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EXECUTIVE SUMMARY
 

In April 2009, Paterson, Grant & Watson Ltd., a Canadian geophysical consulting firm, 
was contracted by OGMR to carry out an interpretation of the recently acquired airborne 
gravity survey data and to integrate this interpretation with existing geophysical, 
geological, and mineral occurrence/deposit information. The primary objective of the 
Interpretation study was to prepare a Mineral Prospectivity Map for Rwanda and an 
accompanying synoptic Prospectivity Report.  
 
The Prospectivity Report and Map were completed in December 2009 and were 
presented to OGMR in January 2010. 
 
The final Geophysical Interpretation Report included a suite of 12 map sheets at the 
1:100,000 scale that incorporated five geological/geophysical Aspects for each sheet: 
Structure, Voluminous and Surface Granites, Alteration Zones, Major Magnetic Units as 
well as Mineral Occurrences and Mapped Granites. 
 
The Mineral Prospectivity Report and Prospectivity Map (1:250,000) summarizes our 
assessment of the mineral potential for Rwanda. In total, 21 Prospective Target Areas 
(P.T.A.s) have been selected that have excellent potential for Sn, W-Nb-Ta and/or Au-
base mineralization. The geoscience data for each P.T.A. should be processed and 
interpreted at the detailed scale of 1:50,000, followed by ground-truth geological and 
geophysical traverses. 
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1.0  INTRODUCTION
 
In April 2009, Paterson, Grant & Watson Ltd. was contracted by the Rwanda Geology 
and Mines Authority (OGMR) to carry out an interpretation of the recent (October 2008) 
airborne geophysical survey in Rwanda and an integration of these results with existing 
geoscience information. The two parties were able to agree on all items and a formal 
Contract was signed and sealed by both parties at OGMR headquarters, Kigali, Rwanda 
on May 15th, 2009.  
 
On May 14th and 15th, Dr. Misener, President of Paterson, Grant & Watson Ltd. met 
with the OGMR staff and prepared an Inception Report that outlined the Financial terms, 
Scope of Work, and Work Plan and Schedule that would be followed over the next seven 
months. This Inception Report has been appended to this report as Appendix A: 
Inception Report OGMR Reference N° 10/02/09.  
 
The primary objective of the Interpretation Study has been to prepare a Mineral 
Prospectivity Map of Rwanda that will complement the published geology maps and 
newly acquired and processed geophysical maps. Two secondary objectives have been 
achieved in preparation for the production of the Mineral Prospectivity Map:  
 

a) Preparation of a revised/recompiled database of earlier aeromagnetic and 
radiometric survey data, linked with the new NRG airborne gravity survey data to 
provide OGMR with a complete, useable digital database of airborne geophysical 
results that covers the complete country; and 

 
b) Preparation of a suite of 12 geophysical interpretation maps, reflecting the twelve 

Rwanda geological map sheets. These interpretation maps are based on analysis of 
the gravity, magnetic and radiometric data. The final interpretation maps comprise 
the following aspects of the geophysical interpretation process: 

 
• Local and regional faults, shear/alteration zones 
• Buried and voluminous granites as interpreted from the processed gravity data 
• Surficial granite interpretation based on radiometric signatures 
• Lithological units as determined from analysis of the processed magnetic data 
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2.0  GEOPHYSICAL DATA AND GEOPHYSICAL  

DATA PROCESSING METHODOLOGY 
 

he following section elaborates in detail the methodology that has been utilized to 

         

 

Processing Report 

rojection Information 

 = 6378249.145 m 

rm = Arc 1960 (35m) Africa – Kenya and Tanzania 

Project
 = Transverse Mercator 

3 

0 m 
 m 

 
anders 1981 Magnetic and Radiometric Survey of Rwanda 

nce   100 m 

ast Survey Parameters 
ance   100 m 

 

T
produce the processed geophysical maps that have been used in the interpretation. We 
have included illustrations of the various selected processed products in this section and 
the complete Geophysical Data Archive has been included as a DVD in Appendix B of 
the report, Appendix B: Geophysical Data Archive, Rwanda: OGMR Reference  
N° 10/02/09. 

 

 
P
Datum:  Arc1960 

Major Axis
Inverse Flattening = 293.465 
Prime Meridian = 0 o

Local Datum Transfo
 Translation (dX, dY, dZ) = -160, -6, -302 
ion:  UTM35S 
Projection Type
Origin of Latitude = 0 o

oOrigin of Longitude = 3
Scale Factor = 0.9999 
False Easting = 500,00
False Northing = 10,000,000

S
West Survey Parameters 
Sensor Mean Terrain Cleara
Flight Line Spacing     500 m 
Flight Line Direction     090 o

 
E
Sensor Mean Terrain Clear
Flight Line Spacing     1000 m
Flight Line Direction     090 o
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2.i)  Magnetic Processing 

inal magnetic data is shown in channel “mag”. It is a residual magnetic intensity 

here were many overlapping and almost touching flight lines that can produce magnetic 

icrolevelling was applied to the “mag_flag” channel with different parameters for the 

est Survey 
 Pass 1 

00 m 

avelength = 8000 m 

 

icrolevelling Pass 2 
00 m 

avelength = 2000 m 

 

 
The orig
since the IGRF (International Geomagnetic Reference Field) has been subtracted from 
the total magnetic intensity. The IGRF is a very long wavelength magnetic field that may 
obscure subtle and/or high frequency (shallow depth) anomalies. A residual magnetic 
intensity can highlight these features (see Figure 1: Original Unlevelled Total Magnetic 
Intensity: Sanders 1981 Rwanda Survey).  

 
T
anomalies due to different flying heights that can not be filtered out in the final products.  
Thus, the “mag” channel was edited out or dummied at these locations. The resulting 
database channel is “mag_flag”.   
 
M
East and West surveys due to their differing flight line spacings. The West survey had 
two passes of microlevelling, while the East survey had only one pass of microlevelling.  
The microlevelling parameters are as follows: 
 
W
Microlevelling
Flight Line Spacing = 5
Flight Line Direction = 090 o

Grid Cell Size = 100 m 
Decorrugation Cutoff W
Amplitude Limit Value = 10 nT 
Amplitude Limit Mode = clip 
Naudy Filter Length = 5000 m
 
M
Flight Line Spacing = 5
Flight Line Direction = 090 o

Grid Cell Size = 100 m 
Decorrugation Cutoff W
Amplitude Limit Value = 40 nT 
Amplitude Limit Mode = clip 
Naudy Filter Length = 1000 m
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East Survey 

g  
ng = 1000 m 

avelength = 4000 m 

 

he database channel “miclev” is the final microlevelled magnetic channel. The East 

nhanced or Derived Grids

Microlevellin
Flight Line Spaci
Flight Line Direction = 090 o

Grid Cell Size = 200 m 
Decorrugation Cutoff W
Amplitude Limit Value = 40 nT 
Amplitude Limit Mode = clip 
Naudy Filter Length = 2000 m
 
T
survey was gridded with a grid cell size of 200 m using minimum curvature gridding and 
then regridded to 100 m grid cell size. The West survey was gridded with a 100 m grid 
cell size using minimum curvature gridding. The East and West magnetic surveys were 
stitched together along an intermediate path in the area of overlap between the two grids.  
The final magnetic grid is TMI_rwanda.grd. (see Figure 2: Recompiled, Edited and 
Microlevelled Total Magnetic Intensity: Sanders 1981 Rwanda Survey). This grid is the 
basis for all of the derivative grids. 
 
 
E  

 to the Pole.Total Magnetic Field Reduced   (see Figure 3: Total Magnetic Intensity 

ield varies over the Earth. At 

irst vertical derivative of the of the pole reduced field

Reduced to the Pole: Sanders 1981 Rwanda Survey) 
The direction (inclination and declination) of the magnetic f
the North Magnetic Pole the inducing magnetic field is vertical. With such a pole reduced 
field it is easy to interpret the magnetic field response to various models, i.e., a contact, a 
dipping contact, a dyke, dykes dipping at different angles, etc. As well, the anomalies 
now lie directly over their sources, rather than being offset as when the local field has an 
inclination. The local total magnetic field is transformed to a pole reduced field using the 
known local inclination and declination of the IGRF (International Geomagnetic 
Reference Field). The local magnetic inclination and declination of the field for Rwanda 
in 1981 was -30.2o and -1.8o, respectively. 
 
F  

 reduced magnetic field data to 

econd vertical derivative of the of the pole reduced field

The vertical derivative is commonly applied to pole
enhance shallow geologic sources in the data. A 400 metre (four times the grid cell size) 
low pass Butterworth filter was applied to reduce the noise that is also enhanced by the 
vertical derivative filter. 
 
S  

signal than the first vertical 
derivative.  An 800 metre low pass Butterworth filter was applied to reduce the noise that 
is also enhanced by the vertical derivative filter. 

This filter will bring out even more high frequency 
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Analytic signal - The analytic signal is the square root of the sum of the squares of the 
derivatives in the x, y, and z directions: 

asig = sqrt ( dx*dx + dy*dy + dz*dz ) 

latitude complicates interpretation.  The analytic 
signal can be ng (3x3) filter was applied. This 

The analytic signal is useful in locating the edges of magnetic source bodies, particularly 
where remanence and/or low magnetic 

 noisy, thus three passes of a Hanni
processed product has proven to be very useful in Rwanda and formed the basis for the 
structural and magnetic lithology interpretation (see Figure 4: Analytic Signal of the 
Total Magnetic Intensity: Sanders 1981 Rwanda Survey). 
 
Tilt Derivative of the Magnetic Intensity 
The Tilt Derivative enhances smaller wavelength magnetic features which define shallow 

asement structures.  The Tilt Derivative (TDR) is defined as: 
d field/Horizontal Gradient of the pole reduced 

ted above. 
The ho
squares of the derivatives of the pole reduced grid in the x and y directions: 

 
ed advantage 

.   

b
TDR = arctan (1VD of pole reduce
field) 

The 1VD of the pole reduced field has been defined and calcula
rizontal derivative of the pole reduced grid is the square root of the sum of the 

       Horizontal Gradient = sqrt (dx*dx + dy*dy) 
Due to the nature of the arctan trigonometric function in the filter, all amplitudes are
restricted to +pi/2 and –pi/2 radians. This gives the Tilt Derivative the add
of acting like an automatic gain control (AGC) filter
 
Depth to Basement using Source Parameter Imaging (SPI) 
The depth to basement as calculated from Source Parameter Imaging was applied to the 

agnetic intensity grid.  Three passes of the Hanning filter were first applied and SPI 
 or 4 directions.  The flying 

m
values were calculated only where there were peaks in 3
height of 100 m MTC was subtracted so that the “spi_depth” channel refers to the depth 
to source with respect to the ground surface.  The “spi_depth” channel was gridded with a 
grid cell size of 200 m using minimum curvature gridding.   
 
Source Edge Detection (SED) 
Source Edge Detection (SED) was applied to the magnetic intensity grid.  Three passes of 

e Hanning filter were first applied and SED’s were calculated for all levels of peak 
ur lines, one line for each level of peak detection.  Line 1 

th
detection.  The database has fo
(black symbols) shows edges that have a peak in one direction.  Line 2 (red symbols) 
shows edges that have a peak in two directions. Line 3 (green symbols) shows edges that 
have a peak in three directions. Line 4 (blue symbols) shows edges that have a peak in 
four directions.  Each level of edge detection is a separate layer in the map. 
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2.ii)  Radiometric Processing 

s with the magnetic data, the radiometric database was edited for overlapping and 
hese data are shown in the database as the “*_edit” 

hannels. The radiometric data has been back calibrated, thus the units are percent (%) 

velling.  PGW was also supplied 
ith some 200 m grid cell size grid from ITC in Delft in 1999.  They must have had some 

 
A
almost touching flightlines. T
c
for potassium, ppm for equivalent Thorium and equivalent Uranium and counts per 
second (cps) for the dose rate or total count. The West survey was gridded with a 100 m 
grid cell size using minimum curvature gridding. The East and West magnetic surveys 
were stitched together along an intermediate path in the area of overlap between the two 
grids. The final grids were PGW_K_pc_rwanda.grd, PGW_eTh_rwanda.grd, 
PGW_eU_rwanda.grd and PGW_TC_cps_rwanda.grd. 
 
