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A B S T R A C T   

Two Mesoproterozoic anorogenic igneous events are recorded in the Palaeoproterozoic Ubendian Domain in 
northern Malawi. The oldest is represented by the Mwakikome orthogneiss, a small peraluminous, sub-alkaline 
and ferroan syenogranite that has a U–Pb zircon emplacement age of 1411 ± 3 Ma, an initial εNd of − 4.5 and a 
Nd TDM2 model age of 2.27 Ga. These data are interpreted to suggest that the Mwakikome intrusion was derived 
mainly from the melting of the adjacent Palaeoproterozoic country rocks during Kibaran-aged extension. The 
second anorogenic igneous event is defined by the more widespread Mwenga Suite, a series of small (<100 km2) 
NW-SE oriented and elongated plutons that occur in a narrow belt in the north of the Ubendian Domain. Seven 
samples from different intrusions gave U–Pb zircon emplacement ages between ~1150 and 1110 Ma. The 
Mwenga Suite is comprised of rocks that are also ferroan, potassic and sub-alkaline in composition and shows a 
range of major element compositions from monzogranite to alkali-feldspar granite. Nd isotopic data from one 
sample yielded an initial εNd of − 2.2 and a Nd TDM2 model age of 1.88 Ga, suggesting that the suite was also 
largely derived from melting of the Ubendian host rocks, but with some additions from an enriched mantle 
source. Both the Mwakikome and Mwenga rocks are characterised by high concentrations of Zr, Hf, Nb, Ta, Y and 
REE and high Ga/Al, imparting a within-plate, A-type, trace element signature. The rocks have no direct tem-
poral correlatives beyond northern Malawi and SW Tanzania and appear unique to this region. They do, how-
ever, build on a theme of long-lived Mesoproterozoic (~1400–1100 Ma) intra-plate extension, basin formation, 
and bimodal A-type magmatism that is better established in areas of central Africa located over 500 km NW of 
the study area.   

1. Introduction and geological setting 

The NW-trending Palaeoproterozoic Ubendian Domain in northern 
Malawi, is subdivided into three structurally-bounded crustal sub-
domains termed (from north to south) the Mbozi, Ufipa and Nyika 
“terranes” by Daly (1988). The central, Ufipa Subdomain, is cored by a 
belt of sheet-like intrusive granitic orthogneisses that are aligned par-
allel to the regional foliation over a distance of almost 200 km (Fig. 1). 

On the British Geological Survey maps and bulletins of the 1960s and 
1970s these rocks were considered to be > 1800 Ma in age (Ray, 1974, 

1975; Stephens and Ray, 1978; Fitches and Ray, 1980; Stephens et al., 
1991). Ray (1974) presented a Rb–Sr mineral-whole rock isochron age 
of 1132 ± 42 Ma, obtained by combining analyses from several in-
trusions, which he interpreted to date the timing of Mesoproterozoic 
(Irumide) metamorphism superimposed on the granites. This interpre-
tation was contradicted by Ring et al. (1999) who obtained single-grain 
zircon evaporation and vapour digestion crystallisation ages of ~1119 
to 1087 Ma for a number of the granites (see Fig. 1). Geochemical data 
reported by Ring et al. (1999) further classified these rocks as A-type 
granites, and their subsequent deformation was interpreted to be 
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Neoproterozoic (Pan-African) in age, based on Ar–Ar hornblende ages of 
~550 Ma obtained from the granites and their reworked Palae-
oprotrerozoic (Ubendian) wall rocks. Ring et al. (1999) additionally 
estimated peak Pan-African metamorphic conditions to have reached 
~680–740 ◦C and ~12–13 kbar. This interpretation was consistent with 
that of Fitches (1971) who concluded that the effects of the Irumide 
orogeny did not extend east of the Mafingi Hills of NW Malawi, although 
it contradicted the findings of an earlier study by Ring (1993) who 
considered the fabrics in these granitoids, and those which define the 
Mugesse Shear Zone, to be Irumide (~1.1 Ga) in age. 

The intrusions were grouped within the “Mwenga Suite” by the 
GEMMAP project (Thomas et al., 2022a; Le Bayon et al., 2022) and the 
purpose of this paper is to provide the first overview of this suite of 
enigmatic granitoids. We present seven new U–Pb zircon ages from 
Mwenga Suite intrusions, along with Sm–Nd and Rb–Sr isotope data and 
major and trace element geochemical analyses in order to constrain the 
petrological conditions of their emplacement. In the course of the zircon 
dating, one intrusion was found to be considerably older and data from 
this body – the Mwakikome orthogneiss pluton – are also presented. 

2. Mwakikome orthogneiss 

The Mwakikome orthogneiss crops out in the far north of Malawi 
close to the border with Tanzania (Fig. 1; Locality KA8350). It is a 
coarse-grained and leucocratic, K-feldspar megacrystic augen gneiss 
with minor biotite and locally contains distinctive macroscopic 
magnetite (Fig. 2a). At a regional scale the distribution of the Mwaki-
kome intrusion was mapped using its high K, Th and U radiometric 
signature, which distinguishes it from the surrounding layered gneisses. 
The orthogneiss forms a single, NW-SE oriented, lens-shaped intrusion 
measuring ~7 km long by ~1.5 km at its widest point. It is bounded to 
the NE and SW by mylonites of the Pan-African Mugesse set of shear 
zones. The northern margin shear zone also corresponds to the tectonic 
boundary between the Ufipa and Mbozi subdomains. To the SE it is 
presumed to be intrusive into Palaeoproterozoic amphibolite gneisses of 
the Ufipa Group, though the contacts were nowhere observed. 

3. Mwenga Suite 

The Mwenga Suite comprises a number of elongate, NW-SE oriented 
intrusions within the Ufipa Subdomain. They are concentrated in a ~20 

Fig. 1. Location maps. a) Malawi in south-central 
East Africa; b) Location of the study area in north-
ern Malawi, with regional tectonic subdivisions, 
including distribution of the Palaeoproterozoic 
Ubendian subdomains. The area outlined in red is 
enlarged in c c) Simplified geological map of the 
study area (from Fullgraf et al., 2021) and location of 
the dated samples (grey boxes). White boxes are dates 
from Ring et al. (1999) with approximate locations. 
The NW trending distributed zones of Pan-African 
schist and mylonite that overprint the Ufipa Sub-
domain collectively define the Mugesse Shear Zone.   
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km wide, NW-SE trending belt that can be traced from the NW tip of 
Malawi to south of the Luromo Peninsula, near Chilumba on Lake 
Malawi, a distance of almost 200 km (Fig. 1). Their distribution was 
mapped by both field observation and airborne magnetic and radio-
metric geophysical datasets. In the reduced-to-pole and total magnetic 
intensity datasets the signature of Mwenga Suite granitoids is varied but 
with generally lower magnetic susceptibility compared to that of their 
Ubendian country rocks. The radiometric dataset is more useful as the 
Mwenga Suite intrusions show generally moderate to high K, Th, and U 
signals that are typically higher than their country rocks(Fig. 3). 

