977), which is a purely descriptive classification 
based on the relative proportions of matrix and 
porphyroclasts. According to this scheme, proto-
mylonites are rich in porphyroclasts and contain 
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Fig. 1. Geology of the Aswa Shear Zone in Uganda. The lithostratigraphic units are from the unpublished 1:250 000 and  
1:100 000 scale geological maps of the DGSM. 
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10−50% matrix; mylonites are characterised by 
being 50−90% matrix, and ultramylonites are 
fine grained and are >90% matrix. It is important 
to note that this classification cannot be used to 
make a simple comparison of the intensity of de-
formation and the relative amount of shear strain 

between different lithological units, particularly 
when dealing with rocks of different initial grain 
sizes and matrix-phenocryst proportions. Within 
the same rock units or texturally similar protoliths, 
the transition to ultramylonite may reflect higher 
strain.

ROCK UNITS ALONG THE ASZ AND THE PRE-ASZ FABRIC

The Muwozansimbe gneiss (A3Uqdrg) is a foli-
ated meta-quartz diorite (Fig. 2A). Its exposures 
are mostly restricted to the southeastern part of 
the ASZ between the town of Mbale and an area 
north of town of Kumi. Porphyritic layers with pla-
gioclase phenocrysts are common, but overall the 
rock suite displays a heterogeneous crystal size and 
structure. In some outcrops these phenocrysts are 
still subhedral in shape demonstrating the original 
igneous nature of the rocks.

The Kuju granitic and granodioritic gneisses 
(A3Uggdg) are medium-grained to partly porphy-
ritic gneisses cut by pegmatitic veins and dykes. The 
gneisses are exposed within and along the north-
eastern margin of the ASZ north of the town of So-
roti. Further to the NW the exposures are limited 
to a narrow strip exposed in the shear zone, until, 
in the area of the village of Aswa, the exposed area 
widens again. The unit is not restricted to the NE 
side of the shear zone but there are also scattered 
occurrences in the SW, which are mainly in the Li-
ra-Gulu domain. Porphyritic layers contain alkali 
feldspar phenocrysts that are mostly 2.5−5 cm, lo-
cally up to 8 cm, in size. Their locally preserved 
subhedral shape indicates a magmatic origin of the 
gneisses (Fig. 2C). Early stage migmatisation is vis-
ible in some outcrops displaying leucosome pods 
and patches, as well as leucocratic veins cutting the 
metamorphic foliation; locally the migmatisation 
starts to obliterate the metamorphic fabric. High 
temperature metamorphism led to the recrystalli-
sation of quartz and feldspar to form elongate lens-
shaped aggregates. 

The Apuch metagranite (A3Ugrm) crops out 
mainly in the southern parts of the ASZ, in the re-
gions west of Soroti and, closer to and within the 
ASZ, east of Lira, while there are also outcrops fur-
ther southeast, between Kumi and Mbale. In north-
ern Uganda, the Apuch metagranite is exposed as 
a narrow 2−3 km wide, 90 km along-strike strip 
within the ASZ. Exposures of the Apuch meta-

granite are generally restricted to the western side 
of the shear zone. The Apuch metagranite is char-
acterised by a migmatitic leucosome-mesosome 
layering but also contains layers that represent the 
original fine-grained to porphyritic gneiss. Peg-
matitic veins as well as fine-grained leucocratic 
quartz-feldspar veins are common features.

The Banded gneiss (A3Ubgn) unit comprises 
migmatitic gneisses of mainly granodioritic to 
granitic composition. This unit is widespread in 
the central and northern parts of the ASZ, but it 
is restricted to the northeastern side and the Lira-
Gulu domain and does not occur further west. A 
migmatitic layering of leucosomes and mesosomes 
(phlebitic and stromatic migmatite) and mafic 
schlieren are common. In some outcrops the mig-
matitic gneisses have a schollen structure (Fig. 2E).

Exposures of the Mbale porphyritic granite 
(A3UMpgr) occur over wide areas around and 
west of the towns of Kumi and Soroti as well as 
further to the northwest along the ASZ. Most out-
crops are to the southwest of the ASZ but a small 
body correlated with the Mbale granite is exposed 
north of the town of Soroti on the northeastern 
side of the ASZ. The Mbale granite has not been 
observed north of the town of Gulu and is restrict-
ed to the southern parts of the ASZ.

The Mbale granite comprises medium- to 
coarse-grained, often porphyritic (meta-)granite/
granodiorite. Porphyritic units are very rich in 
alkali feldspar phenocrysts that are about 3−6 cm 
in size and in many outcrops still display euhedral 
to subhedral shapes (Fig. 3A) whereas elsewhere 
they display a well-developed gneissic foliation. 
The granites and gneisses can contain xenoliths 
(decimetre to several metres in size) and mafic en-
claves and are cut by aplitic and pegmatitic veins 
and dykes.

The northernmost occurrence is exposed within 
and close to the southwestern margin of the ASZ in 
the area NE of the town of Lira. Here, the original 
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coarse-crystalline and porphyritic granitic struc-
ture is still recognisable in some outcrops and is 
represented by subhedral and variably deformed, 
often oval-shaped, alkali feldspar phenocrysts and 
porphyroblasts and abundant xenoliths that can 
reach more than ten metres in length. In many out-
crops the gneissic fabric dominates: the metamor-
phic foliation Sm varies in intensity and orientation 
between outcrops and even within an outcrop. Sm is 
defined by deformed (strongly flattened) feldspar 
porphyroblasts, lens-shaped aggregates of recrys-
tallised fine-grained feldspar and discontinuous 
biotite layers. The foliation and augen gneiss tex-

ture were formed during high temperature meta-
morphism. Many outcrops display evidence for 
early stage migmatisation, such as patches where 
there has been in-situ melting and leucosome veins 
surrounded by biotite seams. These melt patches 
and veins are sub-parallel to the gneissic foliation, 
while another set of parallel veins is oriented at a 
high angle to Sm. Chevron-style folds at metre scale 
with leucosome veins that are intruded parallel to 
the fold axial planes are also present. This high 
temperature fabric probably pre-dates the Aswa 
shear tectonics.

EFFECT OF ASWA SHEAR DEFORMATION ON THE GNEISSES AND GRANITOIDS

General overview

The mylonites of the ASZ display a well-developed 
foliation defined by the shape-preferred orienta-
tion of minerals and parallel lens-shaped mineral 
aggregates and layers. The mylonitic foliation (Smyl) 
of the Aswa zone s.s. and related shear zones over-
prints and transposes the pre-existing fabric of the 
wall rocks. In igneous rocks often containing more 
or less randomly oriented feldspar phenocrysts, the 
new mylonitic foliation is imposed on the original 
magmatic fabric (Smag) resulting in the shape-pre-
ferred orientation of biotite and elongated quartz-
feldspar and the formation of a gneissic foliation. 

During shearing, most feldspar phenocrysts be-
have as porphyroclasts and lose their original eu-
hedral to subhedral shape becoming roundish to 
oval-shaped due to syn-deformational recrystalli-
sation (Figs 2B, 3C, 4B). Feldspar porphyroblasts 
grown during metamorphism in the gneisses are 
more ‘resistant’ and behave as porphyroclasts dur-
ing the shearing. Many roundish to oval shaped 
feldspar porphyroclasts are surrounded by mantles 
of recrystallised fine-grained feldspar with asym-
metric stair-stepping tails (Fig. 2B). In addition 
to such s-shaped porphyroclasts, larger feldspar 
crystals often have an asymmetric sigmoidal shape. 
Some porphyroclasts are completely replaced by 
lens-shaped aggregates of fine-grained recrystal-
lised feldspar; this recrystallisation has occurred 
in part during high temperature metamorphism 
prior to shearing along the ASZ.

The metamorphic foliation and/or migmatitic 
layering (Sm) and other pre-existing structures are 

transposed by the mylonitic foliation (Smyl). This is 
particularly visible in aplitic and pegmatitic veins 
and dykes or in leucosome veins, which have been 
rotated into parallelism with the shear zone folia-
tion. Often the metamorphic foliation in the gneiss-
es is folded into tight to isoclinal folds with sheared 
limbs parallel to the imposed mylonitic foliation 
(Fig. 4E). Their fold axial surfaces are parallel to the 
shear zone foliation, and their fold axes are paral-
lel to the stretching lineation in the mylonites. Fold 
axial surfaces and fold axes of pre-existing folds 
within the gneisses are transposed into parallelism 
with the 140°−150° trend of the ASZ. In high strain 
zones, the strong overprint may completely oblit-
erate the pre-existing fabric. Typical mylonites are 
formed (Figs 2B, 2D+F, 3C, 4B-C), which, in high 
strain zones, may appear as fine-grained banded 
gneisses (Fig. 5B). In some high strain zones ultra-
mylonites with only a few, but strongly deformed, 
porphyroclasts have formed.

A stretching lineation, mostly defined by 
stretched feldspar and quartz, is very common in 
the mylonites of the ASZ, but its intensity varies 
within the zone. In some outcrops the stretching 
lineation is very pronounced and L>S tectonites 
are developed in which the overall rock structure 
is dominated by a linear shape fabric. In other out-
crops, however, the lineation may be weakly devel-
oped in comparison with the planar fabric of the 
foliation prevalent (S>L tectonite).

An overall increase in the amount of shear over-
print with increasing proximity to the main ASZ 
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Fig. 2. Comparison of the fabric in gneisses prior to Aswa shearing and the effect of mylonitic overprint related to the ASZ. (A) 
Neoarchaean porphyritic Muwozansimbe quartz dioritic gneiss (A3Uqdrg) (632746E / 133867N). (B) Mylonitic overprint on 
Muwozansimbe quartz dioritic gneiss (A3Uqdrg) that has resulted in the formation of s-shaped mantled feldspar porphyro-
clasts, sigmoidal feldspar and a mylonitic foliation (621422E / 155829N). Sinistral sense of shear; left = NW. (C) Porphyritic 
Kuju granitic and granodioritic gneiss (A3Uggdg) with aligned alkali feldspar phenocrysts (552494E / 221900N). (D) Sheared 
Kuju granitic and granodioritic gneiss (A3Uggdg) with mylonitic foliation and roundish to oval-shaped feldspar porphyro-
clasts, some of them with small tails of recrystallised feldspar (561212E / 212051N). The asymmetry indicates a sinistral sense 
of shear; left = NW. (E) Migmatitic banded gneiss (A3Ubgn) with schollen structure (450403E / 324886N). (F) Mylonitic over-
print of the migmatitic banded gneiss (A3Ubgn) resulting in a banded appearance with asymmetric deformation of leucocratic 
veins and pods (450224E / 324938N). Sinistral sense of shear; left = SE. Number tag 8 cm in width.
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can be observed in the field. In remote outcrops the 
mylonitic overprint is localised in shear zones that 
can be several dm to metres thick and that trans-
pose the pre-existing metamorphic foliation of the 
gneisses or have led to the formation of a foliation 
within igneous rock units (Fig. 3B). Such localised 
high strain zones become more frequent towards 
the Aswa zone, often accompanied by folding of 
the metamorphic foliation Sm. With increasing 
frequency of local shear zones (dm to metre dis-
tance), the folding of Sm becomes penetrative lead-
ing to the development of a spaced Smyl parallel to 
the sheared fold limbs (Fig. 4E). Increasing shear 
strain leads to closer spaced Smyl zones surround-
ing tight to isoclinal folds that are characterised by 
thinned and sheared limbs and may evolve into 

rootless folds (Fig. 4F). Finally, within the ASZ s.s., 
there has been very strong to complete transpo-
sition and intense recrystallisation such that the 
mylonitic fabric is dominant. Sm is often no longer 
distinguishable from Smyl but may be preserved lo-
cally as rootless isoclinal intrafolial folds. 

Quartz veins have frequently intruded the ASZ 
and related shear zones. They are mostly oriented 
sub-parallel to Smyl or oriented at a very small angle 
to it, and some are isoclinally folded. They prob-
ably intruded into the zones during progressive 
stages of shearing, so that they were transposed 
into Smyl and/or folded during ongoing shear activ-
ity. Younger generations of quartz veins cross-cut 
Smyl at higher angles.