There where no ties lines available and thus the radiometric data could not be levelled.  
There are areas in the PGW_*.grd grids that show misle
w
tie line data available since the levelling problems are not apparent.  Both sets of 
radiometric grids have been supplied.   
 
 
Radiometric Ratios 
Three sets of ratios were calculated using both the PGW and ITC radiometric grids.  The 

tios are: 
_eTh_rwanda.grd/ (PGW_K_pc_rwanda +1.15) 

PGW_eU_rwanda.grd/ (PGW_eTh_rwanda +10.5) 

 

  ITC_U_rwanda.grd/ (ITC_Th_rwanda +3.1) 

tions. This is done to prevent 
minat r the ratios. The values were 

etermined by examining the grid statistics and using a value that is greater than the 

ra
Th/K  PGW
U/K  PGW_eU_rwanda.grd/ (PGW_K_pc_rwanda +1.15) 
U/TH  
and 
Th/K  ITC_Th_rwanda.grd/ (ITC_K_rwanda +0.35) 
U/K  ITC_U_rwanda.grd/ ITC_K_rwanda +0.35) 
U/TH
 
Note the values added to the denominator in the above equa
the deno or from approaching zero and thus infinity fo
d
minimum grid value, if it is less than zero. 
 
Ternary Image 
The ternary image is plotted as a merged composite of three radiometric grids, each of 

hich is coloured Red, Green and Blue.  The RGB grids are R=potassium, G=thorium 
.  High concentrations of all 3 radioelements tend to white and low 

 

w
and B=uranium
concentrations of all 3 radioelements tend to black (see Figure 5: Ternary Image: 
Sanders 1981 Rwanda Survey). 
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2.iii)  Gravity Processing 
 
Bouguer Gravity 

he recent 2008 survey flown in Rwanda is an airborne magnetic and gravity survey.  
s 4 and 8 km with a flight line direction of 090 o. The final 

ouguer gravity channel, “Bouguer267”, is calculated from the Free Air Gravity using a 
f 2.67 g/cm3.  The Bouguer gravity grid, BG_rwanda.grd, was gridded 

T
The flight line spacing wa
B
Bouguer Density o
with a 1000 m grid cell size using a minimum curvature gridding algorithm. 
 
Isostatic Residual (see Figure 6: Isostatic Residual of the Bouguer Gravity: NRG 2008 
Rwanda Survey) 
The Isostatic Residual was calculated using the Airy Compensation model with the 

llowing parameters: 

ensity of crust over land and sea=2.67 g/cm  

eas of the study area have crustal roots that project into the 
underly o boundary is not constant it will create a long 
wav e lated by subtracting the 
reg a  

fo
• depth of compensation=30 km  
• Bouguer d 3

• density contrast of Moho over land and sea=0.33 g/cm3 
Thus, mountainous ar

ing Moho. Since the crust-Moh
el ngth regional effect. The Isostatic Residual is calcu

ion l crust-Moho boundary effect (Isostatic Regional) from the Bouguer Gravity. The
Isostatic Regional grid has also been supplied.   
 
Derivative Grids 
The first vertical derivative was applied to the Bouguer Gravity and the Isostatic Residual 
grids. Since this operator removes long wavelength features, these grids appear almost 

entical. 

epth to Basement using Source Parameter Imaging (SPI)

id
 
The Tilt Derivative, as described above, was applied to the Bouguer Gravity and the 
Isostatic Residual grids.    
  
D  

ree passes of the Hanning filter were first applied and SPI 
lues were calculated only where there were peaks in 3 or 4 directions. The flying height 

y altitude was calculated and 

The depth to basement as calculated from Source Parameter Imaging was applied to the 
Isostatic Residual grid. Th
va
was not a constant terrain clearance. A grid of the surve
sampled to the SPI database. This altitude was subtracted so that the “spi_depth” refers to 
the depth to source with respect to the ground surface. The “spi_depth” was gridded with 
a grid cell size of 1000 m using minimum curvature gridding. 
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Modelling: Central Rwanda Sheet 

ncom’s ModelVision Pro was used to model the granites in the Central Rwanda region 
igali, Nyabisindu, Ruhengeri and Bugesera) and along the three selected Regional 

rofiles. The granites were modelled using a combination of 31 tabular bodies with a set 
le strike length.   

o vary. The top and bottom body 
ces are horizontal and the strike-end sides are vertical with dip-sides allowed to vary at 

cted orthogonal profiles that cross the granite E–W         
nd N–S. 

E
(K
P
width (across dip) of 2 km and variab
 
The inversion is carried out on profiles of Bouguer gravity that were extracted from the 
airborne grid on artificial flight lines 2 km apart at an azimuth of 45°. The density, dip, 
depth and extent of each tabular body were allowed t
fa
defined dip-angles (see sketch). 
 
The Central Rwanda sheet with the gravity models is shown on Figure 7: Central 
Rwanda Gravity Models and Figure 7a: Gravity Models on Profiles. The two profiles 
illustrate results from two sele
a
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3.0  REGIONAL GEOLOGY AND MINERAL OCCURRENCES 
 
 

3.i)  Regional Geology 
 

The Regional surficial geology of Rwanda has been mapped based on relatively sparse 
outcrop distribution. We have consulted a number of sources and generated a number of 

nd 1:250,000 scale to act as background and regional framework 
for our interpretation. At the regional 1:250,000 scale the following maps have been 

 

000, 2009) 

At the 1:100,000 scale, we have relied on the 12 sheet suite of geological maps published 
by 
(Be iu
 

 terrains, granites, and structures. We note particularly Figure 11: 
tructural-Lithological Units of the Kibaran in Rwanda (Fernandez-Alonso and Tahon, 

rent interpretation. 

for discussions of the detailed 
etasedimentary/metavolcanic lithology and mapped intrusions. A general discussion of 

maps at both 1:100,000 a

utilized: 

i) Geological Map of the MesoProterozoic Northeastern Kibara Belt: Tervuren, 2007 
         (see Figure 8: Geology: 2007) 
         (see Figure 9: Insets to Geology: 2007)  
 
ii) Rwanda Geological Compilation: OGMR, 2009  
         (see Figure 10: Geology 1:250,
 

Ministère de l'Industrie et de l'Artisant du Rwanda in collaboration with Tervuren 
lg m). 

In addition to the published geological maps, a number of interpretive geological maps 
have proven to be useful as background for our interpretation and as a reference in 
referring to specific
S
1991) and Figure 12: General Structural Features of the Kibaran in Rwanda (Fernandez-
Alonso and Tahon, 1991).  
 
The features illustrated on these two figures are based on surficial mapping and are 
regional simplifications and, where useful as a guide for the present study, will not agree 
in many aspects with the cur
 
We refer the reader to the many excellent references on the regional geology of Rwanda 
(Fernandez-Alonso et. al., 1998 and L. Tack, M. Wingate et. al, 2009) and direct them to 
the individual 1:100,000 Map Sheets 
m
Rwandan geology is presented below, as taken largely from the work of Tahon A. and 
Fernandez-Alonso. 
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The geology of Rwanda consists of Middle (meso) Proterozoic formations, with Tertiary 
ge, East Africa Rift, volcanic cover in S. Kivu, Cyangugu and in the northwestern 
eruga mountains. The MesoProterozoic formations comprise three lithologies, low-to-
edium grade metavolcanic/metasedimentary sequences, large granite batholiths (with 

esoProterozoic in 
wanda comprises resistant cores (high-grade units) characterised by weak deformation 

is dominated by three granitic 
atholiths (Gitarama, Bugesera-Mugesera, and Mutara-Rwamagana) surrounded by 

     
 
 
 
 

  

a
V
m
inliers of basic and metasedimentary rocks) and large complexes of high grade 
metasediments to amphibolites with granite/gneisses and migmatites. 
 
The sediments within Rwanda have subdivided into four groups, from youngest to oldest 
(Rugezi, Cyohoha, Pindura, and Gikoro) and this nomenclature has been used on the 
current interpretation maps. The general pattern of the Kibaran, or M
R
separated by “Intensely Deformed Zones,” noted as Shear Zones in the current 
interpretation study. Historically, five deformation zones have been noted in the literature 
(see Figures 11 and 12). The results of the present interpretation reflect the presence of 
these zones, and indicate the presence of at least two more N–S to NNW–SSE shear 
zones and the presence of four new complementary NE and NW shear zones (see Figure 
13: Regional Structural Interpretation of Aeromagnetics). 
 
Four regional structural domains have been outlined in Rwanda, as separated by the 
regional shear zones. The granite-metamorphic (high-grade) complexes of Butare and 
Gisenyi are the most westerly domains. Central Rwanda 
b
intensely deformed metasedimentary terrains. The most easterly terrain is separated from 
central Rwanda by a major N–S “thrust front” or by the Kibungo-Ntoma 15-km wide 
shear zone (as interpreted in the present study and shown on Figure 13). The Akagera-
Kibungo intrusive granite forms the eastern boundary of the eastern terrain, with 
overlying Gikoro Group metasediments trending N–S as far west as the KN-Shear Zone.  
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3.ii) Mineral Occurrences and Resources of Rwanda 
 

wanda hosts a large number of historical mineral occurrences and workings and a few 

umented by OGMR and the “major 
and notable” ones are illustrated on Figure 14: Major/Notable Mineral Occurrences in 

ed in quartz veins resulting from the metamorphism (anatectism) of granites at 
epth. The tin and tungsten deposits are generally associated with steep faulting and folds 

teristics based on these results. 

members 
iii) Prospective Intrusive zones lie within or bordering a major regional shear zone, 

 
The tim the Sn/W 
dep
vein ho ring South Kivu Province of the 

RC do not fit into a generic type. 

 synclinorum that are associated with deeply buried 
afic intrusions. Analysis of the compositions of fluid inclusions in quartz associated with 

R
operating mines, the major commodities being Sn, W, Ta/Nb with Au and minor base metals. 
Numerous of these mineral occurrences have been doc

Rwanda.  
 
Studies of the major Sn and W deposits by various authors (Pohl and Gunther, 1990, and De 
Clercq et. al., 2008) indicate that the tin (Rutongo) and tungsten (Nyakabingo) areas have 
been form
d
(anticlines) coincident with “highs” on intrusive granite cupolas. The ultimate process of 
mineralization from magmatic and/or metamorphic fluids was accomplished by compressive 
movement on mineralized quartz veins.  
 
Studies at Rutongo (Su) and Nyakabingo (W) indicate that both types of deposits were 
derived from fluids associated with underlying granites. Prospective areas for new Sn and W 
deposits will exhibit the following charac
 

i) Presence of voluminous granite that extends to depth and rises to within a few (2–3 
or less) km of surface 

ii) Competent surface metasediments, preferably with organic-rich 

with individual shears and cross-faults in the area 

e of formation of the few noted Au deposits in Rwanda may be later than 
osition and the evolution of the original ore-bearing fluids is distinctly different. The 

sted Au-mineralization in Rwanda and neighbou
D
 
The Miyove deposit occurs as quartz veins and stockworks bound by steeply dipping shear 
zones in a tectonically altered region. A second type of deposit (Cyurugeyo/Nyugwe) 
occurs within altered sediments in
m
gold deposits (Pohl and Gunther, 1990) indicate that the source intrusions are deeper than 
those associated with Sn/W. In addition, iron-rich paragenesis of the “Nyungwe” deposits 
are indicative of predominantly greenstone metavolcanic/metasedimentary lithologies.   
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Prospective new Au and base metal deposits will exhibit the following characteristics: 

i) Deep intrusion correlated with quartz veins 
ii) Major structural zone with steeply dipping shears 

ning 
of metasediments. 

 
 
For
with the interpreted possible economic mineral occurrence(s). 

 
 
 
 

 

iii) Presence of greenstone belt metasediments/metavolcanics and/or alteration zo

 each Interpretation Map, Prospective Target Areas (P.T.A.s) have been selected along 
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3.1  GEOPHYSICAL INTERPRETATION 
 

The interpretation of the geophysical data covering Rwanda has been completed with the 
two major objectives in mind: to prepare a Mineral Prospectivity Map of Rwanda and to 
complete a new inter gy of Rwanda. The 
interpretation has been sub-divided into two sections: 3.1 i: Regional Perspective and  

pretation of the underlying structure and geolo

3.2: Detailed Interpretation: Interpretation aspects for 1:100,000 Geological Maps. 
 