4. Analytical methods 

Samples from the Mwakikome orthogneiss and Mwenga Suite were 
analysed for major and trace elements by Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS) at Analytical Laboratory Services (ALS), 
South Africa. Three samples underwent U–Pb zircon dating by ICP-MS at 
the University of Nancy, France, four at the University of Stellenbosch, 
South Africa and one sample at the Geological Survey of Finland (GTK) 
laboratories in Finland. Radiogenic isotope analyses were made at the 
University of Cape Town, South Africa. All methods employed are 

Fig. 2. Field photographs. a) Coarse-grained leucocratic Mwakikome granitic orthogneiss (Locality KA8350); b) Mwenga pluton: biotite-hornblende granitic 
orthogneiss from disused quarry at locality KA2723, with felsic inclusion (left) and late pegmatitic vein (left centre); c) Augen gneiss of the Lwakwa intrusion 
(Locality KA8175); d) Streaky pink leucogranite gneiss from the Wililo pluton (Locality KA2638). 

Fig. 3. Ternary K–Th–U radiometric image of NW Malawi, showing the moderate to high radioelement concentrations in the Mwenga Suite (mainly represented by 
white which means relatively high values of all three elements; other hues refer to higher values of one or two elements only). The radiometric data are taken from 
the airborne geophysical survey of Malawi conducted prior to GEMMAP. 
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described in supplementary Appendix 1. 

5. Geochronology 

Locations of the geochronological samples are shown on Fig. 1, with 
x-y UTM co-ordinates in Appendix 2, along with the analytical data. 
Sample photographs, zircon descriptions and CL images with the 
analytical spots are given in Appendix 3. 

5.1. Mwakikome orthogneiss 

Mwakikome orthogneiss sample KA8350 was collected from far 
northern Malawi (Fig. 1). It is a coarse-grained, leucocratic, granitic 
augen orthogneiss, with recrystallised K-feldspar megacrysts up to ~2 
cm in size, biotite and macroscopic magnetite. Zircons separated from 
this rock are mostly euhedral and elongate with cathodoluminescence 
(CL) images of these grains showing concentric magmatic growth 
zoning, consistent with high values for Th/U (0.2–1.7). Rare xenocrystic 
cores were observed in some grains, but none were analysed. 

Forty-four analyses were carried out on zircon grains from this 
sample. Twenty-nine analyses scatter on, above, and below concordia 
(Fig. 4a) to define a discordia line that projects towards a zero age lower 
intercept. These data define an upper intercept age of 1417 ± 3 Ma and a 
statistically identical weighted mean 207Pb/206Pb age of 1411 ± 3 Ma 
(MSWD = 1.4). A subset of the most concordant analyses (n = 7) overlap 
on concordia and yield a concordia age of 1417 ± 3 Ma (Fig. 4b). 

5.2. Mwenga Suite 

Seven samples from various intrusions of the Mwenga Suite were 
collected for geochronology. 

5.2.1. Mwenga Pluton 
The Mwenga intrusion (Fig. 1) comprises western and eastern bodies, 

measuring approximately 6 x 1 and 7 × 2 km, respectively. A thin sill- 
like body to the NW, unexposed, but apparent in the radiometric data 
may be a related intrusion. The western body is comprised of a coarse- 
grained granitoid orthogneiss with quartz-feldspar-biotite, hornblende 
and rare garnet. Colour Index ranges from ~15 to 25 and there is a 
strong foliation and mineral lineation. While generally rather homoge-
neous and sub-equigranular, a weak foliation-parallel compositional 
layering accompanied by subtle grain-size variation is locally developed. 
The granite is cut by leucocratic veins and encloses elongated country 
rock enclaves of medium-grained, sugary garnet leucogneiss (Fig. 2b). 
Along its northern margin this intrusion is coarser-grained and por-
phyroclastic and resembles an augen gneiss. The eastern body is similar, 
but poorly exposed and rather more leucocratic. It is comprised of a 

pinkish-weathering, coarse-grained biotite granitic orthogneiss with 
rare amphibole. 

Sample KA2723 was collected from the western body of the Mwenga 
intrusion exposed in a disused quarry located approximately 20 km SE of 
Chitipa. The zircons from this rock are mostly subhedral to euhedral and 
show a broad magmatic zoning in CL imagery. Very small xenocrystic 
cores are also observed. Th/U is mostly between 0.4 and 0.9, although 
the two youngest grains with 207Pb/206Pb ages of ~1040 Ma (analyses 
14 and 25) have Th/U of 0.2 or lower. 

Thirty-one spot analyses were made from 23 zircon grains with the 
majority of data plotting on or close to concordia (Fig. 5a). The observed 
207Pb/206Pb ages varied between 1173 ± 63 Ma and 1037 ± 84 Ma, with 
26 analyses grouping to gave a weighted mean 207Pb/206Pb age of 1138 
± 12 Ma (MSWD = 0.2). Sixteen of the most concordant of these ana-
lyses yield an identical concordia age of 1130 ± 5 Ma (Fig. 5b). Three 
analyses plot away from the main grouping (Fig. 5a) and, when these 
two groups are combined, a poorly defined discordia line with upper and 
lower intercepts of 1145 ± 19 Ma and ~500 Ma can be defined. The 
weighted mean 207Pb/206Pb age of 1138 ± 12 Ma is taken to date the 
intrusion of the Mwenga granite, while the slight dispersion towards the 
~500 Ma lower intercept is considered to be the result of Pb-loss during 
Pan-African metamorphism. Evidence for isotopic disturbance during 
the Pan-African event is better developed in a number of the following 
samples. 

5.2.2. Lwakwa pluton 
The Lwakwa pluton forms a narrow, NW-striking sheet-like intrusion 

that is ~60 km long and up to ~5 km wide. It lies NW of the Mwenga 
pluton (Fig. 1) within a complex zone of anastomosing mylonites that 
form part of the Mugesse Shear Zone. The main part of the pluton tends 
to be expressed topographically as a NW-SE oriented ridge with large 
dome-shaped fresh outcrops. The rocks are well-foliated and to a lesser 
extent locally compositionally banded, with amphibole- and biotite-rich 
± garnet layers/aggregates alternating with quartz- and feldspar-rich 
layers. The central part of the intrusion is locally porphyroclastic 
comprising a megacrystic augen gneiss (Fig. 2c). Quartz typically forms 
dynamically recrystallised high-strain ribbons, although the intrusion is 
also locally fractured at high-angles to the ductile foliation. The intru-
sion is characterised by a low magnetic anomaly and a rather variable 
radiometric signature with the augen gneiss variant enriched in K. 

