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We present Mo isotope data for molybdenite from the Ekomédion U–Mo prospect, SW Cameroon, a Late Neoproterozoic 
granite–pegmatite–quartz vein system. Disseminated and veinlet-controlled molybdenite in granite and pegmatitic pods 
yields a narrow range of δ98Mo values from – 0.06 to + 0.24 ‰, with two overlapping populations of + 0.03 ± 0.07 ‰ 
(n = 4) in granite, and slightly heavier of + 0.11 ± 0.10 ‰ (n = 5) in pegmatite. By contrast, molybdenite from a quartz–
muscovite vein has an isotopically heavy δ98Mo value of + 1.61 ‰. We interpret this trend from granite through pegmatite 
to vein system towards isotopically heavy Mo to reflect the fractionation of an evolving magmatic–hydrothermal system. 
Furthermore, the LREE-enriched bulk-rock patterns with largely negative Eu anomalies and the overall enrichment of 
HREE in zircon indicate plagioclase fractionation as the dominant petrogenetic process during melt evolution. Further-
more, the presence of accessory ilmenite indicates relatively reducing conditions of the melt system, unfavorable for 
significant Mo accumulation. Therefore, the Ekomédion granite system seems to have limited economic potential for 
molybdenum despite the advanced degree of magmatic evolution.
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an up to ~2 ‰ isotopic fractionation in high-temperature 
molybdenite from Cenozoic porphyry deposits (Johnson 
and Beard 2006; Hannah et al. 2007; Mathur et al. 2010; 
Shafiei et al. 2015; Breillat et al. 2016; Yao et al. 2016; 
Li et al. 2019). These variations in δ98Mo can be used 
to track the evolution of the ore fluids at and below the 
magmatic–hydrothermal transition (Hannah et al. 2007; 
Mathur et al. 2010; Greber et al. 2011, 2014; Shafiei et 
al. 2015).

Kendall et al. (2017) have shown that Mo isotopic 
compositions of molybdenite can play a major role in 
revealing conditions and processes of Mo transport and 
the precipitation of molybdenite. However, the major 
controlling factors of such fractionation processes, such 
as phase separation, conversion of Mo species, fluid 
cooling and redox change, are still debated (Hannah et 
al. 2007; Greber et al. 2014; Shafiei et al. 2015; Yao et al. 
2016; Willbold and Elliott 2017; Wille et al. 2018; Chang 
et al. 2020; Kaufmann et al. 2021).

Local magmatic–hydrothermal processes are con-
trolled by regional-scale features of melt fertility and melt 
evolution. Concerning molybdenum mineralization, fer-

1.	Introduction

Most of the world’s Mo resources are hosted by Ceno-
zoic porphyry systems, especially in the western part of 
North and South America and in Cretaceous porphyry 
Mo deposits in South and NW China (Chen et al. 2002; 
Li et al. 2012; Zhang et al. 2014; Sun et al. 2015; Zhang 
et al. 2022). On the other hand, economic Mo accumula-
tions in Precambrian and Phanerozoic rocks are sparse, 
and the economic potential of these occurrences remains 
unexplored.

Molybdenum mineralization has been identified in 
the Pan-African granite of Cameroon. However, little 
attention has been paid to this Mo deposit, which occurs 
in association with U within the Ekomédion prospect in 
SW Cameroon (Mosoh Bambi et al. 2012, 2013; Embui 
et al. 2020). Therefore, the potential source of Mo and U 
and the processes leading to their accumulation within the 
Ekomédion prospect are poorly understood.

In the past years, molybdenum isotope composition 
expressed as δ98Mo {δ98Mo (‰) = [(98Mo/95Mo)sample/
(98Mo/95Mo)standard − 1] × 1000} has been shown to display 
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tile melts are assumed to be more oxidized and hydrous 
(e.g., common I-type granitic intrusions), while infertile 
melts include the relatively reduced S- and A-type and 
relatively dry A- and I-type magmas (Ishihara 1981). In 
this respect, the redox state and water content of magma 
are believed to be the major factors responsible for the 
fertility of magma and its ore potential. The studies of 
Blevin (2004), Loucks (2014), Dilles et al. (2015), Lu 
et al. (2016) and Li et al. (2019) have shown that zircon 
serves as a valuable indicator of these factors during 
magma ascent, and its trace-element characteristics can 
fingerprint the igneous physicochemical conditions. For 
example, studies by Ballard et al. (2002) and Dilles et al. 
(2015) have revealed that fertile magmas linked to Cu 
mineralization contain zircon that yields characteristic 
high Ce4+/Ce3+ > 300 and Eu/Eu* > 0.3. Lu et al. (2016) 
and Li et al. (2019) have illustrated the effectiveness of 
zircon trace-element ratios such as Dy/Yb, Eu/Eu* and 