 
3.1 i) Geophysical Interpretation: Regional Perspective 
 

• Summary  
 

 using the recently acquired 
 interpretation of the existing 

c coverage (see Figure 13: Regional Structural Interpretation of 
ics), has shed new light on the volumetric characteristics of 

alies (see Figure 3: 
otal Magnetic Intensity Reduced to the Pole: Sanders 1981 Rwanda Survey) 

nsistent 
ith petrological and geochemical studies (Fernandez-Alonso et. al., 1986; 

The mapping of granitic batholiths and intrusions
NRG airborne survey data, supported by structural
aeromagneti
Aeromagnet
geologically mapped granites across Rwanda. Subsurface extensions of known 
granitic bodies have been interpreted from the gravity data by extrapolation of the 
geophysical signatures observed over outcrops. Further, buried plutons of various 
extents have been mapped by extrapolation and modelling of geophysical 
signatures observed over outcrops. The resulting map layer (see Figure 15: 
Voluminous Granites: Gravity Interpretation) showing the location of the most 
volumetric granites, has provided a basis for a more consistent examination of the 
spatial relationship between granitic intrusions and the various categories of 
known mineralization (see Figure 14: Major/Notable Mineral Occurrences in 
Rwanda) and proposed Prospective zones of mineralization.  
 
Examination of the spatial association of different radiometric signatures with 
mapped granite and gneissic terrains (see Figure 16: Surficial Radiometric 
Signatures of Granites and Gneisses) and potential field anom
T
reveals some geochemical details of Kibaran (and probably post-Kibaran) 
granites, and distinguishes between granitic and gneissic terrains, and highlights 
some zones of probable alteration and regional shearing and deformation. 
 
The very limited range of radioelement contents in what are interpreted to be 
‘true’ intrusive granites (from their combined gravity, magnetic and radiometric 
characteristics) point towards a common origin for most of the granites, co
w
Fernandez-Alonso and Theunissen, 1998). The predominant signature, giving a 
bright pink hue on the radiometric ternary image, sometimes surrounds and is 
sometimes intermingled with areas showing a more lilac to white hue, with 
slightly higher ‘average’ contents of all three radioelements. The ranges of the K, 
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U and Th contents of the two types show a good deal of overlap. The spatial 
relationships and relative radioelement abundances suggest that the lilac/white 
type may be a slightly higher differentiate of the pink type. 
 
Some areas, mapped as granites at surface and with typical gravity and magnetic 
characteristics of voluminous granitic plutons, give rise to cyan to green hues on 
the radiometric ternary image. The K and Th contents are respectively lower and 

igher than those observed in the typical pink type granite. The same cyan to 

nites and the Kigali granite. Negative Bouguer 
nomalies of varying amplitude are associated with these intrusions. The low 

 
 
  
 

h
green hues are seen over areas of the Butare and Gisenyi metamorphic complexes 
with no indication of outcropping of sub-surface granites. Fernandez-Alonso and 
Theunissen (1998) observe that ‘apparent’ high-Th granites within the Gisenyi 
and Butare metamorphic complexes have gneissic petrographic textures and 
suggest that they are probably (ortho)gneisses, recrystallized under regional 
metamorphic conditions. Radiometrically then, the areas of cyan to green hues 
over, for example, parts of the Mutara and Bugesera granites could be potentially 
considered as granitic gneisses. However, this would be inconsistent with the 
observed circular, elliptical and elongate negative Bouguer anomalies and 
associated smooth magnetic textures. A possible clue to this conundrum is offered 
by the presence of small indications of pink and/or lilac type granite along the 
geophysically mapped margins of the voluminous plutons (and sometimes within) 
these perhaps indicate that a typical intrusive type granite lies just beneath the 
surface. No such argument can be reasonably applied to the Rwamagana and 
Mugesera granites which intrude metasediments and have no indications of 
adjacent or integral gneissic terrains. Deep surface weathering and/or surficial 
cover, particularly in the flat lying swampy areas, may account for some of the 
non-typical radiometric signatures over  surface-mapped granites with large 
negative Bouguer Anomalies.  
 
A burgundy hue in the radiometric ternary images is associated with granites 
mapped as leucocratic, post-Kibaran intrusions, ie. at the northern ends of the 
Rwamagana and Gitarama gra
A
potassium, uranium and thorium contents of these granites suggest alteration 
and/or weathering of the granites. Similar burgundy hues are observed along the 
margins of some intrusive units, faults in the vicinity of voluminous granites and 
pegmatites. 
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Mapping Voluminous Granitic Bodies•  
 
Density Contrasts 
The mineralogy and geochemistry of the 1.38 Ma, S-type granites which intrude 

 belt, indicate a limited compositional 
nge. Dominated by syeno-monzogranites, with minor granodiorite and quartz 

uminous, calc-alkaline intrusives are likely to possess a low 

 relatively low density.  
he pegmatites and quartz veins, both barren and those that host most of the Sn-

the Western Domain of the NE Kibaran
ra
diorite, these peral
density in comparison to the host Kibaran metasediments and pre-Kibaran granitic 
gneisses. The S-type granites are systematically associated with, and often 
enclose, subordinate mafic rocks consisting mainly of amphibole-bearing, coarse-
grained dolerite or gabbro. Such mafic rocks would, typically, have a higher 
density than their granitic counterparts as well as the host metasedimentary and 
granitic gneiss terrains. However, field observations report only small bodies and 
pods of mafic rocks as subordinate components of the domes, elongate bodies and 
sheeted intrusions. The bulk density of the igneous bodies is, therefore, likely to 
be closer to that of the S-type granitoids and, where these occur in any significant 
volume, would give rise to negative Bouguer Anomalies. 
 
The post-Kibaran, G4, “tin granites” are poorly recognized and documented for 
Rwanda but indications are that they are leucogranites, similar to the Kalima 
batholith in eastern-central Congo, and would also be of
T
Nb-Ta-W mineralization, are also of low density but probably volumetrically 
insignificant in terms of their contribution to the anomalous gravity field at the 
spatial resolution measured by the airborne survey. The relatively high density of 
the mineralization itself would, in addition, offset the low density of the host 
pegmatites and quartz veins.  
 
Other low density units that would contribute to negative Bouguer Anomalies 
include Quarternay intramountain molasse and alluvial deposits. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Suite 1710    155 University Avenue    Toronto    Ontario    Canada    M5H 3B7    Tel: (416) 368-2888    Fax: (416) 368-2887 
 



Paterson, Grant & Watson Limited                                                                                    
 

16

Consulting 
   Geophysicists 

 
 
 

Gravity Images 
he final ‘complete’ Bouguer Anomaly data provided by New Resolution 
eophysics is corrected for the Bouguer slab and topographic effects, using the 
RTM generated DTM and assuming a constant density. Following isostatic 

d on compensation of topography at the Moho), the residual 

he boundaries of voluminous granitic bodies (Figure 18: Total 
orizontal Gradient of the Residual Bouguer Anomaly Field). 

T
G
S
correction (base
Bouguer Anomaly field exhibits a strong regional gradient from W to E across 
Rwanda (Figure 17a: Isostatically Corrected Bouguer Anomaly). This regional 
gradient probably results from a combination of the mantle rise beneath the 
present-day rift to the west of Rwanda and the contrast in the thickness/geology of 
the Proterozoic pre-Kibaran basement that underlies the Western Domain of the 
NE Kibaran belt and the thicker, Archean Tanzanian craton that underlies the 
Eastern Domain of the NE Kibaran belt. The boundary zone between the Western 
and Eastern Domains is marked by the arcuate alignment of the Kabanga-
Musongati mafic and ultramafic layered complexes, which hugs the eastern 
border of Rwanda. A long-wavelength (200 km) regional field was, therefore, 
calculated and removed from the isostatically-corrected data to provide a residual 
Bouguer anomaly map that better reflects density variations within the upper crust 
(Figure 17b: Isostatically Corrected Bouguer Anomaly with Regional Field 
Removed). 
 
The complete horizontal gradient of the resulting residual Bouguer Anomaly 
provides an image that locates the edges of density contrasts, including those 
arising at t
H
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Magnetic Images 
ages of derivatives of the magnetic field serve to highlight both structural 

atures and the difference in magnetic relief between different lithological units.  
lteration zones where the magnetic mineral assemblage has been modified may 

cteristic magnetic signatures. Granitic terrains are, in general, 

Im
fe
A
also possess chara
characterized by subdued magnetic relief in comparison to metasedimentary and 
granitic gneiss terrains. A grey-scale image of the first vertical derivative of the 
magnetic field (Figure 19), for example, reveals several areas where surface 
mapped granites are characterized by distinctly subdued magnetic relief, while 
some areas of surface mapped granites have a more active magnetic signature, 
possibly indicating a dominance of pre-Kibaran basement. 
 
Radiometric Image 
A ternary image of the three radiometric channels, potassium (%), uranium 
(eppm) and thorium (eppm) provides a means of mapping the different granites 

ased on their radioelement geochemistry (see Figure 20: Ternary Image of K, U, 
sured gravity and magnetic fields comprise the vector sum of 

 the source-detector separation, in this case about 120 m.  Thus an ‘average’ of 
e composition over a relatively large area is recorded at each data point, 

b
Th). While both mea
all density and magnetization variations beneath the observation platform (i.e. 
surface and sub-surface), the gamma-rays emitted by the naturally occurring 
radio-isotopes of K, U and Th do not penetrate more than a few 10’s of 
centimeters of rock and hence the results of gamma-ray spectrometry surveys 
reflect the composition of surface layer (down to approximately 50 cm). 
 
 
The ‘footprint’ of gamma-ray spectrometry measurements is relatively large, with 
approximately 70% of the signal generated from an ellipse with a diameter equal 
to
th
complicated further by geometric considerations.   
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Mapped Layers 
wo aspects of the granitic intrusions have been mapped from the geophysical 
ata; (a) the location of the most voluminous granites (greatest depth extent) (see 
igure 15: Voluminous Granites: Gravity Interpretation) and (b) differences in 

ntents (see Figure 16: Surficial Radiometric Signatures of 

 
istinctive radiometric signatures are noted in areas where granite is not mapped 

 
 
 
 

T
d
F
radioelement co
Granites and Gneisses). Large negative Bouguer Anomalies combined with 
complementary magnetic textures indicate the presence of voluminous granites, 
the edges of such bodies being located by maxima in the horizontal gravity 
gradient and/or abrupt lateral changes in magnetic relief. Correlations with 
mapped geology corroborate the geophysical signatures of the granites where they 
outcrop. Extension of these bodies beneath surface can then be mapped from the 
continuation of characteristic geophysical signatures. Similar gravity and 
magnetic signatures in areas where no granite is seen at surface, and no alternative 
explanation is apparent, are tentatively interpreted as sub-surface granites.   
 
All areas that have been geologically mapped as granites have been mapped on 
the basis of the radioelement ternary image and classified in terms of their relative 
K, U and Th contents using the three individual element grids. In some cases
d
at outcrop but gravity and magnetic anomalies indicate their presence – see 
discussions for individual map sheets. Radiometric signatures interpreted as due 
to alteration by either magmatic fluids or hydrothermal systems focused on 
granitic bodies have also been tentatively identified – details of the location of 
these with respect to voluminous granites and faults in close proximity are 
presented in the 1:100,000 sheet discussions. 
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3.2  DETAILED INTERPRETATION: INTERPRETATION ASPECTS  

FOR 1:100,000 GEOLOGICAL MAPS 
 

The ,000 
scale heet. 
Examples of these aspe
 

 
         

spect 3: Surficial Granites ― as interpreted from radiometrics and magnetics:         

spect 4: Alteration Zones and major magnetic units ― as interpreted from 

spect 5: Mineral Occurrences and Mapped Granites: Figure 25: Aspect 5:  

 
These five Aspects have been combined to produce our composite Map Sheet 
Interp
 

ver a particular central map sheet (see Figure 26: Central Rwanda Prospective Region 

the Encom ModelVision Pro routines in order to obtain a three-
imensional picture of the voluminous granites in this important Prospective area. Eight 

basis of the detailed interpretation for each map sheet. The identified granitic 
omplexes will be discussed on a map sheet or “combined” map sheet basis, as follows: 

 detailed geophysical interpretation of Rwanda has been completed at the 1:100
and has been presented on the following Interpretive Aspects for each map s

cts are illustrated for the Kigali Sheet. 