Two samples from the Lwakwa pluton were taken for geochronology. 
Sample KA8175–2 was collected from outcrops about 10 km NW of 
Chitipa in the main part of the intrusion. Zircons from this sample are 
relatively small, generally subhedral to euhedral in habit, although some 
rounded grains were also present. Aspect ratios are between 2 and 4 and 
CL images of these grains show fine to broad magmatic growth zoning, 
with xenocrystic cores present in some grains. Some grains additionally 

Fig. 4. Wetherill concordia plots of U–Pb zircon data from the Mwakikome orthogneiss. a) Distribution of analyses with upper intercept and weighted mean ages. 
Red boxed area enlarged in b). b) Subset of most concordant analyses (n = 7) used to define concordia age. 
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show a narrow homogenous low-CL metamorphic rim that was not 
analysed. Th/U values for the zircons varies between 0.4 and 1.3. 

Thirty-three spot analyses spots were carried out and the resulting 
data plot as a cloud on and somewhat below concordia with Individual 

207Pb/206Pb ages scattering between ~1210 and 1100 Ma. The dataset 
was arbitrarily divided into two age groups based on some age clustering 
in the dataset, the degree of concordance, and achieving acceptable 
MSWD values for each group (Fig. 5c). The younger, larger, age group 

Fig. 5. Wetherill concordia plots of U–Pb zircon data 
for the main plutons of the Mwenga Suite. a) Mwenga 
Pluton, locality KA2723. Red boxed area enlarged in 
b). b) Subset of 16 most concordant analyses used to 
define concordia age. c) Lwakwa Pluton, locality 
KA8175. Red boxed area enlarged in d). d) Subset of 8 
most concordant analyses used to define concordia 
age. e) Lwakwa Pluton, locality KA19428. Red boxed 
area enlarged in f) Subset of 18 most concordant 
analyses used to define concordia age. g) Wililo 
Pluton, locality KA2638. Red boxed area enlarged in 
h). Subset of 16 most concordant analyses used to 
define concordia age. Ages stated with 2σ confidence 
intervals.   
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(light grey ellipses in Fig. 5c) comprises 22 of the more concordant 
analyses. These combine to give a weighted mean 207Pb/206Pb age of 
1136 ± 6 (MSWD = 1.2), with a subset of 8 of the most concordant 
analyses further grouping to give a concordia age of 1128 ± 3 Ma 
(Fig. 5d). Combined with a small number of somewhat more discordant 
grains, these analyses distribute along a potential Pb-loss discordia that 
gives an upper intercept age of 1162 ± 13 Ma and a poorly-defined 
lower intercept around 550 Ma. 

The second age group is defined by the remaining 9 analyses. These 
are marginally less concordant (91–95%) and yield somewhat older ages 
(dark grey analyses in Fig. 5c) as compared with the first group. They 
also show some dispersion along a discordia line and yield upper and 
lower intercepts ages of 1259 ± 17 Ma and ~550 Ma respectively. Given 
that none of the analyses within this group intersect concordia, and 
there is limited dispersion along the discordia line, the meaning of the 
upper intercept age obtained from this group remains speculative. One 
possibility is that this age group may date a xenocryst component within 
this rock, an interpretation supported by the age data obtained from the 
second sample from the Lwakwa pluton described below. The weighted 
mean 207Pb/206Pb age obtained from the largest of the two age groups 
measured in this rock (1136 ± 6 Ma) is taken as the best estimate for the 
intrusion age of the Lwakwa pluton, while the poorly defined lower 
intercept ages at ~550 Ma are interpreted to reflect the effects of Pan- 
African metamorphism. 

Sample KA19428–1 is a pinkish granitoid orthogneiss from the far 
NW part of the Lwakwa intrusion. The zircons obtained from this rock 
are subhedral to euhedral is shape and CL images display typical fine to 
broad magmatic growth zoning. Some crystals also show sector zoning 
and CL-dark inherited cores where present in some grains. Th/U values 
varied between 0.3 and 1.0 for the majority of grains, although Th/U 
was lower (<0.2) for the analysis spot that showed the most dispersion 
towards the lower intercept. 

Thirty-seven analyses were undertaken for this rock and these yield a 
scatter of data points that disperse along and below the concordia curve. 
Individual 207Pb/206Pb ages are between ~1240 Ma and 920 Ma 
(Fig. 5e), with one outlier that has a207Pb/206Pb age of ~1520 Ma. 
Similar to the previous sample, the dispersion of 207Pb/206Pb ages is 
large and two arbitrary groups based on 207Pb/206Pb age are defined. 
The largest of these is defined by 23 of the analyses (light grey ellipses in 
Fig. 5e) and together, these grains define a weighted mean 207Pb/206Pb 
age of 1139 ± 13 Ma (MSWD = 1.0). A subset of 18 of the most 
concordant analyses from this group overlap to define a concordia age of 
1143 ± 5 Ma (Fig. 5f). In addition, there is some dispersion in the data 
from this age grouping and, when the lower intercept is fixed at ~500 
Ma (a realistic age for Pan-African metamorphism), the resultant upper 
intercept gives an age of 1129 ± 20 Ma (MSWD = 0.56). The second age 
group comprises 6 analyses that yield a weighted mean 207Pb/206Pb age 
of 1224 ± 27 Ma. Similar to the results from the previous sample, these 
analyses are less concordant (87–95%) when compared to the younger 
dominant age grouping. The geological meaning of these analyses re-
mains uncertain, although they may date a xenocrystic component. 

5.2.3. Wililo pluton 
The Wililo orthogneiss covers an area of about 35 km2. Ray (1975) 

gives a detailed geological map of the intrusion, showing a plethora of 
small associated microgranite dykes which are found up to 13 km away 
from the granite. Geophysically, the granite is characterised by a 
somewhat variable radiometric signature. It has high K throughout, but 
Th and U tend to be high in the NW and SE segments only. The radio-
metric data clearly show a small, High-K/Th/U satellite body to the east 
of the main pluton, which was confirmed in outcrop. The orthogneiss 
forms wooded hills with rounded outcrops, sub-outcrops and loose 
boulders of sugary-textured, pink, very quartz- and feldspar-rich 
streaky, but relatively homogeneous, coarse-grained leucogranite 
gneiss (Fig. 2d). Mafic mineral content is very low (<5%) with biotite 
forming elongate flakes, small aggregates and thin schlieren, locally 

with magnetite and, more rarely, minute amounts of small (mm-scale) 
grains of pink garnet. The small satellite body in the SW is made up of 
similar brick-red, medium-to coarse-grained streaky leucogneiss and 
contains restricted zones with fibrous sillimanite. One of the minor in-
trusions associated with the Wililo pluton is represented by sample 
KA2701 which is a layer-parallel sheet within Ufipa Group gneisses, 
some 10 km SE of the main pluton. 

