
Supplementary Tables
Table S1. The volume concentration and composition of residual gases in shales and metapelites from old accretionary prisms exposed in the Shikoku region. The maximum temperatures of shales were estimated from VR (vitrinite reflectance) using Easy%RoV (Burnham, 2019), assuming the heating rate as 30℃/myr (accretionary prisms) and 125℃/myr (underthrust sediments), respectively. The present temperatures of the MITI Mishima well are almost the same as the maximum temperatures. The maximum temperatures of metapelites were estimated from metamorphic mineral assemblages and sampling locations. A part of the data is from Suzuki et al. (2017).
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Supplementary Figures


Fig. S1
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低い精度で自動的に生成された説明]

Fig. S1. A typical GC-PDHID chromatogram of the residual gas in metapelite ((d) in Fig. 3. The metapelite sample was from the old accretionary prism (Sanbagawa metamorphic belt) in the Shikoku region. The O2 peak is tiny compared to the N2 peak, showing negligible air contamination during analysis.
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Fig. S2. The depth-temperature relationship in the temperature zone below 200°C. (a) The location of Site C0002 of the IODP Expedition 332. (b) The depth-temperature relationship in the Kumano-nada region (Sugihara et al., 2014). The depth-temperature relationship at the IDOP Site C0002 was extrapolated to the subsurface temperature distribution below 200°C in the Kumano-nada region.



Fig. S3
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Fig. S3. The temperatures of the upper surface of the Philippine Sea Plate. (a) The temperature contours in the Kyushu, Shikoku, and Kii Peninsula regions according to 3D modeling from (Ji et al., 2016). (b) The temperature contours in the Tokai regions based on 2D modeling at the sections of (i) to (iii) by (Suenaga et al., 2019). The blue contours show the depths of the upper boundary of the Philippine Sea Plate (Baba et al., 2002; Nakajima and Hasegawa, 2006; Hirose et al., 2008). The black line with triangles represents the trench axis of the Nankai Trough.
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Fig. S4. The depth-temperature relationship in the subduction zone of the Kumano-nada region. (a) The temperatures of the upper surface of the Philippine Sea Plate in the Kumano-nada region with the depths of the upper boundary of the Philippine Sea Plate (blue contours) from Fig. S5. The depth-temperature relationship in the temperature zone of more than 200°C is from the depth-temperature relationship in (a).  
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Fig. S5. The area estimation of the outer prism. The outer prism in the geologic section of the Kumano-nada region, off the Kii Peninsula, was divided into 14 trapezoids for area estimation. The area of the outer prism was estimated to be approximately 117 km2 from the sum of the areas of each trapezoid.
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Fig. S6. The estimation of the vector velocity at the bottom of the inner accretionary prism. The average annual sediment accretion rate was estimated to be about 53.2 m2/yr, assuming the initiation of the outer prism formation 2.2 myr ago (Screaton et al., 2009; Strasser et al., 2009; Moore et al., 2015; Kimura et al., 2018). The lateral velocity of the inner prism was estimated by dividing the annual accretion rate by the thickness of the accretionary prism. The lateral velocities of the inner prism at 40 km away (6.2 km thick) and 55 km away (8.9 km thick) from the trough are estimated to be approximately 8.58 mm/yr and 5.98 mm/yr, respectively. The vertical velocity at the deepest part of the inner prism (55 km away from the trough) is estimated to be 1.8 mm/yr, considering the vertical velocities due to the taper angle (7.5°) of the Philippine Sea Plate (0.8 mm/yr) and due to the subsidence of the Kumano forearc basin (1.0 mm/yr). Therefore, the vector velocity of the deepest part of the inner prism is approximately 6.3 mm/yr, considering the lateral velocity of 5.98 mm/yr and the vertical velocity of 1.8 mm/yr.
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Table S1 (1)

