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Estimation of subsurface structure in the Shimabara Peninsula using microtremor H/V spectral ratio
Natsumi Itoya* and Takeshi MATSUSHIMA™
Abstract

In recent times, the estimation of long-period strong ground motions has become more important in the
construction of large-scale buildings. From the contour map of peak period for long-period ground
motions in Japan (the Central Disaster Prevention Council, 2008), it has been estimated that long-period
ground motions are amplified not only in sedimentary basins like the Kanto Plain in the central Japan, but
also in volcanic areas such as the Shimabara Peninsula in Kyushu, Japan. In particular, in the Yadake
region of the Shimabara Peninsula, the long-period ground motions are amplified to the same extent as in
the Kanto Plain. In order to estimate the ground structure in the Shimabara Peninsula using microtremor
H/V spectra (horizontal-to-vertical spectral ratio), we carried out microtremor observations at 60 sites
throughout the Shimabara Peninsula.

Using data derived from these observation sites, we traced a contour map of primary natural peak
period (the longest peak period that ranges from 1 to 10 s). Peak periods of 5-6 s in the H/V spectra were
observed at many of the observation sites to the east of the Shimabara Peninsula, where thick volcanic
sediments are distributed. It is thought that the thick volcanic sediment layer is the cause of such long peak
periods in the H/V spectra.

In the central western area of the Shimabara Peninsula, there are no remarkable peaks in the observed
H/V spectra. According to explosion seismic research (Explosion seismic research group of Unzen
Volcano, 1995), this area corresponds to a rock layer having Vp = 3.5 km/s; this is a solid lava layer that
extends to the ground surface. This structure is reflected in the shape of the H/V spectra; in this region, the
value of H/V spectral ratio remains nearly constant in the frequency of microtremors.

We also estimated subsurface structures in the peninsula using the observed H/V spectra. Using P-wave
velocity obtained from the explosion seismic research, S-wave velocity and density were calculated
according to Ludwig et al. (1970). Using a trial-and-error estimation process, S-wave velocity, P-wave
velocity, and density were fixed, and the thickness of the sedimentary layers was adjusted to find a
reasonable fit between the primary natural peak period of the calculated H/V spectra and the observed H/V
spectra in order to determine the ground structure. The depth to the Vs = 600 m/s layer is estimated as 1.2
km at boring Site USDP2 which lies to the east of the Shimabara Peninsula. Our result is consistent with
borehole sample data.

The horizontal component of long-period microtremors in the Yadake area commonly exceeds that in
the central part of the Shimabara Peninsula. If the ground structure is determined using the same
parameters as the surrounding sites, the depth to the basement at Site Yadake should be approximately
1000 m. However, local tectonic maps and the results of explosion seismic research do not indicate such a
steep basin structure under Site Yadake. Therefore, we varied the S-wave velocity of the shallow part of
the underground structure and found that a very low-velocity layer exists beneath the area surrounding Site
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Yadake. It is thought that this low-velocity layer is related to the existence of numerous hot-spring sources
in and around Site Yadake and causes an increase in long-period strong ground motions.

Key words: microtremor, H/V, subsurface structure, long-period ground motions, Shimabara Peninsula
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Fig. 1 Variation in the elliptical locus of the Rayleigh wave
that corresponds to the H/V spectral ratio of each
frequency. This is a double-logarithmic plot.
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Fig. 2 (a) Surface geology of the Shimabara Peninsula, after
Uto et al. (2002). (b) North—south profile in the eastern
part of the Unzen Volcano, after Hoshizumi et al. (2002).
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Fig. 3 Locations of microtremor observation sites.

