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a  b  s  t  r  a  c  t

Integration  of  regional  geophysical  datasets  and  detailed  field  observations  provide  new  insights  into
the  paleoproterozoic  structural  evolution  of  southwestern  Ghana.  The  study  area  is  dominated  by three
metavolcanic  and  metasedimentary  packages  known  as the  Sefwi  Group,  the  Kumasi  Group  (Birimian)
and the  Tarkwa  Group  (Tarkwaian)  that were  intruded  by abundant  TTG  granitoids  during  the  Eoe-
burnean  and  Eburnean  phases  of  an  event  termed  the  “Eburnean  Orogeny”.  This study  identifies  an
Eoeburnean  (pre-Tarkwaian)  deformation  event  (D1)  that  produced  significant  deformation  in  the  Sefwi
Group metavolcanics.  D1  is  associated  with  N-S  shortening  manifested  as  regional  scale  folding  in the
southern  Ashanti  Belt.  D1  synorogenic  granitoids  were  intruded  between  2187  Ma and  2158  Ma  under
greenschist  metamorphic  condition.  Syn-D1  gold  mineralisation  associated  with  quartz  veining  could  be
the original  source  of  Tarkwaian  paleo-placers  and/or  remobilised  gold  concentrations  along  major  shear
zones.

D2  represents  an  extensional  phase  associated  with  the  Kumasi  Group  sedimentation  (2154–2125  Ma)
which  could  be  related  to activation  of  major  structures  such  as the  Ashanti  Fault  as  low  angle  detach-
ments that  controlled  the  deposition  of  the  Kumasi  Group  and  the  opening  of the  Kumasi  and  Akyem
Basin.  The  Tarkwa  Group  (2107–2097  Ma)  unconformably  overlies  the  Birimian  Supergroups  and  was
deposited  in  response  to D3  shortening.  D3  resulted  in  the  inversion  of  syn-D2  detachments  faults  within
the  Ashanti  Belt.  NW-SE  D3 shortening  produced  regional  scale  folding  within  the  Birimian  and  the  Tark-

waian metasediments.  D4  deformation  corresponds  with  sinistral  reactivation  of  D3  thrust  faults,  and
is locally  associated  with  macro-scale  folding  at Obuasi  and  Wassa  gold  mines.  By the  end  of  D4,  the
regional  scale  architecture  was  built  and  was  only  slightly  modified  by the  two last  events.  D5  postdates
the  Eburnean  metamorphic  peak  and  corresponds  to open  recumbent  folds  associated  with  a subhorizon-
tal crenulation  cleavage.  D6 is  present  as a  subvertical  crenulation  cleavage  and  reverse  faults  associated
with NE-SW  shortening.
. Introduction

The Ashanti greenstone belt in the Western Region of Ghana
osts numerous hydrothermal gold deposits (e.g. Obuasi, 60 Moz)
nd older placer deposits (e.g. Tarkwa, 41 Moz) that were cre-

ted and deformed during the Eburnean orogeny (Bonhomme,
962). The presence of massive gold placers that predate all
nown hydrothermal deposits, suggests an early phase of gold

∗ Corresponding author at: GET, Observatoire Midi-Pyrénées, 14 Av Edouard Belin,
-31400 Toulouse, France. Tel.: +33 5 61 33 25 93.
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© 2012 Elsevier B.V. All rights reserved.

mineralisation and subsequent deformation in the Ashanti Belt.
Characterising this early event is essential for understanding the
tectonic evolution and geological context for gold mineralisation in
the south-west Ghana. This region is composed primarily of pale-
oproterozoic metavolcanic and metasedimentary rocks that are
divided into the Birimian Supergroup (Sefwi and Kumasi Groups)
and the Tarkwa Group, that are both intruded by abundant grani-
toids (Fig. 1).

Allibone et al. (2002a) separated the Paleoproterozoic Eburnean
orogeny into two distinct phases known as Eburnean I and II.

Their Eburnean I event predates the deposition of Tarkwaian sed-
iments and is associated with a major period of magmatism and
metamorphism in the Sefwi Group basement. Their Eburnean II
event is associated with significant post-Tarkwaian deformation

dx.doi.org/10.1016/j.precamres.2012.01.003
http://www.sciencedirect.com/science/journal/03019268
http://www.elsevier.com/locate/precamres
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ig. 1. (A) The West African Craton (modified after Milési et al., 2004, BRGM SI
aleoproterozoic greenstone belts and voluminous granitoids in the northwest to th
009)  showing the locations of Figs. 6, 14 and 16.

hat affected both the Birimian Supergroup and overlying Tark-
aian sediments. This second phase of the Eburnean orogeny is

elatively well known in the study area and is described at the
ine scale (Blenkinsop et al., 1994, in Obuasi; Allibone et al., 2002a,

n Obuasi and, Allibone et al., 2002b,  in Bogoso; Kutu, 2003, in
onongo; Tunks et al., 2004, in Damang) and at a regional scale

Eisenlohr and Hirdes, 1992; Milési et al., 1992; Ledru et al., 1994;
arritt and Kuma, 1998; Feybesse et al., 2006).

Eburnean I events have been described along the West African
raton and called Eoeburnean in northern Ghana (De Kock et al.,
011) or Tangaean in Burkina Faso (Tshibubudze et al., 2009; Hein,
010), but are relatively poorly resolved in southwestern Ghana.
his study presents an integrated interpretation based on new field
ata, geophysical surveys and previous structural studies and maps
Loh et al., 1999; Agyei Duodu et al., 2009) that provides a new
tructural context to the Eoeburnean phase and clarifies the subse-
uent tectonic evolution of the Ashanti greenstone belt.

. Geological setting
The southern part of the West African Craton, known as the Leo-
an  craton, is composed of an Archean nucleus that is tectonically

uxtaposed against Paleoproterozoic granitoid-greenstone assem-
lages to the north and east (Fig. 1). In southwest Ghana, four
ue) is composed of an Archean nucleus in the southwest bounded by series of
t. (B) Simplified geology map of the Ashanti Belt (modified after Agyei Duodu et al.,

NE-SW greenstone belts occur, known as the Bui, Sefwi, Ashanti
and Kibi-Winneba belts from west to east, respectively. These belts
are separated by three sedimentary basins namely the Sunyani, the
Kumasi and the Akyem Basins (or Cape Coast Basin, Agyei Duodu
et al., 2009). These greenstone belts and dividing sedimentary
basins were formed and deformed during the Eburnean orogeny
(Bonhomme, 1962).

2.1. Eburnean orogeny

Feybesse et al. (2006) proposed an early Eburnean phase
between 2135 Ma  and 2100 Ma  corresponding to magmatic accre-
tion and plutonism that terminated with development of the
Kumasi Basin. The synchronous Eburnean orogeny (2130–1980 Ma)
corresponds to thrust tectonism dominated by sinistral transcur-
rent deformation in the Ashanti Belt. Allibone et al. (2002a) suggests
an alternative two  phase Eburnean evolution, divided into the
Eburnean I (2200–2150 Ma)  and Eburnean II (2116–2088 Ma), that
are separated by deposition of the Birimian and Tarkwaian units. In

northern Ghana De Kock et al. (2011) called these two  phases Eoe-
burnean and Eburnean, respectively. This nomenclature is referred
to in the text, based on the correlation with published zircon
geochronology (Fig. 2A).
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Table 1
Comparison between the tectonic evolution presented in this work with other recent studies in southwestern Ghana.

In Birimian

Obuasi / Bogoso
(Allibone et al., 2002a, b)

In Tarkwaian

Damang
(Tunks et al., 2004)

Regional

(Eisenlhor et al., 1992)

Regional

(Feybesse et al., 2006)

(Milesi et al., 1992)

Sefwi Group volcanism and sedimentation

Birimian sediments and volcanics 

penecontemporaneous

Plutonism (Dixcove type granitoids)

D1, N-S shortening

Regional scale folding in the Sefwi Group

Possible gold mineralization

D1

S1 parallel to bedding

Flat-lying bedding parallel shearing

D2, NW-SE shortening

Isoclinal folds with axial surface parallel to 

the regional faults and shear zones

Ashanti thrust fault

D1, NW-SE shortening

Km scale folds (with subvertical axial 

surface (S1))

Damang thrust fault

D1, NW-SE shortening

S1  (NE-SE) subvertical and subparallel to 

bedding in both Birimian and Tarkwaian

Regional folds (tight to isoclinal)

D1, NW - SE shortening

Thrust faults

Tarkwaian sediments deposition (Syn D1)

Metamorphism (6 kbar / 550 - 650 °C)

D3

Low dip axial surface fold at Obuasi

S3 crenulation cleavage overprinting S2

Final stage of D2 ?

