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Résumé 
 

Les métarhyolites de Lampa, affleurant dans la région de Tshela et rattachées à la Formation d’Inga (Groupe de Seke-Banza, 

Supergroupe de l’Ouest-Congo, République Démocratique du Congo), s’inscrivent dans une succession volcanique felsique 

vraisemblablement d’âge tonien développée le long de la marge occidentale du Craton du Congo. Bien que cette succession soit 

reconnue à l'échelle régionale, sa variabilité pétrographique interne et son évolution tectono-métamorphique postérieure restent 

peu contraintes. Cette étude combine les observations de terrain, la pétrologie et la géochronologie in situ U-Pb sur titanite par 

LA-ICP-MS afin de réévaluer la nature et l'évolution de ces roches volcaniques felsiques. Trois faciès volcaniques reliques sont 

observés : des métarhyolites à matrice abondante, des métarhyolites riches en (phéno)cristaux et un faciès pyroclastique distinct, 

reconnu ici pour la première fois. Ces faciès conservent des caractères volcaniques primaires malgré des degrés variables de 

séricitisation, chloritisation, recristallisation, et déformation liée au remaniement panafricain lors de la formation de la chaîne 

Ouest-Congolienne. Les titanites de deux de nos échantillons définissent un âge U-Pb combiné de 559 ± 15 Ma, interprété comme 

l'âge de cristallisation des titanites au cours de cet événement orogénique. Ces résultats apportent de nouvelles contraintes 

pétrographiques et géochronologiques sur l'évolution des roches issues du magmatisme felsique dans la région de Tshela.  

 

Mots-clés: Métarhyolites de Lampa ; géochronologie U-Pb sur titanite ; magmatisme felsique tonien ; Chaîne Ouest-

Congolienne 

 

Abstract 
 

The Lampa metarhyolites, exposed in the Tshela region and assigned to the Inga Formation (Seke-Banza Group, West Congo 

Supergroup, Democratic Republic of the Congo), form part of a probably Tonian felsic volcanic succession developed along the 

western margin of the Congo Craton. Although this succession is recognized at the regional scale, its internal petrographic 

variability and subsequent tectono-metamorphic evolution remain poorly constrained. This study integrates field observations, 

petrography, and in situ LA-ICP-MS U-Pb titanite geochronology to reassess the nature and evolution of these felsic volcanic 

rocks. Three relict volcanic facies are identified: matrix-rich metarhyolites, (pheno)crystal-rich metarhyolites, and distinct 

pyroclastic facies recognized here for the first time. These facies preserve primary volcanic characteristics despite variable 

degrees of sericitization, chloritization, recrystallization, and deformation associated with Pan-African reworking during the 

development of the West Congo Belt. Titanite grains from two of our samples yield a combined U-Pb age of 559 ± 15 Ma, 

interpreted as the timing of titanite crystallization during this orogenic event. These results provide new petrographic and 

geochronological constraints on the evolution of rocks derived from felsic magmatism in the Tshela region. 
 

Keywords: Lampa metarhyolites; titanite U-Pb geochronology; Tonian felsic magmatism; West Congo Belt. 
 

 
1. Introduction 
 

Felsic volcanic rocks in ancient volcano-sedimentary 

successions are important markers of extensional basin 

development, crustal magmatism, and stratigraphic 

correlation. Their primary architecture may include 

coherent lava domains, crystal-rich facies, volcaniclastic 

components, flow-related textures, and devitrified matrices, 

which are commonly used to reconstruct volcanic processes 
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and basin evolution ([1 – 6]). However, in deformed and 

metamorphosed belts, these primary volcanic features may 

be partly modified or obscured by recrystallization, 

sericitization, foliation development, quartz deformation 

and metamorphic mineral growth ([7 – 9]). Distinguishing 

inherited volcanic textures from later tectono-metamorphic 

fabrics is therefore essential for interpreting mapped 

rhyolitic units and avoiding over-simplified reconstructions 

based only on lithological boundaries. 

The West Congo Belt (WCB, Figures 1-2) preserves a late 

Mesoproterozoic to Neoproterozoic volcano-sedimentary 

succession along the western margin of the Congo Craton 

([10]). Its evolution involved extensional basin 

development, Tonian bimodal magmatism, and subsequent 

Pan-African deformation and metamorphism ([10 – 13]). In 

the lower part of the West Congo Supergroup (Figure 2), the 

Seke-Banza Group includes rhyolites, subvolcanic 

microgranites and high-level granites, and tholeiitic basalts 

generally linked to intracontinental extension during the 

early stages of Rodinia breakup and West Congo basin 

development ([10], [12], [14], [15]). 

In the Tshela area of Kongo Central Province, the Lampa 

metarhyolites are represented on existing geological maps 

as part of the felsic Inga Formation (lower part of Seke-

Banza Group) ([11], [16]). Because descriptions of the 

petrochemical characteristics of the successive rhyolitic 

flows and of the Pan-African tectono-metamorphic 

overprint resulting in variably modified protoliths date from 

the late 1970-ies ([16], [17]), they need urgent re-

assessment. A more systematic study of the Lampa 

metarhyolites is thus essential for (i) an updated insight in 

their internal lithostratigraphic, petrochemical and 

radiometric characteristics, (ii) description of internal 

textural variability and (primary) volcanic features of the 

protolith, (iii) degree of modification by Pan-African 

deformation and regional metamorphism and eventual 

tectono-metamorphic gradient and (iv) geological and 

geodynamic significance and use in regional correlation 

within the West Congo Supergroup. 