Table 1. List of observation sites with their geographical coordinates

and observation periods.
BARES HllRA iz i #EE(m) R

1 AN 32° 50.690 130° 11.878" 19 2010/11/27~11/29
2 KIENER 32° 51514’ 130° 13.305 20 2010/11/22~11/21
3 S[RFFICEEURA  32° 51.759°  130° 18030 10 2010/5/12~5/15
4 HREINPR 32° 49.860°  130° 15453 9% 2010/11/27~11/29
5 NS RINER 32° 50.150"  130° 17.420" 118 2010/11/22~11/27
6 REFUNER 32° 50543 130° 20327 20 2010/11/29~12/2
7 KA 32° 48639°  130° 13.228" 207 2010/10/23~10/24
8 MREFEBA R 32° 48.783" 130° 15.766 460 2010/5/9~5/12
9 ZRINER 32° 49.036°  130° 20938 25 2010/11/29~12/2
10 FRELEDR  32° 46306°  130° 11.842" 258 2010/3/12~3/14
11 FAREMRMZAR  32° 47.055" 130° 12.133" 40 2010/3/14~3/18
12 AKXFRBEBRA 327 47.256°  130° 12522" 50 2010/3/18~3/21
13 &L 32° 47323 130° 14074 370 2010/10/23~10/24
14 BREFrUTH 327 472117 130° 15.466" 673 2010/9/19~9/21
15 K[RFBAR 32° 47653 130° 16394 669 2010/9/23~9/25
16 ATHRFEAEN0S  32° 47.102°  130° 16.985 639 2010/10/2~10/4
17 EHIARUSDP1  32° 46.682°  130° 19.545' 580 2010/5/7~5/9
18 ARFHARBAR 327 47.244 130° 18132 349 2010/5/5~5/1
19 K-NETFHEEURA 327 47294 130° 20.813" 110 2010/5/7~5/9
20 KR AILERIAT  32° 46.438°  130° 21652 50 2009/6/28~8/22
21 Wi b 32° 46452  130° 16.371" 1040 2010/10/4~10/6
22 RN 32° 45632"  130° 12017 63 2010/9/29~10/2
23 FREEZMER  32° 45778°  130° 12.908" 177 2010/9/29~10/2
24 & 32° 45.469°  130° 14.849' 369 2010/4/18~4/21
25 AKERAAR 32° 45600°  130° 15804" 550 2010/4/18~4/21
26 Witk 32° 45769 130° 16.523' 886 2010/9/19~9/21
27 AKILGEBR R 32° 44674 130° 13.998 159 2010/3/21~3/26
28 BESL 32° 44678 130° 15034’ 659 2010/9/16~9/19
29 FEKFit 32° 44782°  130° 15.776° 639 2010/10/2~10/4
30 BT LTHAE 327 44719 130° 16.219" 751 2010/9/16~9/19
31 AKMERBR R 32° 44.916" 130° 16.506 880  2009/8/22~2010/3/23
32 EBREZRZER 32° 44550"  130° 17.544’ 1037 2010/10/4~10/6
33 JEHIYARUSDP2  32° 44685  130° 19.936" 247 2010/5/1~5/5
34 ARIWFEA R 32° 44.454° 130° 18.906" 270 2010/4/28~5/1
35 KERTHE 32° 44540  130° 22.460° 3 2010/5/9~5/12
36 R&EE 32° 44.473°  130° 15472 677 2010/9/25~9/27
37 HEAE 32° 44.462°  130° 15.662' 687 2010/9/25~9/27
38 HILOTEHREE 32° 44354’ 130° 15.709' 680 2010/5/15~5/17
39 KRFREHAA  82° 44088"  130° 15964 767 2010/4/21~4/28
40 EflNhER 32° 43.703" 130° 15.244 657 2010/9/21~9/23
4 N 32° 43886°  130° 15.862' 635 2010/10/20~10/23
42 R 32° 43545'  130° 16.173' 723 2010/9/21~9/23
43 R AR 32° 43579 130° 12.426" 5 2010/4/2~4/5
44 EWERE 32° 43111 130° 11.986" 4 2010/3/29~4/2
45 BE|B/NRE—3F)L  32° 42746°  130° 13.099" 169 2010/3/26~3/29
46 REIDHK 32° 43071°  130° 15.167° 465 2010/4/8~4/12
47 BEW 32° 43043 130° 15.787° 620 2010/10/20~10/23
48 BEIRY DE 32° 43125'  130° 17.781 460 2010/4/12~4/18
49 INFRINERR 32° 43456°  130° 19.659° 126 2010/10/6~10/8
50 AR 32° 41.889°  130° 13557’ 418 2010/4/5~4/8
51 1F=20DE 32° 41.259°  130° 15.381° 235 2010/4/18~4/21
52 HZHEAE 32° 408" 130° 16307 198 2010/4/8~4/12
53 BN 32° 41.390" 130° 18.420 145 2010/4/21~4/28
54 BRE/NER 32° 42204’ 130° 20.385° 39 2010/10/6~10/8
55 AKRNEEAIA  32° 408576°  130° 11.9838" 241 2010/4/12~4/18
56 AR 32° 39.236" 130° 14513 22 2010/12/2~12/4
57 AR 32° 40026  130° 18.906 22 2010/12/2~12/4
58 MEILE PR 32° 404957 130° 08.477" 58 2010/12/4~12/6
59 =Pt 32° 38284 130° 11.362 80 2010/12/4~12/6
60 K-NETOLZ2#RAIM  32° 36.626° 130° 11.101" 5 2010/5/12~5/15
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Fig. 4 Photographs of the observation instruments.
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Fig. 5 Examples of microtremor records from Site Ikenohara
at AMS5:00 September 2, 2009.
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Fig. 6 Power spectra of three components (UD, NS, EW) and
the H/V spectral ratio at Site Ikenohara.
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Fig. 7 Example of ground motion records (UD) at Site Yadake
during Fukuoka Earthquake on March 20, 2005.
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Fig. 8 Comparison between H/V spectral ratios of microtremors
and ground motions at Site Yadake.
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Table 2. Parameters for determination of the S-wave velocity structural model at all observation sites.

wns e EFIE] EFE] EXIE]

A —

= X Vs \Y Vs \ Vs V)