Depth (m) H

2

N

2

CO

2

CH

4

C

2

H

6

3310 18 ‒‒ 1618 156 4 0.73 ‒‒ *

3470 21 ‒‒ 791 330 6 0.79 ‒‒ *

3930 21 ‒‒ 1968 371 16 0.81 ‒‒ *

4140 17 ‒‒ 471 292 11 1.01 ‒‒ *

4880 128 ‒‒ 52 702 63 0.80 ‒‒ *

5200 17 ‒‒ 181 61 33 1.65 ‒‒ *

5560 45 ‒‒ 53 1059 83 1.26 ‒‒ *

5570 36 ‒‒ 1214 1208 75 1.07 ‒‒ *

5830 48 ‒‒ 535 1097 71 0.72 ‒‒ *

5850 53 ‒‒ 121 186 104 0.87 ‒‒ *

6280 88 ‒‒ 176 1012 36 0.62 ‒‒ *

H

2

N

2

CO

2

CH

4

C

2

H

6

125

℃

/myr 30

℃

/myr

46 2.65 236 226 351 ‒‒ 106 1456 11 0.24 ‒‒ *

43 1.07 183 173 151 ‒‒ 908 322 1 0.40 ‒‒ *

42 2.29 227 217 61 ‒‒ 542 1562 99 0.91 ‒‒ *

39 4.36 276 264 50 ‒‒ 0 257 1 0.76 ‒‒ *

36 1.01 178 169 612 ‒‒ 104 219 0 0.29 ‒‒ *

31 2.45 232 221 480 ‒‒ 45 1638 0 0.22 ‒‒ *

30 2.54 234 223 133 ‒‒ 0 1436 0 0.65 ‒‒ *

28 1.61 208 198 259 ‒‒ 65 270 0 0.28 ‒‒ *

17 3.34 252 241 114 ‒‒ 78 1125 0 0.79 ‒‒ *

57 3.54 257 246 485 ‒‒ 55 1160 0 0.56 ‒‒ *

51 3.40 254 243 1327 ‒‒ 126 1083 0 0.17 ‒‒ *

32 0.96 174 165 70 174 209 417 9.95 0.44 0.09

33 1.66 209 199 110 79 2000 99 1.274 0.74 0.08

34 3.01 245 234 737 963 2 1060 1 0.12 0.04

35 1.06 182 172 476 101 0 8 0 0.14 0.05

36 1.01 178 169 221 499 1 82 0 0.29 0.11

37 1.06 182 172 206 772 1 272 0 0.25 0.06

38 1.01 178 169 236 538 1 203 0.105 0.30 0.09

39 4.36 276 264 52 172 1 81 0.196 0.76 0.09

40 0.94 173 164 609 1230 3 242 0.6 0.10 0.05

24 2.37 229 219 130 300 1 178 5.09 0.48 0.06

25 1.05 181 172 63 130 73 128 3.84 0.64 0.07

26 1.75 212 202 56 166 1 358 12.6 0.82 0.07

27 0.92 172 163 109 257 7 327 8.72 0.45 0.05

28 1.61 208 198 71 245 2 76 1.12 0.28 0.02

29 2.02 220 210 245 296 1 217 3 0.43 0.05

30 2.54 234 223 68 264 1 460 9 0.65 0.05

31 2.45 232 221 272 491 2 1280 2.087 0.22 0.04

14 4.72 285 273 816 ‒‒ 0 782 0 0.39 ‒‒

13 4.58 281 270 889 ‒‒ 245 420 0 0.12 ‒‒
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Table S1 (2)

Sample # H

2

N

2

CO

2

CH

4

C

2

H

6

16 1206 ‒‒ 43 311 0 0.47 ‒‒ *

21 370 ‒‒ 0 311 0 0.76 ‒‒ *

22 1360 ‒‒ 157 295 0 0.25 ‒‒ *

15 1323 ‒‒ 0 422 0 0.31 ‒‒ *

11 1448 ‒‒ 199 447 0 0.07 ‒‒ *

9 1385 ‒‒ 177 9 0 0.20 ‒‒ *

5 801 ‒‒ 111 175 0 0.31 ‒‒ *

56 1501 ‒‒ 126 524 0 0.12 ‒‒ *

55 936 ‒‒ 80 344 0 0.29 ‒‒ *

2 373 ‒‒ 26 427 0 0.64 ‒‒ *

1 1556 ‒‒ 26 590 0 0.28 ‒‒ *

52 362 ‒‒ 0 398 0 0.21 ‒‒ *

53 524 ‒‒ 72 157 0 0.33 ‒‒ *

23 908 227 2 169 0 ‒‒ ‒‒

22 567 363 2 31 0 0.25 0.04

21 114 225 1 126 1 0.76 0.06

Ch-12 261 429 1 43 0.0 0.38 0.06

Ch-11 32 154 0 24 1.87 2.91 0.13

Ch-10 344 618 2 30 0 0.21 0.06

Ch-9 200 189 0 65 0 0.68 0.09

Ch-8 470 295 1 90 0.793 0.40 ‒‒

Ch-7 278 617 1 13 0 0.16 ‒‒

Ch-6 495 231 1 42 0.645 0.28 0.10

Ch-5 169 808 3 2 0 0.16 0.05

Ch-4 257 169 0 89 0.0377 0.60 0.11

Ch-3 408 378 1 5 0 0.13 0.04

Ch-2 710 241 0 117 0 0.30 0.10

Ch-1 598 863 1 7 0 0.12 0.04

Ga-6 1018 427 1 7 3.05 0.12 0.05

Ga-5 160 723 1 1 0.349 0.11 0.04

Ga-4 1759 1132 1 4 0 0.15 0.01

Ga-3 47 144 0 2 0 0.70 0.11

Ga-2 425 258 1 9 0 0.28 0.06

Ga-1 120 666 2 1 0 0.15 0.05

ABb-2 110 120 0 1 0 0.71 0.09

ABa-1 65 128 1 0 0 0.61 0.07

ABb-1 63 134 0 0 0 0.61 0.10

ABa-2 12 413 0 0 0 0.43 0.08

OB-3 423 438 2 7 0 0.13 0.07

OB-2 43 535 1 0 0 0.15 0.04

OB-1 1 483 4 0 0 0.17 0.05
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