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Abstract The Central African Copperbelt (CACB) of Zambia and the Democratic Republic of the
Congoisthe world’s largest sediment-hosted copper-cobalt province. It comprises Tonian-Ediacaran
sedimentary rocks of the Katangan Basin and Ediacaran-Cambrian metamorphic and intrusive
rocks formed during the assembly of Gondwana. The age distribution of metal deposits within
the CACB peaks during the orogeny, indicating a significant orogenic control on mineralization.
This study synthesizes existing structural, petrological, geochronological, and geophysical data to
propose a new geodynamic model that reinterprets the CACB as a Himalayan-scale, continental-
collision orogenic system. Its tectonic evolution is characteristic of a typical Wilson Cycle: conti-
nental rifting and ocean basin formation (~880-650 Ma); oceanic subduction and pre-collisional
metamorphism (< 650 Ma); continent-continent collision (< 570 Ma), leading to significant crustal
thickening with burial depths reaching up to 45 km (~530 Ma); and late-stage thrusting and mag-
matism (< 510 Ma). The new model indicates that the CACB benefitted from two principal metal
sources: metals derived from basement erosion, and metals introduced by magmatism during and
after continent-continent collision, which is newly identified in this study. The next generation of
metal deposits in the CACB will be found by locating outcropping or shallow subsurface magmatic

intrusions.

1 Introduction

Sediment-hosted copper (Cu) deposits—comprising disseminated and veinlet Cu-sulfides within sedimentary rocks—
currently account for ~23 % of global copper production (Hammarstrom et al., 2019). These deposits are particularly
attractive due to their relatively high grades and substantial ore volumes compared to porphyry Cu and volcanogenic
massive sulfide (VMS) deposits, respectively (Dominish et al., 2019). However, exploration for sediment-hosted metal
deposits has generally been less successful than for magmatic systems, largely due to an incomplete understanding
of the first-order tectonic controls governing their distribution (Hoggard et al., 2020).

This challenge is exemplified by the Central African Copperbelt (CACB) of Zambia and the Democratic Republic

of the Congo. The CACB is the world’s largest sediment-hosted copper and cobalt province and contributes ~14 %

*Corresponding author: tmackaychampion@gmail.com


https://seismica.org/
https://orcid.org/0000-0002-6132-3327

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

PRE-PRINT T. MACKAY-CHAMPION—UNIVERSITY OF OXFORD—AUG. 2025

and ~60 % of the world’s supply of these two metals, respectively (Selley et al., 2005). The CACB comprises To-
nian-Ediacaran sedimentary rocks of the Katangan Basin and Ediacaran-Cambrian metamorphic and intrusive rocks.
These rock assemblages formed through a sequence of continental rifting followed by basin closure and continent-
continent collision between the Congo and Kalahari Cratons during the assembly of Gondwana (Porada and Berhorst,
2000). Research efforts have primarily focused on constraining the extensional history of the Katangan Basin, often
under the assumption that mineralization is predominantly syn-diagenetic (Hitzman and Broughton, 2017). However,
the age distribution of metal deposits peaks during the assembly of Gondwana, indicating a significant orogenic con-
trol on mineralization (Sillitoe et al., 2017). Despite this, no detailed geodynamic model exists for the CACB during this
period. Interpretations of the CACB have largely emphasized a sedimentary-basin framework, with comparatively
little focus on its orogenic evolution. Without this whole-system perspective, fundamental controls on the mineral
system—including thermal gradients, fluid pathways, source rocks, metal traps, and crustal architecture—remain
poorly understood. The CACB is estimated to contain ~170 Mt of undiscovered copper resources (Hammarstrom
et al., 2019), but exploration is significantly hampered by this knowledge gap (McCuaig and Hronsky, 2014).

In this study, I present a meta-analysis of existing structural, petrological, geochronological, and geophysical data
to develop a new geodynamic model for the evolution of the CACB. I demonstrate that the CACB can be more accu-
rately understood within an orogenic framework rather than through the traditional sedimentary-basin perspective.
It exhibits striking similarities to classic collisional orogenic belts such as the Himalaya-Karakoram and the Scot-
tish Caledonides, including regional metamorphism up to kyanite-grade conditions as well as a comparable tectonic
configuration. The new model also offers an improved understanding of the mineral systems governing the CACB,
particularly highlighting the potential role of magmatism-driven mineralization. In Section 2, I outline the large-
scale tectonic setting of the CACB. Section 3 presents a reinterpretation of the geological characteristics of individual
domains within the CACB orogenic system, revealing a previously unrecognised tectonic framework. The new geo-
dynamic model is introduced in Section 4, followed in Section 5 by an analysis of the CACB mineral system within this
new framework. Despite differences in erosion levels among orogens of varying ages, there are clear similarities in
their overall structural architecture, metamorphic conditions, and geochronological evolution (Weller et al., 2021).
Accordingly, comparisons with analogous orogenic systems are drawn where relevant to enhance understanding of

the CACB.

2 Geological setting of the CACB

The geological evolution of the CACB and its surrounding regions can be broadly categorized into four major time
periods and associated litho-tectonic assemblages (Figure 1): (1) the Archaean and Palaeoproterozoic Congo, Bang-
weulu, and Kalahari cratons, which crop out to the northwest, northeast, and south of the CACB respectively. These
terranes exhibit lithospheric thicknesses in excess of 200 km (Schaeffer and Lebedev, 2013). (2) the Mesoproterozoic
Irumide and Kibaran belts, which formed part of the Central African Shield during the assembly of Rodinia (Vil-
leneuve et al., 2023), (3) the Katangan Basin, which formed as a result of extension and subsequent rifting between the
Congo and Kalahari cratons during the Neoproterozoic (Purkiss, 2025; Daly et al., 2025) and, (4) the < 650 Ma Lufilian
Orogen, comprising rocks up to kyanite-grade metamorphic conditions and high levels of deformation (Porada and

2



68

69

70

71

72

73

74

75

76

v

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

PRE-PRINT T. MACKAY-CHAMPION—UNIVERSITY OF OXFORD—AUG. 2025

Berhorst, 2000). The orogen formed as a result of basin closure and orogenesis associated with continent-continent
collision and the assembly of Gondwana. This study uses the term CACB to refer to both the Katangan Basin and the
Lufilian Orogen, reflecting their temporal and structural continuity as well as the presence of metal deposits in both

regions.