BSOBBE) O G e BEED( ve gemy BEGM ve (g/em)
1 207 017 16 17 008 063 20 19 010 2.1 39 24
2 328 017 16 1.7 009 063 20 19 025 2.1 39 24
3 3.01 017 16 17 011 063 20 19 015 2.1 39 24
4 372 017 16 1.7 014 063 20 19 025 2.1 39 24
5 364 017 16 17 0.14 063 20 19 017 2.1 39 24
6 364 017 16 1.7 014 063 20 19 017 2.1 39 24
7 43 017 16 17 011 063 20 19 040 2.1 39 24
8 416 017 16 1.7 004 063 20 19 060 2.1 39 24
9 4.31 017 16 17 017 063 20 19 015 2.1 39 24
10 455 017 16 17 020 063 20 19  0.10 2.1 39 24
11 416 017 16 1.7 020 063 20 19 010 2.1 39 24
12 431 017 16 17 017 063 20 19 010 2.1 39 24
13 454 017 16 17 021 063 20 19  0.10 2.1 39 24
14 455 017 16 1.7 015 063 20 19 030 2.1 39 24
15 476 017 16 1.7 019 063 20 19 021 2.1 39 24
16 4.8 017 16 17 019 063 20 19 020 2.1 39 24
17 555 017 16 1.7 009 063 20 19 079 2.1 39 24
18 526 017 16 17 009 063 20 19 070 2.1 39 24
19 588 017 16 17 009 063 20 19 070 2.1 39 24
20 555 017 16 17 009 063 20 19 070 2.1 39 24
21 322 017 16 17 011 063 20 19 016 2.1 39 24
22 nopeak 0.00 0.00 2.1 39 24
23 nopeak 0.00 0.00 2.1 39 24
24 novoeak 0.00 0.00 2.1 39 24
25  nopeak 0.00 0.00 2.1 39 24
26 nooeak 0.00 0.00 2.1 39 24
27 nopeak 0.00 0.00 2.1 39 24
28 nopeak 0.00 0.00 2.1 39 24
29 nopeak 0.00 0.00 2.1 39 24
30  nopeak 0.00 0.00 2.1 39 24
31 nopoeak 0.00 0.00 2.1 39 24
32 238 017 16 1.7 009 063 20 19 010 2.1 39 24
33 5.5 017 16 17 008 063 20 19 1.1 2.1 39 24
34 5.5 017 16 17 009 063 20 19 070 2.1 39 24
35 5.8 017 16 17 025 063 20 19 010 2.1 39 24
36 6.3 009 15 17 011 034 16 17 029 2.1 39 24
37 6 009 15 17 011 034 1.6 1.7 029 2.1 39 24
38 4.31 009 15 17 011 034 16 17 029 2.1 39 24
39 6.6 009 15 17 011 034 16 17 036 2.1 39 24
40 655 009 15 17 0.11 034 16 1.7 030 2.1 39 24
41 564 009 15 17 011 034 16 17 029 2.1 39 24
42 655 009 15 17 0.1 034 1.6 1.7 030 2.1 39 24
43 nopeak 0.00 0.00 2.1 39 24
44 3.9 017 16 17 018 063 20 19 010 2.1 39 24
45 357 017 16 1.7 0.15 063 20 19 010 2.1 39 24
46 468 017 16 1.7 022 063 20 19 010 2.1 39 24
47 44 017 16 17 017 063 20 19 020 2.1 39 24
48 4.31 017 16 17 008 063 20 19 050 2.1 39 24
49 4.1 017 16 17 020 063 20 19 010 2.1 39 24
50 442 017 16 1.7 0.18 063 20 19 010 2.1 39 24
51 482 017 16 1.7 015 063 20 19 020 2.1 39 24
52 468 017 16 1.7 019 063 20 19 010 2.1 39 24
53 4.1 017 16 17 018 063 20 19  0.10 2.1 39 24
54 468 017 16 1.7 019 063 20 19 010 2.1 39 24
55 4.1 017 16 17 012 063 20 19 030 2.1 39 24
56 4.1 017 16 17 010 063 20 19 010 2.1 39 24
57 585 017 16 1.7 019 063 20 19 040 2.1 39 24
58 237 017 16 1.7 0.10 063 20 19 010 2.1 39 24
59  nopeak 0.00 0.00 2.1 39 24

__60  nopeak 0.00 0.00 2.1 39 24
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Fig. 16 S-wave velocity structure along the section A-A’.
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Fig. 19 Comparison of the S-wave velocity structure at Yadake and Takaiwayama.
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Seep limestone and chemosynthetic fossil assemblages dependent on the seep from the Neogene Taishu
Group, Tsushima Island, Nagasaki Prefecture, the southwest Japan