Fig. 3. Comparison of the fabric in gneisses prior to Aswa shearing and the effect of mylonitic overprint related to the ASZ. 
(A) Mbale porphyritic granite (A3UMpgr) with alkali feldspar phenocrysts up to 4 cm long. The igneous fabric is still clearly 
recognisable (574946E / 171320N). (B) Sinistral shear in this area is highly concentrated in a narrow shear zone resulting in 
the deformation of feldspar phenocrysts, the development of a closely spaced foliation and transposition of the earlier formed 
fabric (574866E / 192092N). (C) Strongly deformed Mbale porphyritic granite (A3UMpgr) in the ASZ exhibiting development 
of a well-defined mylonitic foliation (572046E / 200535N). Feldspar porphyroclasts with s-shaped tails as well as sigmoidal-
shaped feldspar grains and lens-shaped aggregates indicate a sinistral sense of shear; left = SE. (D) Strongly sheared Mbale 
porphyritic granite (A3UMpgr) with sigmoidal deformation of feldspar grains (former feldspar porphyroblasts) and formation 
of s-shaped mantled porphyroclasts with stair-stepping tails or recrystallised feldspar (497742E / 267657N). Sinistral sense of 
shear; left = NW. Number tag 8 cm in width.
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Deformation of the Adjumani granite (P3AMagr)

This granite is of particular importance because 
of its Neoproterozoic age of 659 ± 15 Ma (UG-43 
in Mänttäri 2014), which makes it significantly 
younger than the Neoarchaean stratigraphic units 
affected by the ASZ. The Adjumani granite is re-
stricted to northernmost Uganda, and it mainly 
occurs in a thrust-related unit outside and west 
of the ASZ in the Adjumani area where it ex-
tends northwards to the South Sudanese border. 
Here, the granite is usually homogeneous, non- to 
weakly oriented, even-grained or porphyritic with 
sparsely scattered phenocrysts (Koistinen et al. 
2014). In the ASZ s.s. the granite only occurs at its 
western margin in a narrow strip, 1 to 4 km wide, 
that extends along strike over a distance of ca. 75 
km from Achar in the south to the South Suda-
nese border in the north. The granites in this strip 
intrude migmatitic gneisses and are correlated 
with the Adjumani granites further west. Granitic 
dykes and veins cross-cutting the foliation in mig-
matitic gneisses adjacent to this strip are likewise 
correlated with the Adjumani granite.

The Adjumani granite in the strip is a fine to 
medium-grained granite to granodiorite that 
contains mafic enclaves and schlieren as well as 
many xenoliths of various gneisses and migmatitic 
gneisses with an internal foliated fabric. Pegmatit-
ic and granitic veins and dykes cross-cut the intru-

sions. The granite/granodiorite displays a foliation 
that varies in intensity: in many outcrops it is only 
present as a weak preferred orientation of biotite 
and feldspar long axes, while elsewhere it is a bet-
ter defined solid-state foliation. The dip of the fo-
liation in the granites varies from moderately SW-
dipping to subvertical; the strike is approximately 
SSE-NNW, sub-parallel to the foliation in the adja-
cent gneisses that likewise display slight variations 
in dip and strike. Despite being a foliation that can 
be clearly defined locally (Fig. 6), this fabric is not 
mylonitic in the sense of the non-coaxial solid state 
ductile shear overprint visible in other areas along 
the ASZ, but not in outcrops in the narrow strip 
along the western margin of the ASZ. The ASZ s.s. 
in this area is not well-defined and appears to con-
sist of a cluster of narrow zones in which the shear 
strain is concentrated. Large areas in between the 
zones to not display any shear overprint, or only 
have it weakly developed, and deformation in these 
low strain domains may, rather, be characterised 
by shortening associated with predominantly pure 
shear or general shear strain leading to foliation 
development and folding. This variable style and 
intensity of Aswa-related deformation can also be 
observed in the Neoarchaean migmatitic gneisses 
adjacent to the Adjumani granite.

KINEMATICS AND SHEAR SENSE INDICATORS

A number of macroscopic kinematic indica-
tors could be used in the outcrops to deduce the 
sense of shear along the ASZ and related shear 
zones. The most common structures in the ASZ 
mylonites are mantled porphyroclasts with stair-
stepping asymmetric tails of recrystallised feld-
spar. Such structures occur in nearly all gneisses 
that comprise porphyritic rocks and/or layers, 
and these lithologies are widespread around the 
ASZ. Porphyroclasts are generally made of alkali-
feldspar or plagioclase. The vast majority have s-
shaped tails indicating a sinistral sense of shear 
(Figs 2B, 3C-D, 4B-C, 5D), which is confirmed 
by minor d-type clasts. The asymmetric sigmoi-
dal shapes of feldspar grains, leucosome pods, 
feldspar aggregates, deformed xenoliths, and the 
orientation of the boudins of stretched layers or 

veins with respect to the shear zone boundaries 
likewise indicate a left-lateral shear sense (Figs 
2D, 2F, 5D). 

Many outcrops display a well-developed S-C 
fabric composed of sigmoidally curving cleavage 
planes (S-planes) and discrete, relatively straight 
shear bands (C-planes) (Fig. 4C). Locally, C’ shear 
bands have formed (Fig. 4D). Shear bands and S-C 
fabrics are excellent kinematic indicators, and in 
the ASZ and related zones they consistently indi-
cate a sinistral sense of shear. Such a shear sense 
is corroborated by the asymmetry of folds in the 
mylonitic foliation (Fig. 5C).

Fractured and offset porphyroclasts with syn-
thetic fractures occur locally; although unreliable 
kinematic indicators, they confirm the sinistral 
shear sense deduced from mantled porphyroclasts 
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Fig. 4. Mylonitic fabric and shear sense indicators. (A) Strong stretching lineation defined by quartz ribbons and stretched 
feldspar in mylonitic Mowozansimbe quartz dioritic gneiss (A3Uqdrg) (601623E / 172720N). (B) Mantled porphyroclasts with 
stair-stepping s-shaped tails of recrystallised feldspar in Mbale porphyritic granite (A3UMpgr) (487700E / 280639N). Sinistral 
sense of shear (left = SE). (C) S-C fabric in quartz dioritic gneiss (A3Uqdrg) indicating a sinistral sense of shear (634960E / 
133933N). (D) C’ extensional shear band in Mbale augen gneiss (494390E / 273518N); left = SE. (E) Tight folds with sheared 
limbs parallel to the mylonitic foliation (Smyl) in Mbale porphyritic granite (A3UMpgr). In the limbs the pre-existing metamor-
phic foliation is transposed into parallelism with Smyl (499782E / 266878N). (F) Isoclinal intrafolial folds in Mowozansimbe 
quartz dioritic gneiss (A3Uqdrg) that formed as the result of intense shearing (609801E / 168471N); left = SE. Number tag 
8/15 cm in width.
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Fig. 5. Mylonitic fabric and shear sense indicators. (A) Mylonitic overprint on migmatitic banded gneiss (A3Ubgn) involving 
shearing and isoclinal folding of leucosome veins as indicated by sheared limbs and thickened hinges (450403E / 324886N). 
(B) Strong shear overprint in Mowozansimbe quartz dioritic gneiss (A3Uqdrg) in the southeastern segment of the ASZ. Nearly 
complete transposition of pre-existing layering and/or foliations into the mylonitic foliation has resulted in the formation of a 
banded texture with a well-defined foliation (616111E / 161397N). (C) Inclined shear-related folds in Mowozansimbe quartz 
dioritic gneiss (A3Uqdrg) (618915E / 158525N). (D) Sinistral shear in Kuju granitic and granodioritic gneiss (A3Uggdg)  
inferred from s-shaped mantled feldspar porphyroclasts; fragmentation of a feldspar porphyroclast (upper right) along  
synthetic fractures has occurred during shearing (544276E / 225627N). Number tag 8 cm in width.

and S-C fabrics in neighbouring layers within the 
same outcrop (Fig. 5D).

In summary, an overwhelming majority of vari-
ous kinematic indicators indicates a sinistral sense 
of shear. Locally, dextral shear sense indicators also 
occur, even in a significant number in a few places, 

but even in these outcrops a left-lateral shear is 
mostly indicated. Such zones, however, represent 
heterogeneous strain along the ASZ indicating that 
it may contain segment with a pure shear compo-
nent or in which there is general shear, whereas in 
most segments simple shear is dominant.

CHARACTERISTICS OF SUBORDINATE SHEAR ZONES PARALLEL TO OR BRANCHING 
FROM THE MAIN ASZ

The major ASZ s.s. is accompanied by a number 
of subordinate shear zones that are oriented sub-
parallel to the main structure (Fig. 1). These zones 
occur at a distance of up to 20 km NE and SW 

of the main structure with the exception of the  
Lira-Gulu domain that extends up to 45 km west of 
the ASZ s.s. Many of the subordinate shear zones 
curve towards the north into the main zone, others 
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are small and less extensive and probably do not 
form long continuous structures so that they can-
not be easily traced in the field. Most shear zones 
occur southwest of the ASZ s.s. but, nevertheless, a 

long lineament can be mapped out to the northeast 
of it (labelled as the ‘Amuria zone’ in the following; 
see Fig. 1).

Southeastern ASZ in the area between the towns of Mbale, Kumi and Soroti

Several subordinate SE-NW striking shear zones 
were recognised during mapping in the area of the 
Muwozansimbe quartz dioritic gneiss and Mbale 
porphyritic granite southwest of the ASZ s.s., es-
pecially in the area of the southeasternmost tip of 
the ASZ in Uganda. The zones can reach consider-
able widths spanning large outcrop areas. In other 
outcrops, the shear strain is more localised in nar-
row mylonitic zones that cross-cut and transpose 
the gneissic fabric into the 140°−150° strike of the 
mylonitic foliation. Such minor zones can be cm to 

several dm thick and occur locally as narrow clus-
ters of anastomosing shear zones, which in com-
parison to the gneissic wall rock display consider-
able grain size reduction.

The shear zones display similar mylonitic fab-
rics to those in the main zone with ribbon quartz, 
s-shaped mantled feldspar porphyroclasts, S-C 
fabric, local C’ shear bands and sigmoidal feldspar 
grains and inclusions. Some outcrops have a pro-
nounced stretching lineation.

Shear zones in the Lira-Gulu domain

The Lira-Gulu domain is the most prominent and 
largest area of subordinate parallel shear zones. 
This trapezoid-shaped domain encloses high grade 
migmatitic gneisses. It is bordered by a long shear 
zone striking WNW-ESE in the south and SE-NW, 
sub-parallel to the ASZ, in the west until it joins 
the main zone in the north. Subordinate shear 
zones also occur within the Lira-Gulu domain, 
and their number increases with proximity to the 
main zone. Most of these shear zones, when traced 
in the field, appear to ultimately curve towards the 
north into the main zone, in particular those mi-
nor zones that are located close to the ASZ s.s.

The westernmost and southernmost subordi-
nate shear zones can be easily traced on aeromag-
netic maps. It is noteworthy that such geophysi-
cal lineaments do not necessarily coincide with 
structures exposed at the surface. Nevertheless, 
a number of outcrops located on or close to the 
geophysical lineaments display a mylonitic fabric 
with a strike in accordance with the orientation of 
the lineament, whereas others do not exhibit clear 
evidence of shear overprint. The geophysical line-
aments probably represent relatively narrow shear 
zones, which can be easily missed in the field or 
do not crop out over some distance. Furthermore, 
shear strain is probably heterogeneous and may be 
locally distributed into a number of narrow shear 
zones that are not continuous. 

The SE-NW striking shear zone marking the 
western boundary of the Lira-Gulu domain cuts 
through various stratigraphic units. Shear zones 
in outcrops are characterised by a well-developed 
foliation and locally pronounced stretching linea-
tion defined by stretched quartz and feldspar that 
may even form L>S tectonites. Flattened feldspar 
porphyroclasts with s-shaped tails of recrystal-
lised feldspar, sigmoidal shapes of feldspar grains, 
local S-C fabrics and C’ shear bands mostly indi-
cate a sinistral sense of shear compatible with the 
kinematics of the ASZ. The intensity of shear strain 
varies within the domain: some outcrops only 
contain narrow shear zones where shear strain is 
strongly localised; in other outcrops the mylonitic 
foliation Smyl is weak and oblique to a still domi-
nant metamorphic foliation Sm, and the intersec-
tion lineation between Smyl and Sm is oriented par-
allel to the stretching lineation generally observed 
in the mylonites. 

Outcrops of the southernmost, WNW-ESE 
striking, border zone of the Lira-Gulu domain dis-
play a mylonitic fabric with a well-defined SSW-
dipping foliation, quartz ribbons and a gently ESE-
plunging stretching lineation. Mantled feldspar 
porphyroclasts with s-shaped tails, sigmoidal feld-
spar grains and locally well-developed S-C fabrics 
suggest a sinistral sense of shear along these zones 
also. 
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Amuria zone northeast of the ASZ

The SE-NW trending Amuria zone extends over 
ca. 260 km (from Toroma in the SE to the town of 
Aswa in the NW) parallel to and northeast of the 
ASZ until it curves into the main zone. Like the 
main shear zone it has a sinistral sense of shear, 
which is indicated by s-shaped feldspar porphy-
roclasts. The mylonitic fabric is also defined by 
ribbon quartz, tight to isoclinal folds deforming 

the layering and a subhorizontal stretching linea-
tion that is locally very strong illustrating intense 
stretching in the X-direction of the finite strain 
ellipsoid (where X>Y>Z). The overall fabric and 
kinematics is compatible with the main ASZ sug-
gesting contemporaneous tectonic activity along 
both structures.