D4, NNW-SSE shortening

Hm scale fold at Obuasi

D5 or syn-D4

Sinistral strike-slip faults and shearing

Gold mineralization

D5

Recumbant folds (< m)

Subhorizontal crenulation cleavage

Last pyrite/gold mineralization associated with quartz vein

D3, ESE-WNW shortening

Folds with shallowly dipping axial surfaces 

and mineralized quartz veins, post-dating 

the peak of metamorphism

D6, NE-SW shortening

Low amplitude folds + crenulation cleavage ≈ N320 / 70 (RH)

Reverse faults oriented NW-SE

D4

Faults oriented NW-SE

Onset of deformation in a "foreland thrust" 

and Tarkwaian deposition

K-rich plutonism

(cross-cutting all previous structures)
Late plutonism

D2, Continuing compression

S2  (NE-SE)  fabrics overprint S1 foliation 

S2 is defined by aligned muscovite and 

elongate recrystallised quartz grains

Metamorphism

Synorogenic plutonism

(Cape-Coast type granitoids)

D2/D3, NW-SE shortening

Tarkwaian folds

Strike-slip faults and shearing

Gold mineralizations

Metamorphism (2 - 3 kbar / 200 - 300 °C)

Magmatic accretion

Plutonism

Birimian sedimentation

D2, NNW-SSE shortening

Thrust faults and minor folds
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Volcanism

Granitoids intrusion

Regional metamorphism

Tarkwa Basin Formation (2107 - 2097 Ma)

D3, NW-SE shortening

Km scale folds in Birimian and Tarkwaian

S3 subvertical crenulation cleavage NE-SE

Thrust faults (Ashanti, Damang, …)

Peak of metamorphism (2092 Ma)

D4, NNW-SSE shortening

Sinistral shear reactivation of D3 thrust

S4 crenulation cleavage ENE-WSW

Greenschist retrograde metamorphism

Remobilization and concentration of gold particle along the 

shear zones and at the base of Tarkwa Basin

D2, Extension Phase (2154 - 2125 Ma)

Kumasi Group sedimentation
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Fig. 2. Compilation of histograms presenting radiometric age data and the number of zircons/whole rock samples for the three main stratigraphic sequences and on granitoids
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n  the study area (after Taylor et al., 1992; Hirdes et al., 1992; Davis et al., 1994; Hird
006;  Feybesse et al., 2006; Adadey et al., 2009; Agyei Duodu et al., 2009). The age
nd  Eburnean phases. Dots represent dated samples for igneous rocks or zircons ag

Allibone et al. (2002a) suggest that the Eburnean I (Eoeburnean)
vent was associated with a period of magmatism and metamor-
hism responsible for the Sefwi Group metavolcanics and TTG
ranitoid emplacement (Table 1) that correlates with the pre-
burnean of Feybesse et al. (2006).

The second phase of the Eburnean orogeny affects both the
arkwa Group and the Birimian Supergroup. The Eburnean II
Eburnean) event is associated with major NW-SE shortening (D2
f Allibone et al. (2002a, b);  D1 of Tunks et al. (2004))  that devel-
ped major thrust faults – including the Ashanti Fault – along with
soclinal folds in Birimian metasediments and regional scale open
olds in the Tarkwaian sediments. These features are overprinted by
hrusts that were reactivated during a phase of sinistral transpres-
ion that utilised the existing thrust architecture (D2 of Tunks et al.
2004); D3 of Milési et al. (1992);  D3 of Feybesse et al. (2006)). At the
buasi mine, 100 m scale folds described by Allibone et al. (2002a)
ay  have developed during (his D4–D5) shearing. This phase of

he Eburnean orogeny is associated with most of the hydrothermal
old deposits in the region. Late Eburnean deformation has been
bserved in the Damang mine, where it is characterised by very
pen folding and minor brittle faulting (Tunks et al., 2004). The D3
f Tunks et al. (2004) corresponds to ESE-WNW shortening asso-
iated with folds, quartz veins and a shallow dipping crenulation
leavage that overprints D2 reactivated thrust faults. In Damang,
unks et al. (2004) observed a conjugate system of faults that strike
W-SE and cross-cut all previous structures. These features may

orrelate with more regionally extensive NW-SE faults recognised
n existing maps of southwestern Ghana.

The relationship and timing between Eburnean deformation and
arkwaian deposition are contentious and not fully understood.
d Davis, 1998; Oberthür et al., 1998; Loh et al., 1999; Pigois et al., 2003; Attoh et al.,
ibution in granitoids shows two  distinct peaks that correspond to the Eoeburnean

 sedimentary rocks and their associated error bars.

Allibone et al. (2002a) suggested Tarkwaian sedimentation
occurred before major Eburnean deformation and mineralisation.
Leube et al. (1990) played down the significance of post-Tarkwaian
deformation suggesting “tension-related folding by gravity” (Stage
V of Leube et al. (1990, p. 157)) was  responsible for Tarkwaian
structures, requiring earlier events to have controlled the regional
structural architecture and the distribution of gold mineralisation.
Other workers propose an intermediate position with Feybesse
et al. (2006) suggesting Tarkwaian sedimentation developed in
response to Eburnean shortening following a phase of tectonic
accretion and magmatism. Further, Ledru et al. (1994) considered
the Tarkwa Basin to have initiated as a foreland basin during the
final stages of the Eburnean orogeny.

2.2. Birimian series

The Birimian series was  first described by Kitson (1918) in the
Birim River (around 80 km east of the Ashanti Belt). Since this early
interpretation, the Birimian stratigraphic column has been revised
significantly, including more than one complete reversal. Before
the application of absolute geochronology, workers described an
Upper Birimian composed by metavolcanics on top of a Lower Bir-
imian corresponding to metasediments (Kitson, 1928; Whitelaw,
1929; Junner, 1935, 1940; Hastings, 1982; Ntiamoah-Agyakwa,
1979; Kesse, 1985; Milési et al., 1992). Leube et al. (1990) and
Eisenlohr and Hirdes (1992) suggested that Birimian metavolcanics

and metasediments were synchronous. Sm/Nd analyses conducted
by Taylor et al. (1992) required a reversal of the stratigraphy with
the younger metasediments overlying the older metavolcanics.
This relationship was confirmed by Loh et al. (1999) with U/Pb
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ircon ages varying between 2162 ± 6 Ma  and 2266 ± 2 Ma  for the
etavolcanics. Detrital zircons in the metasediments indicate the

nitiation of their deposition around 2154 ± 2 Ma  in the Obuasi
ine (Oberthür et al., 1998). Similar ages have been found in the

umasi Basin (northwest of the Ashanti Belt) by Davis et al. (1994).
dadey et al. (2009) proposed a new stratigraphy of the Birimian
upergroup with the Sefwi Group (2195–2170 Ma)  composed of
icaschists and metavolcanics and the Kumasi Group, deposited

fter 2150 Ma,  with metasediments and intercalated andesitic beds
ated at 2142 ± 24 Ma  (U/Pb on zircon). The Kumasi Group was

ntruded by the late sedimentary Suhuma granodiorite at 2136 ± 19
a (U/Pb on zircon, Adadey et al., 2009).

.3. Tarkwaian series

The Tarkwa Group (Kitson, 1928) is a succession of four sedi-
entary units (Whitelaw, 1929; Junner, 1940; Kesse, 1985; Pigois

t al., 2003) (Table 2). The Kawere Group, at the base of the Tark-
aian sediments is composed of conglomerates and sandstones.

ts thickness varies between 250 m and 700 m and is stratigraphi-
ally overlain by the Banket Formation made up of conglomerates
ith interbedded local cross-bedded sandstones layers. The con-

lomerates are principally composed of Birimian quartz pebbles
>90%) and volcanic clasts (Hirdes and Nunoo, 1994) that host the
arkwa Placer deposit. Gold within the conglomerate forms a zone
hat is less than 100 m thick, while the maximum thickness of the
anket sequence is estimated to be 600 m.  Approximately 400 m of
arkwa Phyllites overly the Banket sequence. The uppermost unit
f the Tarkwa Group is the Huni Sandstone, comprised of alternat-
ng beds of quartzite and phyllite intruded by minor dolerite sills
hat form a package up to 1300 m thick (Pigois et al., 2003).

U/Pb and Pb/Pb dating of a few detrital zircons provide a max-
mum depositional age of 2132 ± 2.8 Ma  for the Kawere formation
nd 2132.6 ± 3.4 Ma  for the Banket formation (Davis et al., 1994;
irdes and Nunoo, 1994). These ages agree with the study by Pigois
t al. (2003),  that yielded maximum depositional age of 2133 ± 4 Ma
rom 71 concordant zircons from the Banket formation. However 39
f their zircons are younger and contradict this value. According to
ll concordant zircons histogram (161 grains) and their uncertain-
ies (Fig. 2D), a reasonable estimation for the start of the Tarkwaian
edimentation could be as young as 2107 Ma  although two  zir-
ons may  be younger at 2090 ± 17 Ma  and at 2095 ± 17 Ma  (Pigois
t al., 2003). Tarkwaian deposition is also constrained by intrusions
f metagabbro sills within the Tarkwaian series at 2102 ± 13 Ma
Adadey et al., 2009) and by granitoids at 2097 ± 2 Ma  (Oberthür
t al., 1998).

.4. Granitoids

Abundant granites and granitoids intruded the Birimian and
arkwaian units during the Paleoproterozoic. Eburnean pluton-
sm in southwest Ghana can be divided into two phases between
180–2150 Ma  (Eoeburnean) and 2130–2070 Ma  (Eburnean) that

s supported by the current database of U/Pb and Pb/Pb zircon
ges (Fig. 2A). Most of the granitoids intruded during both phases
orrespond to typical tonalite–trondhjemite–granodiorite (TTG)
uites. However, in the southern part of the Ashanti Belt, intru-
ions within the Mpohor complex have granodioritic, dioritic and
abbroic compositions. Along with this compositional heterogene-
ty, granitic rocks in the southern Ashanti Belt also appear to have
een emplaced under different tectonic regimes. The Sekondi gran-

diorite on the eastern margin of the southern Ashanti Belt exhibits

 magmatic foliation (Loh et al., 1999), suggesting syntectonic
mplacement at around 2174 ± 2 Ma  (U/Pb on zircon, Oberthür
t al., 1998). In contrast, tonalites at Dixcove and Prince’s Town
earch 204– 205 (2012) 12– 39

are unfoliated and were dated at 2171 ± 2 Ma  (Hirdes et al., 1992)
and 2159 ± 2 Ma  (Attoh et al., 2006).

