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T ransi»tion" of voleanism Viewed from tephra marker beds in the early
Phocene Shnya Formation of the Chuo and Nishiyama Oil Flelds
in the Nugata region, central Japan
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KUROKAWA Katsuki* * IKEHATA Junka ** and HIRANAKA Hironori***

Abstract

Early Pliocene tephra marker beds in the Shiiya Formation in the Chuo and Nishiyama Oil Fields of the
Niigata sedimentary baisin,'central Japan, were described in their horizon, field occurrence and petrograhy.
Chemical composition of glass shards of these tephras was also shown. The Shiiya Formation is 5.3-4.3
Ma‘ in age and intercalates more than 20 tephra beds. Among these, the Gtp, Km-1, Km-2, Ckz, Ztg, Obg,
Nlg and Cbg Tephra Beds can'be traced through the surveyed area more than 30km. In the early half of the
Shiiya stage (5.3-4.7Ma), tephra beds are found only 1 bed per 150,000 years and gravity flow deposits
dominate, while in the later half (4.7#4.3Ma), they are frequently intercalated as 1 bed per 20,000 years and
fallout deposits dominate. Most of these tephras are rhyolitic in composition, among ‘which the Km-2
Tephra (about 4.5Ma) is'per-aluminous and the Obg Tephra (about 4.4Ma) is low in CaO content (about
0.4%). The Cbg Tephra (about 4.3Ma) is alkali-rhyolitic and bluish-gray in color. It shows high alkali
contents (K20=5.4% -and NazO=4.4%), which is an unique tephra in the Plio-Pleistocene in the Niigata
region. »

Key words : tephra early Phocene Shuya Formation, Niigata; Km Tephra Bed, Obg Tephra Bed
" Cbg Tephra Bed,: tephrostratlgraphy, transition of volcanism
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Fig.1. Location of the (A) Gomoto River route in the Nishiyama Oil Field and (B) Shimoaida and Jorakuji routes
in the Chuo Oil Field, Niigata Prefecture, central Japan. Location of the representative tephra beds are
also shown (Maps of A and B are after 1:25,000 [Teradomari], [Izumozaki| and [ Nishiyama | by

Geographical Survey Institute of Japan).
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Fig.2. Intercalated tephra beds in the Shiiya Formation (lower Pliocene) in the Chuo and
Nishiyama Oil Fields, Niigata sedimentary basin, central Japan. '
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Fig.3. Field occurrence of the Gtp Tephra Beds at Gomoto, Teradomari Town in the
Nishiyama Qil Field. Total thickness is about 10m.

Fig.4. Components of the Gtp Tephra at Gomoto in 3-4¢) fraction (the width of the
photograph is 1.2mm. The photo was taken rotating the upper nicol 30° from the
crossed position. The following photographs were taken under the same conditions).
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Fig.7. Chemical composition of glass shards in SiO;-oxides diagrams in weight%. Samples of the Gtp Tephra at
.Gomoto, the Mkp at Gomoto and Makushima, Teradomari Town and the Smp Tephra at Gomoto (total
" oxides were converted to 100wt.% as same in the following diagrams).
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Fig.8. Field occurrence of the Smp Tephra Beds at Gomoto, Teradomari Town. Total
thickness is about 250cm. Pumice clasts up to 4¢m are contaied (left upwards).

o

Fig.9. Components of the Smp Tephra at Gomoto. Fiber and platy types of glass shards are
characteristic.
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Fig.10. Field occurrence of the Nob Tephra Beds in the Shiiya Formation at Chuei, Mishima
Town in the Chuo Oil Field. The Nob-1 Tephra Bed is 10cm thick, and the Nob-2,
80cm above the Nob-1, is 13cm thick.

Fig.11. Components of the Nob-1 Tephra at Chuei. Micropumice type glass shards are
characteristic.
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Fig.12. Chemical composition of glass shards of the Nob-1 at Chuei and at Shimoaida and Jorakuji in Izumozaki
Town. Glass shards in the Cpll-1 Tephra Bed at Chuei and Jorakuji in the Chuo Oil Belt were also

shown.
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Fig.13. Field occurrence of the Sima Tephra Bed in the Shiiya Formation at Shimoaida in Iz
umozaki Town. The Sima is 25cm thick and laminated (left upwards).

Fig.14. Components of the Sima Tephra at Shimoaida. Volcanic rock fragments are
contained.
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Fig.15. Field occurrence of the Cpll Tephra Beds at Chuei. The total thickness of the Cpll is
more than 120cm. The Cpll-1 Tephra Bed at base is 24cm thick and cross-laminated.

Fig.16. Components of the Cpll-1 Tephra at Chuei. Platy glass shards are dominant.
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Fig.17. Field occurrence of the Km-1 Tephra Bed at Shimoaida. The Km-1 is 22cm thick and
normally graded. The basal 7cm is abundant in hornblende crystals (right upwards).

