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Interpretation of a Seismic Reflection Profile Across a Metamorphic Belt based on
Acoustic Impedance Measurements of Exhumed Metamorphic Rocks:
an Example of the Hidaka Metamorphic Belt

Kyuichi KANAGAWA", Tanio ITO"” and Osamu NISHIZAWA"""

Abstract
0 O Interpretation of a seismic reflection profile across a metamorphic belt based on acoustic
impedance measurements of exhumed metamorphic rocks is illustrated with an example of the
Hidaka metamorphic belt, where a part of the cross section through the ancient Kuril-arc crust
(0 Hidaka crustlis exposed. A combined seismic reflection profile across the Hidaka metamorphic
belt reveals the strongly reflective and laminated lower Hidaka crust as well as the relatively
transparent upper Hidaka crust. The exposed Hidaka crust, i.e., Hidaka metamorphic Main
Zone, is composed of amphibolite- to greenschist-facies felsic rocks in its upper main part, while
mainly of granulite-facies amphibolite frequently intercalated with felsic rocks in its basal part.
Acoustic impedance values of representative rock samples of the exposed Hidaka crust show an
overall similarity in the upper main part, but significant fluctuations in the basal part due to
interlayering of amphibolite and felsic rocks. The seismically transparent upper Hidaka crust is
therefore attributable to the dominance of felsic rocks, while the strongly reflective and laminat-
ed lower Hidaka crust is likely due to interlayering of amphibolite and felsic rocks, which is veri-
fied by 1D seismic reflection modeling based on the acoustic impedance structures of the exposed
Hidaka crust.
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Fig. 10 Geologic map of the central Hidaka metamorphic belt after Osanai et
al.00 19910] showing sample localities. Inset map(] upper right(lshows
the locations of the Hidaka metamorphic belt, map area and '94 O '97
Hidaka seismic lines. '94 Hidaka seismic line is also shown in the geo-
logic map. Hh: Hidakahorobetsu River, Ns: Nakasatsunai River, and
Sb: Sasshibichari River. See Table 1 for mineral abbreviations.
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Fig. 20 A combined seismic reflection profile of three experimentd] '94 Hidaka, '96 Hidaka
and '97 Hidakal[Jalong the seismic lines shown in Fig. 1 across the Hidaka meta-
morphic belt] Ito, 200001 The Hidaka crust is seismically divided into three parts;
upper crust] A] upper lower crustd] B[] and lower lower crust] CO0 HMT': Hidaka

Main Thrust.
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Fig. 30 Geologic columnar section of the Hidaka
metamorphic Main Zone compiled from the
route maps along three routes shown in Fig.
10 Hh, Sb and NsO Sample horizons are
shown on the left or right of the column. See
Table 1 for mineral abbreviations.
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Table 10 Modal compositiond] 00 Oof representative rock samples from the Hidaka metamorphic Main Zone.

Sample Qz Pl Kf Bt Chl Mv Hb Gt Cd Opx Ep Sph Opq
1: Tonalite 11.3 58.0 0.0 27.0 1.1 1.3 0.0 0.3 0.0 0.0 0.5 0.0 0.5
2: Amphibolite 02 275 00 00 05 00 662 00 00 49 00 00 0.7
3: Gt-Bt gneiss 364 259 00 281 51 00 00 22 09 07 00 00 06
4: Hb-Bt gneiss 140 408 00 212 03 00 236 00 00 00 00 00 0.1
5: Bt gneiss 276 415 00 281 17 00 00 00 00 00 00 00 12
6: Migmatite 32.1 476 30 152 03 11 00 00 00 00 00 00 06
7:Bt-Mv gneiss 411 300 00 286 00 01 00 00 00 00 00 00 03
8: Bt schist 439 196 00 361 00 00 00 00 00 00 00 00 03
9: Hornfels 17.7 19.7 0.0 54.0 5.3 0.0 0.0 0.0 0.0 0.0 0.0 15 1.9

Qz:00, P.O0ODO, K-OOOO, Bt:OOO, Chl: 000, Mv:OOO, Hb: OODODOOOO, Gt:
0000, cd:000, Opx: 0000, Ep: 000, Sph: 00000, Opq: 000000

Qz: quartz, P1: plagioclase, Kf: K-feldspar, Bt: biotite, Chl: chlorite, Mv: muscovite, Hb: hornblende, Gt:
garnet, Cd: cordierite, Opx: orthopyroxene, Ep: epidote, Sph: sphene, and Opq: opaque minerals.

