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The textural characteristics of felsic lavas and ignimbrites in the Sabga area along the continental segment of the Came­
roon Volcanic Line (CVL) are documented in this study. Two rhyolitic lava flows separated by mafic and rhyodacitic 
lava flows were dated by zircon LA-ICP-MS technique in order to constrain the timescales of successive flow emplace­
ment as well as magma chamber processes in this volcanic field. The studied samples have rheomorphic characteristics 
such as eutaxitic textures defined by elongated fiamme as well as deformed and welded glass shards. They exhibit flow 
banding and contain spherulitic groundmass. Rhyolitic autobreccias and ignimbrites are widespread in the Sabga area, 
are peralkaline in nature and their ages are broadly similar at ~23.0 ± 0.3 Ma (23.34 ± 0.34 Ma for the ignimbrite and 
22.98 ± 0.28 Ma for the rhyolitic autobreccia unit). These ages suggest rapid recharge of magma into a periodically 
replenished and open chamber. The felsic rocks in the Sabga area and around the Bamenda Highlands are also younger 
compared to other felsic units along the CVL (29 Ma to 69.4 ± 0.4 Ma).
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the whole magma system can be rebuilt over millions of 
years (Wilson and Charlier 2016). These timescales 
of silicic magmatic evolution can be investigated through 
dating and study of the sequence of volcanic eruption 
products. The interpretation of magma-chamber processes 
and the time scales at which they occur are effectively 
achieved through single crystal dating of zircons by U–Pb 
technique (e.g. Miller and Wooden 2004; Klemetti and 
Clynne 2014; Barker et al. 2014). The results are relevant 
in hazard assessment at active silicic volcanoes as they 
allow for a better comprehension of magma plumbing 
systems. 

Prominent among the numerous large volcanic prov­
inces in the World is the intraplate chain of volcanoes 
in West Africa known as the Cameroon Volcanic Line 
(CVL; Fig. 1; Okereke 1988; Marzoli et al. 1999; Njome 
and de Wit 2014). The CVL comprises several eruption 
centers separated by uplifted and eroded older plutonic 
complexes. The volcanic history, tectonic evolution 
and source of carbon dioxide enrichment in volcanic 
lakes along the CVL remain debated (see summary in 

1.	Introduction

Silicic volcanism is usually explosive producing falls 
and large-volume pyroclastic flow deposits generally 
associated with caldera-forming events (Milner et al. 
2003; Singer et al. 2014). Silicic volcanic rocks includ­
ing extensive lavas and lava-like ignimbrites have been 
recognized to be abundant in the geologic record (Henry 
and Wolf 1992). Large silicic magma systems host some 
of the most hazardous volcanoes on Earth (Self 2006; 
Barker et al. 2014) such as the Bishop Tuff in California 
(Wilson and Hildreth 1997) and the Taupo Volcano, New 
Zealand (Houghton et al. 1995).

Evaluating the dynamic evolution of silicic magma 
systems depends critically on knowing the timescales 
over which magma-chamber processes (e.g. magma 
generation, segregation, accumulation, ascent, emplace­
ment, storage, recharge, solidification, residence, crystal 
fractionation) and eruption occur (Seitz et al. 2016). 
Magma-chamber processes in these systems before an 
eruption occur on timescales as short as decades, and 
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Njome and de Wit 2014). Lavas along the CVL are both 
mafic and felsic. The mafic ones concentrate especially 
around Mt. Cameroon (Fig. 1), where they have been 
studied in most detail (e.g. Njome et al. 2008; Suh et 
al. 2008; Wantim et al. 2013). Felsic lavas in the Sabga 
area of the central segment of the CVL, known as the 
Bamenda-Oku axis, have been subject to less systematic 
stratigraphic scrutiny despite their importance for under­
standing the history of the CVL system. 

The Sabga area forms part of the Bamenda High­
lands and hosts voluminous felsic volcanic rocks. 
These rocks crop out as lava domes, lava flows and py­
roclastic flow deposits. Marzoli et al. (1999) reported 
widespread and relatively thick (up to 300 m) volca­
nic sequences at Sabga Pass (Fig. 1b). Studies in the 
Bamenda Highlands (e.g. Marzoli et al. 1999, 2000; 
Kamgang et al. 2007, 2008, 2010, 2013) have focused 
on the geochemistry, petrogenesis of silicic and mafic 
rocks, as well as K–Ar and Ar–Ar feldspar geochronol­
ogy. Existing ages are of relatively low precision, and 
there is a need for more precise and systematic dating 
of rocks in this region based on careful sampling of 
successive eruptive layers. 

Here we present a suite of zircon age determinations 
from two stratigraphic horizons in the Sabga area to trace 

age variations in the magmatic system recorded in single 
zircons. These data combined with the zircon textures 
enable assessing the overall petrogenetic context and tim­
ing of interaction of zircon crystals with magma. These 
data are compared with other felsic explosive volcanic 
systems globally.