Fig.18. Components of the Km-1 Tephra at Shimoaida. Micropﬁmice type glass shards are
characteristic. ’
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Fig.19. Chemical composition of glass shards of the Km-1 at Jorakuji and the Nkm Tephra in the Nakayama
Formation in Sado Islands, which was correlated to the Km-1 Tephra Bed (Kurokawa and Tomita,
1995). The glass shards in the Nlg-3 (Gkd-1) and Nlg-4 (Gkd-2) in the Shiiya Formation at Gomoto are

also shown.
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Fig.20. Field occurrence of the Km-2 Tephra Bed at Shimoaida. The Km-2 is 4cm thick (left
upwards). ’

Fig.21. Components of the Km-2 Tephra at Shimoaida. Fiber and micropumice type glass
shards are characteristic.
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Fig.22. Field occurrence of the Km-3 Tephra Bed at Shimoaida. The Km-3 is 2cm thick (left
upwards).

Fig.23. Components of the Km-3 Tephra at Jorakuji. Platy glass shards are characteristic.
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Fig.24. Chemical composition of glass shards of the Km-2 and Km-3 at Jorakuji, the Obg at Shimoaida and the
Cbg (Gsr) at Gomoto in the the Shiiya Formation.
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Fig.25. Field occurrence of the Ztg-1 Tephra Bed at Shimoaida. The Ztg-1 is 12cm thick
(right upwards). ’ .

Fig.26. Components of the Ztg Tephra at west of the Sochi Pass, Kashiwazaki City.
Micropumice type glass shards are characteristic.
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Fig.27. Field occurrence of the Ztg-3 Tephra Bed at Shimoaida. The Ztg-3 is 7cm thick (left
upwards).

Fig.28. Field occurrence of the Ckz-1 Tephra Bed at west of the Sochi Pass, Kashiwazaki
City (7cm thick). Ckz Tephra is composed of melanocratic andesitic volcanic sands
(Kurokawa et al.,1992b).
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Fig.29. Chemical composition of glass shards of the Ztg-1, Ztg-2 and Ztg-3 Tephra Beds in the Shiiya
Formation. They show si»milar composition and remarkable bimodal character. ‘
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Fig.31.
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Fig.30. Field occurrence of the Job Tephra Bed at Jorakuji. The Job is 20cm thick.

v

Components of the Job Tephra at Jorakuji. Platy and bubble-junction type glass
shards are characteristic. High-quartz crystal is contained.
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Fig.32. Field occurrence of the Simpl Tephra Bed at Shimoaida. The Simpl is 20cm thick
(left upwards).

s

Fig.33. Components of the Simpl Tephra Bed at Shimoaida. Platy glass shards predominate.
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Fig.34. Field occurrence of the Simp Tephra Bed at Shimoaida. The Simpis 100cm thick and
shows turbidite sequence (left upwards).

Fig.35. Components of the Simp Tephra Bed at Shimoaida. Platy glass shards predominate
and high-quartz is contained. )
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Fig.36. Chemical composition of glass shards of the Job Tephra at Jorakuji and Simpl and Simp Tephras at

Shimoaida in the Shiiya Formation.
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Fig.37. Field occurrence of the Simu Tephra Bed (left, 40cm thick) and the Obg Tephra Bed
(right, 18cm thick) in the Shiiya Formation at Shimoaida (right upwards).

B

Fig.38. Components of the Simu Tephra at Shimoaida. Volcanic rock fragments are
contained.
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Fig.39. Field occurrence of thé Obg Tephra Bed at Yémada, Teradomari Town in the
Nishiyama Oil Field (13cm thick)(Kurokawa et al, 1992a). '

Fig.40. Components of the Obg Tephra at Yamada, at its type locality. Platy and fiber glass
shards predominate.
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Fig.41. Field occurrence of the Obg Tephra Bed at Shimoaida, Izumozaki Town in the Chuo
Qil Field (18cm thick)(right upwards).

Fig.42. Components of the Obg Tephra at Shimoaida. Platy and fiber glass shards
predominate.
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Table 1. Chemical composition of glass shards of the Obg Tephra in the upper Shiiya
Formation at Shimoaida, Izumozaki Town. Average is shown in bottom right.

