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ABSTRACT

It is generally accepted that carbon from Earth’s surface can be recycled into the mantle during oce-
anic subduction, thereby playing an important role in the global carbon cycle. However, evidence as to
whether the mantle contains recycled carbonates, and of which types, remains ambiguous. Here, we
present Mo-Mg isotopic data for two distinct mafic rock types in the Lhasa terrane, southern Tibet:
the Taruocuo gabbros and Zhongba basalts. These units were formed in response toNeo-Tethys oceanic
subduction at the sub-arc and post-arc depths of the mantle, respectively. Our results, combined with
existing data, show that the Late Cretaceous (ca. 90 Ma) Taruocuo gabbros with arc-like geochemical
characteristics (e.g., Nb-Ta depletions) have high δ98/95Mo (0.19 to 0.61‰) and mantle-like δ26Mg
(−0.29 to −0.22‰) values. In contrast, the Early Cenozoic (ca. 52 Ma) Zhongba basalts with ocean
island basalt-like geochemical signatures (e.g., Nb-Ta enrichments) have low δ98/95Mo (−0.66 to
−0.24‰) and δ26Mg (−0.38 to −0.30‰) values. Neither shallow processes (e.g., alteration, crustal
contamination, and fractional crystallization) nor partial melting can explain the Mo-Mg isotopic fea-
tures of the Taruocuo gabbros and Zhongba basalts. Thus, we infer that those features may well reflect
their source characteristics. We argue that the Taruocuo gabbros were derived from amantle source that
contained recycled Ca-rich carbonates at the sub-arc depths. In contrast, the Zhongba basalts appear to
have been derived from amantle source containing recycledMg-rich carbonates and some oceanic crust
in the form of eclogite at the post-arc depths. Our findings suggest that recycled carbonate sediments at
the sub-arc depths of the mantle may increase their δ98/95Mo values without significantly affecting
δ26Mg values, whereas recycled carbonate sediments at the post-arc depths of the mantle would
decrease both δ98/95Mo and δ26Mg values. Therefore, the Mo-Mg isotopic pair may be a unique tool
for determining whether the mantle contains recycled carbonates and for identifying the types of
carbonates involved during oceanic subduction.
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INTRODUCTION

Carbon is a key element in regulating Earth’s climate
(e.g., Isson et al. 2020). It has long been thought that oceanic sub-
duction zones, which serve as pathways for carbon recycling from
the Earth’s surface to the mantle, may thus modulate the global
carbon budget (e.g., Dasgupta and Hirschmann 2010; Kelemen
and Manning 2015). Previous studies have shown that carbonates
that were recycled into the mantle during oceanic subduction may
undergo one of (at least) two petrogenetic cycles (e.g., Li et al.
2017). When the subducting slab reaches sub-arc depths
(<120–160 km, cycle 1) of the mantle, Ca-rich carbonates (con-
taining calcite or aragonite) are preferentially dissolved due to their
high solubility in slab-derived fluids, which would subsequently

react with the overlying mantle to generate the source of arc vol-
canism (e.g., Kelemen and Manning 2015; Chen et al. 2023).
Given that Ca-rich carbonates are relatively unstable at high pres-
sures, they tend to transform into Mg-rich carbonates (dolomite
and magnesite) during the subduction of the oceanic slab at the
post-arc depths (>120–160 km, cycle 2) (Yaxley and Green
1994; Dasgupta et al. 2004). During this process, subducted
Mg-rich carbonates can be effectively dissolved by oceanic
slab-derived melts associated with rutile breakdown, which then
react with the mantle to form the source of intraplate or ocean
island basalt (OIB)-likemafic rocks (Yang et al. 2012; Huang et al.
2015; Huang and Xiao 2016; Li et al. 2017).

It has been argued that Mg isotopes can be used to determine
whether recycled sedimentary carbonates are present in the
mantle source of igneous rocks and constrain the nature of such
carbonates (Yang et al. 2012; Teng 2017; Liu et al. 2022). This is
because, compared with the mantle with a δ26Mg value of
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