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A team work undertaken by a GDG-Géo2D 

consortium, with (among others): 
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The area assigned for the project according to the TOR 

The project area 

extends from NE Lake 

Kivu shore nothwards. 

From Gisenyi 

hotsprings area to the 

south, to the DRC 

boder to the north, 

over a width of 5 Km.  

It exclude most of 

Gisenyi township. 
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Geological context of Gisenyi prospect 

The area is characterized 

by two types of 

geological units: 

- Precambrian 

basement to the south  

- Quaternary volcanics 

to the north 

• Hotsprings are only 

present in the 

peninsula 
 

- Basement made of 

metasediments & 

metavolcanics with granite 

and pegmatites intrusions.  

 

- Distinct volcanics from 

Nyiragongo (leucittites…) 

and Karisimbi (alkali basalts) 
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Geology of Gisenyi area 

The available geological 

map (Gisenyi sheet) 

shows the distinct nature 

of the lavas emitted from 

Nyiragongo and Karisimbi 

volcanic units. 

 

For the basement, granite  

dominate to the north 

whereas the 

metasediments appear to 

be affected by abundant 

pegmatite intrusions in the 

project area.  
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Initial workflow: a 5 month project (rescheduled Jan. - Apr. 2016) 
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First phase of the work  
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Deskstop studies allowed to reveal the detailed morphology of the area 
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… to map the location of the eruptive centers 
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…and the most recent faults to be checked in the field 
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First phase of the work: deskstop study 

Volcano-tectonic context 

 
A much 

slower 

spreading 

rate than for 

the Eastern 

Rift branch.  

Therefore 

recent faulting 

less 

developped 

and deeper 

magmatic 

sources 
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First phase of the work  

Volcano-tectonic context: 
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First phase of the work: 

Geology 

Volcano-tectonic 

context: 

 

North of 2°, active sismic, 

tectonic and volcanic 

activity in Kivu rift 

concentrates on the western 

side (DRC)  

 

The graben appears as 

asymetric (half-graben) with 

the Precambrian geological 

units, deeply eroded, gently 

dipping towards the lake 

 

 

 
(from Wauthier et al., 2015) 
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Second phase : the geological field work 

B1: fault kinematics  
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Second phase of the work: Geology 

B2: climatic and hydrological context 
An average precipitation of 2.000 mm per year in the area ensure a good 

recharge of any potential aquifer, but forbid any surface hyrdothermal 

manifestation and  reduce the observation facility of geological outcrops 
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Second phase of the work: Geology 

B3: Hydrogeological context 

 

This simplified topographic map shows the inferred 

horizontal component of the advective flow pattern, 

from Butare Horst to Gisenyi hot springs (or any other 

hidden hydrothermal manifestation)  
(after Hochstein and Browne, 2000). 
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Second phase of the work: Geology B4: Looking for potential reservoir.  
The precambrian metasediments and volcanics were intruded by granites and pegmatites  

and affected by succssive faulting. Mylonitized  

pegmatites appear as potential geothermal reservoir.   
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me 

Metasediments and paleovolcanic (now amphibolite) 

Metasediments affected by tectonics 

Micashists near pegmatite intrusion in a fualt zone 

Micaschists near granite intrusions 
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Various aspects of the pegmatite, generally intensively tectonized and hydrothermalized (kaolinitized) 
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Faults affecting the Precambrian basement, mapped, measured and sampled in the targeted areas   
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As a result of the geological field work, 4 areas of 

potential geothermal interest were identified 

All areas display the same 

potential reservoir in the 

basement : a mylonitized 

and hydrothermally altered 

pegmatite 

> Area 1: active convective 

hydrothermal system: 

hotspings along fault (no 

magmatic reservoir) 

> Area 2 and 3: active faults 

and potential magmatic 

heat source (Nyiragongo-

Kivu rift) 

> Area 4: locally developped 

complex volcanic system 

along 3 sets of faults 

affecting basement and 

lava fields (outside TOR target) 
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Area 1: Kilwa peninsula (presqu'ile) 
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Area 1: Kilwa peninsula (presqu'ile). A well defined fault 

trending NNE-SSW controls the hotsprings emergences  

Fault plane  

and fault zone 

2 hotsprings  

occurrences  

up to 72°C 
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Area 1: Kilwa peninsula (presqu'ile) 
Carbonate deposits 

(stromatolite) scealing 

former shore line up to 8 m 

above present lake level 

are observed all around 

the lake. Exceptionally, 

this recent formation 

appears faulted (same 

NNW trend).  
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Map of the faults controlling the northern extremity of 

Lake Kivu area, as drawn from topography and 

bathymetry (from Wood et al. 2015).  