Takashi NinomIva
Abstract

Bivalve limestone and non bivalve limestone, occurs in the lower part of the Middle Formation of the
Neogene Taishu Group, Tsushima Island, Nagasaki Prefecture, southwest Japan. The fossil fauna of the
limestone and surroundings of the limestone are considered to be composed of chemosynthetic fossil
ecosystem. This limestone is autochthonous originated from a methane seep, based on the occurrence,
their very low carbon isotope ratios (8'*C; per mil PDB, respectively) and sulfur isotope ratios (8**S; per
mil PDB, respectively) of sulfide sulfur contained the limestone, and it is highly possible that the
chemosynthetic ecosystem was maintained by hydrogen sulfide occurred anaerobic methane oxidation
and/or originated from magma. The limestone indicates the existence of a large methane supply, possibly
from methane hydrate. The fossil flora and molluscan fauna indicate the Taishu Group was deposited in a
warm-temperate zone (mid-latitude), warmer than the climate of the present-day Tsushima district. The
lower part of the Middle Formation was deposited in a deep-sea environment at water depths greater than
500 m, as indicated by the habitat depth of the molluscan fauna, the absence of photosynthesizing faunas,
and the stabile condition of methane in mid-latitude regions.

Rapid subsidence is considered to have occurred over a wide area during the maximum opening stage
of the Japan Sea in the middle Miocene. However, in previous studies information concerning the middle
Miocene strata indicating such deep-sea environmental conditions in the southwestern part of the Japan
Sea is meager. The present findings from the Taishu Group such as limestone originated from a methane
seep and of a fossil chemosynthetic ecosystem indicate the existence of a deep-sea environment over a
wide area in the Japan Sea during the middle Miocene. These results suggest the early stage of the opening
Japan Sea formed in a very deep and narrow ocean.

Key words: Taishu Group, authigenic limestone, methane seep, the southwestern Japan Sea, deep-sea
environment

1. BU®IZ

Tz, ZORNIHER L 72 Mg i3 H ARG 512 A

HARHEIE, 18-20 Mall ki L CTHFEL, 16
Mafi#121d, HARML R R 238 %, I
B % 0L HERE A 0 ThREIC X 0 TRIEEREE D50 & TR
L7z&# 25N Twb (Otofuji and Matsuda, 1983,
1987; Tijima and Tada, 1990; % H - £K, 1992). D%,
15 MaRif&12id, LK T L HAY S 5# A L7z
LEZ 5N TWwWA (lijima and Tada, 1990).

lijima and Tada (1990) 12 X 4LiF16 MaRi 12 H A
BUCIZ U TR S M- L, ke LR
RSN TEY, BRI IGE % 0 -

SER234E 12 H20H 32 A, Fii244E1 H20H 2B
UM K2R 5 B B2 I H 3R 2R AL B 7 B
T 812-8581 i It i 4L X 4 IkF 6-10-1

KL TwD (I - 414, 1987; Tijima and Tada,
1990; BEFH:-1T 22, 1992; H421T 2, 1992; Kano et al., 2002
%Y. ZOEBHRZEO—ITIE, AFDAdulomya
R Acharax’s & OB EALA RV iR ZFEMARLE &
DOHAERIKEME SN TS (Amano et al., 2001,
2010). INoiE, X & VKIS L bSa A
BROGIEERTEDOTH 5.

—J5C, JUNAEPEERICIE, WEESAICHERE L oA
BRI E B X ORI HERE U 72 W8 R 2304 <
AT S (B, 1993; 75 - 82, 2001). Kano et al.
(2007) W2 XAuE, JUMHIEPEER R H ARHER EOH 5
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=&, EETHD S WE O R36 MaZ A0 5 HA
WRDPIEE o TV 22 ERRIBLTVS., T
OHEZROPTE, WHITHAT 5 MEEI,
BT AEH T2 & A it £ OGN R iEE &
ZZoNTEY, HARWIL AN OB 21 EHR % i
FLTWDZ MRS, BRI AARERH
KHEBEW 2 EZ 5 ECTEETHSL. LrL, E
W53 A S % 0PN RE O HERR BREE LRI 9 5 TR A
T, TR WFOMESH -7 (R - %
11, 1970; Nakajo and Maejima, 1998; Sakai and
Yuasa,1998; Nakajo et al., 2006; 11171 « JAME, 2007).

MR RREILAICZ LS, RIEFELEL,
FHLRWBEINTV S L DIz Tk LB
2L TH -7 (Kan'no, 1955; Masuda, 1970 ; FAA,
1969; Ef& - TiH, 1974). L2 L, €48, *HNEH
DHED B /INBUR 2 KA LA TEE DR N TH
Rah (FA - HH, 1999 ; Ninomiya et al., 2008).
EHIZ, PR TE» SRR AR R SN
REL T, ZORKETE 7 HBAOKG LTS FH
HL, B AR EOREZ A5 729002, FEIR, A,
MR ORE, FEMKICOVW TR B2
W, HNER R IoOHEREREEZH S M L.

