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Abstract

The Hidaka Collision Zone in the southern part of Central Hokkaido including the Hidaka
Mountains has undergone two types of collision since the Early Tertiary. The Hidaka Mountains
consist of the Hidaka Metamorphic Belt in the eastern main part and the Poroshiri Ophiolite Belt in
the western marginal part. The former is composed of a steeply eastward-tilted crustal succession
of the paleo-Hidaka magmatic arc, and is separated from the latter by the Hidaka Main Thrust.
Recent vibroseismic reflection profiling across the collision zone imaged delamination-wedge tec-
tonics of the lower crust beneath the Hidaka Mountains.

We performed radiometric dating on biotite and hornblende using the K-Ar method, and on
zircon using the Fission-Track method to clarify the process and the mechanism of uplift of the
Hidaka Mountains. The minerals dated were obtained from metamorphic and tonalitic rocks of the
southern Hidaka Metamorphic Belt, and also from metamorphic and tonalitic cobbles constituting
the middle to late Miocene molasse occurring in the western foreland and eastern hinterland basins
of the southern Hidaka Mountains. The cobbles in these formations were derived from the
proto-Hidaka Mountains.

The conclusions are as follows:

1. K-Ar ages of biotites from cobbles in the molasse, the sedimentary ages of which are 12-7Ma,
differ according to origin in the hinterland or foreland basins. The ages from the hinterland basin
vary successively from lower (45.9 Ma) to upper (33.1 Ma) stratigraphic levels. The ages from the
foreland basin, however, vary between 19.3Ma and 16.4 Ma, regardless of their stratigraphic posi-
tions. These differences indicate that denudation (uplift) was slow and steady in the hinterland
basin, but rapid and complex in the foreland basin during the middle to late Miocene.

2. Such a difference in the biotite K-Ar ages between the two sides is caused by the rotational uplift
of the mountain due to thrusting along the Hidaka Main Thrust in the west and normal faulting in
the east. The rotational uplift resulted in the rather fast denudation rates (0.9-1.4mm/yr) in the
foreland basin during the middle to late Miocene.

3. Denudation of the mountains estimated from K-Ar ages for biotites and hornblendes, and FT ages
for zircons from the Hidaka granitic and metamorphic rocks remained fast (5-6 mm/yr) during the
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late Early Miocene, after which it slowed to 0.4-0.6 mm/yr on average.

4. The fast denudation (uplift) rates (up to 6 mm/yr) of the Hidaka Mountains during Early Miocene
age was due to thrusting in the late stage of dextral transpression between Eurasia and Pacific
plates. The rotational uplift of the mountains occurred in the Middle Miocene, and resulted in
different styles of uplift between the sides of the mountains. From the late Miocene onward, the
westward movement caused by the westward migration of the Kuril forearc shifted to the west,

forming a foreland fold-and-thrust belt in the west.
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Fig. 1. Geological division of Central Hokkaido.
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Fig. 2. Thrust tectonics of the Hidaka Collision Zone and its western foreland fold-and-thrust belt (after Ito et al., 1999).
WHT: Western Hidaka Thrust, WBT: Western Boundary Thrust, HMT: Hidaka Main Thrust.
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Fig. 3. Schematic geological cross-section across the central part of the Hidaka Mountains.
WBT: Western Boundary Thrust, HMT: Hidaka Main Thrust.
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Fig. 4. Distribution of molasse sediments in the
western foreland and eastern hinterland basins
around the Hidaka Mountains (after Hirokawa et
al., 1978).

Arrow in the Taiki area shows locality of Fig. 6.
Black: Serpentinite, N: Nikanbetsu River, S: Saruru
River.
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Fig. 5. Biotite K-Ar ages versus topographic ele-
vations of sample localities in the central and
southern parts of the Hidaka Mountains.

Data from the Mt. Kamuiekuuchikaushi-yama and
Mt. Rakko-dake areas are taken from Arita et al
(1993). See Fig. 4 for sample locations.
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K-Ar ages of biotites from tonalite of the Hidaka Metamorphic Belt in

the Mt. Toyonida-dake area, southern Hidaka Mountains.
Nikanbetsu and Saruru Rivers are situated at the western and eastern sides
of Mt. Toyoni-dake, respectively.

SAPIe KO W) (105 codThie) | ar 3y Age (Ma) Rock type

Nikanbetsu River area

NK9102 6.19+0.12 44015 10.3 18.2+£0.4 Tonalite
NK9104 7.06+0.14 53546 9.5 19.4+0.4 Tonalite
NK9105 6.59+0.13 488+5 8.4 19.0£0.4 Tonalite
NK9201 5.97+0.12 43615 7.8 18.7+0.4 Tonalite
NK9202 6.80+0.14 500+6 122  18.9+0.4 Tonalite
NK9203 6.89+0.14 51246 13.2 19.140.4 Tonalite
NK9204 7.51+0.15 543+6 13.4 18.5+40.4 Tonalite
Saruru River area

SR201 5.69+0.11 41845 13.4 18.840.4 Tonalite
SR208 7.31+£0.15 55946 8.9 19.6:0.4 Tonalite
SR211 7.25+0.15 550+6 14.8 19.540.5 Tonalite
SR213A 6.76+0.14 5106 13.3 19.3+0.4 Tonalite
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Fig. 6. Geological map of Pankegawa River area and
biotite K-Ar ages (Ma) of granitic rocks (modified
from Miyasaka, 1987).