(Eu/Eu*)/Y as proxies for the water content of melts. 
Additionally, whole-rock trace-element compositions 
provide further constraints on melt fertility with implica-
tions for mineral exploration (Lu et al. 2016). 

In this contribution, we present field evidence of 
mineralization, δ98Mo isotopic data for a suite of mo-
lybdenite samples from two-mica granite, pegmatite and 
penetrating quartz vein of the Ekomédion U–Mo prospect 
in the context of previously documented field relation-
ships and whole-rock geochemistry (Mosoh Bambi et 
al. 2012), geochronology (age of granitic intrusions and 
molybdenite) as well as petrogenetic processes (Mosoh 
Bambi et al. 2013; Embui et al. 2020). The interpretation 
of the new Mo isotopic dataset is accompanied by a re-
assessment of zircon and whole-rock trace-element data 
previously published by Embui et al. (2020) in order to 
provide new insights into the economic potential of the 
district with respect to Mo.
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2.	Geological setting

2.1.	Regional geology

The orogenic assemblage of Cameroon consists of three 
major geotectonic units (Fig. 1): (i) Archean–Paleopro-
terozoic basement gneiss, migmatite and granulite with 
available ages ranging from ca. 3.09 to 2.49 Ga (e.g., 
Caen-Vachette 1988; Van Schmus et al. 2008; Chombong 
and Suh 2013; Chombong et al. 2017), (ii) Meso- to 
Neoproterozoic volcano-sedimentary sequences that were 
deformed and metamorphosed to various degrees and yield 
zircon detrital U–Pb ages from ~ 1100 to 950 Ma (Toteu et 
al. 2006), and (iii) Pan-African granitic rocks that intruded 
the (i–ii) units at ~ 680–520 Ma (e.g., Asaah et al. 2015; 
Ateh et al. 2017; Li et al. 2017; Embui et al. 2020) (Fig. 1). 

Within the Mayo Kebbi area, zircon U–Pb crystal-
lization ages ranging from ~ 665 to 640 Ma have been 
reported (Penaye et al. 2006), while in the Bafoussam 
area, monazite chemical Th–U–Pb dating of two-mica 
granites yielded ~ 564–558 Ma (Djouka-Fonkwe et al. 
2008). Mosoh Bambi et al. (2013) reported U–Pb ages of 
578 ± 4 Ma and 578 ± 11 Ma for monazite and xenotime 
in two-mica granite and porphyritic granite, respectively, 
from the Ekomédion area. 

The late Neoproterozoic Pan-African Braziliano 
tectonic belt lies underneath NE Brazil, Central Africa 
and most of Saharan Africa (Lerouge et al. 2006). This 
orogenic belt formed due to a collision between the West 
African and Congo–São Francisco cratons during the 
assembly of West Gondwana (Trompette 1997). The col-
lision has induced thrusting over the cratonic forelands, 
anatexis, shearing and doming. In the course of this 
orogeny, major deformation zones originated all across 
the Pan-African Braziliano belt (Borborema Province in 
NE Brazil, Hoggar, Nigeria and Central Africa) that also 
include the Pre-Mesozoic Central African Shear Zone 
(CASZ; Njome and Suh 2005) representing a crustal, 
strike-slip fault system, which extends from central Af-
rica, across the Atlantic, to NE Brazil. 