Granitoids from the Eburnean phase sometimes show a mag-
matic mineral alignment (biotite and/or feldspar) but are generally
unfoliated. Late Eburnean granitoids are often K-feldspar rich and
are mainly found in the Akyem, Kumasi and southern Sunyani
basins where they cross-cut all major regional structures.

Similar ages and characteristics have been observed in gran-
itoid intrusions in the small fragment of the Ghanaian craton in
northern Brazil (the Sao Luis Craton, Klein et al., 2005, 2008). This
fragment covers a small area mostly composed by granitoids. As
a consequence, correlation between the Ghanain and the Sao Luis
cratons can only be performed via granitoid ages and geochemistry
analyses.

2.5. Dolerite dykes

Dolerite dykes are abundant across the West African craton
where they cross-cut Archean and Paleoproterozoic basement. In
southwestern Ghana these dykes are well defined in magnetic data
where they are characterised by strong magnetic susceptibility
and remanence. The recently compiled regional 1 M map of Ghana
(Agyei Duodu et al., 2009) shows two families of dykes that are
oriented N-S and ENE-WSW that are generally less than 100 m
in thickness. In the northern Ashanti Belt these dykes are over-
lain by the Volta basin. Dolerite dykes are observed to cross-cut
undeformed K-feldspar rich granites that formed during the late
Eburnean, and are overlain by Volta basin sediments with a max-
imum depositional age of 950 Ma  (Kalsbeek et al., 2008). These
relationships constrain dyke emplacement to between 2000 Ma
and 950 Ma.  In contrast some older dolerite/gabbro dykes and sills
were deformed during the Eburnean orogeny and are dated at
2102 ± 13 Ma  (U/Pb on zircon, Adadey et al., 2009).

2.6. Phanerozoic series

The youngest lithologies in the study area correspond to
Phanerozoic sandstones and shales. These can be found along the
coast, mainly between Cape Coast and Takoradi but also to the
west of Axim. Loh et al. (1999) distinguished two  groups with
ages ranging from Devonian to Carboniferous (Crow, 1952; Mensah,
1973; Chaloner et al., 1974; Baer and Riegel, 1980) and Cretaceous
(Tevendale, 1950).

2.7. Metamorphism

With the exception of some late Eburnean granitoids, dolerite
dykes and Phanerozoic sediments, all other lithologies have
undergone metamorphism that generally does not exceed upper
greenschist facies. Studies on amphibole/plagioclase assemblages
suggest the peak temperature and pressure was  500–650 ◦C and
5–6 kbar (John et al., 1999), dated at 2092 ± 3 Ma  (Oberthür et al.,
1998). These results are similar to those obtained by Schmidt
Mumm  et al. (1997) who  estimated peak metamorphic conditions
along the Ashanti Fault system to 520 ◦C and 5.4 kbar. These con-
ditions are in agreement with the occurrence of garnet in the
Nsuta manganese deposit (Nyame et al., 1998; Kleinschrot et al.,
1993, 1994) and garnet-staurolite assemblages at the Damang gold
mine (Pigois et al., 2003), although these manganese-rich garnet

assemblages can be stable to lower pressure and temperature con-
ditions (Mahar et al., 1997). Occurrences of kyanite and sillimanite
assemblages have also been reported from the Bonsa diamond field
(Kesse, 1985).
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Table  2
Division of Tarkwaian sedimentary sequences and estimated thicknesses.

Tarkwaian unit Thickness
Whitelaw (1929) Junner (1940) Kesse (1985) Pigois et al. (2003)

Huni
sand-
stones

Dompin quartzites 1000 ft (300 m) 4500 ft
(1370 m)

1370 m >1300 m
Dompin phyllites 500 ft (150 m)
Huni sandstones 1500 ft (450 m)

Dolerite sills 600 ft (180 m)  <200 m

Tarkwa  phyllites 800–1000 ft
(240–300 m)

600 ft
(180 m)

120–400 m 120–400 m

Banket
Group

Sandstones 2100 ft
(640 m)

500–600 ft
(150–180 m)

100–180 m 150–600 m

Mineralised conglomerates 100–300 ft (30–90 m)  20–90 m
Sandstones 1000 ft (300 m) 150–350 m
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Kawere Group Conglomerates levels
interbedded with sandstones
and phyllites

.8. Mineralisation

The Ashanti Belt of southwest Ghana hosts a gold district that
ontains a significant number of world class hydrothermal gold
eposits and the giant Obuasi deposit that hosts over 60 million
unces of gold. These deposits are spatially associated with the
shanti Fault and other major shear zones in the Birimian Super-
roup or along the contact between the Birimian and Tarkwaian
nits. The overlying Tarkwa Basin is also host to the Tarkwa paleo-
lacer that contains over 40 million ounces of gold.

.8.1. Birimian deposits
Deposits found along the Ashanti Fault are associated with

rsenopyrite and lesser other sulphides. According to Oberthür
t al. (1994, 1997) and Allibone et al. (2002a) the main mineral-
sation in the Obuasi mine is associated with ductile shearing along
he Ashanti Fault. They also described secondary gold mineralisa-
ion that developed within quartz veins and carbonate-alteration
n basalts. In the Bogoso and Prestea deposits, Mumin  et al. (1994)
howed that gold mineralisation resulted from the remobilisation
f pre-existing gold along the Ashanti Fault. The source of initial
old mineralisation has not been clearly identified.

Birimian mineralisations are often hosted within shear zones
hat transect sediments, mafics or granitoids (Table 3, after Bowell
t al., 1990; Schwartz et al., 1992; Klemd et al., 1993; Mumin  and
leet, 1995; Mumin  et al., 1996; Schmidt Mumm  et al., 1997; Yao
nd Robb, 2000; Yao et al., 2001; Allibone et al., 2002a, b; Griffis
t al., 2002; Pigois et al., 2003; Tunks et al., 2004; Wille and Klemd,
004). Fluid inclusions studies propose low temperature (≈250 ◦C)
nd pressure (≈2 kbar) homogenisation conditions for fluid trapped
n mineralised Birimian quartz veins and pebbles (Schmidt Mumm
t al., 1997).

Few radiometric ages have been acquired from the Birimian
eposits. Near Ayanfuri, mineralisation is associated with gran-

toids dated at 2105 ± 3 Ma  for the intrusion (U/Pb on zircon,
berthür et al., 1998) and 2084 ± 2 Ma  (Pb/Pb) for rutile/galena
rystallisation from hydrothermal fluids (Oberthür et al., 1998).

.8.2. Tarkwaian deposits
Two styles of gold mineralisation are present in the Tarkwa

roup. Hydrothermal deposits occur along the contact between the
irimian and Tarkwaian units (e.g. Damang Mine), and paleoplac-
rs occur within the Tarkwa Basin (e.g. Tarkwa Mine). In Damang,
old mineralisation was found to be associated with pyrite in brit-

le fractures and tensional quartz veins that are correlated with the
ast deformation phase of the Eburnean orogeny (Tunks et al., 2004).
he late timing of mineralised structures was supported by a xeno-
ime age of 2063 ± 9 Ma  (U/Pb, Pigois et al., 2003). Fluid inclusions
250–700 m 250–700 m

within quartz veins associated with mineralisation formed at low
temperature (153–278 ◦C) and pressure (1–2.2 kbar) homogenisa-
tion conditions in the Abosso-Damang deposits (Schmidt Mumm
et al., 1997).

Tarkwaian sediments also host paleoplacers such as the Tarkwa
deposit. Gold grade distribution within the deposit is parallel to
bedding, supporting a sedimentary origin (Sestini, 1973). Gold is
generally found within paleochannels, along conglomerates and
proximal to hematite rich areas within the Banket formation
(Table 2). Fluid inclusions studies of mineralised quartz pebbles
suggest formation under greenschist facies conditions (250–400 ◦C
and 0.5–3 kbar, Klemd et al., 1993). These values are similar to
those obtained for Kumasi Group quartz veins fluid inclusions along
the Ashanti Belt, and may  explain why the source of the Tarkwa
placer has been initially described as a Birimian type hydrothermal
deposit (Klemd et al., 1993; Hünken et al., 1994).

3. Data used for mapping

3.1. Field data

In order to ground truth and constrain the geophysical interpre-
tation, petrophysical, structural and lithological data were collected
across the southern Ashanti Belt. These data were then combined
with pre-existing observations and outcrop maps from Loh et al.
(1999) and company data from explorers within Ghana (BHP and
Golden Star).

Despite collecting data from most of the accessible outcrops in
the study area, the presence of a thick lateritic blanket restricts the
use of traditional mapping and only allowed for the sparse collec-
tion of geological data. In general, the weathered cover sequence
presents as 6–15 m of laterite underlain by 40 m of saprolite.

In order to complement the previous regional mapping, geo-
physical data were used to extrapolate the structures between the
isolated outcrop observations and petrophysical data were used to
constrain the geophysical modelling.

