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1. Introduction 

The southern margin of the Congo Craton occupied a key position within Gondwana, which 

amalgamated at the end of the Neoproterozoic Era. In the later stages of amalgamation, the Congo 

Craton collided with the Kalahari Craton to form the Damara–Lufilian–Zambezi orogen (Collins and 

Pisarevsky, 2005; Merdith et al., 2017). In southern Zambia, this event resulted in a pervasive tectono-

metamorphic fabric not only seen in the Zambezi Belt, but also the Southern Irumide Belt (SIB), a 

Mesoproterozoic orogen that occupies areas of Zambia, Malawi, Mozambique and Tanzania (Alessio 

and Kelsey, 2018; Goscombe et al., 2000; John et al., 2004; Johnson et al., 2006). Thus, southern 

Zambia provides two complementary records that can be used to better understand the evolution of 

the southern Congo Craton margin. However, while previous work has investigated the tectono-

metamorphic overprints in the region, far less work has been undertaken to understand the thermo-

tectonic evolution. Thermochronometers such as apatite U–Pb, muscovite 40Ar–39Ar and apatite 

fission track (AFT) can be used to constrain the post-magmatic thermal history below the relevant 

closure temperature for each thermochronological method. This information can be used to provide 

constraints on the temperature range and duration of metamorphism, in addition to subsequent 

tectonic activity such as sedimentary burial and exhumation/denudation. In the context of southern 

Zambia, these thermochronometers are applied to provide previously unavailable insights on the 

thermal evolution of a major collisional zone that formed part of central Gondwana, and how its low-

temperature evolution relates to adjacent regions in central Africa (e.g. Fernandes et al., 2015; 

Kasanzu, 2017; Kasanzu et al., 2016; Mackintosh et al., 2017; Noble, 1997). This study provides apatite 

U–Pb, AFT and muscovite 40Ar–39Ar thermochronological data for the Southern Irumide and Zambezi 

belts in southern Zambia (Figs. 1, 2). These data are used to provide constraints on the thermo-

tectonic evolution of the southern Congo margin following collision with the Kalahari Craton during 

the later stages of Gondwana amalgamation c. 550–530 Ma (Johnson et al., 2006; Johnson et al., 

2007b) and the subsequent exhumation history of the region, which is discussed in relation to Karoo 

rifting, Gondwana break-up, and the development of the East African Rift System (EARS). 
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2. Background 

The Congo Craton is a term used to describe the amalgamated central African landmass at the time of 

Gondwana assembly (De Waele et al., 2008), and contains a series of Archean to Palaeoproterozoic 

cratonic units (Fig. 1). This craton forms the nucleus of Gondwana and is bordered on all sides by 

Ediacaran to Cambrian orogenies, with its southern margin marked by the Damara–Lufilian–Zambezi 

orogen (Merdith et al., 2017). The Damara–Lufilian–Zambezi orogen developed in response to 

collision between the Congo and Kalahari Cratons in the later stages of Gondwana amalgamation at c. 

550–530 Ma (Johnson et al., 2006; Johnson et al., 2007b), and records a pervasive tectono-

metamorphic fabric from this event that is similarly recorded within the SIB.  

2.1. Geology and tectonometamorphic evolution of southern Zambia 

Southern Zambia contains sections of two major orogens, the Zambezi and Southern Irumide belts 

(Figs. 1, 2). In Zambia, the SIB consists of structurally stacked, late Mesoproterozoic to Neoproterozoic 

terranes that formed on a Palaeoproterozoic basement (Fig. 3), in a continental-margin-arc setting 

(Alessio et al., 2019; Johnson et al., 2007b). The SIB likely extends past Malawi, into Mozambique and 

southern Tanzania where terranes of similar age and tectonic setting have been identified (Fig. 1; 

Alessio et al., 2018; Bingen et al., 2009; Hauzenberger et al., 2014; Thomas et al., 2016). The Zambezi 

Belt is a continuation of the Lufilian Arc and Damara Belt to the west (e.g. Hanson et al., 1994; Hutchins 

and Reeves, 1980; Johnson et al., 2007a; Kampunzu and Cailteux, 1999; Mazac, 1974), which is 

referred to collectively as the Damara–Lufilian–Zambezi orogen. In southern Zambia, the Zambezi Belt 

largely crops out as a supracrustal sequence with Neoproterozoic metasedimentary rocks and c. 880 

Ma volcanoclastic formations intruded by c. 820 Ma granites  (Johnson et al., 2007a). This orogen 

marks the suture zone between the Congo Craton and the Kalahari Craton, which comprise the 

landmass of present day central and southern Africa, respectively. Their collision resulted in the 

tectono-metamorphic fabric that is recorded in both the Zambezi and Southern Irumide belts (John et 

al., 2004). Located adjacent to the north of the SIB and south of the Zambezi Belt are the Luangwa and 
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Cabora-Bassa basins, respectively (Figs. 2, 3). These basins belong to a series of ‘Karoo’ basins found 

throughout central and southern Africa, which formed around the late Carboniferous and display a 

common stratigraphic succession (Fig. 4; Catuneanu et al., 2005). Sedimentation in these Karoo basins 

occurred from the Carboniferous to Jurassic, reaching burial depths ranging from ~4–12 km (Banks et 

al., 1995; Catuneanu et al., 2005; Oesterlen and Millsteed, 1994).    

The tectonic fabric resulting from Congo–Kalahari collision has previously been interrogated along the 

southern margin of the SIB, where whiteschists were shown to record peak pressure–temperature (P–

T) conditions of 12–14 kbar and 725–775 °C (John et al., 2004), consistent with whiteschists located in 

the Zambezi Belt of northern Zimbabwe (Alessio and Kelsey, 2018). These high-pressure rocks are 

suggested to record subduction of the Congo Craton beneath the Kalahari Craton in the early stages 

of collision, and now mark the suture zone between these cratons (John et al., 2004). 

Thermobarometric estimates for lithologies interpreted to be located proximal to this suture zone 

record more Barrovian P–T conditions, with Goscombe et al. (2000) reporting peak conditions of ~7–

9 kbar and ~590–720 °C from a series of reworked basement rocks of the Zambezi Belt in northern 

Zimbabwe.  

2.2. Previous studies of the thermal evolution of central Africa 

In Zambia, little has been done to constrain the high and low temperature thermo-tectonic evolution. 

However, several studies elsewhere in central Africa have provided thermochronological constraints. 