3 Tectonic domains of the CACB

The CACB can be viewed as an approximately north-to-south progression from the Congo Craton through: (1) the
Katangan Basin, (2) the External Fold-Thrust Belt, (3) the Domes Region, (4) the Synclinorial Belt, (5) the Lufilian
Suture Zone (comprising the Katanga High and Zambezi Belt), and finally the Kalahari Craton (Figure 1). In contrast
to the traditional view, the Katanga High and Zambezi Belt are treated here as a single composite domain based
on their metamorphic, structural, and geochronological continuity (Figure 1; see Section 3.5). The following sub-

sections discuss the structural, metamorphic, and geochronological characteristics of each domain.
3.1 Katangan Basin

This region is characterized by sub-horizontal to gently dipping Katangan Supergroup sedimentary rocks onlapping
Congo, Kibaran, Bangweulu, and Irumide basement rocks (Daly et al., 2025). This represents an autochthonous
remnant of the Katangan Basin, which formed as a result of two-stage rifting between the Congo craton to the north
and the Kalahari craton to the south (present day coordinates) over a protracted ~300 Myr timeframe (Purkiss, 2025;
Daly et al., 2025): The first stage of rifting began sometime after ~880 Ma during the Tonian Period, resulting in the
deposition of syn-rift Lower Roan Group sedimentary rocks. Above it, the Upper Roan Group marks a transition
to post-rift conditions, representing shallow marine and coastal environments formed during thermal subsidence.
The Mwashia Group reflects a second period of rifting and associated magmatic activity commencing at ~765Ma,
with deepening of the basin characterised by marine flooding surfaces (Purkiss, 2025). The northwest and southeast
margins of the basin comprise fault-controlled subbasins with extensive Mwashia-age extrusive and intrusive mafic
units (Kampunzu et al., 2000). Above the Mwashia lies the Nguba Group, which spans the Sturtian glaciation and
represents a deep, often sediment-restricted basin bounded by a maximum flooding surface. Finally, the Kundelungu
Group was deposited from the beginning of the Ediacaran period and represents a distal, quiet basin (Purkiss, 2025).
This culminates in the Plateau Group, interpreted as a continental molasse (Wendorff, 2005). Historically referred to
as the Shaba, Katangan or Kundulungu aulacogen or Golfe du Katanga (De Swardt et al., 1964; Porada and Berhorst,
2000), this northern region has previously been recognized as the stable foreland of the CACB (e.g., Wendorff, 2005).
The hydrothermal, vein-hosted copper deposits of Dikulushi, Safari, and Shaba are found here (Taylor et al., 2013;
Padilla et al., 2021).

3.2 External Fold-Thrust Belt

Structurally above the foreland succession lies the External Fold-Thrust Belt, which crops out along the Zambia-
DRC border and the southern DRC. This domain contains the highest number of known metal deposits, including
mines such as Konkola with reserves of >140.3 Mt Cu. The belt is characterized by northward-directed thin-skinned
thrusting and imbrication of Katangan Supergroup sedimentary rocks and their low-grade metamorphic equivalents

3
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Figure1l A) Tectonic map of the Central African Copperbelt modified after Eglinger et al. (2013) and Daly et al. (2025). The
newly defined Lufilian Suture Zone has been divided into the north-western Katanga High and the south-eastern Zambezi

Belt, separated by the Mwembeshi Shear Zone (MSZ). The
igneous continuity during the Lufilian orogeny (Section 3.

se terranes are combined due to their metamorphic, structural, and
5). The mine locations and deposit types are taken from Taylor et al.

(2013) and Padilla et al. (2021). B) Schematic cross-section of the Central African Copperbelt. N.B. the Lufilian magmatism is

not to scale.
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above evaporite-rich detachments (Coward and Daly, 1984). These detachments accommodated significant lateral
transport of up to 65-150 km northwards (Porada and Berhorst, 2000; Jackson et al., 2003). The evaporites also facili-
tated fluid overpressuring and diapirism, as well as the extrusion of salt glaciers (Jackson et al., 2003). The metamor-
phic grade of the external belt decreases from greenschist to prehnite-pumpellyite down structural section towards
the north (Selley et al., 2005). The belt hosts Lufilian-age pegmatites associated with emerald mineralization and
magmatic-hydrothermal deposits aged between 530-517 Ma (Perell6 et al., 2022; Seifert et al., 2004). Along strike to
the south-east, the Southern Irumide Belt contains granites and syenites emplaced between 534-465Ma (Johnson
et al., 2006). These intrusions likely represent magmatic bodies emplaced into the footwall of the External Fold-
Thrust Belt, now exposed as a result of extensive erosion and Cenozoic rifting. These intrusions are coeval with
high-pressure metamorphism in the Chewore-Rufunsa terrane of the Southern Irumide Belt (Johnson et al., 2006).
Metamorphic monazite ages in the fold-thrust belt cluster around 530 Ma, while Ar-Ar biotite cooling ages cluster
between 490-475 Ma (Rainaud et al., 2005) (Figure 3). This reflects peak metamorphism followed by post-tectonic

uplift and cooling.