Aspect 1: Structural Interpretation ― as interpreted from aeromagnetics, gravity, 
with mapped surficial structure: Figure 21: Aspect 1: Structural Interpretation, 
Kigali Sheet 

Aspect 2: Voluminous Granites ― as interpreted from gravity and aeromagnetics:
Figure 22: Aspect 2: Voluminous Granites, Kigali Sheet 
 
A
Figure 23: Aspect 3: Surficial Granites, Kigali Sheet 
 
A
aeromagnetics: Figure 24: Aspect 4: Magnetic Interpretation, Kigali Sheet 
 
A
Mineral Occurrences and Mapped Granites, Kigali Sheet 

retation.  

O
(parts of Kigali, Ruhengeri, Nyabisindu, and Bugesera) the airborne gravity data has been 
modelled with 
d
profiles of these results have been presented on these sheets, as well as a three-
dimensional view of the modelled granites in the Geophysical Data Archive: Appendix 
B. A separate discussion of these modelling/profiling results has been presented at the 
end of the individual sheet discussions in section 3.2i: Gravity Modelling Results and 
Profiles, Central Rwanda. This sheet is of particular importance, not only as a result of 
the modelling, but also because all, or parts of 6 P.T.A.s lie within the map sheet and the 
presence of the modelled granites has played an integral part in the selection of the 
P.T.A.s. 
 
A major theme in the interpretation process has been our re-evaluation of the granitic 
complexes of Rwanda and discussion of these complexes (both buried and surficial) will 
form the 
c
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K
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Nyabisindu and 
 
K
 
Gisenyi 

• W. Mutara Com
• Akagera Comple

plex 
x 
ana and Akagera Granites 

omplex 
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x 
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• S. Mutara Complex 
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• Rwamagana Complex 
  
• N. Gitarama Comple
• Gisenyi Complex
• N. Satinsyi S.Z. 
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• Butare Complex 
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3.2a)  Kagitumba Map Sheet 

he underlying geology of the Kagitumba Sheet is dominated by the Mutara Granite 
omplex and the northern extent of the Kibungo-Ntoma Shear Zone. Two P.T.A.s 

ve been selected for Sn and Au mineralization on the 
agitumba Sheet. 

 values indicate a more voluminous granite along the eastern and 
estern flanks of the mapped granite, delimited by clear gravity gradients. Smooth 
agnetic relief patterns largely support the gravity data, although they become more 

ements dominate 

 on ternary image 
Th  (range) eppmU  (range) 

 
T
c
(Prospective Target Areas) ha
K
 
 
Mutara Complex: Figure 27: Mutara Aspects/and Eastern (KN SZ) 
Bouguer Anomaly
w
m
confused over parts of the eastern and western flanks where structural el
the magnetic variations (KN-SZ and eastern edge of the N-BK-SZ) and where the granite 
appears to be slightly less voluminous. Subsurface extension of the voluminous granite to 
the east in the southern part is indicated by the gravity data, supported to some extent by 
the magnetics. The central-north part of the complex exhibits a distinctly different 
magnetic fabric, area A in the 1VD magnetics, and positive Bouguer Anomaly, more 
indicative of granitic gneiss than intrusive granite.   
 
Radiometric signatures of the Mutara granite present four different types: 
 

Predominant colour %K (range) eppm

pink 1.4 – 2.5 7 - 14 4.5 - 7 
Lilac/white 2.0 – 2.8 14 - 24 6 - 9 

cyan 0.4 – 0.6 19 - 29 5 - 7 
green 0.4 – 0.6 12 - 20 3.5 – 4.5 

 
The pink and lilac/white types have typical granitic ment contents, although the 
potassium content is somewhat low, perhaps due to surface conditions, weathering, or 
calibration of the measureme e higher potassium, thorium and uranium 
ontents of the lilac/white type and its spatial relation to the pink type (mapped areas 

iometric image, lying along the 
ravity gradients marking the boundaries of the voluminous granites. The rest of the 

 radioele

nt system. Th
c
indicate predominance of type but there is clearly a gradation between the two in places) 
suggests that it may be a more differentiated part of the same granite. The cyan and green 
radiometric types have lower potassium contents, typical of granite gneiss terrains in the 
Butare and Gisenyi complexes. The implications are that the central part of the Mutara 
‘complex’ may comprise largely pre-Kibaran gneisses.  
 
The western flank of the granite is dominated by the pink and lilac/white granite types, 
coinciding for the most part with voluminous granite. Over the eastern flank only minor 
indications of these granite types are seen in the rad
g
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complex is characterized by the green and cyan, granitic gneiss types (the distinction 
between the two type is somewhat ambiguous and gradational/intermixed in places).  At 
the centre of the complex this correlates with the gravity and magnetic signatures. The 
gneissic radiometric signature over the negative Bouguer Anomalies on the eastern flank 
of the complex suggest that perhaps granite bodies lie largely below surface, with the 
small areas of pink and lilac/white types being the only indication of their presence at 
surface. 
 
The eastern flank of the interpreted buried voluminous granite is marked by an 
anomalous NNW striking zone that correlates with a magnetic unit (metavolcanics and/or 
altered metasediments) of the Rukera fm. The 12 km-wide northern limit of the 

terpreted Kibungo-Ntoma Shear Zone (KN-SZ) disrupts the interpreted voluminous 

plex 
dicate that both the eastern (13 km zone) and western (20 km zone) contact edges of the 

in
granite along the eastern edge of the Mutara Complex. The western edge of the Complex 
also exhibits multiple N–S to NNE regional faulting, above the interpreted “western 
voluminous granite.” The different magnetic fabric within the central portion of the 
Complex has been interpreted as magnetic quartzites or Fe-rich felsic gneissic units.  
 
To date, very few mineral occurrences have been noted in the Mutara Complex region; 
however, the presence of a heretofore undetected voluminous granite and the evidence of 
extensive structural alteration and faulting associated with the flanks of the Com
in
Mutara complex are candidates for Prospective Target areas (P.T.A.). The primary target 
mineral for both P.T.A.s will be Sn with secondary Au in the western target area – 
focusing on the altered Bulimbi metavolcanics at the edge of the voluminous granite and 
west along the western flank, where the voluminous granite is in contact with and 
underlies the Gikoro Grp and Bulimbi fm (Pindura Grp) metasediments. The outlines of 
the two P.T.A.s proposed for the Kagitumba Sheet are: 
 
P.T.A.   KAG-1 
Corner 1 540 000 E, 9 870 000 N 
Corner 2 550 000 E, 9 880 000 N 
Corner 3 570 000 E, 9 835 000 N 

0 000 E, 9 830 000 N (on Rwinkwavu Sheet) Corner 4  56
Corner 5 555 000 E, 9 835 000 N 
 
 
P.T.A.   KAG-2 
Corner 1 515 000 E, 9 850 000 N 
Corner 2 530 000 E, 9 870 000 N 

orner 3 545 000 E, 9 820 000 N (on Kigali sheet) 
5 000 E, 9 820 000 N  

C
Corner 4  52
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3.2b)  Rw avu and Kibungo Sheetsinkw  
 
The detailed interpretation discussions of the Rwinkwavu and Kibungo sheets have been 
ombined as the Akagera Granitic Complex — an arcuate string of buried plutons along 

s from the southeastern corner of Kagitumba 
uth to the southern tip of Kibungo. The “between” Rwamagana and Akagera granites, 

uate 
lignment along the east Rwandan border, become a little blurred due to the contribution 
om low density Holocene sediments and lakes. Magnetic images provide additional 

dicated by gravity. In particular, the 

c
the eastern border of Rwanda — extend
so
or the Rwinkwavu granite lies in the southeastern quadrant of the Rwinkwavu sheet and 
will be denoted as a Prospective Target Area (P.T.A. RWK-1). The two P.T.A.s on the 
Rwinkwavu/Kibungo sheets have been selected as targets for new Sn mineralization. 
 
 
Akagera Complex: Figure 28: Akagera Aspects 
The negative Bouguer Anomalies due to individual granitic plutons forming an arc
a
fr
information to outline the extent of the plutons in
interpreted magnetic alteration zones (A, m) and magnetic units of the Gikoro Grp and 
Rusumo fm distinctly outline the edges of the two northern intrusions at Lac 
Rwanyakiznga and Lac Hago. Similarly, the Lac Nasbo intrusion, at the sheet contact 
(Rwinkwavu/Kibungo) is surrounded by altered or contact metamorphosed Gi/Rs 
metasediments. The dramatic most southerly of the Akagera granites (Bukora granite), is 
also well outlined by an alteration ring of Rusumo fm metasediments. Two of the granite 
plutons indicated by gravity data do not appear on the geological maps and have no 
radiometrically mapped granitic expression. The radiometric signatures over these 
plutons, where they can be determined, are similar to the pink and green types of the 
Mutara complex. The green, low K, high Th signature is probably due to surface 
weathering in this flat-lying, swampy area. 
 

Predominant colour 
 on ternary image 

%K (range) eppmTh  (range) eppmU  (range) 

Pink  1.1 – 2.1 8 - 16 4 – 7 
Green  0.3 – 0.5 13 - 23 3 – 6.5 

 
Only ton in the alignment has a clear pink radiometric signature and 
indications of this signature are present over the two northernmost plutons. Given the 
low-lying, highly weathered nature of the terrain in this Complex it is difficult to say 

hether the low potassium content of the green radiometric type is indicative of gneissic 

the southernmost plu

w
rocks or highly weathered granite.   
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Rwinkwavu Complex: Figure 29: Rwinkwavu Granite: Rwinkwavu Aspects 

he Rwinkwavu granite is a negative Bouguer Anomaly centred on the western flank of a 
road Rukira (Rr) fm anticlinal structure. A subdued magnetic texture coincides with the 
ouguer anomaly and supports the presence of a sub-surface granitic pluton.  There is no 

ometric 

by earlier workers (Fernandez-Alonso, 1991) as a “major N–S thrust front.” The 
urrent interpretation indicates that the zone is a much broader area with multiple 

he KR-SZ is 
arked on the north and south by two major interpreted regional NE-SW faults, with a 

ukira fm anticline around and to the north of 
winkwavu.  

at this area and the magnetic Bulimbi metavolcanics/metasediments at the 
estern edge of the KN-SZ be considered as a Prospective Target Area for the 

t.  

T
b
B
surface expression of the buried granite in either the geological maps or the radi
data. 
 
The structural framework of the Rwinkwavu/Kibungo sheet area is dominated 15 km 
wide N–S arcuate Kibungo-Ntoma Shear Zone. This major tectonic feature has been 
noted 
c
regional faults. The buried Rwinkwavu granite is located within the KN-SZ. 
 
The southern half of the Kibungo sheet is dominated by the NE–SW striking Kibungo-
Rusomo SZ. The mapped structure reveals few, if any, NE–SW sutures; however, 
numerous N–S local faults, sub-parallel to the KN-SZ have been mapped. T
m
host of local faults occurring between the Lake Hayo and Bukora intrusions. The median 
Lac Nasbo intrusion lies within the KR–SZ. 
 
The eastern side of Rwanda (Rwinkwavu-Kibungo), to date, exhibits remarkably few 
mineral occurrences. The one exception appears to be the alluvium and vein/stockworks 
Sn occurrences located within the mapped R
R
 
The current interpretation indicates that a voluminous granite underlies these Sn 
occurrences and that the intrusion lies within the structurally important KN-SZ. We 
recommend th
w
Rwinkwavu sheet.  
 
Two isolated Sn occurrences have also been observed within the KR-SZ, between the Lac 
Nasbo and Bukora granites and we also recommend this area as a Potential Target Area 
for the Kibungo shee
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The outlines for the two P.T.A.s for the Rwinkwavu/Kibungo sheets are given below. 