In Cameroon, the CASZ forms a complex network of 
structures of variable size and magnitude, such as the NE 
trending structures represented by the Central Cameroon 
Shear Zone (CCSZ) (Toteu et al. 2006; Ngako et al. 2008) 
to the north, Sanaga Fault (SF; Kankeu and Greiling 
2006) and Bétaré Oya Shear Zone (Kankeu et al. 2009) 
to the south (Fig. 1). The understanding of the forma-
tion, evolution, extent and geometry of these structures 
remains limited. Nevertheless, Ngako et al. (2008) de-
scribed the CCSZ as a zone of highly strained rocks that 
extends across central Cameroon in a NE–SW direction 
into the northeastern part of Brazil as the Pernambuco 
Shear Zone (Castaing et al. 1994; Neves et al. 2005). 
The Neoproterozoic fold belt of Cameroon comprises a 

migmatitic-gneiss basement intruded by mafic to felsic 
plutons (including the Ngondo Complex shown in Fig. 1), 
overlain by Cretaceous to Tertiary bimodal volcanic 
complexes (Tagne-Kamga 2003). Three Pan-African main 
geotectonic units are defined in the Cameroon Mobile 
Belt: the Poli Group in the north, Adamawa-Yade Group 
(Lom) in the center and Yaoundé Group in the south 
(Penaye et al. 2006; Pouclet et al. 2007). These terrains 
are rich in diverse mineralizations, including Au, Ni–Co–
Mn, U, Mo, diamond, iron ore, bauxite, Zn, Sb, Sn, Pb, 
and Ag (Tita and Kaya 2020). The Ekomédion prospect is 
located in the Ngondo Complex (Fig. 1), within the SW 
part of the late Neoproterozoic Fold Belt (Mosoh Bambi 
et al. 2012) developed along the CCSZ.

2.2.	Local geology, rock compositions and 
structural evolution

Within the larger Ekomédion area, paragneiss is the 
prevailing rock type that was intruded by main-phase 
porphyritic biotite granite with several granitic sub-
intrusions (two-mica granite, microgranite, alkali-feldspar 
granite; Mosoh Bambi et al. 2012, 2013; Embui et 
al. 2020) (Fig. 2). These granitic plutons are partially 
overlain by Cretaceous limestones and sandstones of 
the Douala sedimentary basin as well as mafic volcanic 
rocks of the Cameroon volcanic line in southwestern 
Cameroon (Fig. 1). 

In terms of petrography, the two-mica granite that 
hosts the U and Mo mineralization is composed of 
quartz (30 vol. %), plagioclase (22 vol. %), K-feldspar 
(27 vol.  %), biotite (10 vol. %) and muscovite (~ 6 
vol.  %) and its texture ranges from fine-grained at the 
western margin to medium-grained in the ore zone and 
the eastern margin. Accessory minerals include zircon, 
ilmenite, monazite and apatite. Hydrothermal alteration is 
expressed by albitization, muscovitization/sericitization, 
epidotization, chloritization and silicification. 

The sampled outcrops reveal variations in the modal 
proportion of the above primary constituents based on the 
degree of hydrothermal alteration and mineralization. For 
example, primary quartz contents decrease to ~ 15 vol. % 
in the ore zone, while its abundance increases by ~ 10 
vol. % at the western margin of the granite due to late-
stage quartz precipitation. On the other hand, plagioclase 
illustrates an inverse relationship with quartz, being more 
abundant in the ore zone (up to 60 vol. %), but decreas-
ing to 18 vol. % at the western margin of the granite. 
When muscovitization/sericitization is recognized, the 
muscovite content in the ore zone doubles, while biotite 
content decreases to ~ 3 vol. %. 

At outcrops, two-mica granite is characterized by 
fracture sets with variable orientations, some discordant 
to the foliation of the paragneiss country rock (Mosoh 
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Bambi et al. 2012, 2013; Embui et al. 2020). Addition-
ally, discordant pegmatite and quartz veins are common. 
In thin sections, the deformed nature of the granite is 
confirmed by the presence of microstructural features. 
These microstructural features are localized within the 
ore zone and are of three types (Mosoh Bambi et al. 
2013): (i) early transgranular micro-faults, partly filled 
with quartz, muscovite and/or Fe-(oxy)-hydroxide with 
the latter being most likely related to supergene alteration 
of primary sulfide minerals, (ii) transgranular fractures 
that are partially filled by hematite or goethite (suspected 
to have developed from supergene alteration) and mus-
covite, and (iii) intragranular fractures that are occupied 
by quartz or muscovite. 

