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age and size on flat slab subduction. Front. Earth
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FIGURE 2 | (A) Diagram showing the dependence of lial slab subduction in
nature on slaby width (rench-paralal axtent) and subduchon zono age.
Creamonds represent subduction zones/segments without a flat stab. Filed
circkes and whité crcles with an outling reprasant subduction zones with a
present-day flat slab and Aat slab in the geclogical past, respectively, For the
black circles and white crcles with black outline subduction zone age and
shab width represent the age and width a1 the time of flat slab inception. For
thiz black damonds subduction zone age and slab width represents her age
and wadth at prasaent. For the gray darcles, white circles with a gray outling and
gray diamonds slal width reprasents the width at subduction initiation. Sea
Appendix and Tables 1, 2 for data choices, justification and uncertainties,
Black bars and gray bars are not emor bars but indicate range of age
estimates and slab width estimates, whera data point location represents the
average o the best estimate (see Appendix and Tables 1, 2). Thick
honzontal gray Bnes connect subduction initiaton data point with present-day
subduction zone data pont (diamonds) or flal slab subduction initiation data
paint {cirches) of the same subduction rone [segment). Subduction zone data
points: 1-South America with 1a-Southern Peru segment (Mazca ridge),
1b-Central Peru segment, 1c-Central Chile segment (Juan Fernandez ridge).
1d-Colombia segment, 1e-Morthern Chilie segment, 11-Southermn Chile
sagment; 2-Mexico-Central Amanica with Za-hMaxdco segment, 2b-Central
America segment; 3-South America (Central Andes segment); 4-South
China; 5=Farallon (Laramide segment); 6-Calabria; T-Gibraltar; B-Hellenic;
B-Scotia; 10-Manila; 11-Sangihe; 12-Puysegur; 13-Halmahera; 14-Morth
Sulawesi; 15-Cascadia; 16-Nankai-Ryukopu; 17-Lesser Antilles-Puerto Rico;
18-Tonga-Kermadec-Hikurangi; 19-Aeutians-Alaska; 20-Melanesia Mew
Eritain-San Cristobal-Mew Hebrides); 21-Morthwest Pacific
[Kamchatka-Kuril-Japan-1zu-Bonin-Marlana) with 21a-Kamchatka-Kuril-Japan
segment, 21b-lzu-Bonin-Marana segment; 22-Sunda
Burma-Andaman-Surmatra-Java-Banda) wilh 22a-Burma-Andaman
segment, 22b-Burma-Andaman-Sumatra-Java segrment. The light gray zone
indicates the approximate location of the boundary separating the domaing
where flat slab subduction is not possible fower lefi) and possible (upper
right). MNote that for the indhidual subduction zone segments (1a-fand 2a-b)
th entire: wicth of the slab thal these segments form part of has been plotted,
(B} Map showing tha lecation of thase subduction zones and segrments
platted in pared [A).
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Abers, G.A., van Keken, P.E. and Hacker, B.R.,
2017, The cold and relatively dry nature of mantle
forearcs in subduction zones. Nature Geosci., DOI:
10.1038/NGEO2922.
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Figure 3 | Predicted per cent hydration of mantle wedges worldwide
produced over last 50 Myrs. Predictions from thermal models with
decoupling to 80 km and vertical water transport (Supplementary

Table 2); models are steady state except where noted in Supplementary
Discussion 4. The colours denote hydration, whereas larger circles show
arcs with well-constrained geometry (uncertainty in forearc crustal
thickness < 10 km and uncertainty in depth to slab below volcanic
front™ < 20 km). The numbers code to subduction zones listed in
Supplementary Tables 1 and 2, the following of which are discussed in the
main text: 1, Alaska Peninsula; 4, Cascadia; 5, Mexico; 31, New Britain;
33, North Vanuatu; 46, Nankai; 48, North Honshu.
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McGary, R.S., Evans, R.L., Wannamaker, P.E.,
Elsenbeck, J. and Rondenay, S., 2014, Pathway
from subducting slab to surface for melt and fluids
beneath Mount Rainier. Nature, 511, doi: 10.1038/
naturel3493.
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Fig'nlt 1] \'Ilp uhnmn;g station locations for the CAFE seismic and
totelluric o {wideband and long-period) across central

H’:uhinmm state, USA. The numbers in parentheses indicate the number of
stations for each category. WH, wideband: LP, long-period.
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Figure 2 | Primary seismic (a) and

magnetotelluric (b) models, Panel
b includes both a thermal profile
(contours, labelled in degrees
Celsius) and earthquake hypocentre
locations {red circles) within 20km
of our profile line™, Fluid released
from the subducting slab enters the
mantle wedge at A Melt initited

at or very near the interface s
transparted upward by buoyancy
and dragged down. The fuid/melt
phase rises through the mantle wedge
(B) until it reaches the crust, joining