This study combines field observations, petrological study, 

and in situ LA-ICP-MS U-Pb titanite dating. The objectives 

are to document internal petrographic variabilities, 

distinguish preserved volcanic textures from secondary 

deformation-related fabrics, and evaluate whether the 

mapped rhyolitic unit is better interpreted as a homogeneous 

body or as a heterogeneous meta-rhyolitic architecture. U-

Pb dating of titanite crystallization is used to constrain 

tectono-metamorphism, rather than the primary 

crystallization age of the rhyolitic protolith. 

 

2. Regional Geology 
 

The WCB (Figure 1) is a late Neoproterozoic to early 

Cambrian orogenic belt developed along the western 

margin of the Congo Craton during the Pan-African events. 

It preserves a nearly continuous record of the late 

Mesoproterozoic to Cambrian evolution of this margin, 

including intracontinental rifting associated with the initial 

breakup of Rodinia, Tonian bimodal magmatism, 

subsequent sedimentary basin development, and Pan-

African deformation and metamorphism ([11], [12], [13], 

[18]). 

 

In the Kongo Central Province, this evolution is preserved 

within the West Congo Supergroup, which overlies the 

Paleoproterozoic Kimeza Supergroup (Figure 2). The 

Kimeza Supergroup consists predominantly of migmatitic 

paragneisses (dated at 2088 ± 91 Ma ([19], [20])), 

orthogneisses, amphibolites, metaquartzites and 

subordinate marbles that underwent amphibolitic 

metamorphism at ca. 1.97 Ga ([21]), together with locally 

exposed Mpozo syenomonzonite emplaced at ca. 1.97 Ga 

([13]). The overlying West Congo Supergroup records the 

transition from continental rifting to passive-margin 

sedimentation and comprises, from oldest to youngest, the 

Nzadi, the probably contemporaneous Seke-Banza and 

Tshela, and the Cataracts groups. 

The Nzadi Group (Figure 2) represents the earliest 

preserved sedimentary succession of the basin and 

comprises the Matadi Formation (1126-1000 Ma), 

dominated by mature quartzites, and the overlying Yelala 

Formation (< 968 Ma), characterized by polymictic 

conglomerates interpreted as syn-rift deposits ([13]). 

This succession is followed by the Seke-Banza Group (ca. 

920-900 Ma), which records widespread Tonian bimodal 

magmatism through the emplacement of continental 

tholeiitic flood basalts of the Gangila Formation overlain by 

a felsic volcano-plutonic complex including effusive and 

explosive rocks of the Inga Formation and –in the Lufu 

massif – associated prominent microgranites and high-level 

granites ([23]). The Lampa metarhyolites are part of the 

Inga Formation ([10], [11], [16]). The bimodal magmatism 

is widely interpreted as the endogenic expression of 

lithospheric extension during the early stages of Rodinia 

breakup ([10], [22]). 

According to the recent revision of the Kongo Central 

lithostratigraphy ([13]), the Tonian lithostratigraphic 

succession comprises two laterally equivalent units, namely 

the Seke-Banza and Tshela groups (Figure 2). Although the 

depositional age of the volcano-sedimentary Tshela Group 

remains unconstrained, it is generally regarded as a lateral 

equivalent of the igneous Seke-Banza Group ([11], [13]). It 

consists predominantly of (often) finely laminated dark 

metapelites, felsic and mafic metavolcanic rocks, 

presumably of explosive origin, dark metaquartzites, minor 

metabasalts, metaconglomerates and subordinate dolomitic 

lenses. 

The succession is overlain by the Cataracts Group (ca. 900-

541 Ma), composed of siliciclastic, diamictic and carbonate 

deposits ([24]). The Lower Diamictite Subgroup including 

lenses of tholeiitic basaltic flows and subvolcanic feeder 

sills and dykes has been emplaced at ca. 694-678 Ma ([25 – 

27]). 
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Figure 1: (a) Regional geological map of the West Congo Belt (WCB) in Kongo Central Province, showing the main 

lithostratigraphic units, structural features, and four tectono-metamorphic domains: Domain 1: sedimentary to very low-grade; 

Domains 2–3: greenschist facies; and Domain 4: amphibolite facies. The Tshela study area is outlined by the black dashed 

rectangle. (b) Location of Kongo Central Province within the DRC: G, Gabon; C-B, Congo-Brazzaville; C, Cabinda; A, Angola; 

K, Kinshasa. (c) Schematic W–E section showing the regional metamorphic zonation across the WCB. Modified after ([28], 

[11]). 
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Figure 2: Updated lithostratigraphic framework of the West Congo Supergroup in the Kongo Central Province, showing the 

revised litho-chronostratigraphic relationships between the Nzadi, Seke-Banza, Tshela, and Cataracts groups, together with 

the geodynamic evolution of the West Congo Belt (WCB) Modified from ([13]). 

3. Materials and Methods  

3.1 Fieldwork 
 

Field investigations were conducted in February 2025, in 

the Tshela area, Kongo Central Province, with the aim of 

documenting the distribution, field relationships and 

textural variability of the Lampa metarhyolites The field 

campaign was guided by published ([16], [17]), and 

unpublished geological data compiled at the Royal Museum 

for Central Africa (Tervuren), Belgium, and academic 

datasets from University of Kinshasa (D.R Congo).  