TIMING OF DUCTILE SHEAR ACTIVITY ALONG THE ASZ

The Adjumani granite, cropping out in northern-
most Uganda and at the western margin of the 
ASZ, plays a key role in the dating of shear activity. 
It is a Pan-African intrusion on the basis of its age 
of 659 ± 15 Ma (sample UG-43_1231 in Mänttäri 
2014). Unfortunately, the granite is not cut by one 
of the rather localised shear zones representing the 
northernmost ASZ: for example outcrops close to 
the ASZ do not display a typical mylonitic fabric in 
the north. On the other hand, the granite displays 
a tectonic foliation (Fig. 6), which strikes approxi-
mately SSE-NNW and is sub-parallel to the folia-
tion in the adjacent gneisses, and the outcrop may 
be located in a low strain domain within the ASZ 
that is characterised by orthogonal or nearly or-
thogonal shortening rather than shearing. In this 
case, the Pan-African intrusion age of the granite 
would suggest activity along the ASZ during the 
Pan-African Orogeny. The elongate shapes of the 

granite bodies parallel to the main foliation trend 
combined with the comparatively weak, though 
variable, degree of deformation suggest that the 
granites are syn-tectonic intrusions probably em-
placed during the late stages of Pan-African tec-
tonics in this area.

There are additional indications of a Pan-Afri-
can age for Aswa shearing: A sample of mylonitic 
gneiss from the Apuch granite migmatite unit, 
ca. 26 km northeast of the town of Lira, has been 
analysed to date Aswa shear zone activity (Fig. 1) 
(sample-UG-40_15478 in Mänttäri 2014). In this 
area, the ASZ represents the northeastern border 
of the Lira-Gulu domain. The zircons display var-
ying degrees of discordance, but the data plot on 
a regression line that intercepts the Concordia at 
ca. 2.66 Ga and ca. 0.69 Ga. The older age corre-
sponds to Neoarchaean magmatism and has also 
been found in other gneisses over a wider area. 
The lower intercept indicates Neoproterozoic (i.e. 
Pan-African) activity along the ASZ, although its 
precise age cannot be deduced from the zircons in 
this sample. The ASZ affects rocks of the Lira-Gu-
lu domain, and this domain is bordered by shear 
zones that are subordinate and genetically related 
to ASZ. A sample of a biotite-hornblende-bearing 
Awela granodiorite gneiss (A3Ugrdg) within this 
domain, close to the WNW-ESE striking southern 
border zone (sample UG-47_34096 in Mänttäri 
2014), shows a similar magmatic protolith age (ca. 
2.65 Ga) and a poorly defined time of lead-loss, 
possibly caused by a thermal event at 904 ± 290 
Ma. This confirms Neoproterozoic activity along 
the ASZ. It is interesting to note that such indica-
tions of Neoproterozoic lead-loss have not been 
detected in gneisses close to the ASZ further to the 
SE, outside the Lira-Gulu domain. 

Fig. 6. Adjumani granite from the long strip of granites ex-
posed at the margin of the northern ASZ displays a foliation 
defined by the shape-preferred orientation of biotite and 
quartz-feldspar lenses (424164E / 358203N).
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Temperatures during shearing were not high 
enough to reset zircons, whereas Pan-African 
high temperature metamorphism in the Lira-Gulu 
domain that commenced prior to shear activity 
caused lead-loss. Pan-African ages and granulite-
facies metamorphism are common in northwest 
Uganda (West Nile complex), in the Adjumani 
area in the northernmost part of Uganda, west 
of the northern continuation of the ASZ, and in 
nappes exposed in NE Uganda (Karamoja region), 
the westernmost of them (Labwor Hills) being ex-
posed ca. 40 km northeast of the ASZ. The high-

(SEMI-)BRITTLE REACTIVATION

A number of semi-brittle shear zones, brittle 
faults, and quartz and epidote veins of various ori-
entations cross-cut the ductile mylonitic foliation 
in the ASZ. The sense of displacement along these 
structures is often difficult to deduce, and many 
quartz veins and lenses cannot be assigned with 
certainty to a specific set or event. The kinematic 
indicators in the outcrops are deflected foliation 
trends, the displacement of marker horizons such 
as dykes or veins, small-scale duplex structures, 
shear-bounded lenses with S-C structures, orien-
tation of fault-related folds and orientation and 
geometry of en echelon quartz veins. Brittle reac-
tivation is not restricted to the ASZ s.s.; similar 
semi-brittle and brittle structures also occur in its 
subordinate shear zones and in the surrounding 
gneisses. 

Semi-ductile, semi-brittle and brittle structures 
recorded during mapping can be broadly subdi-
vided into two sets that could be assigned to two 
kinematic events. Each set comprises structures of 
various orientations that could have formed in the 
same stress field but are not necessarily exposed 
together in a single outcrop. It should be noted, 
however, that the (semi-)brittle faults and shear 
zones, and associated structures as well as various 
generations of veins would require a more detailed 
study to unravel cross-cutting and age relation-
ships. The two sets are briefly described as follows; 
note that the numbering, set 1 and set 2, does not 
imply a temporal succession.

Set 1 comprises SSE-NNW to SSW-NNE strik-
ing semi-ductile shear zones with a sinistral shear 
sense often consisting of narrow clusters of anas-
tomosing shear planes, and SE-NW to SSE-NNW 

(140°−160°) striking discrete sinistral faults. Lo-
cally developed strike-slip duplex structures along 
the faults, as well as ca. 120° oriented en echelon 
quartz veins associated with 150° striking faults, 
confirm a sinistral sense of shear. Their association 
with the NE-SW striking axes of fault-related folds 
and reverse faults suggest an approximately NW-
SE orientation of the axis of greatest stress, s1. 
Quartz veins striking approximately 140°, locally 
en echelon, fit with a NW-SE shortening direction. 
Conspicuous features in a number of outcrops 
are pseudotachylite veins and narrow cataclastic 
fault zones, of which many are WNW-ESE to SE-
NW striking, and often associated with SE-NW 
(120°−150°) striking epidote-bearing semi-brittle 
shear and fault zones. Although the kinematics of 
many of these structures is not clear, they prob-
ably formed during the reactivation stages of the 
ASZ, and the sinistral kinematics along epidote-
bearing shear zones of similar orientation in other 
outcrops suggests contemporaneous development 
within the same stress field. E-W to ENE-WSW 
striking and steeply NNW-dipping dextral faults 
may represent Riedel shears that are antithetic to 
the major SW-NE to SSW-NNE striking sinistral 
faults and shears.

The second set, set 2, is mainly characterised by 
arrays of NNE-SSW to N-S striking dextral faults. 
Some outcrops show ~N-S striking semi-ductile 
dextral shear zones consisting of dm-thick zones 
of anastomosing shears. SE-NW to SSW-NNE 
striking faults that display evidence of oblique 
reverse and dextral movements respectively are 
also very common. They have the same orienta-
tion as sinistral faults in other outcrops (within the 

temperature metamorphism and fabric displayed 
by the rock units in the Lira-Gulu domain and 
along the ASZ, which represent the northeastern 
border of this domain, and the evidence for a Neo-
proterozoic thermal event, even if poorly defined, 
suggests that these rocks were also effected by Pan-
African deformation and metamorphism. It is sug-
gested here that the Lira-Gulu domain represents a 
relic of a Pan-African nappe or thrust-sheet, possi-
bly further overprinted and characterised by pro-
longed shear activity. 
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Fig. 7. (A) Pseudotachylite veins and cataclastic zones in Muwozansimbe quartz dioritic gneiss (A3Uqdrg) in the ASZ (601998E 
/ 174450N), left = SSE. (B) Deflection of the mylonitic foliation in Kuju granitic and granodioritic gneiss (A3Uggdg) by SE-NW 
and SSE-NNW striking brittle sinistral faults; ASZ, close to Aloi village (521744E / 250534N). (C) Semi-brittle dextral shear 
zone in the Mbale porphyritic granite (A3UMpgr) (487186E / 281232N), left = SSW. (D) Set of parallel SE-NW striking faults 
cutting pegmatitic veins with sinistral offset. Kuju granitic and granodioritic gneiss (A3Uggdg) close to the western margin of 
the Lira-Gulu domain (442205E / 293758N); left = N. Number tag 15/8 cm in width.

ASZ sub-parallel to Smyl), suggesting that the same 
structures have been inversely reactivated several 
times.

The timing of (semi-)brittle activity along the 
ASZ is difficult to determine. Set 2 structures in-
dicate an origin during approximately NE-SW 
shortening and clearly represent a separate event. 
Set 1 structures comprising NW-SE striking sin-
istral strike-slip faults, Riedel shears and associ-
ated fold axes are related to NW-SE shortening 
and would be compatible with the stress field that 
was active during ductile mylonitisation. Thus 
they could have formed during the late stages of 
the main shear activity during uplift and/or cool-
ing while crossing the ductile-brittle boundary. 
Alternatively, they may represent separate events, 

in a similar fashion to set 2 structures, since NW-
SE lineaments in eastern and central Africa have 
been multiply reactivated during Mesozoic and 
Neogene rifting events. The ASZ forms the north-
easternmost border of the Western Rift (Chorow-
icz 1989, Daly et al. 1989) and probably links into 
the Nandi Fault SE of Mt. Elgon. During Neogene 
rifting and development of the East African Rift 
systems, the ASZ is believed to have acted as a 
transform, linking the Western and Eastern Rift 
branches (Chorowicz 1989, Daly et al. 1989).

The variably oriented brittle structures that 
formed in different stress fields in the ASZ indicate 
multiple reactivation of this prominent structure, 
which requires further research.
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CONCLUSIONS

The fabric in the ASZ is characterised by a pro-
nounced and well-developed SE-NW striking 
and subvertical or steeply NE- or SW-dipping 
mylonitic foliation. The foliation is defined by the 
shape-preferred orientation of minerals, a stretch-
ing lineation and parallel lens-shaped mineral ag-
gregates and layers. High strain zones leading to 
complete obliteration of the pre-existing fabric  
become more frequent towards the ASZ. 

An overwhelming majority of various kinematic 
indicators indicates a sinistral sense of shear, how-
ever, dextral shear sense indicators occur locally. 
Additionally, subordinate parallel shear zones 
typically have a sinistral sense of shear compatible 
with the kinematics of the ASZ. 

A tectonic foliation in a narrow strip of the 659 
± 15 Ma Adjumani granite at the western margin 
of the ASZ indicates its emplacement during the 
late stages of Pan-African tectonics in the area. 
Neoproterozoic activity along the ASZ is also sup-
ported by lower intercept ages from two Archaean 
gneisses in the Lira-Gulu domain. 

A number of semi-brittle shear zones, brittle 
faults and veins cross-cut the ductile mylonitic 
foliation in the ASZ and in surrounding gneisses. 
They can be subdivided into two sets and indicate 
multiple reactivation of the ASZ.
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INTRODUCTION AND GEOLOGICAL SETTING

The history of the Earth records multiple glacia-
tions from the Archaean to the Quaternary (e.g. 
Young et al. 1998, Melezhik 2006). In the last 1000 
million of years, Africa has undergone at least two 
major periods of glaciation, one during Neopro-
terozoic time, the other of Permo-Carboniferous 
age (e.g. Fielding et al. 2008, Li et al. 2013). During 
recent geological mapping by a consortium head-
ed by the Geological Survey of Finland (GTK), in 
collaboration with the Department of Geological 
Survey and Mines (DGSM), previously unknown 
tillite and dropstone-bearing sedimentary strata 
have been found exposed in road cuts north-west 
of Kabale town, south-western Uganda. Both 
semi-consolidated types of sediment are attrib-
uted to the Kiruruma River formation, of which a 
preliminary description was first briefly presented 
by Westerhof et al. (2011) and in an unpublished 
GTK report (Schumann et al. 2011). 

Rocks of the Kiruruma River formation rest un-
conformably on tightly folded, NW-striking meta-
sediments of the Cyohoha and Rugezi Groups, the 

upper stratigraphic units of the Akanyaru-Ankole 
Supergroup (GTK Consortium 2012, Westerhof et 
al. 2014) in the Mesoproterozoic North Kibaran 
Belt (Fig. 1). This supergroup was formerly known 
in Uganda as the ‘Ankole-Karagwe Series’ (DGSM 
1966) and is equivalent to the Burundi Super-
group, recently re-baptised as the Akanyaru Su-
pergroup (Fernandez-Alonso et al. 2006, Pedreira 
& De Waele 2008) defined in Rwanda, Burundi 
and Kivu Province, eastern Congo.