3.	Analytical methods

Samples were analyzed for their Mo isotopic composition 
at the joint laboratory of the Institute of Geology at the 

Czech Academy of Sciences and the Czech Geological 
Survey using the double spike technique and Multiple 
Collector-Inductive Coupled Plasma-Mass Spectrom-
etry (MC–ICP–MS). Given the isotopic heterogeneity 
reported by Greber et al. (2011) within a single sample of 
molybdenite, grains from aggregated samples were pow-
dered and homogenized before dissolution. Afterward, 
about 5 to 20 mg of molybdenite powder was dissolved 
in 6 mL of aqua regia at 120 °C in 15 mL Teflon beakers 
until complete dissolution. As Mo and S represent the 
major components of molybdenite, of which S does not 
interfere with Mo signals (Barling et al. 2001), no Mo 
separation from the matrix is necessary prior to mass 
spectrometry analysis (Greber et al. 2011). Therefore, 
aliquots of solutions obtained by decomposition contain-
ing about 10 µg/g of Mo were doped with an appropriate 
amount of 97Mo–100Mo double spike, heated at 140 °C for 
4 hours and then dried. The resulting residues were then 
dissolved in 1 mL of 0.4 M HNO3–0.05 M HF, and these 
stock solutions were diluted to about 100 ppb of Mo for 
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subsequent mass spectrometry analyses. The Mo blank 
for the whole procedure was 5 ng and thus negligible 
compared to the sample concentration. 

The Mo isotopic measurements were carried out on an 
MC–ICP–MS Neptune (Thermo Scientific) at the Czech 
Geological Survey using the methods described in detail 
by Gaspers et al. (2020). In brief, the method includes a 

static collection of 94, 96, 97, 98 and 100 masses of Mo 
together with monitoring possible isobaric interferences 
from Zr and Ru using the collection of 90Zr and 99Ru 
masses, respectively (all on Faraday cups), which were 
consistently below 1 mV. In addition, the mass-bias cor-
rection was applied using the 97Mo–100Mo double spike 
using five blocks of a nested cascade iteration.
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Mo
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Secondary yellowish U mineral

Secondary yellowish U mineral

Mo
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Fig. 3 Outcrop images of massive (a–c) and disseminated (d–f) zones of molybdenite mineralization. Subsections b, c and e, f (black boxes) 
detailed from (a) and (d), respectively, represent secondary yellowish uranium minerals that are weathering products of uraninite associated with 
molybdenite (a), as well as, the disseminated Mo mineralization in veinlets (d). Samples EKJ 0 and EKJ 19 in Tab. 1 are from the zone in (a), 
while EKJ 3, 6 and 14 are from (d). Mo = molybdenite.
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concentrated in pegmatitic pods and in quartz veins/
veinlets. Molybdenite in the pegmatitic pods hosted 
by the two-mica granite is either concentrated in ore 
zones (Figs 3a–c) that indicate an impregnation front 
(i.e., hydrothermal molybdenite), or it is disseminated 
within the quartz–feldspar matrix in a dense network 
of fractures or veinlets. The latter is likely to represent 
a transitional magmatic–hydrothermal stage (Fig. 3a). 
Some molybdenite is disseminated in altered fractures 
and veinlets in the two-mica granite and quartz–musco-
vite veins in porphyritic granite surrounding the major 
ore zone (Figs 3d–f). The appearance and texture of 
hand specimen samples collected within the framework 
of this study from the major ore zone and a mineralized 
quartz vein are shown in Fig. 4. Petrography of the ore 
samples from Ekomédion reveals that molybdenite oc-
curs as sheets intergrown with quartz, K–feldspar and 
muscovite (Fig. 5). 

Ten molybdenite samples were analyzed for their 
δ98Mo composition (Tab. 1; see Fig. 2 for sample loca-

The stable Mo isotopic compositions of molybdenite 
in this study are reported as δ98Mo relative to NIST 3134 
reference Mo solution (Nägler et al. 2014). The method's 
accuracy was monitored by duplicate analyses of Hen-
derson Mine molybdenite (NIST 8599), yielding δ98Mo 
values of –0.22 and –0.21 ‰, in excellent agreement 
with the values of Breillat et al. (2016). The total com-
bined uncertainty of the whole protocol estimated from 
long-term measurements of NIST 3134 Mo solutions as 
well as several reference materials (e.g., BHVO-2 and 
SGR-1b) was ± 0.06 ‰ (2σ) (see Gaspers et al. 2020 
for details).