The present study focuses on six representative samples 

(TSH-25-03, TSH-25-15, TSH-25-43, TSH-25-54, TSH-

25-56, and TSH-25-63; Figure 3). 
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Figure 3: Geological map of the Tshela studied area, showing the distribution of the representative samples analyzed in this 

study. Modified from ([11],[16]). The faults and lineaments are interpretative and derived from the DEM analysis (TPI layer 

and MDOW hillshade). 

3.2 Petrographic Analysis 
 

Polished thin sections were prepared from representative 

samples at KU Leuven, Belgium. Petrographic observations 

were carried out using a Leica DMP4 polarizing microscope 

under plane-polarized light and cross-polarized light, with 

×2.5, ×5 and ×10 objectives. Microphotographs were 

acquired using a Leica Flexacam C3 camera and LAS X 

software. 

The petrographic description focused on features relevant to 

reconstructing the internal architecture and post-

emplacement modification of the Lampa metarhyolites. 

Particular attention was given to primary and/or 

recrystallization features of the matrix, matrix/crystal ratio, 

quartz and feldspar abundance, phenocryst morphology and 

preservation, sericitization, quartz deformation textures, 

foliation intensity, occurrence of crenulation cleavage, and 

the distribution of secondary (recrystallization) minerals. 

These criteria were used to distinguish relict primary 

volcanic textures of the protolith from later deformation-

related and metamorphic fabrics. 

3.3 Scanning Electron Microprobe 
 

Scanning electron microscopy (SEM) was used to 

characterize mineral assemblages and microtextural 

relationships in one selected Lampa metarhyolite sample. 

Analyses were performed on 10-20 nm carbon-coated 

polished thin sections using a SNE-4500M Plus 

(NanoImages, Canada) at the Laboratoire G-Time 

(Université Libre de Bruxelles, Belgium), under 

backscattered electron (BSE) view, with an acceleration 
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voltage of 15 kV and a beam intensity of 110 μA. The SEM 

is coupled to a Bruker XFlash® energy-dispersive X-ray 

spectroscopy (EDS) detector with a QUANTAX system 

(Bruker S.A.). Backscattered-electron (BSE) imaging was 

employed to investigate mineral textures and compositional 

contrasts, while EDS supported mineral identification and 

the recognition of phases not readily distinguished by 

optical microscopy. Observations focused on quartz, 

feldspar, biotite, titanite, Fe-Ti oxides, apatite and other 

accessory minerals within the recrystallized matrix and 

deformation-related fabrics. Particular attention was given 

to the occurrence and textural setting of titanite in relation 

to Fe-Ti oxides and matrix recrystallization domains to 

assess whether it represents a primary magmatic phase or a 

secondary mineral formed during metamorphism and/or 

fluid-assisted alteration. 

 

3.4 LA-ICP-MS U-Pb titanite geochronology 

 
U-Pb analyses were performed on titanite grains directly in 

polished thin sections and mount of selected metarhyolite 

samples TSH-25-03 and TSH-25-15 at the GeOHeLiS 

analytical platform, Université de Rennes (France). 

Analyses were carried out using a 193 nm Excimer laser 

ablation system (ESI NWR193UC) coupled to an Agilent 

7850 ICP-MS. Analytical conditions included a beam 

diameter of 40 μm and a repetition rate of 5 Hz. 

The ablated material was transported in a helium carrier gas 

(0.76 L/min) and mixed with nitrogen (0.06 L/min) and 

argon (0.47 L/min) prior to introduction into the plasma 

source. The isotopes 204(Pb + Hg), 206Pb, 207Pb, 208Pb, 232Th, 

and 238U were measured during each analysis. The 

abundance of 235U was calculated from 238U using a fixed 
238U/235U ratio of 137.818. Each analytical cycle consisted 

of approximately 20 s of background acquisition, 40 s of 

laser ablation, and 10 s of washout. 

Data reduction was carried out using the Iolite in time-

resolved mode ([29]). Raw data were corrected for laser-

induced elemental fractionation (Pb/U and Pb/Th) and 

instrumental mass bias using the standard-sample 

bracketing approach. The OLT1 titanite reference material 

([30]) was used for calibration. The McClure titanite 

standard (523.3 ± 1.3 Ma; ([31])) was analyzed as an 

independent monitor of analytical accuracy and precision 

and yielded an age of 515 ± 36 Ma (n = 3), consistent within 

uncertainty with the published reference value. 

 

4. Results 

4.1. Field characteristics of the Lampa metarhyolites 
 

The Lampa metarhyolitic rocks are exposed at several 

localities in the Tshela area, including Kimakonga, Kondi 

di Kizu, Nzamba-Zunga, the Tadi River area and the eastern 

margin of the study area (Figure 3). In the field, they occur 

as homogeneous, grey to dark grey rocks characterized by 

conspicuous bluish quartz and feldspar crystals enclosed 

within a fine-grained matrix. The relative abundance and 

distribution of these phenocrysts vary among the studied 

samples, defining a continuum from matrix-rich facies with 

dispersed, separate, individual quartz and/or feldspar 

phenocrysts to crystal-rich facies containing a higher 

proportion of phenocrysts. Sample TSH-25-43 is more 

heterogeneous and strongly crenulated and is described 

separately based on its petrographic features. 