2.	Geological setting

The Cameroon Volcanic Line (CVL; Fig. 1a) is a NE–
SW-trending intraplate “fan-shaped” alkaline volcano–
plutonic rift zone ~2000 km long and generally less 
than 200 km wide. It extends across the Gulf of Guinea 
(Pagalu, São Tomé, Principe, and Bioko islands) through 
Cameroon (Mts. Cameroon, Manengouba, Bambouto, 
Oku, Adamawa Plateau) to Lake Chad (Njome and de Wit 
2014). The crystalline basement of the CVL forms part 
of the mobile belt between the West Africa and Congo 
cratons and comprises Pan-African granitoids (Toteu et 
al. 1994; Van Schmus et al. 2008). 

Sabga area belongs to the Bamenda Highlands and 
is sited at latitudes 6.01° to 6.04° N and longitudes 
10.32° to 10.34° E (Fig. 1b). The Bamenda Highlands 
is the fourth largest volcanic massif along the continen­
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tal segment of the CVL and lies mid-way between Mt. 
Bambouto to the SW and Mt. Oku to the NE (Kamgang 
et al. 2010; Fig. 1a). Volcanic activity in this segment 
started with extrusion of alkaline basalts, and continued 
with voluminous silicic volcanic rocks, scarce rhyolitic 
ignimbrites followed by voluminous quartz-normative 
trachytic lava flows, and rare rhyolitic ignimbrites at the 
top of the sequence (Marzoli et al. 1999; Fig. 2). These 
silicic volcanic rocks are closely associated with low- 
to moderately-alkaline basalts, hawaiites and basanites 
(Marzoli et al. 1999; Kamgang et al. 2007, 2010, 2013). 
The rhyolitic ignimbrites consist of welded and non-
welded massive lapilli tuff and lithic breccias (Gountie 
Dedzo et al. 2011). 

According to Kamgang et al. (2007, 2008, 2010),  
K–Ar and Ar–Ar ages for felsic rocks range from 12.5 to 
27.4 Ma. The ages divided the entire sequence into older 
rocks with an age-range 18.0–27.4 Ma and younger rocks 
with an age-range 12.5–13.5 Ma. The lower felsic unit of 
Sabga area was emplaced at 23.0 ± 0.04 Ma (Marzoli et 
al. 1999) and forms part of the older felsic rocks in the 
Bamenda Highlands.

3.	Analytical methods

3.1.	Whole-rock analyses

Half of each of the two samples (~1 kg) collected was 
crushed, pulverised to 200 mesh and analyzed for major- 
and selected trace-elements. The geochemical analysis 
was performed at Acme Analytical laboratories Ltd., 
Vancouver, Canada, using a combination of inductively 
coupled plasma optical emission spectrometry (ICP-
OES) and mass spectrometry (ICP-MS). Before analysis 
for major and trace elements, 0.2 g of sample was fused 
using lithium metaborate/tetraborate and digested using 
dilute nitric acid. Loss on ignition was determined by 
weight difference after ignition at 1000 °C. To ensure 
data quality (95 % confident level) and to calibrate the 
equipment for optimal precision, a replicate, standard and 
blank was measured. Accuracy for the major and trace 
elements was within 5 % error margin. 

3.2.	Geochronology

The U–Pb laser ablation inductively coupled plasma mass 
spectrometry (LA-ICP-MS) isotopic data were obtained 
for two samples of the felsic units. Zircon crystals were 
obtained from their host rocks at University of California 
Santa Barbara (UCSB) by standard crushing, gravimetric- 
and magnetic-separation techniques. Individual crystals 
were handpicked, mounted in epoxy resin and polished 
halfway through individual crystals. 

Cathodoluminescence (CL) imaging was performed to 
reveal the internal structures of zircons and to identify 
the potential analytical sites suitable for determining the 
magmatic crystallization age of crystals. The CL system 
was attached to a FEI Quanta400f Scanning Electron 
Microscope housed at the Department of Earth Science, 
UCSB.

For the U–Pb analyses, U–Th/Pb isotope data were 
collected using a split-stream LA-ICP-MS facility 
located at UCSB. Methods followed those outlined 
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in Kylander-Clark et al. (2013) with modifications as 
presented in McKinney et al. (2015) and are briefly 
summarized here. 

The cleanest crack- and inclusion-free zircon grains 
were ablated with a Photon Machines 4-ns pulse dura­
tion 193-nm wavelength ArF excimer laser ablation 
system with a 25 µm spot diameter, 4 Hz frequency, a 
laser energy of 100 % of 3 mJ (equating to a fluence of 
~1.7 J/cm2) and 100 shots per analysis. 

The isotopic ratios were measured using a Nu Plasma 
HR multi-collector (MC) ICP-MS attached to the laser-

ablation system. In order to monitor and correct for in­
strumental drift, mass bias, and down-hole inter-element 
fractionation, zircon standard 91500 [1065 Ma 206Pb/238U 
isotope dilution-thermal ionization mass spectrometry 
age, Wiedenbeck et al. 1995)] was used as a primary 
reference material. Secondary reference zircon GJ-1 
(601.7 ± 1.3 Ma, Horstwood et al. 2016) was analyzed 
concurrently (once every 8 unknowns) to monitor data 
accuracy, and mass bias- and fractionation-corrected 
based on measured isotopic ratios of the primary refer­
ence material. Same spot size was analysed for the ref­

erence material and the dated 
zircons. 

