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Supplementary Tables
Table S1. Boron contents and isotopes measured for the volcanics from the Mariana Pagan and NW Rota-1 arcs.
	Locality
	Sample
	Latitude (N):
	Longitude (E):
	Slab Depth (km)a
	B (ppm)
	δ11B (‰)

	Pagan
	HPD1147R01
	18°13.925′
	145°52.200′
	-125
	8.93 
	3.19 

	
	HPD1147R02
	18°13.916′
	145°52.171′
	-125
	7.45 
	4.25 

	
	HPD1147R03
	18°13.892′
	145°52.133′
	-125
	3.02 
	2.49 

	
	HPD1147R04
	18°13.852′
	145°52.063′
	-125
	8.54 
	4.55 

	
	HPD1147R06
	18°13.794′
	145°51.99′
	-125
	8.19 
	4.74 

	
	HPD1147R11
	18°13.487′
	145°51.599′
	-126
	8.22 
	4.26 

	
	HPD1147R12
	18°13.475′
	145°51.583′
	-126
	7.94 
	4.37 

	
	HPD1147R13
	18°13.461′
	145°51.537′
	-126
	8.21 
	4.71 

	
	HPD1147R18
	18°13.252′
	145°51.075′
	-128
	11.12 
	5.79 

	
	HPD1147R18 (duplicate)
	
	
	
	11.17
	5.56

	
	HPD1147R21
	18°13.234′
	145°51.022′
	-128
	4.65 
	3.35 

	
	HPD1147R23
	18°13.004′
	145°50.367′
	-130
	19.48 
	5.04 

	
	HPD1148R01
	17°58.593′
	145°38.325′
	-167
	10.79 
	2.31 

	
	HPD1148R04
	17°58.624′
	145°38.327′
	-167
	14.28 
	3.81 

	
	HPD1148R04 (duplicate)
	
	
	
	17.98
	3.86

	
	HPD1148R05
	17°58.625′
	145°38.314′
	-167
	47.26 
	4.68 

	
	HPD1148R06
	17°58.578′
	145°38.311′
	-167
	8.81 
	1.14 

	NW Rota-1
	HPD488R01
	14°35.290′
	144°49.609′
	-210
	1.37 
	0.47 

	
	HPD488R04
	14°35.318′
	144°49.595′
	-210
	3.23 
	0.31 

	
	HPD488R05
	14°35.325′
	144°49.596′
	-210
	2.95 
	1.72 

	
	HPD488R06
	14°35.325′
	144°49.597′
	-210
	3.01 
	1.96 

	
	HPD488R07
	14°35.325′
	144°49.598′
	-210
	1.42 
	0.82 

	
	HPD488R08
	14°35.367′
	144°49.581′
	-210
	1.04 
	0.30 

	
	HPD480R01
	14°35.991′
	144°46.509′
	-222
	3.51 
	0.96 

	
	HPD480R09
	14°36.077′
	144°46.023′
	-225
	3.51 
	1.36 

	
	HPD480R10
	14°36.085′
	144°46.422′
	-223
	3.28 
	0.93 

	
	HPD488R10
	14°35.453′
	144°49.541′
	-210
	7.77 
	4.19 

	
	HPD488R11
	14°35.453′
	144°49.541′
	-210
	1.45 
	2.13 

	
	HPD488R12
	14°35.514′
	144°49.466′
	-210
	3.11 
	2.11 

	
	HPD488R13
	14°35.551′
	144°49.422′
	-210
	1.21 
	2.63 

	
	HPD488R17
	14°35.604′
	144°48.102′
	-216
	5.55 
	2.28 

	
	HPD488R17 (duplicate)
	
	
	
	5.60
	1.78


a Slab depth from Hayes, et al. 1

[bookmark: _Hlk134440818]Table S2. Compositions (in ppm) of the subducted slab and the water-rich flux released by each layer of the slab.
	
	Ba 
	Nb
	B 
	11B (‰)
	Cl
	F

	Slab composition a
	
	
	
	
	
	

	Slab upper crust 
	406.97
	40.86
	35
	2.4
	214
	334

	Slab gabbroic crust
	9.50
	1.70
	2.7
	7.35
	150
	72

	Slab residues
	45.40
	4.51
	/
	-12.8
	7
	126

	Slab serpentinite
	0.81
	0.75
	52.2
	12.8
	1072
	20

	Water-rich flux
	
	
	
	
	
	