4.	Results

4.1.	Molybdenum mineralization and samples 

The U–Mo mineralization of the Ekomédion prospect is 
represented by uraninite and molybdenite, respectively, 
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Fig. 4 Representative hand specimens of the studied samples. Fragments of molybdenite-rich pegmatite pods obtained from the major mineralized 
ore zone (a, b: samples EKJ 0 and EKJ 19, respectively). Fragments of mineralized quartz vein showing large grains of dispersed molybdenite  
(c and d: sample EKJ 27). Mo = molybdenite, Qtz = quartz.
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tion). Within this sample set, five samples (EKJ 0, EKJ 
17, EKJ 18, EKJ 19 and EKJ 20) were collected from 
pegmatitic pods hosted by two-mica granite, while four 
(EKJ 3, EKJ 6, EKJ 14 and EKJ 15) were obtained from 
outcrops of porphyritic granite and one sample (EKJ 27) 
from a quartz–muscovite vein where molybdenite forms 
large pods (Figs 4c–d). 

4.2.	Molybdenum isotopic composition in 
molybdenite

The molybdenum isotopic (δ98Mo) compositions of 
molybdenite from the Ekomédion prospect range from 
– 0.06 to + 1.61 ‰ (Tab. 1). The samples from granite 
and pegmatite have a relatively small range (– 0.06 to 
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Fig. 5 Photomicrographs of molybdenite samples from the Ekomédion 
prospect. Molybdenite (Mo) is white under reflected light (a: sample 
EKJ 18; c: sample EKJ 0), and dark under transmitted light (b, d and e). 
Mo = molybdenite, Qtz = quartz, Ms = muscovite and Fsp = feldspars.
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0.24 ‰) with a mean δ98Mo of 0.07 ± 0.11 ‰ (n = 9), but 
two overlapping populations can be distinguished in the 
box plot of Fig. 6 with a mean δ98Mo of 0.03 ± 0.07 ‰ 
(n = 4) for granite and 0.11 ± 0.10 ‰ (n = 5) for pegmatite 
samples. By contrast, an anomalously heavy δ98Mo value 
of + 1.61 ‰ (Fig. 6; Tab. 1) was obtained for molybdenite 
from a quartz–muscovite vein (sample EKJ27).

5.	Discussion

5.1.	Molybdenum isotopic variation and its 
origin 

The δ98Mo values of the Ekomédion molybdenite samples 
vary in a wide range from – 0.06 to + 1.61‰ (Fig. 6; 
Tab. 1). In combination with observations gathered from 
the field and detailed petrography, we assume that this 
range of isotopic variation can be directly linked to the 
transitional magmatic–hydrothermal and hydrothermal 
evolution of the Ekomédion prospect. The textural fea-
tures of the molybdenite-bearing samples at field and 
hand specimen scale (Figs 3 and 4) display syngenetic to 
cross-cutting relationships between molybdenite and their 
granite and pegmatitic host rocks. Wall-rock alteration 
within the Ekomédion prospect includes silicification, 
albitization, sericitization, and chloritization (these were 
well documented by Mosoh Bambi et al. 2012; Embui 
et al. 2020), characteristic of a high- to low-temperature 
overprint. Here, we argue that the wide range of δ98Mo 
values in the Ekomédion molybdenite reflects the hydro-
thermal fluid evolution of an evolving granitic system 
from the transitional magmatic–hydrothermal stage with 
disseminated mineralization in pegmatitic pods and 
veinlets (0.07 ± 0.11 ‰ δ98Mo; n = 9) to hydrothermal 
vein-style mineralization with an advanced degree of Mo 
isotope fractionation (1.61 ‰ δ98Mo). The disseminated 
and veinlet-style molybdenite has a Mo isotope composi-

tion little fractionated compared to any igneous system 
and therefore indicates an origin from a high-temperature 
and little evolved fluid system, which would correspond 
to the transitional magmatic–hydrothermal stage. 