Data reduction for the U–
Pb isotope analyses was per­
formed using Igor Pro and the 
plugin Iolite v. 2.5 Data (see 
Paton et al. 2010 for details on 
data-reduction methodology).
The 206Pb/238U isotopic ratios 
were corrected for common Pb 
by using the 207Pb method of 
Williams (1998); initial com­
mon Pb estimation was ac­
cording to Stacey and Kram­
ers (1975). All uncertainties 
including contributions from 
the reproducibility of the refer­
ence materials for 207Pb/206Pb, 
206Pb/238U and 207Pb/235U during 
the analytical sessions (70 GJ-
1-34 unknowns) are cited at 2σ 
confidence level. Concordia 
diagrams were plotted using 
ISOPLOT 3.0 (Ludwig 2003) 
in which upper and lower in­
tercepts could be interpreted. 
During the analytical period, 
repeat analyses of the GJ-1 
standard gave a weighted mean 
206Pb/238U age of 599.0 ± 0.8 
Ma, mean square of weighted 
deviates (MSWD) of 0.8, and 
a 207Pb/206Pb age of 601 ± 3 Ma 
(n = 70).
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by abundant and fragmented crystals with less euhedral 
terminations. Crystaloclasts exceed 65 vol. % of the total 
phenocrysts abundance with intense resorption features. 
The fragments are dominated by small, equant, anhedral 
chunks of splinters. Devitrification processes include 
spherulitic growth (Fig. 4b) and development of micro­
poikilitic textures in a glassy groundmass. The pumice 
rich in crystals are collapsed, or stretched (fiamme) and 
are found moulded against, or form flow bands around, 
the crystals. The minerals observed are abundant sani­
dine crystals (up to 60 vol. %) prevailing over quartz  
(> 40%). These minerals are associated with strongly 
welded and deformed glass shards. The lithic fragments 
consist mainly of cognate pyroclasts represented by por­
phyritic and aphyric non-vesicular glassy clasts. 

4.2.	Whole-rock geochemistry

Whole-rock geochemical data (Tab. 1) show that the 
rocks are acidic (rhyolitic) and peralkaline (Fig. 5a–b) 

4.	Results

4.1.	Field relations and petrology

The study area is characterized by an elongated breached 
crater with long and short axes of 1000 m and 400 m, 
respectively (Fig. 2). The volcanic successions occur as 
alternations of felsic and rare basaltic units. The felsic 
units in the area are dominantly welded rhyolitic ignim­
brites, rhyolitic breccias, trachytic lava flows and rhyo­
litic lava flows. The facies architecture and stratigraphic 
reconstruction of the area (results of this study) are il­
lustrated in the composite vertical log in Fig. 3a. This log 
shows a basaltic layer sandwiched by the two dated felsic 
layers. The felsic rocks encountered in the area occur as 
domes, or rounded and jointed elongated blocks with 
vertical axes in the range of 5–10 m. The lava domes are 
primary volcanic forms while the rounded blocks resulted 
from weathering of pre-existing larger volcanic bodies. 
The felsic rocks have various breccia textures: crackle, 
mosaic, chaotic, mesocataclasite and protocataclasite and 
range from coherent lava facies to welded pyroclastic 
units. The lava sequences were systematically sampled 
from bottom to top and the samples chosen for dating 
are separated by mafic lavas and comprise the dominant 
textural varieties of rhyolitic materials in the lithologic 
section. The dated samples are a rhyolitic autobreccia and 
a welded ignimbrite. 

The rhyolitic autobreccia (CMR01) is fine-grained me­
socataclasite that occurs as boulders. It shows evidence 
of multiple episodes of auto-brecciation and annealing 
(clast-in-clast inclusion) and it is characterized by dark 
wispy flow bands, with stretched minerals and lithic 
fragments (Fig. 3b). Petrographically, the autobreccia 
contains oriented vesicles 2–6 mm diameter filled with 
chalcedony entombed in a glassy and devitrified ground­
mass (Fig. 4a).

The dated rhyolitic ignimbrite (CMR02) is welded, 
light brown to grey in color and consists of dark fiamme 
which are aligned, giving rise 
to a flow-foliation and defining 
a porphyritic-eutaxitic texture 
(Fig. 3c). Rare basaltic clasts, 
resorbed and partly rounded, 
are also common within the 
rhyolitic ignimbrites. 

The welded ignimbrite is 
lithic-poor and characterized 

a b
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v
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Q

Fig. 4  Photomicrographs (plane­
-polarized light) of studied samples:  
a – Chalcedony-filled vesicle (amygda­
le; v) in rhyolitic autobreccia (CMR01); 
b – Spherulite (s) in rhyolitic ignimbrite 
(CMR02). Q – Quartz.

