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Abstract

The upper Jurassic to lower Cretaceous Sorachi Group is

distributed along the western part of the Tokyo University

Forests in Hokkaido, Japan. The Sorachi Group in this area

consists mainly of mafic and intermediate igneous rocks, with

subordinate volcanogenic sedimentary rocks. The group is

divided into the Gokurakudaira Formation, Chikushidake

Micromonzonite, Nunobe Formation, Ogurose Formation, and

Rokugo Formation, in ascending order. An unconformity is found

between the Chikushidake Micromonzonite and the Nunobe

Formation, and the basal conglomerate on the unconformity

contains oolite limestone blocks. These facts suggest that the

Sorachi basin rose above the sea level, and ooids were formed



around the shallow coast of an emerged basin.



_Qﬂo

- [ 0 :
22,762ha o A > L9 4 o —
H J L — =y |
o ' H > < > Yg t 2 % |
1 - L o % T L rr 204 1 %1
J - | s |1 | 1953
_ > % > 25 = L o *U A
£ — n ] ® 2 > Y& ®
| % enPnK' ko 0 9 >
z -4 o0 Q > | Y
® Vv o 1L 52 04 | 6 1991 Hasegawa and Saito,



1993 Kimura et al., 1994; Sano, 1995 | 5 1999 Hasegawa,

1997, Ando, et al., 2002 0 | | =
E v A4y | @ o0& | L t
z 4 0
> o2 %mF % g hdrred 1%
-4 J L 6 1t — Vo |
2 TN J >vne ] - -
v
J 4 0 4 - - 0

] #2600y 00 12— " rK -

1980 Ishizuka, 1981 T 1986 1986



\
IN

%» N -

vinoldl

o o

Kimura et al., 1994

| %

oAz ou b |

| %

2001

2001 o E |k

n Ye
ve -1 # @
% |t

.
o |
04 -z 1 |
Yo ©®V o -

1996

-

- #

i

Takashima et al., 2002

T

g

1997

s

%

\



5000

\
IN

Rs6500

s

270
-4 4 Fig.2
A
1L > 9
A
o I
A
JEEEE

J G I

Rs | J

-] %o | ¢ 0ot
t 2 @4 % 6o — =2 0@
‘Y — Y s
A A

# o 1 -] ]
%o
Yor A %0 04 o



0 %= ®

@)

| 5 1986 |
= Vs # —
o 9 9 0 Vs o« o
J J Lo
1 o | o FAq #
Lz
®aq | BRI
Y > =0 4
— Rs
| 1 ® #
% | 14 -] Qe
¢ v 1 — L
73 £ 1 7

A7 W

o) 7

oq 2 ®4

- -

-k



Rs

1

s

L 9 Kiyokawa, 1992
N %o # |
L o Fig.3
0 7s t £ ® 4
t = % | 0
= L
o ¥ o« o
®  # %] A
ﬂ = — 1969
o Q —
% |t -4 1

% |

t {e—-| = o
A £ 1 0
— 0 | 0
> 14 o —

0 %o # 0 t
9 4 2% AL || A

H | w'oe P L
% | — | O ©Z o¢ %

s T-"i@-

=||
1]

L R I SR



0.0 ) =t 2 S |
| =z % | | 25 1992 | 5 1997a 2001
| # o 2 ® 4 =— 0' o | 0
% o 7 | = 0 7 0 4 0 —
L % g % = | - 9#Ff=¢t-
] - ] 2 : L
o n# ®4 Fig.?2 -4 - |
# | 0 - 4 | 5 1968
— | % | 0% o %
t Rsy = » = ¢ | = % |
o ¥ kA > L nz o4 - | — Y
600m o 1 0 Vs o« o E | =0 A
J J L] o 1w

10



F | 2V %=

- E | o | 3 a4

- | - | 094 1t - =
Ye L + | o
1
1 Sorachi Group
- 0 $ ® o H

oot J oo I r = — 30
Rs50° E | =0 4 Fig. 2 | _ 2
I =0 A we »7 0" &

11



b e
J J
| Q #

we »7 0" & ) o
Foo) -

0 -
KTov o © Ueda et al.
> ® % 0 t
% %= %2%n- o g
1-1

T | 2%

ATE

t {4 ®—

, 2000 #

2001

\

o

l

Y5

Gokurakudaira Formation

W

E

1

1

78

12



78

% |

-

\

s

v
==

Ye 3 E

500m

S5m

o
<&
\
IN

s

1]
\

EW

v L

\

L
z v |

o}
<&
1]