Based on the crustal origin of the parental magma 
with little or no contribution from the mantle (deduced 
from the Lu–Hf isotopes, Embui et al. 2020), we infer 
that the melt evolved from a starting composition close 
to the average continental crust, which must have δ98Mo 
values between that reported for Phanerozoic upper conti-
nental crust (0.14 ± 0.07 ‰; Yang et al. 2017) and mantle 
(0.04 ± 0.07 ‰: Greber et al. 2015).

Fractional crystallization of the melt system produced 
a sequence of rocks from biotite granite through biotite–

Tab. 1. The δ98Mo data for the studied molybdenite samples from the Ekomédion prospect, Cameroon

Sample Host rock Molybdenite paragenesis δ98Mo (‰)
EKJ0  Biotite–muscovite granite Pegmatitic pod 0.15
EKJ17 Biotite–muscovite granite Pegmatitic pod 0.24
EKJ18 Biotite–muscovite granite Pegmatitic pod 0.02
EKJ19 Biotite–muscovite granite Pegmatitic pod –0.04
EKJ20 Biotite–muscovite granite Pegmatitic pod 0.18
EKJ3  Biotite granite Quartz veinlets/disseminated –0.01
EKJ6  Biotite granite Quartz veinlets/disseminated 0.13
EKJ14 Biotite granite Quartz veinlets/disseminated –0.06
EKJ15 Biotite granite Quartz veinlets/disseminated 0.04
EKJ27 Biotite–muscovite granite Quartz–muscovite vein 1.61

Standards
NIST 8599 Henderson Standard – –0.22
NIST 8599 Henderson Standard – –0.21
Total uncertainty is 0.06 ‰ (2σ).

Qtz–Ms Vein (n = 1)

Pegmatite (n = 5)

Granite (n = 4)

Fig. 6. Box plot of δ98Mo values of molybdenite from granite, pegma-
tite and a quartz–muscovite vein in the Ekomédion prospect. Note that 
molybdenite in pegmatite tends to have heavier δ98Mo signatures than 
in granite whereas the molybdenite from the quartz–muscovite vein 
exhibits the isotopically heaviest Mo.
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muscovite granite to pegmatite. The interpretation of the 
biotite granite to pegmatite sequence as due to fractional 
crystallization is in agreement with the overlapping mo-
lybdenite Re–Os ages (578 ± 11 Ma and 577 ± 11 Ma) 
determined for both granite- and pegmatite-related mo-

lybdenite from the Ekomédion prospect (Mosoh Bambi et 
al. 2013). Furthermore, the REE patterns of both zircon 
and whole-rock samples (Figs 7a–b) indicate a variable 
degree of plagioclase fractionation as inferred from the 
negative Eu anomalies. Based on bulk-rock geochemistry, 
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fractional crystallization of the granitic rocks in the Eko-
médion area has previously been documented in detail in 
the work of Embui et al. (2020). 

Molybdenum isotope fractionation during fractional 
crystallization has been documented in arc systems (Gre-
ber et al. 2014; Voegelin et al. 2014; Wille et al. 2018). 
Such Mo isotope fractionation would enrich isotopically 
heavier Mo in residual melts, and the slight shift in δ98Mo 
values of molybdenite from biotite–muscovite granite 
(0.03 ± 0.07 ‰; n = 4) to pegmatite (0.11 ± 0.10 ‰; n = 5) 
could reflect this behavior. When Mo partitions from hy-
drous silicate melt into the exsolving hydrothermal fluid 
phase, isotope fractionation towards heavier Mo occurs 
(Greber et al. 2014). 

The molybdenite samples from disseminations/veinlets 
and pods have a little fractionated Mo isotope signature 
and must be relatively close to the igneous Mo isotope 
composition. In fact, they likely represent a relatively 
closed system, given the pod-like appearance reminis-
cent of miarolitic cavities. During fluid evolution, such 
as in larger vein systems, molybdenite progressively 

becomes isotopically heavier because isotopically light 
Mo partitions preferentially into molybdenite, similar to 
the behaviour of silicate phases in the igneous system 
(Greber et al. 2014; Voegelin et al. 2014). The isotope 
fractionation becomes more pronounced with decreasing 
temperature (Kaufmann et al. 2021).