Locality is shown in Fig. 4.

Ta: Taiki Formation, To: Toyonigawa Formation,
Od: Odamura Formation, Nu: Nupinai Formation,
Ya: Yaoromappu Formation.
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Table 2 K-Ar ages of biotites from granitic to tonalitic and metamorphic-rock cobbles and hornblendes
from amphibolitic cobbles constituting the molasse sediments in the eastern hinterland and western

foreland basins of southern Hidaka Mountains.

Data from Utaro conglomerate are after Kusunoki (1998).

Bt: biotite, Hbl: hornblende.

Rad. argon 40 Non Rad.

Rock type

Sample No. K0 (wt %) (10cc8TP/G)  Ar (%) Age (Ma) (Mineral) Formation
Hinterland basin (eastern side)

OD9101A 2.59 £0.05 33514 24 1 33.1:0.8 Granite (Bt) Toyonigawa F.
OD9102A 4.87 +0.10 64117 12.7 33.6£0.8 Tonalite (Bt) Toyonigawa F.
0D9104-2B 7.15 £0.14 962 + 14 4.0 34.4+0.8 Tonalite (Bt) Toyonigawa F.
0OD9106 5.96 +0.12 1076 £ 12 11.0 45.9+1.0 Granite (Bt) Toyonigawa F.
OD9107A 6.64 +0.13 427 +5 10.2 16.5£0.4 Tonalite (Bt) Kochien gravel
0D9107C 7.77 +0.16 483 +7 8.0 16.0+0.4 Tonalite (Bt) Kochien gravel
Foreland basin (western side)

94113002C 6.71 £0.13 428 +8 24.0 16.4£0.4 Granite (Bt) Upper Atsuga F.
SZ03B 463 +0.09 34314 17.6 19.0:0.4 Tonalite (Bt) Lower Atsuga F.
SZ03C 7.63 +0.15 5007 9.9 16.810.4  Tonalite (Bt) Lower Atsuga F.
SZ03D 6.40 +0.13 481 15 13.0 19.3:0.4 Bt Schist (BY) Lower Atsuga F.
SZ05B 7.60 £0.15 508 +6 10.6 17.240.4  Tonalite (Bt) Lower Atsuga F.
MNO3B 0.40 £0.02 421107 316 27.0£1.4  Amphibolite (Hbl) Lower Atsuga F.
94113001A 0.43 £0.02 415106 245 24.6+1.3 Amphibolite (Hbl) Lower Atsuga F.
94120202A 6.04 +0.12 421 +5 14.6 17.940.4 Tonalite (Bt) Motokanbe F.
94120203 7.17 £0.14 5056 17.2 18.1+0.4  Granite (Bt) Motokanbe F.
Foreland basin (Utaro conglomerates)

Utaro 0 2.65 =0.05 3419 42.2 32.8+1.1  Granite (Bt) Erimo F.

Utaro 1 2.11 £0.04 247 6 37.0 29.8:0.9 Granite (Bt) Erimo F.

Utaro 2 2.27 +0.05 2856 27.7 32.240.9 Granite (Bt) Erimo F.

Foreland basin Hinterland basin
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Fig. 7. Stratigraphic columns of the western foreland
and eastern hinterland basins with K-Ar ages for
minerals in cobbles of conglomerates (compiled
from Miyasaka, 1987 and Sagayama et al., 1992).
Ages in parenthesis are for hornblendes whereas
the other ages are for biotites.
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Table 3 Fission-track ages of zircon from tonalitic and metamorphic rocks in the
Kamuiekuuchikaushi-yama area of the central Hidaka Mountains.
Number crys.: Number of crystals used for fission-track counting, rs and Ns:
spontaneous fission-track density and counts, ri and Ni:induced fission-track
density and counts, P(¢?): the probability obtained from the y*-value for v degrees of
freedom (where v=n—1), rd and Nd: induced fission-track density and total number
counted by a mica detector attached to the standard glass of SRM 962a, r?: the
correlation coefficient between Ns and Ni, U: uranium content, Age: Fission-track

age and error of la.

Sample Number rs (Ns) ri (Ni) P(®) rd (Nd) r U Age (Ma)
No. crys. (x10%cm?) (x10%cm? % (x10%cm?) (ppm) (£1s)
KE10 21 1.52(2619)  1.43(2391) 32 5.60(2489) 0.80 163 15.1+£04
KE18 19 1.89(2645) 2.03(2746) 31 5.60(2489) 0.92 282 13.3+0.4
KE48 16 0.91(1058) 1.01(1138) 8 5.60(2489) 0.79 146 13.010.6
S2502 10 2.91(2636) 4.45(3922) 9 6.15(3550) 0.91 331 15.2+0.4
52504 12 1.82(927) 4.01(1987) 33 6.15(3550) 0.80 335 10.9+04
s$2506 11 1.80(1375) 3.21(2377) 7 6.14(3550) 070 254 137405
S2510 15 2.11(2850) 3.40(4465) 28 6.13(3550) 092 - 277 145104
S2512 ] 3.36(1146) 6.48(2146) 8 6.13(3550) 0.87 630 12.44+0.4

Ma & 05 ERR HEURBEREICEEH L TV 35RO
R (19Ma~15Ma) LIFEALRILTH BT & biEH
ah3.