\

Y5

\\

s

(s3]

\

P

\\

13



Fig. 2

| _ i
-} 20Rs60cm |
foon -
F4{ = ® Plate 1-2
— = |  0.2mm
L e e n
Flo b imm
Ve 0 o
7% !
O" » ' @d = ¢ % |24
| L 4 Plate 1-3
| - Yo

closed-packed pillow % ||-

g
=

\

ATE
.
LR
Rs |
A £ 1
L 9 Plate 3-1
| Lq -2
Rs | #
=} 20cm
- Hi=e
| Ly | s

14



| 1 Plate 3-2 = A |4 o L=yl
212027 Foy gt L L L — b 2mm
= onJ | 5R20%L 4 »" Fof g —}F  0.5mm
= 7% — 2 |4 0 -] z®q4 o 4=z ] ni
FL % 1 2®4 % »" Fof # ! — =t A
- to % | -
N N L9 —0' £t e ok
# t 2 ®4 % — = ¢ 4 Takashima et al.
(2002) o F4 2 - |l |L o q — SiO02
Y% 48Rs56% MgO % 15 | Mg > @ 1 = 0
9 b oO0” v 09 e | -} 2mm |
Bubble-wall L ¢ . o* 0w 2% | -9 4 Plate 3-2 -
F—+ 1] %+pLt t4de—s" Foys' | L

15



1-2

Micromonzonite

E e
a) 1
| ~# -

r

» 7 0" s ) e
cm |

s

2km o

500m

I1Rs2mm

Y Chikushidake

o %HBnzL o 4

® 4
Lx s J
= 144 Figs. 3, 4 -
0 t |
z® - -z 4 0 4 w e
= Lov fqo
J z —

16



L Enz 2 @4
= A £ ¢ o
Q Plate3-3,4 A o
J J % 4o
> < W t
* 2 0 t 2 ®4 %
1-3 Nunobe Formation
120m
wes »" 0" &)
sk o
J | #+s =0 1

1]
[

A s E
7 - % B0 4
-] n o !

|

— Ee=|

Q
@ N - o4

I1Rs2mm

17



— 2/3||-Z|J|= | W ©' & ) o ¢

# > L Lz 1 # ®=| Fig. 4; Plate 1-4 —

5Rs30cm | % | - Yo % o' h' anm” ' %

i
\Y
@
i
o
|
I
D
I
>

% | 30Rs40m = 0 0 9 o — A o
¢« *'H | v L i ' el Im o 9 {
L 3  Plate1-5,6 [ - % | 2m = —

1om | J % i 4 Fig.4 - | -

| % 20em ] wmb o S

o A = L e Lo h' =an@m” ' =2x<

J L ez @2 % | =t 92 %[
1 J L o4 ] - oo %1 | 1]

o - J ve L9 Plate

18



1-7

AN * Lk J we »7 0" 50
¢ £ = >0' 500 % A4 o —
| 5 0 t 2 ®4 k| L | > k| kB 7%
4 4 Plate 1-4 | 6 = h# | —
# > % | =4 Plate 3-5,
6 — 1Rs2mm | k| % % %® E| = 4mmo 9 A
oniJs —-47 Y% 10Rs30 Ys S
Yo =0 A L o — L 9
Lpb A —o* o %= koo
| ¢t | ¢ o & v L 9 an’t = e — =
F cm | L o g  Plate 4-1, 2
| % — | 20cm =t 4% o 2mo E 94
E| Ee 4 Plate1-6 - F=-Il 2L %} 0.5Rs2mm | a

19



1-

s

\

B n

o4 Plate4-3 F{ o lcm
n h %o 4 4
R % | - A
- A kizoew
) | » ® Y% |
— | ® oi
0 1 @ % | - A
¢ Y t £ © 4 E
t = 0
| Lrdo g