3.3 Domes Region

Structurally above the fold-thrust belt lies the Domes Region, named after five antiformal domes of Mesoproterozoic
basement rock that crop out along strike from one another in northwest Zambia. The Domes Region is an arcu-
ate zone approximately 50 km across strike and represents the deepest structural levels and highest metamorphic
grades of the entire CACB. Based on these observations, the Domes Region has previously been interpreted as the
locus of maximum shortening during the Katangan Basin inversion (Goscombe et al., 2020; Daly et al., 2025). The
metasedimentary rocks in the Domes Region range from biotite to garnet-kyanite grade, with local evidence for par-
tial melting (Cosi et al., 1992; John et al., 2004; Eglinger et al., 2016). Peak metamorphic pressures of 13 kbar (~45 km
burial) indicate substantial crustal shortening and thickening. These metamorphic rocks can now be found in thrust
contact with undeformed, unmetamorphosed Katangan sedimentary rocks in underlying half-grabens (Daly et al.,
2025). This requires substantial lateral transport from their site of metamorphism—consistent with the large dis-
placements seen in the External Fold-Thrust Belt.

Peak metamorphic conditions in the Domes Region were achieved at ~530 Ma (monazite-John et al., 2004; garnet-
Eglinger et al., 2016). The region hosts significant mineralization, including Kansanshi and Sentinel with resources
of 1,125.4 Mt and 648.7 Mt Cu respectively, as well as the Enterprise hydrothermal nickel mine (Capistrant et al., 2015).
The Domes Region also hosts Lufilian-age pegmatites (~ 530 Ma; Selley et al., 2018) and late-Cambrian alkali granites
and nepheline syenites (Cosi et al., 1992). These intrusions likely correspond to granitic bodies inferred beneath the
northern CACB from magnetic anomaly data (Selley et al., 2018). Supporting this interpretation, regional gravity data
indicate that the Domes Region exhibits anomalously low mass, consistent with substantial volumes of low-density

granitic material at depth (Selley et al., 2018).

3.4 Synclinorial Belt

South of the Domes Region lies the Synclinorial Belt, composed of intensely deformed rocks ranging from argilla-
ceous sedimentary rocks to biotite-grade metapelites (Porada and Berhorst, 2000; Goscombe et al., 2020). It features
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Figure2 Pressure-temperature conditions experienced by the Domes Region and Zambezi Belt of the Lufilian Suture Zone.
The Greater Himalayan Sequence conditions were taken from Waters (2019). The compilation of global oceanic eclogites from
Chen et al. (2013), and the Barrovian P-T paths from Weller et al. (2021). The high pressures recorded in the CACB necessitate
significant crustal thickening.

steep, north-vergent folds and shows little evidence of salt tectonics (Daly et al., 2025). This domain remains relatively

understudied, due to limited outcrop and the lack of active mining operations.

3.5 Lufilian Suture Zone

Structurally overlying the Synclinorial Belt is the newly defined Lufilian Suture Zone, comprising the Katanga High,
Hook Batholith, Mwembeshi Shear Zone, and Zambezi Belt. This unification of previously distinct lithotectonic as-

semblages is based on a revised interpretation of the Mwembeshi Shear Zone, outlined below.

3.5.1 The Mwembeshi Shear Zone

The south-eastern margin of the CACB has typically been defined by the Mwembeshi Shear Zone (MSZ) (e.g., De
Swardt et al., 1964), although its tectonic significance is debated. Some regard the MSZ as a suture zone between
the Congo and Kalahari cratons (e.g., Coward and Daly, 1984; Daly et al., 2025). However, no change in shear-wave
anisotropy or crustal thickness is observed across the MSZ (Kounoudis et al., 2024; Ogden et al., 2025). Sedimentary
successions can be traced into the northern part of the Zambezi Belt from the southern Katanga High (Porada and
Berhorst, 2000), and there is a continuity of kyanite-grade metamorphism and structures between the northern part
of the Zambezi Belt and the Matala Dome, which lie on opposing sides of the MSZ (Naydenov et al., 2016; Simpson,
1962). These observations suggest that the MSZ is not a lithospheric-scale structure contrasting significantly distinct
geological terranes (Naydenov et al., 2014). Consequently, the MSZ may be better interpreted as a minimal-offset fault
that divides the otherwise continuous Katanga High, Hook Batholith, and Zambezi Belt. These regions are therefore
more appropriately regarded as components of a unified Lufilian Suture Zone.

6
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3.5.2 The Katanga High and the Hook Batholith

The Katanga High comprises extensive outcrops of carbonate rocks and low- to kyanite-grade metapelites, with
north-south-trending folds cross-cut in the north by an east-northeast to west-southwest fold belt (De Swardt et al.,
1964; Naydenov et al., 2016). The region also contains the Matala Dome, a basement inlier surrounded by kyanite-
grade metasedimentary rocks (Naydenov et al., 2016).

The south-east section of the Katanga High is intruded by the Hook Batholith, a syn-tectonic, 570—530 Ma, bi-
modal magmatic body (Hanson et al., 1993; Milani et al., 2015; Naydenov et al., 2014). The batholith predominantly
crops out in south-west Zambia, but can also be found in the Zambezi Belt (Hanson et al., 1988). The felsic units
consist of an alkali-calcic suite of monzogranite, granodiorite and granite and an alkali suite of syenite and alkali-
granite (Naydenov et al., 2014). High primary water contents in the Hook Batholith are indicated by the abundance of
primary amphibole (Naydenov et al., 2014). The metaluminous geochemistry and Sr-Nd isotopic signatures, which
overlap with those of ocean-island basalts, rule out derivation from a purely sedimentary protolith and instead point
to significant contributions from mantle-lithologies. This is supported by the presence of syn-tectonic gabbroic in-
trusions (Milani et al., 2015) and underpins the hypothesis that the Hook Batholith began forming above a subducting
slab, where mantle-derived melts intruded and triggered partial melting of the overlying crust (Milani et al., 2015;
Naydenov et al., 2014). The Hook Batholith hosts a number of Cu deposits, some with iron oxide-copper-gold (I0CG)

characteristics (Milani et al., 2019).