Tab. 1 Whole-rock major- (wt %) and trace-element (ppm) analyses of 
the two dated rhyolitic rocks

Sample CMR01 CMR02
SiO2 70.33 68.42
TiO2 0.38 0.54
Al2O3 12.74 12.69
Fe2O3 4.57 6.46
MnO 0.15 0.18
MgO 0.09 0.14
CaO 0.68 1.01
Na2O 5.29 5.45
K2O 4.99 4.71
P2O5 0.08 0.06
LOI 0.69 0.33
Total 99.99 99.99
Ba 261 670
Sr 17.7 79
Nb 86 86.5
Zr 586 554
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and resemble other felsic volcanic rocks along the CVL 
(e.g., Marzoli et al. 1999; Ngounouno et al. 2000; Kam
gang et al. 2010; Mbowou et al. 2015). However, the 
studied samples have higher K2O and Na2O contents than 
rhyolites from Lake Chad area that are peraluminous 
in composition. The Ba/Nb ratios for samples CMR01 
and CMR02 are distinct (3.03 and 7.75, respectively), 
whereas the Zr/Nb ratios show no significant difference 
(6.8 and 6.4 respectively).

4.3.	Zircon textures

The dated samples representing the two facies (rhyolitic 
ignimbrite: CMR01 and autobreccia: CMR02) contain 
stubby, subhedral–euhedral zircons, in a few cases 
exhibiting rounded terminations (Fig. 6a–b). Internal 
structure of the dated 57 zircon grains was characterized 
in terms of the zoning (oscillatory and/or sector), CL 
intensity, presence of corrosion (resorption/dissolution) 
and recrystallization surfaces as well as mineral and/or 
melt inclusions. 

The zircons are of two categories; those with core–rim 
contrast and those without it. Most zircons with clear 
core–rim structure show either blurred or strong oscilla­
tory zoning (e.g. Fig. 6a: CMR01_1; Fig 6b: CMR02_22) 
indicative of igneous origin. A few grains show resorbed 
cores (e.g. CMR01_13). Zircons without core–rim struc­
ture have irregular patchy internal texture (e.g. Fig. 6a: 
CMR01_22). Other zircons exhibit sector zoning (e.g. 
Fig. 6a: CMR01_14, 24b, and 23; Fig. 6b: CMR02_23, 
24, 27, and 28) or fir-tree zoning (Fig. 6b: CMR02_16). 
Several types of zircons have also been identified based 
on CL intensity. There are zircons with CL-dark cores 

and bright rims (e.g. CMR01_4, 10, 13, 17, 21, 23), 
bright whole grains (e.g. CMR01_3, 18, 25; CMR02_4, 
5, 13, 19 and 26), and moderate to high luminescence 
(e.g. CMR01_5, 11, 12, 14, 16, 20, 22; CMR02_2, 11 
and 27). Some grains are characterised by high to mod­
erate (light to grey) CL intensity zones which alternate 
with dark ones (e.g. CMR01_1 and 8; CMR02_12, 25 
and 34). These CL zoning patterns show characteristics 
of both normal and reverse zoning. Normally zoned 
have U-rich cores surrounded by U-poor rims, whereas 
reversely zoned ones exhibit the opposite. Dark patches 
in some grains are suspected to be unidentified mineral 
or melt inclusions around which recrystallization zones 
characterized by high CL intensity (e.g. CMR01_8, 11, 
12 and 14; CMR02_2, 21, 22 and 23) developed.

Brightness contrasts in the zircons are generally ex­
plained as a function of U content, with high-U zones 
corresponding to dark zones of crystals (Miller and 
Wooden 2004; Terentiev et al. 2016). In the present 
case, the CL images indicate that U concentration ranges 
widely both within and between grains.

4.4.	U–Pb zircon dating

The U–Pb ages obtained from 51 grains together with U 
and Th concentrations for zircons analyzed are given in 
Tab. 2. The U content of the zircons is on average slightly 
higher in sample CMR01 (74–1153 ppm) than in CMR02 
(73 to 406 ppm). Thorium contents show similar pattern to 
U. The Th/U ratios (Tab. 2) are on average slightly lower 
in sample CMR01 (0.08–1.37 than in CMR02 (0.78–1.40). 

Five analyses in sample CMR01 (nos 9, 14, 18, 
21 and 22) and two in sample CMR02 (nos 1 and 2) 
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yielded older, nearly concordant ages. Their degree of 
discordance calculated as [1 – (206/238Age/207/206Age)]×100 
is well within 3.6 %. These grains probably represent 
inherited zircons taken up by the magma during its 
ascent.207Pb/206Pb ages are used here to interpret zircons 
older, and 206Pb/238U ages younger, than 1 Ga. Following 
this, xenocrystic zircons with Precambrian 207Pb/206Pb 
ages (CMR01_9, 1951 ± 15 
Ma; CMR01_14, 2123 ± 14 Ma; 
CMR01_21, 2025 ± 17 Ma) and 
206Pb/238U ages (CMR01_18, c. 
401 Ma and CMR01_22, c. 556 
Ma) were observed from the 
rhyolitic autobreccia. In con­
trast, a younger inherited zir­
con age population at ~150 Ma 
(CMR02_1 and CMR02_2) oc­
curs in the rhyolitic ignimbrite. 