B OIRFTERE OZERIL Uda (1976) (T & 0 LIRS
FHCERY LM IICL 3 EEZ Shicdd, Kusunoki
and Kimura (1998) (dEHEER)ICEIT > AR NES)
IKHERT 2 & Lk Hoick s s, #HTNETOREIE
At LIEicH 5. ok dic, BEROTEC S
EHEME O RER K-Ar FER I REE (19Ma~16 Ma)
ThHs. Lol, REEHOSBIEBATH BRI b
»h o, WiFtttiHoRER K-Ar £ (33Ma~32
Ma) %#/R9.

3.2 Zawav-:-t+S5u¥ (FT) &K

FT R K-Ar R &, BIHEESEL (Vv
2 T 260°C: Tagami et al., 1995), EEPHITO &
hEE B L e & EDFERERDT. TTICK-Ar i
57— % (Aritaet al, 1993) 35 3 hEEAFLRD 7 £
1z 9F v viUEH (Fig. 4) OEREFB LU
F=FELSYNTVESEEL, Tho0 FT H£40%
HI%E L7z (Table 3). FT H#RME X Gleadow (1981)
WKL BNBT 4 70 4 —HEICk - TiT - 7. kIR
L HRZERFFFEH TRIGA T BHF4F 0D R.S.R.1
T 10 3BT » 7. SRM962a W cpEF 70z v X
DIHOKIEEE LT, INETCOERBERIESVT
B=642X10° %A L 7. T ORIEffD SEF 7 L
T VAT 360X104~395X 101 & 18- 7. —K, FERET
B2 13 Fish Canyon Tuff @ Pva itk 3 EBIEE L
TIhF TOREDFIIME =399.2+135 ZHFH L 7.
BAYNV T v OFEEZFS T 5 B TEREORIE
EA 5 Galbraith (1981) 12Xk 3 p2HREEIT - 7-.

BREMAH EHFER P (D) h85% % #iA 1354, RiFiH)
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P (x®) h55% %8z 5 & 5 LickEHE % Table 3 IR L
7.
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v FT R EFERHES OBER % Fig. 8 I/Rd. Yivay
FT R v 7L S2504 2BR< &, ILROFERAIE &5
WEZADDDIFEFERMBF O E W D HHERENED Sh
3.

4. ABEWROLRiBIE

IR (1987) € 5 » & DJFHE L BREOBIGARET L
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Fig. 8 Isotopic ages versus topographic elevations of
sample locations in the Mt. Kamuiekuuchikaushi-
yama of the central Hidaka Mountains.

Table 4 K-Ar and fission-track ages, and denudation rates for both sides of the Mt
Kamuiekuuchikaushi-yama in the central Hidaka Mountains.
Denudation rates are estimated using closure temperatures of 510°C and 300°C for hornblende and biotite,
respectively, in K-Ar system (Dodson and McClelland-Brown, 1985), and 260°C for fission-tack system
(Tagami et al., 1995). Paleo-geothermal gradient is assumed to be 35°C/km. K-Ar ages are taken from
Arita et al. (1993). Figures in italics of sample s2504 are not used for calculating the average value.

Western flank

Sample No. KE10 KE18 KE48 OKE03 OKE14 OKE15 Average
Elevation (m) 760 825 915 950 1390 1630

FT(Zircon) (Ma) 15.1 13.3 13.0 13.8
K-Ar (biotite) (Ma) 17.9 17.0 17.2 16.4 16.9 16.6 17.0
K-Ar (hornblende) (Ma) 18.2 17.6 17.9
FT(Zir)-Surface (mm/iyr) 049 056 057 0.54
K-Ar(Bt)-Surface (mm/yr) 048 051 0.50 052 0.51 0.52 0.51
K-Ar(Bt)-FT(Zir) (mm/iyr) 043 0.32 029 0.35
K-Ar(Hbl)-K/Ar(Bt) (mm/yr) 6.0 5.0 5.5
Eastern flank

Sample No. S2512 S2510 S2506 S2504 S2502 Average
Elevation (m) 1979 1620 1275 1030 690

FT(Zircon) (Ma) 12.4 14.5 13.7 109 15.2 14.0
K-Ar(biotite) (Ma) 16.5 16.9 16.3 17.3 16.6 16.7
FT(Zir)-Surface (mmfyr) 0.60 0.51 0.54 068 0.49 0.56
K-Ar(Bt)-Surface  (mm/yr) 052  0.51 0.53 0.50 0.52 0.52
K-Ar(Bt)-FT(Zir) (mmiyr) 0.29 050 046 0.19 0.86 0.53
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753 (#70.3~06mm/yr).
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