3.5.3 The Zambezi Belt

To the southeast of the MSZ lies the Zambezi Belt of southern Zambia and northern Zimbabwe. The Zambezi belt
comprises the Zambezi Supercrustal Sequence (ZSC) and inliers of Mesoproterozoic gneissic and granitoid basement
(Hanson et al., 1988). The ZSC is a sequence of Neoproterozoic sedimentary, volcanic and volcaniclastic rocks that
have been variably metamorphosed up to upper amphibolite-facies conditions (Johnson et al., 2007). The protoliths
of the ZSC are interpreted to be the correlatives of the lower units of the Katangan Supergroup (De Swardt et al.,
1964; Johnson et al., 2007). The Zambezi Belt lies upon a Mesoproterozoic granitic basement including the ~1106 Ma
Mpande Gneiss and the ~1090 Ma Munali Hills Granite (Hanson et al., 1988; Katongo et al., 2004). Extension in the
Zambezi Belt began at ~880 Ma, with the basement unconformably overlain by a series of bimodal metavolcanic
rocks and phyllites known as the Kafue Rhyolite Formation and the Nazingwe Formation, respectively (Hanson et al.,
1993; Johnson et al., 2007). This was coeval with the onset of extension in the Katangan Basin, as constrained by
the 883 + 10 Ma age of the Nchanga Granite (Armstrong et al., 2005). Continued extension saw the intrusion of the
~820 Ma Ngoma Gneiss, and other magmatic bodies such as the Munali ultramafic body, which hosts a magmatic
sulfide nickel deposit (Holwell et al., 2017). A second phase of magmatism occurred between 764-737 Ma, preserved
in the Makuti Group felsic extrusives of the Central Zambezi Belt (Dirks et al., 1999), which overlaps with the Mwashia-
age rifting event and accompanying magmatism in the Katangan Basin (Purkiss, 2025).

During the assembly of Gondwana, the Zambezi Belt experienced significant NE-SW shortening, developing a
steep, bivergent flower structure that exhumed reworked basement thrust slices and emplaced allochthonous nappes
above the northern margin of the Kalahari Craton (Johnson et al., 2007). The uppermost section of the ZSC hosts
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numerous peridotitic, gabbroic, and metagabbroic bodies with N-MORB signatures, interpreted as a dismembered
ophiolite sequence (John et al., 2003; Johnson et al., 2005). These bodies occur in close association with eclogites
interpreted to have formed in an oceanic subduction-zone setting. These eclogites are dated between 659 + 14Ma
and 595 + 10 Ma (Vrdna et al., 1975; Johnson et al., 2005; John et al., 2003), and record peak prograde conditions of
540-550 °C at 21.0-23.0 kbar (Chombwa locality) and 470-550 °C at 17.8-23.0 kbar (Lusaka locality) (Goscombe et al.,
2020). Contemporaneous with eclogite formation, rocks of the Zambezi Belt experienced amphibolite-facies meta-
morphism and monazite growth at 650-630 Ma, indicative of metamorphism along the Kalahari Craton margin prior
to continent-continent collision (Sakuwaha et al., 2022). This is followed by a pronounced cluster of metamorphic
monazite ages between 570-530 Ma, corresponding to metamorphic conditions of 10-12 kbar (Johnson et al., 2005;
Goscombe et al., 2020; Sakuwaha et al., 2022; ?; Kuribara et al., 2019). This is coeval with peak metamorphism in the
Domes Region, with both the Domes Region and the Zambezi Belt attaining comparable peak metamorphic condi-

tions (Figure 2).
3.6 Southern margin

The Kalahari Craton, exposed to the south of the CACB, comprises the Archean Zimbabwe and Kaapvaal cratons
and grew by prolonged crustal accretion in the Palaeoproterozoic-Mesoproterzoic, amalgamating terranes such as
the Choma-Kalomo Block, the Chewore Terrane and the Kaourera Terrane (Goscombe et al., 2020). The overyling
Sijarira Group molasse contains 570 Ma to ~515 Ma detrital zircons, and can be correlated with the Kundelungu Group

on the northern foreland (Foster and Goscombe, 2013).

4 Tectonic Synthesis

4.1 Similarities to other orogens

The CACB exhibits many characteristics common to well-documented collisional orogens, in particular the spatial-
temporal succession of lithologic assemblages and superimposed tectonothermal events (Figure 3). South of the
Congo Craton and the undeformed foreland sedimentary rocks of the Katangan Basin, the External Fold-Thrust Belt
of the Lufilian Orogen is characterized by low-grade metamorphism and pervasive thrust deformation. This resem-
bles foreland systems such as the deformational front of the Appalachian-Caledonide system (negligible to low-grade
metamorphism) and the Lesser Himalaya (typically greenschist facies) (Searle, 2022). However, the concentration
of strain above salt-rich detachments is more akin to that in the Southern Pyrenees (e.g., Camara and Flinch, 2017)
and the Salt Range of Pakistan (e.g., Ghazi et al., 2015).

Progressing structurally upward and into the hinterland, the Domes Region records a markedly higher metamor-
phic grade, with both right-way-up and inverted metamorphic sequences progressing from biotite- to kyanite-grade
conditions (Ridgway and Ramsay, 1986) and locally attaining partial melting—a typical Barrovian-type sequence.
This architecture mirrors that of the Greater Himalayan Sequence and the Moine metamorphic rocks of the Scottish
Caledonides (Searle, 2022). The pressure-temperature (P-T) conditions recorded in the Domes Region range from
550-800 °C and 6-13 kbar, closely matching those observed in the Greater Himalayan Sequence of the Himalayan oro-
gen (Waters, 2019) (Figure 2). These pressures correspond to burial depths of approximately 45 km—far beyond what
can be achieved through sedimentary loading—and instead require substantial crustal shortening and thickening
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Figure3 Geochronological comparison between the CACB and other Himalayan-scale orogens. The evolution of the Trans-
Hudson and Sveconorwegian orogens are taken from Weller et al. (2021), the evolution of the Himalaya-Karakoram from
St-Onge et al. (2006), and the evolution of Scottish Caledonides from Searle (2022).

associated with the collision between the Congo and Kalahari continental plates. Peak metamorphism occurred at
~ 530 Ma, coinciding with peak metamorphism in other regions involved in the assembly of Gondwana (Cawood and
Buchan, 2007).