0 2000000000000000000p0 ODDODOO0O150MPa0000 POOOOVM

Table 20 Density] p Oand P-wave velocities at a confining pressure of 150 MPal] Vpof representative
rock samples from the Hidaka metamorphic Main Zone.

Sample o Ve VeusoL Veos Vpmean Anisotropy
0 g/em®0] 0 km/s0O 0 km/sO 0 km/sO 0 km/sO ooo
1: Tonalite 2.740 5.66 5.72 5.44 5.61 3.87
2: Amphibolite 3.003 6.65 6.59 6.19 6.48 7.07
3: Gt-Bt gneiss 2.761 6.01 5.92 5.85 5.93 2.70
4: Hb-Bt gneiss 2.783 6.22 5.83 5.67 5.91 9.31
5: Bt gneiss 2.763 5.91 5.65 5.47 5.68 7.75
6: Migmatite 2.763 5.69 5.64 5.50 5.61 3.39
7: Bt-Mv gneiss 2.739 6.12 5.74 5.42 5.76 12.15
8: Bt schist 2.749 6.27 5.90 5.27 5.81 17.20
9: Hornfels 2.704 5.81 5.80 5.73 5.78 1.38

Veyr: 0000000000 POOO, Vo 0O00DODOO0OO0OOUOOOOOOOOOPOOO, Vegs:
0000000000 POOO, Vema: 0O POOO, Anisotropy: POOODDOODOO

Ve : P-wave velocity in the lineation-parallel direction, Vpysor: P-wave velocity in the direction parallel
to foliation and normal to lineation, Vpys: P-wave velocity in the foliation-normal direction, Vemean : mean
P-wave velocity, and Anisotropy : anisotropy in P-wave velocity.
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Table 30 Acoustic impedance valued] ZUof representative rock samples from the Hidaka metamorphic Main Zone.

Sample Zn, Zysor Zns Zimean
0 x 10°kg/m?*s0 0 x 10°kg/m’*s0 0 x 10%kg/m*s0 0 x 10%kg/m*s0
1: Tonalite 15.51 15.67 14.91 15.36
2: Amphibolite 19.97 19.79 18.60 19.45
3: Gt-Bt gneiss 16.59 16.35 16.15 16.36
4: Hb-Bt gneiss 17.31 16.22 15.78 16.44
5: Bt gneiss 16.33 15.61 15.11 15.68
6: Migmatite 15.72 15.58 15.20 15.50
7: Bt-Mv gneiss 16.76 15.72 14.85 15.78
8: Bt schist 17.24 16.22 14.49 15.98
9: Hornfels 15.71 15.68 15.49 15.63

Zy:0OOD0OO0O0O0OOO0O0DOOO0OO00D0O00,Zk: 00000000000 OOO0O0O0O0OODOOODOOO,
Zps:0OODOD0DD0OD0O0O0D00D0000000, Zuen: 0OODOOODOOOOODO

Zyi: acoustic impedance in the lineation-parallel direction, Zysn.: acoustic impedance in the direction parallel
to foliation and normal to lineation, Zs: acoustic impedance in the foliation-normal direction, and Zye.n: mean

acoustic impedance.
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Fig. 40 Geologic column of the Hidaka metamorphic Main Zonell al] and the corresponding densityl] b(] foliation-
normal P-wave velocityd cOand foliation-normal acoustic impedanced dOstructures. See Table 1 for mineral

abbreviations.
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