2. WEBE

R IUNAL T ph oo B AR E T 4 B LR 120
kmDBETHH (K1), H2HEoME N %2R

. Japan Sea
(Sea of Japan)

| Tsushima Island

| 35°N

30°N
135°E

130°E

B1. AW R & L7 B o,

i3

I==N
=N

A BB R, 4TBIE5400 mEL o
BT, HHOBMRTI LIRS KTTIRIZ40
kmPh B D BERTTRE e K K fE & OBIFIC KO X,
T, hiEE, B sshTws GHES,
1972, 1973, 1974). X512, WMERIZIZ, %<0
AT v THRED &, R 5 % A ER
HEY 7oy 7 shTnd GFERITH, 1988;
WA, 1972, 1973, 1974; (LT - MR, 2007). F7-
SHEEETIE, B EICAERESEAL, FMO
WMBES RV Y7 2V Z{LZETWAE, fBI2d,
Twls, MRS, FEHYS FLIA boBEAS
MHALNL. MBI, JLHE-FEE ROz o
BEIH - HEHEEE L T GEEA, 1972,
1973, 1974).

SN REE, AT AR S B o L HERE L
TeEZLNTER (KA, 1994; H5 - 1)1, 1996;
Sakai and Yuasa, 1998). L2°L, iEHEH SIF,
TR RIS & IR IS FE T B AR KA O U-PHAE
RUEZE B v, INERED D HpilkE & ik
A316 Matii £ o R i i o> [ A 35 R B KOG
HrefknwiloB L2222 7
(Ninomiya, 2011). L 2L, ®iflassritt ok b s
SN TERER TR (h4 - I, 1996) &, L
MALF IR O =R Ext b SN B REMED R X T
w5,

INET, WMEMR,IS BB ShAAKEE, K
Wy, B/, WHoit GEESE, 1972), £H (FA-
PEH, 1999), HI1E (FEIEA, 1971) B X OEEE (A
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5, 1951; B - R, 1965) O6HTTH 5. LRI
DAY B EAKEE, BRI 0N i
DA ERICE VR LZ2d 0T, &F
NabARWINR S BRMMETH S5 (=1Z D, 2010).
HFOEAIKE L, IFBRPORILO0KETHL (I
HIEA, 1971). S w Bz 2 i - ot -1 -
WRIGE AT K 5 0 i I M 5 1Z, Wt kb g B ks
Hlch. RTINS DHIKEICOWTELL
WL 7.

3. B/ #EAKEICDONT

3.1 BE/ AT IR E I D 2141

JE 7 e N B b R TR IS S T AR
DOALTEB Y, B HDE 25 & e 3 5
FIRE BFIIHIRE O FALA 5 #9290 mD R A H
WCAEdHENS (X3). E/ilTlx, 27 7HM
WAL L ROONL RGN DY, ARG ZHED 3
WHERE NS A BH T ay 7 hBALNL. T,
R SHRW AR S Tw/izZ e 2R LTW
5. AKAERBOBIRERE I LIX UIXRERK
mmfEEOXL v b (FEh) BALNSL. AKAHE
EROFA O R ORRE I TR PR CEAER4 cm
DO ZOARNAHR LN, BIKOIJRE D B Acharax)& D
THCEAEH L7 (Ninomiya, 2011).
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B3, BE /i O FAIAERIX.

3.2. BB AT IR G D F

/A KE I BRI A TR ICHRAE T 110 mEL
L, EXomlIEo L v ZROERT, WA
POBmOMEICHEBLTWE. [IKEEEE I
2 mPL ISR SHIKE OEAPHAE L TW L)
HOERBI, AKEIZPro TRIRLTEY, AK
GEWEEBIIFERRMEEZOND (E4RA).

APAE T ORKERE I, HAHOBH RE
Btemd ) V2 — VRO ZBHAIKAEDRL AL R
% (M4B). HAIKAEIX, BETOAKERE, FHo
THEAKE EIEABREAIKREB XK Lo RE
AIREP SR SN S, FFRABEAIKE & ZBHEA
RAEDBEFIIHEMECA VA TS, AREREL,
AIRACHB L, wERoREAIKE T EVOIRE
EOBRIBMICAVHATHS, ZD XSGR
Mo, B HARETHAEL B SN 5.

THEOK S, ARO KA HBRIEELT
BY, ZOHBOBMICF 2 — T IHRBEENALNS
(4C 5 [M5A, B). F 2 — 7R IZ A VYA b
5%, HklILiEMIEETHLI 254 T
THEINTWSE (K6A, B). I 754 Miaix, kA
HILHRDIEA, FHIBEAHD0.8 mmi3 & D/~
HBHBALND (K6C, D). BRRAKAX, ZHAH
AIRATFISHSICHEEL, ZBHZEIEALE S
W,

AT, BOdEGREAIKENBIZSNS. 1)
Wi i, EFROMBIRIRESBIZcE 2 (X
5C, D). BB AIKAEE, FHRTIE, Z/HH
AIRAE EEAHANZ A D HATWSA, ERTIES
MRS & 2R CHT 5.