Flysch-like, clastic metasediments of the Akan-
yary-Ankole Supergroup are mostly brown to 
brownish grey arkosic or quartz arenites with thin 
argillite (siltstone or claystone) interbeds, often 
forming several-metres-thick sets of graded beds 
(Fig. 2). Conglomeratic and gritty interbeds and 
lenses are common (Fig. 3A), and ripple marks 
have been observed in places (Fig. 3B). Siltstones 
of the Supergroup are relatively soft, thinly bedded 
to laminated, bluish grey to pinkish, clayey or silty 
metasediments (Fig. 3C). 

Fig. 1. Location and setting of the Kiruruma River formation. Metasedimentary groups of the Akanyaru-Ankole Supergroup 
are shown in various shades of green. They have been invaded by mainly 1.38 Ga granitoids (red), and locally covered by tephra 
of the Holocene Bufumbira Formation (brown).
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Fig. 2. Arkosic arenite of the Cyohoha Group (brown) with thin siltstone interbeds (bluish grey), forming thick sets of graded 
beds near Muko village (144191E / -133603N). Note the blackish tephra cover from the Bufumbira volcanic field, one of the 
volcanic fields in the Neogene Albertine Rift. 

Fig. 3. Well-preserved sedimentary structures in lithologies of the Akanyaru-Ankole Supergroup in the study area.  
(A) Polymictic conglomerate interbeds in arkosic arenite (157900E / -129419N). (B) Arkosic arenite with ripple marks 
(120673E / -115998N). (C) Thinly bedded siltsone (141872E / -138108N).  Number tags 8/15 cm.
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LITHOLOGY AND STRUCTURE OF THE KIRURUMA RIVER FORMATION

Diamictites and dropstone-bearing sediments of 
the Kiruruma River formation are exposed in dis-
continuous outcrops in several road cuts along the 
Kabale−Kisoro road north-west of Kabale town, 
on the western slope of the valley of the Kiruruma 
river (Fig. 1). The horizontal sedimentary strata of 
the formation rest with an angular unconformity 
on inclined to steeply dipping and tightly folded 
conglomeratic sandstone-siltstone-shale succes-
sions of the Cyohoha and Rugezi Groups of the 

Akanyaru-Ankole Supergroup (Figs 4−7). The 
best outcrop is located ~12 km NNW of Kabale 
town (158065E / -129740N; coordinates are given 
in metres, UTM Zone 36N) and shows a number 
of features and textures that manifest their glacio-
genic origin. The morphology and other typical 
glaciogenic features of the unconformable contact, 
the basal tillites above the unconformity and the 
thinly bedded, dropstone-bearing deposits on top 
of the tillite are described below.

Fig. 4. (A) Unconformable contact between steeply dipping metasediments of the Rugezi Group (R) and horizontal glacio-
genic deposits of the Kiruruma River formation (b). (B) Smooth contact between pinkish brown siltstone of the Rugezi Group 
and clayey sandstone of the Kiruruma River formation. Figures 4–11 are from the same outcrop area (158065E / -129740N)  
measuring ~350 by 12 m.

Basal	 unconformity – Overall, the morphology 
of the contact between the horizontal, glaciogenic 
deposits of the Kiruruma River formation and the 
underlying, tightly folded strata of the Akanyaru-
Ankole Supergroup is very smooth and typical for 

Fig. 5. Angular unconformity between siltstone of the Rugezi 
Group (R) and dropstone-bearing, thinly bedded and clayey 
sandstone of the Kiruruma River formation (b) (158065E / 
-129740N). Hammer length 35 cm.

a glacial pavement. This is particularly so for the 
contact between the glaciogenic deposits and the 
soft siltstones of the Rugezi Group (Figs 4 and 5), 
but generally also applies to the contact between 
glaciogenic deposits and more resistant Rugezi 
arenites. Elsewhere, however, metre-sized, irreg-
ular cavities have developed in conglomeratic or 
arkosic arenites of the Rugezi Group, filled with 
basal tillite (Fig. 6). 
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Fig. 6. (A) Angular unconformity with irregular contact between conglomeratic arenites of the Rugezi Group and overlying 
tillite and horizontally bedded, dropstone-bearing sandstones of the Kiruruma River formation. (B) Detail showing cavities in 
arenitic rocks of the Rugezi Group (R) filled with diamictite (a), covered by dropstone-bearing, clayey sandstones (b). Based 
on amount and size of pebbles and degree of bedding, the diamictite can be divided into three tillite horizons (158065E / 
-129740N). 

Tillite – The lower part of the glaciogenic unit is 
composed of semi-consolidated, chaotic, non- to 
poorly bedded, matrix-supported conglomerate 
(diamictite). When containing only a few isolated 
pebbles in a sandy-clayey matrix, pebbly siltstone 
may be a more appropriate name. This diamictite 
is particularly present in metre-sized, irregular 
cavities in arenitic beds of the Rugezi metasedi-
ments (Fig. 6A) in the otherwise smooth uncon-
formity surface. Frequently, two or three tillite ho-
rizons can be recognised, differing in the quantity 
and size of pebbles or degree of bedding (Fig. 6B). 
Polished or facetted pebbles have been observed in 
places. 

Similar diamictites also rest on siltstones of the 
Rugezi Group, forming discontinuous beds that 
generally range from 20 to 100 cm in thickness and 
composed of pebbles and boulders from a few mil-
limetres to 40−50 cm in size in a sandy-silty-clay-

Fig. 7. Glaciogenic deposits of the Kiruruma River formation (A−B), resting unconformably on siltstone of the Rugezi Group 
(R). A thin layer with a planar fabric is present at the siltstone-tillite contact and can be followed over tens of meters (see thin 
line in Fig. 7B and details in Fig. 8) (158065E / -129740N).

ey matrix (Fig. 7A). The pebbles or boulders are 
rounded to sub-rounded and mainly composed of 
quartz arenites derived from the underlying Akan-
yaru-Ankole strata. Facetted or triangular-shaped 
pebbles (dreikanter?), occasionally with striae, 
have been encountered in places. Like the pebbles 
and boulders, the sandy-silty-clayey matrix is sup-
posedly also derived from arkosic arenites and silt-
stones of the Akanyaru-Ankole Supergroup. 

In places, a slightly harder, ~2-cm-thick layer can 
be observed, marking the unconformable contact 
between siltstone and covering diamictite (Fig. 8). 
It is supposedly formed by shearing of subglacial 
till along the contact. Similar but less continuous 
shear zones have been observed inside the diamic-
tite. Glacial abrasion is also manifested by polished 
surfaces or striations found locally in the arenitic 
rocks of the Rugezi Group (Figs 9A−B).
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Fig. 8. Unconformable contact between the Rugezi siltstone and tillite of the Kiruruma River formation. Precisely at the  
contact, a slightly harder layer is present, showing a planar fabric (insert) that is supposedly due to shearing of till along this 
surface (158065E / -129740N). Number tag 8 cm.

Fig. 9. (A) Glacial polish on conglomeratic arenite. Note the parallel grooves to the left of the number plate. (B) Smooth,  
polished and striated glacial pavement on arkosic arenite of the Rugezi Group (158065E / -129740N).

Bedded	 strata	 with	 dropstones – Overlying the 
diamictites, or resting directly on the glacial pave-
ment, horizontal to slightly tilted, thin- to medi-
um-bedded, semi-consolidated sediments are ex-
posed. Individual beds, comprising fine-grained 
sandy, silty, or clayey material range from a few 
millimetres to 10 cm in thickness (Figs 4 to 7 and 
Figs 10A-C). Parallel bedding and the absence of 
ripple marks manifest deposition in rather deep 
water, well below the wave base, supposedly repre-
senting a (glacial) lake or estuary, or open marine 
environment. 

Unlike the pebbles and boulders in the basal 
diamictitic part of the glaciogenic deposit, drop-

stones occur as isolated pebbles and boulders 
in the well-bedded, water-deposited part of the 
(peri-)glacial deposit. The disturbance of fine bed-
ding (Fig. 10) manifests that these dropstones were 
not moved by normal water currents, but have 
rather been transported by floating ice to deeper 
parts of the basin, well below the wave boundary, 
and dropped vertically through the water column. 
The dropstones found in the Kiruruma River for-
mation range from a few centimetres to several 
decimetres in size, and may locally reach even one 
metre in diameter.

B
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Other	 glaciogenic	 features – Apart from the di-
amictite (tillite) and dropstone-bearing deposits, 
there are other features that support a glacial or 
periglacial origin for the rocks of the Kiruruma 
River formation. The first is the presence of con-
volution structures in silty sediment that have 
possibly formed by cryoturbation or frost churn-
ing (Fig. 11A). Alternatively, these convolution 
structures may have formed by the escape of pore 
water in water-loaded sediment during compac-
tion. Another supporting feature is the presence of 
a rectangular block, possibly representing a frozen 
block of sediment that impinges on a sedimentary 

layer of the same composition (Fig. 11B). Due to its 
proximal derivation, its emplacement only slightly 
affected the parallel bedding of the sediment. 

Possible	glaciogenic	deposits nearby	– The glacio-
genic deposits of the Kiruruma River formation 
– tillite and dropstone-bearing sediments – de-
scribed above constitute an outcrop area measur-
ing ~350 by 12 m. Further to the north, also in road 
cuts of the Kabale−Kisoro road in the Kiruruma 
river valley, more examples of supposedly glacio-
genic deposits have been encountered. These in-
clude a weathered outcrop with a large dropstone, 

Fig. 10. Dropstones in thin-bedded, sandy-clayey sediments 
of the Kiruruma River formation. (A) A dropstone showing 
disturbance in the laminar bedding of sediment. (B) A facetted  
pebble in the same sediment. (C) A triangular-shaped drop-
stone embedded in the sediment layer (158065E / -129740N).

Fig. 11. (A) Convolution structures, possibly formed by cryoturbation or frost churning. (B) A rectangular sandstone block 
embedded in well-bedded, dropstone-bearing sediments of the Kiruruma River formation (158065E / -129740N). 
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to pebbly sandstone layers or lenses possibly repre-
sent braided river deposits (Fig. 13D). 

The clastic metasediments of the Akanyaru-An-
kole Supergroup, which supposedly underlie these 
conglomerates are not exposed and, consequently, 
the lower contact of this unit could not be stud-
ied. Seen in the same context as the tillites that rest 
unconformably on Akanyaru-Ankole clastic strata 
shown in Figures 4 to 7, it is tempting, however, 

A

E

measuring ~100 by 60 cm, embedded in thinly 
bedded sediment composed of alternating beds 
of fine-grained sandstone and soft mudstone (Fig. 
12). Weathering caused the collapse and fragmen-
tation of the bedded sequence. Fine rhythmic par-
allel bedding in some of the thicker beds resembles 
varved structures known from glacial lakes (Fig. 
12 detail). Similar rhythmites have been described 

in Karoo sediments from the Entebbe peninsula 
(Schlüter et al. 1993) and the Congo River Basin 
(Cahen & Lepersonne 1981).

Far more abundant in the area, confined to road 
cuts of the same valley, are exposures of matrix 
supported conglomerates, showing a chaotic fab-
ric or, in places, incipient bedding (Figs 13A−C). 
Nearby outcrops of sandstones with conglomeratic 

Fig. 12. A large dropstone in finely 
bedded sediment composed of 
alternating beds of sandstone 
and soft mudstone. Weathering 
caused the sequence to collapse 
with fragmentation of the hard 
sandstone beds. Road cut of the 
Kabale−Kisoro road (154467E / 
-124095N).

Fig. 13. (A−C) Examples of matrix supported conglomerates, supposedly of glacial or glaciofluvial derivation. (D) Pebbly sand-
stone deposit, suggesting deposition by a braiding river. Road cut of the Kabale−Kisoro road (157033E / -127104N).
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to pebbly sandstone layers or lenses possibly repre-
sent braided river deposits (Fig. 13D). 

The clastic metasediments of the Akanyaru-An-
kole Supergroup, which supposedly underlie these 
conglomerates are not exposed and, consequently, 
the lower contact of this unit could not be stud-
ied. Seen in the same context as the tillites that rest 
unconformably on Akanyaru-Ankole clastic strata 
shown in Figures 4 to 7, it is tempting, however, 

to view these conglomerates and pebbly sand-
stones also as products of glacial or glaciofluvial 
processes. Alternatively, the latter deposits repre-
sent much younger, gravity-driven mass flows or 
palaeo-terraces, possibly related to the Neogene 
formation of the Western Branch of the East Af-
rica Rift System, causing uplift and erosion of the 
rift shoulders.

