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Geology of the Permian Higashimata Complex in the Nanjo Mountains, Fukui Prefecture, Southwest Japan
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Drilling site of borehole DD-1 at Horonobe, Hokkaido

A deep drilling survey for a depth of more than 1,000 m (borehole DD-1) was conducted at
Horonobe, Hokkaido. The drilling site locates the coast of the Teshio plain, 300 m apart from coastal
line. One of the main purposes of this research project is to develop a methodology for evaluating a
deep groundwater environment in the coastal region of Japan. Moreover, regional geophysical
exploration from land to sea was conducted and comprehensive analyses were performed.

(Photograph by Masamitsu Yoshioka (Suncoh Consultants Co., Ltd.), Caption by Masaru Koshigai)
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Masaru Koshigai, Atsunao Marui, Yaeko Igarashi, Fumio Akiba, Akira Furusawa, Takao Oka and ITkuo
Hagiwara (2012) Lithofacies, microfossils and tephra observed by deep drilling in the coastal zones at
Horonobe, Northern Hokkaido, Japan. Bull. Geol. Surv. Japan, vol. 63 (9/10), p. 233-267, 9 figs, 3 tables,
6 appendices.

Abstract: The Teshio plain is one of the largest Cenozoic sedimentary basin in Hokkaido, Japan.
Shallowing-upward thick successions ranging from shelf to terrestrial environments are distributed in and
around this plain. The Yuchi and Sarabetsu Formations comprise Plio-Pleistocene sediments deposited
in shallow sea to terrestrial environments in the latest stage of sedimentary basin formation. Geological
ages of the Yuchi and Sarabetsu Formations are determined on the basis of biostratigraphic and fission
track ages, and both formations have contemporaneous heterotopic facies. However, the geological age
of the strata in the Teshio plain is unclear because of the thick alluvium covers. We conducted a deep
drilling survey, to a depth of 1000 m, in the coastal zone of the Teshio plain and subsequent laboratory
analysis (microfossil and tephra analysis) of the core. From the results of this analysis, it is clear that the
geological succession is as follows: alluvium to a depth of 87.8 m; the Sarabetsu Formation at depths
ranging between 87.8 m and 471.5 m; and the Yuchi Formation at depths ranging between 471.5 m and
1,004 m. Palynological successions of the Yuchi and Sarabetsu formations were divided into three pollen
zones. Further, the Larix zone, which had formed after 1 Ma, has been confirmed at depths between 90 m
and 220 m. Tephra, which is approximately 1.5 Ma, has been discovered at a depth of 930 m. The diatom
zone has not been recognized because most diatom fossils are redeposited species. However, the presence
of confirmed species is consistent with other analytical results. The geological age of both the Yuchi and
Sarabetsu Formations, in the study area at depths between 90 m and 1,000 m, is estimated to be in the
range of 0.8 to 1.5 Ma. In addition, the fact that both these formations are contemporaneous heterotopic
facies until they reach Teshio plain is widely accepted. Moreover, both the strata in the Teshio plain are at
least 0.5 million years younger than the strata in hilly areas to the east.

Keywords: coastal area, deep drilling, Teshio Plain, Horonobe area, litostratigraphy, pollen, diatom,
tephra, Quaternary, Pleistocene, Sarabetsu Formation, Yuchi Formation, Hokkaido, Japan
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Fig.1  The location of the study site and the geomorphology of

the surrounding area. The shaded relief map was obtained
from the 50 m digital elevation model published by the
Geographical Survey Institute (2001). Wa: Wakkanai, Ty:
Toyotomi, Ho: Horonobe, To: Toikanbetsu, Te: Teshio,
Na: Nakagawa, En: Enbetsu, and Te-R: Teshio River.
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Fig.2  Geological map and cross section of the study site and surrounding area. The geological
map is modified from Hata ef al. (1969) and Yamaguchi and Suda (1981). The geological
cross section is modified from AIST (2006). The thick line in the geological cross section

indicates the location of borehole DD-1.
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Table 1 Stratigraphy of the study site and surrounding area.
Adapted from Sagayama (2003), Fukuzawa et al. (1992),
Oka and Igarashi (1997), Yasue et al. (2006), and Niizato
et al. (2007).
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Fig.3  Locations of boreholes at the study site.
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fortilirata Sowerby, Serripes groenlandicus (Bruguiere),
Nuculana (Nuculana) pernula sadoensis (Yokoyama),
Macoma tokyoensis Makiyama, Tectonatica (Cryptonatica)
janthostomoides Kuroda and Habe, Dosinia (Phacosoma)
tatsunokutiensis Nomura, Clinocardium sp., Acila gottschei
(Bohm), Mizuhopecten yessoensis s.s. (Jay), Anadara
(Anadara) trilineata calcarea (Grant and Gale), Conchocele
nipponica (Yabe and Nomura) 7 & Dfl[E4r & O O
ISR T 2 Bibh % ZPET 5. —BIC Mya japonica (Jay),
Macoma calcarea (Gmelin) 7% & Q@I ~TRAKIZHEB T
5 HALa 2 FEH T 5.

4. DRHE

41 fewMea

EB LR ORI T 7 D > 5 EEIMD £ &3 5
BB (B4, 2R AEENISEEL Uo7,
e alE A (1993) 1266y KOH ¥ - HF ¥ -
ZnClLik - 72 MU ¥ 2R A K Uit L7z, st L7z
fEtaizz ) ) v ¥ ) —THAL, FL85 -1+ &
fERG U 7z FERHHEOE, 1ERCL 727 L35 — | &80
s (400 fi5) THEEL, AKAR{A 200 f#% H&IClAE$
Ly, ZOMNIHEIZHBIL ZRARTER KUY &
LA O T EATREL . EBtADE LI, K
KIEBIMAARTE DM EL, HEATER L > & - 27 DiaT
DR - OB AR E LTHEA L 2.

42 IEE{tA

HEBLOOSHNIERI T 70 5 b 4508 (56 4 X,
2K BBEELUT - 72 HEEUOIIFEEZ 2 (1982)
DHHEIZE T, FRUBZ 54 FELERL 2. i
500 f5ONAWIEETIT - 72, HE bR EE, 9
100 filfA & T - 72k, HIZH 100 ~ 1,000 fEADOEILE
ITV, ZORRIZRD S -Hi & present (B & &)

&L TCitskL 72, {LAD &R EIL, VR (very rare), R (rare),
C (common), A (abundant), VA (very abundant) @ 5 B[
TR L7z, 100 (RO R EICE L 2 EBROR S, 6

FL2ZZ2T4 8 1Y) ok~ 7. th
DIRIFIEE X, VP (very poor), P (poor), M (moderate), G
(good), VG (very good) D 5 ERE TRl L 7=.  Chaetoceros
JEOKNRIF1%, Ll 100 AR ERE ORI L U Tl
U7z At DAFR R OE R (REEHEYE ) 13, Akiba (1986)
& Yanagisawa and Akiba (1998) IZ &k - 7.

43 777

77 7 OAMEAIRER T 7 5 Ll ch -2 7R
BaENR (F4K) LT, Rk, Kkih#d T 2ok
P - FROMEEMB O M 247 > 72, dnic it g 28
BHIHE (2003) OFBRITHEC CRILBE A2 1T 5 72, £ 7,
TRARVEG - BiorT LT 1/8 ~ 1/16 mm (TR FAE U 7= %
RHE IR K o TRENIAHE L 22Ri 1 8 & &2 0
U7z, R - O &2 47 - s 0PN m T 1.545 T2
ONHE LG TE AL, TL 37— b AR L 7.

RiFHEIE, 1B L 727 L85 — |+ 2 ROCEEMEE (100
) THELIL, 300K 1 (1,000 K7D FYafil ) %
(2003) IZHEVWIX ST L7z, 72, BAROR KT %R
% 728 3,000 K71 (10,000 ki 7-0F-Hl ) ok T-HUR D
IR AT o 72,

KA 5 2 ORI, w2 L
[MAIOTJ( 1%, 1995) i L, kili# 5 Z 30 ki 1%
Ealctll L7z, i, IEIrEOMEREE I KILA 7 2
T+0.0001 FRETH 5. kil 7 2O TR LA,
IXNLF—FHI X~ 4 2 a7 F 5 4+ — (HITACHI
S3000H+HORIBA EMAX ENERGY EX-250) % F\yT4T >
7o ARSI NREE 15k, ABFEW 03 nA, B — 4
£ 150 nm, JEHER 150 F5C¢, 4 pm U5 ORI % EA L,
EFISIE ZAF 3 (% 1F, Love and Scott, 1978) 12 & -
7=,

5. kR

5.1 TEM#EmR &fEmE

B RO LA 32 CoRRI» 6 R 6 h 7z (2 1.
72721, H22P1 & H22P1713%, fEBHMbADEEEIMEL
RAKEAH 200 fISE L Ao 7z, PEH L 2 ARARBIL$HE
By 1B 7@, i S ERER 2 1 RE 108, Z ofth
IAEERE BB U 72 Carya & &80 1 R 6 B EE
SNz, BEAFIZ IR E L FANE Sz ¥4k
Y& a7 JHi3 5 8 & Monolete-type 23[A[%E X7z, ZD
12 H22P3 & H22P7 12D AfkESHD Botryococcus 23 aa
oMtz FLT, EHLZEARKIEBOMERIZHDNT,
Tz 6 A, B, CO3DD{E %X 5L 7 6o
R e 225 SRR g & & 812, DIFIZXsrL
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Table 2 The list of the samples for microfossil analysis.

Objective Sample No. Borehole Sample depth(m) Lithology Remark

H22P1 DD-2 91.50-91.65 Clay
H22P2 DD-3 100.20-100.25 Clay Organic matter
H22P3 DD-3 106.32-106.38 Clay
H22P4 DD-3 121.50-121.55 Clay Organic matter
H22P5 DD-3 124.40-124.45 Clay
H22P6 DD-3 131.36-131.40 Oganic Clay
H22P7 DD-3 141.40-141.47 Clay
H22P8 DD-3 147.80-147.90 Clay
H22P9 DD-3 152.65-152.70 Fine Sand
H22P11 DD-1 161.23-161.35 Clay
H21P1 DD-1 164.19-164.44 Silty Clay Organic matter
H22P12 DD-1 192.50-192.64 Fine Sand
H21P2 DD-1 208.48-208.68 Oganic Clay
H22P13 DD-1 227.58-227.75 Fine Sand
H21P3 DD-1 240.60-240.75 Sandy Silt
H21P4 DD-1 251.93-252.18 Clay Organic matter
H22P14 DD-1 268.32-268.50 Clay
H21P5 DD-1 279.90-277.15 Clay Organic matter
H21P6 DD-1 294.25-294.50 Clay Organic matter

Pollen fossil analysis H21P7 DD-1 337.22-337.35 Clay Organic matter
H22P15 DD-1 350.45-350.60 Silt
H21P8 DD-1 362.65-362.93 Fine Sand Lignite seam
H21P9 DD-1 376.05-376.30 Clay Organic matter
H21P10 DD-1 394.50-394.70 Silty Clay Organic matter
H22P16 DD-1 409.10-409.22 Lignite
H22P17 DD-1 418.73-418.85 Medium Sand
H22P18 DD-1 460.80-460.91 Medium Sand
H22P19 DD-1 552.96-523.10 Sand Molluscan fossil
H22P20 DD-1 566.64-566.79 Sandy Silt
H22P21 DD-1 578.30-578.42 Sandy Silt Molluscan fossil
H22P22 DD-1 586.52-586.67 Clay
H22P23 DD-1 600.20-600.29 Silt
H22P24 DD-1 655.83-655.98 Sandy Silt
H22P25 DD-1 701.50-701.75 Silt Molluscan fossil
H23P1 DD-1 731.65-731.80 Sandy Silt Molluscan fossil
H23pP2 DD-1 760.65-760.72 Silt Molluscan fossil
H23P3 DD-1 810.28-810.34 Silt Molluscan fossil
H23P4 DD-1 880.55-880.70 Silt Organic matter
H23P5 DD-1 931.79-931.94 Clay Molluscan fossil
H23P6 DD-1 990.11-990.40 Silty Clay
H21D1 DD-1 162.90-163.05 Sandy Silt Organic matter
H21D2 DD-1 206.14-206.25 Silt Organic matter
H21D3 DD-1 238.13-238.38 Sandy Silt
H21D4 DD-1 260.90-261.17 Clay Organic matter
H21D5 DD-1 266.75-266.90 Clay Organic matter
H21D6 DD-1 285.76-285.91 Clay Organic matter
H21D7 DD-1 294.50-294.65 Clay Organic matter
H21D8 DD-1 350.19-350.40 Clay Molluscan fossil
H21D9 DD-1 379.95-380.00 Clay Organic matter
H21D10 DD-1 394.35-394.50 Clay Organic matter
H22D1 DD-1 566.64-566.79 Sandy Silt
H22D2 DD-1 578.30-578.42 Sandy Silt

Diatom fossil analysis H22D3 DD-1 586.52-586.67 Clay Organic matter
H22D4 DD-1 600.29-600.44 Silt
H22D5 DD-1 655.83-655.98 Sandy Silt Molluscan fossil
H22D6 DD-1 685.55-685.70 Sandy Silt Molluscan fossil
H22D7 DD-1 731.65-731.80 Sandy Silt Molluscan fossil
H22D8 DD-1 760.65-760.72 Silt Molluscan fossil
H22D9 DD-1 782.13-782.28 Sandy Silt
H22D10 DD-1 810.28-810.44 Silt Molluscan fossil
H22D11 DD-1 860.75-860.90 Silt Organic matter
H22D12 DD-1 880.55-880.70 Silt Organic matter
H22D13 DD-1 900.00-900.10 Clay
H22D14 DD-1 931.79-931.94 Clay Molluscan fossil
H22D15 DD-1 960.40-960.54 Silt
H22D16 DD-1 990.11-990.40 Silty Clay
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Geologic Column Content Rate of Diatom Fossils (%)
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Fig. 6 The occurrence of diatom fossils in borehole cores.

mEES

T AER T DR A BB,

CH(TEE91.5~220.0m) (&, & MEMSHHER D
Larix 73288 U C Picea & & 1B L, Abies, Pinus,
Tsuga DMEFIZFEH§ 5. F 72, Eriaceae, Compositae,
Lycopodium, Osmunda, Monolete-type, Sphagnum DIEH>,
BIEDOREE 1,500 m DL EO IR O & LAz 54 5
Selaginella selaginoides 75 £ DFEW DRI BRI FEH L
7=.

B4 (ZFFE 220.0 ~ 500.0 m) &, HEHEEHEERIOD Picea
& Tsuga D HIZEN T 58 OO Tsuga 8 EHE L,
Abies, Pinus, Betula, Alnus %f¥>. 72, (KETH
57, Cryptomeria & ViiimrIN¥ERE D Juglans/Pterocarya,
Quercus subgen. Lepidobalanus, Ulmus/Zelkova, Ostrya/
Carpinus, Fagus, Tilia, Corylus, Lonicera, Araliaceae,
Ericaceae 28 pE MY L 72, B AR & v 4 - a7 JHiZ
Monolete-type & Osmunda % R NTEMRIEKETH 5.

A (PRI 500.0 ~ 990.0 m) 1%, HEEHERID Picea
& Tsuga DEBTEEAS T 50, Abies, Pinus, Betula,
Alnus #1¥5. 72, (KK THBH, Cryptomeria, Wi

F63%& 9/10 %

T IAEERT D Juglans/Pterocarya, Quercus Lepidobalanus,
Ulmus/Zelkova, Corylus 75 EDPET 5 . BAHE V& -
27 ¥612 Monolete-type & Osmunda % [\ TEARITIKE
Thb.