3.2. Processing and interpretation of geophysical data

Magnetic and radiometric data were acquired between 1994
and 1996 by the Geological Survey of Ghana. The flight altitude
of the survey is 80 m above ground, along lines striking 135◦ and
separated by 200 m.  The total magnetic intensity (TMI) was gridded
with a resolution of 100 m.
3.2.1. Aeromagnetic data
The data were reduced to the pole (D = −6.5◦, I = −14.5◦) (RTP,

Fig. 3) in order to bring anomalies directly over their causative
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Table 3
Synthesis of structural and fluid inclusion studies for major gold deposits of southwestern Ghana. P–T data correspond to the homogenisation temperature and pressure of aqueous-carbonic inclusions in quartz
veins  and pebbles.
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s  shown in respect with some of the main Ashanti and other significant regional fa

ources. The reduction to the pole was applied without amplitude
orrection (minor N-S artefacts appears) or with amplitude correc-
ion (no artefacts and similar resulting image but different magnetic
ntensity values). The RTP with amplitude correction was used pref-
rentially for visual interpretation of structures as the absolute
alues of anomalies are less important than their geometry. Both
he RTP and the analytic signal grids (which produce similar images
s the RTP, MacLeod et al., 1993) were then filtered to produce
urther interpretable images that highlighted specific elements of
he geology. The first and second vertical derivative and amplitude
ormalisation (Automatic Gain Control, AGC) and the tilt deriva-
ive (Verduzco et al., 2004; Lahti and Karinen, 2010) were also used
o highlight structural information (Gunn et al., 1997; Milligan and
unn, 1997), and upward continuation was applied to highlight the

deeper’ magnetic anomalies.

.2.2. Radiometric (gamma-ray) data

U, Th and K bands have been gridded separately at 100 m res-

lution. These bands were then combined in a ternary RGB image
nd draped over a digital elevation model (90 m resolution; Shut-
le Radar Topographic Mission, 2000) (Fig. 4). The combination of
first vertical derivative. This image was the basis for all subsequent processing and
ixel size is 100 m.  The colour look up table is histogram equalised.

radiometric data and the digital elevation model helped delineate
lithological domains and structures (Dickson and Scott, 1997).

Due to the relatively subdued topography in the study area
(between sea level and 460 m),  the variation in elevation corre-
sponds to differential erosion of resistant lithologies. For example,
topographic relief along the Ashanti and Akropong faults and near
Cape Three Points corresponds to rich Th and U areas. Similar map-
ping in Burkina Faso (Metelka et al., 2011) shows that these Th
and U rich areas correlate with regolith cover. In contrast in SW
Ghana these areas correspond to mafic rocks with strong mag-
netic signatures that are imaged in the aeromagnetic data and
confirmed on the field. Using the methodology of Metelka et al.
(2011), we help to identify some lithological units and structures by
comparison between magnetic, radiometric and topography data
(Table 4).

3.2.3. Gravity data
Gravity data have been sourced from the International Gravi-
metric Bureau (http://bgi.omp.obs-mip.fr/) as Free Air and Bouguer
anomalies grids. Fig. 5 shows the Bouguer anomaly map  calcu-
lated using density values of 2.67 g/cm3 for the Bouguer correction
that were gridded at 2.5 arc-minute (approximately 4.6 km). These

http://bgi.omp.obs-mip.fr/
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Table 4
Summary table of the lithologies, associated petrophysics properties and geophysical signatures (modified after Metelka et al., 2011). The magnetic image is composed of the RTP draped over the shaded first vertical derivative.
The  radiometric image is draped over the shaded digital elevation model. Whole rock geochemical analyses were conducted by A.L.S. Mineral Laboratory, Sevilla, Spain. (For interpretation of the references to colour in this Table,
the  reader is referred to the web version of this article.)

Birimian Late Dykes

Lithology Micaschists Volcanoclastic
metasediments

Phyllites Metabasalts
Metaandesites

Metagabbros Dolerite (dykes)

Mineralogy qz, pl, chl, ms,  bt,
gph, gt

qz, pl, chl, bt chl, ms,  bt, gph, qz,
ep

chl, bt, pl, qz, ser,
ank, dol, cal

cpx, hbl, pl, chl, bt,
qz

ol, opx, cpx, hbl, bt,
pl

Susceptibility
range  (10−3 SI)

0.24–0.32 0.24–0.56 0.06–0.60 0.09–4.22 0.35–24.70 25.13–30.90
(+remanence)

Sample  GH101B GH504 GH515 GH503 GH129G GH370
U  (ppm) 1.440 0.460 0.460 0.350 0.310 0.800
Th  (ppm) 5.100 1.650 1.030 1.220 0.750 3.120
K20 (%) 3.150 1.360 1.120 1.130 0.610 1.030

Map
Airborne magnetic

response
Moderate intensity
domains
Strong magnetic
fabric (parallel to
bt. alignment)

Moderate intensity
layers

Low intensity
domains, uniform

Moderate to high
intensity layers

High intensity
bodies

High intensity
linear features

Airborne
radiometric
response

Medium U
High Th
Medium K
(dark green)

Low U
Medium Th
Low K
(green)

Low U
Low Th
Medium to high K
(red-violet)

Low U, Th, K
Often covered by
high U, Th regolith
(blue-green)

Low U, Th, K
Often covered by
high U,  Th regolith
(blue-green)

Low U
High Th
Low K
(green)
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Table 4 (continued)

Tarkwaian Eburnean intrusions Eoeburnean
intrusions

Lithology Phyllites Sandstones Conglomerates Dolerite (sills) Granite
Granodiorite

Granodiorite
Tonalite

Mineralogy chl, ms,  bt, gph, st,
gt

qz, mgt, bt qz, Birimian and
Granitoid pebbles

cpx, hbl, pl, chl, bt,
gt, cal

bt, ms, qz, pl, kfs pl, qz, bt, chl, ep

Susceptibility
range  (10−3 SI)

0.08–0.16 0.08–0.32 0.13–13.10 No data 0.06–38.00 0.05–8.06

Sample  GH397 GH512 No Sample GH395 GH237 GH507
U  (ppm) 4.500 0.880 No data 0.740 0.650 0.110
Th  (ppm) 9.290 3.580 No data 2.220 1.510 0.270
K20 (%) 2.640 1.050 No data 0.140 2.120 0.170

Map
Airborne magnetic

response
Moderate intensity
layers

Low intensity
layers

Moderate to high
intensity layers

Moderate to low
intensity layers

Moderate to high
intensity bodies

Low intensity
bodies
Strong magnetic
fabric (parallel to
bt. alignment)

Airborne
radiometric
response

High U
High Th
Medium K
(white-yellow)

Medium U
High Th
Medium K
(green-yellow)

Low U
Low Th
Medium K
(dark red)

Medium U
High Th
Low K
(light green)

Low U
Low to medium Th
Medium K
(dark red)

Low U
Low to medium Th
Low K
(dark red-green)

ank, ankerite; bt, biotite; cal, calcite; chl, chlorite; cpx, clinopyroxène; dol, dolomite; ep, epidote; gph, graphite; gt, garnet; hbl, hornblende; mgt, magnetite; ms,  muscovite; ol, olivine; opx, orthopyroxene; pl, plagioclase; qz,
quartz;  ser, sericite; st, staurolite.
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ig. 4. Image of the gamma-ray data draped over a shaded digital elevation model.
mage,  and their correlation with the topography. Pixel size is 100 m.  U and Th ric
hree  Points and proximal to the Ashanti Fault. K-rich granitoids are well defined in

ravity data can only be used to broadly differentiate regional
ock packages and image the continuity of the major structures at
epth.

.2.4. ALOS PALSAR data
Advanced Land Observing Satellite; Phased Array type L-band

ynthetic Aperture Radar high-resolution data (ALOS PALSAR data)
ollected in 2009 were used to image structure within lithological
ackages. Two polarisation channels (HH and HV) (available from
ttp://www.eorc.jaxa.jp/ALOS/en/) were gridded with a resolution
f 50 m.  A ternary RGB image was then produced (Fig. 6), where
ed, green, blue colours correspond respectively to the HH, HV and
HH + HV/2) polarisations. These radar data are able to image struc-
ural details within sedimentary units such as bedding, with better
esolution than the combined radiometric and digital elevation
odel.

.3. Petrophysics
Petrophysical data were collected during regional recon-
aissance, resulting in a database of over 300 susceptibility
easurements of the major lithologies encountered in the Ashanti

egion. The data provided quantitative information on the magnetic
mage shows the relative proportion of potassium, thorium and uranium as an RGB
s with high topography correspond to Sefwi Group metavolcanics as around Cape
astern part of the area.

susceptibility of the Birimian and Tarkwaian units and intrusives
that were used to constrain the regional magnetic interpretation
and subsequent geophysical modelling. These susceptibility data
are consistent with common susceptibility range proposed by Clark
(1997) and with values measured by Metelka et al. (2011) in Burkina
Faso.

The histograms in Fig. 7 show the range of measured mag-
netic susceptibilities for the lithologies seen in the study area using
a Geofyzika KT-5 Kappameter hand held susceptibility meter. To
ensure high quality measurements, some representative samples
were re-measured using a Kappabridge KLY-3 magnetic suscep-
tibility meter and no statistically significant differences were
found. Natural remanent magnetisation (NRM) of the dolerite
dykes was measured using AGICO JR5A spinner magnetometer,
mounted within Helmholtz coil systems. Paleomagnetic laboratory
experiments were carried out at the GET Magnetism Laboratory
(Toulouse).

Density data were acquired for 26 samples taken from all of the
outcropping regional units. Calculated values derived from sam-

ple weighing in air and water (Table 5) agree with measurements
made by Hasting (1978, unpublished report referenced in Barritt
and Kuma (1998) and with equivalent samples from Burkina Faso
(Baratoux et al., 2011).

http://www.eorc.jaxa.jp/ALOS/en/
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Fig. 5. Bouguer gravity map  over the study area overlain with the regional fault architecture. As a consequence of the low resolution of the grid (5 km per pixels), only long
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avelength features are observed, these features are interpreted to be sourced from

. Results

.1. Birimian stratigraphy

Based on the lithologies encountered in the field, the stratigra-
hy of the Birimian Supergroup has been redefined in agreement
ith Adadey et al. (2009) nomenclature. Although individual units

ould be further subdivided into many thin individual layers, for
larity we have grouped these into the relatively schematic stratig-
aphy presented in Fig. 8.