All the remaining zircons be­
long to a young, magmatic zir­
con population with 206Pb/238U 
ages spanning from ~26 to 
~23 Ma. For these analyses, 
Concordia diagrams (Fig.  7) 
show arrays of data with low­
er intercepts at c.  23 Ma and 
geologically meaningless up­
per intercepts at c. 4.9–5.0 Ga. 
More precisely, the Concor­
dia age of the rhyolitic auto­
breccia CMR01 is 22.98 ± 0.28 
Ma (MSWD = 6.8; n = 28 – 
Fig. 7a), i.e. very similar to 
23.34 ± 0.34 Ma obtained for the 
ignimbrite CMR02 (MSWD = 
4.6; n = 23 – Fig. 7b). 

5.	Discussion

5.1.	Zircon ages spectra

Theoretically, temporal hetero­
geneities in the zircon dates 
in the Sabga area may have 
resulted from Pb loss, common 
Pb incorporation, presence of 

older xenocrystic cores or prolonged crystallization of 
zircons in the magma reservoir, forming a mixture of 
juvenile magmatic phenocrysts and antecrysts (Miller 
et al. 2007).

The occurrence of zircons with uniform crystallization 
ages dominated by the younger discordant population 
between ~25 and ~22 Ma, combined with an observed 

a

CMR01_1 CMR01_2 CMR01_3 CMR01_4 CMR01_5
24 Ma 23 Ma 23 Ma 27 Ma 24 Ma

CMR01_8 CMR01_10 CMR01_11 CMR01_12 CMR01_13
25 Ma 23 Ma 28 Ma 24 Ma 23 Ma

CMR01_14 CMR01_16 CMR01_17 CMR01_18 CMR01_20
2000 Ma 23 Ma 28 Ma 415 Ma 32 Ma

CMR01_21 CMR01_22 CMR01_23 CMR01_24b CMR01_25
1645 Ma 577 Ma 31 Ma 25 Ma 23 Ma

CMR02_2 CMR02_3 CMR02_4 CMR02_5 CMR02_10
151 Ma 34 Ma 52 Ma 25 Ma

b

CMR02_11 CMR02_12 CMR02_13 CMR02_16 CMR02_17
23 Ma 31 Ma 23 Ma 32 Ma25 Ma

CMR02_18 CMR02_19 CMR02_21 CMR02_22 CMR02_23
32 Ma 26 Ma 33 Ma 28 Ma26 Ma

CMR02_24 CMR02_25 CMR02_26 CMR02_27 CMR02_31
25 Ma 28 Ma 41 Ma 28 Ma

Fig. 6 Representative cathodolumine­
scence images of zircons in the studied 
samples: a – rhyolitic autobreccia, 
and b – rhyolitic ignimbrite. The first 
grain in each image is ~30 micrometres 
across, other grains are scanned at the 
same scale.
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prominent peak at ~23 Ma in the 
rhyolitic autobreccia and ignim­
brite, implies that the zircons were 
sourced from a common mush 
zone (Wilson and Charlier 2009) 
at Oligocene–Miocene times. 

The upper intercept ages of c. 
4.9–5 Ga suggest mixing of ra­
diogenic with common Pb during 
crystallization of zircon in this 
magmatic chamber. The composi­
tion of terrestrial Pb (Stacey and 
Kramers 1975) calculated at 23 
Ma (age of intrusion, i.e. lower 
intercept of the population) gives 
207Pb/206Pb of 0.8372, which trans­
lates to an age of c. 4,986 Ma. 
This corresponds, within error, to 
the values of the upper intercept 
ages observed here. 

Single zircon data for the rhyo­
litic units in the Sabga area have 
revealed, besides the mixing array 
with common lead, seven inher­
ited grains. These xenocrystic 
zircons could have been incorpo­
rated during assimilation or par­
tial melting of local country rocks 
(e.g., Charlier et al. 2005; Miller 
et al. 2007; Wilson and Charlier 
2009; Frazer et al. 2014; Barker 
et al. 2014). The zircons with 
Neoproterozoic (c. 577 Ma) and 
Paleoproterozoic (1645–2025 Ma) 
ages attest to the presence of older 
basement beneath the Bamen­
da Highland. Indeed, previous 
works (e.g., Toteu et al. 1994; Van  
Schmus et al. 2008) had reported 
the presence of the Neoprotero­
zoic basement beneath the CVL. 

However, the older zircon ages 
presented in the current paper 
also reveal the presence of an 
older basement and thus provide 
evidence for extensive crustal 
recycling in the region. This 
should further contribute to the 
discussion on the role of the Pan-
African continental crust in the 
genesis of felsic lavas and ignim­
brites of the CVL although this 
theme is beyond the scope of the 
current paper.
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The single ages be­
tween c. 150 Ma and 
c. 24 Ma obtained here 
indicate two separate 
crystallization events 
separated by a gap. This 
also suggests that, al­
though volcanic erup­
tions along the CVL 
commenced in Creta­
ceous with the erup­
tion of felsic units at 
69.4 ± 0.4 Ma in the 
Lake Chad area (Mbo­
wou et al. 2012), the 
magmatic activity might 
have started elsewhere 
already at the Jurassic–
Cretaceous boundary, at 
c. 140–150 Ma. 