52 HEE{EADER

HEOIEToRB» 68617 (&2, o).
HE a0 &4 RIZ H22D8 AR, %100 ~% 1,000 {lE
EBEGEENDIRELLEDTH -7 RIFEIZ RIS
FEELNLPRARTH S5, lBHZ K-> TEFL
KEBLEEOMRELE. FELIABELZEDIE, 1F
& A E W Actinocyclus ingens, Denticulopsis hustedtii s.1.,
Denticulopsis hyalina Td - 7=. #ili & - HE LA OFE
RGN 143 4 2% Th 7z, KBFIERTH Y, b
T 2WKFRIE DT TH > 7. i & = HEUE]RE
BEOKE LREBO—DI3ERIED 0 2 HIG N KE A5 T
&T, RTERHIIOMEEIEN L < ) 7.

PEM U 72RO T, SIS h - TH
9 BFlE, Neodenticula kamtschatica TdH V), kHZ
Ko TRIBFERERDLEE LDz, T OMIZ BN ZPE
I BFHI%, Actinocyclus ingens, Coscinodiscus marginatus,
Denticulopsis lauta, Stephanopyxis spp., Thalassionema
nizschioides, T. robusta, Thalassiosira antiqua U8 T.
zabelinae TH > 7-. ZOMIZEHREELA/NINED
D, RENAFRNZEN T 2 4R i IS H B A I,
Neodenticula koizumii & N. seminae T&H V), N. koizumii {Z
H21DI1, H21D2, H21D3, H22DI1, H22D2, H22D9 ® 6
REHZ, Z LT N. seminae i3 H21D2, H21D6, H22DI,
H22D3 O 4 i FHZ Z N ENFHPEL 7=,

53 TI7SDRBERAFZFBREKIUGZ XDEHR
- ERRMEFEERK

7 7 T OREE AR E KL T T 2 ORI -
B SHUR (100% FEFRAE ) 228 3 RIT/R$. H22TI
FER S TR E LR, Thbibdklg 7 228 L.
Ak, 2TORHIDWT, KE Ll h 2 G680
D SN o7 DITIZRBI S & i i
AR

H22T1 13/E & 8 em FEIE CPATHER A 7% LK G %
SRS A XOT7 53 THD, PIL MEmBMKNS
FIZREIRICEAE S 5. RIS & ke L, B8R
e kiliy s 2 &PEEE. KT I 2DEEIZNNTIL
Yr =B A THREL, I8 284 T EFTFOMRIE L
4 THRERD SN, KILH T 2 DRI 1.497 ~ 1.503
L, ERLEHEIEEE T SIo, 28 77.0wt%, K,0
23 4.5w1%, CaO A% 0.9wt%, Na,O A% 3.5wt%, FeO 73 1.5wt%
TEREARL 72

H22T2 13/E & 5 cm P2 TPATHERE S 8 LK % &2
FTUILMFAZDT T I THY, FHREAE IRk

— 242 —



PEAERTIR RIS 5 1 2 KGR — ) v 7 OE - Wbl - 77 7 (BKIEs)

B3R T 77 ORTHBER KL 7 2 DJEHTEE & TR

Table 3 Particle components of tephra, and refractive indices and main chemical compositions of volcanic glass shards.

Sampl Particl Components ] Refractive Index of Chemical Compositions of Volcanis Glass shards(wt%)
?;IIT;P"' Volcanic Glass  Light Heavy Mineral Fr“urb:n Total Volcanic Glass upper: mean value, lower: standard deviation
" |Bw Pm O Mineral Opx Cpx GHo Opq Oth  o"° Shards n. Si0, TiO, ALO; FeO MnO MgO CaO Na,0 KO
12 77.00 0.18 12.18 1.60 0.08 0.06 0.97 3.56 4.37
H22T1 9 3 6 40 0 0 0 0 0 242 300 1.497-1.503
0.76 0.07 031 039 0.08 006 030 0.13 034
127783 0.11 1217 0.78 0.05 0.08 0.77 3.46 4.75
H22T2 11 247 13 18 0 0 0 0 0 11 300 1.497-1.498
031 0.07 0.16 021 0.06 008 024 024 0.70
12 7834 027 1228 1.52 0.3 033 199 4.01 1.13
H22T3 70 207 2 10 0 0 0 0 0 11 300 1.501-1.511
0.70 0.06 030 0.14 0.07 0.05 0.19 0.15 0.08
R 12 7315 068 1324 332 0.6 075 298 4.18 1.53
H22T4 62 144 62 18 0 0 0 0 0 14 300 1.510-1.511(7/30),
1.517-1.532(23/30) 152 0.14 037 053 007 019 045 014 0.12
127670 042 12.19 234 0.06 050 2.63 3.60 1.56
T22T5 2 195 0 21 0 0 0 0 0 82 300 1.508-1.514
220 0.07 0.87 051 0.05 020 075 0.15 021
15 7737 040 1192 212 0.09 043 250 3.66 1.52
T23T2 5 267 1 15 0 0 0 0 0 12 300 1.508-1.512
037 006 0.14 0.14 0.06 0.06 0.15 0.12 0.11
PAEd 2 ¢ 00 BAEICHIFI S h 72k E 2. K 6. EXR
Akl A 7 2 & FfRE L, Kl 7 2DJERER S 2
24 Thens. KA ZAOMITHEIE 1.497 ~ 1.498 6.1 TERHEDIILE

ERL, ERCEMBUZEE T SI0, 48 77.8wt%, K,0
23 4.7wt%, CaO 2% 0.7wt%, Na,O A% 3.4wt%, FeO A% 0.7wt%
g ERL 7=

H22T313/E & 1 ~ 3 cm FEI% TRIZIERE D 6% Uk e
GERTHELL A ZDTF T I THY, VL ER
MR IC HRg % 5 UCHAIES 5. RiHlsad kil 7
S 2%FhRET S, KILH T ADHEIZINNI 24 T %
FIREL, NTLhyx -4 TEEL. KILHT A
DIEHTHIT 1.501 ~ 1.511 ZoR L, ERA LRI
5T Si0, 71 78.4wt%, K,0 2% 1.1wt%, CaO A% 2.0wt%
Na,0 7% 4.0wt%, FeO % 1.5wt% F2/& A 7R L 7=,

H22T4 1F/E & 2 em FRE CTIKBEGAZ T IL b4 X
DT 77T, Vb NERBHRRME ~ i EJes I REIRIC
BAET 5. R RIS 5 2 & Bk L, #BE - &
GERETEOMNRIT S, KH 7 2D/ I 24
A 7HTREL, NTUY =84 TEKEEE AT
L RERFE ST, KA 7 2 DRI KE S A5 1.510
~ 1511 T, ZOfns 1.517 ~ 1.532 AL, TR
MBI AR N 8 DD, T Si0, A 72.9wt %,
K,O 7% 1.5wt%, CaO 73 3.0wt%, Na,O A% 4.2wt%, FeO
A 3.4wt% FEE AR L 7.

H22T5 & H23T2 I3 AEYHEEL 22T 56 DD, JEX 1
~ 5 cm FREE CRYVBEVRS ICRFRICHAE T 2R IKE & 9
VI ~WEYIL YA ZDTF T I THY, (RIFRE—G
JED 2 ORI TH 5. WaEHIF— D S A PR E A
RU 7z kiR 5 2 & Fke L, Kiliy 5 2
DRI/ 284 T bkb. KiH 5 2DIRITHEIT
1.508 ~ 1.514 /"L, FRLAHERITTE T Si0, 2
77.4wt%, K,0 2% 1.5wt%, CaO 2% 2.5wt%, Na,0 A% 3.6wt%,
FeO 7% 2.1wt% FEfE &R L 7z,

WFZEHJE I I 1 2 B el = R~ B IR O ERH )T 13,
[ - FbJs (1993 5 1997a) K ORHIEA (2006) K - TR
ST 5. NESOMIERIKTIX, Sk L Tk
IZDWTHER I B 6 20 & &7z, RFERI IR 55 A
$ 5 FBRE FEIX Tsuga, Fagus, 7 DO R IALE
Bt & 72 B R CURNE - WESETH D, EERIEE RS
BERS A3 (5 B4 D i = L ST EERSI AR O ST U 7 v U A S
TdH o7z, I ITIFIT AR W 1 (5 B WA et SE S
Tsuga X Cryptomeria %8 4, # LI Larix & Picea M
BT 2 02 h 5. B - AR (1993) 132D Larix
DEBR & Larix zone LA 7Z, B HIERIZ 5T,
TxaaxY)I| KOS E I amd 5 585 k= & BknkE
i EEBIZDWTHEREIE R IA S 20 & S 7z, Brariiskic
O3And B BRIE R EEIX, Betula # @B IZghre L B ic
vl TSRS 2 P, Y TR SER R AN KT U 72 7
XMETH > 7. WHIEIZ Picea, Abies KT Tsuga % &%
&t L 312, Cryptomeria R ZFED ki IAIER 4
KRIZHES DO TH D, wiliar ) SIEBIFE 2 & dhiE Ly gt
BRI L7255t Th 72, Ak, BEhlEO LEIC
13 Latix % &0 REUEDR B 5 5 AW FERHIE D Larix zone
IS X N B IERH R I3RS S T,

MR CHEFE S NZ{EBRH D 5 B, CHild Larix &
Picea 705 7s 5 HFERHIRTH ), Selaginella selaginoides
QLT HI LN D, BTG L =R HEE S NS,
C i3 Larix OB TREO T 6 1L 5 F0m e Xl & R g
T AHERRThH D, FFEHIHEIC 5O TR O R E R
F AR EIZEED 6B Larix zone & X HEATHE T d
5. BEE I\ T CHrlcxtbE b Larix DE2ES
LAtk SN TH 6§, B - T (1997a) O
HED G IS FET 22, MR TIIHIF S RUTT 5
ZENRBENS. Bard Tsuga BMEEAT Picea %15
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WAREHHERR TS 3. Tsuga FZBAEOILBEIZAE L T
b5, FEMEMEITEIL L7z Tsuga diversifolia ERE T
3L, AINLEOREE 600 ~ 2,200 m o Hi LA 2 HH Y
T3 (MK, 1960). F 7z, [l K O 5540 5 i
WL # KB TERES 2 e 6, LISV E
BEOMENHEE D, Afrid Tsuga & Picea # ¥ &
B O AR ERIR T H 5. A WORURIIHALIC
WL CmmTtdh, B, CHEFIzEmbotEsr
M OEND. Tsuga (BED B X Picea & Tsuga (%4
D A FHZEEHIRICI T B Picea, Abies, Tsuga % 3R
TEUHERIE LEoEsE, MBI S Larix
zone Ll N OHERIEOIER ERttb X b.

EZAT, JLHEIZ B AHE R~ BIUROERN
REEE, HEFRIC AT 5 IR TR S T
& 7z, lgarashi (1976) 1 =& (1964) 12k - THEHE & X
N7z WS RETE LB o M Fg oo i A 2 AR Fg & 5 3 Ak
RIGDIRR T, Fagus % F &3 2 Wik & SEILBERBH AR A
5 Picea, Abies, Larix DEITERBMANDZAL % FED, #ith
SR~ BRI B AIRPIOFEME LT L2
M OHERIEE, 7 7 7 OFEAERUE & v s e
IZHD KHENTDN, BHLOR»NT Ia - 47
70 VIZHYS T % 2 & A HERR & 7z (Yoshida er al., 1981).
ek &3 Tl E A (1988), Igarashi (1976;1997) 12 & >
THo»EXh, WHEDNS I 0 - 3T 20y i
ThH I VENBIET Bk (Larix 4t ) Bl 7z, T
D Larix §13V7 30 - %770 VHETHRAE L7560
Lot ->TH D, HFEFE2 LY VAT 5
TESEHAICIAL B BT WS ([ - LtjE, 1997b).
K9 CTHESR X N7z Larix D284 2 Cagld Larix 112
MilbEhaeErm<, FE 20 mL%idns e -
H7oa A HEL D DETOHRYI Th 5 Z & HRE S
5.

6.2 (AT EERDORH

fbaR X oy & RO FRIE L 75 5 WA FED Neodenticula
kamtschatica \3 438N, N. koizumii & N. seminae 1345
B ICBE U7z, PEH U 2RO IR A &, bt
DFBEHELITI &, N. seminae »* H21D2, H21D6, H22DI1,
H22D3 IZFEH T 5 728, 587 m LIXOXIE A%< &
& Neodenticula koizumii %7 (2.6/2.7 — 2.0 Ma) £ 72137 h
K0E LAEHETH B L I E b, &d, N seminae
DOYFEH BYE (2.4Ma) 13 N. koizumii %5 DWPHLIZH B D
12X LT, N. kamtschatica DI BIEYE (2.6/2.7Ma) T
N. koizumii D IEIENEFTZOT O TS, FD7-
®, FREZZOXBIZZET S N. kamtschatica 139X
THHERIZE 28D Th B LYW TE 5. Actinocyclus
ingens, Denticulopsis hustedtii s.l., D. lauta, D. hyalina
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Fig. 9 Stratigraphic correlation of Plio-Pleistocene series

between the study site and surrounding area
modified from Niizato ez al. (2007). The code above
the tephra shows fission track age. 1) Yasue et al.
(2006), 2) Ishii and Yasue (2005).
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Appendix table 1 Occurrence chart of pollen and spore fossils in the borehole core.

Sample No. H22P1 H22P2 H22P3 H22P4 H22P5 H22P6 H22P7 H22P8

Sample depth (m) 91.50-91.65 100.20-100.25  106.32-106.38  121.50-121.55  124.40-124.45 131.36-131.40 141.40-141.47 147.80-147.90
Trees number %  number % number % number % number % number % number %  number %
Picea 63 41.1 50 22,6 58 27.8 88 42.7 170 66.1 78 384 148 63.5 71 254
Abies 5 32 8 3.6 14 6.7 15 72 20 7.7 7 34 17 72 14 5
Pinus 5 32 11 4.9 5 2.4 13 6.3 7 2.7 13 6.4 8 34 7 2.5
Tsuga 3 1.9 3 1.3 6 2.8 0 0 4 1.5 1 0.4 10 42 13 4.6
Larix 2 1.3 6 2.7 4 1.9 7 33 19 7.3 68 334 13 5.5 15 53
Cryptomeria 1 0.6 5 22 0 0 0 0 0 0 0 0 0 0 5 1.7
Cupressaceae/Taxaceae 1 0.6 3 13 0 0 0 0 0 0 0 0 1 0.4 0 0
Sciadopitys 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Quercus subgen. Lepidobalanus 0 0 2 0.9 0 0 1 0.4 0 0 0 0 0 0 2 0.7
Ulmus/Zelkova 0 0 2 0.9 1 0.4 1 0.4 1 0.3 0 0 0 0 4 1.4
Juglans/Pterocarya 3 1.9 1 0.4 0 0 1 0.4 0 0 0 0 0 0 1 0.3
Ostrya/Carpinus 1 0.6 0 0 0 0 2 0.9 0 0 0 0 1 0.4 1 0.3
Fagus 1 0.6 1 0.4 0 0 0 0 1 0.3 0 0 1 0.4 2 0.7
Tilia 1 0.6 0 0 0 0 0 0 0 0 0 0 0 0 1 0.3
Corylus 5 32 3 13 2 0.9 1 0.4 0 0 0 0 0 0 2 0.7
Lonicera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Elegnus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Araliaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Betula 30 19.6 69 312 90 432 41 19.9 20 7.7 23 113 16 6.8 99 354
Alnus 26 169 50 226 25 12 36 174 11 42 9 4.4 17 72 25 8.9
Ericaceae 2 13 6 2.7 3 14 0 0 4 15 4 1.9 1 0.4 17 6
Salix 2 13 1 0.4 0 0 0 0 0 0 0 0 0 0 0 0
llex 1 0.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Myrica 1 0.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Carya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tree total 153 99.1 221 994 208 995 206 993 257 993 203 99.6 233 994 279 992
Herbs