The Sefwi Group is composed of alternating micaschists,
etavolcanics and intrusive rocks (Fig. 8). Micaschists are mainly

omposed of quartz–muscovite–biotite, rare garnet that domi-
ante the southeast of the Ashanti Belt (Fig. 1). Metavolcanics
onsist of basalts (sometimes pillow-lavas, as near Butre village,
ast of Cape Three Point, Fig. 1), andesites, gabbros and diorites
hat are found in the south of the Ashanti Belt proximal to major

aults or shear zones. These metavolcanics are locally altered by
uartz–sericite–carbonate hydrothermal alteration.

The Kumasi Group contains to metasediments: volcanoclastics
nd phyllites that are locally rich in graphite. This group is found
ajor, deep-seated structures.

in two major areas corresponding to the Kumasi Basin and to the
Akyem Basin (Fig. 1).

4.2. Structural evolution of the Ashanti Belt

We have been able to distinguish six discrete deformation
events which affected the Ashanti Belt during the Paleoprotero-
zoic Eburnean orogeny. These six events are defined on the basis
of detailed structural analysis at the outcrop scale, and geophysical
interpretation at the regional scale. These methods allow the corre-
lation of structure across the study area, and can image overprinting
relationships between successive deformation events.

The Sefwi Group represents a “basement” composed by a series
of basalts and volcanoclastic sediments intruded by gabbros. To
the west of the Benso gold mine, a volcanoclastic unit in the

Sefwi Group displays syn-sedimentary normal faulting (Fig. 9). Two
thrust faults observed at this locality (Fig. 9) may  reflect reacti-
vation of these syn-sedimentary normal faults during the early
Eoeburnean phase.
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Fig. 6. ALOS PALSAR radar image consisting of three colour bands: red, HH radar polarisation; blue, HV; and green, the mean of both bands. Sefwi Group bedding highlighted
by  volcanoclastic layers in this image is folded by E-W trending F1 folds that are refolded by N-S trending F3 folds. See Fig. 1 for location. (For interpretation of the references
to  colour in this figure legend, the reader is referred to the web version of this article.)
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.2.1. D1 (Eoeburnean)
Our D1 corresponds to N-S shortening that produced kilometric

cale folds within the Sefwi Group. Near Shama village in the SE
f the Ashanti Belt, rare field evidence of D1 deformation exists as
ighly deformed micaschists that alternate with basaltic layers. The
elatively competent basalts are strongly boudinaged and define a
edding parallel S1 foliation. In other regions, S1 is oriented approx-

mately E-W (Fig. 10A) and is defined by the alignment of biotite
Fig. 11A). Large-scale F1 folds are imaged using high-resolution
adar revealing major F1 folds within volcanoclastic units (S0) of
he Sefwi Group that are refolded by F3 folds (Fig. 6).

Two discrete generations of quartz veins and pegmatite intru-
ions are distinguished. Early veins and intrusions are sub-parallel

o bedding and often strongly boudinaged. According to their
xtension direction (subvertical at the time of formation for veins
arallel to bedding), they should have formed pre or syn-D1. Second

able 5
anges of density values measured on 26 samples of the main lithologies in Ghana
this  study) and in Burkina Faso (Baratoux et al., 2011).

Unit Density ranges (g/cm3)

This study Baratoux et al.
(2011)

Hasting
(1978)a

Dolerite (Sill and
Dykes)

2.87–2.90 2.92–2.93

Mpohor Mafic Complex
(Gabbro, Diorite)

2.65–3.03

Eburnean granitoids 2.58–2.75 2.60–3.25 2.41–2.76
Eoeburnean granitoids 2.76–2.89
Tarkwa Group
(Conglomerates,
Quartzites, Phyllites)

2.68–2.99 2.71–2.77 2.45–2.84

Kumasi Group
(Birimian Phyllites)

2.69 2.71–2.74

Sefwi Group (Birimian) 2.65
Cape Coast Mica

Schists
Volcanoclastics 2.70–2.84 2.66–2.99 2.74–3.00
Basalts/Andesites 2.84–2.93 2.72–2.97
Gabbros 3.01 3.07–3.11

a Density ranges after Hasting (1978, unpublished report referenced in Barritt and
uma (1998)).
n the area. Several samples were remeasured under laboratory condition to confirm
canic rocks. Granitoid susceptibilities are variable with the highest values obtained
s.

generation veins and pegmatites cross-cut this composite S0–S1
fabric and were developed during D1. Both generations are refolded
during subsequent D3 shortening.

D1 deforms only the Sefwi Group basement, and is not observed
in the overlying Kumasi and Tarkwa groups. This relationship sug-
gests that these younger sedimentary packages were deposited
after D1 and before subsequent deformation events (D3–D6).

4.2.2. D2
D2 corresponds to an extensional phase associated with the

opening of the Kumasi and Akyem basins into which the Kumasi
Group was deposited (Fig. 1). On the western side of the Ashanti Belt
at the Prestea and Bogoso mines, the west-dipping Ashanti Fault
marks the contact between Sefwi Group basement and Kumasi
Group sediments. The early history of this fault contact is obscured
by significant thrust and shear reactivation during D3 and D4.

On the eastern side of the belt, in Damang, the Sefwi/Tarkwa
Group contact has been faulted and sheared during later defor-
mation. This sheared contact is represented by a 2 cm thick
anastomosed fabric that was  probably created during D3/D4 shear
reactivation of an original sedimentary contact (erosion surface), or
by reactivation of an existing faulted contact that was controlling
the development of the Tarkwa Basin in the eastern Ashanti Belt. As
a consequence of a strong overprinting of the original sedimentary
contacts during Eburnean deformation, the tectonic context of the
Tarkwa Group deposition remains unclear.

4.2.3. D3 (Eburnean)
D3 deformation is conspicuous within both the Birimian and

Tarkwaian units in the study area. NW-SE shortening produced km
scale folds and a strong sub vertical crenulation cleavage within
the Birimian and Tarkwaian units (striking around N040; Fig. 10A).
Stereonets of bedding from the Kumasi Group and Tarkwa Group
define a single major folding event associated with NW-SE short-
ening. However, the orientation of bedding within the Sefwi Group
reflects the interference between D1 and D3 folds (Fig. 10A). The

overprinting between F1 and F3 fold occurs across the region at
multiple scales. In the Sefwi Group near Shama village, a compos-
ite S0–S1 foliation is crenulated and partially transposed along the
S3 cleavage (Fig. 11A). Ptygmatic F3 folds are also found where they
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Fig. 8. New stratigraphy for the southwest of Ghana based on new data from this study and previous studies (Whitelaw, 1929; Junner, 1940; Kesse, 1985; Pigois et al., 2003;
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dadey  et al., 2009). Unit thicknesses are estimated from the map  (Fig. 13). For clar
nto  several sub-units.

ffect both the S0–S1 and syn-D1 quartz veins and pegmatite intru-
ions (Fig. 11B). Radar data images bedding in the Sefwi Group that
s folded by E-W trending F1 folds that are refolded by N-S trending
3 folds (Fig. 6).

The Kumasi Group phyllites in the Prestea, Bogoso and Pampe

old mines host isoclinal F3 folds from cm to m scale (Fig. 11C) that
eform the bedding and a bedding parallel cleavage (S1). Quartz
eins that are folded by F3 often show strongly boudinaged fold
imbs.
atigraphic layers are labelled by their dominant lithology but could be subdivided

In the Tarkwa Group, D3 is characterised by regional scale folds
that deform relatively resistant lithological layers (S0) that are
imaged by the combined digital elevation model and radiomet-
ric data (Fig. 4). At the outcrop scale, abundant parasitic F3 folds
are observedwith increases frequency and amplitude toward major

F3 closures such as the Damang mines anticline (Fig. 11D). Major
F3 folds are often open and low amplitude with NE-SW fold axis
(Fig. 10A). In this region, subvertical S3 cleavages strike NE-SW
parallel to the main regional Ashanti thrust fault.
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.2.4. D4
In the Bogoso gold mine on the western side of the Ashanti Belt,

any small scale shear zones cross-cut F3 folds. Most of these shear
ones show sinistral displacements and are interpreted to have
ormed in response to a later phase of deformation that we identify
s D4. Major splays of the Ashanti Fault were also likely reacti-
ated during sinistral shearing associated with D4. At Bogoso, one
f these main Ashanti structures is mineralised within a 20–30 m
hick band of graphitic phyllites and quartz breccias that separate
umasi Group phyllites from the Sefwi Group basalts (Fig. 12). At

he regional scale, magnetic images show at least two syn-D4 shear
one generations. The first one is oriented N030 and could corre-
pond to the reactivation of D3 thrusts faults, such as the Ashanti
ault. The second is oriented N050 and cross-cuts earlier N030
hears, the F3 folds and the D3 thrusts within the Tarkwa Basin.

In the Wassa gold mine, within the Sefwi Group on the
astern border of the Tarkwaian sediments, a km scale F4 fold
nd associated parasitic folds overprint D3 faults and folds. F4
olds have only been observed at Wassa, although a subver-
ical S4 crenulation cleavage was found in many locations on
oth sides of the Tarkwa Basin. Intersection lineations between
3 and S4 cleavages and F4 folds axis give a plunge approxi-
ately 60◦ toward 260◦ (Fig. 10B). These characteristics correspond

o a NNW-SSE shortening event that could be compatible with
 sinistral shear reactivation of existing D3 regional thrust
aults.