Similar magmatic 
ages to those obtained 
in  th i s  s tudy  have 
been reported from 
basaltic lavas at Mt. 
Oku (31.0 ± 1.0 and 
23.00 ± 0.92 Ma; Njilah 
et al. 2004 and refer­
ences therein) and si­
licic eruptive products 
at Adamawa Plateau 
(32.60 ± 0.76 Ma and 
34.40 ± 0.80 Ma; Itiga et 
al. 2013). This implies 
that, during the erup­
tion of basaltic rocks 
at Mt. Oku at ~31 Ma 
and silicic eruptions in 
the Adamawa Plateau 
at ~33 Ma, magma was 
al ready undergoing 
cooling and crystalliza­
tion within the magma 
chamber beneath the 
Bamenda Highlands. 

The silicic eruptions 
at Sabga were synchro­
nous to the later basal­
tic eruption of Mt. Oku 
at 23.00 ± 0.92 Ma. This 
could also mean that 
intermittent pulses of 
new magmas were con­
stantly being generated 
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and transported to the magma storage region where they 
partially crystallized within short time spans (Simon et 
al. 2014). Such magma batches could be partially re­
activated upon the arrival of a new magma batch. This 
is evident in the extended crystallization ages for the 
zircons, which show variable shapes indicating corro­
sion, resorption and recrystallization as a result of their 
interaction with recharged magma.

5.2.	Age variation of volcanic rocks along 
the CVL

Numerous authors have previously used K–Ar and Ar–Ar 
techniques to date volcanics along the CVL (e.g. Dunlop 
and Fitton 1979; Marzoli et al. 1999, 2000; Ngounouno 
et al. 2003; Aka et al. 2004; Fosso et al. 2005; Njilah et 
al. 2007; Wandji et al. 2008; Kamgang et al. 2010, 2013; 

Mbowou et al. 2012; Itiga et al. 
2013; Tchuimegnie Ngongang 
et al. 2015). These works have 
shown that the ages along the 
CVL range from 69.4 ± 0.4 Ma 
to Present (Fig. 8). However, 
most of these previous stud­
ies relied on samples collected 
over wide areas at each eruptive 
center without an established 
stratigraphic sequence. In this 
study we dated two units within 
a well-logged rock sequence in 
order to place the ages within 
a lithostratigraphic bracket. 
The new zircon LA-ICP-MS 
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ages presented here are also more precise, constraining 
the ages for the two felsic rock units in the Sabga area 
at ~23.0 ± 0.3 Ma. This age is interpreted as the time of 
crystallization of the zircons and corresponds broadly to 
the emplacement ages of the rhyolitic rocks. Marzoli et 
al. (1999) reported an emplacement age of ~23.0 ± 0.04 
Ma (Ar–Ar) for the lower felsic unit (rhyolitic) from 
a lava flow in the western end of the Sabga area. This 
implies that the emplacement of felsic lavas at various 
eruption sites in the Sabga area coincided broadly with 
the generation of rhyolitic autobreccia (22.98 ± 0.28 Ma) 
and the rhyolitic ignimbrite (23.34 ± 0.34 Ma) as docu­
mented in this study. 

The basaltic rocks sandwiched by the dated felsic units 
therefore had to have an age intermediate between those 
reported above and thus all had to be emplaced within a 
very short time span. However, the basaltic lava flows in 
the Sabga area are older than proposed by Gouhier et al. 
(1974) in the Adamawa Plateau, Kamgang et al. (2013) 
in the Bamenda Highlands, Tchuimegnie Ngongang et 
al. (2015) in the Bafang area, that range from 1.0 to 17.6 
Ma for the continental and from 0.08–5.88 Ma (Dunlop 
and Fitton 1979 and references therein; Aka et al. 2004) 
for the oceanic (Annobon, São Tomé and Principe) parts 
of the CVL. Compared to other basaltic rocks along 
this line, the studied basaltic unit is younger than the 
transitional basalts in the western part of the Bamoun 
Plateau (51.8 ± 1.2 Ma; Moundi et al. 2007), Mt. Ban­
gou (44.7 ± 1.0 Ma; Fosso et al. 2005) and at Mt. Oku 
(31.0 ± 1.0 Ma; Njilah et al. 2004 and references therein), 
Ngaoundere Plateau (25.00–27.54 ± 0.66 Ma; Itiga et 
al. 2013). This suggests that there is no systematic age 
progression for basaltic rocks in the southern end of the 
CVL. 

Similarly, the current ages obtained for the felsic units 
are younger than those dated in Mt. Mbepit (44.0 ± 1.0 
to 45.5 ± 1.1 Ma; Wandji et al. 2008); in the Ngaoun­
dere Plateau (32.60 ± 0.76 to 34.4 ± 0.8 Ma; Itiga et 
al. 2013) and in the Kapsiki area (29.0–32.0 ± 0.5 Ma; 
Dunlop 1983). Although the Sabga rhyolites are younger 
than the above-mentioned felsic units, they are older than 
the  trachytes of Manengouba (0.7 ± 0.1 Ma; Youmen et 
al. 2005), the trachytes (16.06–16.23 ± 0.06 Ma) and 
rhyolites (15.4–18.0 Ma) of Mt. Bambouto (Youmen et 
al. 2005; Marzoli et al. 1999), trachytes of São Tomé 
(0.7–13.25 ± 0.45 Ma; Fitton and Dunlop 1985 with refer­
ences therein) and the trachytes of Ngaoundere Plateau 
(9.8 ± 0.2 to 11.39 ± 0.03 Ma; Gouhier et al. 1974). This 
implies that there is a general trend for silicic rocks that 
are younging to the SW along the CVL, i.e. from Lake 
Chad to São Tomé. But in the Adamawa Plateau the felsic 
units dated in previous studies are younger than those 
dated here (see also Fitton and Dunlop 1985; Marzoli et 
al. 1999, 2000; Aka et al. 2004; Kamgang et al. 2010). 

