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Aqueous fluid drives rhenium depletion in the continental crust
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ABSTRACT

The underestimated rhenium (Re) concentration of continental crust is crucial for resolving the
“missing Re puzzle” in the silicate Earth. Previous studies attributed the unknown Re reservoir in
the continental crust to sulfide cumulates in the lower crust. However, the impact of aqueous fluids
on Re abundance in the continental crust has been largely overlooked due to a lack of partition coeffi-
cients between fluids and silicate melts (Dfluid=melt

Re ). To address this gap, we conducted partitioning
experiments at 0.5 GPa and 850 °C under oxidized conditions (∼hematite-magnetite buffer) to deter-
mine the Dfluid=melt

Re . Our goal was to investigate how fluid exsolution influences Re distribution in the
crust. Our experiments revealed that the D values ranged from 4 to 108 for Re. Interestingly, these D
values were not related to the concentration of F−, Cl−, and CO2−

3 , but increased as the H2O fugacity in
aqueous fluids increased. Numerical modeling suggests that magmatic fluids can extract a significant
fraction of Re (∼80%) during arc-magma differentiation, leading to Re depletion in the upper conti-
nental crust. Therefore, we believe that aqueous fluids play a dominant role in depleting Re content in
the continental crust, whereas sulfide accumulation plays a very limited role.
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INTRODUCTION

The “missing Re puzzle” represents a longstanding enigma
in geochemistry that has perplexed researchers for decades
(Feng and Li 2019; Li 2014; Sun et al. 2003a, 2003c; Xue and
Li 2022). The puzzle refers to the fact that the combined amount
of Re found in the depleted mantle (DM, 0.12–0.18 ppb; (Hauri
and Hart 1997), continental crust (CC, 0.2–0.4 ppb) (Esser and
Turekian 1993; Peucker-Ehrenbrink and Jahn 2001), and mid-
ocean ridge basalt (MORB, 0.93 ± 0.05 ppb) (Sun et al. 2003b),
which all originated from the primitive mantle (McDonough and
Sun 1995), is insufficient to account for the Re budget of the prim-
itive mantle (PM, 0.28 ± 0.08 ppb). This discrepancy becomes
particularly evident when examining Yb/Re ratios across Earth’s
silicate reservoirs. Since Re and Yb have similar incompatibility
in magmatic processes, the Yb/Re ratio remains relatively con-
stant during mantle melting and magma crystallization differenti-
ation (Hauri and Hart 1997; Sun et al. 2003b). However, the fact
thatMORB, DM, and CC exhibit lower Yb/Re ratios than the PM
also suggests the presence of an unidentified Re-rich silicate
reservoir (Sun et al. 2003c; Xue and Li 2022).

Arc magmas are thought to be the primary building blocks of
the continental crust (Barth et al. 2000; Rudnick and Gao 2014;
Rudnick and Fountain 1995). The remarkable similarity in trace
element patterns between arcmagmas and the average continental
crust strongly supports their genetic relationship. Previous esti-
mates of Re concentrations in continental crust (0.2–0.4 ppb)

are likely underestimated (∼2 ppb) by the in situ analysis of melt
inclusions in undegassed basaltic glass (Sun et al. 2003a, 2003c).
This discrepancy implies that primitive arc basaltic magmas
initially contain substantial Re, which becomes depleted during
subsequentmagmatic evolution. To unravel theRe-depletion puz-
zle in the continental crust, it is crucial to understand Re behavior
during arc magmatic differentiation. As shown in Figure 1, Re
concentration and Yb/Re ratio in arc magmas change with
decreasing MgO content (Jenner et al. 2010; Park et al. 2013;
Sun et al. 2003a, 2004). Rhenium concentration initially increases
slightly asMgO content decreases, but then drops rapidly atMgO
= 3 wt%. The Yb/Re ratio remains stable initially but increases
rapidly when MgO content reaches 3 wt%. Both Re vs. MgO
and Yb/Re ratio vs. MgO diagrams suggest that at least one phase
fractionated Re from the arc magma. Previous studies suggested
that saturation crystallization ofmonosulfide solid solution (MSS)
may lead to a decrease in Re content and an increase in Yb/Re
ratio in magma due to the affinity of Re for sulfur (Feng and
Li 2019). However, Li (2014) argued that MSS crystallized
from oxidized arc magmas may not represent a significant
reservoir for Re, given the relatively low partition coefficient
(DMSS=melt

Re = 10 − 35) between MSS and silicate melt under
oxidized conditions (Brenan 2008; Feng and Li 2019). This is
consistent with MSS in natural arc samples containing low Re
concentration (0.02–0.6 ppm; Ahmad et al. 2021). Therefore,
other mechanisms need to be explored to explain the depletion
of Re. An alternative explanation is that Re partitions into the
hydrothermal fluid, thereby lowering the Re content in oxidized
arcmagmas. However, the current lack of a partition coefficient of
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