DETRITAL ZIRCON AGE DETERMINATIONS

U−Pb dating (MC-LA-ICP/MS method) of 69 
detrital zircon grains from a sample taken from 
dropstone-bearing sandstone of the Kiruruma 
River formation indicates the presence of three age 
groups, comprising a few Archaean (2.63 and 2.54 
Ga) zircons, a number of Palaeoproterozoic zircons 
(2.40–1.87 Ga, some of which possibly represent 
metamorphic ages), and a clear predominance of 
grains displaying Mesoproterozoic ages (1.44−1.43 

Ga and ~1.31 Ga). The majority of zircon grains (n 
= 52) have ages between ~1.40 and 1.34 Ga (Mänt-
täri 2014), suggesting mainly local source areas, 
i.e., indirectly by reworking of coarse clastic mem-
bers of the Cyohoha and Rugezi Groups or older 
units of the Akanyaru-Ankole Supergroup, or di-
rectly from ~1.38 Ga granitoids emplaced into the 
North Kibaran belt.

DISCUSSION AND CONCLUSIONS

In the absence of fission track analytical or pa-
lynological data, the age of the glaciogenic depos-
its of the Kiruruma River formation in the North 
Kibaran belt of south-western Uganda remains a 
matter of speculation. Obviously, these deposits 
are younger than 1.31 Ga and, based on the distri-
bution of glacial rocks in Africa, either a Neoprote-
rozoic or Permo-Carboniferous Karoo age is most 
likely. Neoproterozoic diamictites are widely pre-
sent in and around the Congo River Basin (Cahen 
1963, 1978, Tack et al. 2006, Walemba & Master 
2005, Delpomdor et al. 2008), Burundi (Tack et al. 
1992) and NW Tanzania (Westerhof & Koistinen 
2005). On a regional scale, these Neoproterozoic 
glaciogenic rocks can be correlated with the global 
Sturtian glaciation event, between 765 Ma and 735 
Ma (Master et al. 2005, Wendorff & Key 2009). 
Initially, it was assumed that the rocks of the Kiru-
ruma River formation also had a Neoproterozoic 
age (Westerhof et al. 2011), coeval with glaciogenic 
deposits of the Bunyoro Group in central Ugan-
da (Hirst 1926, Davies 1939, 1940, Watkins 1956, 
Bjørlykke 1973, 1981, van Straaten 1976, Wester-
hof et al. 2014).  

Subsequently, it was realised that the deposits of 
the Kiruruma River formation occur in the same 
setting as the indurated glaciogenic sedimentary 
strata that fill the Katonga River valley (Bradley 
et al. 2010, Bradley 2010, Bradley 2012), located 
~100 km north of the Kiruruma River deposits. 
Previously, these sediments were supposed to be of 
Miocene age (Bishop 1969). Apatite fission track 
analysis demonstrated, however, that these glacio-
genic diamictites and laminites, occurring below 
the pre-Pliocene (Mesozoic?) arkoses and alluvial 
material, are of Lower Karoo age (Permo-Carbon-
iferous; ~318 to 270 Ma; Bradley et al. 2010, Brad-
ley 2012). Hence, they can be correlated with other 
Karoo rocks of Uganda, encountered in four small 
areas, measuring less than 70 km2 in total.  Three of 
these occur along the northern shores of Lake Vic-
toria: one on Dagusi Island, the second one near 
the town of Bugiri in south-eastern Uganda, and 
the third one on the Entebbe Peninsula. The lat-
ter occurs in a small, E−W-trending, fault-bound-
ed basin, measuring approximately 1−2 by 5 km. 
Gravity data indicate a maximum thickness of 460 
m in the eastern part of the trough, decreasing to 

A

E
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415 m in the western side of the peninsula (Brown 
1950). From outcrop and bore hole data, it fol-
lows that the unit is composed of dark, laminated 
varved shales of probable glacio-lacustrine origin 
(Schlüter et al. 1993), which, based on fragments 
of plant remains, yielded an Early Permian Ecca 
age (~280−270 Ma). Fluviolacustrine clastics with 
bituminous shale have also been reported in bore-
holes from the Albertine Rift (Abeinomugisha 
2004). Further afield, in the Congo River Basin, 
correlation with a 900- to 1400-m-thick, easterly 
derived succession of diamictites, dark siltstones 
and black shales, yielding a palynological Lower 
Karoo (Permo-Carboniferous) age (Linol et al. 
2013), is evident. 

López-Gamundí & Buatois (2010) reconstruct-
ed the Palaeozoic polar path of the south pole 
wandering over the Gondwana Supercontinent 
(after Powell & Li 1994), moving from eastern Bra-
zil (360 Ma ago), over central Africa (being close 
to Uganda, 340 Ma ago) to Antarctica, and finally 
to Australia (250 Ma ago). Like the Lower Karoo 
deposits of the Congo River Basin, the Permo-
Carboniferous (~318 to 270 Ma) Karoo deposits of 
Uganda are correlated here with basin deepening 
and major transgression that can be linked to the 
final deglaciation of Gondwana around 300 Ma 
(Linol et al. 2013). 

Nyblade & Brazier (2002) argued that, following 
mid-Cenozoic doming of the East African Plateau 
and Neogene development of the western branch 
of the East African Rift System (EARS) (Fig. 14), 
the formerly westward flowing rivers of Uganda, 
including the Katonga River, were reversed by 
rift flank uplift (Taylor & Howard 1998). Bradley 
(2012) suggested that the present Katonga river 
valley is exploiting a late Palaeozoic glacial val-
ley exhumed from beneath a pre-Rift sedimentary 

cover. The small outcrops found in the Katonga 
valley represent the NE corner of a large region of 
Lower Karoo-age glaciogenic sediments compara-
ble, even identical, to the once-buried Palaeozoic 
landscape in the eastern Congo, as described by 
Cahen & Lepersonne (1981) and more recently 
by Tack et al. (2006), Delor et al. (2008), Delpom-
dor et al. (2008) and Linol et al. (2013). Thermal 
history modelling of the Katonga glaciogenic de-
posits by Bradley (2012) revealed that, following 
exposure during the Palaeozoic, the apatite grains 
in these deposits were reheated to a temperature 
above 60°C, suggesting that they were buried again 
to a depth of greater than 1 km during the Meso-
zoic Era. 

A similar scenario is suggested for the glacial 
deposits exposed in the valley of the Kiruruma 
river. Prior to uplift of the eastern shoulder of the 
Albertine Rift, it is postulated that this river flowed 
to the north-west, parallel to sandstone ridges of 
the Akanyaru-Ankole Supergroup in the pre-Rift 
palaeo-landscape of the North Kibaran Belt, to 
join further northwards the formerly westward 
flowing rivers of Uganda. Due to uplift, the flow 
of the Kiruruma river was reversed to the south-
east, and a watershed was formed with the Ishasha 
River still flowing to the north-west, both rivers 
exploiting a single late Palaeozoic glacial valley. 

The formation of the EARS and coeval uplift in 
East Africa resulted in large-scale erosion of the 
Mesozoic and older cover, with Karoo rocks only 
exposed in the deepest parts of fault-controlled 
basins (e.g., the Entebbe peninsula) and in some 
current valleys, exploiting late Palaeozoic glacial 
valleys (e.g., the valleys of the Katonga and Kiru-
ruma rivers). Various authors have reported sub-
outcrops of Karoo rocks in down-warped areas in 
Uganda, such as Lake Victoria and the Albertine 

Fig. 14. Topographic profile from the Congo River Basin to East Africa (from Bradley 2012). Formation of the EARS, includ-
ing the Albertine Rift, caused reversal of the formerly westward flowing rivers (e.g. the Katonga River). Coeval uplift of East 
Africa caused large-scale erosion of the post-Pan African Mesozoic and older cover. Only the deepest parts of the Karoo  
sequence were preserved in small areas in pre-Rift, late Palaeozoic glacial valleys and graben structures, while these rocks were 
extensively preserved in the Congo River Basin. 
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Rift (Hopwood & Lepersonne 1953, Harris et al. 
1956, Schlüter 1997, 2006, Abeinomugisha 2004). 
In the latter location this has not been confirmed, 
so far, by recent extensive hydrocarbon explora-

tion drilling. The oldest sediments encountered in 
bore holes in the Albertine Rift are Late Miocene 
in age (Ovington & Burden 2009). 
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INTRODUCTION

The aim of this study was to evaluate the geohaz-
ard potential of Uganda and to add this informa-
tion to the newly produced geological maps of the 
Uganda Geological Mapping Project. To do so, 
existing information had to be found in archives 
of geohazard-related stakeholders in the country, 
or new geohazard-related information, such as the 
locations of landslides and flooded bridges, had to 
be mapped and collected. The work was divided 
between two field trips in Uganda and desktop 

studies before and after the visits. During the first 
visit, in May 2010, literature was reviewed and 
stakeholders were identified, and a field trip to the 
site of a disastrous landslide in Eastern Uganda 
was organized. During the second visit, in March 
2011, the geohazard potential of the northern part 
of Uganda, including the Rwenzori Mountains, Al-
bertine Rift Valley and Fort Portal volcanic fields, 
was mapped and assessed.

MATERIALS & METHODS

The task of the mapping project was to identify 
geohazards in Uganda. Since little organized data is 
available in Uganda concerning landslides or other 
geohazards, a method had to be found to gain an 
initial indication of the distribution. Districts hav-
ing a landslide risk were identified from the exist-
ing literature. However, no standardized inventory 
of past landslides (coordinates, classification and 
damage potential) was available.

During the first visit, data were collected and the 
available literature was reviewed. Geohazard-rele-

vant stakeholders were identified and interviewed 
(Table 1). A similar approach was used during the 
Copperbelt Environmental Project in Zambia (GTK 
2007) in order to obtain information on envi-
ronmental monitoring and available GIS data on 
mining areas from public authorities and mining 
companies. Table 1 provides an overview of the 
stakeholders identified and interviewed during 
this stage of the project.

Table 1. Stakeholder list and their connection to geohazard data collection

Stakeholder Name Stakeholder field of expertise 

Department of Geological Survey and Mines 
(DGSM) of Uganda (Client)

Geology, seismology, volcanic activity, geothermal  
activity, geohazards, GIS data

Department of Geology, Makerere University Geology, seismology, volcanic activity, geothermal 
activity, geohazards,

Department of Geography, Makerere University Soil science, soil properties, climatology, vegetation

Department of Disaster Management, Relief and 
Refugees

Natural hazards and disaster data

Department of Disaster Preparedness Disaster information, GIS data

Department of Meteorology Climate data, precipitation data

National Environment Management Agency (NEMA) Environmental data relevant to geohazards

Uganda National Museum GIS data, existing maps and exhibitions

Uganda Wildlife Authority GIS data for national parks, forest reserves

UN OCHA GIS data on disaster risk and humanitarian affairs
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A customized questionnaire was developed in or-
der to:
1) obtain local expert opinions on the geohazards 

in the country;
2) ask for existing literature or available data and 

whether it would be possible to share this data 
with the project; 

3) enquire about geohazard-relevant locations, 
such as where landslides have occurred; and 

4) obtain directions to the locations, either by de-
scription or by providing local guides.

During the first visit in 2010, a preliminary geo-
hazards overview map of Uganda (Fig. 3) was pro-
duced containing the information gained from the 
literature review. This map only shows the spatial 
occurrence of different geohazards at the district 
or sub-county level where data were available. The 
geohazard-prone areas are indicated in combina-
tion with the areas earmarked as game reserves, 
forest reserves or national parks for planning pur-
poses, as this was requested by the client, DGSM. 

Landslide-prone areas in Uganda: results from the literature review

Biryabarema et al. (2002) reported landslide-prone 
areas in the Districts of Kabale. Erima (2004) more 
specifically reported recent landslides in the areas 
of Rubaya, Bufundi and Kashambya sub-counties 
of Kabale in 2000, Kasese Districts in May 2001, 
and Bundibugyo Districts in late 2001 and May 
2002, as well as in the sub-counties of Wanale, Bu-
sano and Bufumbo of Mbale District and Kyangya 
village in the Bishenyi District on 7 May 2002. 
Erima (2004) also described the soil properties of 
some sampled soils in sub-county of Bubita, and 
presented a table of reported landslides and result-
ing damage extending back to 1818 (from Knapen 

2003). Claessens et al. (2007) modelled landslide 
hazard areas with the Lapsus-LS landslide model 
and compiled a landslide hazard map of the Mt. 
Elgon area. In 2011, Kitutu published her research, 
including the aforementioned papers by Knapen et 
al. and Claessens et al., in the form of a PhD thesis 
(Kitutu 2010). 

A preliminary geohazard map of Uganda has 
been produced that focuses on landslides in the 
areas of the Rwenzori Mountains, Mt. Elgon and 
mountainous regions of SW Uganda (see Fig. 3). 
Little detailed research has been conducted in ar-
eas other than the Mt. Elgon area.