The Lufilian Suture Zone closely resembles the Tethyan Sequence and Indus-Tsangpo Suture Zone of the Hi-
malaya: both exhibit epizonal- to amphibolite-grade metamorphism (Dunkl et al., 2011), contain dismembered ophi-
olitic fragments and subduction-related blueschist- to eclogite-facies rocks (John et al., 2003; O’Brien, 2019), and
record foreland-directed thrusting that steepens and then overturns toward the hinterland (Corfield and Searle,
2000). Similar features are also seen in the suture zone of the Scottish Caledonides (Searle, 2022). The 650-595 Ma
eclogites of the Zambezi Belt record metamorphic conditions equivalent to burial depths of up to 80 km and are fully
consistent with those of oceanic eclogites worldwide (Figure 2), necessitating a phase of oceanic subduction prior to
continent-continent collision (John et al., 2003). This is akin to the 100 Ma blueschists of Ladakh in the Himalayan
orogen (O’Brien, 2019).

The Zambezi Belt preserves evidence of medium-temperature-medium-pressure metamorphism coeval with this
period of oceanic subduction. Regional metamorphism prior to continent-continent collision is well documented in
orogenic systems. For example, the Karakoram experienced amphibolite-grade metamorphism during the Creta-
ceous (Fraser et al., 2001). In the North American Cordillera, significant crustal thickening and high-grade metamor-
phism during the Laramide Orogeny were driven by flat-slab subduction in the Late Cretaceous to Paleocene, result-
ing from increased traction along the plate interface and enhanced end-loading at the trench (Yonkee and Weil, 2015).
This mechanism has also been suggested for the Scottish Caledonides (Lamont et al., 2025). The Lufilian Suture Zone
then experienced substantial crustal thickening up to 12 kbar during the subsequent continent-continent collision.

9
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This began at 570 Ma and progressed through to 530 Ma, coinciding with peak metamorphism of comparable grade
in the Domes Region.

The Hook Batholith is the only pre- to syn-collisional magmatism recorded in the CACB. The lack of pre-collisional
calc-alkaline magmatic arc preserved in Zambia has caused confusion. It should be noted that well-known collisional
zones which previously experienced oceanic subduction, such as the Alps, do not contain such an arc (McCarthyetal.,
2018), and it is almost certain that any subduction-related magmatic arc would now underlay the Lufilian Suture
Zone. The CACB also exhibits late-stage magmatism and thrusting, which overlap with and postdate peak crustal
thickening. For example, syenites are observed cropping out in the Domes Region (Cosi et al., 1992) and granitic
pegmatites are found in the External Fold-Thrust Belt (Seifert et al., 2004). These intrusions, aged between ~ 534-
465 Ma, are contemporaneous with high-temperature metamorphism and granite magmatism documented in other
parts of the Gondwana assembly (Cawood and Buchan, 2007). The intrusion of late-stage granites is analogous to the
“Newer Granites” of the Scottish Caledonides (Pankhurst and Sutherland, 1982), as well as the 960-935 Ma granitic
pegmatites in the Sveconorwegian orogen (Moller et al., 2007). Finally, to the north and south of the Lufilian Orogen
lie the Plateau Group and Sijairi molasses, respectively. These are akin to the Siwalik molasse basin which formed

along the southern margin of the Himalaya during the uplift of the mountain chain (St-Onge et al., 2006).
4.2 Anew modelfor the CACB

The tectonic evolution of the CACB can be divided into several phases indicative of a typical Wilson Cycle. Figure 4
provides a schematic illustration of this evolution, beginning with the onset of subduction. The numbered stages in

Figure 4 are referenced throughout the text as F4.1, ..., F4.N.

Continental extension (880-765Ma) Extension between the Congo and Kalahari cratons began at a maximum of
880 Ma, as constrained by the age of the Nchanga granite which unconformably underlies the CACB (Armstrong
et al., 2005). This extension provided accommodation space for the deposition of the Lower and Upper Roan Group
sedimentary rocks in the CACB and the lowermost units of the Zambezi Supercrustal Group (F4.2)(Purkiss, 2025;
Johnson et al., 2007; Daly et al., 2025). Minor igneous units were intruded during this time, including the Ngoma

Gneiss and the Munali ultramafic body (Holwell et al., 2017).

Ocean basin formation (765-650 Ma) A second phase of rifting is preserved in the Mwashia Group of the CACB,
during which there was extensive mafic magmatism (Purkiss, 2025). This period is interpreted to record the final
stages of continental breakup and the formation of oceanic crust. The increase in mafic magmatism prior to final
rifting is commonly observed in rift settings (e.g., Sun et al., 2019). The size of the resulting ocean basin is largely
unconstrained (F4.1) but must have been relatively sizeable as the Congo and Kalahari craton margins become distinct
entities with contrasting palaeomagnetic and detrital zircon records (Foster and Goscombe, 2013; Goscombe et al.,

2020).