.T.A.   RWK-1
 
P  

orner 1 560 000 E, 9 805 000 N 

orner 3 575 000 E, 9 780 000 N 
0 000 E, 9 780 000 N 

IB-1

C
Corner 2 570 000 E, 9 805 000 N 
C
Corner 4 56
 
 
P.T.A.   K  
Corner 1 585 000 E, 9 775 000 N 
Corner 2 600 000 E, 9 775 000 N 

orner 3 600 000 E, 9 775 000 N 

 
 
 
 

C
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3.2c)  Bugesera Map Sheet 
 
The regional geology of the Bugesera sheet is dominated by two mapped diverse granites, 
the Bugesera and Mugesera Complexes, separated by the 12 km wide NNW–SSE striking 

e (GN-SZ). The three P.T.A.s on the Bugesera sheet have 
een selected as possible new sites for Sn mineralization. 

Bouguer Anomaly values are 
resent only over the very eastern part of the Bugesera granite. This negative gravity 

r gravity 

lue areas are indicative of gneissic terrain or 
rface weathering. There is some indication of difference in composition between the 

Gikomero-Nemba Shear Zon
b
 
Bugesera and Mugesera Complexes: Figure 30 Bugesera/Mugesera Aspects 
Significant negative Bouguer anomaly values are associated with the entire mapped area 
of the Mugesera granite. In contrast, intense negative 
p
anomaly is separated from the western part of the Bugesera granite by a clea
gradient, suggesting the edge of the pluton has a corresponding magnetic expression at 
the western edge of the GN-SZ. The northwestern part of the Bugesera granite generates 
a less intense negative gravity anomaly but there is no indication of voluminous granite 
underlying the southwestern part of the granite. The negative Bouguer Anomalies of the 
Mugesera and Bugesera complexes would appear to merge but this is probably due to the 
low density of the Holocene alluvial deposits, and the extension to the south is probably 
largely due to Lake Rweru. The magnetic data indicate a structural divide between the 
two complexes in the form of the GN-SZ.  
 
Radiometric signatures over the geologically mapped granites in this low-lying area are 
almost indistinguishable from the surrounding Kibaran metasediments. The low 
potassium values of the green, cyan and b
su
northeastern and south western parts of the Bugesera granite, with higher thorium content 
in the southwest: 
 

Predominant colour 
 on ternary image 

%K (range) eppmTh  (range) eppmU  (range) 

Pink (west) 1.0 – 1.5 9 - 14 5 – 6 
Green  0.25 – 0.5 13 - 23 3.5 – 6.5 
Blue 0.25 – 0.45 9 - 15 3.5 - 6 

Pink? (Holocene) 0.7 – 1.2 8 - 13 3.5 – 5.5 
 
Some pink cur at the f the granites, to the west of the Bugesera 
corresponding to mapped ind granite matite and between the two 
complexes possibly related to transported Holocene deposits or granite intrusion and/or 
lteration along the fault. 

areas oc  margins o
ications of and peg

a
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Two important shear zones have been interpreted from the processed magnetic data. The 

NW–SSE GN-SZ that separated the two major granitic batholiths, with a number of 
gional NNW–SSE faults, as evident on the interpreted aeromagnetics, is cross cut by at 
ast three E–W faults that appear to cut the northern and southern edges of both the 

e within the Cyohoha Grp 
etasediments northwest of the less voluminous portion of the Bugesera granite. A 

alization is the target. 

: 

N
re
le
Bugesera and Mugesera batholiths. A secondary NNW-to-NW shear zone, the South 
Byumba Kibungo SZ borders the eastern side of the Mugesera granite and crosses the 
GN-SZ obliquely at the northern edge of the Bugesera sheet. 
 
Between the two batholiths, a moderately anomalous N–S magnetic zone correlates with 
altered, metamorphosed units of the Bulimbi fm. Similar responses are noted along the 
northern and southwestern edges of the Bugesera granite. 
 
To date, the most numerous and concentrated mineral occurrences (Sn) on the Bugesera 
sheet occur within a N–S corridor north of the town of Gashora. Mineral occurrences 
have also been detected along the amphibolite zon
m
notable pegmatitic occurrence of Sn is also at the eastern edge of the interpreted 
voluminous Mugesera granite. 
 
The current interpretation indicates that these three mineral occurrence zones form a 
package of three Prospective Target Areas that are recommended for detailed study at 
1:50,000. In all cases, Sn miner
 
Prospective Target A (The Gashora showings) lies between the two interpreted 
voluminous granites, and is underlain by altered metasediments and has been severely 
fractured by the GN-SZ fault as well as E–W cross faulting
 
P.T.A.   BUG-1 
 
Corner 1 522 500 E, 9 770 000 N 
Corner 2 535 000 E, 9 770 000 N 

5 000 E, 9 740 000 N 
orner 4 522 500 E, 9 740 000 N 

G-2 f the Mugesera granite, within the SBK-SZ. 

.T.A.   BUG-2

Corner 3 53
C
 
 
P.T.A. BU  lies on the eastern edge o
 
P  

orner 1 540 000 E, 9 775 000 N 

orner 3 555 000 E, 9 750 000 N 
7 500 E, 9 750 000 N 

C
Corner 2 550 000 E, 9 775 000 N 
C
Corner 4 54
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P.T.A. BU  covers the interpretedG-3  amphibolitic Rk fm to the northwest of the 

Com

.T.A.   BUG-3

Bugesera plex. 
 
P  

0 E, 9 770 000 N 
orner 3 500 000 E, 9 755 000 N 

0 000E, 9 762 500 N 

Corner 1 510 000 E, 9 775 000 N 
Corner 2 517 50
C
Corner 4    5
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3.2d)  Kigali Sheet 

he Kigali Sheet exhibits a complex surficial and buried structural, lithological, and 
trusive picture. The northeast and east of the sheet are dominated by the Rwamagana 

a Granite Complexes. In the southwestern quadrant the Kigali 
omplex has been interpreted to extend to depth and to continue to the northwest (to the 

magnetic and radiometric images, 
entify two separate centres of voluminous granite which extend beyond the mapped 

he northernmost centre has a 

 
T
in
and southern Mutar
C
edge of the map sheet). The metasedimentary and metavolcanic units of the surrounding 
and overlying Pindura and Gikoro groups appear to have been highly altered by the 
intrusive granites. Three P.T.A.s have selected for the Kigali sheet — all focused on 
possible new economic deposits of Sn mineralization. 
 
Rwamagana Complex: Figure 31: Rwamagana Aspects 
As in the 100K geological maps, the geophysical expression of this granite indicates two 
distinct parts. The gravity images, supported by the 
id
outcrop at the southwest and northwest of the complex. T
smaller, but still significant negative bouguer anomaly than the southern centre.  
Radiometrically these classify as follows: 
 

Predominant colour 
 on ternary image 

%K 
(range) 

eppmTh  (range) eppmU  (range) 

burgundy 0.6 – 1.5 6 - 12 3.5 - 5 
Bright green 0.3 – 0.5 15 - 21 3 – 4 

 
The bright green type is very simi green and cyan types of the Mutara complex, 
but there is no other indication ic components within this granite. Surface 
weatherin  role but f sampling and analysis are required to clarify 

is radiometric signature. The burgundy type at the north of the granite has a more 

supports this conclusion. The negative gravity 
nomaly extends to NW from outcrop, indicating granite continues at depth, possibly 

lar to the 
 of gneiss

g may play a ollow-up 
th
distinct core of higher potassium values and lower thorium values surrounded by a ‘halo’ 
of lower potassium and higher thorium values. On the 250K geological map this is 
mapped as a post-Kibaran, G4, leucogranite – its radiometric signature would support this 
conclusion and the association of these post-Kibaran granites with subsequent intrusion 
of pegmatites and hydrothermal alteration. 
 
The location of the northern granite, at a complex area of faulting (zone of weakness?) 
and its radiometric character suggest that it may be a G4, post-tectonic, intrusion. Its 
obvious association with Sn mineralization 
a
providing “parental” source. The southern part of the Rwamagana complex is also 
surrounded by both pegmatitic and quartz vein hosted Sn mineralization. It is difficult to 
know whether the radiometric signature of the surface outcrop is in any way indicative of 
the underlying, low density body. 
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Kigali Complex: Figure 32: Kigali Aspects 
The negative Bouguer anomaly associated with the Kigali Complex clearly indicates that 
the Kigali granite extends at sub-surface beneath the Gikoro grp. anticlinal structure to 

e northwest. Negative Bouguer Anomalies to the immediate southwest of the complex 
pped granite lying between the Kigali and 

th
postulate the presence of a subsurface, unma
northern Gitarama granites. The magnetic images are dominated by structural (North 
Byumba-Kibungo Shear Zone) and altered metasediments and metavolcanics of the 
Bulimbi fm. Radiometric signatures over the mapped granite are mostly green with 
patches of burgundy. 
 

Predominant colour 
 on ternary image 

%K (range) eppmTh  (range) eppmU  (range) 

burgundy 0.4 – 1.0 8 - 10 3 - 4 
Green 0.3 – 0.5 12 - 20 3 – 5 

 
This has implications of post-tectonic, G4 granites and/or hydrothermal alteration.  
Again, the green areas are difficult to distinguish from the surrounding mapped 
metasedimen

 the smaller northwestern granitic extension that strikes NNE–SSW 
go.  

t 
synclinal structure. 

 
Using
follow
 

rospective Target Area: KIG-1

ts. 
 
Two of the well known zones of Sn mineralization are located on the Kigali sheet: 
 

a) The Rutongo region vein deposits located at the end of the voluminous buried 
granite and
under the Nyabugogo metasediments, approximately 6 km northwest of Ruton

 
b) Multiple Sn occurrences at the southern end of the Rwamagana Complex near 

Musha. These vein deposits occur within the altered Musha fm metasediments in 
contact with altered or magnetic facies of the Nyabugogo fm, within a tigh

 these two mineralized zones as models on the Kigali sheet, we have selected the 
ing new areas as Prospective Target Areas for Sn mineralization.  

P  

of intense N–S 
eformation at the northern edge of the interpreted buried voluminous granite extension 

This target area lies between the northern edge of the N–S striking GN-SZ where it 
intersects the NNW striking N-BK-SZ. This is therefore an area 
d
of the Kigali granite. 
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P.T.A. KIG-1 

orner 1 510 000 E, 9 795 000 N 
orner 2 530 000 E, 9 795 000 N 
orner 3  530 000 E, 9 785 000 N 

510 000 E, 9 785 000 N 

C
C
C
Corner 4 
 
 
Prospective Target Area: KIG-2 
This N–S ngated target area borde elo rs the interpreted western edge of the buried 

oluminous Rwamagana granite. Numerous N–S faults and altered Gikoro 
etasediments from the primary target host lithology to the west of the granite contact. 

v
m
 
P.T.A. KIG-2 
Corner 1 532 500 E, 9 815 000 N 
Corner 2 540 000 E, 9 815 000 N 
Corner 3 540 000 E, 9 790 000 N 

532 500 E, 9 790 000 N Corner 4 
 
 
Prospective Target Area: KIG-3 
This narrow NNW–SSE striking target area lies between the major Rwamagana granite 

atholith voluminous granite located to the northeast. The magnetic Nyabugogo fm 
etasediments are host to three tin occurrences and we recommend extending this area to 

m P.T.A. KIG-3.  

b
m
the northeast and southeast to for
 
P.T.A. KIG-3 
Corner 1 540 000 E, 9 815 000 N 
Corner 2 545 000 E, 9 815 000 N 
Corner 3 557 500 E, 9 800 000 N 

557 500 E, 9 795 000 N Corner 4 
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3.2e)  Ruhengeri and Ruhengeri Nord Sheets 

he Ruhengeri Sheet exhibits a sharp differentiation between the western third to the 
maining two-thirds of the sheet. Along the western boundary with the Gisenyi Sheet the 

 granitic complex that is bordered on the 
ast by the major North Satinsyi Shear Zone (N-STYI-SZ). East of this tectonic shear 

a 
oluminous granitic pluton which is, in some parts, not mapped at outcrop. The northern 
mit of this intrusion is not covered by the gravity survey and the magnetic field in the 

 three 

 
T
re
underlying geology is dominated by the Gisenyi
e
zone the geological picture is dominated by the folded Gikoro and Pindura grp 
metasediments and the northern edge of the Gitarama voluminous granite. Within the 
Ruhengeri sheets, three P.T.A.s have been selected: P.T.A. R-1 for W and Au 
mineralization; P.T.A. R-2 for W mineralization; and P.T.A. R-3 for Sn mineralization. 
 