Flood-prone areas of Uganda: Results from the literature review and mapping

The first map of flood-prone areas of Uganda (see 
Fig. 4) has been produced, having a focus on the 
northern districts and the northern shores of Lake 
Kyoga. Furthermore, flash floods have been re-
ported in the Arua area (Fig. 1) and in the Kam-
pala region since at least 1996.  In general, little 
data or literature is available in connection with 
flooding in Uganda. Some areas around Mt. Elgon 
and the Rwenzori Mountains and the mountain-
ous regions of SW Uganda are also indicated as 
flood-prone areas. Many of the interviewees stated 
a possible connection with changing precipitation 
patterns due to climate change or a connection 
with El Niño years. Some information on flood-

prone areas in Uganda was gained from the Kam-
pala office of the United Nations Office for Coordi-
nation of Humanitarian Affairs (UN OCHA) and 
included, for example, in the overview map (see 
Fig. 3). A visit to the Department of Hydrology 
in Entebbe revealed that no information is avail-
able on a catchment area basis, including detailed 
hydrological parameters (such as river cross-sec-
tions, flow velocities and water gauge data) of the 
rivers, which would have been necessary to per-
form a flood-plain analysis. However, a detailed 
flood-plain analysis on a regional scale would have 
been beyond the scope of the project. 

Seismicity and volcanism in Uganda

Given the location of Uganda as a part of the west-
ern branch of the East African Rift System (EARS), 
one can expect earthquake intensities ranging 
from moderate for the eastern parts of the coun-
try and shores of Lake Victoria (degree IV) to very 

strong (degree VII) in the northern and southern 
parts of the Albertine Rift, and destructive (degree 
VIII) for areas adjacent to Lake Albert (degrees ac-
cording to the Modified Mercalli Scale; UN OCHA 
2007). 
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Historical earthquake data have been collected 
from the geophysical department of DGSM and 
from the annual reports of the Ministry of Energy 
and Mineral Development (MEMD 2000–2008). 
Furthermore, Hollnack (2001) published the first 
overview of epicentres in eastern Africa, also show-
ing the existing monitoring stations in the county. 
Hampton (1995) provided a detailed description 
of the Fort Portal earthquake of 1994. A first map 
showing the seismicity of Uganda was published 
in 1967, shortly after the devastating earthquake 
of 1966 (Loupekine 1966). This map is displayed 
at the Department of Geology of Makerere Uni-
versity.

The Department of Geological Survey and 
Mines (DGSM 2010) provided data files on epi-
centres recorded by the Seismological Unit during 
1960–2008. Some missing years were manually re-

trieved from the Annual Report mentioned above. 
Newer earthquake data and research, mainly from 
the Rwenzori Mountains area and surroundings, 
were collected in the RiftLink project and pub-
lished by Lindenfeld et al. (2012) and Lindenfeld 
& Rümpker (2011).

The area around the Rwenzori Mountains is the 
most seismologically active area in Uganda. The 
Rwenzori Mountains are a horst structure and rep-
resent a basement block of extreme topography 
within the rift basin. The majority of seismic events 
lie within fault zones east and west of the moun-
tains, and the highest seismic activity occurs in the 
northeastern part, where the mountains are in con-
tact with the rift shoulders (Lindenfeld et al. 2012), 
and between Lakes Albert and George, where the 
mountains are not separated by a graben from the 
rift shoulder (Lindenfeld & Rümper 2011). 

The volcanic fields of Western Uganda

There is no active volcanism in Uganda. However, 
geothermal springs around the Rwenzori Moun-
tains block and bubbles of CO2 in maar lakes are 
indicative of the presence of magma chambers and 
a high temperature gradient in the rift valley in 
Western Uganda. 

The Ndali-Kasenda Volcanic Field is located west 
of the Kibale Forest National Park, approximate-
ly 20–30 km south of Fort Portal. The field is of 

Holocene age and mainly consists of carbonatitic 
tuffs. There are about 60 permanent or seasonal 
freshwater crater lakes around the trading centres 
of Kasenda, Rweetera, Kabata and Rwaihamba.

The Fort Portal Volcanic Field is located NW of 
the eponymous town. The field is of Holocene age 
and mainly consists of carbonatitic tuffs and lavas. 
Local folk tales suggest volcanic activity in histori-
cal times, which was confirmed by an age determi-

Fig. 1. The gorge of the Oguta River, where a flash flood occurred in 2008 (left), and the adjacent bridge, which was rebuild 
after the incident (right).
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nation of 2120 BC ± 100 years (Holmes 1950). The 
field is possibly in a dormant stage.

The Bunyaruguru volcanic field is located along the 
eastern side of the Western Rift Valley, south of 
Lake George. There are more than 130 maars, 27 of 
which contain lakes with water ranging from fresh 
to saline. The age of the field is from late Pleisto-
cene to Holocene.

The Katwe-Kikorongo Volcanic Field stretches 
from the NE shore of Lake Edward to the western 
shore of Lake George. The field contains several 
tuff cones and maars, some of which have lakes. 
Here, local folk tales also suggest that there has 
been volcanic activity in historical times.

Additional information about the volcanic fields 
of Western Uganda was obtained by the website of 
the Smithsonian Institution (Siebert et al 2002).

Other Geohazards: Geotechnical hazards due to unfavourable soil properties

During the field trip to the village of Kaiso, an area 
close to the shores of Lake Albert was visited where 
damage to houses and huts had been reported due 
to unfavourable soil properties (see Fig. 2). The 
soils in focus here are clay rich vertisols (lat. turn-
over soils), also known as black-cotton soils. Verti-
sols are typical soils of the savannah and are often 
found in depressions or lowlands (Stahr 2001). 
These soils are characterized by a clay content of 
30% or more in all horizons to a depth of at least 

50 cm. Vertisols develop cracks from the soil sur-
face downwards during dry periods (shrinking) 
and swell during wet periods. The constant swell-
ing and shrinking causes cracks in houses or huts 
if the foundations are within the vertisol soil layer. 
Some container houses (e.g. hospital wards) were 
sponsored by Tullow Oil PLC and have deep piles 
that extend below the soil layer to avoid damage. 
Soil samples were taken by DGSM scientists in or-
der to analyse the soil properties.

Field visit 2010: The exceptional landslide of 1 March 2010 in the Bududa District

The Bududa landslide incident of 1 March 2010 
in the village of Nametsi is the most disastrous 
that has occurred in Uganda in recent years. Even 
though landslides are common in the country, es-
pecially in the Mt. Elgon area, such a severe inci-
dent has not happened before. The disaster started 
at 8:10 pm, after heavy rainfall throughout the 
day. In addition to the inhabitants of the village, 
numerous travellers sought shelter from the rain, 

which increased the number of casualties. After 
the disaster, 65 bodies were recovered, and it was 
claimed that over 300 people remained missing in 
the rubble. Smaller dozers were airlifted to the site 
by UN helicopters to bull help with the recovery 
procedure, but it was not possible to recover more 
bodies without the help of heavy machinery at the 
site. If the numbers are correct, the site is now a 
mass grave.

Fig. 2. Damaged houses in the village of Kaiso (Hoima District), Lake Albert
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Based on the field survey at the site and the eval-
uation of information obtained via interviews with 
the local guide and inhabitants of Nametsi village 
and two adjacent villages, the event was caused by 
the following controlling factors:
•		 Unfavourable	 rock	 types	 and	 soils	 (volcanic	

rock, clays);
•		 A	very	high	 slope	and	 steep	mountainous	 ter-

rain;
•		The	contrast	in	the	permeability	and	stiffness	of	

the material at the boundary between the soil 
and volcanic rock;

•		 Excavation	of	the	slope;
•		 Deforestation;
•		 Saturation	of	the	preliminary	clay-rich	soils	by	

long-lasting rainfall, raising the pore pressure 
and finally triggering the landslide.

The landslide occurred when the pore pressure 
in the uphill saturated clays exceeded the shear 
strength of the volcanic rock, and comprised a 
mixture of large boulders of volcanic rock and de-

bris of the saturated clays. The landslide followed 
gravity, accumulating additional material from 
saturated soils downwards and hitting the village 
of Nametsi. Field observations of the landslide 
and interpretation of the event are documented in 
an additional article in this volume entitled “The 
Bududa landslide of 1 March 2010”. 

This landslide was exceptional for Uganda be-
cause of the large number of casualties. Normally, 
landslides are mainly shallow and occur in the area 
bound to the upper soil layers or, as was observed 
during the visit, rock boulders fall down from up-
hill volcanic cliffs. This slide was a combination of 
both. It would be of scientific interest to sample the 
involved soil and rock types and determine their 
physical properties in the laboratory. 

During the visit to Uganda in May 2011, several 
other landslides and heavy rainfall were reported 
by the daily newspapers in the country (e.g. Daily 
Monitor on 29.04.2010), as well as the loss of bridg-
es due to high water levels in rivers in the Bududa 
District and other areas of the Mt. Elgon region.

Field visit 2011: 

During the second field trip in 2011, the western 
and northern parts of the country where visited. 
The main areas of interest were the Rwenzori Mts. 
(landslides, seismic activity, geothermal activity), 

the volcanic fields around Fort Portal, the Alber-
tine Rift valley, the mountainous areas in the north 
and the flood-prone areas around Gulu.

Geoprocessing of landslide-prone areas with DEMs and GIS software

The landslide-prone areas have been modelled 
with the help of ArcGIS software using the avail-
able SRTM data, resulting in a Digital Elevation 
Model (DEM) (Jarvis et al. 2008) of the country. It 
was decided to reclassify the model into two slope 
classes (class 1, slope angles from 25º to 35º; class 

2, slope angles from 36º to 45º). Since the SRTM 
data only have a resolution of 90 * 90 m, areas 
smaller than 1 ha had been excluded. Artifacts re-
sulting from the geoprocessing had to be identified 
and manually deleted from the model.

RESULTS FROM MAP PRODUCTION

For a total of 12 maps sheets at the scale 1:250 K, 
the following GIS layers were produced:
•	 Probable landslide-prone areas;
•	 Locations of recorded landslides;
•	 Epicentres of recorded earthquakes for the 

years 1960–2008;
•	 Locations of flash floods and destroyed bridges;
•	 Locations of potential hazardous volcanic  

activity.

Furthermore, symbologies in the GIS were cre-
ated for landslides sites, flash floods and destroyed 
bridges that had been mapped in the field. In order 
to visualize the landslide-prone area, a colour and 
pattern had to be found that is easily recognizable 
in combination with the underlying lithology pat-
terns and colour schemes (see Fig. 4).

Figure 4 presents the results of the literature re-
view, in which districts and sub-counties where 
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Fig. 3. Preliminary map of the occurrence of geohazards (landslide- and flood-prone areas only) at the district level based on 
a literature review compiled during the first visit in 2010 (updated version: Staudt 2012).
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landslides and flooding have occurred in the past 
were identified. The figure does not show the actu-
al locations of the hazards, but the administrative 
occurrence of geohazards. Similar maps have been 
produced, for example, for geohazards in Europe 
during the ESPON 1.3.1 project (Schmidt-Thomé 
2006).

Figure 4 illustrates the result of the slope analy-
sis for the whole country. Depending on the local 
conditions, including soil types, rock types, veg-
etation cover and triggering events such as heavy 
rainfall or an earthquake, or a combination of 
both, landslides are probable in these areas. This 

has been confirmed in past years, even for an area 
in the north not known for landslides, where a 
rockfall occurred. 

An example of the resulting maps is presented 
in Figure 5, which show the combined results of 
slope analysis and earthquakes that have occurred 
in the areas, with geology in the background the 
Rwenzori Mountains (map sheets Mbarara and 
Fort Portal, GTK Consortium 2011). A map of 
the landslide-prone Mt. Elgon region, infamous 
for the recent deadly landslides, is presented in 
this volume in the article “The Bududa landslide of  
1 March 2010”. 

Fig. 4. Overview map of slope analysis results illustrating possible landslide-prone areas of Uganda in two slope classes. GTK 
Consortium (2011).
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Fig. 5. Multihazard map for the Rwenzori Mountains, Western part of Uganda. GTK Consortium (2011).
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DISCUSSION

The GIS analysis method using DEMs for slope 
and aspect calculations in the case of landslides are 
standard procedures when modelling landslide-
prone areas. More geoprocessing steps towards 
landslide susceptibility maps are possible when a 
greater amount of input data, such as detailed soil 
maps and vegetation cover, are available. Due to the 
limited time frame and the limited data availabil-
ity for the geohazard mapping part of the project, 

the produced maps are only a first step towards the 
development of multi-geohazard and risk maps for 
Uganda. In the case of earthquakes, all available 
records have been used and visualized. However, 
no detailed data were available on floods. The pro-
duced overview map only provides an initial indi-
cation of where floods occur in Uganda. Detailed 
flood plain analysis on a local scale was beyond the 
scope of this project. 