High-temperature thermochronological data for the Zambezi Belt in northern Zimbabwe constrains 

post Congo–Kalahari collision cooling between c. 500–430 Ma. This time range is constrained by a 

range of thermochronometers, with ages of 492 ± 40 Ma from Rb–Sr muscovite, 491 ± 2 Ma from 40Ar–

39Ar hornblende, 464 ± 11 Ma and 451 ± 20 Ma from K–Ar biotite and Muscovite, respectively 

(Goscombe et al., 2000). In northeast Mozambique, U–Pb monazite dating yielded similar Cambrian-

Ordovician ages to those reported from northern Zimbabwe and possibly reflect crystallisation from 

a cooling magmatic-hydrothermal system (Hurai et al., 2017).  
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Low temperature thermochronological data for Kenya, Tanzania, Mozambique and Zimbabwe have 

identified at least four cooling events have occurred in central Africa subsequent to Gondwana 

amalgamation (Boone et al., 2018a; Boone et al., 2018b; Fernandes et al., 2015; Kasanzu, 2017; 

Kasanzu et al., 2016; Mackintosh et al., 2019; Mackintosh et al., 2017; Noble, 1997). In Zimbabwe, 

Mackintosh et al. (2017) identified the initiation of a cooling event at c. 500 Ma that terminated with 

the onset of sedimentation (c. 300 Ma) in Karoo rift basins found throughout central and southern 

Africa. These authors suggest the cooling to reflect denudation caused by stress transmission from 

orogenesis occurring during Gondwana amalgamation. The second cooling event relates to the 

formation and development of these Karoo rift basins during the Permian and Triassic. In Tanzania 

and Zimbabwe, a period of cooling is identified from c. 350 to 200 Ma (Kasanzu, 2017; Kasanzu et al., 

2016; Mackintosh et al., 2019; Noble, 1997), while ages recorded in Mozambique suggest rapid cooling 

between c. 240 to 230 Ma (Fernandes et al., 2015). These cooling ages are argued to reflect 

exhumation caused by intra-plate stresses associated with the Mauritanian-Variscan and Gondwanide 

orogenies (Kasanzu et al., 2016). Thermo-tectonic cooling at c. 120–100 Ma is identified in 

Precambrian basement in Kenya, and is attributed to denudation of the basement, which acted as 

both a basement high separating adjacent rifts in the region and a source of sediment to these basins 

(Boone et al., 2018b). Similarly, a period of cooling at c. 100 Ma is identified in Tanzania, thought to 

be related to the opening of the Indian and South Atlantic oceans during Gondwana break-up 

(Kasanzu, 2017). Throughout central Africa, a final phase of denudation is observed to occur between 

the late Cretaceous and Neogene that is suggested to relate to the development of the EARS. In 

Tanzania, Kasanzu et al. (2016) identified an exhumation event beginning at c. 70 Ma, while in 

Zimbabwe Mackintosh et al. (2017) identified a period of denudation between c. 40–25 Ma. These 

events likely reflect uplift and exhumation in response to plate boundary reorganisation or plume 

impact beneath the Tanzanian Craton (Koptev et al., 2015; Roberts et al., 2012). Ages relating to 

denudational cooling in response to active (EARS) rifting are recorded in Kenya and Mozambique, with 

constraints of c. 14 and 6 Ma, respectively (Boone et al., 2018b; Fernandes et al., 2015).   
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3. Sampling and methods 

Thirteen samples from southern Zambia were acquired for thermochronological analysis, with sample 

locations shown in Figure 2. Apatite and/or muscovite from these samples was extracted and 

subjected to three thermochronological techniques. (1) Apatite U–Pb dating provides constraints on 

cooling beneath a closure temperature of ~350–550 °C (Chew and Spikings, 2015), while (2) muscovite 

40Ar–39Ar times cooling below a closure temperature of ~355–495 °C (Scibiorski et al., 2015). Finally, 

(3) AFT uses the retention of spontaneous fission tracks in apatite grains to provide information on a 

sample’s thermal history between temperatures of ~120–60 °C. This temperature range corresponds 

to the apatite Partial Annealing Zone (APAZ), within which fission tracks are partially retained in an 

apatite grain (Wagner and Van Den Haute, 1992). Together, our application of multi-method 

thermochronology can be used to provide detailed constraints on the thermal evolution of the study 

region from > 400 °C to < 100 °C. 

3.1. Sample acquisition 

Eleven samples were obtained from the SIB of Zambia, and include both variably deformed igneous 

and metasedimentary rocks. Intrusions throughout the SIB are predominantly late Mesoproterozoic 

in age and formed on an isotopically evolved, Palaeoproterozoic basement (Alessio et al., 2019). 

Samples analysed in this study have been acquired from both the late Mesoproterozoic intrusions and 

exposures of Palaeoproterozoic basement. A number of the analysed igneous samples lack direct age 

constraints, and could therefore relate to either period of magmatism. However, either period is 

significantly older than the thermal events interrogated by the mid- and low-temperature 

thermochronometers used in this study. A sample of c. 500 Ma post-tectonic granite, which is 

restricted to the Nyimba–Sinda Terrane of the SIB in Zambia, was also analysed. Deposition of the 

metasedimentary samples interrogated in this study occurred from the Palaeoproterozoic to 

Mesoproterozoic, with the exception of the sample from the Nyimba–Sinda Terrane that forms part 

of a rift-related cover sequence that was deposited during the Neoproterozoic (Alessio et al., 2019; 
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Alessio et al., 2018). Two samples were obtained from the Kafue region of southern Zambia, and form 

a part of a supracrustal sequence of the Zambezi Belt. One sample was taken from a late 

Mesoproterozoic intrusion, equivalent in age to those from the SIB. The other sample was obtained 

from a metasedimentary sequence deposited during the Neoproterozoic, similar to the sedimentary 

rocks of the Nyimba–Sinda Terrane (Johnson et al., 2007a). A table listing each sample, the location it 

was obtained from, and its likely formation age, can be found in the supplementary material. 

3.2. Apatite U–Pb 

U–Pb data were obtained from eight apatite samples (Table 1) that were extracted using standard 

magnetic and density separation techniques. Separated apatite grains were then hand-picked, 

mounted in epoxy resin and polished to expose the internal section of each grain (Glorie et al., 2017b). 