 
Gisenyi Complex and North Satinsyi Shear Zone: Figure 33: Gisenyi Aspects 
The extensive negative Bouguer Anomaly at the north of the Gisenyi complex suggest 
v
li
north is dominated by anomalies due to the Tertiary volcanics. To the southeast,
less extensive negative anomalies indicate smaller plutons, two of which partially 
correspond with mapped granite and the third occurs beneath the pegmatite field at the 
south end of the Satinsyi shear zone. A small negative Bouguer Anomaly to the west of 
the main low corresponds with mapped granite outcrop. There is a hint that the granites 
mapped along the shores of Lake Kivu have associated negative Bouguer Anomalies, but 
the survey does not extend far enough. 
 
The pink granite type of the granites lying along the shore of Lake Kivu tend to have a 
slightly higher content of all three radioelements than the pink type mapped elsewhere in 
the complex.  
 

Predominant colour 
 on ternary image 

%K (range) eppmTh  (range) eppmU  (range) 

pink 1.4 – 2.5 7 - 14 5 - 9 
Lilac/white 1.9 – 2.3 19 - 24 7 - 10 
burgundy 0.5 – 1.1 7 - 10 <5 

 
Pink type granite dominates wh nite outcro the lilac/white type occurring 
within the area of the large northern pluton. Much of these areas are ‘dappled’ with more 
purple shades which may be a function of the geome uliarities of this ntainous 

gion or may indicate some alteration. Some areas of pink radiometric signature occur in 

ere the gra p, with 

tric pec mou
re
places along the North Satinsyi shear zone, marginal to the main negative Bouguer 
Anomalies, where it is further disrupted by the ENE striking SR-SZ.  Some areas mapped 
as granite on the geological map give a surface radiometric signature (green) more 
indicative of gneissic rocks.  
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Several areas of Burgundy alteration zones are mapped along faults and steep gravity 
gradients which marks the western flank of the main granite outcrop and its buried extent 
further west. Notably, the elliptical area of burgundy at the southern end of the North 

atinsyi Shear Zone lies between two negative Bouguer Anomalies. The abundance of 

f negative Bouguer Anomalies have been tentatively mapped as 
uried granitic bodies on these sheets. One lies beneath an antiformal structure and the 

sse deposits just north of the Miyove gold 
d residual Bouguer Anomaly, with due 

 Complex metasediments and amphibolites that have 
een intruded by younger Tertiary volcanics along the length of the shear zone, from the 

i-Rutongo Shear Zone) crosses the northern edge of the 
uried Gitarama granite, at depth, and the northern zone (Kabaye-Kivuye Shear Zone) 

ENE shear zones have played a significant part in 
focusing” the mineralization even though current regional mapping shows little 

 

S
this ‘alteration’ signature implies that a good deal of post-Kibaran magmatic activity 
and/or hydrothermal circulation has occurred in and around the geophysically defined 
voluminous granites. 
 

Ruhengiri Map Sheets: Gravity Anomalies 
Two isolated areas o
b
other almost coincides with intramontain mola
deposits. Careful modeling of the observe
consideration to topography, is required to determine whether or not it could be due 
entirely to the Holocene deposits.  
 
Four important structural zones have been interpreted that influence the structural 
deformation within the Ruhengeri Sheets. The North Satinsyi Shear Zone is evident as a 
highly altered sequence of Satinsyi
b
northern boundary as far south as the Gatumba pegmatite field. A second N–S shear 
zone, the West Satinsyi Shear Zone, appears as a broader deformation zone that extends 
onto the Gisenyi sheet to the west, probably affecting the emplacement of the voluminous 
Gisenyi granites to the west. 
 
Two ENE–WSW shear zones traverse the map sheet, with both zones (KK and SR-SZ) 
extending east as far as the NBK-SZ and west through the Satinsyi Shear Zones. The 
southern shear zone (Satinsy
b
exhibits numerous sutures north and south of Gifurwe, although current mapping does 
not indicate an ENE fault trend.  
 
Between these two interpreted ENE–WSW shear zones, a NNW–SSE striking tungsten 
mineralization belt has been proposed by various authors (see De Clercq et. al., 2008). It 
is our contention that the two 
“
indication of this direction. Data from the Nyakabingo Mine north of Shyarangi do 
indicate E–W shears through the mine zone and one such interpreted fault is evident at 
the southern edge of the SR-SZ. 
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The interpretation of the processed aeromagnetics has successfully identified an extensive 
alteration zone at the north end of the Gitarama voluminous granite, wrapping around the 

oluminous granite north of Kayenzi as well as two distinct magnetically active 
etasedimentary formation members, other than the Satinsyi formation. The first 
agnetic unit correlates with a broad zone of pelitic d’Uwinka metasediments, striking 

red Base fm metasediments 
– Known Gifurwe mineralization at centre of P.T.A. 

onal possible Au target northwest of Miyove 

• P A

 
e two P.T.A.s are given below: 

 
P.T.A

v
m
m
N–S to the east of the NSTYI SZ. The second magnetic unit is the quartz feldspathic 
Base fm (Bs) of the Pindura grp. This NNW–SSE striking series encompasses the 
Nyakabingo and Gifurwe W deposits and passes the interpreted small buried granite at 
the southern edge of the KK-SZ. 
 
Four Prospective Target Areas have been selected for further study at 1:50,000 and 
ground follow-up. Two of the P.T.A.s (P.T.A. R-1 and R-2) have been selected to focus 
on W mineralization with the following positive contributing geological/geophysical 
parameters.  
 
• P.T.A. R-1 

– KK-SZ 
– Underlying possible voluminous granite 
– Alte

– Additi
 
.T. . R-2 
– North of Nyakabingo deposit 
– At northern edge of voluminous Gitarama granite 
– Within Satinsyi-Rutongo regional shear zone 

The outline of th

. R-1 
Corner 1 

orner 2 485 000 E, 9 840 000 N 

orner 4 480 000 E, 9 820 000 N 

470 000 E, 9 835 000 N 
C
Corner 3 500 000 E, 9 810 000 N 
C
 
P.T.A. R-2 

orner 4 490 000 E, 9 785 000 N 

 
 

Corner 1 485 000 E, 9 810 000 N 
Corner 2 500 000 E, 9 810 000 N 
Corner 3 500 000 E, 9 785 000 N 
C
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The remaining two P.T.A.s exhibit good possibilities for Sn and W mineralization. 

 
P.T.A. R-3 (focus on Sn mineralization) 

– Alteration zone surrounding northern limb of buried voluminous portion of the 
Gitarama granite complex 

 

• 

– Strong fault deformation of area that lies within the SR-SZ 

P.T.A. R-3 
Corner 1 
Corner 2  N 
Corner 3 

orner 4  475 000 E, 9 785 000 N 
 
 

and W) at the eastern edge of the voluminous 

diments and amphibolites at the edge of buried 
Gisenyi granite 

– Within N-STYI-SZ where it is traversed by ENE–WSW striking KK-SZ 

urango pegmatitic tin deposits  
 
 
 
 
 

 475 000 E, 9 797 500 N 
 485 000 E, 9 797 500
 490 000 E, 9 785 000 N 

C

• P.T.A. R-4 (multiple focus on Sn 
Gisenyi granite 

– Underlain by Satinsyi metase

– Type deposits are within a similar geological setting to the south around the 
Gatumba-B
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3.2f)  Nyabisindu and Butare Sheets 

he central-southwestern part of Rwanda is dominated by the large batholithic expanses 
f the Gitarama Complex and the eastern end of the northern portion of the Butare 
omplex. A major NNW–SSE shear zone (Mwongo SZ) forms a distinct boundary 

inous granite and the Butare voluminous granite 
 the southwest. Whereas the mapped surficial “diverse” Gitarama batholith exhibits 

nd eastern edges of this 
trusion are clearly demarcated by gravity gradients and magnetic anomalies. The 

extends to the east beneath the 

ominant colour 
 on ternary image 

%K (range) eppmTh  (range) eppmU  (range) 

 
T
o
C
“channel” between the Gitarama volum
to
relatively quiescent magnetic response, the bordering altered metasediments/amphibolites 
and metaquartzites all exhibit raised identifiable magnetic anomalous patterns. Three 
P.T.A.s have been selected on the Nyabisindu sheet: P.T.A.s N-2 and N-3 for possible 
Sn–Nb/Ta mineralization and P.T.A. N-1 for Sn mineralization. 
 
Gitarama Complex: Figure 34: Gitarama Aspects 
The Bouguer Anomaly image distinguishes the western part of the Gitarama granite as a 
separate, intrusive body, with its most voluminous part elongated north-south along the 
western margin of the mapped granite outcrop. The southwest a
in
gravity image suggests that the granite perhaps 
metasediments immediately north of the Butare complex and to the north towards the 
subsurface pluton indicated by a negative Bouguer anomaly at the southern extent of the 
Satinsyi shear zone. The northern part of the eastern half of the granite is also 
characterized by negative Bouguer Anomalies indicating voluminous plutons which 
possibly extend to the northwest at sub-surface. The positive Bouguer Anomaly values 
over the southeastern part of the Gitarama implies that a lesser volume of granite is 
intruded here, perhaps of a more sheet-like nature. It is maybe significant that several 
areas of mafic intrusives are mapped over this area. The magnetic relief is relatively flat 
over much of the granite, with no clear distinction between the more and less volumetric 
parts.   
 
Radiometric signatures mapped over the Gitarama include the full spectrum of types 
noted in the sections above: 
 

Pred

burgundy 0.4 – 1.1 5 - 10 2.5 – 4.5 
pink 1.4 – 2.2 9 - 14 4.5 – 7 
lilac 1.9 – 2.3 15 - 25 7 - 9 
cyan 0.6 – 0.9 9 - 21 4.5 – 6.5 
green 0.5 – 0.7 12 - 19 3 - 4 
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The pink granite type, corresponding to the mapped two-mica granite, dom s all but 

e northern plutons, with a lilac/white, higher potassium and thorium, core to the 
astern, less voluminous part. Satellites of pink, some correlating with mapped, isolated 
utcrops of granite and pegmatite occur to the south and east of the main granite mass. 
yan and green, more gneissic compositions are indicated along the northwestern margin 

duha fm altered black quartzites 
ccur between the eastern end of the Butare Complex (buried granite centred at 455 000 

long the southern 
dge of the Butare granite. Even though the Gitarama Complex appears, on surface, as a 

the known Sn-Nb/Ta 
ccurrences, the strong alteration on both the western and eastern sides of the granite and 

inate
th
e
o
C
of the less voluminous granite. Alteration is indicated by the burgundy to red radiometric 
signatures along the north-south trending fault zone between the east and west granites.  
The northern, volumetric plutons are characterized by the burgundy type with some pink 
around the perimeter of the plutons indicated by the gravity anomalies. Altered, post-
Kibaran leucogranites are implicated, which cover a larger area than mapped on the 100K 
geological sheets. Some areas of burgundy alteration occur along faults to the west of 
these granites, just east of the mapped pegmatite field. 
 
The western half of the Nyabisindu-Butare sheet area exhibits a more magnetically active 
zone than the relatively quiescent Gitarama Complex. The Mwongo Shear Zone (M-SZ) 
strikes NNW–SSE across the Nyabisindu sheet in a broad 8-to-10 km wide zone of 
regional and local faulting and deformation. The Ka
o
E, 9 735 000 N) and the buried western edge of the Gitarama Complex. 
 
The southern extension of Satinsyi Shear Zone, the S-STYI-SZ extends south from the 
buried Butare granite, through the Butare gneisses/quartzitic complex to the Rwanda 
border. The southern Gikongoro-Butare Shear Zone (GB-SZ) exhibits a more distinct 
faulting pattern on the Karengara sheet to the west, but is still evident a
e
relatively uniform homogeneous granite, we note multiple metaquartzite “lenses” within 
the granite that strike preferentially NNW or N-to-NNE. The current interpretation 
indicates that multiple regional NNW and N-to-NNE faults traverse the granite complex 
sub-parallel to the M-SZ and S-STYI-SZ trends, confirming the continual structural 
activity syn-or-post emplacement of the major granite batholiths.  
 