.2.5. D5
The regional architecture of the Ashanti region was largely built

uring D1–D4 but has been modified by two subsequent deforma-
ion events that are observed to overprint D4 structures within the
efwi, Kumasi and Tarkwa groups.

D5 is characterised by recumbent folds associated with a sub-

orizontal crenulation cleavage (Fig. 10B). These symmetrical open
o tight folds have a wavelength varying between 5 m and 1 cm in
he outcrops we studied. We  note a great variability of amplitude
etween outcrops, varying with the lithology and orientation of
clastic sediments. Some of these faults do not affecting the youngest layers. Other
mpass indicates both the north (in red) and the perspective. (For interpretation of
this article.)

previous structures. F5 folds were mainly observed in Wassa mine,
in the NW of the belt (Pampe gold mine) and in the Tarkwaian
sediments around Bogoso. In Damang, many quartz veins were sub-
horizontal and parallel to the S5 cleavage and formed either during
or after D5.

4.2.6. D6
The final deformation event observed in the study area presents

as a subvertical crenulation cleavage (S6) that defines open folds
that affects subhorizontal S5 crenulation cleavage. S6 was  observed
in Tarkwaian sediments, in the Kumasi Group near the Akropong
fault and in the Wassa gold mine. S6 is subvertical and NW-SE
trending (Fig. 10B) approximately parallel to a series of reverse
faults oriented NW-SE identified from the magnetic data. These
faults cross-cut all Paleoproterozoic lithologies and earlier fault
and cleavages. They were observed in the field at the Mpohor and
Damang gold mines. The absence of observed overprinting of S6,
and its relatively constant orientation, suggest that this D6 event
was likely the last significant deformation event to affect the area.

4.3. Map

Field observations, combined with geophysical and radar data
have allowed the construction of a new structural and geological
model of the region (Fig. 13).  This model describes the com-
plex series of deformation events that affected the Sefwi Group
basement and overlying Kumasi and Tarkwa groups during the
Eburnean orogeny.

4.4. Sefwi Group D1 structures under the Tarkwa Basin

During the regional geophysical interpretation several signifi-
cant differences between features observed in the digital elevation

model, radiometric and radar data (which reflect near surface
lithologies and structures, Dickson and Scott, 1997) compared
to the aeromagnetic data over the Tarkwa Basin were observed.
Orientation of regional magnetic trends are inconsistent with
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Fig. 10. Stereo-plot diagrams representing measurement distribution on equal area diagram (lower hemisphere), with density contours, for the three main rocks groups. (A)
Distribution of the Kumasi Group and Tarkwaian sediments bedding poles are in good agreement with the F3 folding (and S3 cleavage orientations). In contrast the Sefwi
Group  bedding poles plots shows a wider dispersion resulting from the interference of multiple fold generations (mostly F1 and F3). Stereo-plots of poles to S1 confirm
the  presence of the earlier event (D1) affecting only the Sefwi Group. (B) D4 data are predominantly from the Wassa mine (Sefwi Group), although the S4 cleavage is
also  observed in the Kumasi Group and in the Tarkwa Group along the Ashanti Fault. S5 is sub-horizontal and consistent across each group. S6 corresponds to subvertical
c
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renulation cleavage striking NW-SE.

bservations made in the field (Tarkwaian bedding, S3 cleavage)
nd features imaged in the radiometric/radar data (e.g. F3 regional
olds imaged in the combined radiometric/radar image do not
ppear in the magnetic data, Fig. 14).

Previous studies (Table 2) have estimated the total thickness
f Tarkwaian sedimentary layers from 1000 to 3000 m.  Assuming a
aximum 3000 m depth for the Tarkwa Basin, several tests (Fig. 15)

ith various susceptibility contrasts were conducted using Noddy

oftware (Jessell, 1981, 2001; Jessell and Valenta, 1996). The models
uggest that in order to image structure in the buried Birimian base-
ent, the Birimian must contain lithologies with approximately
5 times greater susceptibility than the overlying Tarkwa Group.
Measurements of magnetic susceptibility within the Tarkwaian
sediments show values that are indeed significantly lower (10 times
or more) than the underlying Sefwi Group metavolcanics, with the
exception of the few conglomerate layers. It is therefore possi-
ble that the magnetic data are not imaging structures within the
Tarkwa Group but rather the structures in the underlying rela-

tively magnetic Sefwi Group metasediments and metavolcanics.
With this in mind we can interpret trends in the magnetic images as
D1 structures in the Sefwi Group that formed prior to the deposition
of the Tarkwaian sediments.
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.5. Forward modelling

Forward-modelled geological cross-sections (Fig. 16)  across
he Ashanti Belt and Tarkwa Basin were constructed in order
o understand and illustrate the structural relationship between
he Birimian and Tarkwaian units produced during D1 and D3
hortening events. These sections are geologically consistent with
he regional interpretation and the field observations. Forward-

odelling was performed to ensure that geological cross-sections
ere also geophysically consistent with aeromagnetic, gravity and
etrophysical data. Not all features within these models produce

 perceptible geophysical contrast but are otherwise in agree-

ent with the geological observations made within the study

rea.
Modelling was performed using Oasis Montaj GM-SYS soft-

are that utilises the algorithm of Talwani et al. (1959) and
tinued)

Talwani and Heirtzler (1964) to calculate the gravity and mag-
netic response of two-dimensional polygons. Construction of these
integrated geological and geophysical models involved creating
a traditional geological cross-section that was assigned values of
magnetic susceptibility and density. The different fold trends in
the Birimian and Tarkwaian units are represented in 2D by dif-
ferent fold wavelengths, amplitudes and positions of fold axes as
they occur in the plane of the section. The geophysical response
of this model was  then calculated and compared to the observed
aeromagnetic and gravity anomalies. The geometry and magnetic
susceptibility/density values assigned to each rock package were
then manipulated within geologically reasonable limits to improve

the agreement between the model response and the observed
response.

Magnetic susceptibility ranges for the modelled rock packages
were based on field and laboratory susceptibility measurements
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Fig. 11. Interpreted photographs showing examples of D3 deformation. (A) In the Sefwi Group, the S1 foliation defined by the alignment of biotite are partially transposed
along  the S3 cleavage. (B) Series of F3 ptygmatic folds at the same location. These F3 are folding a composite S0/S1 foliation and some quartz veins. (C) On the western side
of  the belt, F3 folds correspond to the first folding generation affecting the Kumasi Group sediments. (D) Parasitic open folds in the hinge of the Damang anticline in the
Tarkwa Group. In all cases, S3 corresponds to a subvertical crenulation cleavage resulting from a NW-SE shortening. The compass indicates both the north (in red) and the
perspective. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 12. Interpreted photographs showing the Ashanti Fault in Buesichem Pit (Bogoso Mine). The dark area in the middle corresponds to an approximately 20 m wide shear
zone.  This major structures separates the Kumasi Group phyllites from the Sefwi Group basalts. This shear zone operated as a thrust during D3 and was reactivated with a
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inistral shear movement during D4. In the footwall, carbonatisation of the basalts
he  north (in red) and the perspectives view. Photographs of lithologies are not or
eferred to the web  version of this article.)

Fig. 7). The Kumasi Group metasediments (volcanoclastics and
hyllites) show low susceptibility values (less than 10−3 SI) an
rder of magnitude lower than the Sefwi Group metavolcanics
ocks (10−2 for basalts and gabbros) with anisotropies below 20%.
igh magnetic susceptibilities were mainly related to hydrother-
al  magnetite-rich layers within metasediments.
The Tarkwaian quartzite and phyllite display low susceptibili-

ies (around 10−4 SI) related to rare detrital magnetite and biotite.
owever, some sandstone layers showed sedimentary structures

hat were defined by magnetite grains, resulting in local but
mportant increases in magnetic susceptibility. Anisotropies within
hese Tarkwaian sediments were up to 56%. Magnetic variabil-
ty observed within Tarkwaian conglomerates is likely caused by
he presence of magnetic pebbles derived from the Sefwi Group

etavolcanics rocks or granitoids. An average value of 10−3 SI has

een used for modelling.

Granitoids displayed large ranges of magnetic susceptibility
arying between 10−4 SI for the granites and 10−1 SI for the diorites.
e assumed a mean value of 5 × 10−3 SI in the models. Generally,
 green band) is synchronous with gold mineralisation. The compass indicates both
. (For interpretation of the references to colour in this figure legend, the reader is

more mafic units had higher magnetic susceptibilities. Anisotropy
maxima are 8% for undeformed granitoids and 23% for the deformed
granitoids.

Doleritic dykes correspond to one of the most magnetic litholo-
gies in SW Ghana. They are magnetically isotropic (3%) with an
average susceptibility approaching 2 × 10−2 SI. These dykes show
strong remanent magnetisation of around 3 A/m, with declination
of 59◦ and inclination of −18◦.

The dominant magnetic response of the study area is located
over the Tarkwa Basin where a complex series of high ampli-
tude (≈100 nT), linear anomalies that trend approximately parallel
to the Ashanti Belt are imaged. These anomalies are predom-
inantly produced by magnetic dolerite sills within the Tarkwa
Group along with major faults within and along the margins
of the Tarkwa Basin that host hydrothermal magnetite. In con-

trast, faults hosted entirely within the Birimian Supergroup such
as the Akropong or the Twifo Praso faults do not produce sig-
nificant magnetic anomalies. The strongest magnetic anomalies
in the region lie to the east of the Tarkwa Basin within highly
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Fig. 13. New lithological and structural interpretation based on the integration of new field observation, geophysical data and previous work. F1 folds built the regional
geometries of the Sefwi Group metavolcanics. F3 folds are dominant in the Kumasi Group and Tarkwa Group sediments. D4 corresponds with a series of sinistral shear zones
o s are 
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utlining the edge of the Tarkwaian sequence and cross-cutting it. S4 cleavage plane
vent  and is not represented as it is a subhorizontal cleavage. D6 is characterised b

agnetic Sefwi Group metavolcanics (Fig. 3). These rocks pro-
uce very high amplitude (≈400 nT) broad anomalies over an area

2
f 30 km around Wassa mine. Other dominant magnetic fea-
ures include NNW trending dolerite dykes that present as high
mplitude (≈100 nT) moderately remnant irregular linear anoma-
ies.
oriented NE-SW and are observed around Bogoso/Prestea and Wassa. D5 is a minor
rse faults oriented NW-SE.