Oceanic subduction and pre-collisional metamorphism (650 Ma onwards) Oceanic subduction began sometime
during the Cryogenian, evidenced by the ~650 Ma eclogites preserved in the Zambezi Belt of the Lufilian Suture
Zone (F4.3) (John et al., 2004). Today, the eclogites are found in close relationship with oceanic metasedimentary
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rocks and ophiolitic fragments (F4.4). With metamorphic conditions of ~540-550 °C and ~21-23 kbar, these eclog-
ites clearly preserve a subduction geotherm (John et al., 2003; Goscombe et al., 2020). Eclogite-facies metamor-
phism continued until 595 4+ 10 Ma (John et al., 2003) (F4.6). Concurrent with oceanic subduction, the Kalahari Plate
underwent medium-temperature/medium-pressure metamorphism at 570-665 °C and 6.5-9 kbar from 656+16 Ma-

63542 Ma (Fig. 4.5; Sakuwaha et al., 2022).

Onset of collision (~570Ma) The exact timing of collision is still a point of significant debate in well-preserved,
modern orogens such as the Himalaya (Hu et al., 2016). Consequently, it is unlikely we will be able to resolve the
exact timing of collision in the CACB. However, a new period of garnet-grade conditions and metamorphic monazite
growth are recorded in the Zambezi Belt at ~570 Ma (F4.8) (Johnson et al., 2007; Sakuwaha et al., 2022). The Hook
Batholith magmatism also began at at this time as a result of crustal and mantle fluid-flux melting (Milani et al., 2015).
These melts would have intruded the overlying metasedimentary rocks of the Lufilian Suture Zone and the Kalahari

plate (F4.7).

Peak metamorphism (~530Ma) Peak metamorphic conditions in both the Domes Region and the Lufilian Suture
Zone were attainted at ~530 Ma (e.g., John et al., 2004; Eglinger et al., 2016; Naydenov et al., 2016). The Domes Region
progressed into a significant orogenic wedge akin to the Greater Himalayan Sequence (F4.9). Metamorphic condi-
tions reached kyanite-grade, with preserved evidence of partial melting (F4.10) (Eglinger et al., 2016). The External
Fold-Thrust Belt experienced greenschist-facies metamorphism (F4.11) (Rainaud et al., 2005). The molasse of the
Kundelungu (north) and the Sijarira Group (south) formed as the result of erosion during exhumation of the inter-

vening orogenic core.

Late-thrusting and magmatism (< 510 Ma) Following peak metamorphism, the orogenic belt experienced signif-
icant lateral transport towards both the south and north. This is evidenced by the preservation of kyanite-grade
metasedimentary rocks directly atop autochthonous undeformed sedimentary rocks in the Domes Region (Daly et al.,
2025). The timing of this event is not well constrained but likely occurred at ~510 Ma as evidenced by zircon over-
growths in the autochthonous lithologies (Barron, 2003). The most significant transport occurred in the External
Fold-Thrust Belt, characterized by northward thin-skinned thrusting and imbrication of the Katangan Supergroup
stratigraphy above evaporite-rich detachments (Coward and Daly, 1984). These lubricated detachments accommo-
dated lateral transport of up to 65-150 km northwards (F4.12) (Porada and Berhorst, 2000; Jackson et al., 2003). These
significant displacements and the curvilinear thrusting related to the syntaxial geometry of the orogen explain the
significant across-strike width of the CACB, comparable to that observed in the western syntaxis of the Himalaya in
Pakistan (e.g., Ghazi et al., 2015). The late-stage thrusting also involved thick-skinned, out-of-sequence exhumation
of basement rocks in the Domes Region and the Zambezi Belt (Fig. 4.12). This is observed in the Moine Thrust Zone
of the Scottish Caledonides, with out-of-sequence thrusting of basement Lewisian Gneiss over Cambro-Ordovician
sedimentary rocks (e.g., Searle et al., 2019). Similar observations can be made in the fold-and-thrust belts of the
Appalachian and Grenvillian orogenic fronts (van Gool et al., 2008).

Late-thrusting was coeval with the intrusion of granites and syenites (F4.13). Syenites are observed cropping out
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Figure 5 Mineralization and tectonothermal events in the CACB. The timing of the Snowball Earth glaciations were taken
from Hoffman et al. (2017), the timing of the two rifting events was taken from Purkiss (2025).

in the Domes Region (Cosi et al., 1992) and into the Southern Irumide Belt (footwall of the CACB) between 534-465 Ma
(Johnson et al., 2006). Lufilian-age granitic pegmatites are also found in the Domes Region (F4.14) (Selley et al., 2018)
and the External Fold-Thrust Belt (Seifert et al., 2004). The observed change in the direction and magnitude of mantle
anisotropy indicates that the Congo-Kalahari craton boundary now lies beneath the Synclinorial Belt (Kounoudis
etal., 2024) (F4.15). The Mwombeshi Shear Zone is interpreted as a late, right-lateral, oblique-slip fault with a reverse
component (F4.17), which has likely helped to exhume the Hook batholith. Late Lufilian-age IOCG, lode-gold and

hydrothermal metal deposits are found neighbouring the Hook (F4.15) (Milani et al., 2015).

Post-orogenic uplift and cooling (< 500Ma) The abundance of mica cooling ages indicates post-orogenic uplift
began at ~500 Ma. This is supported by zircon fission-track thermochronometry from sandstones in Solwezi (NW
Zambia) which shows that uplift took place from 500-400 Ma (Daly et al., 2025). Granitoids continued to be intruded

during this period (Johnson et al., 2006).

5 The mineral system of the CACB

A Kernel Density Estimation of geochronological ages from mineralized and coeval phases in deposits around the
CACB was used to characterize the temporal distribution of mineralization and its relationship to tectonic events
(Figure 5). This analysis demonstrates that there are four key periods of mineralization. Firstly, there is evidence of
appreciable Mesoproterozoic mineralization in the basement of the CACB at 1084-1059 + 5Ma (Sillitoe et al., 2015;
Master and Ndhlovu, 2019). This is thought to be the result of porphyry-systems active during the Irumide Orogeny
(Rainaud et al., 2005), and is a key source of metals for the overlying Katangan Basin (Cailteux et al., 2005).
Secondly, there is evidence of syn-diagenetic mineralization of Katangan Supergroup sedimentary rocks within
the External Fold-Thrust Belt. For example, the Kamoto deposit of the DRC contains mineralization dated at 821 +
51 and 762 + 33 Ma (Muchez et al., 2015). The “red-bed” model is currently the prevailing genetic framework for syn-
diagenetic mineralization in the CACB (Hitzman et al., 2005). This model posits that metal deposits formed through
the migration of oxidized, metal-rich basinal fluids into reduced lithologies—typically carbonaceous shales—during
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sediment deposition and diagenesis. These metals are thought to originate from the chemical leaching of red-bed
sedimentary sequences within the Katangan Basin. The KDE analysis indicates that syn-diagenetic deposits con-

tribute only marginally to the CACB’s metal budget by deposit count, challenging traditional interpretations.