Kaufmann et al. (2021) provided data for Mo isotope 
fractionation in a magmatic–hydrothermal system involv-
ing analyses of minerals, bulk rock and fluid. Their data 
suggest that significant fractionation effects can arise during 
magmatic–hydrothermal processes in which Mo isotope 
evolution commences with Mo transfer into the fluid phase 
exsolving from the solidifying magma during late-stage 
igneous evolution. This depletes the bulk rock, in our case, 
the two-mica granite, of isotopically heavy Mo, and is fol-
lowed by the precipitation of hydrothermal minerals from 
the cooling fluids, which will preferentially incorporate light 
Mo isotopes (Kaufmann et al. 2021). Consequently, the re-
maining fluid evolves towards increasingly heavier Mo. The 
quartz vein sample in our study represents such a late-stage 
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situation with molybdenite of an 
isotopically heavy composition of 
1.61 ‰ δ98Mo. 

5.2.	Fertility of the 
Ekomédion granite 
system inferred from 
zircon and whole-
-rock trace-element 
chemistry

Previously published LA–ICP–
MS trace-element concentra-
tions of zircon from a two-
mica granite sample within the 
Mo–U prospect (Embui et al. 
2020) show that the U concen-
trations are highly variable and 
range from 155 ppm to 19600 
ppm. The most elevated U and 
Th contents of zircon (> 1000 
ppm U, > 1000 ppm Th) are the 
reason why the U–Pb ages of 
zircon are disturbed (Embui et 
al. 2020). Rare earth element 
contents are also highly vari-
able, with elevated REE (> 100 
ppm Ce) in the high-U zircons 
(>1000 ppm U). Chondrite-
normalized REE plots are char-
acterized by distinctly negative 
Eu anomalies (Fig. 7a). 

Collectively, the negative Eu 
anomaly with Eu/Eu* ranging 
from 0.12–0.26 and 0.12–0.29 
for zircon and whole-rock sam-
ples, respectively (Figs 7a–b), 
can be interpreted to reflect a 
reducing melt that allowed the 
early formation of plagioclase. 
Plagioclase sequestered Eu2+ 
through substitution for Ca2+, leaving the remaining melt 
poor in Eu and resulting in deep negative Eu anomalies 
in both zircon and its granitic host rocks. 

Studies by Loucks (2014) and Shen et al. (2015) have 
shown that oxidized magmas provide favorable condi-
tions for the mineralization of metals such as Mo, Cu 
and Au by inhibiting early sulfide precipitation. This 
allows the ore metals to be concentrated in the residual 
melt and hydrothermal fluids. By comparison, the acces-
sory ilmenite present in the Ekomédion granitic rocks 
indicates reducing melt conditions, unfavorable for Mo 
mineralization (Ishihara 1981). 

Several studies have shown that Eu/Eu* > 0.3 and 
10,000 × (Eu/Eu*)/Y > 1 ratios in zircon, as well as (Ce/
Nd)/Y > 0.01 and Dy/Yb < 0.3 in whole-rock are useful 
fertility indicators for the Cu–Mo–Au spectrum (Dilles 
et al. 2015; Lu et al. 2016; Li et al. 2019). Such distinct 
zircon trace-element ratios are interpreted to indicate an 
anomalous differentiation trend in thickened continental 
crust, i.e., suppression of plagioclase fractionation and 
enhanced early amphibole fractionation. This reflects 
high magmatic water content, which is favorable for 
magmatic–hydrothermal (porphyry-style) ore formation. 
Our data indicate significant plagioclase fractionation 
and little or no amphibole fractionation in the magmatic 

Tab. 2. Calculated ratios of Eu/Eu*, 10000 × (Eu/Eu*)/Y, CeN/CeN* and Dy/Yb for zircon from Eko-
médion 