	Shallow crustal flux b
	1884.11
	1.09
	200
	7.0
	3192
	281

	Sub-arc crustal flux b
	2248.44
	6.24
	170
	-3.9
	1494
	1354

	Residual slab melt c
	384.75
	4.14
	16.8
	-12.8
	49
	511

	Gabbroic flux d
	192.31
	0.49
	22.9
	7.35
	2237
	401

	Serpentinite-derived flux e
	16.44
	2.39
	289
	12.8
	15990
	111

	Depleted Mantle f
	0.563
	0.1485
	0.007
	-7.1
	5
	12



a The Ba and Nb contents of the slab upper crust were estimated to be composed of 90% AOC2 and 10% sediments3, as suggested by previous studies4-6, while those of the slab gabbroic crust were obtained from Hart, et al. 7. Ba and Nb contents of the slab residues were taken from Porter and White 8, and those of the slab serpentinite were based on the abyssal serpentinite composition reported by Deschamps, et al. 9. The boron content and 11B value of the slab upper crust, slab residues and slab serpentinite were obtained from Tonarini, et al. 5, while those of the gabbroic crust were taken from Hart, et al. 7. The Cl and F contents of the slab upper crust were estimated to be composed of 90% AOC10 and 10% sediment11, while those of gabbroic crust were obtained from Kendrick 12. The Cl and F contents of the slab residues were taken from Beaudoin, et al. 13, and those of the slab serpentinite were obtained from Kendrick, et al. 14.
b The Ba and Nb contents in the shallow crustal flux were calculated applying a batch dehydration model (F=2%) and using partition coefficients from Kessel, et al. 15 at 4 GPa, 700 C , while those in the sub-arc crustal flux were calculated applying a batch melting model with F=10% and using partition coefficients from Kessel, et al. 15 at 4 GPa, 800 C, as previously suggested4. The boron content and 11B value of the shallow crustal flux and sub-arc crustal flux were estimated values reported by Tonarini, et al. 5, at slab depth of 70 km and 120 km, respectively. The Cl and F contents were calculated using partition coefficients reported by Van den Bleeken and Koga 16, with =0.048 for Cl; =1.19 for F at shallow depth and D=0.163 for F at sub-arc depth. 
c The contents of Ba and Nb in the slab residue melt were calculated applying a batch melting model with F=10% and using partition coefficients from Kessel, et al. 15 at 6 GPa, 900 C, as previously suggested4. The boron content and 11B value were obtained from Tonarini, et al. 5. The contents of Cl and F in slab residue melt were also calculated applying a batch melting model with F=10%, and the partition coefficients used were from Van den Bleeken and Koga 16, with D=0.048 for Cl and D=0.163 for F.
d The contents of Ba, Nb, B, Cl and F in gabbroic flux were calculated applying a batch dehydration model with F=2% and using partition coefficients from Kessel, et al. 15 at 6 GPa, 800 C, as well as reported by Benton, et al. 17 and Van den Bleeken and Koga 16, with D=0.1 for B, D=0.048 for Cl and D=0.163 for F. The value of 11B was assumed to be in equilibrium with its initial value.
e The contents of Ba, Nb, Cl and F in the slab serpentinite-derived flux were calculated applying a batch dehydration model with F=2% and using partition coefficients reported by Scambelluri, et al. 18 and Van den Bleeken and Koga 16. The boron content and 11B value were obtained from Tonarini, et al. 5.
f Trace elements of depleted mantle were obtained from Workman and Hart 19, while the B contents and 11B values were obtained from Marschall, et al. 20, and the halogen contents were taken from Kendrick, et al. 21.
It should be noted that in the experiments, Cl is significantly lost to the aqueous phase, but F is not16, resulting in a higher partition coefficient of Cl into the fluid than reported values16. Therefore, the Cl/F ratio in the fluid may be higher than calculated in this study.


[bookmark: _Hlk134441060]Table S3. Estimations of influx and outflux of water and chlorine in the Mariana subduction zone system.
	Input flux

	
	H2O contents (wt%)
	Thickness (km)
	Density (g/cm3)
	H2O influx
(107 Tg /Myr)
	Cl influx
(105 Tg /Myr)

	Sediment
	3.4
	0.5
	1.86
	0.33
	0.63

	Basaltic crust
	2.5
	2
	2.73
	1.43
	2.71

	Gabbro crust
	0.8
	4
	2.9 5
	0.99
	1.88

	Serpentinized mantle
	2.0
	24
	2.52
	12.7
	24.1

	
	
	
	
	
	

	Outflux flux

	
	Magma volume
(km3 /yr)
	H2O contents (wt%)
	Cl contents (ppm)
	H2O outflux (107 Tg /Myr)
	Cl outflux (105Tg /Myr)

	Arc volcanics
	0.07
	3.9
	1123
	0.72
	2.08

	Back arc basin basalts
	0.25
	2.1
	235
	1.39
	1.56


Note
Calculation can be found in the main text and methods. 


Supplementary Figures
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Figure S1. Geotherm of the Mariana slab along with the bound H2O content in the slab crustal layers. The bound H2O content in sediment (a), basaltic crust (b) and gabbroic crust (c) were performed using the Perple_X code22 (see Methods). The white lines with numbers represent the geotherm of the Mariana slab, in km beneath slab surface, which was obtained from the model performed by Cerpa, et al. 23.

[image: ]
Figure S2. Geotherm of Mariana slab along with the phase diagram of the slab serpentinized lithosphere mantle. a. Thermodynamically modeled phase diagram of slab serpentinite, which was performed using Perple_X. b, Phase diagram of slab serpentinite based on the compiled experimental results from in Cerpa, et al. 23. Colored lines with numbers represent the geotherm of the Mariana slab, in km beneath slab surface, which was obtained from the model performed by Cerpa, et al. 23. According to the thermodynamically simulated phase diagram (a), the slab serpentinite undergoes dehydrate at ~5.5 GPa (~170 km) in the Mariana subduction zone through breakdown of antigorite and chlorite. On the other hand, based on the experimental model (b), the slab serpentinite undergoes two stages of dehydration through the breakdown of 10- Å phase in the upper 2 km of slab serpentinite and the breakdown of Al-PhE in underlying 4 km of the slab serpentinite. Here we prefer to use the experimental model (b) instead of the thermodynamic model (a) due to the reasons provided in Cerpa, et al. 23. law, lawsonite; Atg, antigorite; Chl, chlorite; 10-Å, 10-Å phase; bal, balangeroite; Al-phE, aluminous phase E.
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