Apatite grains were analysed for U–Pb isotopes using an Agilent 7900 ICP-MS and NewWave UP213 

Laser Ablation System. Ablation was performed in a He-atmosphere with a frequency of 5 Hz. A spot 

size of 30 μm was used for all analyses.  A total acquisition time of 60 seconds was used consisting of 

30 seconds of background acquisition followed by 30 seconds of sample ablation. Madagascar apatite 

(ID-TIMS U–Pb age of 473.5 ± 0.7 Ma; Chew et al. (2014)) was used as the primary standard, while 

McClure apatite (TIMS U–Pb age of 523.51 ± 1.47 Ma; Schoene and Bowring (2006)) and Durango 

apatite (40Ar–39Ar age of 31.44 ± 0.18 Ma; McDowell et al. (2005)) were used as secondary standards 

for accuracy checks. Data were reduced using IOLITE (Paton et al., 2011), following the methodologies 

of Chew et al. (2011) and Chew et al. (2014). 207Pb corrected overall weighted mean 238U/206Pb ages 

were calculated for each sample, and accompany the intercept age defined by the isochron regression 

for a given sample. McClure apatite yielded a weighted mean 207Pb corrected 206Pb/238U age of 522.7 

± 8.4 Ma (MSWD = 0.83) in this study, which is within uncertainty of the reference age provided by 

Schoene and Bowring (2006).  Durango yielded an age of 29.8 ± 1.6 Ma (MSWD = 1.09), consistent 

with the reference age provided by (McDowell et al., 2005).  
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3.3. Apatite fission track (AFT) analysis and thermal history modelling 

The same samples used for apatite U–Pb analysis were additionally utilised for AFT analysis (Table 2). 

Apatite grain mounts were etched in 5 M HNO3 at 20 ± 1 °C for 20 s to reveal the spontaneous fission 

tracks within each grain and then imaged with a Zeiss AXIO Imager M2m Autoscan System. Fission 

track densities and lengths were measured using the FastTracks software, with at least 1000 tracks 

across a minimum of 20 grains counted, where possible. Samples with a paucity of confined fission 

tracks were repolished, irradiated using a Cf source, and reimaged to increase data yield. Given the 

consistency of the populations, presented confined track length distributions for these samples pool 

the tracks measured before and after irradiation, with the separate distributions for each sample 

presented in the supplementary material. Fission track ages were calculated using direct 

measurements of U (Gillespie et al., 2017; Glorie et al., 2017b; Song et al., 2017), which were obtained 

during U–Pb LA-ICP-MS analysis of the samples. Zeta age calibration was performed via repeated 

analysis of Durango apatite standard, using the age equations from Vermeesch (2017). Analytical data 

were reduced using IOLITE (Paton et al., 2011). 

AFT central ages were calculated with RadialPlotter (Vermeesch, 2009), which represent the apparent 

AFT age of a given sample. For samples with large age dispersion (exceeding 25%) and those failing 

the chi-squared probability test P(χ2), multiple AFT age populations may be present, potentially 

indicating the partial preservation of distinct cooling events (O'Sullivan and Parrish, 1995). The 

preservation of multiple cooling events in a single sample can be attributed to significant differences 

in apatite chemistry, particularly Cl and U concentration. Chlorine is known to influence fission track 

annealing (Green et al., 1986), with increasing concentrations serving to slow annealing. Similarly, 

increased U concentrations in apatite have been noted to influence fission track annealing (Carpena 

et al., 1988; Glorie et al., 2017a; Hall et al., 2016; Hendriks and Redfield, 2005; Jepson et al., 2018). 

This study uses Cl and eU (effective U; eU = U + 0.235Th) concentrations as a discriminator for age 
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populations in radial plots with over-dispersed single-grain ages, and discusses the obtained results 

accordingly. 

The inverse thermal history modelling capabilities of the QTQt software package (version 5.5.0) were 

used for thermal history modelling, which is based on the Bayesian trans-dimensional Markov Chain 

Monte Carlo (MCMC) statistical method to derive the most likely temperature–time (T–t) path 

experienced by a given sample (Gallagher, 2012). For each sample, the MCMC was run for 250,000 

iterations, after discarding an initial 50,000 burn-in runs (Gallagher et al., 2009). The AFT age, confined 

track length data, and Dpar values of each sample were used as input parameters for modelling, and 

can be referred to in the supplementary material. The fission track annealing model of Ketcham et al. 

(2007) was used during thermal history modelling, with no c-axis projection of confined fission tracks.  

Apatite U–Pb ages were used as mid-temperature constraints. Data fit of obtained thermal models 

was assessed by comparing the ATF ages and confined track length distributions predicted by the 

model to those observed in the sample. A detailed report of modelling parameters, constraints, and 

data fit for each sample can be referred to in the supplementary material. Further information relating 

to the modelling procedure can be found in Gallagher (2012). 

3.4. Muscovite 40Ar–39Ar 

Seven samples of muscovite were used for 40Ar–39Ar dating (Table 2). Grains separated via paper 

shaking were hand-picked and range in size from ~80–250 µm, while also being relatively free of 

inclusions. Sample Z16-36 was the only exception, which instead ranged in size from > 250 μm to ~1 

cm and was still inclusion-poor. The picked muscovite samples were sent to the Western Australia 

Argon Isotope Facility, Curtin University, where they were further picked for the most pristine grains 

that were used for 40Ar–39Ar dating. Samples were loaded into wells and bracketed by small wells that 

included Fish Canyon sanidine (FCs) used as a neutron monitor yielding an age of 28.294 ± 0.037 Ma 

(1σ) using the decay constants of (Renne et al., 2011). Correction factors for interfering isotopes were 

(39Ar/37Ar)Ca = 7.30x10-4 (± 11%), (36Ar/37Ar)Ca = 2.82x10-4 (± 1%) and (40Ar–39Ar)K = 6.76x10-4 (± 32%). 
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Samples were step heated using a 110W Spectron Laser Systems, with a continuous Nd–YAG (IR: 1064 

nm) laser. Ar isotopes were measured in static mode using a MAP 215-50 mass spectrometer, with a 

Balzers SEV 217 electron multiplier primarily using nine to ten cycles of peak-hopping. Ages obtained 

from 40Ar–39Ar data are plateau ages, defined as including at least 70% of the released 39Ar and 

containing at least three consecutive steps that yield the same apparent age within a 95% confidence 

interval with P ≥ 0.05. The quoted plateau age should agree with each apparent age of the plateau 

steps within a 2σ confidence interval.  

4. Results 

4.1. Apatite U–Pb 

Terra-Wasserburg and 207Pb corrected weighted mean 238U/206Pb diagrams are presented in Figure 5, 

with all samples yielding lower concordia intercepts that are within uncertainty of the associated 207Pb 

corrected weighted mean 238U/206Pb age. All uncertainties are reported and shown at the 2σ level. 

Summarised results for each sample used for U–Pb analysis can be found in Table 1. Data tables for 

individual unknown and standard grain analyses can be located in the supplementary material.  