Ogurose Formation

| L
- 0
] 04 ¢°
p o rdA 0 Fie
o =
Plate 3-4
A4 -
9 4

20



100m

| L 0 n#®4
St e e AL £ 1 Fq o
L T
— Im ] ¥ n” nh% o 3

closed-packed pillow = ¢ 4 Plate2-1 f ™ n"™ N h o —

e o 9 4 J J =

: b o—  z2s<)otf - Fize
o—fdo el el g _zul|

1 # -1 = - - t4e-
| L r+A%soe 5 2 =
| L | Yo Ya



1-

Plate 4-5, 6

Plate 2-2

35m

n # %@|}

— - 10m ]

-4 |F - 5Rs20cm |

o] =2 ®

\Y
In
I

Rokugo Formation

£ % 4

Rs

i

1]
>

749 FQo

Plate 2-3

s

s

10

22



Rs20cm |

2.

l

-

t Plate 2-4 | |=® 4

Loy bk

1]
[

Ye 0 o | % 1982 o 4 # % | 0

- Valanginian 1 3700Rs 1 3200

o z®d =% 6 %® £ —
¢ Y% t = ¥k | Y
r= o L=e. zuw o
6 — o 10cmRs2m | % 14 Plate
(= = T =0 4 >0 ' ol
L Q

Yezo Group

— % | 0 %o % | 0

23



v o |

100m

wh= b 20m

— o 5Rs20cm =

J L a2 1@

Shuparogawa Formation

O] ne-
A 0 Q
J % | -
K - t |

-4 94 Plate 2-6 ©

| 04 ¢n g -

6o ¥ed 0ot K | —

o F4

L 2

1}

)
|

24



Z3 o 2 ¥ | | %5 1992 | % 19970

= L 1 % © o %t o
-l et K| - J % |z o
Plate 2-7 — o 10cmRsIm = L

| 04 ongd - ¢ =10 4

— 10cm # o)

g



I
—
i
o
|
l
—

b

N

10 ] an o ¢

1 13 o] ® %

— Kimura and Yamada (1996)0a

900Y 4 t

o kb X

o ! o ' H,0 § % E L

[

(o3}
|
=

[

+

o fdd

ot A J
I J
J
o A
v kL il
100g % | t
% LweH'!
odgn s L t X
7 FeO — w

LOI; loss on ignition

26



— o F | I I X o —

| Rigaku RIX2000 4 ;
t - — Si02% 51Rs58 = 9 +#0 ' o 5Rs8
Y4 ®  Table 1 -4 || —o' o | |
o iy o K™ ¢+ ¢ o] sSio2] 22 ko Laag
oot L 0 {4 Fig.5-1 Fig.5-2— Si02a a8 4 Zr/TiO2
LK™ v &3 L] =¢4 ot o | — #
# ko Zr% Tio2 fF |F E 04 ¢ @®Q L9 -z -
J —o b e J L o4 #:z Lt @]
(Winchester and Floyd, 1977) 0 t - ® | —
e i O & RO ' o' | | N -
® 4 t — | t 2 % |

27



o ¢ | Ve 9 ¢ i ' 4 2 | F t £ ® 4
Fig.6—2° ' o' P &=« h' = ¢ 4 Sr, K, Rb, Ba, Nb, Ce,
P, Zr, Ti, Y | L N-MORB| = t - P o
Lz e # ] »' K' — HFS High Field Strength
Elements; Nb, Ce, P, Zr, Ti, Y o t # LIL Large Ion
Lithophile Elements; Sr, K, Rb, Ba o I = 1 |||= Nb ] s
o 2 b4 -] FezPear - o
ZI=J59=| | A LIL 0 ¥B® £

pnot! vanme o g Fdd L)) ead ) KL

| = & =P on' L 2@

IN

28



© — Lt %= e- qf{a eaqt
¢ oK™ ve o qd o2 %| J

AR E

1 we »" 0" &) ¢ 2 | 0] ® %
- F= | o [ ® % — 6 N-MORB
R L J 2

5 o0 o L o-z% oz %- -1 £ -

Q2 - J ] FQo 2 3 3 |

Fnz ot v K oo J =0t q¢z -

N

J

29



% |t

2001

T © % | o 4 — Yo O
o ¢t v Ko d 20 FF 1000m |
o ZE I L b ogpao -
t 2 @4 2 %] % %- t %1 2 % | | 2
— % | 0 %% | 3
v E L o AN
opqd 2L J L
| - Ly % — 1 £ ® - # t -
Ve | # 4 < -] = @ | HY ¢+ ¢ 2 % |
%oz n - #0 9 | g = | %
- %} o o4gp=] o g L
g L t 2 ®4 %12 w%| | 5 2001
T — ®A ] Eengas o |