Sample KA2638 was collected from outcrops of the Wililo pluton 
east of the main Chitipa-Karonga road, 35 km NW of Karonga. It is a 
pink, strongly foliated, coarse-grained equigranular and relatively ho-
mogeneous, leucogranitic orthogneiss, with a streaky texture caused by 
biotite schlieren and quartz ribbons. It is made up of quartz, microcline 
dominant over sodic plagioclase, with small amounts of biotite, horn-
blende and garnet. Zircons separated from this rock show typical 
magmatic growth zoning on CL images and have subhedral to euhedral 
habits. A few grains additionally show homogeneous high- and low-CL 
response rims. The zircons showing magmatic growth zoning have Th/ 
U values of 0.3–0.9, for the rims, Th/U is < 0.1. 

Thirty-four analyses were made on 18 zircon grains.28 analyses are 
within ~15% concordant and the dataset shows dispersion along a Pb- 
loss discordia line (Fig. 5g) that yields upper and lower intercept ages 
of 1167 ± 28 and 547 ± 38 Ma (MSWD = 1.1). At the upper intercept, 
24 analyses group to give a weighted mean 207Pb/206Pb age of 1118 ±
15 Ma (MWSD = 0.9), while a subset of 16 of these analyses yield a 
concordia age of 1119 ± 6 Ma (Fig. 5h). At the lower-intercept, a cluster 
of 4 grains with Th/U < 0.1 give a weighted mean 206Pb/238U age of 568 
± 12 Ma (MSWD = 1.3). The weighted mean 207Pb/206Pb age of 1118 ±
15 Ma and the 206Pb/238U age of 1118 ± 15 Ma and 568 ± 12 Ma are 
taken to date the emplacement of the Wililo pluton and the timing of 
Pan-African metamorphism, respectively. 

Sample KA2701 is a coarse-grained, pinkish, inequigranular, highly 
foliated quartz-feldspar-biotite leucogneiss, taken from a road cutting 
about 21 km west of Karonga. It occurs within flaggy supracrustal 
gneisses of the Ufipa Group and represents one of the many small sill-like 
intrusions associated with the Wililo pluton (e.g. Ray, 1974). The sample 
is made up of quartz, microcline and subordinate plagioclase with minor 
biotite and garnet. The sample contains two zircon populations. The 
first, dominant population comprises subhedral to euhedral crystals 
with aspect ratios of ~2. They have a dark CL response and show 
magmatic growth zoning. The second population has a brighter CL 
response that also show magmatic growth zoning. One grain of the 
high-CL response population contained a low-CL response inherited 
core. Both CL groups show overlapping Th/U values; For the dark CL 
response grains Th/U = 0.3–0.8 and for the bright CL response grains 
Th/U = 0.2–0.9. 

The zircon geochronology is more complex for this sample compared 
to that of the previous samples. Fifty-three analyses were undertaken of 
which 38 are <10% discordant. Two distinct age populations are pre-
sent, which correspond to the CL groupings described above. The older 
and dominant population is comprised of magmatic-zoned, CL-dark 
grains. Thirty-seven analyses belong to this grouping and these grains 
yield both concordant and discordant data that produce a well-defined 
discordia line with an upper intercept age of 1997 ± 8 Ma and a 
lower intercept very close to the origin (Fig. 6a). From this age grouping 
subsets of 26 and 13 analyses provide weighted mean and concordia 
ages of 1999 ± 9 Ma (MSWD = 0.2) and 1987 ± 8 Ma, respectively 
(Fig. 6). The CL-bright zircon crystals comprise the second age popula-
tion. Twelve analyses from this zircon type define a discordia line with 
an upper intercept age of 1115 ± 22 Ma and a lower intercept that 
passes through the origin (Fig. 6a). From this grouping, 11 analyses can 
be grouped to give a weighted mean 207Pb/206Pb of 1114 ± 20 Ma 
(MSWD = 0.1), 8 analyses group to give an identical concordia age of 
1118 ± 8 Ma (Fig. 6b). An additional three grains yield concordant 
207Pb/206Pb ages of 2067 ± 45, 2551 ± 45 and 2675 ± 38 Ma. The 
interpretation of the data is that the younger population dates the 
emplacement of the small leucogranite sheet, which is heavily 
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contaminated by inherited zircon grains from the host Ubendian 
gneisses. No evidence of later metamorphism is apparent. 

5.2.4. Minor intrusions in the south Ufipa Subdomain 
South of the main Mwenga Suite plutons, the Ufipa Subdomain is 

intruded by many small coeval leucogranitic orthogneiss bodies that are 
also grouped within the suite. Two samples from these bodies were 
dated (see Fig. 1). 

Sample NY6545 is a pinkish, medium-to coarse-grained, foliation- 
parallel, quartz-feldspar-biotite leucogranite orthogneiss sill, from the 
SE Ufipa Subdomain about 21 km west of Chilumba. The zircons have 
subhedral grain shapes and internal magmatic growth zoning. There is 
some evidence for later recrystallization, while some grains additionally 
show homogeneous bright-CL response rims. Th/U ranges from 0.2 to 
1.1 for the magmatically zone zircons and is < 0.1 for the bright-CL 
response rims. 

From this sample 25 analyses were made, of which 23 plot on a 
discordia line with an upper intercept at 1162 ± 19 Ma and a lower 

intercept at 564 ± 47 Ma (Fig. 6c). The main population plots close to 
the upper intercept and can be refined using 18 analyses to give a 
weighted mean 207Pb/206Pb age of 1143 ± 11 Ma (MSWD = 1.0), or 14 
analyses to give to an equivalent concordia age of 1141 ± 7 Ma (Fig. 6d). 
The weighted mean and concordia ages are interpreted to date the 
emplacement of this rock, the lower intercept is taken to date Pb-loss 
due to Pan-African metamorphism. 

Sample NY8671–2 is the southernmost sample, from a ~2 km long 
sheet-like intrusive body near the tectonic boundary between the Ufipa 
and Nyika subdomains. It is a mesocratic, granitic orthogneiss (locally 
with K-feldspar augen), with leucocratic veins forming a stockworks- 
type pattern. Zircons from this rock are subhedral to euhedral in habit 
and in CL images show concentric magmatic growth zoning that is partly 
replaced by areas of recrystallised zircon. Some zircons grains contain 
distinct cores. Th/U is between 0.1 and 1.8, whereas the three youngest 
grains have lower Th/U between 0.05 and 0.2. 