4.1.1. Chewore–Rufunsa Terrane 

Samples Z16-17 and Z16-27 from the Chewore–Rufunsa Terrane contain variable U concentrations 

(~6–220 ppm), with average values of 76 and 29 ppm, respectively. All 40 obtained analyses from felsic 

gneiss sample Z16-17 fall along a well-defined isochron regression line, yielding a lower concordia 

intercept of 462 ± 16 Ma (MSWD = 0.44; Fig. 5). Similarly, all 40 obtained analyses from granodiorite 

sample Z16-27 display a well-defined isochron regression line and yield a lower intercept of 471 ± 25 

Ma (MSWD = 1.09; Fig. 5) that is consistent with the felsic gneiss. These obtained lower intercepts are 

taken as the most reliable estimate of cooling below the closure temperature of apatite in these 

samples.  
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4.1.2. Kacholola Terrane 

Apatite grains obtained from felsic gneiss sample Z16-52 yield U concentrations between ~5–29 ppm. 

Thirty-one analyses were obtained from this sample, which yield a lower concordia intercept of 454 ± 

40 Ma (MSWD = 0.84; Fig. 5) and 207Pb corrected weighted mean 238U/206Pb age of 466 ± 13 Ma (MSWD 

= 0.73; Fig. 5).  

4.1.3. Nyimba–Sinda Terrane 

Granite sample Z16-33 yielded apatite grains with U concentrations between ~8–88 ppm, with an 

average concentration of 55 ppm. Eighteen analyses were obtained from this sample, with 17 defining 

an isochron regression that yields a lower concordia intercept of 442 ± 15 Ma (MSWD 0.35; Fig. 5).  

4.1.4. Chipata Terrane 

Apatite grains were extracted from samples of felsic gneiss, charnockite, and granite (Z16-40, Z16-41, 

and Z16-45, respectively) in the Chipata Terrane. U concentrations in these samples are the lowest of 

all obtained samples, between ~1–27 ppm (averages of ~5–12 ppm). As a result, U–Pb ages obtained 

from these samples are poorly resolved relative to other dated samples. Of the 27 grains analysed for 

sample Z16-40, 18 analyses define an isochron regression line with a lower concordia intercept of 557 

± 70 Ma (MSWD = 2.3; Fig. 5). Thirty-three grains were analysed from charnockite sample Z16-41, of 

which 30 fall along a relatively well resolved isochron regression line that yields a lower intercept of 

535 ± 35 Ma (MSWD = 1.14; Fig. 5). From 40 analyses obtained for granite sample Z16-45, 38 define 

an isochron regression trend that yields a lower intercept of 483 ± 34 Ma (MSWD = 0.9; Fig. 5). For 

samples Z16-40 and Z16-45, these constraints are within uncertainty of the ages obtained from 

samples in the Chewore–Rufunsa and Kacholola terranes. Notably, sample Z16-41 records an age that 

is distinctly higher than that recorded by other samples outside of the Chipata Terrane of the SIB.  

4.1.5. Kafue region (Zambezi Belt) 

Granodiorite sample Z16-01 yielded apatite grains with variable U concentrations between ~3–100 

ppm. From 30 analyses, 23 were found to define a consistent isochron regression trend that yields a 
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lower concordia intercept of 486 ± 20 Ma (MSWD = 1.9: Fig. 5). This age is consistent with constraints 

obtained for the Chewore–Rufunsa, Kacholola, and Chipata terranes of the SIB.  

4.2. Muscovite 40Ar–39Ar 

40Ar–39Ar data were obtained from muscovite grains extracted from a variety of lithologies located 

throughout the SIB, which are presented in Figure 6 and Table 2. From the Chewore–Rufunsa Terrane, 

muscovite from felsic gneiss samples Z16-17 and Z16-18, as well as metapelite sample Z16-23 were 

analysed. Z16-17 and Z16-18 yielded weighted average plateau ages of 494.6 ± 1.1 Ma (MSWD = 0.72; 

P-value = 0.71) and 535.7 ± 1.6 Ma (MSWD = 1.37; P-value = 0.19), while Z16-23 yielded an age of 

537.6 ± 2.6 Ma (MSWD = 1.09; P-value = 0.36). Felsic gneiss sample Z16-52 from the Kacholola Terrane 

yielded a weighted average plateau age of 455.4 Ma (MSWD = 0.6; P-value = 0.83). Psammite sample 

Z14-07 from the Nyimba–Sinda Terrane yielded a weighted average plateau age of 469.5 ± 4.3 Ma 

(MSWD = 0.95; P-value = 0.5). Muscovite obtained from quartzite sample Z16-36, located in the 

Chipata Terrane, yields a weighted average plateau age of 475.8 ± 1.5 Ma (MSWD = 0.76; P-value = 

0.67). Outside of the SIB, a metapelitic schist forming part of a supracrustal sequence in the Zambezi 

Belt (Z16-06) yielded a weighted average plateau age of 528.3 ± 3.7 Ma (MSWD 1.46; P-value = 0.15).   

4.3. Apatite fission track thermochronology 

AFT results for each sample were plotted using RadialPlotter (Vermeesch, 2009) and are presented on 

individual radial plots in Figures 7 and 8 that are colour coded against eU and log Cl concentration, 

which were used as chemical discriminators for individual analyses. Associated confined track length 

distributions are also plotted for each sample. Calculated central age uncertainties are quoted at the 

2σ level. Summarised results for each sample used for AFT analysis can be found in Table 1. Data tables 

for individual standard and unknown analyses can be referred to in the supplementary material. 
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4.3.1. Chewore–Rufunsa 

Felsic gneiss sample Z16-17 (n = 34) and granodiorite sample Z16-27 (n = 35) yield central ages of 106 

± 10 Ma and 196 ± 20 Ma, respectively. Both samples failed the χ2 test and record relatively high 

dispersion, with Z16-17 recording 27% dispersion and Z16-27 recording 24% dispersion. The radial 

plots for sample Z16-17 (Fig. 7) displays a spread of ages ranging from 207–61 Ma. Grains older than 

c. 100 Ma yield relatively lower eU concentrations, suggesting that they are possibly more retentive 

to annealing than the younger grains and may preserve an earlier thermal event (Fernie et al., 2018; 

Glorie et al., 2017b; Jepson et al., 2018). In contrast, no relationship between age and Cl concentration 

can be observed in the sample. Sample Z16-27 (Fig. 7) displays a range of ages between 322–97 Ma. 

Like sample Z16-17, the older grains in this sample record relatively lower eU concentrations, 

suggesting they may record an older part of the thermal history. Sample Z16-17 yielded a mean 

confined fission track length of 11.7 ± 1.6 µm (n = 81), while Z16-27 yielded a mean length of 11.2 ± 

1.48 µm (n = 39). 