30



=t 4 30 L % — |
=|o— nz=®=2=232%n -
o Fn# o - W
J - | v | %=
o' s » o ¢4 n# ®4 - u
L o Fnz# o - =
1 o — AN Y o e
e
Fk 78 | | 1 ® O
1974 o | % — - -
| t {4 ®— o Fn# a
z 1 Sz A 6=|
2 s — |

s

Bt

\Y)

1t £ ® - 1 d
o' & ) s & #
L n =z JWD."
o 14 m
# t
FA4 an® oo
% # L 10~15m |
F{ =2 ® Milliman,
e Ye

L e £
IR N |

31



o Yo o

Y8 ®

3

& b o ¢
J

% |

g - #
J

—>$]/85

s

- -

% -

o Fn#

t 2 ® 4

% |t

4o o

Y% =

E%

n .

(5

s

s

2001

s

o kI

<—>‘|| ¢ 3/8'

&

5 ® %

% |-

% |-

® Vv

0

32



Valanginian | L 9 Ye -] 2 ® 4 | 2

1982 t - Yan Z |= |L Valanginian |= |'f

@
I

BT )

Berriasian 1 4400Rs 1 3700

tq# - A

2 o % -4 J J

01/3<—=| J - %7/83Ij©4-n°

) <—=|—>$J/853y8=|

1 ° v ThithonianRs Berriasian 1 5000Rs1
4400
- o n o — | O t Vv <= 2
7s H o ¢l Oce ¢ % t # ®4  Takashima et
al. (2002)— > el O ¢ Y%

O t 2 ®49 -

33



z L t —* aZne' | FQ= = |
| o Fn# - =t 9 %1 t
Yo n # - | = — | oY@ % | e
i O e Y% t - %= A A
2 Berriasian 1 4400Rs 1 3700
t | 0 > s ! © & N
o =0 4 | — 0 04 Fp=o t
] H Lab we o v ] Fa= J
=90 n -~ % W - 4 | = — AN
Yooe Ye - = | L ~n-=t4d4a -
| | T 0 ® | = ' W

34



o' &
An‘?
A D J
> <
J
. .|
F =
© & N
#
J
0

) ¢ Y 0 t - |
¢ | s !
oo oofreq -
H | = @
o [ ® # O
— | O
= { n -z 4 9 #

Valanginian — Barremian 1

s

o -

s 0

#

|4
>

Yy ngsg —=>0® W

Yo 2h 2 |k |

3700Rs1 2100

35



| > Y 04 -2 % |
— ® 0 F = $ >
| 2 ®Q — t {4 ®—
o F% |F{ 4 Marsaglia et al., 1995
Aptian 1 2100Rs1 1120 0
o ¥BOe # — 0 "
Lz 0 4 -4 - H™ ' ¢ %
2o k| : 7 % |
L# : 72 %A
L adoe - |k
! ® - Vv ®

Valanginian o

-4 o 14
!H.‘ J
{ ¢# i

Y - 1

LlzmHeod -

36



- g | o — ot o 2 L nze- - v e
J J
J J
o — | ot ! ®- - Vv ® J o O
7% t ot 4 =t 4 =% o[ ® % —

Ando, A., Kakegawa, T., Takashima R. and Saito, T., 2002, New

perspective on Aptian carbon isotope stratigraphy: Data

from 8'°C records of terrestrial organic matter. Geology, 30,

37



227-230.

Bloomer, S. H., Stern, R. J., Fisk, E. and Geschwind, C. H., 1989,

Shoshonitic volcanism in the Northern Mariana arc, 1,

Mineralogic and major and trace element characteristics.

Journal of Geophysical Research, 94, 4469-4496.

1953 5 | 1 7 s 5 F L

Hasegawa, T., 1997, Cenomanian-Turonian carbon isotope events

recorded in terrestrial organic matter from northern Japan.

Palaeogeography Palaeoclimatology Palaeoecology, 130, 251

- 273.

Hasegawa, T. and Saito, T., 1993, Global synchroneity of a positive

carbon isotope excursion at the Cenomanian/Turonian

38



boundary: validation by calcareous microfossil

biostratigraphy of the Yezo Group, Hokkaido, Japan. The

Island Arc, 2, 181 - 191.