To date, one major region of mineralization for Sn and Nb/Ta has been noted, between 10 
and 15 km to the west of Gitarama, at the northern edge of the voluminous granite 
located along the western edge of the mapped leucogranite. The presence of the 
interpreted buried voluminous granite extending south from 
o
the presence of the active M-SZ along the southwestern side has resulted in the selection 
of this area as a Prospective Target Area (P.T.A. N-2). To the southwest, across the M-
SZ, a second P.T.A. has been selected that covers the buried “Karaba” granite and the 
altered amphibolites and schists of the Butare fm to the southeast (P.T.A. N-3).  
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A third P.T.A. (P.T.A. N-1) has been selected in the northeastern corner of the 
Nyabisindu sheet. This target area extends north onto the Ruhengeri sheet and covers the 

oluminous granite that correlates with the small exposure of mapped leucogranite. N–S 
ulting and alteration of the Bumbogo fm metasediments border the voluminous 

ranites. This P.T.A. is predicted to be a western extension of the Sn-W zone noted in the 

v
fa
g
Southwest corner of the Kigali sheet.  
 
 
Suggested outlines for the proposed 1:50,000 scale P.T.A.s are given below: 
 
P.T.A.   N-1   
Corner 1 490 000 E, 9 785 000 N (Ruhengeri Sheet) 

orner 2 500 000 E, 9 785 000 N 

orner 4 490 000 E, 9 770 000 N 

-2

C
Corner 3 500 000 E, 9 770 000 N (Nyabisindu Sheet) 
C
 
 
P.T.A.   N  

orner 3 475 000 E, 9 750 000 N 
orner 4 475 000 E, 9 725 000 N 

470 000 E, 9 725 000 N 

-3

Corner 1 455 000 E, 9 775 000 N 
Corner 2 470 000 E, 9 775 000 N 
C
C
Corner 5 
Corner 6 455 000 E, 9 750 000 N 
 
 
P.T.A.   N  

orner 3 467 500 E, 9 725 000 N 
orner 4 445 000 E, 9 725 000 N 

Corner 1 445 000 E, 9 740 000 N 
Corner 2 455 000 E, 9 745 000 N 
C
C
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3.2g)  Karengara and Kibuye Sheets 

he Karengara and Kibuye sheets have been combined for our interpretation discussion; 
e major N–S shear along the western half of the area and the interpreted intrusion of the 
utare Complex are evident on both sheets. This southwestern corner of Rwanda is 

ity of the magnetic response, reflective of the 
agnetic amphibolitic metasediments and Butare fm metavolcanic members. Across the 

ravity survey. Mapped indications of outcropping granite and pegmatite coincide with 
gravity signature continues across the 

ariously correlated with mapped areas of granite, 
dications of granite and pegmatites. There is, however no one-to-one correlation 

as follows: 

 
T
th
B
characterized by an elevation in activ
m
sheets the gravity pattern forms both strong positive and negative gravity anomalies and 
the radiometric ternary pattern and colours exhibit distinctive changes, from the granite-
gneissic Butare Complex to the Cyohoha and Pindura grps metasediments. The two 
P.T.A.s on the Karengara sheet have been selected as Au/W targets and the two P.T.A.s 
on the Kibuye sheet (KI-1 and KI-2) are strong candidates for new Sn–W mineralization.  
 
Butare Complex: Figure 35: Butare Aspects 
The SW part of the Butare complex is marked by a large, negative, NNW-trending  
Bouguer Anomaly, which has, to some extent, a complementary magnetic signature 
indicating that the implied sub-surface granite extends southeast beyond the limits of the 
g
the geophysical signatures. The anomalous 
boundary between the Butare complex and the metasediments to the west and, further 
west relatively intense negative Bouguer Anomalies also occur within the area mapped as 
metasediments. The largest positive Bouguer Anomalies of the survey are centered over 
the boundary between the Butare complex and Kibaran metasediments immediately 
northeast of the large negative anomaly. These are tentatively interpreted as due to a 
subsurface, dense, mafic/ultramafic intrusive, although there is no convincing magnetic 
support for this. The radiometric signature over this southwestern part of the Butare is 
dark burgundy, indicating low radioelement contents, distinctly different from the 
gneissic parts of the complex. This perhaps indicates alteration of the overlying host rock 
by the underlying granite – note that in some places the low radiometric signature 
correlates with mapped quartzites.  
 
A narrow, Northwest elongate, negative Bouguer Anomaly occurs towards the northeast 
margin of the Butare complex, bounded by very steep gravity gradients that are probably 
fault-related. A line of less intense negative Bouguer anomalies extends southeast along 
this trend. These anomalies are v
in
between granite mapped at outcrop and Bouguer Anomalies.   
 
Gravity data suggests that the major gneissic area of the Butare complex is centred in the 
southeast, with Bouguer anomaly values being generally lower to the northwest of the 
complex. Magnetic and radiometric signatures generally support this. Radiometric 
signatures corresponding to granites in the Butare complex are 
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Predominant colour 
 on ternary image 

%K (range) eppmTh  (range) eppmU  (range) 

burgundy 0.3 – 0.6 6 - 9 < 4 
pink 1.4 – 2.4 8 - 12 4.5 – 6.5 
cyan 0.5 – 1.0 20 - 28 5 - 6 

yellow 1.2 – 2.4 20 - 39 4 – 6.5 
 
Most of the  correlate tive Boug nomalies, although the narrow, 
elongate ano in the nor es not have a distinct surface expression.  
Indications of pink type occur around the southeast boundaries of the complex. The 
yellow type,  granite, c ith two granites lyin ithin and 

utside of the gravity survey area. The cyan type has a radiometric signature exactly the 

he western edges of the two sheets are dominated by the N–S to NE–SW western Rift 

outh of the Gikongoro-Butare shear 
one (GB-SZ) the highly magnetic metavolcanic and Fe-rich metasedimentary members 

lected two large Prospective Target Areas for 
:50,000 scale study. P.T.A. KA-1 covers the highly prospective Rutiti voluminous 

hern portion of the Prospective 
rea. Also, the altered southeastern edge of the interpreted voluminous intrusive should 

be considered as a Prospective Target Area for possible W-mineralization as at least three 

 pink areas  with nega uer A
maly thwest do

 high-Th oincides w mapped g just w
o
same as the gneissic terrain in the southeast – its intrusion-like shape and apparent 
corresponding magnetic signature may just be an optical illusion of folds etc.  
 
The areas of granitic gneiss which appear green on the radiometric ternary image have a 
lower thorium content than the cyan areas. This may reflect different original basement 
material or a greater degree ‘mixing’ with granite.  
 
T
structures and the recent Tertiary volcanics. The underlying geology west of the W-
STYI-SZ and south of the M-SZ (northern Kibuye) is primarily composed of the basal 
Butare grp of greenstones and granite/gneisses. S
Z
of the Kibuye and d’Uwinka fms have been delineated from the less magnetic 
metasediments. Along the eastern boundary of the CB-SZ, on the Karengara Sheet, 
magnetic amphibolitic and/or altered Butare mafic gneisses overlie and surround the 
buried voluminous granite (Rutiti granite). 
 
Four Prospective Target Areas have been selected for the Karengara-Kibuye Sheet 
region. To date, a large number of Au-showings have been documented in the western 
Nyungwe area with a few (four) Sn showings associated with the Rutiti voluminous 
granite. On the Karengera Sheet we have se
1
granite and the bordering CB-SZ alteration corridor with the overlying and eastern 
bordering amphibolitic/magnetic units of the Butare fm.  
 
P.T.A. KA-2 covers and extends the prospective Au-mineralization to the north to 
include the newly discovered buried positive gravity anomaly that correlates with a major 
buried mafic-to-ultramafic intrusion. A few isolated outcrops of basic rock are noted 
north and northeast of Ibanda; this region forms the nort
A
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alluvial occurrences have been noted at the “nose” of the Gikoro grp anticline, directly 
above the mafic intrusions. 
 
On the Kibuye Sheet, two P.T.A.s have been selected that are associated with the 
northern half of the Butare granitic complex. P.T.A. KI-1 extends the limited zone of Mt. 
Karongi Sn occurrences to the north, bordering the western edge of the W-STYI-SZ and 
including the contact zone of the northernmost Butare voluminous granite at the southern 
edge. P.T.A. KI-2 is a major new prospective area that covers the two major buried 
oluminous granites that extend from the edge of Tertiary volcanics at Bisesero to the v

pegmatite field that overlies the voluminous granite at Muko. The Muko granite and the 
altered amphibolitic zone that strikes NW–SE in association with these granites lies 
within the structurally deformed W-STYI-SZ.  
 
The appropriate outlines for the four selected P.T.A.s are indicated below: 
 
P.T.A. KA-1 
Corner 1 425 000 E, 9 715 000 N 
Corner 2 440 000 E, 9 715 000 N 
Corner 3 447 500 E, 969 000 N    (on Butare Sheet) 
Corner 4 430 000 E, 969 000 N    (on Karengara Sheet) 
 
P.T.A. KA-2 
Corner 1 405 000 E, 9 740 000 N  (on Kibuye Sheet) 

 
et) 

Corner 2 415 000 E, 9 740 000 N  
Corner 3 425 000 E, 9 710 000 N  (on Karengara She
Corner 4 395 000 E, 9 715 000 N 
 
P.T.A. KI-1 
Corner 1 425 000 E, 9 775 000 N 
Corner 2 440 000 E, 9 775 000 N 
Corner 3 440 000 E, 9 755 000 N 
Corner 4 430 000 E, 9 755 000 N 
 
P.T.A. KI-2 
Corner 1 410 000 E, 9 755 000 N 
Corner 2 450 000 E, 9 740 000 N  (on Nyabisindu Sheet) 
Corner 3 445 000 E, 9 735 000 N 
Corner 4 410 000 E, 9 760 000 N 
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3.2h)  Gis  Sheetenyi  
 
The Gisenyi Sheet mapped geology reflects the amphibolitic Gishwati basement 

neisses/basic metavolcanics and metasediments. The northeastern corner of the map 
eet is also underlain by the interpreted northwestern extension of the Gisenyi granite 
omplex (see 3.2e: Ruhengeri and Ruhengeri Nord Sheets). New possible W and Nb/Ta 

commodity targets for P.T.A.s G1 and G2. 

e that lies within the W-STYI-SZ over the interpreted 
buried granite, with Nb-Ta increasing over the more voluminous granite in the 

It
miner
the possibility of new W-Nb-Ta mineralization on the Gisenyi Sheet we recommend the 
fo
interp granites; one in the northeast corner underlying the Mt. Muhe 
granite and the other located between the two regional shear zones – and on the extensive 

g
sh
C
mineralization are the 
 
The dominant structural trend on the Gisenyi Sheet is the recent NNE–SSW Rift fault 
trend, with multiple complementary, or cross-faults, trending namely E–W. Two older 
basement fault zones, the Mwongo Shear zone (M-SZ) and the West Satinsyi Shear zone 
(W-STYI-SZ), control the major structural trends in the Gishwati pegmatites and 
metavolcanics/metasediments. 
 
A large number of mineral occurrences have been discovered on the Gisenyi Sheet:  
 

a) Zone of Sn and W-Nb-Ta mineralization that lies within Gishwati Complex along 
the NNW–SSE striking M-SZ. 

 
b) A mainly W–Nb-Ta zon

north. 
 
c) A six km wide Sn-W trend that strikes NNW–SSE along the edge of the Gisenyi 

granite complex.  
 
 is our assumption that the above noted areas, as evidenced by the large number of 

al occurrences, have undergone extensive surface prospecting. In order to improve 

llowing two Prospective Target Areas for study at 1:50,000 scale, based on the newly 
reted voluminous 

structural alteration in both target areas. 
 