 

Seismic profile along line MCS 10)showing the 

asymmetry of the Kivu rift. Some extension faulting do 

appear on eastern side of the rift (as shown in red) 

creating channel eventually driving the hydrothermal 

activity. 

 

Area 1: Kilwa peninsula (presqu'ile)  

Need to understand the tectonic context of Lake Kivu: 
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Area 1: Kilwa peninsula (presqu'ile)    

Bathymetric context 

 The deeply eroded Precambrian basement 

outcropping on the eastern shore of Kivu L. 

appears as gently dipping underneath the lake. 

Some pegmatite rock outcrops even appear at 

the surface.  

This morphology relates to late Palaeocene lower 

lake with shorelines at 525m depth (Ross et al, 2014) 

Several “extreme hydrothermal events” are 

inferred from later lake chemical fluctuation at 5 

and 1 Ky BP. 

 

We recommend a detailed bathymetric map to be 

undertaken N & S of the hot-springs area in order 

to detect the extension of the fault and 

hydrothermal manifestations .  

The area to be mapped is shown with a red 

quadrangle for which a nautical drone could be 

used.  
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Area 1: Kilwa peninsula (presqu'ile) 
Stratification of Lake Kivu show concentration of CO2 and CH4 at depth, 

of mantle origin.  

The inversed temperature profile and concentration in dissolved metals 

is interpreted as resulting from hydrothermal emanations at depth 

Vertical stratification (temperature, density, 

conductivity) in the Lake Kivu as observed in different 

basins     (Schmid, 2009). 

Cumulative volume of CO2 and CH4 (in mole 

per cubic meter) in Kivu lake: total volume of 

the lake : 560 km3, total volume (STP) of 

dissolved CO2: 256 km3, total volume (STP) of 

dissolved CH4 : 65 km3. 



Western Rift Wokshop, Kigali, march 2016. J.Varet Gisenyi 

Area 1: Kilwa peninsula (presqu'ile) : Soil CO2 Flux 
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Area 1: Kilwa peninsula (presqu'ile) :  

Soil CO2 Flux 
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Area 1: Kilwa peninsula (presqu'ile) :  

Soil CO2 Flux 

Considerably high fluxes observed on the eastern 

part of the peninsula and around the hot springs. 
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Area 1: Kilwa peninsula (presqu'ile) :  

Soil Temperature 

High soil temperature (~30cm depth) measured at the hotspring area.  
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Area 1: Kilwa peninsula (presqu'ile): Fluid geochemistry 
from available date; analysis under progress  

 Despite of carbosodic type, the hotsprings display a notable concentration in Cl (which 

could be referred to as a geothermal brine component), a relative depletion of Mg and 

enrichment in Si indicating that they probably originate from a higher temperature source.  

Geothermometres are ranging from 74 to 181°C. Quartz temperatures vary from 110 to 

141°C, the variation being attributed to cooling and dilution along the flow path from the 

reservoir. Total Alkali (Na-K-Ca) geothermometers indicate temperature as high as 

181°C but reduced to 74°C after Mg correction.  

The variations encountered in the values obtained for geothermometres can also be 

interpreted with a mixture hypothesis (with lake water rich in Mg, but also eventually 

meteoritic water); this should be précised.  

Other trace elements as Cl, Li, As, Cs are rather high in concentration, also indicating 

high temperatures.  

Isotopic studies are under progress but existing data show interesting indications:  

-Deuterium values are similar to surface waters.  

-O18 displaced on the right of the line which result from exchange between water and 

CO2.  

-C13 values are typical of deep (mantle origin) CO2, similar to Lake Kivu values (differing 

from atmospheric values).  