uoReaInLed A3o(ah

(i £ Aisnssay

=T.5%

fluids released from shallower
reactions { ). The combined fluid/

melt continues to rise until reaching o

reservoir () in the couest. Mount

i Rainier is shown as a red triangle.
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Pommier, A. and Evans, R.L., 2017, Constraints on
fluids in subduction zones from electromagnetic
data. Geosphere, 13, 1026—-1041.
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Forster, M.W. and Selway, K., 2021, Melting of
subducted sediments reconciles geophysical images
of subduction zones. Nature, 12, https://doi.
org/10.1038/s41467-021-21657-8.
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Fig- 2 Subduction rona with fore-arc metasomatism model. Arc magmas form below the volcanic fromt (A), where fled-flused malting of mantle
peridatibes occurs. In front of the region of arc magma generation (A") subducted sediments mell and Their bydrows melts nse and react with peridalite.
Snce termperatures in front of the arc (A') oe below the solidus of peridatite, hydrous sediment melt reacts o form a phlogoplte-pyroxenite metasome.
Fluids expelied by phiogopite-pyrasenite formation rise through the mantle wedge B into the criest € to form reservoirs and hot springs. Map medified from
GeaMaphpp, www geormapanporgs with Global Multi-Resolition Topagraphy (GMRTH
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Fig. 3 Original {a) and synthetic (b} MT models for the Cascadia subduction zone. Colour scale 15 log electrical resistivity (p). & Shows the nverse MT
madel along the ‘CAFE’ fine in the Cascadia subduction zone, western Morth America, adapted from McGary et al™ with the region of interest highlighted.
Reprinted by parmission from Springer Mature, Nature, Pathway from subducting slab to surface for mell and fluids beneath Mount Rainier, McGary et al”,
E2014_ b is the synthetic MT model, which was created by forward modelling and then inverting the MT respanses from a subsurface with conductivities
defined by mantle peridotite, arc melts, and the phlogopite-pyroxenite metaseme, melt, and saline fluids produced by melting of subducted sediments. The
synthetic model reproduces the main conductive features, which are offset trenchward of Mt. Rainier (red triangle). Labels (A, A', B and C) follow the
regions labelled in Fig. 2, Black circles in {b) show the locations of small {magnitude < 3) earthguakes that have occurred in the mantle wedge since 1980,
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Malinovskii, A.I. and Chashchin, A.A., 2007, Early
Cretaceous volcanic rocks and Early Cenozoic
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Fig. 1. Sampling localities of the voleanic rocks of the Mariisky sequence and vent extrusion of Cape Mary, Schmidt Peninsula.
Modified after the GDP-200 map [4]. (1) Quaternary deposits; (2) formations with age indices; (3) early Cretaceous voleanic and
volcanogenic—sedimentary rocks of the Marisky sequence; (4) vent extrusions of Cape Mary; (5) fault; (6) number and locality of
samples.
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Marginal seas of the WW Pacific and their back arc basins:
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white lines with arrows indicate active shear zomes: KSZ—Komandorsky (Baranov et al,, 1991 [52]),
SHSZ—Sakhalin-Hokkaido (Jolivet et al., 1987 [3]), KSS—Kunle Sliver Shear (Kimura 1986 [33]), White
lines with arrows at both ends mark the apening dinsction of the back anc basins. Two opening directions
are sugpested for the Kurile Basine NNW-55E dircction in Middle Miocene and NE-SW direction later
than Late Miocene (TuZine and Muramaki 2008 [54]).

99



De Grave, J., Zhimulev, F.I., Glorie, S., Kuznetsov,
G.V., Evans, N., F. Vanhaecke, F. and Mclnnes,
B., 2016, Late Palacogene emplacement and late
Neogene—Quaternary exhumation of the Kuril
island-arc root (Kunashir island) constrained by
multi-method thermochronometry. Geosci. Front., 7,
211-220.

T-EAE L, - AT L2 R L, LARIAHR
WS  THEAGHED & A L F v v ATt s, Bl
EDINE, B =MoL Z2hzEH ) 2G5
W2 KD 672 5 W oD KILED SRR I 1
%, E®EE, TEINORE, LSO E i iz
BL, KOWMENRTH 5, HEEIE, BT
B2 5 D KIEGE» S 05 THay 7Ly 728
FznzE) (XEHE) ZUra B am - BEK
HEADDIEHN KD S %5 Biay 7Ly 7 A
SRR ENS, Fi#ar 7L v 7 AITix, Prasolov/
Dokuchaev XK a v 7Ly 7 R EEEN 5 B AEDIK
HPED TICHET 5, 0L 7z b —F VA —1ik
PICaE DG an 2o D/NS B EAEERD SIRES
N7z, 31 Ma ® LA-ICP-MS U/Pb 4% 7 3wy BT
Fiit )L a v Prasolovay Ly 7 A 6EL N

2022

7o, ZOHEEE, ERBOEBIEREZ N TH
X0 bdnZ 2Ry, BEREBEIKAED 7 4 v > a
v+ +5v 27, U-Th-Sm/He £ X O’ ) a v U-Th/
He fi#ht) 1%, 1.9-0.8 Ma @ He %% O EBED
KIRFER L, BHT IS BIE D L )L £ R AN 1
shARZLECEZRY, EREOIEZ, BfExT
Wk HRES BEALE,

CH B ATE)

Figure 2. General geological map of Kunashir 1£land, southwest Kuril 1slands (based on
Kovtunovich et al, 2002} Location for Fig. 3 is Indlcated.

Figure 1. (a) General location of the Kuril island arc in the Northwest Pacific, (b position of Kunashir Bsland in the Kuril asc and general regional geographic setting. and {c) tectonic
aketch map of the Kuril island arc. The study anea, the island of Kunashir (KL is indicated by the red box,
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