The studied metarhyolites exhibit variable degrees of 

deformation, ranging from massive to weakly and locally 

strongly foliated. A planar fabric is weakly developed in 

sample TSH-25-03 from Kondi di Kizu area, but becomes 

progressively more pronounced in samples TSH-25-15, 

TSH-25-54, TSH-25-56 and TSH-25-63. Near Lampa, 

sample TSH-25-56 exhibits a well-developed foliation 

associated with local crenulation structures. These field 

observations provide the framework for the petrographic 

descriptions presented in the following sections. 

4.2. Relict volcanic (effusive and explosive) facies of the 

Lampa metarhyolites 
 

Petrographic observations show that the Lampa 

metarhyolitic rocks preserve relict volcanic features despite 

subsequent tectono-metamorphic modification. Based on 

the relative abundance of the felsic matrix and quartz-

feldspar phenocrysts, three volcanic facies (protoliths) are 

recognized: (i) effusive matrix-rich metarhyolites, (ii) 

effusive crystal-rich metarhyolites, and (iii) explosive 

facies. 

The matrix-rich facies, represented by samples TSH-25-

03, TSH-25-54 and TSH-25-56, is characterized by a 

predominance of fine-grained felsic matrix enclosing 

dispersed quartz and feldspar phenocrysts (Figures 4, 5 & 

6). Quartz commonly occurs as subhedral to subrounded 

crystals, whereas feldspar forms subhedral to anhedral 

phenocrysts that generally retain their primary crystal 

outlines despite variable alteration. The relatively low 

phenocryst abundance and their homogeneous distribution 

impart a weakly porphyritic texture. 
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Figure 4: Field occurrence and petrographic characteristics of the Kondi di Kizu metarhyolite (TSH-25-03). (A) Outcrop view 

showing a massive to weakly foliated facies; the red dashed line indicates the orientation of foliation. (B) Hand specimen 

displaying quartz (Qz) and feldspar (Fsp) phenocrysts within a fine-grained felsic matrix. (C) Thin-section photomicrograph 

under crossed-polarized light (XPL) showing a porphyritic texture with quartz and feldspar phenocrysts embedded in a fine 

recrystallized matrix. (D) PPL photomicrograph illustrating a spherulitic texture (Spherule) surrounded by a chlorite-rich 

matrix (Chl), with associated sericite (Ser), suggesting devitrification of an original felsic volcanic material. (E) Plane-polarized 

light (PPL) image showing altered feldspar (Fsp) crystals enclosed in a foliated matrix rich in epidote (Ep), indicative of 

metamorphic and hydrothermal alteration. (F) PPL photomicrograph showing chlorite (Chl), epidote (Ep), and quartz (Qz) 

aligned within the schistose matrix, reflecting low-grade metamorphic overprint and hydrothermal recrystallization. 

 

Figure 5:  Field and petrographic characteristics of metarhyolite sample TSH-25-54 from Nzamba-Zunga village. (A) Field 

exposure of a dark grey, fine-grained metarhyolite displaying an apparently massive aspect and irregular fractures. (B) Hand 

specimen of TSH-25-54 showing a dark grey, fine-grained and macroscopically homogeneous rock. (C) Plane-polarized light 

(PPL) photomicrograph showing quartz (Qz) and feldspar crystals (Fsp) dispersed within a fine-grained sericite-bearing matrix 

(Ser), in which a preferential mineral alignment is locally visible. (D) Cross-polarized light (XPL) photomicrograph showing a 

partially altered feldspar crystal (Fsp), outlined by the red dashed line, within a fine-grained quartz-rich matrix (Qz). Calcite 

(Cal) occurs locally adjacent to the feldspar.  
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 Figure 6: Field and petrographic characteristics of metarhyolite sample TSH-25-56 from the Tadi River area. (A) Outcrop view 

showing a weakly developed planar fabric. (B) Hand specimen displaying quartz (Qz) and feldspar (Fsp) crystals within a fine-

grained felsic matrix. The main foliation (S) is outlined by red dashed lines, whereas yellow dashed lines indicate crenulation 

structures(C). (C) Thin-section photomicrograph (XPL) showing a foliated matrix composed of quartz (Qtz), feldspar (Fsp),. (D) 

Enlarged XPL view showing partially recrystallized feldspar (Fsp) and quartz (Qz) phenocrysts enclosed within a sericite-rich 

foliated matrix (Ser).  

The crystal-rich facies, represented by samples TSH-25-

15 and TSH-25-63, contains a markedly higher proportion 

of quartz and feldspar phenocrysts relative to the matrix 

(Figures 7 & 8). Quartz phenocrysts are typically subhedral 

to rounded and occur either as isolated crystals or locally as 

small crystal aggregates, whereas feldspar phenocrysts are 

abundant throughout the rock. Compared with the matrix-

rich facies, the higher phenocryst content produces a more 

distinctly porphyritic texture. 

In sample TSH-25-15, the assemblage includes quartz, 

feldspar (K-feldspar and albite), biotite, epidote, sericite, 

titanite, Mn-rich ilmenite and apatite (Figure 7). Titanite 

occurs as small anhedral grains and locally in close spatial 

association with Fe-Ti oxides (Figure 7E). Biotite is present 

in the recrystallized matrix, whereas apatite occurs as small 

accessory grains. 