4.3.2. Kacholola 

Felsic gneiss sample Z16-52 (n = 29) yielded a central age of 116 ± 9 Ma, passing the χ2 test (P = 0.36) 

and recording no significant dispersion. The radial plot for this sample (Fig. 7) displays ages ranging 

from 152–54 Ma. Uranium and Chlorine concentrations in comparison to AFT age show no distinct 

relationship. The mean confined track length for this sample is 11.5 ± 1.3 µm (n = 32). 

4.3.3. Nyimba–Sinda 

Sample Z16-33 (n = 15) from a post-tectonic granite yields a central age of 208 ± 22 Ma, failing the χ2 

test and recording moderate dispersion (15%). The radial plot (Fig. 7) displays ages ranging between 

268–172 Ma, with no discernible relationship between Cl concentration and age. This sample yielded 

a mean confined track length of 11 ± 1.4 µm (n = 53). 
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4.3.4. Chipata 

Felsic gneiss sample Z16-40, charnockite sample Z16-41, and granite sample Z16-45 yielded central 

ages of 334 ± 32 Ma, 318 ± 46 Ma, and 446 ± 28 Ma, respectively. Z16-41 passed the χ2 test and all 

samples display moderate to little dispersion between analyses. The radial plot for sample Z16-40 (Fig. 

8) displays a range of ages from 549–203 Ma with no significant correlation between age and log Cl or 

eU concentrations. However, three grains with similar ages around c. 250 Ma yield the highest eU 

concentrations recorded in the sample. Sample Z16-41 (Fig. 8) yields ages between 617–149 Ma. The 

oldest analyses present in this sample (between c. 617–400 Ma) record generally lower eU 

concentrations and may preserve an earlier part of the thermal history. Sample Z16-45 displays ages 

between 709–207 Ma (Fig. 8). No significant relationship between age and Cl concentration can be 

discerned within the sample. However, it is noted that the highest recorded eU concentrations 

correspond to some of the oldest grains, contrary to the other analysed samples where high eU 

concentrations correspond with younger analyses. Sample Z16-40 yielded a mean confined track 

length of 12.1 ± 1.5 µm (n = 42), while Z16-41 yielded a mean confined track length of 11.9 ± 1.5 µm 

(n = 20). Z16-45 yielded a mean confined track length of 10.9 ± 1.7 µm (n = 32). 

4.3.5. Zambezi Belt (Kafue region)  

Sample Z16-01 is a granodiorite obtained from the Kafue region of southern Zambia, within the 

Zambezi Belt. The sample yielded a central age of 115 ± 11 Ma, failing the χ2 test and recording high 

dispersion (43%). The radial plot for the sample (Fig. 8) displays ages ranging between 238–37 Ma. 

High log Cl concentrations in this sample correlate with older ages, while higher eU concentrations 

correlate with younger ages, suggesting a compositional control on how the thermal history of this 

sample is recorded. This sample yielded a mean confined track length of 11.2 ± 1.83 µm (n = 24). 

4.4. Thermal history modelling 

Thermal history models were calculated for each apatite sample and are presented in Figure 9. The 

calculated models are described below in terms of their expected models, the weighted means of each 
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model’s posterior distribution, which represent the most representative thermal history.  Additionally 

displayed on the models are the 95% confidence intervals of the corresponding expected model, and 

the probability distribution (posterior) of the sampled thermal histories (Gallagher, 2012). For each 

model, ~400–500°C constraints were placed at the apatite U–Pb age obtained for that particular 

sample.  A low-temperature constraint for each sample is included at near-surface conditions prior to 

at least the Carboniferous (0–60°C, 400–360 Ma). This is interpreted from the unconformity between 

Precambrian basement and the Carboniferous Kondo Pools Formation recorded in the Cabora-Bassa 

Basin, in addition to a similar unconformity marked by the Permian Luwumbu Formation in the 

Luangwa Basin, which suggest that any Karoo-related sedimentation in the SIB occurred after this time 

(Fig. 4; Banks et al., 1995; Oesterlen and Millsteed, 1994). The calculated thermal models yield 

predicted AFT ages and mean track lengths that are generally within 4% of the observed values (i.e. 

predicted/observed = 0.97), with all but one sample displaying good agreement (predicted/observed 

> 0.9; Wildman et al., 2015) between the predicted and observed values. It is noted that the thermal 

model for sample Z16-01 yields a predicted AFT age within 11.5% of the observed value, though the 

calculated thermal history is near-identical to that obtained for samples Z16-17 and Z16-52 and is 

discussed together with the more reliable models. High time acceptance rates were obtained for 

thermal models of samples Z16-40 and Z16-45 (~0.9 and 0.8, respectively) that utilised a 0–60°C, 400–

360 Ma constraint. The presented samples were recalculated without this constraint, which reduced 

the acceptance rate and improved the predicted versus observed data fit for these samples. Models 

calculated with the additional constraint can be found in the supplementary material, which are noted 

to display a similar thermal history to the presented models. 

The thermal models calculated for samples obtained from the Chipata Terrane (Z16-40, Z16-41, and 

Z16-45; Fig. 2) display a common thermal history (Fig. 9).  Following initial cooling, samples Z16-40 and 

Z16-45 display expected models that suggest they experienced little to no reheating throughout the 

Phanerozoic. Sample Z16-41 records gradual reheating from c. 360–80 Ma, though likely remaining 

below the APAZ throughout this time. The thermal models calculated for samples located in the other 
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SIB terranes and Zambezi Belt (Z16-01, 17, 27, 33 and 52; Fig. 2) terranes show similar thermal histories 

that can be traced from their apatite U–Pb cooling ages to present (Fig. 9). Samples Z16-01, 17 and 52 

record heating from c. 380 Ma until c. 150 Ma, followed by cooling below the APAZ at c. 110–100 Ma. 

Samples Z16-01 and Z16-52 record additional reheating from c. 80–30 Ma that possibly re-entered the 

APAZ for Z16-01. Samples Z16-27 and Z16-33 record near identical thermal histories, with reheating 

occurring from c. 380 Ma to c. 300–270 Ma, reaching temperatures above the APAZ. Subsequent 

cooling reaches temperatures of ~40–50 °C at c. 180–160 Ma, and though the samples experience 

minor reheating from this time to c. 60–40 Ma, remain below the APAZ until present. The calculated 

thermal models suggest that every sample, with the exception of samples Z16-40 and Z16-45, 

experienced a final period of relatively rapid cooling from c. 30 Ma to present (Fig. 9). 