Forty-four analyses were made from this sample with a significant 
proportion of the dataset yielding mildly to significantly discordant data 

Fig. 6. Wetherill concordia plots of U–Pb zircon data from unnamed mesoscale intrusions of the Mwenga Suite. a) Locality KA2701. Red boxed area enlarged in b). b) 
Subset of 8 most concordant analyses used to define concordia age. c) Locality NY6545, Red boxed area enlarged in d). Subset of 14 most concordant analyses used to 
define concordia age. e) Locality NY8671. Ages stated with 2σ confidence intervals. 

R.J. Thomas et al.                                                                                                                                                                                                                              



Journal of African Earth Sciences 202 (2023) 104897

8

(Fig. 6e). Considering the data that are <15% discordant, individual 
207Pb/206Pb show a near continuous spread of dates between ~1210 Ma 
and 950 Ma. These data are not straightforward to interpret; one pos-
sibility is to exclude the youngest three grains, which are distinct out-
liers (Fig. 6e), then split the remaining data into two arbitrary age 
groups of 13 and 14 analyses that yield quite low MSWD values for their 
combined ages. These age groups yield weighted mean 207Pb/206Pb ages 
of 1142 ± 6 Ma (MSWD = 1.2) and 1176 ± 7 Ma (MSWD = 1.9), 
respectively. The age groups can, additionally, be combined with a 
number of more discordant analyses (Fig. 6e) to produce discordia lines 
that project through the origin and produce upper intercept ages of 1148 
± 5 Ma (MSWD = 1.2) and 1190 ± 8 Ma (MSWD = 3.6). The remaining 
three outlying grains yield 207Pb/206Pb dates of 985 ± 10 Ma, 962 ± 13 
Ma and 954 ± 11 Ma. The scatter in the dataset makes any conclusions 
drawn from these data somewhat uncertain. However, a reasonable 
interpretation is that the older age group (1176 ± 7 Ma) dates inherited 
xenocrysts present in this sample. The younger population (1142 ± 6 
Ma) is then the best estimate for the timing of emplacement of the 
igneous protolith of this rock. The youngest three grains (~960 Ma), 
which plot separately (Fig. 6e) and have lower Th/U (<0.2), may 
represent evidence for a presently poorly constrained and documented 
post-Irumide event in northern Malawi. Equivalent ages are reported for 
aplitic and micro-granite dykes (Ring et al., 1999) and from a quartz 
syenite intrusion, which crops out further south in the Ubendian domain 
(Thomas et al., 2022a). 

5.2.5. Luromo granite 
The Luromo Granite (Ring et al., 1999; Charles et al., 2022) is a very 

small intrusion (<1 km2) exposed in the Luromo Peninsula which pro-
jects into Lake Malawi, along with a number of offshore islands and 
rocks. It consists of foliated granite (quartz, oligoclase, microcline and 
biotite ± amphibole), and is associated with microgranite and aplite 
dykes. It contains many enclaves of biotite-bearing paragneiss derived 
from the Ubendian country rocks. The eastern part is feldspar mega-
crystic. This small body was dated by Ring et al. (1999) at 1108 ± 1 Ma 
and although no samples were taken as part of the current study, it is 
included here for completeness. 

6. Whole-rock radiogenic isotope data 

A dated sample from the Mwakikome orthogneiss and Mwenga Suite 
granites were analysed for Sm–Nd and Rb–Sr isotopes. The data are 
presented in supplementary Appendix 4. The Mwakikome orthogneiss 
(KA8350) has an ϵNd of − 4.5 and a two-stage NdTDM age of 2.27 Ga. 
Mwenga Suite sample NY8671-2) has an ϵNd of − 2.2 and a two-stage 
NdTDM age of 1.88 Ga. The two-stage model age calculations (after de 
Paolo et al., 1991) used the age of each sample as in Appendix 4, and a 
depleted mantle composition from Bea et al. (2023). 87Sr/86Sr is 
calculated at 550 Ma, the last major thermal event recognised in the 
Ubendian Domain. The Mwakikome orthogneiss has an 87Sr/86Sr(t) of 

0.7378 and the Mwenga Suite sample recorded 0.7928. 
Both Nd and Sr isotopic values indicate that the Mwakikome 

orthogneiss and Mwenga Suite are evolved rocks that were melted, to a 
large degree, from sources extracted from the mantle in the Palae-
oproterozoic. The strongly radiogenic 87Sr/86Sr(t) recorded by both 
rocks suggest that these Palaeoproterozoic source rocks were unlikely to 
have been previously melted prior to the extraction of the partial melts 
that produced the Mwakikome and Mwenga granitoids. The new U–Pb 
zircon geochronology and radiogenic isotope data are summarised in 
Table 1. 

7. Whole-rock major and trace element geochemistry 

Nine samples of the Mwenga Suite granites were analysed for whole- 
rock major and trace element geochemistry (supplementary Appendix 
5). This includes all the dated samples and two additional samples 
collected from the quarry in the Mwenga pluton, close to KA273. The 
major elements show a fairly narrow compositional range with SiO2 
between 69 and 77 wt%. K2O (4.6–6.1 wt%) and Na2O (2.0–3.5 wt%) 
are notably more abundant than CaO (0.5–1.9 wt%) as is FeT (1.8–5.6 wt 
%) when compared to MgO (<0.1–0.5 wt%), so the Mwenga Suite in-
trusions consequently classify as sub-alkaline granite with respect to 
SiO2 versus alkalis (Na2O + K2O < 9.5) and ferroan with Fe* > 0.8 
(Fig. 7a and b). On a normative basis the Mwenga Suite classify as alkali- 
feldspar granite, syeno- and monzogranite (Fig. 7c). The less silicic rocks 
(syenogranites) are metaluminous (ASI<1.0), with a trend to more 
peraluminous (ASI>1.0) compositions with increasing SiO2 (Fig. 7d). 

The ranges of trace element concentrations are also rather restricted 
and consistent. Primitive mantle-normalised trends on a spider diagram 
for the Mwenga Suite are relatively smooth between Cs and Pr, although 
with a shallow negative Nb–Ta anomaly. The remainder of the elements 
show more fractionation and include deep negative Sr–P and Ti anom-
alies (Fig. 8a). Normalised HREE concentrations vary between approx-
imately 6 and 12. Chondrite-normalised REE patterns show limited 
overall fractionation, characterised by a relatively low mean (La/Lu)N of 
14 (Fig. 8b). Most fractionation occurs between the LREE and MREE, 
with mean (La/Sm)N = 5 and mean (Gd/Lu)N = 1.6. All samples show a 
distinctive negative Eu anomaly with a mean Eu/Eu* equal to 0.5. 