 

The textural relationship between titanite and Fe-Ti phases 

is important because titanite is not observed as large 

euhedral phenocrysts. Instead, it occurs as fine grains or 

reaction-related phases within recrystallized domains.  
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Figure 7:  Field, petrographic, and SEM characteristics of the metarhyolite sample TSH-25-15. (A) Outcrop view. (B) Hand 

specimen showing quartz (Qz) and feldspar (Fsp) phenocrysts in a fine-grained felsic groundmass. (C) Thin-section 

photomicrograph (XPL) illustrating the porphyritic and/or glomeroporphyritic texture with feldspar (Fsp), quartz (Qz), and a 

sericitized matrix (Ser). (D) Enlarged PPL view of a “rhyolitic” quartz phenocryst (Qz) (fragmentation cracks, corroded with 

sharp or curved edges) outlined by dashed red lines. (E) BSE image showing quartz (Qz), biotite (Bt), titanite (Ttn), ilmenite 

(Ilm), and apatite (Ap). (F) SEM-EDS elemental map (Si-K-Ca-Fe-Ti-C). Abbreviations: Qz = quartz; seric = sericite; Ab: 

albite; Bt = biotite; Ttn= titanite; Ilm = ilmenite. 
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Figure 8. Macroscopic and petrographic characteristics of the crystal-rich metarhyolite sample TSH-25-63. (A) Hand specimen 

showing quartz (Qz) and feldspar (Fsp) crystals in a foliated matrix crosscut by a quartz vein (Qv). (B) Thin-section overview 

showing abundant quartz (Qz) and feldspar (Fsp) crystals within a sericite-rich (Ser) foliated matrix. (C) PPL photomicrograph 

showing a feldspar porphyroclast (Fsp) wrapped by an epidote-bearing (Ep) foliated matrix. (D) PPL photomicrograph showing 

a porphyroclastic fabric defined by quartz (Qz) and feldspar (Fsp) porphyroclasts within an epidote-bearing foliated matrix. 

The explosive facies (tuff) 
 

The hand specimen sample TSH-25-43 displays a well-

developed foliation affected by strong crenulation cleavage 

giving rise to well-expressed individual microlithons 

(Figure 9A). In addition to the strong tectonic overprint, the 

recrystallized matrix is dominated by prominent aligned 

chlorite-rich phyllosilicates defining a pervasive foliation 

wrapping around large subhedral to anhedral quartz 

crystals, producing a well-developed porphyroclastic fabric. 

The polished thin section (Figure 9B) reveals a relatively 

heterogeneous rock containing scattered quartz phenocrysts 

and a preferential original linear alignment of opaques, now 

interrupted and displaced because of the microlithon fabric. 

Under plane-polarized light (Figures 9C-E), distinctive 

volcanic relict features subsist, including “rhyolitic” 

amoeboid and embayed quartz phenocrysts with internal 

cracks and phenocryst fragments, locally preserved 

volcanic glass, and aligned possible glass shards. Within 

each microlithon, the preferential alternation of the 

recrystallized phyllosilicates, grey quartz-feldspar mini-

layers and/or variation in abundance of opaques marks an 

internal compositional layering of the rock. These features 

suggest that the protolith resulted from explosive tuffaceous 

rather than effusive volcanism. Although previously 

unobserved in the Lampa area the occurrence of tuffs is not 

surprising as they are well-known in the Inga area ([17]).   



44 

 

 

T. K. Hubert et al. 

 
Journal Africain des Sciences, VOL. 3, 11 (2026) 34-52 

https://jafrisci.org ISSN (online): 3107-0949; ISSN (print): 3107-0930 
 

 

Figure 9: Petrographic characteristics of metarhyolitic tuff sample TSH-25-43. (A) Hand specimen showing a well-developed 

foliation locally affected by crenulation cleavage (red dashed lines). (B) PPL whole-thin-section scan showing the heterogeneous 

distribution of quartz (Qz) crystals within a fine-grained felsic matrix and the preferential alignment of opaque minerals. (C) 

PPL photomicrograph showing a matrix dominated by strongly aligned chlorite-rich phyllosilicates (Chl), alternating with grey 

quartz-feldspar-rich mini-layers (red dashed lines), defining an internal compositional layering. (D) PPL image illustrating 

fractured and embayed quartz (Qz) crystals enclosed within the foliated chlorite-rich (Chl) matrix. The lower right part of the 

image preserves aligned flattened shard-like relics associated with a preferential concentration of opaque minerals, suggesting 

relict primary volcanic layering. (E) PPL photomicrograph showing a well-developed porphyroclastic fabric, with the foliated 

matrix wrapping around fractured quartz crystals.  

4.3. U-Pb dating on titanite 
 

In situ Titanite U-Pb analyses were obtained from 

metarhyolite samples TSH-25-03 and TSH-25-15. 

Representative titanite grains analyzed by LA-ICP-MS are 

shown in (Figure 10).  

In sample TSH-25-03, titanites occur as subhedral to 

anhedral grains dispersed within the metarhyolitic matrix 

(Figures. 10A-B). A total of 20 in situ analyses were 

performed on titanite grains in thin section, of which 17 

were retained for age calculation (Table 1). The analyzed 

titanites contain between 4 and 109 ppm U and 981 to 

20,636 ppm Pb, with Th/U ratios ranging from 0.09 to 1.04 

(Table 1). The retained analyses (n = 17) define a coherent 

array on the Tera-Wasserburg diagram and yield a lower-

intercept age of 540 ± 32 Ma, with a MSWD of 1.5 (Figure 

11A). 

