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Figure 3 | Systematic variation in depth to the
slab beneath volcanic arcs, and its relation to

180 . .
1601 +

1404

D (km)
-]

1204 E ’ L ¢

100

EER
—e—

804 F

pressure—temperature conditions beneath the

i arcs. a, Depth to the top of the slab beneath volcanic
arcs (see Supplementary Information), plotted
against V0 (equation (3)). b, Conditions beneath the
volcanic fronts estimated from calculations with
descent speed, V, and dip, 6, corresponding to the
arcs investigated in this paper. Dots show the
maximum temperature in the mantle wedge

L beneath the front, and the pressure at which that
temperature is reached. For each calculation, the arc
F front is taken to lie immediately above the place
where the top of the slab reaches the depth D; error
bars represent the range in maximum temperature
(and the pressure at which it is reached) associated
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Figure 4 | A sketch of the process that determines the position of volcanoes.
The top of the slab is indicated by the diagonal line starting at the origin. The
black line separating the blue and yellow-to-red colours within the wedge

represents the water-saturated solidus of the mantle, the cross-hatched region is
above the nominally anhydrous solidus of ambient mantle. a, The distribution
of temperature and melting without heat transport by migrating melt. Grey and
black arrows show melt formed above the water-saturated and anhydrous

solidi, respectively, rising, then travelling through high-porosity channels to the
‘noses’ of the solidi. b, A schematic depiction of how melt transport, indicated
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with a =5 km uncertainty in the horizontal location
of the arc front. Lines labelled 50 p.p.m., 200 p.p.m.
and 500 p.p.m. correspond to the solidi for
peridotite containing these fractions of water'.
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by arrows, would modify the distribution in a. Magma rising from the ‘nose’ of
the dry solidus heats the region immediately above, deflecting upwards the dry
and wet solidi so that they both reach their shallowest depth in the same
horizontal location. Each type of melt travels laterally and upward along its
respective solidus towards this location. Melts eventually penetrate the
lithosphere by hydrofracture and dyking. In the case of low permeability in the
wedge, advection of melt by the moving mantle can cause the trajectories to
deviate horizontally™: this process could affect the details of the sketch.
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Fig. 9. Model depth of the slab h (a-e) and distance to the trench d (f-j) for different points in the wedge, against the five subduction parameters: (red open circles) h, dprox.
closest point to the trench where wedge T exceeds Tp,; (filled red circles) h, dyqx, the point where (T — Ty,) reaches its maximum; (green squares) h, dpyq, maximum slab
surface depth above the serpentinite stability field in the slab, as a proxy for the maximum extent to where the wedge may be hydrated. Dashed lines illustrate the observed
range in H and D (Fig. 1). For the case with Agp = 100 Myr, the wedge is too cold to allow anhydrous melting, i.e., this point is missing. hmex and hprx have similar
sensitivities except to Agp, while those of hyyg are distinct. Sensitivity to dip dominates the behaviour of d. Comparison to Fig. 2 shows that observed trends are most like

those predicted by wedge-temperature controlled mechanisms.
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Fig. 7. Maturation of a juvenile island arc during subduction infancy. A) The incipient island arc (southern Marianas) capture a smaller contribution of aqueous fluids that
are released from the subducting plate. Juvenile arc magmas are thus produced by decompression mantle melting assisted by slab dehydration. During maturation, the arc
volcanoes are randomly emplaced and they are displaced away from the trench (which deepens the depth of arc magma generation), as the serpentinized fore-arc mantle
grows (as depicted from light to dark green layers underneath the fore-arc). There is also an increase in the slab fluids contribution as the arc matures. B) In mature island
arc (northern Marianas), the depth of mantle melting deepens and is triggered by slab dehydration. The volcanic arc front is spread away from the back-arc basin spreading
center. The mature arc magmas thus possess a clear arc fingerprint, which reveals the infiltration of the deeply-sourced slab fluids into the sub-arc mantle wedge, along with
the deepening of the arc magma generation. Back-arc magmas captured the fluids released from a subducting plate that has previously dehydrated.
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Fig. 6. Comparison of the estimated water contents in basalts from the early Creta-
ceous to late Cenozoic. IAB, island arc basalts; BABB, back-arc basin basalts; OIB,
oceanic island basalts; MORB, mid-ocean ridge basalts; the water contents data for

these basalts are from Dixon et al. (2004). Feixian basalt data are from Xia et al. (2013);
Sakuyama etal., (2013) Yixian data are from Geng et al, (2019), other data are from Chen et al,, 2015, 2017, Liu
g
N Liuetal., (2015b) et al. 20153, 2015b, 2016 and the references therein.
“ Hongkong - $,
|N20”
0 150300km
an Island E—
Fig. 1. Simplified tectonic scheme for eastern China and the location of the early Cretaceous to late Cenozoic basalts (modified after Liu et al., 2017). NSGL represents the North-

South Gravity Lineament. The dark stars mark the sampling sites (Zhanglaogongtun, Pishikou) of this study. NCC = North China Craton
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Fig. 1. Tectonic elements of the NCC and the ad-
Jjacent areas. I-NCC: Intact North China Craton; M-
NCC: Modified North China Craton; D-NCC:
Destructed North China Craton. NSGL: North-South
Gravity Lineament (Ma, 1989). HH: Hohhot meta-
morphic core complex (Davis et al., 2002); LL-
Linglong metamorphic core complex (Charles et al.,
2011); LN: Liaonan metamorphic core complex (Liu
et al., 2005); LZ: Louzidian metamorphic core
complex (Wang and Zheng, 2005); QS: Queshan
metamorphic core complex (Xia et al., 2016); WL:
Waulian metamorphic core complex (Ni et al,
2013); XQ: Xiaoqinling metamorphic core complex
(Zhang et al., 1998); YL: Yiwulvshan metamorphic
core complex (Ma et al., 1999; Darby et al., 2004);
YM: Yunmengshan metamorphic complex (Davis
et al., 1996).

Fig. 19. Cartoons illustrating the plate tectonic set-
tings of the transform contraction before ~143 Ma
and probably later than 160 Ma (a) and the trans-
form extension after ~129 Ma and before the end of
Cretaceous (b); no scale implied. The associated
magmatism and volcano-sedimentary records are not
presented for simplification.
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Figure 4. Temporal evolution of subducted slabs along profiles ¢ (left column) and e (right column) with reconstruction (middle column) in case 1-1. The segmen-
ted slabs that are i with the h model ‘with seismi images in both vertical (left and right columns) and horizontal
slices (middle column) for mutual identification. All the symbols are the same as those in Figures 2 and 3. The locations of the profiles are shown in Figure 1.
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Figure 5. Conceptual model that shows the geodynamic process that is associated with the migrating triple junction.

The lateral tearing of the Pacific slab propagated along the East Asian margin at the triple junction. While the (E?&*ﬂt»ﬁ)
Pacific slab was detached along the Ryukyu trench, the Philippine slab was gradually subducting. The torn Pacific slabs

subducted into the mantle transition zone. The other symbols are the same as those in Figure 1.
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Figure 11. Schematic delamination scenario beneath the Hidaka Belt
based on the interpretation of the seismic model. The section roughly
corresponds to section A5-B5. Designation “ec” denotes an eclogite body
derived from mafic crustal material.
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