On tectonic discrimination diagrams the samples from the Mwenga 
Suite exhibit within-plate and A-Type granite signatures (Fig. 9a and b). 
On the Nb + Y versus Rb and Nb versus Y plots of Pearce et al. (1984), 
there is some major element control on the observed data scatter. The 
syenogranite samples record the strongest within-plate signals on both 
plots, while the alkali feldspar granites and monzogranites plot closer to 
the volcanic-arc/collision granite boundary. One outlying sample 
(KA2701) plots within the volcanic arc field. The A-Type granite char-
acter of the majority of the rocks is mirrored in the Zr versus Ga/Al plot 
of Whalen et al. (1987). In this plot sample KA 2701 is again anomalous 
and shows a more I/S-type character (Fig. 9c). It is noteworthy that this 
sample also was the only rock to have a very large Palaeoproterozoic 

Table 1 
Summary of U–Pb zircon ages (in Ma) and radiogenic isotope data of the Mwenga Suite and Mwakikome Granite (KA8350), Ubendian Domain. (568 ± 12* = weighted 
mean Pb206/U238 age of 4 metamorphic grains). US = University of Stellenbosch, BRGM = Bureau de Recherches Géologiques et Minières, GTK = Geological Survey of 
Finland.  

Pluton Sample 
number 

Upper 
intercept age 

Weighted mean 
Pb207/206 age 

Concordia 
age 

Inheritance 
age 

Lower 
intercept age 

NdTdm 
(Ga) 

ϵNd 87Sr/86Sr550 Analytical 
Laboratory 

Mwenga KA2723 1145 ± 19 1138 ± 12 1130 ± 5  ~500    US 
Lwakwa KA8175-2 1162 ± 13 1136 ± 6 1128 ± 3 ~1260 ~550    BRGM 

KA19428-1 1129 ± 20 1139 ± 13 1143 ± 5 1224 ± 27 ~500    GTK 
Wililo KA2638 1167 ± 28 1118 ± 15 1119 ± 6  547 ± 38, 

568 ± 12*    
US 

KA2701 1115 ± 22 1114 ± 20 1118 ± 8 ~2000, 2500 0    US 
Minor southern 

intrusions 
NY6545 1162 ± 19 1143 ± 11 1141 ± 7  562 ± 47    US 
NY8671-2 1148 ± 5 1142 ± 6  ~1175 0 1.88 − 2.2 0.79283 BRGM 

Mwakikome KA8350 1417 ± 3 1411 ± 3 1417 ± 3  0 2.27 − 4.5 0.7378 BRGM  
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zircon population, showing a higher degree of country-rock contami-
nation than the other samples. 

The Mwakikome orthogneiss is a silicic intrusion with ~71 wt% SiO2 
and has K2O > Na2O > CaO (5.3 wt%, 3.3 wt% and 1.5 wt% respec-
tively). Total alkalis sum to ~8.5% and, similar to the rocks of the 
Mwenga Suite, the Mwakikome orthogneiss is sub-alkaline (Fig. 7a). ASI 
and Fe* equal 1.05 and 0.83 respectively, indicating that this intrusion is 
both ferroan and peraluminous (Fig. 7b, d). On a normative basis the 
Mwakikome orthogneiss classifies as a syenogranite (Fig. 7c). The 
primitive mantle-normalised trace element pattern for this sample is 
characterised by a relatively shallow negative Nb–Ta anomaly and 
deeper negative anomalies for Sr–P and Ti (Fig. 8). Normalised HREE 
concentrations are ~10. The chondrite-normalised REE pattern shows 
moderate enrichment of HREE relative to MREE, a shallow negative Eu 

anomaly (Eu/Eu* = 0.5) and little fractionation between MREE and 
HREE (La/SmN = 5 and Gd/LuN = 1.2). The fractionation between LREE 
and HREE, measured by (La/Lu)N, is 11. When plotted on the Y + Nb 
versus Rb discrimination plot (Pearce et al., 1984), the Mwakikome 
orthogneiss plots in the within-plate field, but transitional between 
A-Type and I/S-Type on the Whalen et al. (1987) plot (Fig. 9). 

8. Discussion 

One of the enduring problems in the deciphering of poly-
metamorphic belts is the degree to which event (often themselves 
polyphase) are present and to what extent each phase has influenced the 
present-day configuration of the geology. The Mesoproterozoic granitic 
rocks described here form a valuable time marker between the two 

Fig. 7. Major element composition plots of the 
Mwenga Suite. a) Silica versus alkalis (after Cox et al., 
1979); b) silica versus Fe* (=FeT/FeT + MgO), after 
(Frost and Frost, 2008); c) normative ANOR versus Q′

plot of Streckeisen and Le Maitre (1979); d) “Shand 
Index” of Maniar and Piccoli (1989). Abbreviated 
field names are: AFG = Alkali-feldspar granite, AFQS 
= Alkali-feldspar quartz syenite, D = diorite, G =
granite, GD = Granodiorite, M = Monzonite, MG =
monzogranite, PA=Peralkaline, QM = Quartz 
monzonite, QS = Quartz syenite.   

Fig. 8. Trace element composition plots for the Mwenga Suite and the Mwakikome orthogneiss. a) Selected trace elements normalised to primitive mantle, b) Rare 
earth elements normalised to Chondrite. Normalisation values for both plots are from Sun and McDonough (1989). 

Fig. 9. Tectonic environment discrimination plots of the Mwenga Suite and Mwakikome orthogneiss. a) and b) after Pearce et al. (1984), c) after Whalen et al. 
(1987). Abbreviated field names are: ORG=Ocean ridge granite, syn-col = syn-collisional granite, VAG = volcanic arc granite, WPG = within plate granite. 
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major crust-forming and orogenic episodes of NW Malawi, adjacent SW 
Tanzania and NE Zambia; the Ubendian (2.1-1.8 Ga) and Irumide (1.1- 
1.0 Ga) events. The 1411 ± 3 Ma Mwakikome Orthogneiss is a per-
aluminous and ferroan syenogranite (Fig. 7) that has a within-plate 
geochemical signature characterised by relatively high abundances of 
Nb–Ta and HREE and deep negative primitive mantle normalised 
anomalies for Sr–P and Ti (Fig. 8). Nearby coeval rocks include the 
Chimala Granite (1408 ± 6 Ma; Thomas et al., 2019), which intrudes the 
Ubendian “Upangwa terrane” of SW Tanzania and a slightly older 
orthogneiss (1435 ± 15 Ma; Thomas et al., 2016), that crops out in the 
Livingstone Mountains of SW Tanzania (Fig. 10). 