In sample TSH-25-15, titanites form reaction rims and 

external overgrowths around ilmenite (Figures  

10C-D). A total of 60 in situ titanite analyses were carried 

out on both thin section and grain mounts, of which 55 were 

retained for age calculation. These titanites contain between 

0.4 and 64 ppm U and 206 to 9,532 ppm Pb, with Th/U 

ratios ranging from 0.0004 to 4.42 (Table 1). The retained 

analyses (n = 55) define a well-constrained regression on 

the Tera-Wasserburg diagram and yield a lower-intercept 

age of 560.2 ± 15.3 Ma, with a MSWD of 2.7 (Figure 11B). 
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Figure 10: Representative titanite grains dated by U-Pb geochronology in thin sections from samples TSH-25-03 and TSH-25-

15, showing the locations of the LA-ICP-MS analysis spots. (A-B) Subhedral to anhedral titanite grains from sample TSH-25-

03; (C-D) titanites form reaction rims and external overgrowths around ilmenite from sample TSH-25-15. All images were 

acquired under plane-polarized light (PPL). 
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Table 1: LA-ICP-MS U-Pb analytical data for titanite from metarhyolite samples TSH-25-03 and TSH-25-15, including Tera-

Wasserburg and Wetherill concordia age calculations. 
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Figure 11: Tera–Wasserburg diagrams for U-Pb dating of titanite from the Lampa metarhyolites. (A) Tera-Wasserburg diagram 

of 207Pb/206Pb versus 238U/206Pb ratios for titanite analyses from sample TSH-25-03, yielding a lower-intercept age of 540 ± 32 

Ma (n = 17). (B) Tera-Wasserburg diagram of 207Pb/206Pb versus 238U/206Pb ratios for titanite analyses from sample TSH-25-

15, yielding a lower-intercept age of 560.2 ± 9.4 Ma (n = 55).  

 

5. Discussion 

5.1. Petrographic heterogeneity and volcanic facies of 

the Lampa metarhyolites 
 

The Lampa metarhyolites have been regarded as a 

succession of distinct effusive flows with internal 

petrographic variability ([16], [17]). 

The studied Lampa metarhyolites are not texturally 

homogeneous (Table 2). Petrographic observations (Figures 

4-9) show that all samples preserve relict phenocrysts of 

“rhyolitic” quartz and feldspar, consistent with a rhyolitic 

protolith, however with variable tectono-metamorphic 

overprint. The phenocrysts enclosed within a fine-grained 

felsic groundmass define the primary volcanic fabric, 

whereas quartz recrystallization, feldspar sericitization, 

chloritization-epidotization and the development of 

foliation record subsequent metamorphism and 

deformation. The preservation of primary volcanic textures 

together with superimposed tectono-metamorphic fabrics is 

characteristic of many felsic metavolcanic successions and 

provides a reliable basis for reconstructing original volcanic 

facies despite later reworking ([2], [32], [33]). 

Based on the relative proportions of phenocrysts and felsic 

matrix, three volcanic facies are recognized (Figures 4-9): 

(i) matrix-rich metarhyolites, (ii) crystal-rich metarhyolites, 

and (iii) explosive facies (tuff). Matrix-rich metarhyolites 

are characterized by dispersed quartz and feldspar 

phenocrysts enclosed within a fine-grained felsic matrix, 

producing weakly porphyritic textures. In contrast, crystal-

rich metarhyolites contain abundant quartz and feldspar 

phenocrysts, locally forming glomeroporphyritic crystal 

clusters, and display a markedly porphyritic texture. 

Variations in phenocryst abundance relative to the matrix 

are common in coherent felsic volcanic rocks and are 

generally interpreted as reflecting differences in magma 

crystallinity, crystal content and emplacement conditions 

rather than deformation alone ([2], [32], [33]). 

Consequently, the textural differences observed among the 

metarhyolites most likely represent primary heterogeneity 

within the original rhyolitic volcanic succession in line with 

successive flows. 

The distinctive tuff facies (sample TSH-25-43; Figure 9) 

differs from the coherent effusive metarhyolitic facies by 

preserving volcanic relict features that are absent from the 

other samples, including embayed quartz crystals, internal 

compositional layering and heterogeneity, locally preserved 

volcanic glass, internally fractured crystal fragments and 

possible glass shards (Figures 9D-E). Although these 

features have been modified by strong deformation, 

expressed by the well-developed foliation, locally affected 

by crenulation cleavage, together with the chlorite-rich 

matrix and porphyroclastic fabric (Figure 9C), their 

association is more consistent with a tuffaceous precursor 

than with tectonic processes alone. Similar relict textures 

have been reported from metamorphosed felsic tuff deposits 

in volcanic terranes, where primary pyroclastic features 

remain identifiable despite regional metamorphism and 

deformation ([2], [34], [33]).  

Although primary volcanic features are preserved, all facies 

have experienced variable tectono-metamorphic 

overprinting. Quartz recrystallization, feldspar 

sericitization, chloritization and epidotization, progressive 

alignment of phyllosilicates, foliation development and 

local porphyroclastic fabrics indicate that the original 

rhyolitic textures were modified to different degrees after 

emplacement. The intensity of this overprint varies 

considerably between samples, from weakly foliated 

metarhyolites that retain abundant primary volcanic textures 
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to strongly foliated rocks in which only relict volcanic 

fabrics remain.  