Sample name  Obg (Shimoaida)

Si02 6861 69.26 69.82 69.52 68.15 6930 6851 69.54 6848 6893 69.48
Ti0O2 010 010 006 -0.08 008 005 004 013 013 010 017
AI203 1161 1174 1215 1212 1191 1227 1177 11.64 1220 11.84 11.90
FeO* 108 093 102 = LI3 106 125 125 097 104 119 116
MnO 000 000 001 000 000 003 000 000 000 003 000
MgO 002 000 000 000 002 005 001 002 002 000 000
CaO 028 034 038 041 036 040 042 041 038 038 035
Na20 353 341 368 373 343 371 358 308 349 365 3.14

Si02 7636 7692 7605 7595 76.16 7557 7595 77.13 75.74 76.04 76.66
TiO2 011 012 007 008 008 006 004 014 014 0.0 0.19
AI203 1292 13.04 1323 1325 1330 1338 13.04 1291 13.50 13.06 13.13
FeO* 121 1.04 111 123 118 136 139 107 115 132 128
MnO 000 000 001 000 000 003 000 000 000 004 000
MgO 002 000 000 000 002 005 001 002 003 000 0.00
CaO 031 037 042 045 040 044 046 046 042 042 039
Na20 393 378 401 408 383 4.04 397 341 386 403 347

Total  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

* : Total as FeO
Sample name  Obg (Shimoaida) Ave.
SiO2 67.94 69.27 6892 6779 6846 6825 68.06 6927 69.25 68.84
TiO2 0.10 007 007 015 008 012 009 008 007 0.09
Al203  11.73 11.72 1220 11.88 11.73 1198 1219 12.00 12.02 11.93
FeO* 102 119 115 110 1.00 1.07 1.03 1.02 1.04 1.08
MnO 003 000 001 000 000 007 0.00 000 0.00 0.01
MgO 0.00 000 001 00l 000 0.01 003 0.00 0.00 0.01
Ca0 032 038 037 037 035 040 040 037 033 0.37
Na20 361 340 391 371 347 331 369 3.02 3.8 ’ 3.51
K20 442 431 445 440 457 446 467 383 470 449
Total 89.15 9032 91.09 89.41 89.64 89.68 90.16 89.58 90.98 90.32
Si02 76.21 76.69 75.66 7582 7637 7611 7549 7732 76.11 76.22
TiO2 011 0.08 0.08 017 009 0.14 010 0.09 0.08 0.10
Al203  13.15 1297 1340 1329 13.08 1336 1352 1340 13.21 13.21
FeO* .14 131 126 123 112 120 114 114 1.14 1.20
MnO 003 0.00 001 0.00 000 0.07 000 000 0.00 0.01
MgO 0.00 000 002 0.01 000 001 0.04 000 000 0.01
CaO 035 042 041 041 038 045 044 042 036 0.41
Na20 405 376 429 415 387 3.69 409 337 394 3.88
K20 495 477 488 4.92 509 498 5.18 427 517 4.97
Total 100,00 100.00 100.00 100.00 100.00 100,00 100.00 100.00 100.00 100.00

* : Total as FeO
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Fig.43. Field occurrence of the Cbg Tephra Bed in the uppermost Shiiya Formation at
Gomoto, Teradomari Town in the Nishiyama Oil Field. The Cbg (Gsr) Tephra is
bluish in color and 25cm thick.
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Fig.44. Field occurrence of the Obg Tephra Bed in the upper Shiiya Formation at Shimoaida,
Izumozaki Town in the Chuo Oil Field. The Obg Tephra Bed is 18cm thick and
partly bluish colored (actual outcrop is almost vertical as shown in Fig.41).
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Fig.45. Field occurrence of the Nig-2 Tephra Bed in the uppermost Shiiya Formation at
Gomoto, Teradomari Town. The Nlg-2 (Zc) Tephra is 45cm thick and remarkably
laminated.
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Fig.46. Components of the Nlg-2 Tephra Bed at Chuei in the Chuo Oil Field (55cm thick).
Hornblende crystals are abundant and apatite is a ssociated (bottom right).
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Fig.47. Field occurrence of the Cbg Tephra Bed at west of the Sochi Pass, Kashiwazaki City
(24cm thick) (Kurokawa et al.,1992b).

Fig.48. Components of the Cbg Tephra at Katsurazawa, Izumozaki Town in the Chuo Oil
Field. Thin platy and fibrously vesiculated glass shards are characteristic.
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Table 2. Chemical composition of glass shards of the Cbg Tephra in the uppermost
Shiiyg Formation at Gomoto, Teradomari Town. Average is also shown.

Sample name  Cbg (Gomoto)

Sio2 6772 67.97
TiO2 0.18 0.1
ARO3 11.88 11.92
FeO* 263 235
MnO 0.00  0.13
MgO 0.00  0.01
Ca0 032 032
Na20  4.18 428

66.61 6788 67.18 6674 66.55 6542 6603 6565 65.63 6577
011 014 014 014 015 007 014 0.18 015 014
11.73 1195 12.08 1195 1193 11,67 1176 11.79 1191 11.83
246 2,63 224 241 247 224 237 239 246 246
012 0.07 004 005 001 008 000 013 009 0.11
0.01 003 004 004 0.01 004 002 001 003 0.03
030 037 037 034 035 030 032 028 031 029
389 404 396 422 395 398 375 337 393 442

Total 100.00 100.00

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

* : Total as FeO

Sample name  Cbg (Gomoto) Ave.