Compositae 1 0.5 6 2.1 5 1.9 8 32 1 0.3 0 0 24 6.9 4 1.2
Rosaceae 0 0 2 0.7 0 0 0 0 0 0 0 0 0 0 0 0
Rubus chamaemorus 0 0 0 0 1 0.3 0 0 0 0 0 0 0 0 0 0
Gentiana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Geranium 0 0 0 0 0 0 0 0 1 0.3 0 0 0 0 0 0
Caryophyllaceae 1) 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0.6
Liliaceae 1 0.5 1 0.3 0 0 0 0 0 0 0 0 0 0 0 0
Valerianaceae 0 0 1 0.3 0 0 0 0 0 0 0 0 0 0 0 0
Lysichiton 1 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ranunculus 1 0.5 0 0 0 0 2 0.8 1 0.3 0 0 1 0.2 3 0.9
Gramineae 5 2.6 6 2.1 3 1.1 2 0.8 0 0 0 0 2 0.5 4 1.2
Cyperaceae 7 3.7 6 2.1 3 1.1 2 0.8 1 0.3 0 0 3 0.8 1 0.3
Chenopodiaceae/Amaranthaceae 0 0 0 0 0 0 0 0 0 0 0 0 1 0.2 0 0
Thalictrum 6 3.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sanguisorba 0 0 1 0.3 0 0 2 0.8 0 0 2 0.8 0 0 0 0
Umbelliferae 1 0.5 3 1 0 0 1 0.4 1 0.3 6 25 0 0 1 03
Typha 0 0 0 0 1 0.3 0 0 0 0 0 0 0 0 0 0
Artemisia 2 1 4 1.4 2 0.7 0 0 1 0.3 2 0.8 1 0.2 2 0.6
Epilobium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leguminosae 0 0 1 0.3 0 0 0 0 0 0 0 0 0 0 0 0
Persicaria 0 0 1 0.3 0 0 2 0.8 0 0 0 0 0 0 0 0
Menyanthes 0 0 1 0.3 0 0 0 0 0 0 1 0.4 0 0 0 0
Polemonium 0 0 0 0 0 0 0 0 0 0 1 0.4 0 0 0 0
Carduoideae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Anemone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Herb total 25 12.9 33 11.2 15 54 19 7.6 6 1.8 12 4.9 32 8.8 17 5.1
Ferns

Lycopodium 1 0.5 0 0 8 3 4 1.6 2 0.7 4 1.7 6 1.7 11 34
Lycopodium selago 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Osmunda 1 0.5 7 2.4 3 1.1 1 0.4 0 0 1 0.4 2 0.5 2 0.6
Selaginella selaginoides 0 0 3 1 2 0.7 3 12 1 0.3 10 4.2 0 0 0 0
Monolete-type 9 4.7 14 4.9 22 8.4 12 4.8 1 0.3 1 0.4 70 20.2 6 1.9
Fern total 11 57 24 8.3 35 13.2 20 8 4 13 16 6.7 78 224 19 59
Moss

Sphagnum 0 0 6 2.1 2 0.7 1 0.4 0 0 2 0.8 1 0.2 0 0
Moss total 0 0 6 2.1 2 0.7 1 0.4 0 0 2 0.8 1 0.2 0 0
Algae

Botryococcus 0 0 0 0 1 0.3 0 0 0 0 0 0 1 0.2 0 0
Algae total 0 0 0 0 1 0.3 0 0 0 0 0 0 1 0.2 0 0
Total number 189 284 261 246 267 233 345 315
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Appendix table 1 Continued.

Sample No. H22P9 H22P11 H21P1 H22P12 H21P2 H22P13 H21P3 H21P4

Sample depth (m) 152.65-152.70  161.23-161.35 164.19-164.44  192.5-192.64  208.48-208.68 227.58-227.75 240.60-240.75 251.93-252.18
Trees number %  number % number % number % number % number % number %  number %
Picea 140 62.2 123 60.5 165 67.6 52 209 53 254 40 17.7 75 304 119 55.8
Abies 14 6.2 22 10.8 3 12 19 7.6 1 04 5 22 34 13.8 19 8.9
Pinus 6 2.6 7 34 1 0.4 27 10.8 33 15.8 14 6.2 25 10.1 9 42
Tsuga 5 22 7 34 0 0 14 5.6 0 0 14 6.2 45 182 18 8.4
Larix 1 0.4 2 0.9 44 18 20 8 74 355 2 0.8 0 0 0 0
Cryptomeria 0 0 2 0.9 0 0 4 1.6 0 0 6 2.6 7 2.8 3 1.4
Cupressaceae/Taxaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sciadopitys 0 0 0 0 0 0 0 0 0 0 0 0 1 0.4 0 0
Querous subgen. Lepidobalanus 0 0 0 0 0 0 10 4 0 0 9 4 6 24 0 0
Ulmus/Zelkova 0 0 0 0 0 0 1 0.4 0 0 3 13 5 2 3 1.4
Juglans/Pterocarya 0 0 0 0 0 0 2 0.8 0 0 3 1.3 6 2.4 0 0
Ostrya/Carpinus 0 0 1 0.4 0 0 2 0.8 0 0 2 0.8 0 0 0 0
Fagus 0 0 0 0 0 0 2 0.8 0 0 5 2.2 6 2.4 0 0
Tilia 0 0 0 0 0 0 3 12 0 0 1 0.4 0 0 0 0
Corylus 2 0.8 0 0 0 0 3 12 0 0 4 1.7 1 0.4 0 0
Lonicera 0 0 0 0 0 0 0 0 1 0.4 0 0 0 0 0 0
Elegnus 0 0 0 0 14 5.7 0 0 28 13.4 0 0 0 0 2 0.9
Araliaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Betula 27 12 21 10.3 13 53 37 149 17 8.1 51 22,6 16 6.5 24 11.2
Alnus 30 13.3 16 7.8 4 1.6 52 20.9 1 0.4 65 28.8 19 7.7 16 75
Ercaceae 0 0 2 0.9 0 0 0 0 0 0 1 0.4 0 0 0 0
Salix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ilex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Myrica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Carya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tree total 225 99.7 203 993 244 99.8 248 995 208 994 225 992 246 995 213 99.7
Herbs

Compositae 11 42 2 0.8 2 0.7 4 1.1 23 7.7 1 0.3 5 1.6 7 2.7
Rosaceae 1 0.3 0 0 1 0.3 0 0 1 0.3 2 0.7 0 0 0 0
Rubus chamaemorus 0 0 0 0 0 0 0 0 1 0.3 0 0 0 0 0 0
Gentiana 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0
Geranium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Caryophyllaceae 1) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Liliaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Valerianaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lysichiton 0 0 0 0 0 0 2 0.5 0 0 0 0 0 0 0 0
Ranunculus 1 0.3 0 0 3 1 0 0 1 0.3 3 1.1 1 03 0 0
Gramineae 1 0.3 1 0.4 0 0 2 0.5 0 0 2 0.7 4 1.2 1 0.3
Cyperaceae 0 0 0 0 0 0 6 1.7 0 0 4 15 1 0.3 0 0
Chenopodiaceae/Amaranthaceae 0 0 0 0 0 0 2 0.5 0 0 1 0.3 0 0 0 0
Thalictrum 0 0 0 0 0 0 1 0.2 0 0 1 0.3 0 0 0 0
Sanguisorba 0 0 0 0 1 0.3 1 0.2 0 0 0 0 0 0 0 0
Umbelliferae 1 0.3 0 0 0 0 3 0.8 0 0 4 1.5 1 0.3 1 03
Typha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Artemisia 0 0 0 0 0 0 3 0.8 2 0.6 9 33 2 0.6 1 0.3
Epilobium 0 0 1 0.4 0 0 0 0 1 0.3 0 0 0 0 0 0
Leguminosae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Persicaria 0 0 0 0 0 0 2 0.5 0 0 0 0 1 0.3 1 0.3
Menyanthes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Polemonium 0 0 0 0 0 0 0 0 1 0.3 0 0 0 0 0 0
Carduoideae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Anemone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
Herb total 15 54 4 1.6 7 23 26 6.8 32 9.8 27 9.7 15 4.6 14 39
Ferns

Lycopodium 7 2.7 11 48 1 0.3 3 0.8 2 0.6 0 0 0 0 3 1.1
Lycopodium selago 0 0 0 0 0 0 0 0 49 16.4 0 0 0 0 0 0
Osmunda 11 4.2 2 0.8 0 0 29 8.5 2 0.6 4 1.5 20 6.4 3 1.1
Selaginella selaginoides 0 0 0 0 0 0 1 0.2 4 13 0 0 0 0 1 0.3
Monolete-type 0 0 8 35 1 0.3 33 9.7 0 0 9 33 28 9 22 8.5
Fern total 18 6.9 21 9.1 2 0.6 66 19.2 57 18.9 13 4.8 48 15.4 29 11
Moss

Sphagnum 1 0.3 0 0 21 7.6 0 0 1 0.3 1 0.3 1 0.3 0 0
Moss total 1 0.3 0 0 21 7.6 0 0 1 0.3 1 0.3 1 0.3 0 0
Algae

Botryococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Algae total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total number 259 228 274 340 298 266 310 256
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Appendix table 1 Continued.
Sample No. H22P14 H21P5 H21P6 H21P7 H22P15 H21P8 H21P9 H21P10
Sample depth (m) 268.32-268.50  276.90-277.15  294.25-294.50  337.22-337.35  350.45-350.60 362.65-362.93  376.05-376.30  394.55-394.70
Trees number %  number % number % number % number % number % number %  number %
Picea 93 46 208 83.5 77 34.6 145 62.7 33 16.5 102 51 50 219 72 333
Abies 13 6.4 9 3.6 14 6.3 27 11.6 20 10 38 19 24 10.5 36 16.6
Pinus 8 39 2 0.8 14 6.3 15 6.4 25 12.5 15 75 23 10 22 10.1
Tsuga 5 24 5 2 98 441 24 10.3 50 25 30 15 43 18.8 29 13.4
Larix 0 0 5 2 0 0 0 0 1 0.5 0 0 0 0 0 0
Cryptomeria 0 0 0 0 1 0.4 1 0.4 3 15 0 0 6 2.6 8 3.7
Cupressaceae/Taxaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sciadopitys 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Querous subgen. Lepidobalanus 0 0 0 0 0 0 0 0 5 2.5 0 0 3 13 2 0.9
Ulmus/Zelkova 2 0.9 0 0 0 0 0 0 6 3 1 0.5 7 3 5 23
Juglans/Pterocarya 0 0 0 0 0 0 0 0 1 0.5 0 0 6 2.6 2 0.9
Ostrya/Carpinus 1 0.4 0 0 0 0 1 0.4 0 0 0 0 0 0 3 1.3
Fagus 0 0 1 0.4 0 0 0 0 1 0.5 0 0 1 0.4 1 0.4
Tilia 0 0 0 0 0 0 1 0.4 1 0.5 0 0 1 0.4 1 0.4
Corylus 0 0 0 0 0 0 1 0.4 1 0.5 0 0 0 0 2 0.9
Lonicera 0 0 0 0 0 0 1 0.4 0 0 0 0 0 0 0 0
Elegnus 0 0 3 1.2 1 0.4 0 0 0 0 0 0 0 0 3 13
Araliaceae 0 0 0 0 0 0 0 0 0 0 0 0 1 0.4 1 0.4
Betula 55 272 9 3.6 7 3.1 7 3 27 135 12 6 45 19.7 24 1.1
Alnus 20 9.9 7 2.8 10 4.5 8 34 26 13 2 1 17 74 5 23
Ercaceae 3 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Salix 1 0.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ilex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Myrica 1 0.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Carya 0 0 0 0 0 0 0 0 0 0 0 0 1 0.4 0 0
Tree total 202 993 249 999 222 99.7 231 994 200 100 200 100 228 994 216 993
Herbs
Compositae 3 0.8 4 1.5 4 14 2 0.7 1 04 3 1.2 3 1.1 1 0.4
Rosaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rubus chamaemorus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gentiana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Geranium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Caryophyllaceae 1) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Liliaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Valerianaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lysichiton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ranunculus 1 0.2 0 0 0 0 2 0.7 0 0 0 0 0 0 0 0
Gramineae 1 0.2 0 0 2 0.7 0 0 2 0.8 0 0 1 0.3 1 0.4
Cyperaceae 0 0 0 0 0 0 0 0 1 0.4 0 0 0 0 0 0
Chenopodiaceae/Amaranthaceae 1 0.2 0 0 0 0 0 0 0 0 0 0 0 0 1 0.4
Thalictrum 0 0 0 0 0 0 1 0.3 0 0 0 0 0 0 0 0
Sanguisorba 0 0 0 0 0 0 1 0.3 0 0 1 0.4 2 0.7 0 0
Umbelliferae 1 0.2 0 0 0 0 0 0 0 0 0 0 1 03 1 0.4
Typha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Artemisia 3 0.8 0 0 0 0 1 0.3 0 0 0 0 4 1.5 3 12
Epilobium 0 0 0 0 0 0 0 0 0 0 0 0 1 0.3 0 0
Leguminosae 0 0 0 0 1 0.3 0 0 0 0 0 0 0 0 0 0
Persicaria 0 0 0 0 0 0 0 0 1 04 0 0 0 0 0 0
Menyanthes 0 0 0 0 0 0 0 0 1 0.4 0 0 0 0 0 0
Polemonium 0 0 0 0 0 0 1 0.3 0 0 0 0 0 0 0 0
Carduoideae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Anemone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Herb total 10 24 4 1.5 7 24 8 2.6 6 24 4 1.6 12 42 7 2.8
Ferns
Lycopodium 8 2.1 3 1.1 6 22 7 2.6 1 0.4 2 0.8 2 0.7 1 0.4
Lycopodium selago 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Osmunda 2 0.5 0 0 13 4.8 0 0 4 1.7 4 1.7 0 0 12 5
Selaginella selaginoides 0 0 1 0.3 0 0 0 0 0 0 0 0 0 0 0 0
Monolete-type 150 40.3 9 33 21 7.8 17 6.4 15 6.6 20 8.6 11 4.3 3 1.2
Fern total 160 429 13 4.7 40 14.8 24 9 20 8.7 26 11.1 13 5 16 6.6
Moss
Sphagnum 0 0 0 0 0 0 1 0.3 0 0 1 0.4 0 0 0 0
Moss total 0 0 0 0 0 0 1 0.3 0 0 1 0.4 0 0 0 0
Algae
Botryococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Algae total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total number 372 266 269 264 226 231 253 239
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Appendix table 1 Continued.