CONCLUSIONS

During the two GTK Consortium projects, the 
whole of Uganda was mapped for geohazards at 
the scale 1:250 K. For 12 maps sheets, the sites of 
landslides and floods were visited and mapped. GIS 
layers of landslide locations, earthquake epicen-
tres, floods and flash floods have been produced 
and added to the geological maps. Slope analysis 
using a DEM and GIS analytical tools has mapped 
possible landslide-prone areas of the country. The 
produced maps are a valuable tool that can be used 
in validating future landslides and planning future 
countermeasures or managing geohazard-related 

activities. Landslide-prone areas have been iden-
tified in the Mt. Elgon area, the Rwenzori Moun-
tains and the SW of Uganda. Earthquake epicen-
tres are mainly distributed in the Albertine Rift 
and the Rwenzori Mountains and adjacent areas 
(map sheets Fort Portal and Hoima). Floods occur 
in the Mt. Elgon area, Rwenzori Mountains, the 
northern shores and adjacent areas of Lake Kyoga, 
and in the northern districts in the maps sheets of 
Gulu, Kitgum and Masindi. Flash floods occur in 
Kampala and on the map sheet Pakwach. 

FUTURE WORK

It would be of considerable importance in the fu-
ture to collect all information on geohazards in the 
country in a centralized way, possibly hosted by 
the Department of Geological Survey and Mines 
or the Disaster Risk Reduction Office, to create 
a geohazards inventory and further improve the 
maps. Furthermore, more field investigations are 
needed, especially in the SW region and the area 
of the Rwenzori Mountains, where research is 
lacking. More research is needed in order to un-
derstand the mechanism and event-controlling 
parameters in the landslide-prone areas to pre-
vent further disastrous landslides, loss of life and 
property. Precipitation in the areas should possibly 
also be taken into consideration in the map pro-

duction process. However, precipitation data nor-
mally consist of annual mean values, which do not 
provide information on extreme rainfall events. 
In the case of landslides, such events are the main 
triggers. More detailed soil property information 
would also comprise a useful input layer for future 
map overlay calculations, but this would require 
intensive soil mapping surveys or digitalization 
of existing maps. Finally, an important meas-
ure would be to establish monitoring stations for 
precipitation, as well as for slope movements on 
high-risk slopes, especially in the Mt. Elgon area, 
where severe landslides have previously occurred 
and more knowledge is available. This might help 
to prevent such disastrous incidents in the future. 
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INTRODUCTION

The Mount Elgon area in Eastern Uganda is the 
landslide “hot spot” of the country. This is due 
to the steep slope angles and unfavourable litho-
logical conditions, as well as the present climatic 
conditions and the exceptionally dense popula-
tion for such a remote area. All types of gravity 
movements are common and can be observed in 
the area (mudslides, soil creeping, rock falls, land-
slides). However, many areas have been deforested 
for agriculture or slopes have been undercut, re-
sulting in the lowering of slope stability. Heavy 
rainfall can trigger catastrophic events if various 
event-controlling factors are combined. This paper 

describes the landslide that occurred on 1 March 
2010; its possible causes, and documents its effects. 

The Mbale map sheet area in Eastern Uganda 
is infamous for the occurrence of landslides.  The 
landslide event of 1 March 2010 in Nametsi village, 
Bududa District, was the largest that has occurred 
in Uganda in terms of casualty numbers. Even 
though landslides are common in the country, es-
pecially in the Mt. Elgon area, such a severe inci-
dent has rarely happened before. Table 1 provides 
an overview of the landslide incidents recorded in 
the Bududa district since 1933. 

Available literature dealing with landslides in Uganda and in the Mt. Elgon area

Biryabarema et al. (2002) reported landslide-prone 
areas in the Districts of Kabale, Mbarara, Rukun-
giri, Kasese, Bundibugyo, Kabarole, Bushenyi, 
Kanungu, Kapchorwa, Sironko and Mbale. Erima 
(2004) more specifically reported recent landslides 
in the areas of Rubaya, Bufundi and Kashambya 
subcounties of Kabale District in 2000, Kasese 
Districts in May 2001, Bundibugyo Districts in 
late 2001 and May 2002, in the subcounties of 
Wanale, Busano and Bufumbo of Mbale District, 
and Kyangya village in Bishenyi District on 7 May 
2002. Erima (ibid.) also described the properties 
of some sampled soils in the sub-county of Bubita, 
and presented a table of reported landslides and 
resulting damage extending back to 1818 (from 
Knapen 2003). 

Research on the topic in the Mt. Elgon area has 
mainly been carried out by Claessens et al. (2007) 
and Kitutu et al. (2010).  Claessens et al. (2007) 
modelled landslide hazard areas with the Lap-
sus-LS landslide model and compiled a landslide 
hazard map of the Mt. Elgon area. Finally, Kitu-

tu (2010), in a meeting at the Office of the Prime 
Minister, presented the first draft of a paper pro-
viding an overview of the landslide hazard in the 
mountainous areas of Uganda. Later in 2010, her 
research, including the aforementioned papers by 
Knapen et al. (2006)  and Claessens et al. (2007), 
were published in the form of a PhD thesis (Kitutu 
2010). 

Mugagga et al. (2011) determined the physical 
soil properties of three landslide sites in the Mt. 
Elgon area, including the Nametsi site (see the sec-
tion on geotechnical aspects of landslides below).

Gorokhovich et al. (2011, 2013) published an 
abstract and a paper dealing with the Bududa land-
slide of 1 March 2010. However, these provide no 
field information, and give a vague interpretation 
of a satellite image and some general recommen-
dations about monitoring. A much more detailed 
satellite interpretation of the impacts and effects of 
the landslide was published by Unitar/UNOSAT 
(see Fig. 1), in which the houses existing before and 
after the slide were mapped. This revealed the mas-
sive impact of the slide, which destroyed approxi-
mately 50 houses. The interpretation additionally 
indicates secondary shallow slides west of Nametsi 
Parish, which can also be seen in the background 
in Figure 2.1.

The aftermath of the landslide and conditions in 
the Bulucheke refugee camp were described in a 
paper by Atuyambe et al. (2011). 

Other landslides hit the Bududa District on 25 
June 2012 and in 2013. The location of the land-
slide from 2012 is indicated in Figure 2.7.

Table 1. Serious landslides and loss of life in the Bududa  
District since 1933 (modified and updated after Kitutu 2010)

Year No. of people killed
1933 25
1964 18
1970 60
1997 48 and 10,000 displaced
2010 365 and many displaced 
2011 3
2012 8 and many displaced
2013 1, 17 injured



375

Geologian tutkimuskeskus, Special Paper 56  
The Bududa landslide of 1 March 2010

Geology of Mount Elgon 

Mt. Elgon is an extinct shield volcano of Miocene 
age, covering an area of 3,500 km2 at the border 
with Kenya in Eastern Uganda. The volcanic se-
quence overlying the Archaean bedrock mainly 
consists of alkaline tuffs, agglomerates and lavas 
(Davis 1952). Mt. Elgon is comprised of various 
types of volcanic rocks of the Bugishu Group. The 
main lithological units are the Moroto and Waga-
gai formations belonging to the Upper Bugishu Se-
ries (Westerhof et al. 2014).

The site of the Bududa landslide consists of 
volcanic mudflows of the Wagagai Formation 

(NeEag), named after the highest peak of Mt. El-
gon (Wagagai peak, 4321 m), and comprising ma-
terial from agglomerates, lavas, nephelinites and 
phonolites (see geologic map Fig. 2.7). A close-up 
of the volcanic rock involved in the landslide is 
presented in Figure 2.5. These lahar-like mudflows 
form terraces, which build up the cliffs of the side 
valleys in the Bududa area. The volcanic flows are 
generally composed of angular to weakly rounded, 
porphyritic nephelinite lava fragments in an un-
sorted, grey to greenish grey, tuffaceous matrix 
(Westerhof et al. 2014).

Climate, vegetation and soils of Mount Elgon

The climate of Mt. Elgon shows a bimodal pat-
tern of rainfall, with the wettest months occurring 
from April to October (Van Heist 1994). In 2010, 
rainfall was already exceptional throughout Feb-
ruary and March. The typical soil association of 
a tropical mountainous region normally consists 
of Regosols (daily frost), Andosols, Histosols and 
Nitisols (Stahr 2001). The genesis of the differ-
ent soil types depends on the mean temperature 
(function of elevation), the rock types, slope an-
gles and water availability. Soils in the Mt. Elgon 

area are mainly Andosols, Nitisols, Vertisols and 
laterite. Kitutu (2010) described some soil pro-
files and their properties in the area in more de-
tail. Mugagga et al. (2011) examined the physical 
soil properties of the recent landslide sites in the 
Bududa District and also analysed several sam-
ples from the Nametsi site. Most soil samples have 
been classified as Vertisols. The main clay minerals 
found are illite and kaolinite, both highly plastic 
(Mugagga et al. 2011).

The Nametsi landslide of 1 March 2010

The Budada District was hit by several landslides 
in 2010, but the main disaster occurred on 1 
March 2010 in the village of Nametsi. This land-
slide was visited during fieldwork in April 2010 
with DGSM staff to gain an initial impression of 
the situation. The site is not accessible by car, but 
can be reached by foot within 1–2 hours from the 
access road. The Physical Planner of Bududa Dis-
trict guided the field team to the location and pro-
vided background information. The disaster start-
ed at 8:10 pm, after heavy rainfall throughout the 
day. In addition to the inhabitants of the village, 
numerous travellers sought shelter from the rain, 
which increased the number of casualties. After 
the disaster, 65 bodies were recovered, and it was 
claimed that over 300 people were still missing in 
the rubble. Smaller bulldozers were airlifted to the 
site by UN helicopters to help with the recovery 

procedure, but it was not possible to recover more 
bodies without the help of heavy machinery at the 
site. If the number of casualties is correct, the site 
is now a mass grave.

This landslide was exceptional for Uganda be-
cause of the large number of casualties, and sec-
ondly because of the nature of the landslide. It 
would be of scientific interest to sample the in-
volved soil and rock types and determine their 
physical properties in the laboratory in more de-
tail. Some soil samples have been taken and ana-
lysed by Mugagga et al. (2011).

During the visit to Uganda in 2010, several 
other landslides and heavy rainfall were reported 
by the daily newspapers (e.g. Daily Monitor on 
29.04.2010), as well as the loss of bridges due to 
high water levels in rivers of the Bududa District 
and other areas of the Mt. Elgon region.
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Classification of landslides

Fig. 1. The Bududa landslide site shortly after the event. Satellite image interpretation. Yellow squares indicate houses that were 
destroyed by the landslide. Analysis by Unitar, source UNOSAT, 2010 (http://www.unitar.org/unosat/node/44/1440).
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Map 1: Namasheti before landslide
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Map 2: landslide zone without vector annotation
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Map 3: Analysis overview of landslide zone 
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The USGS factsheet (USGS 2004) provides a 
first overview of landslides types and processes. 
The USGS publication “The landslide handbook”  
(Highland et al. 2008) contains more detailed in-
formation, also about monitoring and counter-
measures. Normally other landslides in the area 
are mainly shallow, as observed in neighbouring 
ridges (see Fig.1). These shallow slides are bound to 
the upper soil layers. The other very common and 
abundant form of gravitational movement is rock-
falls. Boulders of all sizes fall down from volcanic 
cliffs and ridges. It is clear that all kinds of gravita-
tional movements have to be expected in this type 
of mountainous environment. To classify land-
slides, the classification proposed by Varnes (1978) 
is normally used. An attempt was made to classify 
the Bududa slide by using this classification. 

Varnes (1978) classified landslides according 
to the type of movement on the one hand and the 
type of materials involved on the other. Types of 
movement are grouped into falls, slides and flows. 
The materials concerned are simply grouped as 
rocks and soils. It is possible for a complex land-
slide to occur that does not strictly belong to one 
category or another, meaning that mixtures of ma-
terials and two principal types of movement are 
possible within one slide event (complex slides). 
Table 2 provides a simplified overview of the Var-
nes classification. A more detailed overview with 
example sketches from Varnes is presented in Bell 
(1993, p. 62, Fig. 3.7) or in the original publication 
(Varnes 1978). 
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Causes of Landslides 

Landslides are a natural phenomenon and occur 
predominantly in mountainous regions. They are 
normally triggered by long-lasting rainfalls and 
unfavourable conditions such as high slope angles, 
the loss of vegetation cover, unfavourable geologi-
cal structures, rock types or soil types (USGS 2004). 
These unfavourable conditions can be summarized 
as event-controlling parameters.	