This small, isolated cluster of ~1400 Ma intrusions is similar in age 

to the earliest “Kibaran” intrusive rocks from the Karagwe-Ankole belt of 
central Africa, situated >700 km NW of Malawi. These are shown on 
Fig. 10, which is a time-slice map of East Africa at ~1100 Ma, prior to 
the Irumide orogeny (with some younger cover rocks shown which 
obscure the older geology). These early “Kibaran” rocks are comprised 
of differentiated mafic–ultramafic intrusions (Maier et al., 2007; Zi 
et al., 2019) that pre-date, by at least ~10 Ma, the onset of the main 
phase of voluminous, widely-distributed Kibaran magmatism between 
~1390 and 1330 Ma (Kokonyangi et al., 2004; Buchwaldt et al., 2008; 
Tack et al., 2010; Mäkitie et al., 2014; Nambaje et al., 2021). This 
igneous activity was bimodal and produced mafic rocks that intruded 
either as an arcuate dyke swarm into Ubendian-age basement rocks 

Fig. 10. Geological map of Precambrian geology of central East Africa at ~1100 Ma. Inset upper left: Location of the Tanzania-Congo Craton in Africa. Red box 
outlines the region enlarged on the right. Main image: Geology of the SE part of the Tanzania-Congo Craton illustrating the distribution of rocks with Mwakikome- 
like (black text, white background) and Mwenga-like (red text, white background) ages. Abbreviated country names: M = Malawi, Moz = Mozambique. Superscripts 
give sources of data: 1 Thomas et al. (2019), 2 Thomas et al. (2016), 3 De Waele and Fitzsimons (2007), 4 Thomas et al. (2022b), 5 Boniface et al. (2014), 6 Tack et al. 
(2010), 7 Maier et al. (2007), 8 Nambaje et al. (2021), 9 Mäkitie et al. (2014), 10 Buchwaldt et al. (2008), 11 Fernandez-Alonso et al. (2012), 12 Villeneuve et al. (2019), 
13 Kokonyangi et al. (2004) and 14 Kokonyangi et al. (2007). 
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(Fig. 10) or as layered mafic to ultramafic sills into late Palae-
oproterozoic and Mesoproterozoic sedimentary cover rocks (Duchesne 
et al., 2004; Maier et al., 2008; Mäkitie et al., 2014). The voluminous 
coeval silicic intrusions are comprised mostly of peraluminous and 
sub-alkaline monzogranite and syenogranite (Kokonyangi et al., 2004; 
Buchwaldt et al., 2008; Debruyne et al., 2015; Nambaje et al., 2021) that 
are compositionally very similar to the Mwakikome orthogneiss. 

The bimodal nature of Kibaran igneous activity together with the 
chemistry of both mafic and felsic intrusions is widely, but not exclu-
sively, interpreted to suggest that they were emplaced during a long- 
lived period of extension and intra-cratonic basin formation from 
~1780 Ma to ~1380 Ma (Tack et al., 2010; Fernandez-Alonso et al., 
2012). One such episode of extension and coeval sediment deposition 
began around 1420 Ma and continued until at least ~1370 Ma (Fer-
nandez-Alonso et al., 2012; Koegelenberg et al., 2015). During this in-
terval Kibaran igneous rocks intruded as sill and plutons within the 
existing sedimentary pile and occurred as surface flows of basalt and 
effusive felsic tuffs on the basin floor (Fernandez-Alonso et al., 2012). In 
northern Malawi, there are a variety of small mafic bodies within the 
Ubendian gneisses (Fullgraf et al., 2021), but none of these has been 
dated. The degree to which Mwakikome magmatism in northern Malawi 
was also bimodal cannot currently be answered. 

Nevertheless, the striking compositional similarities between the 
silicic Kibaran-age intrusions shown on Fig. 10 and the Mwakikome 
orthogneiss suggest both groups of rocks likely formed in a similar tec-
tonic setting. By comparison with central Africa, where evidence for 
coeval magmatism and sedimentation is well preserved, a definitive 
coeval sedimentary record is lacking in Malawi. It is, however, hinted at 
by a number of nearby exposures of post-Ubendian sedimentary rocks 
that yield maximum depositional ages close to the onset of Mwakikome 
igneous activity. These include: (1) A fault-bound layer of Mafingi Group 
schist exposed in the Nyika Subdomain of northern Malawi (maximum 
depositional age = ~1500 Ma; Thomas et al., 2022b), (2) the Kasama 
Formation of NE Zambia (maximum depositional age = ~1430 Ma; De 
Waele and Fitzsimons, 2007) and, (3) the argillitic metasedimentary 
rocks of the Ubendian Wakole Subdomain with maximum depositional 
ages of ~1400 Ma (Boniface et al., 2014). The geographic distribution of 
these rocks is illustrated in Fig. 10. 

The ~1150–1110 Ma granitoids of the Mwenga Suite are composi-
tionally very similar to the Mwakikome orthogneiss. They comprise 
weakly metaluminous-peraluminous, sub-alkaline and ferroan alkali- 
feldspar granite, syenogranite and monzogranite (Fig. 7). The trace 
element compositions of the Mwenga and Mwakikome orthogneiss are 
similar (Fig. 8), although the former tend to have higher concentrations 
of Nb, Ta, Y, Zr, Ga/Al and HREE and thus yield stronger within-plate 
signatures (Fig. 9). Nd isotopic data from a Mwenga Suite intrusion 
(ϵNd = − 2.2, NdTDM = 1.88 Ga) imply that these rocks are evolved, and 
partially sourced from their Ubendian host rocks, although with an 
important mantle component. This inference, together with the 
compositional similarity observed for the Mwenga and Mwakikome 
rocks, suggest both phases of magmatism occurred in similar extensional 
tectonic settings. It is important to note that the Mwenga Suite is 
considerably older than the granitoid orthogneisses of the adjacent 
Irumide belt in Malawi, which give 207Pb/206 Pb weighted mean ages 
ranging from ~1060 to 1030 Ma (Thomas et al., 2022c) and ~1050 to 
950 Ma in Zambia (see review of De Waele et al., 2006). The intrusions 
of the Mwenga Suite consequently pre-dates the granitoids within the 
Irumide belt and lie ~150 km inboard of the Irumide orogenic front. 
Although the Mwenga Suite intrusions are comparatively small, they 
form an important component of the Ufipa Subdomain in northern 
Malawi (Fig. 1). It is consequently surprising that coeval granitoids have 
not been reported from other areas of central and southern Africa 
(Fig. 10). There are zircon and monazite ages of ~1170–1110 Ma from 
garnet-kyanite schists from the Wakole Subdomain in Tanzania 
(Fig. 10), but these are interpreted to date moderate pressure, middle-to 
upper amphibolite facies metamorphism (Boniface et al. (2014), which 

seems at odds with the extension tectonic setting implied by the Mwenga 
Suite. 