B MR AIKER, N — Tl LB
P HEMEDLL, ANV A FEREBERENSRY
B T2 &R (K6E). BWRAMKAEILI
294, WERUBEOI VYA F2ORY, E

Regend
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N
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B4, B WAIKEDA T v F L BREHEH.
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Calcite tube

o

et
Qb%% 00

Q

D

0
SN,

v

M5, A, B:_ABRAIKEOTEERTE & 27 v F. C, D: &
BILIRATIRE O Wi,

T /4— Ligameh@

Ke. HE ARG OHENEE. A-D: “HHAKRGOH
FEHE. A, B: A baoEy. C: /A H, D:
EAEASLER. B BORARE O, F: SIRAIK
GO EE, Mc: micrite, Ct: calcite tube, Cal:
calcite, Bm: black matrix, Pe: pellet.

O3 mmiEEDOXRL Y bHEENL (K6F). kI
HOREAIK T O KA & A EDHET O
FIRTH D, ZHAGKSEEFHAEICAELR, Fhic
BREAHO/NEEH SR BNS.

3.3. B/ Witk e P OB LT
BIBNCHE 2 AR ER E O A»HRER L2

AR OHEREZRS. RIS, dHHERED S
L7l A LA Z2Rd. ZhsoEIbhao

% (I TH B W REVED S <,
M PLETH 5.
ARG TROPRE D S, Sg AW iR OB E

Gt IR

[x17.

B AR EB X ORBORE»SHER L7z MK
HAtAH. A7 —nwN—13& Tl em.

K1 HHERED S 2 LA a m A H.

Locality Fossil Molluscs Lithology | Reference
Kanoura Limestone  |Calyptogena spp. Limestone | Ninomiya (2011)
Adipicola sp. Mudstone | Ninomiya (2011)
Acharax sp. Mudstone | Ninomiya (2011)
Gastropoda Limestone | Ninomioya et al. (2008)
Nita Limestone Adulomya sp. Limestone | Aoki and Nishida (1999)
Tanohama Limestone [Adulomya cf. uchimuraensis | Limestone | MITI (1972)
Calyp k de Limestone | MITI (1972)
Fukusaki Limestone |Bathymodiolus sp. Limestone | Ninomiya (2011)
Acila sp. Mudstone | Ninomiya (2011)
Acharax sp. Mudstone | Aoki and Nishida (1999)
Nita Mudstone Yoldia sp. Mudstone | Aoki and Nishida (1999)
Portlandia sp. Mudstone | Aoki and Nishida (1999)
Nuculana sp. Mudstone | Ninomiya (2011)

Wk LCT& LTHMIT 5Adipicola sp. % 13 U, #EIC
W HERE D e (I BL LR s LA 2 A 2 2 %
Acharax sp., B & OV/NU O Calyptogena spp. H3REH L 72
(Ninomiya, 2011). AIKED B b, /WD Calyptogena
spp. 23 L7z (Ninomiya, 2011).

BE 7 AR R o /NEUE HsBlgg S
7o, BB X OHEEOFH AR 2 5 13N A H
DG ENTEBY (Sasaki et al,, 2005, 20107% &),
NOOBHDOEREW ST 5121, AL
WE R EDVLETH L EFEMHENT VD (Sasakietal.,
2010). Fujikuraetal. (2009) &, FfARLGATICHEED
X, MBI T, VN B Phymorhynchus
buccinoidesH*Bathymodiolus platifrons% S\ L T 7z
CEERRLTVD. ThWwz, Zo/MIBHI,
LA A A RRIAKAE LAY 2 I L T
TEDd Y, MRS H QLFPERAERRITIKE L Tw
eEEZONL. 20X MBI AIKE
JBA 5, JeAMAERRRIZE T 2B b i
Ladoiz.
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4. PR

AR 2R S 5 R ERIESE OSBCIE, RIS
WA A7 VR L7208 ) » ORISR 5
(Campbell et al., 1993). HiRA QR FAAARLILIE,
EAL G OREIFLHER BRI O W TEHEE 2 HH %
AT % (Hoefs, 2004). FAEREEI A 0801, +
(IR DR, TLERE O, RERIE O ST %
W3 % (Stakes et al., 1999). FNwWw 2z, FE /A
JRE DHEIRE N5 72012, HelRIE O e Fa-MEE AR
b, @FHE (TOC) o peRFEMARLE, KA T
OWALW R (REIL) O R AL O %
To7z. WRITITHIKE 2B - WEALL 2B KR
Bl 72

RFEB L OWRRMARL (BT §3Cfl, §'%0fl
TRL, Wihd EEEEYE THLHPDBICNT S
i) 1%, EZphCREERRY CEEE NSS4,
L7-ZBAbiR D8 3CE & 8 SOfE & e L7z, AEARK
- ODeltaPlusT B 753475 (Finnigan MAT#E#) %
Wiz,