Sample No. H22P16 H22P17 H22P18 H22P19 H22P20 H22P21 H22P22 H22P23

Sample depth (m) 409.10-409.22  418.73-418.85  460.80-460.91  522.96-523.10  566.64-566.79  578.30-578.42 586.52-58.67  600.20-600.29
Trees number %  number % number % number % number % number % number %  number %
Picea 94 465 24 292 36 18 103 49.2 116 54.2 105 50 108 51.4 9  38.7
Abies 2 0.9 1 12 2 1 25 11.9 21 9.8 49 233 12 57 17 6.8
Pinus 17 8.4 5 6 24 12 20 9.5 8 37 9 42 37 17.6 19 7.6
Tsuga 2 0.9 0 0 8 4 26 12.4 23 10.7 12 57 20 9.5 28 11.2
Larix 0 0 2 24 0 0 3 1.4 1 0.4 1 0.4 2 0.9 2 0.8
Cryptomeria 0 0 0 0 2 1 3 1.4 2 0.9 0 0 5 2.3 11 4.4
Cupressaceae/Taxaceae 1 0.4 0 0 2 1 0 0 1 0.4 0 0 2 0.9 1 0.4
Sciadopitys 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Querous subgen. Lepidobalanus 0 0 0 0 0 0 0 0 0 0 1 0.4 1 0.4 2 0.8
Ulmus/Zelkova 0 0 0 0 1 0.5 0 0 1 0.4 3 14 2 0.9 7 2.8
Juglans/Pterocarya 0 0 3 3.6 2 1 0 0 0 0 0 0 0 0 1 0.4
Ostrya/Carpinus 2 0.9 0 0 1 0.5 0 0 1 0.4 0 0 0 0 0 0
Fagus 0 0 0 0 3 1.5 0 0 0 0 2 0.9 0 0 2 0.8
Tilia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.4
Corylus 1 0.4 22 26.8 1 0.5 0 0 0 0 0 0 0 0 1 0.4
Lonicera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Elegnus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Araliaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Betula 43 21.2 12 14.6 52 26 11 52 25 11.6 10 4.7 7 33 29 11.6
Alnus 10 4.9 10 121 64 32 17 8.1 15 7 18 8.5 14 6.6 27 10.8
Ercaceae 30 14.8 1 1.2 2 1 0 0 0 0 0 0 0 0 2 0.8
Salix 0 0 1 12 0 0 0 0 0 0 0 0 0 0 1 0.4
llex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.4
Myrica 0 0 1 12 0 0 1 04 0 0 0 0 0 0 0 0
Carya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tree total 202 99.3 82 995 200 100 209 995 214 995 210 995 210 995 248 995
Herbs

Compositae 2 0.7 1 0.9 4 1.6 3 12 2 0.8 2 0.8 4 1.6 6 2
Rosaceae 0 0 2 1.9 0 0 0 0 0 0 0 0 0 0 0 0
Rubus chamaemorus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gentiana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Geranium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Caryophyllaceae 3 1 0 0 1 0.4 0 0 0 0 0 0 0 0 0 0
Liliaceae 1 0.3 0 0 0 0 0 0 0 0 1 0.4 0 0 0 0
Valerianaceae 1 0.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lysichiton 0 0 0 0 0 0 0 0 1 04 0 0 0 0 0 0
Ranunculus 0 0 0 0 0 0 0 0 1 0.4 0 0 1 0.4 0 0
Gramineae 15 5.4 2 1.9 3 12 2 0.8 0 0 0 0 1 0.4 1 03
Cyperaceae 27 9.7 1 0.9 5 2 0 0 3 1.2 1 0.4 1 0.4 0 0
Chenopodiaceae/Amaranthaceae 0 0 0 0 0 0 0 0 0 0 0 0 3 12 0 0
Thalictrum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sanguisorba 5 1.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Umbelliferae 0 0 2 1.9 1 0.4 0 0 0 0 1 0.4 0 0 0 0
Typha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Artemisia 10 3.6 2 1.9 3 1.2 1 0.4 2 0.8 1 0.4 0 0 1 03
Epilobium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.3
Leguminosae 0 0 0 0 1 0.4 0 0 0 0 0 0 0 0 0 0
Persicaria 0 0 0 0 0 0 0 0 0 0 1 0.4 1 0.4 0 0
Menyanthes 1 0.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Polemonium 0 0 0 0 0 0 1 0.4 0 0 0 0 0 0 0 0
Carduoideae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Anemone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Herb total 65 231 10 9.4 18 7.2 7 2.8 9 3.6 7 2.8 11 4.4 9 2.9
Ferns

Lycopodium 1 0.3 1 0.9 1 0.4 2 0.8 2 0.8 2 0.8 5 2 4 13
Lycopodium selago 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Osmunda 0 0 1 0.9 1 0.4 1 0.4 0 0 4 1.7 3 1.2 17 5.6
Selaginella selaginoides 3 1 0 0 0 0 0 0 1 0.4 0 0 1 0.4 0 0
Monolete-type 5 1.8 7 6.7 20 8.2 23 9.3 3 1.2 8 3.4 10 4.1 18 6
Fern total 9 3.1 9 8.5 22 9 26 10.5 6 24 14 59 19 7.7 39 12.9
Moss

Sphagnum 1 0.3 3 2.8 3 1.2 3 1.2 3 1.2 1 0.4 3 1.2 3 1
Moss total 1 0.3 3 2.8 3 1.2 3 1.2 3 1.2 1 0.4 3 1.2 3 1
Algae

Botryococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Algae total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total number 271 104 243 245 232 232 243 299
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Sample No. H22P24 H22P25 H23P1 H23P2 H23P3 H23P4 H23P5 H23P6

Sample depth (m) 655.83-655.98  701.50-710.75  731.65-731.80  760.65-760.72  810.28-810.44  880.55-880.70 931.79-931.94  990.11-990.40
Trees number %  number % number % number % number % number % number %  number %
Picea 120 57.1 87 43.5 63 30.1 101 44.5 81 37.8 100 39.2 69 324 142 60.1
Abies 30 14.2 23 11.5 8 38 23 10.1 26 12.1 7 2.7 8 37 16 6.7
Pinus 17 8 6 3 26 12.4 11 4.8 24 11.2 20 78 33 15.5 2 0.8
Tsuga 12 5.7 56 28 43 206 19 8.4 20 9.3 10 39 33 15.5 6 25
Larix 0 0 0 0 1 0.5 4 1.7 3 1.4 0 0 2 0.9 0 0
Cryptomeria 3 1.4 4 2 4 19 8 35 4 1.9 11 43 11 5.1 3 13
Cupressaceae/Taxaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sciadopitys 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Querous subgen. Lepidobalanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ulmus/Zelkova 0 0 3 1.5 4 19 4 1.7 1 0.4 1 0.4 5 2.3 3 1.3
Juglans/Pterocarya 1 0.4 0 0 1 0.5 1 0.4 1 0.4 1 0.4 3 1.4 4 1.7
Ostrya/Carpinus 0 0 0 0 0 0 1 0.4 0 0 1 0.4 1 0.4 0 0
Fagus 1 0.4 0 0 0 0 0 0 0 0 0 0 1 0.4 0 0
Tilia 0 0 1 0.5 3 14 0 0 1 0.4 1 0.4 5 23 0 0
Corylus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lonicera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Elegnus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Araliaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Betula 13 6.1 8 4 18 8.6 23 10.1 32 15 63 247 19 8.9 32 13.6
Alnus 13 6.1 12 6 36 172 31 13.6 21 9.8 40 157 21 9.8 26 11
Ercaceae 0 0 0 0 1 0.5 0 0 0 0 0 0 0 0 1 0.4
Salix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.4
Ilex 0 0 0 0 0 0 1 0.4 0 0 0 0 0 0 0 0
Myrica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Carya 0 0 0 0 1 0.5 0 0 0 0 0 0 2 0.9 0 0
Tree total 210 99.4 200 100 209 999 227 99.6 214 99.7 255 999 213 995 236 99.8
Herbs

Compositae 12

Rosaceae 0.4

Rubus chamaemorus 0

Gentiana
Geranium
Caryophyllaceae
Liliaceae
Valerianaceae
Lysichiton
Ranunculus
Gramineae
Cyperaceae
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Appendix figure 1 Photomicrographs of pollen fossils in the borehole cores. 1: Picea, 2: Larix, 3: Pinus, 4: Cryptomaria, 5: Abies, 6:
Tsuga, 7: Fagus, 8: Betula, 9: Alnus, 10: Juglans, 11: Ericaceae, 12: Tilia, 13: Carduoideae, 14: Carya, 15: Osmunda, 16:

Selaginella selaginoides, 17: Lycopodium.
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Appendix table 2 Occurrence chart of diatom fossils in the borehole cores.

F63% 5 9/10 %

Diatom Zone <k <k <k <k <k <k
Sample No. H21D1 H21D2 H21D3 H21D4 H21D5 H21D6
depth (m) 163 206 233 261 267 286
Abundance A R R R R C
(app. number of diatom valves per slide ( X 100) 144 12 4 6 9 54
Preservation M P P P P M
Marine diatoms 86 93 100 98 95 88
benthic 3 13 8 6 6 8
planktonic 21 24 47 29 35 14
extinct 62 56 45 63 54 66
Miocene extinct 1 11 11 27 23 S
Non-marine diatoms 14 7 0 3 5 12
Total number of diatoms counted 100 100 100 101 100 100
Resting spores of Chaetoceros 25 23 27 23 24 21
number of taxa recognized 79 55 31 35 49 66
MARINE DIATOMS
plActinocyclus curvatulus Janisch
M e pl4 ingens Rattray 1 + 3 3 5 1
M e pl4 ingens (altered) + 2 2 4 1 +
e pl4 ochotensis Jouse
bl4. octonarius Ehrenberg
e pl4 sp. (star-shaped hyaline area) +
blActinoptychus senarius (Ehrenberg) Ehrenberg 3 4 2 1 1 +
bj4. senarius (altered)
bj4. splendens (Shadbolt) Ralfs
bldmphora Spp. + 1 +
blArachnoidiscus spp. +
plAsteromphalus spp. +
pl|Aulacodiscus sp.
pl|A4zpeitia sp.
p|Bacteriosira fragilis (Gran) Gran
M e p|Cavitatus jouseanus (Sheshukova) Williams + +
M e p|C lanceolatus Akiba et Hiramatsu
M e p|C miocenicus (Schrader) Akiba et Yanagisawa 1 + +
M e p|C rectus Akiba et Hiramatsu
b|Clavicula polymorphus Grunow
b|Cocconeis costata Gregory + 2 1 +
blC. scutellum Ehrenberg + + + 1
b|C. spp. + + 2 1
p|Coscinodiscus marginatus Ehrenberg + 1 3 1 5 +
nlC. oculus-iridis Ehrenberg + + + + + +
p|C. radiatus Ehrenberg + 1
M ¢ p|C symbolophorus s.1. 1 1
plC. spp. + + + + 1 +
nlC. spp.(altered) + 1
e p|Cosmiodiscus intersectus Jouse + 1 2
M e p|Crucidenticula paranicobarica Akiba et Yanagisawa +
e p|C punctata (Schrader) Akiba et Yanagisawa 1
p|Cyclotella striata (Kuetz) Grun. 1
e b|Cymatosira debyi Temp. et Brun + 1 1 + 1
e b|Delphineis cf. sachalinensis (Sheshukoba) Andrews +
b|D. surirella (Ehrenberg) Andrews
b|D. spp. + + 1
e p|Denticulopsis dimorpha (Schrader) Simonsen +
M e p|D. hustedtii (Sim. & Kan.) Simonsen s.1. + 3 2 2 2
M e p|D. hyalina (Schrader) Simonsen + 1 1 1
M e p|D. hyalina (altered) 1
M e p|D. lauta (Bailey) Simonsen + 1 3 7 7 +
M e p|D. aff. lauta (Bailey) Simonsen 1 2 2
M e p|D lauta (altered)
e plD. praedimorpha Barron ex Akiba +
b|Diploneis smithii (Brebisson) Cleve +
b|D. spp. + 2 2 + 3
p|Endictya oceanica Ehrenberg
b|Grammatophora spp. 2 1 + +
e b|Hyalodiscus obsoletus Sheshukova + 1
b|H. spp. +
M e pl|lkebea tenuis (Brun) Akiba + 4 8 3 +
blIsthmia sp. +
e p|Kisseleviella carina Sheshukova
M e p|K ezoensis Akiba
e p|Koizumia tatsunokuchiensis (Koizumi) Yanagisawa
bl|Lancineis sp. 1
b|Mastogloia sp. +
M e p|Medialia splendida Sheshukova
e p|Melosira albicansu Sheshukova + 1 1
b|M. sol (Ehrenberg) Kuetzing + 1 +
b|Navicula spp. + + +
e p|Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa 47 32 25 28 25 59
e p|M. koizumii Akiba et Yanagisawa 2 2 1
e p|N sp. A
b|Nitzschia granulata Grunow + 1
p|V. grunowii Hasle + 1
e p|N. heteropolica Schrader
e p|N. rolandii Schrader emend. Koizumi 2
p|V. seminae (Simonsen et Kanaya) Akiba et Yanagisawa +

Diatom zone:<k; N. koizumii Zone or younger, n.z.; not zoned.
Preservation: G; good, M; moderate, P; poor, VP; very poor.

Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.
Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Diatom zone:<k; N. koizumii Zone or younger, n.z.; not zoned.
Preservation: G; good, M; moderate, P; poor, VP; very poor.
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Appendix table 2 Continued.

Sample No. H21D1 H21D2 H21D3 H21D4 H21D5 H21D6
MARINE DIATOMS

Odontella aurita (Lyngbye) Agardh + 1

Paralia sulcata (Ehrenberg) Cleve + 1 1 1 1

Plagiogramma staurophorum (Greville) Heiberg 1

Pleurosigma spp. + +

Proboscia barboi (Brun) Jordan et Priddle 1 + 1 +

Pseudopyxilla amricana Forti +

Rhabdonema Jjaponicum Temp. et Brun + + 1

Rhaphoneis spp.

Rhizosolenia cf. hebetata (Bailey) Gran + +

R. miocenia Schrader

R. cf. styliformis Brightwell 1 2 1 2 +

R. spp. + 1

Rouxia californica Peragallo

Sawamuraia biseriata Komura

Stephanogonia hanzawae Kanaya + 1 1

Stephanopyxis spp. 7 8 14 9 14 1

S. spp.(altered) + 3 1 + 1

Stictodiscus californicus Greville 1

S. kittonianus Greville

Synedra camtschatica Grunow + +

Thalassionema nitzschioides (Grunow) H. et M. Peragallo 6 8 19 14 11 7

T. robusta Schrader 2 1 4 1 1

T. schraderi Akiba

Thalassiosira antiqua Cleve-Euler 1 + 1 2 + +

T. convexa Mukhina

T. cf. decipiens (Grun.) Joerg. 1 1 + +

T. delicata (Barron) Akiba + 1

T. eccentrica (Ehrenberg) Cleve + +

T. gravida Cleve + 1 1 +

T. gravida f. fossilis Jouse 1 2

T Jjacksonii Koizumi et Barron + 1 +

T. cf. jacksonii Koizumi et Barron 1 +

T. Jouseae Akiba 1 1 + +

T. manifesta Sheshukova

T. marujamica Sheshukova + + 1 1 +

T. multipora Whiting et Schrader 1

T. nidulus (Brun) Jouse + 1 1

T. singularis Sheshukova

T. tertiaria Sheshukova + +

T. cf. tetraoestrupii_var. reimeri Mahood et Barron + +

T. trifulta Fryxell et Hasle

T. zabelinae Jouse 4 3 1 + 2 +

T. spp. 6 3 5 2 1 3

Thalassiothrix longissima Cleve et Grunow + + + +

Trachyneis aspera (Ehrenberg) Cleve + + +

Triceratium articum Brightwell +

T. sp.

T. Jfavus Ehrenberg

Trochosira concava Sheshukova 1
NONMARINE DIATOMS

(Achnantes spp. 1

[Aulacoseira granulata (Ehrenberg) Simonsen s. 1. + 1 2 2 1

A. granulata s. 1. (altered)

Campyrodiscus spp.

Cymbella spp. + +

Diatoma spp. +

Diploneis ovalis (Hilse) Cleve + 1

Epithemia spp. 1 1

Eunotia spp. + 1 + +

Fragilaria Spp. 1 1

Gomphonema spp. 1 +

Gyrosigma spp. + + +

Hamtzschia amphipxys (Ehrenberg) Grunow + +

Navicula spp. 7 2 6

Nitzschia Spp. + 1 1 1

Pinnularia borealis Ehrenberg + 1

P. spp. 1 + 1 +

Rhopalodia spp. 1 1

Stauroneis spp. + +

Surirella Spp. +

Synedra ulna (Nitzsch) Ehrenberg + *

S. spp. 2 1 +

Tabelaria fenestrata (Lyngbye) Kuetzing + 1
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Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.
Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Appendix table 2 Continued.

