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Figure 1 [Illustration of two different end-member models of slab material transport in subduction zones'

113141 (a) In the conventional model, sediment

melts and fluids from altered oceanic crust (AOC) mix with ambient mantle melts to form arc magmas. (b) In the mélange model, sediments, AOC, and

hydrated mantle physically mix to form hybrid mélange rocks
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Figure 2 Initial model configurations. Enlargement (1500 kmx500 km) of the numerical box (4000 kmx670 km) is shown. White lines are isotherms

with an interval of 200°C. Two different lithospheres comprise the model, with oceanic on the left and continental on the right. The partially molten
crustal rocks will appear during the evolution of the model (Figures 3 and 4). The detailed properties of different rock types can be found in Liu et al. *
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Figure 3 Evolution of the numerical model with a convergence velocity of 1 cm/a. Composition evolution is overlapped by white-line isotherms,
which are plotted every 300°C starting from 100°C. Colors of rock types are the same as in Figure 2
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Figure 4 Evolution of the numerical model with a convergence velocity of 3 cm/a. Composition evolution is overlapped by white-line isotherms,
which are plotted every 300°C starting from 100°C. Colors of rock types are the same as in Figure 2 With continued subduction of the oceanic plate, the
marine sediments upwell firstly from the downgoing slab (a). Then a mixture of the marine sediments and AOC remain buoyant with respect to the
surrounding mantle materials, leading to its subsequent upwelling into the overlying mantle wedge (b). At last, such sharp density contrasts between the
high-T AOC and mantle wedge after long-term (~24.7 Ma.) subduction of the oceanic plate make the AOC diapir formation and rise up possible (c)
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Mélange diapirs in the subduction factory
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Subducted oceanic crust (i.e., subducted mélange) comprises marine sediments, altered oceanic crust (AOC) and mantle
peridotite. Much debate exists concerning how the subducted oceanic crust interacted with the overlying mantle in
subduction zones. Current debates focus on two principal interaction mechanisms between the subducted mélange and the
sub-arc mantle: marine sediment melt and/or AOC fluid metasomatism on sub-arc mantle, and physical mixing of
subducted mélange with sub-arc mantle. While the traditional metasomatic model (incorporating sediment melting with
AOC/serpentinite dehydration) has dominated arc formation theories, recent thermal constraints challenge this paradigm.
Sediment melting requires temperatures exceeding 1050°C at subduction zone pressures (2.7—5 GPa), conditions rarely
attained along typical slab-mantle interfaces. Such high temperatures cannot be reached at similar pressures along the slab
interface with the sub-arc mantle. Consequently, the mélange mixing model has gained increasing attention, proposing
initial bulk mixing of marine sediments and AOC with mantle wedge material prior to subsequent melting/dehydration
processes. Numerical simulations, seismic observations, and geochemical data confirm the viability of mélange diapirism
as an alternative mechanism, though critical questions remain regarding: (1) interaction dynamics between slab-derived
diapirs and mantle materials, (2) diagnostic geochemical signatures of mixing products, and (3) robust identification
criteria for these processes. This article summarizes the previous researches on the mélange diapirs in recent years, and lists
the evidences of the physical mixing between the mélange diapirs and sub-arc mantle.

Numerical simulation results reveal three evolutionary stages of mélange diapirism: (1) sediment-dominated, (2)
sediment-AOC hybrid, and (3) AOC-dominated phases. Our synthesis of recent advances found that distinct isotopic
fingerprints enable discrimination between metasomatic and physical mixing processes in arc magmatism. Sediment-rich
diapirs exhibit low 6°°Si and 6'**'**Ba values, coupled with elevated ey (7) and 6'°0, alongside Nd-Hf isotopic decoupling.
Conversely, AOC-dominated diapirs display heavy 0°°Mg and 6''B with light 6’Li and 6'°0 signatures. Mantle
hybridization experiments demonstrate: (1) mélange mixing with depleted MORB-type mantle generates Nb-Ta-depleted
subalkaline magmas, (2) interaction with low-proportion OIB-type mantle produces alkaline arc magmas, while (3) high-
proportion OIB mantle blending yields Nb-Ta-enriched compositions.

Three key challenges persist in mélange diapir research. (1) During mélange diapir upwelling, extensive decompression
melting occurs, yet there are few documented cases of exposed mélange diapirs at the earth surface. This lack of tangible
examples leaves a critical gap in direct evidence for their existence. It is also worth further studying whether mélange
diapirs are preserved and exposed in global subduction zones and orogenic belts. (2) Current knowledge of mélange diapir
dynamics in subduction zones relies heavily on numerical simulations. Due to computational limitations, key uncertainties
remain regarding the effects of mineral phase transitions and mantle hydration during oceanic crust subduction. High-
resolution deep seismic reflection data could provide essential constraints on the detailed processes and scales of mélange
diapir formation and evolution. (3) The relative contributions of mélange diapirs versus fluid/melt metasomatism in
subduction zones remain poorly understood. Further research is needed to clarify whether these processes operate
independently or coexist, and how they collectively influence subduction zone dynamics.

slab mélange, diapirism, altered oceanic crust, sub-arc mantle, arc magmatic rocks
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