Comparable relationships between preserved volcanic 

textures and superimposed tectono-metamorphic fabrics 

have been widely documented in deformed silicic volcanic 

successions ([7 – 9]). 

Overall, the petrographic evidence indicates that the Lampa 

metarhyolites comprise internally heterogeneous felsic 

volcanic facies that preserve significant elements of their 

original volcanic character despite subsequent Pan-African 

tectono-metamorphic overprinting. The recognition of 

matrix-rich, crystal-rich and pyroclastic facies refine 

previous descriptions of the unit. However, in the absence 

of detailed field mapping, the available petrographic data 

alone do not demonstrate whether these facies represent 

distinct eruptive units, successive volcanic flows or lateral 

facies variations within a single volcanic system.  

 

 

Table 2. Summary of the petrographic characteristics of the volcanic facies identified within the Lampa metarhyolites. 

Diagnostic criteria are based on the relative abundance of quartz-feldspar phenocrysts and felsic groundmass, together with 

preserved volcanic textures and the nature of the tectono-metamorphic overprint. 
  

Volcanic 

facies 

Samples Figures Estimated 

proportions 

Description 

criteria 

Secondary tectono-

metamorphic 

features 

Interpretation 

Matrix-rich 

effusive 

metarhyolites 

TSH-25-03, 

TSH-25-54, 

TSH-25-56 

Figs. 4-6 Groundmass: 

~65-75%; 

quartz + 

feldspar 

phenocrysts: 

~25–35% 

Fine-grained 

felsic 

groundmass, 

dispersed quartz 

and feldspar 

phenocrysts, 

weakly 

porphyritic 

texture 

Quartz 

recrystallization, 

feldspar 

sericitization, 

chlorite ± epidote, 

weak to moderate 

foliation 

Coherent 

rhyolitic facies 

preserving a 

matrix-

dominated 

volcanic texture 

Crystal-rich 

effusive 

metarhyolites 

TSH-25-15, 

TSH-25-63 

Figs. 7-8 Groundmass: 

~55-60%; 

quartz + 

feldspar 

phenocrysts: 

~40-45% 

Abundant quartz 

and feldspar 

phenocrysts, 

locally clustered 

crystals, distinctly 

porphyritic 

texture 

Quartz 

recrystallization, 

sericitized feldspars, 

locally developed 

porphyroclastic 

texture 

Coherent 

rhyolitic facies 

preserving a 

crystal-rich 

volcanic texture 

Explosive 

pyroclastic 

facies (tuff) 

TSH-25-43 Fig. 9 Fine 

pyroclastic 

matrix: ~65-

70%; 

crystals and 

crystal 

fragments: 

~30-35% 

Embayed quartz, 

locally preserved 

volcanic glass, 

internally 

fractured crystal 

fragments and 

possible glass 

shards 

Chlorite-rich foliated 

matrix, 

porphyroclastic 

fabric, crenulation 

cleavage and quartz 

microfractures 

Metamorphosed 

felsic 

pyroclastic 

facies 

preserving relict 

volcanic 

textures 

 

5.2. Titanite U-Pb geochronology and timing of the 

Pan-African tectono-metamorphic overprint 
 

The titanite U-Pb data from the two Lampa metarhyolite 

samples define a coherent late Neoproterozoic age 

population. Samples TSH-25-03 and TSH-25-15 yield 

statistically indistinguishable Tera-Wasserburg lower-

intercept ages of 540 ± 32 Ma and 560.2 ± 15.3 Ma, 

respectively, with a combined age of 559 ± 15 Ma (Figure 

12). The consistency between the two samples suggests that 

these ages record a common geological event affecting the 

Lampa metarhyolites. 

Petrographic and SEM observations indicate a secondary 

rather than primary magmatic origin for the dated titanite. 

In TSH-25-03, titanite occurs mainly as subhedral to 

anhedral grains dispersed within the recrystallized 

metarhyolitic matrix, whereas in TSH-25-15 it locally forms 

reaction rims and external overgrowths around ilmenite. 

These textures indicate titanite growth through reactions 

involving pre-existing Fe-Ti oxides during post-magmatic 

reworking. Uranium concentrations in the analyzed titanite 

are generally low (0.4-109 ppm), whereas Pb concentrations 

are comparatively high. Together with the coherent age 

populations obtained from both samples, the textural 

relationships support secondary titanite growth during post-

magmatic reworking. 

This interpretation is consistent with the secondary mineral 

assemblage observed in the Lampa metarhyolites, including 

chlorite, sericite and epidote, together with quartz 

recrystallization and feldspar sericitization. These 

mineralogical and textural features are consistent with the 

regional greenschist-facies tectono-metamorphic overprint 

previously recognized in the Lampa area ([16], [17]). No 

petrographic evidence for a higher-grade metamorphic 

overprint has been identified in the studied samples. We 

therefore interpret the 559 ± 15 Ma titanite age as recording 
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secondary titanite growth during regional greenschist-facies 

metamorphism and deformation associated with the Pan-

African tectono-metamorphic evolution of the West Congo 

Belt, possibly assisted by fluid circulation. 