Sample ID Eu/Eu* 10000×(Eu/Eu*)/Y CeN/CeN* Dy/Yb
CM_1 0.22 0.23 3.13 0.55
CM_2 0.55 6.48 19.35 0.20
CM_4 0.47 0.80 3.00 0.68
CM_5 0.20 0.21 4.53 0.88
CM_6 0.17 0.19 2.29 0.92
CM_7 0.24 0.11 3.32 0.81
CM_8 0.20 0.29 2.93 0.56
CM_9 0.26 0.28 2.91 0.87
CM_10 0.19 0.32 3.40 0.46
CM_11 0.20 0.20 2.14 0.67
CM_12 0.20 1.22 3.23 0.24
CM_14 0.20 0.24 2.73 0.82
CM_15 0.19 0.03 3.71 1.28
CM_16 0.34 3.16 3.07 0.59
CM_17 0.13 1.12 2.53 0.60
CM_18 0.24 0.28 3.70 0.55
CM_19 0.12 0.16 6.16 1.02
CM_20 0.24 0.16 2.94 1.15
CM_21 0.12 0.41 1.94 0.28
CM_22 0.19 0.10 3.14 1.17
CM_23 0.19 0.21 3.52 0.65
CM_24 0.22 0.16 3.44 0.67
CM_25 0.13 0.37 2.22 0.38
CM_26 0.22 0.06 3.12 0.89
CM_27 0.32 0.29 2.17 0.96
CM_28 0.31 0.37 3.11 0.65
CM_29 0.21 0.11 2.07 0.87
CM_30 0.26 0.13 4.67 0.83
CM_31 0.47 0.40 2.35 0.90
CM_32 0.20 2.24 2.49 0.65
CM_33 0.21 0.15 3.09 0.91
CM_34 0.21 0.22 6.52 0.58
CM_35 0.18 0.14 3.81 0.81
CM_36 0.20 0.12 3.23 1.38
CM_37 0.44 0.52 2.83 0.67
CM_38 0.32 0.37 4.18 0.59
CM_39 0.22 0.07 2.68 1.24
CM_40 0.36 0.45 0.59 0.61
Primary data for these calculations can be found in Embui et al. (2020).
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evolution of the Ekomédion granite magmatism. Our data 
(Tab. 2) plot mainly outside the fertile fields as defined 
by Lu et al. (2016) (Figs 8a–c), supporting dominantly 
plagioclase fractionation in a reduced and less hydrous 
melt system. 

Plagioclase versus amphibole fractionation imprint is 
further expressed in trace-element characteristics of the 
bulk rock, such as elevated V/Sc. Scandium preferentially 
partitions into amphibole and the suppression of mag-
netite in a more hydrous, oxidized melt leads to enrich-
ment in V (Loucks 2014; Lu et al. 2018). The low V/Sc 
ratios observed in the Ekomédion granitic rocks suggest 
plagioclase fractionation dominantly, as also observed in 
the zircon trace-element chemistry (Fig. 8). In addition to 
the low whole-rock V/Sc ratios, Sr/Y ratios are also low 
(1.7–6.5; Embui et al. 2020), which is interpreted as a 
characteristic of the granites generated from the melting 
of the average lower or middle crust within the plagio-
clase-stable field, i.e., at a crustal depth of fewer than 40 
km (Richards 2011; Moyen and Martin 2012; Villela Cas-
sini et al. 2021). The molybdenite from Ekomédion also 
has meager Re contents (1–2 ppm Re; Mosoh Bambi et 
al. 2013), which is typical of crustal-derived disseminated 
molybdenite mineralization in granite and Sn–W deposits 
(Pašava et al. 2016). But this is significantly lower than 
reported for all major Mo ore deposits, re-iterating a low 
Mo potential (Barton et al. 2020).

6.	Conclusions

•	 The molybdenum isotope composition of molybdenite 
from the Ekomédion prospect, Cameroon reveals that 
molybdenite formed from magmatic–hydrothermal 
fluids that exsolved from felsic magma that underwent 
fractional crystallization. 

•	 Zircon, as well as whole-rock trace-element chemistry, 
provide clues on the fertility of the Ekomédion granite 
system. The new data collectively argue that the ob-
served granitic intrusions are of low fertility potential 
concerning Mo because of reducing melt conditions 
typical of ilmenite-series granites. 

•	 Plagioclase fractionation is depicted by both zircon 
and whole-rock REE patterns, characterized by ne-
gative Eu anomalies. The zircon Eu/Eu*, (Eu/Eu*)/Y, 
(Ce/Nd)/Y and Dy/Yb ratios are different from those 
typical of amphibole fractionation which characterize 
Cu–Mo–Au ore systems. 
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