From the southern Karagwe-Ankole Belt Tack et al. (1994, 2010) 
describe the 40 km long “Gitega-Makebuko-Bukirasazi alignment” in 
Rwanda-Burundi (Location with superscript “6” in Fig. 10) comprised 
predominantly of ~1205 Ma A-type granitoids, syenites, and associated 
subordinate mafic rocks. While these rocks predate the Mwenga Suite by 
some 70 Myr, they are geochemically comparable. The more silicic 
Gitega-Makebuko-Bukirasazi granitoids are sub-alkaline to weakly 
alkaline ferroan alkali-feldspar granites, syenogranites and mon-
zogranites that plot well within the within-plate and A-type granites 
fields of Pearce et al. (1984) and Whalen et al. (1987). This potentially 
indicates that a wide area of central-eastern Africa experienced 
geographically dispersed and diachronous pulses of intra-plate mag-
matism in the period between ~1400 and 1100 Ma. 

Support for the generation and emplacement of the granitoids of this 
period in an extensional geodynamic setting is given by presence of 
coeval sedimentary rocks. For example, components of the Bugarama 
and Nya-Ngezie groups in the Kivu-Maniema area of the Democratic 
Republic of the Congo (Fig. 10) have yielded maximum depositional 
ages of ~1210 Ma and 1120 Ma respectively (Villeneuve et al., 2019). 
From the Kibaride Belt to the south, Kokonyangi et al. (2007) con-
strained the deposition of the Nzilo Group to between 1380 Ma and 
1080 Ma, also allowing deposition in the 1210–1110 Ma intervals of 
A-type magmatism in the Karagwe-Ankole Belt (Tack et al., 2010) and 
northern Malawi (this study). Equivalent sedimentary rocks are not 
recorded from areas further to the east, although it is noteworthy that a 
number of whole rock Rb–Sr ages from the Karagwe-Ankole Belt scatter 
between ~1260 and 1110 Ma (Lavreau and Liégeois, 1982; Klerkx et al., 
1984, 1987; Tack et al., 1990, 1994). These ages were originally inter-
preted to date granite emplacement, although subsequent U–Pb zircon 
studies have shown that the Rb–Sr ages are considerably younger than 
the intrusive ages (Tack et al., 2010). It might thus be that the Rb–Sr ages 
reflect thermal resetting associated with a combination of burial beneath 
a thick sedimentary cover and a rising geothermal gradient associated 
with crustal thinning and, possibly, magmatic underplating. 

Both the Mwenga Suite and the Mwakikome orthogneiss intruded 
close to the margin of the Archaean Tanzania Craton, as do the majority 
of the broadly Kibaran igneous rocks exposed further to the NW. In 
addition, most of the Mesoproterozoic sedimentary cover rocks in the 
region overlie Ubendian-age Palaeoproterozoic crust flanking the craton 
margin (Fig. 10). If, as we contend, these igneous and sedimentary rocks 
reflect a long-lived period of intra-cratonic extension and basin forma-
tion, it is tempting to suggest that the localisation of both the igneous 
rocks and the concomitant sedimentary rocks along the craton margin 
reflects a long-lived line of inherent weakness that was repeatedly 
reactivated during the Mesoproterozoic. 

Allied to the above discussion, the Mwenga Suite and the Mwaki-
kome orthogneiss show a strong and consistent NW-SE (Ubendian trend) 
penetrative ductile foliation that is broadly parallel to the SW margin of 
the Tanzania Craton (Fig. 10). This suggests that the margin was again 
reactivated, most likely during the late Ediacaran, as a distal effect of the 
Pan-African orogeny. This conclusion was reached by Ring et al. (1999) 
and is supported by the Pb-loss discordia lines recorded in five of the 
seven dated samples presented here that project toward a ~550 Ma 
lower intercept. K–Ar biotite and hornblende ages from Mwenga gran-
itoids also yield ages between 590 and 530 Ma (Ray, 1974; Ring et al., 
1999). It is thus relevant that the Mwenga Suite and the Mwakikome 
orthogneiss are spatially associated with, and deformed by, mylonites 
that form an anastomosing network of schist belts and shear zones in 
northern Malawi (Fig. 1). Collectively these structures define the 
Pan-African Mugesse Shear Zone, which preserves sinistral strike-slip 
kinematics and developed under greenschist-facies to amphibolite 
metamorphic conditions (Ring et al., 1999). The discrete nature of the 
shearing implies that the Ubendian Domain was little affected by the 
effects of the Irumide orogeny and supports the contention of Fitches 
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(1971) that effects of the Irumide orogenyare unimportant east of the 
Mafingi Hills. 

9. Conclusions 

The Mwakikome orthogneiss is a small pluton of ~1400 Ma sye-
nogranite and one of a small number of such intrusions in northern 
Malawi and SW Tanzania. These rocks possibly represent the earliest 
phase Kibaran-aged (c. 1390–1330 Ma) intra-plate magmatism that is 
more voluminously developed in the Karagwe-Ankole, Kivu and Kibar-
ide Belts several hundred kilometres to the west and NW. 

The Mwenga Suite comprises a number of NW-SE trending and 
elongated alkali-feldspar granite, syenogranite and monzogranite 
orthogneisses that form sheet-like plutons and associated minor in-
trusions emplaced between ~1150 and 1110 Ma. They are restricted to 
the Ufipa Subdomain of the Ubendian Domain, most especially in its 
core, which may indicate re-activated zones of Ubendian-age crustal 
weakness. The rocks presently have no reported temporal correlates and 
appear to be unique to northern Malawi (Fig. 10). 

Both the Mwakikome and Mwenga rocks do, however, build on a 
theme of punctuated periods of intra-plate extension, basin formation, 
and bimodal A-type magmatism in central and eastern Africa during the 
Mesoproterozoic (Tack et al., 2010; Fernandez-Alonso et al., 2012). 
These events pre-date, and were potentially terminated by, convergent 
Irumide orogenesis between 1090 and 1030 Ma that is widely developed 
in central and southern Malawi and southern Zambia (Johnson et al., 
2005), and whose distal effects are interpreted to have folded the strata 
of the Karagwe-Ankole, Kivu and Kibaride Belts (Kokonyangi et al., 
2004; Fernandez-Alonso et al., 2012). 

The Irumide orogenesis does not appear to have affected the rocks of 
the Ubendian Domain of northern Malawi and the observed fabrics in 
Mwakikome and Mwenga intrusions were imposed during Pan-African 
transcurrent tectonics associated with the Mugesse set of shear zones. 
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