The geometry and distribution of the magnetic lithologies were
built into the forward-models based on the regional geophysical

interpretation (Fig. 13), field observations, magnetic susceptibility
data (Fig. 7) and gravity data (Table 5). Significant differences exist
between the observed and calculated magnetic anomalies. These
differences consist of low amplitude (<30 nT), short wavelength
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Fig. 14. Detailed comparison of radiometric (over HH radar polarisation) and magnetic data (RTP, first vertical derivative after automatic gain control). The magnetic trends
do  not correlate with bedding (S0) or S3 orientations observed in the Tarkwa Group that are well imaged in the radiometric data. These trends may correspond to older Sefwi
Group  lineaments (related to D1) beneath the Tarkwaian sediments. See Fig. 1 for location.

Fig. 15. Test of susceptibility impact of deep units on magnetic RTP image. These tests were conducted using Noddy software assuming a 3000 m maximum depth for the
Tarkwa  Basin with various susceptibility contrasts between the Sefwi Group (BS) and the Tarkwa Group (TS) susceptibilities. We note that the Sefwi Group structures (folds
in  this example) are imaged beneath the Tarkwa Basin when the Sefwi Group is at least 5 times more susceptible than the overlying Tarkwa Basin.
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Fig. 16. Forward-modelled cross-sections across the Ashanti Belt. See Fig. 1 for location of these sections. These models highlight the mineralised Birimian/Tarkwaian
contacts. Sefwi Group metavolcanics were highly deformed during the D1 and contrast with the more open syn-D3 folding in the Tarkwa Basin. Kumasi Group sediments on
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he  western side of the Ashanti Fault were also deformed by D3. Major gold deposi

nomalies that were not able to be modelled using the previ-
usly described magnetic lithologies. Field observations indicate
he presence of a 20–80 m thick weathered layer at the surface. This
nit corresponds to thick lateritic successions that blanket most
f the study area and contains highly variable magnetic suscepti-
ilities related to the initial lithology and the degree of alteration
nd weathering. This lateritic horizon was modelled as a 50 m
hick homogenous layer. It does not have any influence on the

avelengths at the scale of our modelling but it does reduce the

mplitude of near-surface features. Given that we see this layer in
he field it would be worse to ignore it altogether, even though we
cknowledge that the thickness variations are unknown. Residual
e been geometrically projected onto their structural position.

magnetic anomalies reflect mostly the variations of susceptibility
and thickness within this weathered layer.

Poor gravity coverage over the study area meant these data
were only able to broadly constrain the depth of the rela-
tively dense Sefwi Group basement. Density values (Table 5)
used during the gravity modelling spanned the range pro-
posed by Barritt and Kuma (1998) and Hastings (1982),  using
3.0 g/cm3 for gabbros, 2.9 g/cm3 for basalts and dolerites, 2.8

for Eoeburnean granitoids, 2.7 g/cm3 for both volcanoclastics,
phyllites and Eburnean granitoids and 2.65 g/cm3 for the micas-
chists. The surficial weathered layer was given a density of
2.6 g/cm3.
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Gravity anomalies are dominantly controlled by the distribution
f the relatively dense metavolcanic group (Sefwi Group) and the
ess dense metasedimentary groups (Kumasi and Tarkwa groups).
he small differences between the observed and modelled gravity
nomalies are difficult to determine given the model resolution is
igher than the gravity data.

. Discussion

.1. Eoeburnean phase (2187–2158 Ma)
Paleoproterozoic rocks of the southern Ashanti Belt were
trongly deformed, mineralised and intruded by granitoids during
he “Eburnean Orogeny” (Fig. 17). Previous interpretations of the
egional tectonic evolution (e.g. Allibone et al., 2002a; Feybesse
tinued)

et al., 2006) suggest the Eburnean Orogeny initiated during the
first phase of volcanic accretion and subduction that could corre-
late to D1 deformation. This hypothesis is in agreement with the
interpretation of Sefwi Group mafic and ultramafic rocks as an ophi-
olitic suite (Attoh et al., 2006; Dampare et al., 2008). Our structural
interpretation gives this accretionary phase a structural context
whereby N-S shortening during D1 produced regional scale E-W
trending folds within the Sefwi Group along with the intrusion of
syn-tectonic granitoids (Fig. 13).

D1 occurred across south-eastern part of the Ashanti belt
(Fig. 13)  and below the Tarkwa Basin (Fig. 14). In Obuasi, Allibone

et al. (2002a) described transfer faults and lineaments oriented E-
W that were attributed to their NW-SE D2 shortening (our D3). The
Obuasi deposit is mainly hosted within Kumasi Group metased-
iments. However, minor exposures of metavolcanics indicate the
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ig. 17. Correlations between stratigraphic sequences, magmatism, deformations a
y  absolute or relative ages.

resence of the Sefwi Group basement at shallow depths. It is
herefore possible that D1 deformation also affect this basement,
eveloping E-W trending structures under a regional N-S shorten-

ng regime. Some existing D1 structures may  have been reactivated
uring D3 (NW-SE shortening) and initiated as transfer faults such
s those observed in the Obuasi mine. D1 deformation also explains
he presence of the E-W lineaments reported by Allibone et al.
2002a, Fig. 5, p. 72).

Deformed granitoids such as those found in Sekondi (Loh et al.,
999), help constrain the timing of this Eoeburnean deforma-
ion phase (D1). Linear magnetic anomalies in this granitoid are
ub-parallel to the dominant S1 in the Birimian micaschist. Con-
equently, we suggest that this intrusion, dated at 2174 ± 2 Ma
Oberthür et al., 1998), is contemporaneous with D1. The unde-
ormed Dixcove tonalite suggests that peak D1 deformation
ccurred before 2171 ± 2 Ma  (Hirdes et al., 1992).

.2. Kumasi Group deposition (2154–2125 Ma)

Eoeburnean tectonism produced magmatism between approx-
mately 2187 and 2158 Ma  and deformation that occurred before
171 Ma.  The Eoeburnean event predates deposition of the Kumasi
roup sediments, and was only observed within the Sefwi Group
asement. This places the deposition and lithification of the Kumasi
roup between D1 and D3.

The Kumasi Group within the Kumasi and the Akyem Basins
Fig. 1) formed under an extensional regime during D2 (Stage 4 of
eybesse et al., 2006), where major faults (e.g. Ashanti, Akropong
aults) behaved as primary basin forming structures and possible
etachment surfaces prior to reactivation as D3 thrust faults. Direct
vidence for an extensional origin for the Ashanti Fault is obscured
y the strong overprinting (D3 thrust and D4 strike-slip movement,
llibone et al., 2002a). However, the opening of the Kumasi Basin
equired the generation of an extensional fault architecture that

ave been favourably orientated to undergo reactivation during D3
hortening.

The strong magnetic and gravity contrasts across the Ashanti
ault (Figs. 5 and 16)  suggest large amounts of vertical displacement
neralisations in south-west Ghana. The Cape Coast micaschists are not constrained

have juxtaposed rocks with contrasting petrophysical properties.
The absence of metamorphic gradient across the Ashanti Fault
is not consistent with significant vertical thrust movement dur-
ing D3 shortening. Consequently, we propose the Ashanti Fault
was initiated as a half-graben during D2 deformation. Evidence
of a widespread D2 extensional phase has also been identified in
northwest Ghana, where De Kock et al. (2011) proposed a signifi-
cant period of rifting between 2148 Ma  and 2125 Ma. This timing
is consistent with the deposition of the Kumasi Group between
2154 ± 2 Ma  (youngest U/Pb age on zircon found by Oberthür
et al., 1998) and 2136 ± 19 Ma  (Granitoid intrusion, U/Pb on zircon,
Adadey et al., 2009).

Adadey et al. (2009, p. 80) reported an early deformation in
the Kumasi Group that was interpreted as pre-diagenetic slump-
ing. This deformation is characterised by rare isoclinal fold-like
structures that are coaxial with deformation that affected both
the Birimian and Tarkwaian units (our D3). These folds could have
resulted from Eburnean D3 deformation that intitiated after the
deposition of the Kumasi Group and before the Tarkwaian sedi-
mentation. This hypothesis is also consistent with observations of
an early bedding parallel cleavage in the Kumasi Group by Allibone
et al. (2002a). This layer parallel fabric is interpreted it as resulting
from bedding-parallel shearing (their D1, our D3) during the early
Eburnean Orogeny that is absent in the Tarkwa Group.

5.3. Tarkwa Group deposition (2107–2097 Ma)

The Tarkwa Group occurs as a synclinal erosional remnant over-
lying the metavolcanic Sefwi Group in the Ashanti Belt. The timing
and nature of the contact between the Tarkwa Group and the
Birimian Supergroup is not clear, but probably represents an uncon-
formity or faulted contact. Both margins of the preserved Tarkwa
Basin are represented by major faults. These faults may  have been
important during the early evolution of the Tarkwa Basin; however,

strong reactivation obscures their early history.