One can further distinguish between geological, 
morphological and human causes. One important 
trigger is long-lasting rainfall, which was also the 
trigger in the Bududa case. Since the incidents ap-
pear to have increased in recent years, another pos-
sible cause might also be changing weather patterns, 
resulting from climate change. However, it is clear 
that a landslide incident is caused by different trig-
gers, always depending on the local situation (e.g. 
heavy rainfall, earthquake).

An overview of the different causes of landslides is 
presented below (after USGS 2004):

Geological causes are summarized as:
a) Weak or sensitive materials
b) Weathered materials
c) Shared, jointed or fissured materials
d) Adversely oriented discontinuity
e)  Contrast in permeability and/or stiffness  

  of materials

Morphological causes are summarized as:
a) Tectonic or volcanic uplift
b) Glacial rebound
c) Fluvial, wave or glacial erosion
d) Subterranean erosion

e) Deposition loading slope or its crest
f) Vegetation removal
g) Thawing
h) Freeze-and-thaw weathering
i) Shrink-and-swell weathering

Human causes are summarized as:
a) Excavation of the slope or its toe
b) Loading of the slope or its crest
c) Drawdown of reservoirs (and ground-  

  water table)
d) Deforestation
e) Irrigation
f) Mining
g) Artificial vibration
h) Water leakage from utilities

Additionally, the following should also be   
 included: 

  Climatic/Meteorological Causes
a) Climate Change (change in rainfall  

  patterns)
b)  El Niño/La Niña years (long-lasting rain- 

  falls or drought)

In 2010, the heavy rainfalls already started earlier 
than usual. It is speculated that rainfall periods 
are shifting, possibly due to changing weather pat-
terns. This was confirmed by local scientists from 
the Makerere University. One of these reported a 
five-year cycle of flooding, possibly following the 
El Niño pattern. Deforestation activities upslope of 
the site might also have contributed to the disaster.

Table 2. Landslide classification after Varnes, simplified (1978). Source: USGS

TYPE OF MOVEMENT TYPE OF MATERIAL  

  BEDROCK ENGINEERING SOILS

   
Predominantly 
coarse

Predominantly 
fine

FALLS Rock fall Debris fall Earth fall

TOPPLES Rock topple Debris topple Earth topple

SLIDES: ROTATIONAL Rock 
slide

Debris
slide

Earth
slideTRANSLATIONAL

LATERAL SPREADS Rock spread Debris spread Earth spread

FLOWS Rock flow Debris flow Earth flow

  Deep creep Soil creep

COMPLEX Combination of two or more principal types of movements and/or type of material



378

Geological Survey of Finland, Special Paper 56 
Michael Staudt, Eira Kuosmanen, Paula Babirye and  Isa Lugaizi

Geotechnical aspects of landslides

Table 3. Geotechnical parameters determined from soil sam-
ples from the Nametsi site, Bududa (after Mugagga et al. 
2011).

Geotechnical parameters for Nametsi 

Atterberg limits (%)

Liquid limit (LL) 47

Plastic limit (PL) 14

Plasticity index (PI) 33

Bulk density gb (Mg/m3) 2.29

Normal stress dn (kPa) 151

192
233

Shear strength ts (kPa) 90

108.3

127

Cohesion C (kPa) 22

Angle of internal friction f (º) 24

Factor of safety Fs 1.88

According to Smith (2004), landslides are move-
ments of rock and soil along slip surfaces. They are 
caused by a disturbance of the equilibrium that nor-
mally exists between stress and strain in the mate-
rial located on the slope. The relationship between 
stress and strain is determined by the elevation, the 
steepness of the slope, the density of the material, 
and the cohesive strength and friction of the materi-
als on the slope. Instability occurs when the strength 
of the material comprising the slope is exceeded by 
a downslope stress. The shear strength of the mate-
rial is the maximum resistance to shear stress and 
depends on internal cohesion and internal friction. 
These factors depend on the weight or loading, as 
well as the slope angle and moisture condition of the 
material. Some of these physical soil properties have 
been recorded and analysed by Mugagga et al. (2011) 
at the Nametswi site. They determined the following 
parameters for three soil samples: particle-size dis-
tribution, Atterberg limits, shear strength and factor 
of safety (Fs). They did not sample the volcanic rock 
for its properties, however. A clay content exceed-
ing 32% was identified, implying an extremely high 
expansive potential of the soil. Table 3 provides an 
overview of the analysed samples by Mugagga et al. 
(2011) from the Bududa landslide for some geotech-
nical parameters of the soil. The physical properties 
of the volcanic rock were not analysed. 

Slope saturation by water is a primary cause of 
landslides. This effect can occur after intense rainfall. 
Further detailed investigations at the site would be 
needed to determine more of these factors. The fol-
lowing section describes the main field observations 
during the visit; detailed soil or rock sampling was 
beyond the scope of the mapping project, but should 
be undertaken by follow-up projects.

Field observations 

The site of the landslide was visited on 22 April 
2010. When hiking up to the site, many small slides 
could already be observed on top of the basement 
rock. Extensive undercutting of slopes for housing 
was additionally observed. At the site, the first im-
pression was that the slide is a combination of a 
debris avalanche and a rock fall, since huge rock 
boulders were mixed with the rubble (Fig. 2.1). 

The size of the slide was estimated to be approx. 
1200 x 400 m. However, this was difficult to assess 
in the field, given the mountainous terrain and the 
chaotic placement of the rubble. Figure 2.2 dis-
plays a lateral view of the slide.

New dewatering channels have been created fol-
lowing the slide, besides the old existing ones, pos-
sibly making the slope more unstable. Figure 2.3 

shows the view from the toe of the slide.
In the following, two possible scenarios are de-

scribed that might have led to the disaster: 
Scenario 1: When studying the scarp of the slide 

more carefully, one can see that the slide started 
over the terrace outcrop of the volcanic rock, 
breaking through the outcrop and taking all the 
weaker material with it. Given the height differ-
ence and the weight of the material, this must have 
been a very fast and fierce event. The soil on top 
of the volcanic rock had to be saturated until the 
weight of the soil exceeded the shear strength of 
the rock. Figure 2.4 shows a close-up of the scarp. 
A classification for this scenario according to  
Varnes would be a complex slide. 



379

Geologian tutkimuskeskus, Special Paper 56  
The Bududa landslide of 1 March 2010

Fig. 2.1. One of the boulders 
of volcanic rock on top of 
the debris avalanche, dislo-
cated by the landslide. In the 
background is the moun-
tain, where more shallow 
landslides that occurred at 
the same time are visible. 

Fig. 2.2. Lateral view of the 
Bududa landslide. 

Fig. 2.3. Composite picture 
from the toe of the slide.
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Fig. 2.4. The main scarp of the landslide

Fig. 2.5. Close-up of the chaotic material of a volcanic (lahar type) mudflow.

Scenario 2: It is also possible that the slide started 
below the volcanic rocks within saturated clay-rich 
soils, when the factor of safety was exceeded due to 
the swelling soil. When the slope was weakened by 
the debris flow, the volcanic rocks were also desta-
bilized and came down as rockfalls on top of the 
debris avalanche. Evidence for this is provided by 
rock fragments resting on top of the debris flow. 

A classification for this scenario according to 
Varnes would be a debris avalanche. 

The slide destroyed almost the whole Nametsi 
village, with only a few houses on the fringe of the 
slide still standing (see Fig. 2.6). Altogether, 54 
houses were destroyed according to the satellite 
interpretation of UNITAR (compare Fig. 1.).
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RESULTS

After the field survey at the site and the evaluation 
of information gained from interviews with the  
local guide and inhabitants of Nametsi and two 
adjacent villages, the event was caused by the fol-
lowing event-controlling parameters:

•		Unfavourable	 rock	 types	and	soils	 (volcanic	
rock forming high terraces);

•		A	 very	 high	 slope	 and	 steep	 mountainous	
terrain;

•		The	contrast	in	permeability	and	stiffness	of	
the material at the boundary between the soil 
and volcanic rock where the slide possibly 
originated; 

•		Possible	excavation	of	the	slope	above	and/or	
below the slide;

•		Possible	deforestation	above	the	slide.

The slide was then triggered by long-lasting rain-
fall, which saturated the preliminary clay-rich 
soils, raising the pore pressure of the soil layer on 
top of the volcanic rock. The landslide occurred 
when the pore pressure in the uphill saturated clays 
exceeded the shear strength of the volcanic rock 
and/or the factor of safety in the clay-rich soils was 
exceeded. The landslide material consists of a mix-
ture of large boulders of volcanic rock on top of 
the debris from the saturated clays. The landslide 
may have taken additional material from downhill 
saturated soils before hitting the village of Nametsi 

and its surroundings. People living there and trav-
ellers hiding from the downpour had no chance to 
react and were buried alive. Most of Nametsi vil-
lage was destroyed, as seen in Figure 2.6. 

The location of the slide, the modelled landslide-
prone areas and the geology in the area is shown in 
Figure 2.7. The map is a result of the production of 
multi-geohazard maps for the “Uganda Geologi-
cal Mapping Project”. For the modeling processed 
DEMs (digital elevation models) were used ( Jarvis 
et al. 2008). More details on the production of the 
map are presented in another paper by Staudt et al. 
in this volume. 

Using the classification of Varnes (1978), the 
landslide can be classified as a complex slide, since 
at least two different materials and also two dif-
ferent types of gravitational movements (rock fall/
debris flow) were involved (scenario 1). Following 
scenario 2 the slide would be classified as a debris 
flow or debris avalanche depending on the water 
content which was present during the slide.  Mug-
gaga et al. (2011) have classified it as a deep debris 
flow.

Results of the research at the site (Staudt 2012) 
were presented in 2012 during the 34th Interna-
tional Geological Congress in Brisbane, Australia, 
and in the map explanations for the Geological 
Map of Uganda 1: 250 K, Geohazards and Geosites 
(GTK consortium 2011, 2012).  

Fig. 2.6. Some of the remaining houses of Nametsi village.
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Fig. 2.7. (facing page) Overview of the geology of the western part of Mount Elgon, the results of the slope analysis and the sites 
of recent landslides (Extract from Map sheet NA- 36-11 Mbale. Geohazards and Geosites, modified (GTK Consortium 2011)).

 DISCUSSION

Vulnerability to landslides is a function of the lo-
cation, type of human activity, land use and fre-
quency of landslide events (Factsheet USGS 2004). 
The Mount Elgon area is a high-risk area for land-
slides in Uganda due to the steep concave nature 
of its slopes, the high clay content, fine texture and 
high plasticity of its soils. The effects of landslides 
can only be lessened when the hazardous areas 
are avoided or access is restricted or prohibited in 
high-risk areas. The local government can reduce 
landslide risks through land-use policies and regu-
lations. In practice, however, this is very difficult to 
sustain in Uganda, even when these policies and 
regulations are in place, due to overpopulation in 
the area, traditions and tribal conflicts. The latter 
are the reason why people do not want to be re-
located or settle in other areas. This was also dis-
cussed during a meeting at the Office of the Prime 
Minister in Kampala on 20 April 2010, where Ki-
tutu presented her overview paper on “Landslide 
hazards in the mountainous regions of Uganda”. 
Possible countermeasures would be to establish 

monitoring stations for precipitation, as well as for 
slope movements. In the future, similar landslide 
causalities could be avoided when certain event-
controlling parameter values are exceeded at mon-
itoring stations by having an evacuation plan in 
place to evacuate persons living underneath high-
risk slopes. However, in practical terms, this is a 
very difficult task to implement, as we know from 
similar experiences in connection with volcanic 
hazards. During the ongoing “Uganda Geologi-
cal Mapping Project”, the possibility of a follow-
up project concentrating on geohazards in the 
country was discussed, but it currently appears 
that no future cooperation is planned for such a 
project. Hopefully, other scientific research funds 
will be available to further study the landslides in 
the Bududa District, helping to establish a Land-
slide Monitoring Information System for Uganda. 
The GIS-based maps and databases created during 
the Uganda Geological Mapping Project will be a 
good starting point for such projects.  

CONCLUSIONS

The geohazard maps and GIS data of the area pro-
duced in the Uganda Geological Mapping Project 
are a good tool for planners that can be used in 
validating future landslides and planning counter-
measures. The collection of all landslide-relevant 
information in the region and the establishment 
of a countrywide landslide information system 
should be initiated, ideally hosted by a govern-
mental organization such as the Department of 

Geological Survey and Mines or the Department 
of Disaster Preparedness. The establishment of a 
monitoring system for event-controlling para-
meters and countermeasures will be a difficult task 
given the remoteness of the area, the problems of 
maintaining of such installations and the lacking 
of funding. 
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