-S34 show no volcanic value (S most probably issued from sulphide in the basement).  
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Area 1: Kilwa peninsula (presqu'ile): Geophysical TEM first 

preliminary results 
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Area 1: Kilwa peninsula (presqu'ile): geophysical results to 

be merged with pre-existing data 

Resistivity cross sections along G10 profile (5 Km south of Gisenyi 

town) close to Gisenyi thermal spring  

- TDM section at right show a thin low resistivity layer at circa 0.7 Km depth. 

- Deeper MT resistivity section at left show in the E half of the section “normal” 

high resistivity basement rocks, whereas the W half contains a zone of 

intermediate resistivity rocks connecting to a deep conductive body (from IESE, 

2012) 
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Preliminary qualitative hypothetical model for 

area 1 Kilwa > Main source of water 

in the Butare horst, 

affected by normal 

faulting 

> Infiltration through 

fauts in the 

metamorphic 

basement, then 

through permeable 

granite and 

pegmatites 

> Hot water thermal 

ascent through 

densely fractured 

pegmatite due to Kivu 

neotectonics 

> Boosted by Hot CO2 

(+ brine?) rise from 

active Kivu rift axis 

 

CO2 

H2O 

CO2+H2O 

 

isotherms 200°C 

300°C 

250°C 

Lake Kivu       Kilwa hotsprings     Butare horst 
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Area 1: Kilwa peninsula (presqu'ile):  

preliminary conclusions and recommendations 

> A well defined hydrothermal system, convective along deep seated 

fault 

> Possible reservoir in mylonitized pegmatite 

> Temperatures eventuelly compatible with binary (ORC) electric 

production ; No magmatic heat source and limited extension 

> Extension of the fault and hydrothermal emergences under lake 

surface to be studied (nautical drone survey) 

> The geometry of the faulted zone needs to be precized through 

adapted techniques (seismic profile, slim holes survey) 

> Low temperature applications to be studied (« demand » study to be 

engaged) 
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Area 2: Gisenyi 

Recent volcanic cone 

intensively exploited for 

pouzzolanes  

Recent volcanic flow 

issued from the cone cut 

by normal fault 
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Area 2: Gisenyi: The 2002 volcano-tectonic event affected the area  
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Area 2: Gisenyi  
The 2002 volcano-tectonic event  

> Detail views of the structural damage in 

the city of Gisenyi (Rwanda) during and 

after the strong seismic swarms of Jan. 

17-Jan. 24 2002.  

> An inspection of this area in 2004 

revealed a 3-6 km long but narrow (< 

0,5 km wide) axis (from southern 

Gisenyi at the Hospital to houses 

beyond and NW of the airport’s runway, 

along which, most of the houses which 

are built of adobe and bricks, showed 

several open fractures even 2 years 

after the eruption.  

> Several houses and adobe walls have 

been repaired and/or replaced but again 

affected by fractures and fissures likely 

associated with high levels of tectonic 

rift seismicity affecting the area since 

2002.  
(colour photo: J.Varet; other Photos © J. C. 

Komorowski/ipgp). 

New cracks affecting hostital  

constructions since repare 

 (2016 photo) 
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Area 2: Gisenyi  

a possible heat source 

 
The 2002 event was located along 

the DRC/Rwanda border and 

incuded magma injection and 

emission along a N-S rift zone 

previously active.  

 

It included : 

- important deformations (uplift and 

subsidence up to 37cm) which 

affected the area including Gisenyi 

town long after the event; 

- hydrothermal as well as gaseous 

(CO2, CH4) emissions.  
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Area 2: Gisenyi  

a possible heat source 

The Nyiragongo 2002 

event reveals an axial 

magmatic rift zone  linking 

the lava lake to the axis of 

the Kivu rift 

 
The top of the 2002 deep dike 

intrusion is at  3 km depth, height is  

6 km for a length of  35 km, and a 

mean opening of  0.72 m  

See the deformations affecting the 

area 2 as well as area 1 

 
From: Wauthier et al., 2015 
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Area 2: Gisenyi  
a possible heat source 

- 8 to - 4 km depth 

- extended (30Km) 

- however thin  

(less than 1 m !) 