TOCD jrFZFEMARILIE,  F I RBRHIERE %
AR 2 b2 U718, BT s/ kHE
AR 2 583 A RS, JTCEIHIFINALI500 (CE
InstrumentfL#) TTOCB L &% HEE (TN) 2%
wLL7z. Z0%, TOCOEH®RICIDE, REARME
VRFOZ w5V (Thermo Electonfl# NA2500)
W ThHE MR (6BCfH) =#lx L7z,

ALY AL O T FMALARIE, DUF ol TR
D7z, FIHARRE ZMBILKETERILL, AU
BElE 2 AL N ) o A OB X DGR N Y 7 AL
ELTHIXL 7z, &hidts (TS) %, WXL 7-hthE
WY APLRDI. 0K, ZOWEEN) T LE
10f5H DSi0, + V.05 ALK 2 iR & L, HARE
2950°CIZEZERTIMEA L, LM 2 KR L7,
Z O AL E O AR (EPBSEEY ECDT
IR 584SfEE LTRT) %, RMILKEIAATO
IsoPrime EA (Micromasstt®) % v -CillE L 7-.
WENOHEIZ BT HHERAEL, £0.1%Th .

5. HHiER

FD2UITOC, TN, TSOEEAERZRT. AKEICHE
FNAHTOCEIL, 0.07 ~ 0.15 wt. %3 L, TN=1Z0.07
wt. % L FTdHh o7z TSEIE, 004~ 029wt %TH D,
TR AICA T T BN R TE WA S 7z,

F2. AIKAEDTOC, TN, TSOEGHmMEREF. -3k
Mg, ndidy ¥ ZIWVEDR SN TV 272D RAIZE.

TOC (wt. %) TN (wt. %) TS (wt. %)
Nodular limestone - - 0.04
Bivalve limestone 0.11 0.04 0.09
Non-bivalve limestone 0.15 0.05 0.15
Black non-bivalve lumestone 0.07 nd nd
Muddy limestone 0.15 0.04 0.29

3. AIKE ORISR S, 81°C, $BOfEIZXPDB1E,
SUSIIFICDTAE. —IEKME, ndlEH ¥ 7RISR S
NT W72 DR E.

Carbonate TOC |Sulfide sulfur
3"°C(%0) | 5"°0(%0) | 8"°C(%o) [5°*S(%0)
Nodular limestone -33.1 -12.8 - +5.8, +6.1
Bivalve limestone -38.3 -14.5 -40.9 [+9.6,+9.8, +14.7, +14.8
Non-bivalve limestone -36.4 -13.9 -40.5 |+12.9,+13.0
Black non-bivalve limestone | -39.7 -8.1 -43.5 | nd
Muddy limestone - - -37.0 |-

B, BBE, B L OO RMARILI SRR % 53
WRT. AKE DRGSO PCEX 7 ¥ 2 — VIR
FIRAT-33.1%, —AHAIKA T-38.3%, JFEHBZE
FIKET-36.4%, BOIEHBEAIKE TROBEN
-39.7% CTdH o 72. TOCHICHIZI -HMHAIKET
-40.9%, FERE ALK T-40.5%, BEIEHREH
JKA T-43.5%0, i LIROTEE AR Thie d H-37.0%0
Tholz BOfHIX, V2 —IVIRAIKET-12.8%, —
BHEAIKRE T-14.5%, FEHBEAIKE T-13.9%0,
BEIEHREAKG TROEY, -81%Th-o 7.

AR AT ORAUYRER I OSHSMEIX, /¥ 2 —IVIRAT
JKET, +5.8%0, +6.1%0, ALK ET, 9.6 ~ +14.8%,
YRR TH12.9%, +13.0% T, TFHir s EA7IC
)% > TH L 7 AEAAFED Sz,

6. Bt/ malka Dtk

3BC fH, 8O MfH, &S fH, FEIRICIED VT /il
FIKEDRIFIZOWTHELEZ T 72, AKED» B
SN2 L D sECHR 550 1%, W O R
HICHARTE L CBRWETH o 72, 331 ~ -39.7%0%0 &
VAR O §5C filil, BLHRe HuUE o o KA K
FHOMIZ—F L (Campbell et al., 1993, 2002; Peckmann
et al., 2004; Takeuchi et al., 2007; Wallmann et al., 1997 7
), AKEDOBBRICA Y VMG L2 L 2R
5.

FIKEDBESL N §%0 fiild, -8.1 ~ -14.5% T
HEROBAREAIKEDMEIC—FT 205, DX
GEEHREEHICEIEZbDEEZ SN TVS
(Campbell, 2006). FIEHIZIE, £ OKF KIS
PO TWBIT) GEEH, 1972, 1973, 1974),
HERE T2 0 ARHEIL K RF OB X 2 e 2 9
e E 26N Tw5s (MEEAH, 2007). L7zA-5
T, AKRGEORCERFFEARIE, BRFEIHAEH
2L BEED, < IR KK TH LMD D 5.