5. Discussion 

5.1. Post-collisional thermal evolution of the southern Congo Craton 

Apatite U–Pb dating provides constraints on cooling below temperatures of ~350–550°C (Chew and 

Spikings, 2015), while muscovite 40Ar–39Ar dating can constrain cooling below temperatures below 

~355–495°C (Scibiorski et al., 2015). These cooling ages can be used to constrain events of magmatism, 

metamorphism, and deformation in a given sample. In the context of this study, these 

thermochronometers are used to provide rigorous constraints on the thermal evolution of the 

southern Congo Craton margin following its collision with the Kalahari Craton, the last major orogenic 

event that is interpreted to have occurred in this region (Alessio et al., 2019). 

The calculated intercept ages obtained from apatite U–Pb dating range between c. 560–440 Ma, while 

the obtained 40Ar–39Ar ages range between c. 540–450 Ma, both consistent with estimates available 

for northern Zimbabwe and northeast Mozambique (Goscombe et al., 2000; Hurai et al., 2017). The 

samples obtained from the Kacholola and Nyimba–Sinda terranes can be observed to record the 

youngest cooling ages (Fig. 2). However, the Nyimba–Sinda Terrane is intruded throughout by post-
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tectonic granite with a crystallisation age of c. 500 Ma (Alessio et al., 2019; Johnson et al., 2006), which 

may have reheated these samples beyond the closure temperature of medium temperature 

thermochronometers (> 600˚C). The distribution of obtained cooling ages (Fig. 2) highlights a broad 

spatial variability between older (c. 540–530 Ma) and younger (c. 500 Ma) ages in the Chewore–

Rufunsa Terrane. In the northern Chewore–Rufunsa Terrane, samples Z16-18 and Z16-23 record 40Ar–

39Ar ages of c. 540–530 Ma, similar in age to sample Z16-06 (c. 530 Ma) from the Kafue region and c. 

40 Ma older than the age obtained from the southern extent of this terrane. A similar trend is observed 

in the U–Pb ages obtained for these samples, though the associated uncertainty makes this 

relationship less resolvable than using the 40Ar–39Ar ages. This spatial variation in age is consistent with 

the differences in the style and nature of thermal overprints created during Congo–Kalahari collision. 

The older samples in the Kafue region and northern Chewore–Rufunsa Terrane experienced Barrovian 

thermal gradient, amphibolite facies metamorphism. The younger sample, located along the Congo–

Kalahari suture instead experienced relatively high thermal gradient, possibly eclogite facies 

metamorphism (John et al., 2004; Johnson and Oliver, 2002). We interpret that the proximity of this 

sample to the site of collision between the Congo and Kalahari cratons resulted in it recording younger 

cooling ages than the samples further away, due to thermal lag prolonging the time this sample 

resided above the closure temperatures of apatite and muscovite. Apatite U–Pb ages obtained from 

the Chipata Terrane are generally consistent with the 40Ar–39Ar ages obtained for the Chewore–

Rufunsa Terrane, timing cooling at c. 560–480 Ma. While equivalent data are not available from the 

SIB in Mozambique, a nearby Neoproterozoic nappe emplaced during Gondwana amalgamation (The 

Monapo Klippe; Macey et al., 2010) is interpreted to record a ~300°C hydrothermal overprint during 

the late Cambrian–Ordovician (Hurai et al., 2017).  

5.2. Low temperature thermal evolution of central-east Africa 

The obtained low-temperature thermochronological data provide a wide range of cooling ages, 

spanning from the Cambrian to Cretaceous (~450–100 Ma). While there are no comparable low-
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temperature thermochronological data available from Zambia, the obtained ages are consistent with 

numerous studies on the thermal history of neighbouring regions (Boone et al., 2018a; Boone et al., 

2018b; Kasanzu, 2017; Kasanzu et al., 2016; Mackintosh et al., 2019; Mackintosh et al., 2017). The 

thermal models calculated in this study indicate the presence of four major thermal events that are 

recorded throughout central Africa: Congo–Kalahari collision, Karoo rifting and sedimentation, 

Gondwana break-up, and EARS development. These ages and thermal events are discussed in relation 

to the Phanerozoic tectonic history of central Africa, with these interpretations used to produce a 

model for the region’s geodynamic evolution that is presented in Figure 10a. 

5.2.1. Congo–Kalahari collision 

Sample Z16-45 yielded an AFT central age of 446 ± 28 Ma, within error of the obtained U–Pb age of 

483 ± 34 Ma for this sample. Given the apparent overlap in ages recorded by these 

thermochronometers, cooling in this sample occurred rapidly. Notably, this constraint suggests that 

the SIB, acting as a single tectonic unit, exhumed rapidly following Congo–Kalahari collision. As such, 

this sample provides a key constraint on the thermo-tectonic evolution of samples from the SIB, and 

possibly wider southern Zambia, prior to the subsequent thermal events occurring during the 

Phanerozoic. The thermal history model for this sample (Fig. 9) displays an expected model that 

suggests minor reheating of the sample occurred following Congo–Kalahari collision. However, it is 

noted that the 95% confidence intervals for the expected model of this sample could allow for some 

reheating throughout this time. As such, it is possible that this sample records cooling following 

Congo–Kalahari collision, and experienced minor thermal disturbance thereafter (Fig. 10a).  

5.2.2. Karoo rifting 

Samples Z16-40 and Z16-41 yielded AFT central ages of 334 ± 32 Ma and 318 ± 46 Ma, respectively. 

Furthermore, samples Z16-27 and Z16-33 yielded younger central ages of 196 ± 20 Ma and 208 ± 22 

Ma, respectively. Both groups of ages have been obtained by previous studies in adjacent regions 

(Fernandes et al., 2015; Kasanzu et al., 2016; Mackintosh et al., 2019; Mackintosh et al., 2017), and 
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are suggested to relate to the development of Karoo rift basins located throughout central Africa. 

Thermal modelling of the samples with Carboniferous apparent AFT ages (Z16-40 and Z16-41) and the 

older sample Z16-45 (Fig. 9) produced expected models that indicate, after cooling from Congo–

Kalahari collision, samples Z16-41 and possibly Z16-45 were gradually reheated until the Jurassic. 