F63% 5 9/10 %

Diatom Zone <k <k <k <k <k <k
SampleNo. H21D7 H21D8 H21D9 H21D10 H22D1 H22D2
depth (m) 29 350 380 394 567 578
Abundance C R R R R R
(app. number of diatom valves per slide ( X 100) 90 4 9 20 36 9
Preservation M P P P P P
Marine diatoms 96 98 100 99 100 100
benthic 1 4 4 8 6 7
planktonic 13 46 30 33 37 39
extinct 82 48 66 58 57 54
Miocene extinct 2 31 10 11 3 7
Non-marine diatoms 4 2 1 1 0 0
Total number of diatoms counted 100 100 101 100 100 100
Resting spores of Chaetoceros 18 23 24 13 15 15
number of taxa recognized 59 38 35 43 39 35
MARINE DIATOMS
plActinocyclus curvatulus Janisch
M e pl4 ingens Rattray + 10 2 4 1 4
M e pl4 ingens (altered) 4 4 1 1
e pl4 ochotensis Jouse + 1
bl4. octonarius Ehrenberg 1
e pl4 sp. (star-shaped hyaline area)
blActinoptychus senarius (Ehrenberg) Ehrenberg + + 1 3 1
bj4. senarius (altered) 1
bj4. splendens (Shadbolt) Ralfs 1
bldmphora Spp. + 1
blArachnoidiscus spp. + +
plAsteromphalus spp. +
pl|Aulacodiscus sp. 1
pl|A4zpeitia sp. 1
p|Bacteriosira fragilis (Gran) Gran
M e p|Cavitatus jouseanus (Sheshukova) Williams +
M e p|C lanceolatus Akiba et Hiramatsu
M e p|C miocenicus (Schrader) Akiba et Yanagisawa 1
M e p|C rectus Akiba et Hiramatsu
b|Clavicula polymorphus Grunow
b|Cocconeis costata Gregory + 2
blC. scutellum Ehrenberg +
b|C. spp. + + +
p|Coscinodiscus marginatus Ehrenberg 1 3 5 6 5 5
nlC. oculus-iridis Ehrenberg + 1 + 2
p|C. radiatus Ehrenberg + 1 + 1 1
M ¢ p|C symbolophorus s.1.
p|C. spp. + 1 + + 2 1
nlC. spp.(altered) 2 + 1
e p|Cosmiodiscus intersectus Jouse + + + + +
M e p|Crucidenticula paranicobarica Akiba et Yanagisawa
e p|C punctata (Schrader) Akiba et Yanagisawa
p|Cyclotella striata (Kuetz) Grun.
e b|Cymatosira debyi Temp. et Brun
e b|Delphineis cf. sachalinensis (Sheshukoba) Andrews + 1
b|D. surirella (Ehrenberg) Andrews
b|D. spp. 1 + +
e p|Denticulopsis dimorpha (Schrader) Simonsen
M e p|D. hustedtii (Sim. & Kan.) Simonsen s.1. 1 2 1 + 1
M e p|D. hyalina (Schrader) Simonsen 1 1 +
M e p|D. hyalina (altered)
M e p|D. lauta (Bailey) Simonsen 6 3 1 1 1
M e p|D. aff. lauta (Bailey) Simonsen 1 + 1
M e p|D lauta (altered) 3
e plD. praedimorpha Barron ex Akiba
b|Diploneis smithii (Brebisson) Cleve + +
b|D. spp. + +
p|Endictya oceanica Ehrenberg 2
b|Grammatophora spp. + + 1 1
e b|Hyalodiscus obsoletus Sheshukova 1 1 1
b|H. spp.
M e pl|lkebea tenuis (Brun) Akiba + 4 + 3
blIsthmia sp. +
e p|Kisseleviella carina Sheshukova 1
M e p|K ezoensis Akiba
e p|Koizumia tatsunokuchiensis (Koizumi) Yanagisawa +
b|Lancineis sp.
b|Mastogloia sp.
M e p|Medialia splendida Sheshukova
e p|Melosira albicansu Sheshukova
b|M. sol (Ehrenberg) Kuetzing + + + 2 + 1
b|Navicula spp.
e p|Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa 68 9 48 39 46 40
e p|N. koizumii Akiba et Yanagisawa 1 +
e p|V sp. A 1
b|Nitzschia granulata Grunow 1
p|V. grunowii Hasle + 1
e p|N. heteropolica Schrader 1
e p|N. rolandii Schrader emend. Koizumi +
p|V. seminae (Simonsen et Kanaya) Akiba et Yanagisawa 1 1

Diatom zone:<k; N. koizumii Zone or younger, n.z.; not zoned.
Preservation: G; good, M; moderate, P; poor, VP; very poor.

Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.

Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Diatom zone:<k; N. koizumii Zone or younger, n.z.; not zoned.
Preservation: G; good, M; moderate, P; poor, VP; very poor.
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Appendix table 2 Continued.

SampleNo. H21D7 H21D8 H21D9 H21D10 H22D1 H22D2
MARINE DIATOMS
Odontella aurita (Lyngbye) Agardh + 1
Paralia sulcata (Ehrenberg) Cleve + 2 + 1 2 2
Plagiogramma staurophorum (Greville) Heiberg +
Pleurosigma spp.
Proboscia barboi (Brun) Jordan et Priddle + + + 1 +
Pseudopyxilla amricana Forti +
Rhabdonema Jjaponicum Temp. et Brun + 1 +
Rhaphoneis spp.
Rhizosolenia cf. hebetata (Bailey) Gran
R. miocenia Schrader 1
R. cf. styliformis Brightwell 2 1 1
R. spp. + 3 +
Rouxia californica Peragallo + +
Sawamuraia biseriata Komura
Stephanogonia hanzawae Kanaya + 1
Stephanopyxis spp. 4 15 10 6 9 13
S. spp.(altered) + 2 3
Stictodiscus californicus Greville 1
S. kittonianus Greville +
Synedra camtschatica Grunow + +
Thalassionema nitzschioides (Grunow) H. et M. Peragallo 3 12 10 9 8 10
T. robusta Schrader 1 1 1 + + 1
T. schraderi Akiba
Thalassiosira antiqua Cleve-Euler 3 1 4 1 2 2
T. convexa Mukhina +
T. cf. decipiens (Grun.) Joerg. 1 2 1 1
T. delicata (Barron) Akiba + +
T. eccentrica (Ehrenberg) Cleve
T. gravida Cleve + 1 2 + +
T. gravida f. fossilis Jouse +
T Jjacksonii Koizumi et Barron + +
T. cf. jacksonii Koizumi et Barron 1
T. Jouseae Akiba 1 1
T. manifesta Sheshukova
T. marujamica Sheshukova 1 1 + 1 1
T. multipora Whiting et Schrader
T. nidulus (Brun) Jouse
T. singularis Sheshukova
T. tertiaria Sheshukova
T. cf. tetraoestrupii_var. reimeri Mahood et Barron + +
T. trifulta Fryxell et Hasle 1
T. zabelinae Jouse 5 2 2 4 2 3
T. spp. 4 4 3 3 3 5
Thalassiothrix longissima Cleve et Grunow + + + +
Trachyneis aspera (Ehrenberg) Cleve +
Triceratium articum Brightwell
T. sp.
T. Jfavus Ehrenberg +
Trochosira concava Sheshukova 1
NONMARINE DIATOMS
(Achnantes spp.
[Aulacoseira granulata (Ehrenberg) Simonsen s. 1. 1 2 +
A. granulata s. 1. (altered)
Campyrodiscus spp. +
Cymbella spp. + +
Diatoma spp.
Diploneis ovalis (Hilse) Cleve
Epithemia spp. + +
Eunotia spp.
Fragilaria Spp.
Gomphonema spp. 1
Gyrosigma spp.
Hamtzschia amphipxys (Ehrenberg) Grunow 1
Navicula spp. + 1
Nitzschia spp.
Pinnularia borealis Ehrenberg
P. spp. 1 1
Rhopalodia spp. +
Stauroneis spp.
Surirella Spp.
Synedra ulna (Nitzsch) Ehrenberg
S. Spp. +
Tabelaria fenestrata_(Lyngbye) Kuetzing +
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Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.
Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Preservation: G; good, M; moderate, P; poor, VP; very poor.
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Appendix table 2 Continued.

AALiTAR 20124 25 63°% AH9/10 %

Diatom Zone <k n.z. n.z. n.z. n.z. n.z.
SampleNo. H22D3 H22D4 H22D5 H22D6 H22D7 H22D8
587 600 656 685 732 761
Abundance R R R R R VR
(app. number of diatom valves per slide ( X 100) 12 12 6 20 2.8 0.7
Preservation P P P P P P
Marine diatoms 99 100 99 100 98 71
benthic 3 3 11 6 19 5
planktonic 41 33 36 33 42 39
extinct 55 64 52 61 37 27
Miocene extinct 3 10 5 9 24 15
Non-marine diatoms 1 0 1 0 2 0
Total number of diatoms counted 100 100 100 100 100 71
Resting spores of Chaetoceros 16 21 10 12 15 9
number of taxa recognized 33 25 31 37 35 29
MARINE DIATOMS
Actinocyclus curvatulus Janisch + +
A. ingens Rattray 1 3 2 3 8 2
A. ingens (altered) + + 1 + 5 4
A. ochotensis Jouse
A. octonarius Ehrenberg 1
A. sp. (star-shaped hyaline area)
| Actinoptychus senarius (Ehrenberg) Ehrenberg + 1 2 1 +
A. senarius (altered)
A. splendens (Shadbolt) Ralfs
(Amphora Spp.
[ Arachnoidiscus spp. + + +
| Asteromphalus spp.
| Aulacodiscus sp.
| Azpeitia sp.
Bacteriosira fragilis (Gran) Gran
Cavitatus jouseanus (Sheshukova) Williams +
C. lanceolatus Akiba et Hiramatsu +
C. miocenicus (Schrader) Akiba et Yanagisawa +
C. rectus Akiba et Hiramatsu
Clavicula polymorphus Grunow
Cocconeis costata Gregory
C. scutellum Ehrenberg +
C. spp. 2 1 1 1 1 1
Coscinodiscus marginatus Ehrenberg 5 1 5 7 8 6
C. oculus-iridis Ehrenberg
C. radiatus Ehrenberg 1 1
C. symbolophorus s.1. +
C. spp. 2 + 2 1 3
C. spp.(altered) 2 1
Cosmiodiscus intersectus Jouse + 1 + 1
Crucidenticula paranicobarica Akiba et Yanagisawa
C. punctata (Schrader) Akiba et Yanagisawa
Cyclotella striata (Kuetz) Grun.
Cymatosira debyi Temp. et Brun
Delphineis cf. sachalinensis (Sheshukoba) Andrews +
D. surirella (Ehrenberg) Andrews
D. spp. + 1 2 +
Denticulopsis dimorpha (Schrader) Simonsen
D. hustedtii (Sim. & Kan.) Simonsen s.1. 4 1 3 2
D. hyalina (Schrader) Simonsen 1 1 1 2 4 2
D. hyalina (altered)
D. lauta (Bailey) Simonsen 2 1 1 4
D. aff. lauta (Bailey) Simonsen 1
D. lauta (altered) 1
D. praedimorpha Barron ex Akiba
Diploneis smithii (Brebisson) Cleve 1
D. spp. + 1
Endictya oceanica Ehrenberg
Grammatophora spp. 1 1 + 1
Hyalodiscus obsoletus Sheshukova + 1 1
H. spp. 1
lkebea tenuis (Brun) Akiba 2 2
Isthmia sp. +
Kisseleviella carina Sheshukova
K. ezoensis Akiba
Koizumia tatsunokuchiensis (Koizumi) Yanagisawa
Lancineis sp.
Mastogloia sp.
Medialia splendida Sheshukova
Melosira albicansu Sheshukova +
M. sol (Ehrenberg) Kuetzing + 1 + 4 1
Navicula spp. 1 1
Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa 45 43 34 39 10 6
N. koizumii Akiba et Yanagisawa
N. sp. A
Nitzschia granulata Grunow
N. grunowii Hasle 1 1 +
N. heteropolica Schrader
N. rolandii Schrader emend. Koizumi 1 1 1
N. seminae (Simonsen et Kanaya) Akiba et Yanagisawa 1
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Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.
Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Diatom zone:<k; N. koizumii Zone or younger, n.z.; not zoned.
Preservation: G; good, M; moderate, P; poor, VP; very poor.
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Appendix table 2 Continued.

SampleNo. H22D3 H22D4 H22D5 H22D6 H22D7 H22D8
MARINE DIATOMS

Odontella aurita (Lyngbye) Agardh +

Paralia sulcata (Ehrenberg) Cleve 5 11 1

Plagiogramma staurophorum (Greville) Heiberg

Pleurosigma spp.

Proboscia barboi (Brun) Jordan et Priddle 1

Pseudopyxilla amricana Forti

Rhabdonema Jjaponicum Temp. et Brun 1 +

Rhaphoneis spp.

Rhizosolenia cf. hebetata (Bailey) Gran

R. miocenia Schrader

R. cf. styliformis Brightwell 1 1 2

R. spp. 1 1

Rouxia californica Peragallo 1

Sawamuraia biseriata Komura

Stephanogonia hanzawae Kanaya 1 1

Stephanopyxis spp. 7 15 15 8 19 10

S. spp.(altered) 1 1 1 + 3

Stictodiscus californicus Greville +

S. kittonianus Greville

Synedra camtschatica Grunow

Thalassionema nitzschioides (Grunow) H. et M. Peragallo 10 7 10 8 9 10

T. robusta Schrader + 2 3 2 1 1

T. schraderi Akiba

Thalassiosira antiqua Cleve-Euler 1 1

T. convexa Mukhina

T. cf. decipiens (Grun.) Joerg. 3 3 1 3

T. delicata (Barron) Akiba 1

T. eccentrica (Ehrenberg) Cleve

T. gravida Cleve + 1 +

T. gravida f. fossilis Jouse 1 1

T Jjacksonii Koizumi et Barron

T. cf. jacksonii Koizumi et Barron

T. Jouseae Akiba 3

T. manifesta Sheshukova

T. marujamica Sheshukova 1 1

T. multipora Whiting et Schrader

T. nidulus (Brun) Jouse

T. singularis Sheshukova 1

T. tertiaria Sheshukova

T. cf. tetraoestrupii_var. reimeri Mahood et Barron 1

T. trifulta Fryxell et Hasle

T. zabelinae Jouse 3 4 5 6 1 2

T. spp. 10 5 4 2 1 3

Thalassiothrix longissima Cleve et Grunow + + + + + +

Trachyneis aspera (Ehrenberg) Cleve

Triceratium articum Brightwell

T. sp.

T. Jfavus Ehrenberg

Trochosira concava Sheshukova 1 1
NONMARINE DIATOMS

(Achnantes spp.

[Aulacoseira granulata (Ehrenberg) Simonsen s. 1. 1 1 + 1

A. granulata s. 1. (altered) 1

Campyrodiscus spp.

Cymbella spp.

Diatoma spp.

Diploneis ovalis (Hilse) Cleve

Epithemia spp.

Eunotia spp.

Fragilaria Spp. +

Gomphonema spp.

Gyrosigma spp.

Hamtzschia amphipxys (Ehrenberg) Grunow

Navicula spp.

Nitzschia spp.

Pinnularia borealis Ehrenberg

P. spp. +

Rhopalodia spp.

Stauroneis spp.

Surirella Spp.