Thirdly, there is evidence of a pulse of mineralization from ~ 652-609 Ma (Saintilan et al., 2018; Cahen, 1961; De-
crée et al., 2011). Mineralization of this age is preserved across the Domes Region and External Fold-Thrust Belt,
including Ndola (Cahen, 1961), Musoshi (Richards et al., 1988), and Kamoto (Saintilan et al., 2018). This overlaps
with the age of the earliest eclogite-facies metamorphism in the CACB (John et al., 2003), suggesting that this min-
eralization could be the result of crustal re-arrangement during oceanic subduction. However, the mineralization
is not preserved within the Lufilian Suture Zone. Instead, this mineralization is perhaps the impact of deglaciation
following the Marinoan Snowball Earth event (Saintilan et al., 2018) (Figure 5). Glacial retreat would have resulted
in increased erosion of the continent and a resultant renewed influx of metals into the Katangan Basin (Parnell and
Boyce, 2019). These metals would have been deposited in a hypersaline, euxinic ocean (Scheller et al., 2018), a set-
ting known to have promoted substantial pyrite deposition (Sansjofre et al., 2016)—ideal conditions for generating
metal-rich basinal brines and the deposition of syn-diagenetic copper-sulfide deposits at redox boundaries within

the basin.

Finally, the most significant mineralization event in the basin occurred between ~560-470 Ma (Sillitoe et al., 2017).
Some studies have argued that this mineralization reflects a metamorphic recrystallisation of syn-diagenetic min-
eralization during the Lufilian orogeny (e.g., Turlin et al., 2016). However, Sillitoe et al. (2017) argue that the ages
reflect a new mineralization event during the Lufilian Orogeny, as molybdenite and copper minerals can withstand
amphibolite-grade metamorphism without re-mobilization or isotopic resetting (Sillitoe et al., 2015). Similarly, Tor-
realday (2000) propose that the mineralized veins in the Kansanshi Cu-Au mine, NW Zambia, are metamorphic in
origin. Within the context of the new tectonic framework, these observations point to shortening and crustal thick-
ening during orogenesis as key drivers in the formation of metal deposits, through the development of a thermal
and stress regime that enables widespread fluid mobilization. These oxidized metamorphic fluids would have scav-
enged metals from the orogenic wedge and surrounding sedimentary and basement rocks, precipitating them at
redox boundaries. This accounts for the cluster of mineralization events around the time of peak metamorphism at
~530 Ma and potentially throughout the ensuing 10s Myrs during exhumation and cooling. However, it seems clear
that syn- to late-orogenic magmatism played a significant role in the formation of metal deposits in the CACB, and

provides a more compelling explanation for the concentration of mineralization dated at <510 Myr in particular.

5.1 Evidence for the magmatic origins of CACB mineralization

There are three primary lines of evidence, outlined below, which indicate that magmatism contributed new fluids,
metals, and thermal energy to the mineral system of the CACB syn- to post-Lufilian orogeny. It should be noted that
this is not without precedent: magmatic-hydrothermal systems overlying granite plutons have been identified as the
root of multi-stage REE-Y-Co-Cu-Au sediment-hosted mineralization in the Idaho Cobalt Belt of the Belt-Purcell Basin,
USA (Saintilan et al., 2018).
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The characteristics of existing deposits Late-stage mineralization, occurring after peak metamorphism, has been
associated with high-temperature (< 400 °C), high-salinity fluids, variably attributed to magmatic sources (El Desouky
et al., 2009; Greyling, 2009; Annels, 1989). This interpretation is supported by juvenile osmium isotope signatures
in the Kamoto deposit and sulfur isotope data from the Samba deposit, both of which require a magmatic origin
(Saintilan et al., 2018; Zhang et al., 2023). Indeed, the brines in the CACB display Cu concentrations overlapping
those of magmatic-hydrothermal systems (Davey et al., 2020).

These geochemical signatures align with the known characteristics of several magmatic-related deposits in the
region. The Hook Batholith, for instance, hosts iron-oxide-copper-gold (I0CG) deposits (Milani et al., 2019), and the
External Fold-Thrust Belt hosts Lufilian-age pegmatites linked to emerald mineralization (Seifert et al., 2004). This
belt also contains magmatic-hydrothermal Cu-Au mineralization dated to 530-517 Ma (Perell¢ et al., 2022), and the
Kipushi Mine (Zn-Pb-Cu) in the DRC has been similarly attributed to underlying magmatic activity (Walraven and
Chabu, 1994; Heijlen et al., 2008). A magmatic source has also been proposed for cobalt mineralization in the CACB
(Annels et al., 1983). Moreover, many CACB deposits exhibit structural and mineralogical features inconsistent with
syn-diagenetic or metamorphic models. Instead of standard disseminated textures or small veinlets, deposits such
as Kansanshi, Kalengwa, and Safari contain large, cross-cutting, metal-rich veins (Taylor et al., 2013)—often over a

metre wide—indicative of a late-stage, high-intensity hydrothermal system.