The presence of early deformation in the Kumasi Group
metasediments is an indicator of the initiation of the Eburnean
Orogeny before the Tarkwaian deposition. However, the majority
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f Eburnean deformation occured after the Tarkwaian deposition
nd after intrusions of metagabbro sills within the Tarkwa Group
t 2102 ± 13 Ma  (U/Pb on zircon, Adadey et al., 2009). It is there-
ore possible that the major D3 transcurrent structures such as
he Ashanti Fault initiated before the Tarkwa Group sedimentation.
eactivation of the D2 Ashanti detachment fault with transcurrent
ovement may  occurred at the start of Eburnean D3 shortening

nd would have controlled the Tarkwaian deposition on its west-
rn side. Similar faults should exist on the eastern side of the basin,
ut are not observed due to intense overprinting.

This hypothesis of a Tarkwa Basin bordered by two  major tran-
current faults is consistent with the presence of conglomerate
nd sandstones beds that alternate in the first 1000 meters of
he Tarkwa Group. This syn-orogenic molasse and the presence of
lacer deposits along paleochannels (Sestini, 1973) suggest short
ransport distances in a shallow water environment that has also
een proposed by Baratoux et al. (2011) in Burkina Faso and in
he Abitibi or Yilgarn cratons within similar intra-orogenic basins
Eriksson et al., 1994).

.4. Eburnean Phase (2125–1980 Ma)

The post-Tarkwaian Eburnean event is clearly visible and well
reserved in the field. D3 deformed the entire crustal pile made up
f the Birimian Supergroup and the Tarkwa Group. Regional map-
ing shows a series of kilometric scale F3 folds in both the Kumasi
nd Tarkwa groups metasediments related to NW-SE shortening
Fig. 13). D3 deformation in the Sefwi Group is associated with
egional folding of the S1 foliation. An example of this relationship is
ound at Shama beach, where F3 ptygmatic folds affect bedding and

 melt rich S1 foliation (Fig. 11B). According to Milési et al. (1992)
nd Feybesse et al. (2006) D3 shortening was responsible for creat-
ng many of the major thrust faults as well as regional folding (e.g.
he Ashanti and Akropong faults). The distribution of these thrusts
s probably related to reactivation of the existing D2 extensional
rchitecture. D3 thrusting along the Ashanti Fault is related to the
etamorphic peak (650 ◦C and 6 kbar; John et al., 1999), dated at

092 ± 3 Ma  (Oberthür et al., 1998). D3 spans from approximately
125 Ma  to over 2092 Ma  with major folding occurring after the
arkwaian deposition at around 2097 Ma.

Observations along the Ashanti Fault zone around Prestea and
ogoso gold mines show an increase in the intensity of F3 fold-

ng on the western sides of fault contacts between Kumasi Group
hyllites (west) and Tarkwa Group phyllites (east) (Fig. 12C and
). This asymmetry suggests strain was being preferentially parti-

ioned into the Kumasi Group phyllites. On the other side of the
elt, an angular unconformity between the Kumasi and Tarkwa
roups sediments is imaged in the geophysical data. This unconfor-
ity suggests that Tarkwaian sediments may  have been displaced

astward during D3 accommodated by a low angle thrust or
ecollement at depth.

Our mapping shows syn-D4 shear zones that both bound and
ross-cut Tarkwaian sediments. Some of these structures overprint
egional F3 folds. D4 structures including the Ashanti and Akropong
aults, along with other syn-D3 thrust faults were reactivated via
inistral strike-slip movement during D4 (Allibone et al., 2002b).
wo major F4 folds observed in the Wassa and Obuasi gold mines
ould have been developed during shearing (Allibone et al., 2002a).
y the end of the D4 (NNE-SSW shortening) the regional architec-
ure was created and only weakly modified by successive events.
5 is characterised by small scale recumbent folds, resulting from
 WNW  -ESE shortening (Tunks et al., 2004). The final D6 event
s associated with NW-SE oriented reverse faults identified in the
eld and in the geophysical data to overprint all earlier genera-
ion structures. D4, D5 and D6 deformation occurred approximately
earch 204– 205 (2012) 12– 39 37

from 2092 Ma  to 2063 Ma  (estimated age of the mineralisation in
Damang, Pigois et al., 2003)

Timing of the Eburnean Orogeny plutonism could be constrained
by granitoid intrusion at 2136 ± 19 Ma  (Adadey et al., 2009) and
at 2116 ± 2 Ma  (Hirdes et al., 1992) for its beginning, post or syn-
sedimentation into the Kumasi Group, pre-sedimentation in the
Tarkwa Group. Some undeformed potassium rich granitoid intru-
sions that overprint all previous structures could be related with
the late stages of the Eburnean orogeny. However, their ages have
not been determined precisely yet (1973 ± 75 Ma,  Pb/Pb date on
whole rock, Taylor et al. (1992) and 1978 ± 37 Ma,  Ar/Ar date on
amphibole, Feybesse et al. (2006)).

5.5. Implications for Au deposits

5.5.1. Timing of gold mineralisation and metamorphism
Gold mineralisation in the southwest of Ghana is divided in to

two main hydrothermal events. The first period corresponds to
the major gold deposits found along the Ashanti Fault (Prestea,
Bogoso, Obuasi, Fig. 1) and the Akropong fault (Ayanfuri, Pampe,
Obuasi, Fig. 1). Fluid inclusion studies on mineralised quartz veins
suggest low temperature and pressure homogenisation conditions
for all major deposits. These factors suggest that mineralisation
occurred after the metamorphic peak (related to D3) and probably
synchronously with D4 shearing (Oberthür et al., 1994, 1997).

The second hydrothermal event is associated with mineralisa-
tion along the Sefwi/Tarkwa groups contact on the eastern side of
the belt (Abosso-Damang Mine, Fig. 1) during D6. This minerali-
sation is dated at 2063 ± 9 Ma  (U/Pb on xenotime) by Pigois et al.
(2003) and represents the youngest known deposit in the region.
The greenschist conditions for its formation are equivalent to the
deposits found along the Ashanti Fault.

An additional mineralisation event is required to explain the
origin of the Tarkwaian paleoplacer. This placer was developed
during Tarkwaian deposition at the start of D3 and has long
been considered to be sourced from aforementioned Sefwi Group
gold deposits. This correlation is based on similar fluid inclusion
chemistry between Tarkwaian quartz pebbles and Birimian (Sefwi
Group) quartz veins (Klemd et al., 1993). However, the maximum
depositional age of the Tarkwaian sediments (2107 Ma)  and their
deformation during D3 is inconsistent, with placer deposits derived
from mineralisation hosted in the Sefwi Group that formed dur-
ing D4–D6 (Milesi et al., 1991; Eisenlohr, 1992; Hirdes and Nunoo,
1994). The Tarkwaian paleo-placer therefore needs to be derived
from earlier sources of gold.

As shown by our study, the Sefwi Group, in the south east
of the belt, displays strong pre-Tarkwaian deformation associated
with significant plutonism. Although no syn-D1 deposits have been
described in southwestern Ghana, they may represent early sources
of gold that supplied the Tarkwaian Paleoplacer along with gold
that was remobilised in shear zones during the Eburnean II oro-
genic phase. Possible Eoeburnean mineralised quartz veins have
been suggested by Sestini (1973) and Kesse (1985).  An Eoeburnean
gold source is also in agreement with paleoflow indicators that sug-
gest the Banket conglomerates were sourced from Birimian schist
and volcano-sedimentary rocks to the east of the Ashanti Belt.

5.5.2. Regional distribution of the mines
If we look at the distribution of gold mines in the study area

(Figs. 13 and 16A), several deposits are located at or close to the
margin of the Tarkwaian sediments. Prestea, Bogoso and Obuasi

on the western side are located along a 500 m thick faulted and
sheared area lying the contact (Ashanti Fault). On the eastern side
of the belt, the Abosso-Damang deposits appear to lie directly on
the Sefwi/Tarkwa groups contact.
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In accordance with Feybesse et al. (2006),  we suggest that D3
hortening lead to the development of a low angle decollement
eneath the Tarkwa Basin that was responsible for transporting the
arkwa Group to the east. Such a structure would be favourable for
uid circulation and gold mineralisation, and would explain the
istribution of many major gold deposits that are located on the
argins of the Tarkwaian sediments. Further, gold along this struc-

ure would also be a possible source of gold for shear zone hosted
eposits remobilised during D4.

. Conclusions

This paper presents a new structural interpretation of the
outhern Ashanti Belt in southwestern Ghana. Utilising field
bservations, magnetic, radiometric, gravity and radar data, we
istinguish at least 6 distinct deformation events that occurred in
wo phases (Eoeburnean and Eburnean) during the Paleoprotero-
oic (Fig. 17). We  also establish a new stratigraphy (Fig. 8) for the
irimian Supergroup (Sefwi Group and Kumasi Group). Our map
Fig. 13)  and sections (Fig. 16)  display a series of tight F1 folds that
nly affected the Sefwi Group basement. This group was overlain
y the Kumasi Group during D2 extension and by the Tarkwa Basin
hat developed at the start of D3 shortening controlled by major
ranscurrent faults such as the Ashanti Fault.

Significant gold mineralisation may  have occurred during both
oeburnean and Eburnean phases. Quartz veins that formed during
he early phase (Eoeburnean) may  also represent the source of the
old rich quartz pebbles found in the Tarkwa paleoplacer. We sug-
est that many hydrothermal gold deposits in the Ashanti region
ere formed by remobilisation and concentration of syn-D1 gold

long D4 shear-zones and the contact zones between the Birimian
nd Tarkwaian units during the Eburnean orogeny.
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