Synedra ulna (Nitzsch) Ehrenberg

S. Spp.

Tabelaria fenestrata_(Lyngbye) Kuetzing
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Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.
Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Appendix table 2 Continued.
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Diatom Zone n.z. n.z. n.z. n.z. n.z. n.z.
SampleNo. H22D9 H22D10  H22DI11 H22D12  H22DI3 H22D14
782 810 861 881 900 932
Abundance R R R R R R
(app. number of diatom valves per slide ( X 100) 9 2.8 5.1 4.5 4 4.5
Preservation P P P P P P
Marine diatoms 100 98 100 100 98 100
benthic 4 6 2 6 3 3
planktonic 44 51 49 45 47 46
extinct 52 41 49 49 48 51
Miocene extinct 9 23 8 15 16 30
Non-marine diatoms 0 2 0 0 2 0
Total number of diatoms counted 100 100 100 100 100 100
Resting spores of Chaetoceros 18 11 10 14 9 9
number of taxa recognized 32 29 27 26 25 28
MARINE DIATOMS
Actinocyclus curvatulus Janisch +
A. ingens Rattray 5 5 3 6 4 14
A. ingens (altered) + 6 1 1 8
A. ochotensis Jouse 1
A. octonarius Ehrenberg
A. sp. (star-shaped hyaline area)
| Actinoptychus senarius (Ehrenberg) Ehrenberg 2 + 2 3
A. senarius (altered)
A. splendens (Shadbolt) Ralfs
(Amphora Spp.
[ Arachnoidiscus spp. 1 + + +
| Asteromphalus spp.
| Aulacodiscus sp.
| Azpeitia sp.
Bacteriosira fragilis (Gran) Gran
Cavitatus jouseanus (Sheshukova) Williams +
C. lanceolatus Akiba et Hiramatsu
C. miocenicus (Schrader) Akiba et Yanagisawa
C. rectus Akiba et Hiramatsu
Clavicula polymorphus Grunow
Cocconeis costata Gregory 1
C. scutellum Ehrenberg + + +
C. spp. +
Coscinodiscus marginatus Ehrenberg 12 12 10 14 11 9
C. oculus-iridis Ehrenberg 1 1
C. radiatus Ehrenberg 3 2 1 3
C. symbolophorus s.1.
C. spp. 1 3 + 2 2 3
C. spp.(altered) +
Cosmiodiscus intersectus Jouse + 1 +
Crucidenticula paranicobarica Akiba et Yanagisawa
C. punctata (Schrader) Akiba et Yanagisawa
Cyclotella striata (Kuetz) Grun.
Cymatosira debyi Temp. et Brun 1
Delphineis cf. sachalinensis (Sheshukoba) Andrews
D. surirella (Ehrenberg) Andrews
D. spp. 1 2
Denticulopsis dimorpha (Schrader) Simonsen
D. hustedtii (Sim. & Kan.) Simonsen s.1. 2 5 1 + 1 1
D. hyalina (Schrader) Simonsen 2 2 2 2
D. hyalina (altered) 1
D. lauta (Bailey) Simonsen 2 4 1 7 5 2
D. aff. lauta (Bailey) Simonsen
D. lauta (altered) 1
D. praedimorpha Barron ex Akiba
Diploneis smithii (Brebisson) Cleve 1 +
D. spp. + 1 2
Endictya oceanica Ehrenberg
Grammatophora spp.
Hyalodiscus obsoletus Sheshukova + 1 2 1
H. spp. 1
lkebea tenuis (Brun) Akiba 1 2 2
Isthmia sp. +
Kisseleviella carina Sheshukova
K. ezoensis Akiba
Koizumia tatsunokuchiensis (Koizumi) Yanagisawa
Lancineis sp.
Mastogloia sp.
Medialia splendida Sheshukova 1
Melosira albicansu Sheshukova 1
M. sol (Ehrenberg) Kuetzing 1 1 2 +
Navicula spp. 1
Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa 38 11 27 16 23 10
N. koizumii Akiba et Yanagisawa +
N. sp. A
Nitzschia granulata Grunow
N. grunowii Hasle
N. heteropolica Schrader
N. rolandii Schrader emend. Koizumi 1 +
N. seminae (Simonsen et Kanaya) Akiba et Yanagisawa
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Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.
Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Appendix table 2 Continued.

SampleNo. H22D9 H22D10  H22DI11 H22D12  H22DI13  H22DI14
MARINE DIATOMS

Odontella aurita (Lyngbye) Agardh 1

Paralia sulcata (Ehrenberg) Cleve

Plagiogramma staurophorum (Greville) Heiberg

Pleurosigma spp.

Proboscia barboi (Brun) Jordan et Priddle 1

Pseudopyxilla amricana Forti

Rhabdonema Jjaponicum Temp. et Brun

Rhaphoneis spp. 1

Rhizosolenia cf. hebetata (Bailey) Gran

R. miocenia Schrader

R. cf. styliformis Brightwell

R. spp. 1 1 2 1

Rouxia californica Peragallo

Sawamuraia biseriata Komura

Stephanogonia hanzawae Kanaya 1

Stephanopyxis spp. 10 21 9 17 13 19

S. spp.(altered) 1 2 1

Stictodiscus californicus Greville

S. kittonianus Greville

Synedra camtschatica Grunow

Thalassionema nitzschioides (Grunow) H. et M. Peragallo 11 5 21 8 12 9

T. robusta Schrader + 5 2 1

T. schraderi Akiba

Thalassiosira antiqua Cleve-Euler 1 2 4

T. convexa Mukhina

T. cf. decipiens (Grun.) Joerg.

T. delicata (Barron) Akiba

T. eccentrica (Ehrenberg) Cleve

T. gravida Cleve 1

T. gravida f. fossilis Jouse 1 1 1

T Jjacksonii Koizumi et Barron

T. cf. jacksonii Koizumi et Barron

T. Jouseae Akiba +

T. manifesta Sheshukova

T. marujamica Sheshukova + 3 1

T. multipora Whiting et Schrader

T. nidulus (Brun) Jouse

T. singularis Sheshukova 1

T. tertiaria Sheshukova +

T. cf. tetraoestrupii_var. reimeri Mahood et Barron

T. trifulta Fryxell et Hasle 1

T. zabelinae Jouse 2 5 5 8 6 4

T. spp. 7 6 4 1 6 1

Thalassiothrix longissima Cleve et Grunow + + + +

Trachyneis aspera (Ehrenberg) Cleve + +

Triceratium articum Brightwell

T. sp. 1

T. Jfavus Ehrenberg

Trochosira concava Sheshukova 1
NONMARINE DIATOMS

(Achnantes spp.

[Aulacoseira granulata (Ehrenberg) Simonsen s. 1.

A. granulata s. 1. (altered)

Campyrodiscus spp. 1

Cymbella Spp. + 1

Diatoma spp.

Diploneis ovalis (Hilse) Cleve

Epithemia spp. +

Eunotia spp.

Fragilaria Spp.

Gomphonema spp.

Gyrosigma spp.

Hamtzschia amphipxys (Ehrenberg) Grunow

Navicula spp.

Nitzschia spp.

Pinnularia borealis Ehrenberg

P. spp. 1

Rhopalodia spp.

Stauroneis spp. 1

Surirella Spp.

Synedra ulna (Nitzsch) Ehrenberg +

S. spp.

Tabelaria fenestrata_(Lyngbye) Kuetzing
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Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.
Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Appendix table 2 Continued.

Diatom Zone n.z. n.z.
SampleNo. H22D15  H22D16
depth (m) 960 990
Abundance R R
(app. number of diatom valves per slide ( X 100) 5.1 4.5
Preservation P P
Marine diatoms 100 99
benthic 7 7
planktonic 42 55
extinct 51 37
Miocene extinct 9 15
Non-marine diatoms 0 1
Total number of diatoms counted 100 100
Resting spores of Chaetoceros 9 17
number of taxa recognized 27 29
MARINE DIATOMS
plActinocyclus curvatulus Janisch
M ¢ pj4 ingens Rattray 3 8
M e pld ingens (altered) 1 5
e pl4 ochotensis Jouse 1
bl4. octonarius Ehrenberg
e pld sp. (star-shaped hyaline area)
blActinoptychus senarius (Ehrenberg) Ehrenberg + +
bl4. senarius (altered)
bl4. splendens (Shadbolt) Ralfs
bldmphora spp. 1
bl|Arachnoidiscus spp. +
pl|Asteromphalus spp.
pl|Aulacodiscus sp. +
plAzpeitia sp.
p|Bacteriosira fragilis (Gran) Gran
M e p|Cavitatus jouseanus (Sheshukova) Williams
M e p|C lanceolatus Akiba et Hiramatsu
M e p|C miocenicus (Schrader) Akiba et Yanagisawa + +
M e p|C rectus Akiba et Hiramatsu
b|Clavicula polymorphus Grunow
b|Cocconeis costata Gregory
b|C. scutellum Ehrenberg 1 +
b|C. Spp. 2
p|Coscinodiscus marginatus Ehrenberg 12 7
plC. oculus-iridis Ehrenberg
nlC. radiatus Ehrenberg 1 1
M e p|C symbolophorus s.1.
p|C. spp. 2 3
p|C. spp.(altered) + 1
e p|Cosmiodiscus intersectus Jouse
M ¢ p|Crucidenticula paranicobarica Akiba et Yanagisawa
¢ p|C punctata (Schrader) Akiba et Yanagisawa
p|Cyclotella striata (Kuetz) Grun.
e b|Cymatosira debyi Temp. et Brun 1
e b|Delphineis cf. sachalinensis (Sheshukoba) Andrews
b|D. surirella (Ehrenberg) Andrews
b|D. Spp- +
e p|Denticulopsis dimorpha (Schrader) Simonsen
M e p|D. hustedtii (Sim. & Kan.) Simonsen s.l. 2 1
M e p|D. hyalina (Schrader) Simonsen
M e p|D. hyalina (altered)
M e p|D. lauta (Bailey) Simonsen 2 1
M e p|D. aff. Jauta (Bailey) Simonsen
M e p|D. lauta (altered) 1
¢ p|D. praedimorpha Barron ex Akiba
b|Diploneis smithii (Brebisson) Cleve 1
b|D. Spp. 3
p|Endictya oceanica Ehrenberg
b|Grammatophora spp.
e b|Hyalodiscus obsoletus Sheshukova 1
b|H. spp.
M e p|lkebea tenuis (Brun) Akiba
blIsthmia sp.
¢ p|Kisseleviella carina Sheshukova
M e plk ezoensis Akiba
e p|Koizumia tatsunokuchiensis (Koizumi) Yanagisawa
blLancineis sp.
b|Mastogloia sp.
M e p|Medialia splendida Sheshukova
e p|Melosira albicansu Sheshukova 1
b|M. sol (Ehrenberg) Kuetzing 2 4
b|Navicula spp.
e p|Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa 29 10
e p|N. koizumii Akiba et Yanagisawa
e p|N sp. A
b|Nitzschia granulata Grunow
p|V grunowii Hasle
e p|V heteropolica Schrader
e p|V rolandii Schrader emend. Koizumi
p|. seminae (Simonsen et Kanaya) Akiba et Yanagisawa
Diatom zone:<k; N. koizumii Zone or younger, n.z.; not zoned. Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.

Preservation: G; good, M; moderate, P; poor, VP; very poor. Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Appendix table 2 Continued.

SampleNo. H22D15 H22D16
MARINE DIATOMS
p|Odontella aurita (Lyngbye) Agardh
b|Paralia sulcata (Ehrenberg) Cleve
b|Plagiogramma staurophorum (Greville) Heiberg
b|Pleurosigma spp.
e p|Proboscia barboi_(Brun) Jordan et Priddle
e p|Pseudopyxilla amricana Forti
b|Rhabdonema japonicum Temp. et Brun
b|Rhaphoneis spp.
p|Rhizosolenia cf. hebetata (Bailey) Gran
e p|R miocenia Schrader
p|R. cf. styliformis Brightwell
p|R Spp.
e p|Rouxia californica Peragallo
b|Sawamuraia biseriata Komura
M e p|Stephanogonia hanzawae Kanaya
p|Stephanopyxis spp. 13 15
nlS. spp.(altered) +
e bl|Stictodiscus californicus Greville
e plS kittonianus Greville
b|Synedra camtschatica Grunow
p|Thalassionema nitzschioides (Grunow) H. et M. Peragallo 9 22
e p|T robusta Schrader 2
M e p|T schraderi Akiba
e p|Thalassiosira antiqua Cleve-Euler
e p| convexa Mukhina
ol|T cf. decipiens (Grun.) Joerg. 1
e p|T delicata (Barron) Akiba
p| T eccentrica (Ehrenberg) Cleve
pIT gravida Cleve +
e p|T gravida f. fossilis Jouse
e p|T Jacksonii Koizumi et Barron
e p|T cf. jacksonii Koizumi et Barron
e p|T Jouseae Akiba
e p|T manifesta Sheshukova
e p|T marujamica Sheshukova 1
e p|T multipora Whiting et Schrader
e p|T nidulus (Brun) Jouse
e p|T singularis Sheshukova
e p|T tertiaria Sheshukova
e p| cf. tetraoestrupii_var. reimeri Mahood et Barron 1
p|T trifulta Fryxell et Hasle 3
e p|T zabelinae Jouse 8 9
p|T spp. 5 2
p|Thalassiothrix longissima Cleve et Grunow + +
b| Trachyneis aspera (Ehrenberg) Cleve
bl Triceratium articum Brightwell
blT. sp.
b|T. favus Ehrenberg
e p|Irochosira concava Sheshukova
NONMARINE DIATOMS
b|Achnantes spp.
pl|Aulacoseira granulata (Ehrenberg) Simonsen s. 1. 1
pl4- granulata s. 1. (altered)
b|Campyrodiscus spp.
b|Cymbella spp.
b|Diatoma spp.
b|Diploneis ovalis (Hilse) Cleve
b|Epithemia spp.
b|Eunotia spp.
p|Fragilaria spp.
b|Gomphonema spp.
b|Gyrosigma spp.
b|Hamtzschia amphipxys (Ehrenberg) Grunow
b|Navicula spp.
b|Nitzschia spp.
bl|Pinnularia borealis Ehrenberg
b|P. spp.
b|Rhopalodia spp.
b|Stauroneis spp.
b|Surirella spp.
b|Synedra ulna (Nitzsch) Ehrenberg
b|S. spp.
b|Tabelaria fenestrata (Lyngbye) Kuetzing
Diatom zone:<k; N. koizumii Zone or younger, n.z.; not zoned. Abundance: VA; very abundant, A; abundant, C; common, R; rare, VR; very rare.
Preservation: G; good, M; moderate, P; poor, VP; very poor. Habitat: p; planktonic, b; benthic, e; extinct., M; extinct Miocene species.
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Appendix figure 2 Selected diatoms from a borehole core. A-B: Actinocyclus ingens, B; heavily altered and strongly deformed specimen,
C: Actinoptychus senarius, D: Stephanopyxis sp., heavily altered, E: Thalassiosira antiqua, F: Thalassiosira jouseae, G:
Thalassiosira cf. tetraoestrupii var. reimeri, H: Actinocyclus sp. (star-shaped hyaline area), I; Ikebea tenuis, J; Eunotia
sp., K-L; Navicula spp., M; Hantzschia amphioxys, N; Synedra ulna, O; Rhopalodia sp., P-S; Neodenticula kamtschatica,

P-R: valve views, S: girdle view of a frustule, T; Neodenticula seminae, valve view from inside, U; Neodenticula koizumii,

V; Denticulopsis praedimorpha, a connecting band.
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Appendix table 3 Main chemical compositions of volcanic glass shards by EDS.