T T 1991 Cenomanian/Turonian

o 7 44 — J

no. 131, 52 - 59.

1980 0 0 4 O H =

ot e e | 86 119 - 134

Ishizuka, H., 1981, Geochemistry of the Horokanai ophiolite in the

Kamuikotan tectonic belt, Hokkaido, Japan. Journal of the

Geological Society of Japan, 87, 17 - 3 4.

1986 B ELOaAn e |

L ]
-

490 09 no. 31, 403 - 418.

39



T T T 1986

| # no. 31 1-15

T T 1992 |

R L J - |

no. 38 1 - 11

Kimura, J. and Yamada, Y., 1996, Evaluation of major and trace

element XRF analyses using a flux to sample ratio of two

one glass beads. Journal of Mineralogy, Petrology and

Economic Geology, 91, 62 - 72.

Kimura, G., Sakakibara, M. and Okamura, M., 1994, Plumes in central

Panthalassa? Deductions from accreted oceanic fragments in

Japan. Tectonics, 13, 905 - 916.

Kiyokawa, S., 1992, Geology of the Idonnappu Belt, central Hokkaido,

40



Japan: Evolution of a Cretaceous accretionary complex.

Tectonics, 11, 1180 - 1206.

Kuno, H., 1966, Lateral variation of basalt magma type across

continental margins and island arcs. Bulletin of Volcanology, 29,

195-222.

Marsaglia, K. M., Boggs, S. Jr., Clift, P., Seyedolali, A. and Smith R.,

1995, Sedimentation in Western Pacific backarc basins: New

insights from recent ODP drilling. In: Taylor, B., Natland, J.

(Eds.), Active Margins and Marginal Basins of the Western

Pacific. American Geophysical Union, Geophysical

Monograph 88, 125 — 173.

Milliman, J. D., 1974ed, Marine Carbonates. Springer, Berlin, 375 p.

T T T T 1982

41



| 36 348 - 350

1996 | A
0 Vs o« o | No. 1, 35 - 39.
T 1997 |
A o Yoo | No. 2,
117 - 124.
T 1986 o ¥ o - < H
- # H no. 31, 379 - 402
T T T 1968 5 | 1
7 s 5 F L 23p
T T T T T
1999 % | -
J Vs |= L no.52

42



1 -15

Sano, S., 1995, Litho- and biofacies of Early Cretaceous

rudist-bearing carbonate sediments in northeastern Japan.

Sedimentary Geology, 99, 179 - 189.

Sun, S.-s., McDonough, W.F., 1989. Chemical and isotopic systematics

of oceanic basalts: implications for mantle composition and

processes. In: Sanders, A. D., Norry, M. J. (Eds.), Magmatism

in the Ocean Basins. Geological Society Special Publication

42, 313 - 345.

T T T 1997a
0 Vs o« o T | | #
- 1 | 1 103

43



489 - 492

T T T 1997b @ N

103 543 - 563

T T 2001 - a

0 4 T | #

107 359 - 378

Takashima, R., Yoshida, T. and Nishi H., 2002 Geology, Petrology and

Tectonics of the late Jurassic ophiolite in Hokkaido,

northernmost island Japan. Journal of Asian Earth Sciences

Ueda, H., Kawamura, M. and Niida, K., 2000, Accretion and tectonic

erosion processes revealed by the mode of occurrence and

geochemistry of greenstones in the Cretaceous accretionary

44



complexes of the Idonnappu Zone, southern central Hokkaido,

Japan. The Island Arc, 9, 237-257.
Winchester, J. A. and Floyd, P. A., 1977, Geochemical discrimination
of different magma series and their differentiation products

using immobile elements. Chemical Geology, 20, 325 - 343.