P.T.A.   G1 
Corner 1 427 500 E, 9 795 000 N 
Corner 2 440 000 E, 9 795 000 N 
Corner 3 440 000 E, 9 780 000 N 
Corner 4 427 500 E, 9 780 000 N 
 
 P.T.A.   G2 
Corner 1 430 000 E, 9 820 000 N 
Corner 2 450 000 E, 9 820 000 N 
Corner 3 450 000 E, 9 805 000 N 
Corner 4 430 000 E, 9 805 000 N 
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3.2i)  Gravity Modelling Results and Profiles:  

Central Rwanda Prospective Region 
 
The resul  the gravity modelling fts of or the Central Rwanda Prospective Region (see 

) a rm on Figure 36: Central Rwanda—Modelled 
re 37: Central Rwanda—Composite 
tion, nine modelled Profiles, PR-A to 

ction format as Figures 38 to 46, with the 
ppropriate Legend on Figure 50.   

igure 7, shown previously, illustrates the model results, with calculated depth extents 

he Profiles (PR-A to PR-I) present the processed geophysical data (Analytic Signal of 

i) Digital elevation model above sea level 

gional shear zones (ie. SR-SZ), above and below ground level 

 

vi) s granite models (to scale), below ground level 

 low ground level 

ound level 

 

Figure 26 re presented in map fo
Granites and Cross-Section Profiles and Figu
Interpretation and Cross-Section Profiles. In addi
PR-I have been included in cross-se
a
 
The Central Rwanda Prospective Region results have also been presented as a pair of 
1:100,000 scale maps; the Gravity Model Results and the Interpretation Map. The 
locations of the six relevant P.T.A.s are located within the Central Rwanda Maps, as well 
as the location of the nine selected Cross-section Profiles. 
 
F
for the individual profile calculations, along with the mapped surficial granites, and the 
outlines of the voluminous granites as interpreted from the residual Bouguer Gravity and 
the total horizontal derivation of the Bouguer Gravity. 
 
T
the T.M.I. and the calculated Residual Bouguer Gravity) as two line drawings above the 
interpreted cross-section of the underlying geology. The following Aspects are included 
on each cross-section: 
 

ii) Observed mineral occurrences that occur within 2 km either side of the profile 

(above ground level) 

iii) Interpreted re

iv) P.T.A.s, above ground level 

v) Interpreted and observed faults, below ground level 

Calculated voluminou

vii) Interpreted outline of voluminous granites, below ground level 

viii) Mapped surficial granites, be

ix) Interpreted magnetic units, below ground level 

x) Simplified Proterozoic metasedimentary/metavolcanic units, below gr
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The ill focus on the illustrated results 
ove h
 

P

 following discussion of the cross-section profiles w
r eac  of the five P.T.A.s: 

i) .T.A. KI-1, Profiles PR-A, PR-F, and PR-G 
Prospective Target Area KI-1 lies along the northern edge of the mapped Kigali 
granite. The interpreted voluminous granite lies under the southern half of the 

ng metasediments, noted as Ng, show extensive alteration 
as evidenced by the negative relief between 25,000 and 35,000 along the profile 

ure is observed over this target 

ii) 

Target Area, with the calculated maximum thickness of the granite reaching more 
than 4 km. The borderi

(C.R. Profile PR-A). A similar profile signat
between 35,000 and the eastern end of Profile PR-F. Along the north central 
portion of the target the voluminous granite models as a thinner intrusive phase (2 
km) and the structural interpretation indicates an increase in activity along the 
western edge of the GN-SZ. Along the southern Profile PR-G, a relatively thick 
phase of the voluminous granite (2.5 to 4 km) has been modelled over a distance 
of 8 km between 37,000 and 450,000 along the profile. 
 
P.T.A. BUG-3, Profiles PR-B, PR-C, and PR-I 
The northeastern corner of the P.T.A. is crossed by the southeastern end of 
Profile PR-B. The northern extent of the Bugesera granite has been interpreted as 
a less voluminous granite extending from 44,000 to the southern end of the 
profile. The target formations of altered Rk and Bl metasediments are evident on 

e profile, extending from 39,000 to 47,000. Profile PR-C crosses the 
rn end of profile, 475,000 to the 

th
northeastern Rk amphibolite member at the southe
end (C). 
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iii) .T.A. N-1, Profiles PR-C, PR-G, PR-H, and PR-IP  
his prominent P.T.A. covers the northeastern Gitarama leucogranite and is noted 
r the associated interpreted voluminous granite that covers the P.T.A. and 

xtends to the northeast. The modelled portions of the Gitarama granite exhibit a 
latively uniform thickness of less dense material from 12,000 to 33,000 along 
e profile, with the deepest portion (72.5 km) at the edges of the mapped 

Bs metasediments along the 

iv) 

T
fo
e
re
th
leucogranite (see Profile PR-H). The altered Ng and 
eastern edge of the voluminous granite (strong magnetic featuring) are also 
evident to the north (see Profile PR-G) and to the south (see Profile PR-I). A 
deeper extent, or possible root, of the less dense voluminous granite is evident as 
a 3.5-to-4 km thick extension outside of the P.T.A., at 33,000 on PR-G and 
29,500 on PR-H. 
 
P.T.A. R-2, Profiles PR-A, PR-B, PR-D, PR-E, and PR-F 
The P.T.A. Ruhengeri-2 is an extensive target area, extending from the 12 km 
wide SR-SZ in the north to the edge of the interpreted voluminous leucogranite in 
the south. The western ends of Profiles PR-D and PR-E are underlain by the 
altered and/or amphibolitic units of the Bs and Bl formations. The target area also 
xhibits extensive regional faulting and the interpreted buried voluminous granite 

 of the P.T.A. from 

v) 

e
extension of the Kigali granite lies along the eastern edge
10,000 to over 15,000 on both profiles. The similarity of tectonic, intrusive, and 
alteration aspects evident on these profiles, along with the situation of the 
Rutongo Sn mineral field to the east raises the potential of this Target Area. 
 
P.T.A. R-3, Profiles PR-C, PR-F, and PR-G 
P.T.A. Ruhengeri-3 lies over the northern “nose” of the Gitarama granite, within 
the heavily fractured SR-SZ.  
 
The buried voluminous granite has been modelled as far north as 10,000 on 

rofile PR-C and west to 3,000 on PR-G. A deep root (4 km) of the gP ranite 
R-G, along the faulted edge of the 

R-SZ. The coincidence of the thick voluminous 

 

occurs between 3,000 and 12,000 on Profile P
intrusive. The deepest portion of the modelled granite (2 to over 4 km) occurs 
between two dominant regional NNE–SSW faults that traverse the Gitarama 

ranite and cross into the Sg
granite, strong zones of faulting, and the presence of contact alteration of the 
bordering Bb metasediment, as well as the multiple occurrences of Sn-
mineralization north and northwest along the Nyabarongo, raise the potential of 
the P.T.A. 
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Regional Profiles 
 
The results of the gravity modelling over the three selected regional geological profiles 
(SE Kibungo, SW Karengara, and northern Gisenyi-Ruhengeri) are presented in map 
form on the respective 1:100,000 scale detailed Interpretation maps and as cross-section 
profiles (Figures 47, 48, and 49). The legend noted for the Central Rwanda Profiles also 

t regional profiles (Figure 50). 

ithin 2 km either side of the profile 

gional shear zones (ie. SR-SZ), above and below ground level 

 

xvi) s granite models (to scale), below ground level 

low ground level 

ound level 

 
The ill focus on the correlation of the 
inte ith the underlying geology. 
 
 
i)   l

applies to the curren
 
For each of the regional Profiles (Figures 47 to 49) the following Aspects are indicated 
on each cross-section: 
 

xi) Digital elevation model above sea level 

xii) Observed mineral occurrences that occur w

(above ground level) 

xiii) Interpreted re

xiv) P.T.A.s, above ground level 

xv) Interpreted and observed faults, below ground level 

Calculated voluminou

xvii) Interpreted outline of voluminous granites, below ground level 

xviii) Mapped surficial granites, be

xix) Interpreted magnetic units, below ground level 

xx) Simplified Proterozoic metasedimentary/metavolcanic units, below gr

 following discussion of each cross-section profile w
rpreted geophysical results (magnetics and gravity) w

Profi e SE Corner, Kibungo (Figure 47) 
 
This profile was selected to present a picture of the voluminous granite in southeast 
Kibungo (Rusomo granite) and the bordering mafic alteration zone (Rs – Complex of 

usomo) and younger metasedimentary units (Rr to Br). R
 
The southeastern end of the profile crosse
nomaly that has been modelled as the volum

s the strong –15 milligal negative gravity 
inous Rusumo granite (mapped as a 2 mica 

distance 30 km along profile) 

a
granite) that reaches a thickness of approximately 2 km. The bordering altered Rusomo 
complex and mafic norites/amphibolites exhibit a moderate positive magnetic signature. 
The southeastern edge of the Kibungo-Rusomo SZ (
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correlates with the magnetic metavolcanic/schist series of the Rukira fm. The 20 km wide 

8)

KR-SZ exhibits multiple local faulting with numerous NNE cross-structures that parallel 
the regional N–S Kibungo-Ntoma SZ.  
 
The northwestern end of the profile is marked by a strongly magnetic amphibolitic unit 
within the younger Birenga schistose fm, within the southern end of P.T.A. BUG-2. 
 
 
ii)  Profile Gisenyi-Ruhengeri (Figure 4  

f the 
rofile, for a distance of 20 km, reflects the 3 km+ deep voluminous granite that is 

and trachytic volcanics. Strong N–S faulting 
-STYI-SZ disrupts the granite and overlying 

i) Profile SW Corner, Karengara (Figure 49)

 
This regional profile was selected in order to highlight the response over the recent 
(Tertiary) rift volcanics and to illustrate the response of the interpreted and modelled 
oluminous Kabaya granite that underlies P.T.A.s G-2 and R-4. The western end ov

p
overlain by the recent (Tertiary) Hawaiite 
ssociated with the northern end of the Wa

volcanics. Similar regional fault trends are evident with the N-STYI-SZ, along the eastern 
edge of P.T.A. R-4 over the extensive N–S development of the magnetically active basic 
volcanics (25 km to 28.5 km along the profile). 
 
The northeastern end of the profile (38 km to 53 km) crosses the northern end of the 
P.T.A. R-1. Multiple N–S striking magnetic units correlate with altered schistose 
members of the Rukomo and Bumbogo formations. 
 
 
ii  

p metasediments. From the northern 
nd of the profile, extending southeast to the edge of P.T.A. KA-2 (approximately 8 km) 

active Tertiary Rift basalts. The profile 
.T.A. KA-2, initially encountering the 

 
 

 
This profile has been selected in order to illustrate the volcanics and amphibolitic 
metasediments in the southwest and to show the model results over the interpreted 
oluminous granite that underlies the Cyohoha grouv

e
the profile is dominated by the magnetically 
roceeds across the southwest corner of Pp

magnetically active amphibolitic/altered members of the Sakinyaga fm, then crossing the 
buried (2 km thick) voluminous granite, between 12.5 and 17 km along the profile. The 
southern end of the profile reflects the relatively quiescent nature of the Sakinyaga 
metasediments.  
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4.0  SUMMARY AND CONCLUSIONS 
 

The interpretation of the NRG airborne avity survey in conjunction with the 
reprocessing and interpretation of the airborne magnetic and radiometric survey data 
covering Rwanda has been successful in completing the stated Scope of Work and in 
achieving the two major objectives of th ely, to prepare a Mineral 
Prospectivity Map of R physical interpretation 
maps, one for each of the twelve geological maps of Rwanda. 

 select the twenty-one new 
rospective Target Areas that warrant detailed study at the 1:50,000 scale using the 

ospective Target Areas 
ith reference to the interpreted granites and regional tectonic Shear Zones as shown on 

gr

e study; nam
wanda and to complete a suite (12) of geo

 
The results of current geophysical interpretation have been combined with the mapped 
surficial geology and the located mineral occurrences to produce a series of “Aspect 
Maps” that have been combined to produce the twelve 1:100,000 scale Interpretation 
Maps. The geophysical/geological signatures over known major and notable mineral 
occurrences have been identified and utilized as “templates” to
P
current geoscience databases, followed by ground geophysical/geological follow-up. For 
each P.T.A. the possible mineralization type has been identified. 
 
The major outcome of the interpretation study has been the 1:250,000 scale Mineral 
Prospectivity Map of Rwanda that has been linked to the mapped geology and mineral 
occurrence database as shown on Figure 51: Composite Interpretation Map and 
Prospective Target Areas. A synoptic or general overview, Prospectivity Map has also 
been produced that illustrates the location of the twenty-one Pr
w
Figure 52: Synoptic Geophysical/Geological Map and Prospective Target Areas. 
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