Temporal correlation between granitic intrusions and mineral deposits Mineralization in the CACB predomi-
nantly occurred from ~530-490 Ma, with some deposits as late as 465 Ma (Sillitoe et al., 2017). This time frame over-
laps entirely with the intrusion of granites and syenites into the Irumide Belt (534-465Ma; Johnson et al., 2006),
which appears along strike and forms the footwall to the CACB (Figure 1). It also correlates with Lufilian-age alkali-
granites/syenites in the Domes Region (Cosi et al., 1992) and granitic pegmatites in the External Fold-Thrust Belt
(Seifert et al., 2004). Indeed, the ages of mineralization during the Lufilian appear to show the strongest correlation
with magmatism rather than metamorphism or cooling (Figure 3). Based on this timing and structural correlation,

it should be expected that late-magmatism would provide a significant control on the mineral system of the CACB.

Localization of distinct metal suites Another striking feature of the CACB is the highly localized distribution of
metal suites along strike, and indeed the large variety in metal contents (Cu, Au, Ag, Pb, Ni, Co, etc.) and mineral-
ization styles. For example, the Kansanshi deposit in the Domes Region hosts both copper and gold in a vein-style
system, yet gold is entirely absent at the supergiant Cu-only Sentinel mine, located ~100 km along strike. Gold then
reappears at the Kasenseli Gold Mine near Mwinilunga, a further ~100 km along strike (data sourced from publicly
available mining reports). Even more starkly, the Cu-dominant, Ni-absent Sentinel deposit lies just ~10 km along
strike from the Enterprise mine, which hosts abundant hydrothermal nickel but only minor copper mineralization
(Capistrant et al., 2015). If such abrupt changes in metal assemblages and mineralization styles were purely sedi-
mentary in origin, it would necessitate a highly segmented basin, with discrete sub-basins on the scale of tens of
kilometres, each with a unique metal source. This is an unlikely scenario, particularly given the requirement for
high-tonnage, distinct metal sources. An alternative explanation proposed here is that the metals originated from
underlying metal-bearing intrusions, with variability in metal assemblages reflecting the spatial distribution and
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metal content of these bodies (Darnley, 1960; Gray, 1929). For example, the Zn-Pb-Cu deposit at Kipushi has been
attributed to magmatism (see above). Likewise, perhaps the Ni enrichment at the Enterprise deposit reflects input
from an underlying syenite and mafic/ultramifc intrusion—potentially a satellite body related to the larger granitoid
system responsible for Cu mineralization at Sentinel. Syenites are recognized sources of Ni, as demonstrated in the
Scottish Caledonides (Graham et al., 2017), and are commonly spatially associated with ultramafic intrusions, as in

Myanmar (Searle et al., 2020).
5.2 Anomalous nature of the CACB mineral system

Ultimately, the anomalous metal endowment of the CACB reflects a combination of factors. First, erosion of a pre-
enriched basement would have contributed substantial metal content to the rift-related sedimentary rocks of the
Katangan Basin. Second, the prolonged geological evolution of the CACB—from ~880 Ma to < 500 Ma—allowed ample
time for large-scale hydrothermal circulation, metal transport and deposition. Thirdly, the evaporite-rich sedimen-
tary rocks of the Katangan Basin served as a substantial source of sulfur essential for the development of metalliferous
basinal brines. Finally, magmatism during and after continent-continent collision introduced a new pulse of heat,
metals, and fluids into an already enriched system. As such, the CACB possesses two distinct metal sources: metals
derived from the erosion of the basement and those introduced by magmatism during and after continent-continent
collision. The metal-rich character of this magmatism is unsurprising, given that the CACB basement previously

generated metal-bearing granites during the Mesoproterozoic (Sillitoe et al., 2015).

6 Conclusions

This study reinterprets the Central African Copperbelt (CACB) as a Himalayan-scale, continental-collision orogenic
system, characterized by a full Wilson Cycle spanning over 400 million years. The region evolved from continen-
tal rifting (~880 Ma), through ocean basin formation (765-650 Ma), subduction and eclogite-facies metamorphism
(650-595 Ma), to continental collision (~570 Ma), with peak crustal thickening and metamorphism at ~530 Ma (up
to 13 kbar or ~45 km burial). The new geodynamic model is consistent with structural, petrological, geochrono-
logical, and geophysical data, and provides a coherent explanation for the observed regional metamorphism and
magmatism—features that are not easily reconciled within the traditional sedimentary-basin framework.

The dominant mineralization event occurred between ~560-470 Ma, overlapping with peak metamorphism and
late-stage thrusting, and temporally coinciding with widespread intrusion of granites and syenites (534-465Ma).
Three lines of evidence support the critical role of magmatism during and after continent-continent collision in
metal sourcing, transport and deposition: (1) geochemical and isotopic signatures indicate the presence of hot, high-
salinity mineralizing fluids derived from magmatic intrusions; (2) the timing and structural position of mineral-
ization strongly correlates with granite and syenite intrusions across the Domes Region, External Fold-Thrust Belt,
and the Irumide Belt; and (3) localized variations in metal assemblages—for example, the Cu-dominant, Ni-absent
Sentinel deposit and the nearby Ni-dominant, Cu-poor Enterprise deposit just 10 km apart—strongly suggest that
mineralization was controlled by spatially heterogeneous, metal-bearing magmatic intrusions rather than uniform

sedimentary processes.

The CACB today hosts some of the world’s most significant sediment-hosted deposits—including Kansanshi (1,125.4 Mt
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Cu), Sentinel (648.7 Mt Cu), and Konkola (>140.3 Mt Cu)—and supplies ~14 % of global copper and ~60 % of cobalt.
The combination of a pre-enriched basement, evaporite-rich sedimentary sequences, prolonged tectonothermal evo-
lution, and late-stage magmatism accounts for this exceptional endowment. The new geodynamic model establishes
a framework for mineral exploration in the CACB and analogous collisional belts worldwide, and indicates that the
CACB benefitted from two principal metal sources: metals derived from basement erosion and those introduced by
magmatism during and after continent-continent collision. The model predicts that the next generation of metal

deposits in the CACB will be found by locating outcropping or shallow subsurface magmatic intrusions.
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