Tectonic cooling resumes after this time and persists until present. The expected model for Z16-40 

suggests that this sample was not reheated following Congo–Kalahari collision. The 95% confidence 

intervals obtained for the expected models of these samples allow for the possibility of very minor to 

increased heating during this time, or conversely, could allow for cooling. Given that the heating 

predicted by the expected models for these samples coincide with the onset of Karoo sedimentation, 

and the proximity of these samples to Karoo rift basins (Fig. 2), we interpret the expected models to 

be representative of the samples thermal history. As such, the reheating of samples Z16-41 and 

possibly Z16-45 was likely the result of burial, caused by the onset of sedimentation recorded in the 

Karoo rift basins throughout central and southern Africa (Fig. 10a), though this reheating may be more 

or less pronounced than that predicted by our thermal models (Fig. 9). Thermal history modelling for 

the younger samples (Z16-27 and Z16-33; Fig. 9) indicates relatively rapid reheating between the 

Carboniferous and Permian that is similarly consistent with Karoo basin sedimentation. Subsequent 

cooling in these samples lasts until c. 180–160 Ma, likely reaching temperatures above the APAZ. A 

period of cooling from c. 350–220 Ma has been identified in AFT samples from Tanzania, which is 

suggested to be the result of exhumation caused by intra-plate stresses associated with the 

Mauritanian-Variscan and Gondwanide orogenies (Kasanzu, 2017; Kasanzu et al., 2016). We suggest 

that these same intra-plate stresses resulted in the gradual exhumation of these samples throughout 

the Triassic and Jurassic (Fig. 10a). 

5.2.3. Gondwana break-up 

Samples Z16-17 and Z16-52 from the SIB, as well as Z16-01 from the Zambezi Belt recorded the 

youngest AFT central ages from the analysed samples, ranging from c. 120–110 Ma. The calculated 

thermal models for these samples indicate a period of cooling that initiates at c. 150–140, persisting 
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to c. 100–80 Ma for samples Z16-01 and Z16-52, or to the present day for Z16-01. These thermal 

models are consistent with those calculated by Kasanzu (2017) for rocks in Tanzania, which indicate a 

cooling throughout this period, which increases in rate from c. 100 Ma. Such a period of enhanced 

cooling is not inconsistent with the expected thermal model of sample Z16-17, though disagrees with 

the expected thermal models for samples Z16-01 and Z16-52 that predict reheating at this time. 

Kasanzu (2017), interprets that the exhumation recorded in this region was in response to the opening 

of the Indian and South Atlantic oceans at c. 160–90 Ma, during Gondwana break-up. The obtained 

AFT central ages for these samples are coeval with those obtained from Kenya by Boone et al. (2018b), 

who attributed the cooling ages to a basement high, which served to separate rifts in the region. Given 

the position of these samples within the SIB that separates the Karoo aged Luangwa and Cabora–Bassa 

rift basins, it is possible that this region similarly reflects a basement high that was previously located 

beneath a single Karoo basin (Fig. 10a). This interpretation is consistent with stratigraphic correlations 

between the Luangwa and Cabora–Bassa basins (Fig. 4), in addition to the thermal models calculated 

for these samples, which indicate burial coeval with sedimentation in the Karoo basins (Fig. 9). 

Exhumation of this feature is likely a result of intracontinental deformation related to the plate 

reorganisation occurring during the Jurassic and Cretaceous.  

5.2.4. Development of the East African Rift System 

Notably, all samples outside of the Chipata Terrane display rapid cooling in their thermal models from 

c. 30 Ma to present. This period of rapid cooling is consistent with thermal models obtained by Kasanzu 

et al. (2016), Mackintosh et al. (2017), as well as Mackintosh et al. (2019) who identify a phase of 

denudation occurring at c. 40–25 Ma. It is important to note that such a cooling signal in the obtained 

thermal models may be a modelling artefact, caused by the presence of short (< 10 µm) confined 

fission tracks in the samples (Fig. 7, 8). However, coeval apatite He dates obtained by Mackintosh et 

al. (2019) for the Zambezi Belt of northern Zimbabwe are supportive of the existence of this cooling 

event. Rifting in the EARS initiated at c. 30–20 Ma, though uplift and cooling throughout this region 

has occurred since c. 50 Ma as a result of plume impact beneath the Tanzanian Craton (Koptev et al., 
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2015; Roberts et al., 2012). The synchronous timing of cooling across the region suggests that much 

of central Africa was subjected to uplift and denudation as a result of this impact. The continued 

cooling to present day suggests that denudation in these regions continued with the onset of rifting, 

which is reflected in the Neogene AFT central ages obtained from Kenya and Mozambique (Boone et 

al., 2018b; Fernandes et al., 2015).  

5.2.5. Regional comparison of low-temperature thermochronological data 

Figure 10b displays the available AFT central age data for central and eastern Africa. While there is a 

broad overlap in the obtained ages for each region, a general spatial control can be observed between 

sample ages and their proximity to Permian–Triassic and Palaeogene–Neogene basins found 

throughout the region. The oldest central ages, relating to cooling after Gondwana amalgamation are 

clustered together in Tanzania, Burundi, Zambia, and throughout Zimbabwe. The retention of 

relatively old central ages in an area that experienced multiple subsequent thermal events suggests 

that these regions were exhumed to shallow levels rapidly following Gondwana amalgamation, and 

not subjected to further subsidence or burial. This is consistent with their positions to basins 

throughout the region, generally being located more distal to these features than the younger 

samples. Karoo related (c. 350–200 Ma) ages can be found dispersed throughout the mapped region 

(Fig. 10b) and likely relates to their proximity to the basins found throughout central Africa. Though 

notably, the majority of these Karoo aged samples are more closely associated with the flanks of 

Palaeogene–Neogene basins found throughout the region. In the southern region of the mapped area, 

a number of these Karoo related ages can also be observed to be proximal to Karoo-related volcanics. 

However, the relationship between these volcanics and the AFT ages recorded by samples is unclear, 

as several older (> 300 Ma) samples are located proximal to these features in Zimbabwe. Samples with 

late-Jurassic to Cretaceous central AFT ages, likely relating to Gondwana rifting, are observed in 

Zambia, Rwanda and Burundi. In southern Zambia and northern Zimbabwe, these ages are found both 

within and between the Karoo aged Luangwa and Cabora–Bassa Basins. The positioning of these 

similar ages supports the interpretation of the SIB in this area acting a basement high that was 
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previously buried by Karoo sediments, suggesting that these two basins were previously connected. 

These central ages are generally in close association with the youngest available data, which instead 

relate to the development of the EARS, either in relation to plume impact or subsequent rifting.  

6. Conclusion 

A suite of thermochronological data were collected for samples throughout the Southern Irumide Belt 

of Zambia, which have been used to constrain the thermal evolution of the belt from the late-

Neoproterozoic to the present day. Obtained 40Ar–39Ar muscovite and U–Pb apatite data constrain 

cooling from high-temperatures generated during Congo–Kalahari collision, and indicate that rocks in 

the Chewore–Rufunsa and Chipata terranes cooled to temperatures of ~350–500 °C between c. 550–

480 Ma. Younger U–Pb apatite and 40Ar–39Ar muscovite ages of c. 470–450 Ma were obtained from 

samples in the Kacholola and Nyimba–Sinda terranes, which may relate to the intrusion of post-

tectonic granite throughout the Nyimba–Sinda terrane that either prolonged cooling or reset the 

thermochronometers in these samples. The collected AFT data provides constraints on the low-

temperature thermal evolution of the region, and identifies a number of thermal events occurring 

after Congo–Kalahari collision that are consistent with data obtained throughout central Africa. 