However, volcanism in Sabga and Oku areas has been 
synchronous when the ages obtained in this study are 
compared to the ages of rhyolites (23.05 ± 0.05 Ma to 
23.3 ± 0.5 Ma) and basalts (22.90 ± 1.00 Ma–23.00 ± 0.92 
Ma) of Mt. Oku dated by Gouhier et al. (1974). 

5.3.	Magma-chamber processes

External morphology and internal zoning in zircon 
can be potentially linked to complex magma evolution 
trajectories from initial formation by source melting, 
through various stages of movement through the crust, 
contamination and mixing with different magma batches, 
fractional crystallization, with loss of cumulates and va­
pour and extrusion (Corfu et al. 2003). These processes 
are examined here for the current case.

5.3.1.	Rejuvenation and melt segregation 
timescales

Rejuvenation, that is a process of reheating, re-melting 
and melt extraction, has been suggested in many silicic 
magmatic systems (e.g., Molloy et al. 2008; Girard and 
Stix 2009; Bégué et al. 2014) with the main trigger be­
ing either a fresh basaltic intrusion or an interaction of 
magma with tectonic stresses. 

In the Sabga area, rejuvenation seems to have fol­
lowed the extraction of the older rhyolitic ignimbrite. 
The existing crystal mush left beneath this volcanic area 
could have been reactivated by a fresh pulse of a hot 
mantle-derived melt, as evidenced by the basaltic intru­
sion sandwiched between the felsic units. This rejuvena­
tion led consequently to the emplacement of the younger 
rhyolitic autobreccia. 

Zircon often preserves textural evidence of repeated 
dissolution and crystallization (growth) surfaces, re­
flecting magma recharge and subsequent rejuvenation 
(Miller and Wooden 2004). The zircons would dissolve 
following injection of basaltic magma and subsequently 
resume growth once magma cools down below the zircon 
saturation temperature. Zircon CL images of our rhyolitic 
samples reveal the presence of inherited cores in some 
grains. This, combined with the presence of antecrysts in 
the younger rhyolitic autobreccia sample, jointly suggests 
the process of reheating, remelting and melt extraction 
beneath the Sabga area. Mafic input in many large silicic 
ignimbrite-forming eruptions has been suggested as a 
trigger of rejuvenation and subsequent eruptions (Manga 
and Brodsky 2006; de Silver and Gosnold 2007). This 
is evident in resorbed and partly rounded basaltic clasts 
observed within the ignimbrite.

Before an eruption, magma accumulation processes 
can occur on timescales as short as decades and whole 
magma systems can be rebuilt over millions of years  
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(Wilson and Charlier 2016). In such periodically re­
charged magma storage systems, the melt segregation tim­
escales can be relatively fast (~104–105 years; Béqué et al. 
2014). However, Allan et al. (2013) provided evidence for 
much shorter timescales of c. 3000 years for melt accumu­
lation at the Oruanui magma (Taupo Volcanic Zone). Such 
timescales are supported by the works of Chamberlain et 
al. (2014) on the Bishop Tuff with magma accumulation 
timescale of over c. 80 ka (Gualda et al. 2012). 

The melt segregation timescales for the Sabga area 
between samples CMR01 and CMR02 are not fully 
resolvable and within errors, the ages for both samples 
are identical. In any case, they could not be longer than 
several hundreds of years. This is within the timeframe 
for most silicic volcanoes with super-eruption (Gualda 
et al. 2012; Chamberlain et al. 2014). Therefore, if we 
consider that the dated horizons at Sabga represent two 
temporally distinct melt extraction episodes, these would 
have to be in rapid succession, suggesting very efficient 
melt extraction from the crystal mush, and, consequently 
efficient rejuvenation of this mush. The short time win­
dow needed to extract the melt could also be one of the 
reasons for the presence of isolated magma batches. This, 
in turn, suggests that there was not enough time for amal­
gamation of the different batches into either a single large 
magma body or two separate magma chambers located 
below the Sabga center. This also explains the existence 
of mafic (basaltic) units sandwiched between the dated 
rhyolitic lavas. If mixing was rampant, intermediate lavas 
would have erupted rather than these compositionally 
distinct end members.