FL O J - F I

| we »7 0" &) o ¢
ATE Log
: ATE o 44 -Jae
We »7 0" 50 & % — ot | F
J Ak —an e Jn v w p i -

45



Yo |z =z - — | I

The Sorachi Group exposed in Tokyo University Forests in
Hokkaido and surrounding area can be divided into following five
formations in ascending order; 1) the Gokurakudaira Formation
(aphyric tholeiite with minor high Mg basalt and high Mg andesite), 2)
the Chikushidake Micromonzonite (micromonzonite sill), 3) the Nunobe
Formation (fining upward sequence from conglomerate to mudstone), 4)
the Ogurose Formation (alkali basalt with thin intercalations of
siliceous mudstone), and 5) the Rokugo Formation (green mudstone
with felsic tuff beds). The basal conglomerate of the Nunobe Formation,
which overlies the Chikushidake Micromonzonite unconformably,

contains oolite limestone blocks. Although the Sorachi Group is

46



thought to have deposited in deep sea environment, the occurrence of

the oolite suggests that it was formed, at least locally, in shallow

marine environment.
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and Yezo Group in the study area.
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Figure 6. Incompatible trace elements abundances normalized to N-MORB values of Sun and McDonough (1989).
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Table 1. Representative analysis of the Chikushidake Micromonzonite and gravels of the Nunobe Formation.

Cho1l Cho02 Nol01 Nc01 Nc02 Nc03 Nc04 Nc05 Nc06 Nc07 Nc08 Nc09 Nc10
SiO2 (%) 53.75 50.37 54.10 52.57 50.15 49.50 48.51 54.56 50.17 56.07 55.17 52.54 55.15
TiO2 0.63 1.50 0.65 0.59 0.63 1.60 0.61 0.70 0.67 0.45 0.60 0.60 0.63
Al203 14.76 14.42 17.69 14.16 19.36 15.02 12.89 14.95 16.79 14.95 14.98 16.41 16.01
Fe203 4.59 5.81 4.44 4.64 3.58 5.48 3.16 4.78 5.23 2.81 4.34 4.26 6.17
FeO 3.26 5.42 3.26 3.43 4.56 6.31 3.03 3.63 3.83 5.00 2.84 3.76 1.85
MnO 0.13 0.16 0.12 0.17 0.19 0.17 0.15 0.17 0.15 0.13 0.22 0.16 0.14
MgO 6.74 5.52 4.90 7.00 5.49 4.85 5.74 5.72 6.11 4.70 5.62 6.11 4.99
CaO 6.66 7.67 4.81 7.28 7.39 7.94 12.49 5.86 6.74 5.72 5.67 5.53 4.42
Na20 5.06 4.75 5.71 4.91 3.45 5.06 4.31 5.72 3.81 6.61 6.27 4.91 5.80
K20 1.49 1.10 1.39 0.82 221 0.69 1.82 1.29 2.45 0.55 0.52 1.94 1.99
H20+ 2.20 2.69 2.19 3.06 2.20 2.68 6.12 1.85 3.09 2.45 2.53 2.97 1.97
H20- 0.61 0.40 0.62 1.30 0.69 0.51 0.90 0.60 0.85 0.46 1.17 0.71 0.75
P20s 0.11 0.19 0.13 0.09 0.09 0.20 0.27 0.17 0.11 0.09 0.09 0.10 0.14
Total 99.89 99.81 99.87 99.91 99.91 99.80 99.73 99.83 99.89 99.91 99.91 99.90 99.86
Rb(ppm) 29.54 20.36 23.93 19.26 38.61 5.77 25.61 26.66 60.15 14.38 10.30 31.78 39.43
Ba 620.89 297.84 546.57 281.12 1714.29 41.88 677.52 999.89  3752.09 149.68 165.73 2141.28 1506.67
Nb 2.32 5.24 1.90 1.40 1.38 5.30 1.73 3.09 1.62 1.62 1.40 2.05 2.54
Ce 23.65 21.37 20.87 22.81 16.30 25.30 34.51 38.31 12.36 18.61 11.66 12.53 25.53
Sr 370.97 336.96 443.88 567.13 513.10 136.58 219.59 496.47 906.38 296.54 214.38 826.19 424.79
Zr 66.00 114.72 79.73 89.41 48.68 88.92 56.23 79.34 46.18 81.78 57.46 80.96 56.77
Y 15.03 31.61 18.04 14.52 13.99 28.16 14.19 17.04 10.38 16.05 15.98 16.15 14.21

Ch: micromonzonite of the Chikushidake Micromonzonite
Nol: porphyritic trachyandesite fragment in oolite limestone gravel (Nunobe Formation)
Nc: porphyritic trachyandesite gravel (Nunobe Formation)
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