The absence of zircon in our Lampa metarhyolite samples 

precludes direct determination of the crystallization age of 

the volcanic protolith. However, previous petrographic and 

geochemical data suggest a relationship with the felsic 

Inga/Lufu volcano-plutonic rocks of the Seke-Banza Group 

([16], [17]). Moreover, within the WCB, the Lampa 

metarhyolites occur along strike between comparable felsic 

rocks of the Inga area (Kongo Central, DRC) and the 

Kakamoeka area (Republic of the Congo), for which Tonian 

magmatic ages of ca. 920-900 Ma have been reported ([10], 

[11]). The titanite ages therefore constrain a younger 

tectono-metamorphic event superimposed on this Tonian 

volcanic history rather than the timing of felsic magmatism 

itself. 

At the regional scale, the 559 ± 15 Ma titanite age provides 

a new constraint on the timing of Pan-African tectono-

metamorphic reworking in the Lampa area. In Kongo 

Central (DRC), it is compatible, within uncertainty, with the 

566 ± 40 Ma 40Ar/39Ar age reported by Frimmel et al. ([12]) 

for regional metamorphism. Farther northwest, in the 

Republic of the Congo, Fullgraf et al. ([35]) distinguished 

two Pan-African tectono-metamorphic events, with a main 

M1 event at 590–570 Ma followed by a younger M2 event 

at 520–500 Ma. The M1 event represents the main phase of 

regional deformation and metamorphism during the Pan-

African evolution of the West Congo Belt, whereas M2 

records a later metamorphic overprint. Within analytical 

uncertainty, the 559 ± 15 Ma titanite age overlaps with the 

younger part of the M1 interval and is also consistent with 

the 566 ± 40 Ma regional age from Kongo Central. 

Regionally, the Pan-African metamorphic overprint ranges 

from greenschist-facies conditions to locally higher-grade, 

garnet-bearing assemblages ([35],[36]). These regional 

constraints support interpretation of the Lampa titanite age 

as recording the local greenschist-facies expression of the 

main Pan-African tectono-metamorphic reworking of the 

West Congo Belt rather than an isolated thermal event. The 

new titanite U-Pb age thus provides a direct chronological 

constraint on Pan-African metamorphic reworking of the 

Lampa metarhyolites at ca. 560 Ma (Table 3)

 

Figure 12: Combined Tera-Wasserburg U-Pb diagram (²⁰⁷Pb/²⁰⁶Pb versus ²³⁸U/²⁰⁶Pb) for 

titanite analyses from metarhyolite samples TSH-25-03 and TSH-25-15. 
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Table 3: Selected geochronological constraints on the Pan-African tectono-metamorphic evolution of the West Congo Belt in 

the Democratic Republic of the Congo (DRC) and the Republic of the Congo (RoC). 

Age 

(Ma) 

Area Rock unit Dated mineral / 

Method 

Geological significance Reference 

559 ± 

15 

Tshela area 

(DRC) 

Lampa 

metarhyolites 

Titanite U-Pb Greenschist-facies Pan-African 

tectono-metamorphic reworking 
This study 

590–

570 

Mayombe 

region 

(RoC) 

Regional 

metamorphic rocks 

Illite–muscovite K-

Ar 

Main Pan-African regional 

metamorphism (M1) 

Fullgraf et al. 

(2024) 

566 ± 

40 

Kongo 

Central 

(DRC) 

Tholeiitic feeder 

dolerite sill 

Mafic minerals 

(40Ar/39Ar) 

Regional greenschist-facies 

metamorphism and deformation 

Frimmel et al. 

(2006) 

520–

500 

Mayombe 

region 

(RoC) 

Regional 

metamorphic rocks 

Illite–muscovite K-

Ar 

Late Pan-African thermal event 

(M2) 

Fullgraf et al. 

(2024) 

 

6. Conclusion 
 

This study presents an integrated petrological and in situ 

titanite U-Pb geochronological investigation of the Lampa 

metarhyolites (Inga Formation, Seke-Banza Group) from 

the Tshela area, southwestern Democratic Republic of the 

Congo. Based on fieldwork and petrological study, the unit 

appears to be internally heterogeneous, comprising matrix-

rich metarhyolites, crystal-rich metarhyolites and 

distinctive explosive facies (rhyolitic tuff). The recognition 

of a pyroclastic facies, reported here for the first time within 

the Lampa metarhyolites, expands the spectrum of volcanic 

facies currently recognized in the Tshela felsic succession. 

Titanite U-Pb analyses yield a combined lower-intercept 

age of 559 ± 15 Ma, providing the first direct 

geochronological constraint on Pan-African metamorphic 

reworking of the Lampa metarhyolites in the Tshela area. 

The consistency of this age across petrographically 

contrasting facies suggests that regional metamorphic 

recrystallization affected the volcanic succession while 

preserving significant elements of its original volcanic 

fabric. 

Taken together, these findings support the interpretation 

that the Lampa metarhyolites represent an early 

Neoproterozoic (Tonian) felsic volcanic succession that was 

subsequently reworked during the WCB evolution. In the 

context of current knowledge on the Tshela area, this study 

refines the geological characterization of the unit by 

documenting its internal volcanic heterogeneity and 

providing its first direct metamorphic age constraint. These 

results establish a framework for future whole-rock 

geochemical, zircon U-Pb geochronological and regional 

stratigraphic studies, which will be essential for further 

constraining the origin, evolution and geodynamic 

significance of Tonian felsic magmatism preceding the 

formation of the West Congo Belt. 
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