Sample No. Sample depth(m) SiO, TiO, Al Oy FeO MnO MgO CaO Na,O K,O
77.73 0.14 12.14 1.14 0.05 0.00 0.58 3.68 4.54
77.05 0.28 12.09 1.47 0.00 0.05 0.84 3.61 4.61
77.60 0.14 11.96 1.46 0.15 0.06 0.89 3.49 4.25
77.81 0.02 12.06 1.27 0.05 0.01 0.77 3.45 4.56
77.11 0.25 12.01 1.39 0.21 0.00 0.79 3.61 4.64
76.06 0.20 12.45 2.29 0.07 0.02 1.40 3.49 4.02

H22T1 672.55-672.75 77.64 0.16 11.83 1.75 0.00 0.06 0.66 3.28 4.63
76.98 0.19 12.04 1.49 0.23 0.06 0.72 3.65 4.65
76.79 0.13 12.15 2.38 0.12 0.00 1.37 3.47 3.57
76.40 0.27 12.36 1.61 0.00 0.16 1.04 3.75 4.41
75.30 0.25 13.02 1.72 0.02 0.08 1.34 3.70 4.56
77.55 0.18 12.10 1.21 0.00 0.20 1.24 3.49 4.03
78.23 0.03 12.18 0.57 0.01 0.00 0.61 3.58 4.79
78.12 0.15 12.31 0.70 0.02 0.16 0.92 3.61 4.01
77.89 0.00 12.39 0.86 0.07 0.07 0.52 3.65 4.55
78.26 0.18 12.20 0.69 0.00 0.06 0.80 3.85 3.97
78.19 0.14 11.78 1.08 0.09 0.25 1.29 3.86 3.32
77.69 0.06 12.33 0.53 0.14 0.03 0.56 3.32 5.33

H22T2 834.15-854.20 77.59 0.08 12.06 0.80 0.00 0.00 0.69 3.37 5.40
77.41 0.19 12.10 0.92 0.14 0.19 1.00 3.37 4.69
77.89 0.03 12.13 0.61 0.00 0.03 0.65 3.25 5.41
77.52 0.10 12.25 0.80 0.11 0.10 0.61 3.21 5.27
77.47 0.21 12.22 0.65 0.00 0.00 0.59 3.30 5.57
77.64 0.18 12.03 1.20 0.00 0.02 1.03 3.18 4.71
78.50 0.30 12.13 1.65 0.02 0.28 1.99 3.95 1.17
76.82 0.29 12.95 1.68 0.25 0.44 2.46 3.98 1.11
79.52 0.13 11.89 1.23 0.10 0.28 1.69 3.94 1.21
78.80 0.28 11.98 1.46 0.14 0.31 1.94 3.92 1.18
78.27 0.27 12.24 1.45 0.12 0.37 1.92 4.19 1.18
78.90 0.32 12.19 1.46 0.06 0.34 2.00 3.69 1.05

H22T3 903.59-903.74 78.63 0.25 12.30 1.51 0.07 0.35 1.98 3.90 1.01
78.41 0.36 12.28 1.34 0.12 0.28 1.99 4.09 1.11
78.16 0.22 12.29 1.69 0.18 0.28 1.91 4.00 1.28
77.31 0.25 12.71 1.65 0.10 0.38 2.22 4.22 1.15
78.49 0.24 12.33 1.46 0.15 0.34 1.88 4.05 1.05
78.30 0.27 12.08 1.63 0.23 0.27 1.95 4.21 1.07
72.30 0.77 13.55 3.65 0.08 0.93 3.27 4.03 1.42
70.85 0.83 13.56 4.28 0.21 1.05 3.66 4.14 1.42
72.97 0.79 13.23 3.15 0.19 0.78 2.99 4.31 1.61
72.28 0.54 13.74 3.44 0.11 0.74 3.32 4.46 1.36
72.91 0.67 13.24 3.38 0.27 0.72 3.03 4.21 1.57
73.36 0.70 13.07 3.20 0.22 0.87 3.03 4.07 1.48

H22T4 929.68-929.88 73.67 0.71 13.16 3.14 0.12 0.76 2.86 3.97 1.62
72.19 0.66 13.53 3.63 0.24 0.84 3.15 4.25 1.51
76.22 0.46 12.49 2.32 0.11 0.37 2.15 4.08 1.79
72.13 0.88 13.56 3.64 0.10 0.83 3.30 4.08 1.47
75.77 0.45 12.77 2.51 0.06 0.42 2.13 4.27 1.63
73.10 0.75 13.03 3.56 0.24 0.68 2.89 4.31 1.44
78.07 0.25 11.69 2.05 0.07 0.32 2.25 3.76 1.53
77.48 0.44 11.94 2.17 0.00 0.37 2.48 3.51 1.62
77.09 0.39 11.97 2.28 0.09 0.42 2.53 3.67 1.56
76.85 0.48 12.03 2.19 0.01 0.78 2.36 3.32 1.98
77.07 0.43 11.89 2.28 0.08 0.47 2.50 3.75 1.53
77.33 0.42 11.94 2.22 0.00 0.46 2.47 3.75 1.41

T22T5 978.50-978.60 77.15 0.43 12.02 2.13 0.04 0.44 2.37 3.54 1.89
77.31 0.53 12.11 2.29 0.03 0.46 2.45 3.34 1.48
77.49 0.47 12.01 2.13 0.01 0.34 2.40 3.60 1.56
69.77 0.43 14.94 3.90 0.16 1.01 4.98 3.64 1.18
77.42 0.44 12.02 1.94 0.07 0.51 2.38 3.72 1.50
77.33 0.39 11.75 2.47 0.08 0.46 2.36 3.67 1.48
77.68 0.32 11.81 1.91 0.19 0.36 2.36 3.87 1.50
77.20 0.38 12.00 2.15 0.08 0.47 2.49 3.69 1.54
77.43 0.32 11.99 1.94 0.13 0.33 2.59 3.84 1.44
77.04 0.39 11.89 2.32 0.10 0.46 2.67 3.64 1.48
77.53 0.48 11.73 2.16 0.13 0.30 2.34 3.83 1.49
77.49 0.39 11.82 2.05 0.14 0.40 2.42 3.75 1.53
76.63 0.50 12.21 2.31 0.00 0.55 2.79 3.57 1.46

T23T2 978.70-978.90 76.91 0.36 12.12 2.39 0.00 0.49 2.71 3.57 1.46
77.28 0.44 11.90 2.04 0.09 0.41 2.51 3.51 1.81
77.55 0.33 11.82 1.99 0.07 0.48 2.54 3.59 1.64
77.39 0.44 11.91 2.11 0.17 0.40 2.42 3.70 1.46
76.91 0.46 12.08 2.22 0.03 0.44 2.64 3.57 1.64
77.95 0.41 11.89 2.04 0.00 0.42 2.26 3.66 1.38
77.73 0.43 11.74 2.14 0.03 0.45 2.38 3.63 1.48
77.77 0.42 11.88 2.06 0.13 0.44 2.39 3.49 1.42
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Geology of the Permian Higashimata Complex in the Nanjo Mountains,
Fukui Prefecture, Southwest Japan
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Abstract: The Nanjo Mountains cover an approximately 300 km® area of central Fukui Prefecture, in
Southwest Japan. The mountains extend eastward from the east coast of Tsuruga Bay and are topographi-
cally separated from the surrounding mountains by high-angle faults. In terms of the geotectonic division,
the Nanjo Mountains belong to the Ultra-Tamba belt to the north and to the Mino belt to the south, which
are defined by Permian and Jurassic sedimentary complexes, respectively. These complexes are bounded
by a northward-dipping low-angle fault.

The sedimentary complex distributed in the Ultra-Tamba belt in the Nanjo Mountains is called the
Higashimata Complex, the main outcrops of which are observed in the northern margin of the moun-
tains, and is thought to have formed along the convergent margin where the oceanic plate was subducting
beneath the paleo-Asian continent during a late part of the Permian Period. The Higashimata Complex
is primarily composed of terrigenous clastic rocks such as phyllitic mudstone and massive to stratified
sandstone, together with lesser amounts of siliceous mudstone, felsic tuff and chert. Among these rocks,
sandstone and phyllitic mudstone are the most dominant components, while felsic tuff and chert are rarely
found in this complex. Generally speaking, the stratigraphic succession consists of phyllitic mudstone,
interbedded mudstone and sandstone, and massive to stratified sandstone. Arranging these elements from
the base to the top results in an upward-coarsening and thickening sequence. The basal phyllitic mud-
stone is normally up to 150 m thick, the interbedded sandstone and mudstone is 100—200 m thick, and the
sandstone is 400—500 m thick. This succession is repeated several times in the complex, which has a total
thickness of 5,200 m at the highest point.

The largest and principal structure of the Higashimata Complex is a broad east—west trending homo-
cline, that dips gently to moderately northward. The general strike is approximately east-west trending,
but it is weakly folded with northward-plunging axes. The main faults at the base and the upper sections
of the Higashimata Complex are the basal low-angle fault and high-angle faults, respectively. The basal
low-angle fault separates the Higashimata Complex from the underlying Mino sedimentary complex, al-
though the movement along the fault plane is not clearly evident. In contrast, the high-angle faults pass in
an approximately east—west trend and remove the upper sections of the Higashimata Complex, that were
originally covered by the Cretaceous Asuwa Group.

Radiolarian fossil discoveries in the Nanjo Mountains have been reported in previous studies. These
fossil assemblages primarily consist of genera Follicucullus, Entactinia, Ishigaum, Pseudotormentus,
Haplentactinia, Cauletella, Raciditor and Stigmosphaerostylus, and were found in siliceous and tuffa-
ceous mudstones at four localities. The age of the Higashimata Complex can be determined based on this
radiolarian evidence, and indicates formation in the late Middle to Late Permian Period.

Keywords: Permian, Higashimata Complex, Ultra-Tamba belt, Nanjo Mountains, Fukui Prefecture,
Southwest Japan

1. Introduction and is written to describe the geological map that cov-

ers the northern margin of the mountains. It presents

This report is a review of the current knowledge re- a regional overview and gives a detailed account of
lated to the geology of the Permian sedimentary com- area’s stratigraphy and lithology. Mapping in the Nanjo
plex of the Ultra-Tamba belt in the Nanjé Mountains, Mountains was conducted from 2001 to 2008 by the

'AIST, Geological Survey of Japan, Institute of Geology and Geoinformation
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Figure. 1 Index map showing the location of the Nanjo Mountains (a) and geological sketch map of the Nanjo and surrounding

mountains (b).

The rectangular frame indicates distribution area of the Higashimata Complex. Symbols with a number indicate fossil
localities; 1 at Takasa, 2 at Myohoyji, 3 at east of Makidani, and 4 at south of Shizuhara. Compiled from Fukui Prefecture
(1955, 1969), Wakita et al. (1992), and unpublished data. Mts.: Mountains., R.: River, Fm.: Formation.

mapping project of the Geological Survey of Japan (GSJ).
The full text of ‘Geology of Imajo and Takenami dis-
trict” and ‘Geology of the Kanmuriyama district’ along
with 1:50,000 geological maps (quadrangle series) will
be published in the near future.

The Nanjo Mountains occupy a central area of Fu-
kui Prefecture, in Southwest Japan (Figure 1a) and
extend eastward from the east coast of Tsuruga Bay
to the border zone of the Etsumi Mountains (Figure
1b), covering an area of approximately 300 km”. The
Nanjo Mountains are topographically separated from
the surrounding mountains by high-angle faults. To the
north, they are separated from the Nyl Mountains by
the Yoshinosegawa Fault, and from the Echizen Chiid
Mountains by the Akyd Fault. To the south, they are
separated from the Nosaka Mountains by the Yanagase
Fault, and from the Etsumi Mountains to the east by
the Kanakusadake Fault.

The Nanjo Mountains are primarily underlain by
sedimentary complexes, which are unconformably
covered by Cretaceous to Miocene siliciclastic and
volcaniclastic rocks and intruded upon Paleogene and
Miocene granitic rocks. On the basis of the lithology
and stratigraphical relation, the sedimentary complexes
distributed in the Nanjo Mountains have been divided
into the two following units. The first is a Permian
complex, called the Higashimata Complex, which con-

sists primarily of massive to stratified sandstone and
phyllitic mudstone, belonging to the Ultra-Tamba belt.
This complex is exposed in the northern margin of the
Nanjo Mountains. The second is a Jurassic complex
of the Mino belt (abbreviated as the Mino sedimentary
complex in this report for the sake of convenience),
which is composed of predominant chert, mudstone and
sandstone and accompanied by lesser amounts of basalt
and limestone. This complex is distributed throughout
the Nanjo, Etsumi and Nosaka Mountains. The Perm-
ian complex overlies the Mino sedimentary complex at
a low-angle fault or thrust. A geological sketch map of
the mountains is shown in Figure 1.

In the next sections, the Higashimata Complex of the
Ultra-Tamba belt in Nanjo Mountains will be defined
and described in greater detail.

2. History of survey

The Permian system (Higashimata Complex) dis-
tributed in the Nanjo Mountains is an accretionary
complex that belongs to the Ultra-Tamba belt (Caridroit
et al., 1985) in Southwest Japan. This belt is situated
between the Maizuru belt to the north and the Tamba
belt to the south, and its type locality occupies the area
covering southern Maizuru City and northeastern Ayabe
City, Kyoto Prefecture.
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The first geological survey of the Permian system
in the Nanjo Mountains, that is equivalent to those of
the Ultra-Tamba belt, was carried out by Otsuki and
Kiyono (1919) in the course of mapping the region on
a scale of 1:200,000. That map, which covers a larger
area than is discussed in this account, was published on
quadrangle ‘Tsuruga’ sheet. In this research, the Perm-
ian system was regarded as a member of the so-called
Chichibu Paleozoic System. After that pioneer study,
no further research was conducted until the 1950s.
However, a geological compilation map of the geology
of the prefecture (drawn on a scale of 1:200,000), that
includes the Nanjo Mountains was produced by the
Fukui Prefecture government in 1955, and then revised
for a second edition (on a scale of 1:150,000) in 1969.

Taking all the above sources into consideration, it can
be said that predominant massive to stratified sand-
stones and phyllitic mudstones, called the Higashimata
Formation, are widely distributed in the northern mar-
gin of the Nanjo Mountains, which can thus be inferred
to be date from the late Permian Period, or even af-
terwards (Fukui Prefecture, 1955, 1969). In 2010, the
Fukui Prefecture government produced a third edition
of the renewal-compiled map, this time on a scale of
1:100,000 (Fukui Prefecture, 2010).

Nakaya and Saito (1986) described the general geo-
logy and structure of the Higashimata Formation ob-
tained from their detailed survey around Higashimata,
Ikeda Town. With respect to the age of the formation,
they inferred that the formation occurred during the
early Jurassic to late Cretaceous Periods based on the
stratigraphic relationship between underlying and over-
lying strata. From the siliceous mudstone on the east
coast of Tsuruga Bay, at Takasa, Echizen Town, where
a western extension of the Higashimata Formation ex-
ists, late Middle to Late Permian radiolarian fossils
have been detected (Umeda, 1986; Umeda and Hattori,
1987), and similar fossils have also been found in the
Nanjo Mountains (Umeda, 1996; Umeda et al., 1996;
Nakae, 2011). Based on the petrological characteristics
of the sandstone (Umeda, 1987) together with the oc-
currence of the above-mentioned fossils, Umeda et al.
(1996) concluded that the Higashimata Formation could
be correlated to the stratotype section of the Permian
accretionary complex of the Ultra-Tamba belt.

The systematic large-scale mapping of most areas of
the mountains on the quadrangle Series Maps (1:50,000)
by the GSJ was completed in 2008 and will be pub-
lished on the new map sheets for the ‘Imajo and Take-
nami’ and ‘Kanmuriyama’ districts by the present au-
thor and his co-geological surveyors in the near future.
Hereafter, the Higashimata Formation will be referred
to as the Higashimata Complex.

3. Outline of geology

In general terms, plate subduction during the late part
of the Permian Period resulted in sediment accretion

along the convergent margin in front of paleo-Asian
continent to form the sedimentary complex of the
Ultra-Tamba belt (e.g., Caridroit et al., 1985; Ishiga,
1986a; Kimura, 1988). The sedimentary complex of
this belt commonly consists of terrigenous clastic rocks
such as sandstone and phyllitic mudstone, together with
lesser amounts of siliceous mudstone, felsic tuff, chert,
limestone and basalt.

In the Nanjo Mountains, the Higashimata Complex
occurs in an east-west trend approximately 18 km long
with 1 to 4 km wide, and has an ESE-WNW strike in
the western area, an east—west strike in the central area
and an ENE-WSW strike in the eastern area (Figure
2). It also possesses a gently to moderately northward
dip that displays a homoclinal structure (Figure 3), and
which crops out in a few narrow areas on the south of
the Yoshinosegawa fault (Figure 1).

The Higashimata Complex is bounded with the un-
derlying Mino sedimentary complex by the northward-
dipping low-angle fault or thrust. It is unconformably
overlain by Cretaceous nonmarine siliciclastic deposits
(Asuwa Group) and felsic volcanic rocks (Omodani
Rhyolites) as well as Miocene andesite volcaniclastic
rocks (Nishitani and Itoo formations). Internally, the
stratigraphic succession consists of phyllitic mudstone,
interbedded mudstone and sandstone, and massive to
stratified sandstone, arranged from the base to the top
in several repetitions. The overall thickness of the com-
plex decreases appreciably from 5,200 m in the central
area to 1,900 m in the western area and 460 m in the
eastern area. This change in thickness is possibly due to
post-depositional erosion by the overlying formations
during periods of uplift in the late Cretaceous Period.

4. Higashimata Complex

The main outcroppings of the Higashimata Complex
are observed in the northern margin of the Nanjo Moun-
tains, east of central Minamiechizen Town (formerly
Nanjo Town) and south of central Ikeda Town in Fukui
Prefecture, while small outcroppings lie along the Yo-
shinosegawa Fault, which divides the Nanjo Mountains
from the Nyt Mountains (Figure 1).