HBARRORBIETH D I L2 EMNIT B 72012,
IR EFIZHAETT B TOC D SCIHD LB % 1T 72.
L, REEEBEOGEHEY (5°C =-10 7*5-35%;
O'Leary, 1988) (ZHARTEWEDYES LU, TOC
D BCHIT A Y VY FEKRERRT B E 2D 5.
TOC @ §BC fililZ, —37.0 ~ —43.5%0%0 CHABREIR DA
B (8°C =10 ~ —35%o : O'Leary, 1988) 12~ TIE
WEAYE SNz Z OEIREE /A K E DS AR
IKAETHAHZ EEMIRBELTND,
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A 5 Y OFRALR 5 I B O E KR ik R AR Wy ©
A7V EATHEMC X AmEEETE ) 7 LT
BIoTWLIEIIRENTWS (eg, Masuzawa et al.,
1992; Takeuchi et al., 2007). A1)k H O BRALY) O firs 1 7]
fEARIEIE, +5.8 ~ +14.8 %o THEANEEE & V) b BB
v, Zoflilx, MWHE N T 7 % EOBED KK
S AR IR S L7 BB R O B L O B
HEAARLE (Marumo and Hattori, 1999; FRIlE - {4 A |
1985; W, 1974) 12IFT—3T 530, GREEIoH
WEREOFRMKLE DEL S, B2 HAIKERLED
JHBIZE, REOWALY CHRIEny, HoKRL B
EOMBEFIRFIBIE I TRy, Zolt
X, AKRAEROREIMAEWRETH L Z L 2R
LTWa3., @HOMBEEILTIE, 20% %Mz 5K
& IR FAAR G238 2 % (Kaplan and Rittenberg,
1964; Jorgensen, 1990). ZD#ER, HKWEEE (6*S=
+21%o ; Rees et al., 1978) X O HALWEDOFEE ALK
SNb. AIKa ot o FA AR 8@ O
WK THE I HHMEE IR TE L, [HHE LR
TLERELTWELd Lk w. TSR
W, fAIKEOEIR, AREICETNL HibAar b6,
e WAIKE L A & BRI TR S Nz A4 AKX
HLEZONS. T/, WERETHMRICE S A8 ¥
FRALIZ X 0 A U 2 bkFEIC & - TILEE A R
DIHEFF SN TV 72 BEEA S .

7. SAMERPHDOEKRE ZDEFE

A Z BT HEMISE S 2 Ak s
D Calyptogena spp. R € DRBOPRET LT L7z
HAbAE, b ERARRIIE L TWEEEZ LR
b, RaEAIKETIE, ALADORFIREBICKR S 74
MAHED LN, Bar b L KELA, 6
ZAE, AcharaxlX, RIIRA SN TBOLITRE DAL
HoTBYAKED HRIIRAGEARTH > 72 (K7
(3), (6). —J, AREhOZHHIZ, Ak b,
AIRE O RIS, WHETORESN TV
(H6C, D). 2% 0, B/ MAKAEIABICEENS
LI EORET T LANBMRL, AKahT
BERAE S N7z g, REREDSEMR L9 B,
MR TED B IR ERIEA IR X D D IRV BB A I
AT D ZOXIBRRICDEDb LT, 2 ¥ UK
EFEOBHARIKEPRESNZ. o2 ki, Rr
M KRED XY G OFAEREZ oD, JHM
JEREHERE IR I KINGEBI 2GR CTH - 22 e H K
BOAY I, KEOREFRAEY P 2FITHE R L
B Eh b EZ2z N5, ZhWwi AT VIZBHR
EEPET, MAMERLOLZFINTVELEEEZ
BN, ZOX)BBBETIEREINTKEDRA Y
WAZ UNA FL—= 12K LTV REERDH
5.

Hito A 7 VEABRRPL A Y L R L — Mol
12iE, LI LITEA R b2 AR R IR

i3

I==N
=N

T 5EMBEM SN T WD (Masuzawa, et al., 1992;
Stakes et al., 1999; Naehr et al., 20077 &). HtoH
AYIEREELTIE, a2y ) A4 D% < IZKES00m
DIRICAER L (45, 2000, 2008), >0 74 H%
P FARAIKEDZ KD, JKIES00 mPAZRTHRINE
nTws (Fi3de, 2004; AR¥ERIE A, 1996; Takeuchi et
al., 2007; Greinert et al., 20027% &). O X9 % HH
DA R EE R BUH: 0 W K R BRI 5 D ST AR EE D &,
BE /A KCE ORI IZKEES00m LR & T &
5. 72121, ZofEmiE, A¥ A FL— bR
ELMPPREE LIRE L 72D DT, MEREOHERE
PEHD LLEREETH 2201, 25 g
FL— MOZEHEIEA LA L, &g b L= 6%
RV TH A, Tz, KT I
Lo TMALZZEEZ LN D REHOEEICHED X
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