Obtained central ages of c. 330–200 Ma time the evolution of Karoo rifting in southern Zambia, with 

accompanying thermal models that serve to elucidate the timing of sedimentation within the basin. A 

number of samples yielded AFT central ages between c. 120–110 Ma. Thermal modelling of these 

samples identifies a period of cooling beginning at c. 150 Ma and persisting to the present day, which 

serves to constrain subsequent denudation in response to the opening of the Indian and South Atlantic 

oceans during Gondwana break-up. Thermal modelling also reveals a later stage (c. 30 Ma to present) 

of cooling, consistent with the development of the EARS. The results of this study serve to elucidate 

the previously unknown thermal evolution of a collisional zone at the heart of Gondwana 

amalgamation, and provides a greater regional framework for understanding the thermo-tectonic 

evolution of central Africa throughout the Phanerozoic.  
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Sample Lithology Latitude (S) Longitude (E) n 207Pb/235U ± 2σ 206Pb/238U ± 2σ 207Pb/206Pb ± 2σ
Isochron 

regression age 
(Ma)

± 2σ
Weighted 
mean age* 

(Ma)
± 2σ

Chewore‐Rufunsa Terrane 
Z16‐17 Felsic Gneiss 15° 32' 17" 29° 41' 09" 40 4.65 0.21 0.11 0.008 0.28 0.01 462 16 461 6
Z16‐27 Granodiorite 14° 59' 09" 29° 59' 11" 40 11.87 0.63 0.18 0.013 0.45 0.02 471 25 458 9
Kacholola Terrane
Z16‐52 Felsic Gneiss 14° 53' 24" 30° 36' 09" 31 18.56 0.91 0.23 0.016 0.57 0.02 454 40 466 13
Nyimba Sinda Terrane
Z16‐33 Granite 14° 18' 06" 31° 32' 09" 17 2.21 0.15 0.08 0.006 0.19 0.01 442 15 439 9
Chipata Terrane
Z16‐40 Felsic Gneiss 13° 42' 25" 32° 29' 21" 18 10.36 0.64 0.18 0.013 0.41 0.02 557 70 604 25
Z16‐41 Charnockite 13° 40' 23" 32° 32' 57" 30 25.95 2.17 0.29 0.027 0.59 0.04 535 35 559 20
Z16‐45 Charnockite 13° 52' 53" 32° 32' 22" 38 40.22 3.26 0.4 0.037 0.71 0.04 483 34 491 18
Zambezi Belt, Kafue region
Z16‐01 Granodiorite 15° 54' 03" 28° 11' 59" 23 5.63 0.55 0.13 0.011 0.28 0.02 486 20 485 13
*207 corrected 206Pb/238U weighted mean age

Table 1:  Apatite U‐Pb data. n  is the number of analyses performed on each sample. Each value refers to a mean. A table showing the individual analyses can 
be found in the supplementary material.



Sample Lithology Latitude (S) Longitude (E) Total 39Ar 
released (%)

Plateau age 
(Ma)

± 2σ MSWD P

Chewore‐Rufunsa Terrane 
Z16‐17 Felsic Gneiss 15° 32' 17" 29° 41' 09" 97.8 494.63 1.05 0.72 0.71
Z16‐18 Felsic Gneiss 15° 16' 49" 28° 46' 59" 79.3 535.71 1.61 1.37 0.19
Z16‐23 Metapelite 15° 07' 38" 29° 32' 25" 91.1 537.58 2.61 1.09 0.36
Kacholola Terrane
Z16‐52 Felsic Gneiss 14° 53' 24" 30° 36' 09" 100 455.43 2.41 0.6 0.83
Nyimba Sinda Terrane
Z14‐07 Psammite 14° 32' 00" 30° 57' 23" 100 469.46 4.29 0.95 0.5
Chipata Terrane
Z16‐36 Quartzite 13° 59' 38" 32° 08' 04" 99.6 475.77 1.52 0.76 0.67
Zambezi Belt, Kafue region
Z16‐06 Metapelite 16° 00' 52" 28° 27' 31" 94.8 528.34 3.65 1.46 0.15

Table 2:  Muscovite 40Ar‐39Ar data.



Sample Lithology Latitude (S) Longitude (E) Elev (m) ρs (×10
6) Ns

Number of 
analyses

238U (ppm) ± 2σ
Age ± 2σ  
(Ma)

# of 
lengths

MTL (μm) ± 1σ

Chewore‐Rufunsa Terrane 
Z16‐17 Felsic Gneiss 15° 32' 17" 29° 41' 09" 500 3.68 3154 34 77.7 4.4 106 ± 10 81 11.7 1.6
Z16‐27 Granodiorite 14° 59' 09" 29° 59' 11" 770 1.97 1721 35 21.7 1.2 196 ± 20  39 11.2 1.5
Kacholola Terrane
Z16‐52 Felsic Gneiss 14° 53' 24" 30° 36' 09" 660 0.91 772 29 17 0.9 116 ± 9 100 11.7 1.3
Nyimba Sinda Terrane
Z16‐33 Granite 14° 18' 06" 31° 32' 09" 1130 5.68 2077 15 58.4 4.8 208 ± 22 53 11.0 1.4
Chipata Terrane
Z16‐40 Felsic Gneiss 13° 42' 25" 32° 29' 21" 980 1.87 966 23 12.2 0.8 334 ± 32 42 12.1 1.5
Z16‐41 Charnockite 13° 40' 23" 32° 32' 57" 1020 0.89 358 23 6 0.4 318 ± 46 57 11.5 1.4
Z16‐45 Charnockite 13° 52' 53" 32° 32' 22" 1120 1.06 741 28 4.7 0.4 446 ± 28 77 11.5 1.5
Zambezi Belt, Kafue region
Z16‐01 Granodiorite 15° 54' 03" 28° 11' 59" 1040 1.12 776 26 24.1 3.1 115 ± 11 65 11.2 1.8

Table 3: Apatite fission track data: n is the number of grains analysed per sample and # of lengths is the number of confined track lengths idenfied in each 
sample. ρs is the average surface density of spontaneous fission tracks (in 10

6 tracks/cm2). Ns is the total number of counted spontaneous fission tracks 

for each sample. 238U is the average 238U concentration measured by LA‐ICP‐MS analysis (in ppm). Age is the central age calculated for each sample. MTL 
is the mean confined length. A table showing the individual analyses can be found in the supplementary material.






