5.3.2.	Fractional crystallization

Magmatic crystallization processes can be deciphered 
using zircon features such as typical growth zoning, 
sector zoning and presence of overgrowths (Corfu et al. 
2003; Ji et al. 2009; Terentiev et al. 2016). In the Sabga 
area, some of the zircon grains (Fig. 6a; CMR01_1, 8) 
with reverse zoning are indicative of multiple episodes of 
magma recharge with continuous crystallization of zircon 
into bright cores and dark rims as the magma evolved 
by fractional crystallization. In addition, some of the 
zircon grains providing the age of the flow emplacement 
have dark cores, bright overgrowths and the highest U 
content amongst all the zircons analysed. This is consis­
tent with the presence of a highly evolved magma with 
high U content prior to eruption. The continuous zoning 
with sharp crystal-phase controlled boundaries between 
CL-bright and CL-dark zircon growth zones (Fig. 6a; 
CMR01_1, 8) indicates an abrupt change in physico-
chemical conditions during crystallization (Corfu et al. 
2003). Also, grains with U-rich cores have been shown 
by Miller and Wooden (2004) to indicate that high-silica 

rhyolites might have been present early in the develop­
ment of the system and recycled in later rhyolite magma 
similarly to zircon grain CMR02-13 observed in Sabga 
area. Indeed, decreasing whole-rock concentrations of 
Ba and Sr with increasing SiO2 reflect plagioclase and 
alkali feldspar fractionation in felsic rocks along the CVL 
(Ngounounou et al. 2000; Njilah et al. 2004; Kamgang 
et al. 2010, 2007). 

5.3.3.	Crustal contamination and magma 
mingling

Zircons with corrosion edges and resorption zones are 
taken here as an evidence of a late-stage heating result­
ing from mingling of new batches of hot mafic melt with 
residual silicic magma in the original magma chamber. 
Numerous authors, dealing either with magma mix­
ing or crustal contamination, have demonstrated such 
processes worldwide (e.g., Vavra 1994; Gagnevin et al. 
2010; Chamberlain et al. 2014). For instance, according 
to Erdmann et al. (2013) and Miller and Wooden (2004), 
such dissolution textures in zircons can be accounted for 
by country-rock contamination with xenocrystic zircons. 
These zircons could be inherited from the melting of the 
crust or entrained from country rocks. Explosive eruptions 
can remobilize older country rocks, the solidified part of 
the feeding channels or can even involve older tephras 
from the surface (e.g., Charlier et al. 2005; Wilson and 
Charlier 2009; Frazer et al. 2014; Barker et al. 2014). 
However, the presence of the Pan-African basement be­
neath the studied region can be the only confirmed source 
of the Neoproterozoic grains which is also evidence of 
crustal recycling within the Bamenda Highlands. 

In addition, in the Sabga area, high Zr/Nb ratios (6.8 
and 6.4), high Ba (261 and 670 ppm), and low Sr (17.7 
and 79 ppm) concentrations for CMR01 and CMR02 re­
spectively attest to the partial assimilation of local coun­
try rocks. This contradicts the previous works on felsic 
lavas along the CVL (e.g. Franz et al. 1999; Ngounouno 
et al. 2000; Peccerillo et al. 2007) reporting low Ba 
(10–107 ppm) and Zr/Nb (2.4–4.5).

Crustal contamination had been initially not consid­
ered a significant petrological process in the evolution 
of felsic units in the continental segment of the CVL 
(e.g., Fitton 1987; Ngounouno et al. 2000; Ranken­
burg et al. 2004). However, Wotchoko et al. (2017) 
recently showed that trachyte pumice and rhyolite lava 
evolved through crustal contamination (Zr/Nb = 4.5–6.0,  
Zr = 500–1000 ppm).

The Sabga area is characterised by an alternation of 
felsic and basaltic units with no evidence of intermediate 
rock suites. This gap is similar to other volcanic centers 
in the Continental segment of the CVL. However, the 
recent age data have shown that basaltic and felsic units 
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most likely originate independently. Separate batches of 
rhyolitic magmas are generated and extracted from the 
intermediate crystal mush, and rapidly extruded. There­
fore, the presence of crystal mushes along the continental 
segment of the CVL could account for the Daly gap. The 
volcanic activity in Sabga is characterised by multiple 
eruption episodes through diverse vents. Felsic volca­
nism, which is dominantly the oldest unit, commenced 
with low column explosive pyroclastic flow eruption 
producing lava-like ignimbrites probably due to reten­
tion of magmatic heat facilitating coalescence, flow, and 
primary crystallization. This was later followed by more 
effusive eruptions producing lava flows. 

6.	Conclusions

This study attempts to better constrain an age bracket for 
a basaltic unit in the Sabga area (Bamenda Highlands, 
Cameroon Volcanic Line) sandwiched by two rhyolite 
units, dated by zircon U–Pb geochronology. The ages of 
the rhyolitic ignimbrite and rhyolitic autobreccia stand 
at ~23.3 ± 0.3 Ma (23.34 ± 0.34 Ma and 22.98 ± 0.28 Ma, 
respectively) indicating two separate eruption episodes 
emplaced in a rapid succession. We propose that a long-
lived silicic magma reservoir, mostly kept as a highly 
crystalline mush, has existed beneath the Sabga area with 
melt segregation timescales in order of several hundred 
thousands of years. The age distribution of zircon crystals 
within these samples suggests that crustal assimilation by 
surrounding country rocks took place together with the 
recycling of earlier crystallized zircons (antecrysts) within 
the crystal mush. Lastly, we infer the presence of an older 
(Paleoproterozoic) basement along the CVL in addition to 
the Pan-African basement previously identified.
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