 

 
Wauthier et al., 2012 
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TEM resistivity 

cross sections 

along area 2 in 

SW-NE and NW-

SE direction 

respectively.  

 

Area 2: Gisenyi : preliminary results of the 

geophysical (TEM) survey  



Western Rift Wokshop, Kigali, march 2016. J.Varet Gisenyi 

Area 2: Gisenyi: preliminary conclusions and 

recommendations 

> The area of work was imited towards west by the TOR as 

well as the facilities of access in the border area; 

> Considering the potential heat source of magmatic origin 

along the Nyiragongo-Kivu rift, a bilateral DRC-Rwanda 

geothermal exploration project is recommended; 

> Should study the past volcano-tectonic activity of that rift 

(frequency of magma injection) as well as the ongoing 

microseismicity and gas/hydrothermal vents with related 

chemical/isotopic analysis; 

> Should allow for geological, geochemical & geophysical 

profiles across the rift extending on both sides of the 

boundary 
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Area 3: Muti: further north along 

the side of the nyiragongo-Kivu rift  

> Same difficulties to achieve the survey in border area 

(plus safety conditions in military zone) 

> Despite the absence of urbanisation (less electric lines!) 

> Same recommendations as for Area 2 
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Hypothetical geothermal model for area 2 and 3 in 

view of a bilateral DRC-Rwanda research project 

> Nyiragongo-Kivu 

rift heat source 

> Fractured 

pegmatite 

basement  

> Water recharge 

through 

permeable lava 

fields 

> Location of 

recommended 

bilateral survey 

WNW                                                  ESE 
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Area 4: Basa  

An individualized 

volcanic unit, distinct 

from both Karisimbi and 

Nyiragingo volcanoes is 

observed there. 

It occurs both within the 

plain as well as sitting on 

the basement. At least 3 

disting feeding fissures 

cross there.  

A specific magmatic 

evolution is observed 

with augite cumulates 

and resulting aphyiric 

mugearites.  

Trachytes still need to be 

searched for… 
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Area 4: Basa several emissive fissures crossing in the plain 

with a well defined  

emissive ridge  
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Area 4: Basa : numerous craters and flows emission 

centres on the upper side of the fault  
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Area 4: Basa : alkali basalts flows with augites cumulates + 

differentiates and basemenet inclusions, some totally molten  
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Area 4: Basa : cinder deposits cover an arera of several hundred square Km 

on the basement 

The recent volcanic activity was 

intruded through and covered part 

of the basement on the upper 

compartment of the fault. 

Basement also made of 

mylonized pegmatite (potential 

reservoir at depth). 
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Area 4: Basa : the basement is made of granites and pegmatites. When faulted, 

springs (cold) may be identified (here contact with scoria). Pegmatite frequently aletred and mylonitized 
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Area 4: Basa : preliminary conclusions and 

recommendations > The area could not 

concentrate enough 

data collection as 

outside the area 

targetted by the TOR. 

> Would be valuable to 

extend the 

geophysical and soil 

surveys in the area 

where several 

volcanogenic fissures 

cross with embryonic 

independant volcanic 

unit.   
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Area 4: Basa: preliminary hypothetical model for 

a geothermal system yet unrevealed 

> Hypothetical 

embryonic magma 

chamber 

underneath the 

volcanic area where 

several eruptive 

axis cross 

> If exist possible 

reservoir in 

fractured pegmatite 

> Location of supp. 

geophysical and 

soil survey 

recommended 
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Gisenyi area: preliminary conclusion (as work is still 

under progress) 

- No evident geothermal field, as lack of:  

- Identified magmatic heat source  

- Convincing hydrothermal manifestation  

- Textbook H.E. model  

- But other options should be considered: 

- Imagine other models 

- Medium temperature  binary options 

- Energy options of local interest (direct use, balneo-therapy or touristic 

applications) 

- Look at hypothetical magmatic heat sources Nyira-Kivu rift and area 4 

- It is worth continuing efforts: 

- Study the shape & extension of the faulted convective zone Area1 

(lake survey, complementary geophysics, incl. Slim holes) 

- Build a bilateral  project with DRC 

- Complete survey on Area 4 

- Engage direct uses study 
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Erta Ale, Afar J.Varet, 1972 