4.1. Name

The term ‘Higashimata Formation’ was originally
included in the graduation thesis of Soichiro Kida,
which was submitted to Kanazawa University in 1954,
and first appeared in the literature published by Fukui
Prefecture (1969). However, the name is not acceptable
as a formal stratigraphic unit designation, because such
formal names require a significant amount of justifica-
tion. Furthermore, the literature by Fukui Prefecture
(1969) did not provide any definitions of the type local-
ity and stratotype of the Higashimata Formation. There-
fore, the name should be disaffirmed or redefined.

Nevertheless, it is felt that the ‘Higashimata’ por-
tion of the geographic name should be retained due to
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Permian complex in Nanjo Mountains, Fukui Prefecture (Nakae)
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Figure. 3 Geological profiles of the Higashimata Complex in the Nanjo Mountains.
Locations of transection lines X—X°, Y-Y” and Z-Z’ are shown in Figure 2.

following reasons: the formation is typically exposed
around Higashimata as described by Kida, and the
name ‘Higashimata’ has been in longstanding and com-
mon usage to date. Consequently, the name is formally
redefined in this report to conform to the modern rules
and procedures (Salvador, 1994) by changing the unit
type. In the present case, as mentioned below, this unit
is characterized by moderately complicated structural
relations to the extent that the original sequence of the
component rocks is somewhat obscured. Furthermore,
the stratigraphic relations of the individual lithologies
that form the rock body of this unit are unidentifiable.
Thus, because the unit cannot be subdivided on strati-
graphic grounds, the term ‘complex’ is appended to the
name of this formal stratigraphic unit.

4.2. Stratotype and type locality

The stratotype and type locality of the Higashimata
Complex have not been formally defined in any previ-
ous works. Therefore, in this paper, the stratotype is
specified as beginning at the south of Higashimata, Ike-
da Town in Fukui Prefecture (Figure 4). Outcrops along
the forest roads from Higashimata are sporadically (rather
than continuously) distributed, but typically represent
the litho-stratigraphic feature of this complex.

4.3. Regional aspects
The Higashimata Complex occupies an area of approxi-

mately 30 km long (east—west trending) and between 1
and 5 km wide (north—south trending) along the north-
ern margin of the Nanjo Mountains, ranging from an
area southwest of Echizen City and travelling through
the southern foot of Mts. Hinoyama, Nomigatake and
Iwataniyama, which are south of Ikeda Town and
southwest of Ono City. It is also exposed on the coastal
area at Takasa, Echizen Town.

Tectonically, the Higashimata Complex lies on the
Mino sedimentary complex, being caused by a low-
angle fault. This feature is well developed in the south
of Higashimata. Its top is unconformably overlaid by
the Cretaceous Asuwa Group and Omodani Rhyolites
(Tsukano and Miura, 1959; Matsuo, 1962; Fukui Pre-
fecture, 1969). The thickness of the Higashimata Com-
plex extends up to 5,200 m (Figure 5).

4.4. Stratigraphy

The Higashimata Complex is approximately 5,200 m
thick around Higashimata (columns d and e in Figure 5)
in the central area, generally decreasing to 1,900 m at
Makidani in the west (column a) and to 460 m at Shi-
zuhara in the east (column h). This change in thickness
is though to be due to the following two movements.
The first is that the lower sections of the Higashimata
Complex were cut off by a low-angle fault, which
separated it from the Mino sedimentary complex. The
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Figure. 4 Stratotype of the Higashimata Complex.
These two routes are equivalent to the columns d
and e, which are shown in the figure 5. Broken lines
are the traces of lithostratigraphic boundaries.

other is that the upper sections were removed by post-
depositional erosion before the deposition of the over-
lying Asuwa Group.

The Higashimata Complex is mainly composed of
phyllitic mudstone and sandstone, together with lesser
amounts of chert and felsic tuff. Generally speaking,
the phyllitic mudstone, interbedded mudstone and sand-
stone, and sandstone (which is arranged from lower
to upper sections) displays an upward-coarsening and
thickening sequence, and it is likely that the sequence
is repeatedly exposed at least seven times (Figure 5).
The basal phyllitic mudstone averages 150 m thick (350
m thick at maximum). In the middle and upper sec-
tions, the interbedded mudstone and sandstone (100—200
m thick) and sandstone (400-500 m thick) are random-
ly exposed (Figure 5).

4.5. Lithology

The lithological variation of the Higashimata Com-
plex has been documented in detail in previous surveys
(Nakaya and Saito, 1986; Umeda, 1987). These stud-
ies provided a wealth of information, especially on the
sandstone that is the most predominant component of

the complex. As mentioned above, the Higashimata
Complex consists of predominant sandstone and phyl-
litic mudstone, together with lesser amounts of chert
and felsic tuff.

(1) Chert

This stone is generally gray to light gray in color, and
intercalated with siliceous mudstone, but occasionally
the bedding is faintly observed (Figures 6a and b). The
chert in this complex is commonly several centimeters
thick, and the thin layers of siliceous mudstone are less
than 5 mm.

(2) Phyllitic mudstone

This stone is generally black or dark gray in color,
but appears dark brown where intensely weathered.
This mudstone is intensely foliated and tends to split
along the foliation (Figure 6¢). The foliation is defined
by the planar alignment of clay minerals such as illite.
In addition, two types of the mudstone can be observed.
One is the siliceous mudstone that is less than one cen-
timeter thick and which is locally intercalated with the
phyllitic mudstone. The other is the silty laminae that
develops in phyllitic mudstone (Figures 6d and 8a). In
situations where silty laminae are intercalated, the mud-
stone is commonly coarser than the normal types.

(3) Felsic tuff

Felsic tuff is light gray to pale gray in color, and is
observed in thin layers several centimeters thick within
the phyllitic mudstone (Figure 6e) or as tuffaceous
mudstone (Figure 6f). It consists solely of fine grains
of quartz within a much finer matrix (Figure 8b).

(4) Interbedded mudstone and sandstone

Mudstone and sandstone are divided into two types
in terms of the thickness of sandstone beds; one is
thinly and the other is thickly interbedded types. Mud-
stone is predominant in the thinly interbedded type
(mudstone-rich), which is characterized by sandstone
beds less than 30 cm thick (Figure 7a). In contrast,
sandstone predominates in the thickly interbedded type
(sandstone-rich), whose thickness ranges from 30 cm to
100 cm, and occasionally up to 300 cm, whereas inter-
calated mudstone is commonly less than 50 cm thick.
(Figure 7d). The stratification composed by the rhyth-
mical alternation of mudstone and sandstone is often
dismembered in various degrees of deformation (Figures
7b and 7c).

(5) Massive sandstone

Where sandstone is primarily homogeneous, its thick-
ness often exceeds more than 100 cm, and is character-
ized by massive and monotonous lithology due to the
absence of sedimentary structures (Figures 7e and 7f).
However, it is often intercalated with phyllitic mud-
stone beds less than 10 cm thick, which is exposed as
stratified sandstone.
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Figure. 5 Representative stratigraphic columns of the Higashimata Complex in the Nanjo Mountains.

Localities of each transect and column are as follows. a: east of Makidani, b—c: south of Uomi, d—e: south of
Higashimata, f: Higashikakuma, g: east of Mt. Ogoyasan, h: south of Shizuhara. Localities a and b are included

in Minamiechizen Town, and remainings are in Ikeda Town. Thin lines are the traces of lithostratigraphic
boundaries. The bottom and top of the Higashimata Formation are indicated by the broken lines.

This stone is pale to greenish gray in color, chang-
ing to brown or white where it is intensely weathered.
Sandstone consists of medium to coarse, angular to
subangular clastic grains, which are dominated by
quartz and plagioclase with potassium feldspar, chlo-
rite, mica and lithic fragments within a finer matrix
(Figure 8c), generally occurring as a poorly sorted
feldspathic wacke (Figure 9). Very coarse-grained sand-

stones commonly contain granules of sandstone, chert,
volcanic rock and others. A meshwork structure con-
sisting of 1-2 mm-wide calcite veins is well developed.
The matrix, which locally has a calcareous component
(Figure 8d), consists of chlorite, mica and unidentified
fine-grained minerals. The micas and chlorites have a
shape-preferred orientation. This sandstone is massive
in appearance, but is commonly sheared and affected
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Figure. 6 Field photographs showing occurrence and lithology of main component rocks of the Higashimata Complex in the
Nanjd Mountains (I).
(a)—(b) Cherts at Makidani, Minamiechizen Town, (c) Phyllitic mudstone at Makidani, Minamiechizen Town, (d)
Laminated mudstone at Uomi, Ikeda Town, (¢) Interbedded mudstone and felsic tuff at Uomi, Ikeda Town, and (f)
Tuffaceous mudstone at Uomi, Ikeda Town.
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£ S

Figure. 7 Field photographs showing occurrence and lithology of main component rocks of the Higashimata Complex in the
Nanjd Mountains (II).
(a) Thinly interbedded mudstone and sandstone (mudstone-rich), (b) Dismembered interbedded mudstone and
sandstone (mudstone-rich) at Mt. Iwataniyama, (¢) Dismembered interbedded mudstone and sandstone (sandstone-rich),
(d) Thickly interbedded mudstone and sandstone (sandstone-rich), (e)—(f) Massive sandstone (e), and its close up (f).
All outcrops excluding photo (b) are located around Uomi, Ikeda Town.
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Figure. 8 Thin-section photomicrographs of each lithology of main component rocks of the Higashimata Complex in the
Nanjo Mountains.
(a) Laminated mudstone, (b), Tuffaceous mudstone, (c) Coarse-grained sandstone, and (d) Medium-grained
sandstone with calcareous matrix. qtz: quartz, pl: plagioclase, vf: volcanic rock fragment, ch: chert fragment.

by cataclastic deformation. Pressure shadows consist-
ing of clay minerals are formed around most quartz and
plagioclase grains, and the margins of these grains has
commonly been dissolved and embayed (Figure 8c).

4.7. Geologic structure

The largest and principal structure of the Higashi-
mata Complex is relatively simple, being dominated by
a broad east—west trending homocline that dips gently
to moderately northward. The general dip and strike are
almost coincident with those of the underlying Mino
sedimentary complex.

North—south trending geologic profiles traverse the
three areas of the Higashimata Complex. One line pass-
es east of Makidani in the western area and shows a
moderately northward dipping of the component rocks
of the complex (X=X in Figure 3). The remaining two
lines, one west of Higashimata in the central area and
the other west of Shizuhara in the eastern area, also il-
lustrate a northward dipping (Y-Y’and Z-Z in Figure 3).
However, the dips are slightly gentler than those in the

western area.

The general strike is approximately east-west trend-
ing, but is weakly folded with northward-plunging
axes. Furthermore, the strike gently changes from
WNW-ESE trend in the western area east of Makidani
to ENE-WSW trend in the central area around Higashi-
mata and the eastern area west of Shizuhara (Figure
10).

The main faults at the base and the upper sections of
the Higashimata Complex are the basal low-angle fault
and high-angle faults, respectively. The basal low-angle
fault passes parallel to the general strikes and separates
the Higashimata Complex from the underlying Mino
sedimentary complex as mentioned above (Figure 2),
but the movement along the fault remains unclear. For
example, this feature is well developed on the forest-
road cut outcrop at south of Higashimata, where the
interbedded mudstone and sandstone (sandstone-rich)
and the massive sandstone of the Higashimata Complex
overlies on the pelitic mixed rock of the Mino sedi-
mentary complex through the fault (Figures 4 and 5).
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Figure. 9 Classification of sandstones of the Higashimata Complex in the Nanjo Mountains.
Abbreviations are as follows. Q: quartz, F: feldspar, L: lithic fragment, P: plagioclase, K: potassium feldspar,
Qw: Quartz wacke. Data source is from Nakaya and Saito (1986).

(a) N (b)

Western Area

Central Area

Eastern Area

Figure. 10 Strikes and dips of the Higashimata Complex in the Nanjdo Mountains.
Lower hemisphare of stereo (schmit net) projection. (a): western part east of Makidani, (b): central part around

Higashimata, (c): eastern part west of Shizuhara.

However, the high-angle faults pass in an approximate-
ly east-west trend from the south of Mt. Karakidake to
the west of Shizuhara. They remove the upper setions
of the Higashimata Complex, which was originally
covered by the Cretaceous Asuwa Group (Figure 3).

4.8. Fossil and Geologic age

Radiolarian fossil occurrence has been reported at
four localities in the Nanjo Mountains in previous
studies. They are: Takasa, Echizen Town (Locality 1);
Myohoji, Echizen City (Locality 2); east of Makidani,
Minamiechizen Town (Locality 3); and south of Shi-
zuhara, Ikeda Town (Locality 4). See Figures 1 and 2.
The radiolarian species identified are listed in Table 1.

Radiolarian fauna consisting primarily of Follicucul-
lus scholasticus Ormiston et Babcook, Pseudoalbail-

lella? sp., “Deflandrella” sp. (Kimagior is now used
as the replacement name for Deflandrella: Sugiyama,
2000), and Entactinia? sp. has been obtained from sili-
ceous mudstone, which is intercalated with fine-grained
sandstone laminae at locality 1 (Umeda, 1986; Umeda
and Hattori, 1987). Radiolarian fauna composed of
Follicucullus scholasticus Ormiston et Babcook, Fol-
licucullus porrectus Rudenko, Follicucullus ventricosus
Ormiston et Babcook, Follicucullus sp. cf. F. charveti
Caridroit et De Wever, “Nazarovella” sp. (Racidior is
now used as the replacement name for Nazarovella:
Sugiyama, 2000), Pseudotormentus sp. and Haplen-
tactinia sp. has been found in the siliceous mudstone
included in sandstone-rich interbedded mudstone and
sandstone at locality 2 (Umeda, 1996). Umeda et al.
(1996) reported that the siliceous mudstone examined
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Table 1 List of radiolarian species obtained from the Nanjo
Mountains.

Locality no.

Lithology

sil ms

Sample no.

KMO03
MYO03
A
B
KJ 5205A
KJ 5205B |tuffms

Albaillella? sp. *
Follicucullus scholasticus
Follicucullus porrectus Ll B
Follicucullus ventricosus *
Follicucullus bipartitus + +
Follicucullus sp. cf. F. charveti *+ +
Follicucullus spp. R A
Follicucullus? sp. +
Pseudoalbaillella sp. ot
Pseudoalbaillella? sp. *
Albaillellidae? gen. indet. +
Latentifistula sp. *

Pseudotormentus sp.
Cauletella manica
Cauletella sp. *
Ishigaum sp. cf. I trifustis
Ishigaum sp. cf. I obesum *
Raciditor sp. *
"Deflandrella” sp. * S
"Nazarovella" sp. Sl

Latentifistulidae gen. indet. + +

Copiellintra? sp. +
Cenosphaera? sp.
Srakaeosphaera sp. cf. S. minuta

Stigmosphaerostylus sp.

+ + + +

Stigmosphaerostylus? sp.

Haplentactinia sp. r
Entactinia sp. ot

Entactinia? sp. o
+

Entactinosphaera sp.

Umeda
(1986)

Umedaeral.| Nakae
(1996) (2011)

Umeda
(1996)

Reference

at locality 3 showed radiolarian fauna that was nearly
identical to that present at locality 2, and identified the
fauna as the equivalent of the Follicucullus bipartitus—
Follicucullus charveti Assembladge proposed by Ishiga
(1986b). Recently, Nakae (2011) reported an additional
occurrence of radiolarian fossils found in siliceous and
tuffaceous mudstones at locality 4. There were Caule-
tella manica (De Wever et Caridroit), Ishigaum sp. cf.

L trifustis De Wever et Caridroit, Ishigaum sp. cf. L.
obesum De Wever et Caridroit, Raciditor sp., Stigmo-
sphaerostylus sp. and others.

The age of the Higashimata Complex can thus be de-
termined by the co-occurrence of the above radiolarian
fossils, and indicate the late Middle to Late Permian
Period (Umeda, 1986; Umeda and Hattori, 1987; Um-
eda et al., 1996; Nakae, 2011).
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