Si02 67.60 67.67
TiO2 0.13 0.17
Al203 1235 12.02
FeO* 245 234
MnO 0.11  0.03
MgO 0.00  0.00
Ca0 038 035
Na20 3.87 432

68.28 68.10 6743 66.21 6721 6577 67.72 68.50 6852 67.05
012 016 015 013 021 018 .017 016 022 0.5
11.98 12.02 1199 1197 1193 11.73 11.82 12.17 12.06 11.93
202 241 224 233 257 233 239 246 245 240
001 0.03 010 000 007 008 009 000 0.00 0.06
0.02 002 002 001 003 004 001 002 002 002
036 032 032 034 029 031 036 032 030 033
375 431 427 427 431 352 379 402 379 401

Total  100.00 100.00

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

* : Total as FeO
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(RREAFES) #ERHOObpIEHER Y Z
AN, VEOBET T AW LY T RBEKLUE
KFa&t, HREMIRNV YT VYR - RTEE,
B4, MANEL A%\, THHEOObpsIE, X
FOLEHEBERNZ 208, BrCRFELEEN
5, VEDBEIIZAEEL, REEMIINTE
. RSNVVT VYR, BEMHBE L, BT ERE
A, BNAG. YIVvavEED, Gms- 1 1I30R0HEF
DEHBRY S ZHE 0D, RERbEENS, &
BOBEN S 2% &L, BOEMIIATER L B
BONEL, VEOREHMERNV YT VYRS
I7, Gms- 2134 5 B KILERBE L. BELD
ICBERHNE, ‘

20, BEFSIRATF4v RFIRLATI5H (N
(B)11iZ A, 1987)
(BERh]) FFRETE A
(B - 977 « BER) HAB LW, "V T VYK
DREGIZBELSITORELLT 7 IR T, B
TIRABOEETH S, FHNEF» OEFEES
¥ C. BmHEIESCX < ERT 5, BRIV— b
KHENT, Km-1 D13BmEMICRET HERY 7
(Zc) (J& B45cm) (Fig. 45) (T8 8 1% A, 1999) HNig
(Nig-2) kXEEND, F7ZcD60cm TARLDHHY
Fiigk ¥ 7 (Osm). BXU30ecm FRLD I v 44K
575 (BE15cm) (Nlg-1) BLXVZcE LD7 Y
=itk y 7 (Fms) R®F OF 5m AL DA LHE 5
7 (Gkd-1, Gkd-2) EWInNbHRNV VT VY R
xS BN I AERET 7 7B T, NigiZxh
En5, i (Gkd-1) (BE73cm) »°Nig-3 12,
(Gkd- 2) (JB/E26cm) A'Nig- 4 IZHYT 5, R
HTIIHEEEEF N H/K ./ REMER TIIAEL
BTt B EE T £ T, RECIIALNSESTE
FHHEOBK E TEMENS (B - RE, 1990),
Xk NV— FNTCRRZX/—v vy FRZBWT, 4BHM
NDFT75BTH5bH, Nlg-1 (BBE25cm) D22cm b
LIz )V NE%x A TNIg- 2 (BE55cm) A EEHAET
%, ZD28m A7IzNIg-3 (BE320cm) 2%, £
35cm_kfzizNIg- 4 (BE130cm) 2 RFET 5,
(REMELYEHR) WIhd KB ERRER
BROFEIEMNE N, BENDH T XIRRHEFED
SHBEMTHDH, HOEMIIFN VT VY EEL
(Fig. 46). AI5¥EA. BEANER., SV, BRILKR NV
VILVYRORN, BER. VAKAE, #I V7 b
VERESLIEN DB,
(kA 5 2 Db RL] Fig. 191278 L7z, Nlg-3

ENig-4 & I3EL L fE%R L, TiO, %30. 15—

0.35% & LEBEHEWEZRT, XNaOid2 8—

3. 3%RE. K.0132.7-3. 4% BETH D,

21, hkHFARHFSAET T IR (Cbg) (RJIIZ
2>, 1989)
(RH) =BEHKDY = v FD-k
(B#e « 47 » EEIR) HEABE R LI, Nig-4 D30
700cm_E AL IZ R EET 5, BAM TIiINIgD120cm L
frizBetE L, BE24cm, FRMH TX < HEm L,
HERRTE )2 5/hK/ REMRETIHRTHE
(FHE)NV—1) T, BETCIMETEE B
B24cm) (Fig.47) ¥ TEBHF N5 EIIZ 2,
1992b), #&H TEBAR)INV— PIZEBWTZcD
6mERLICHRAET AMAAEEY 7 (Gsr) (FEMBIZ
A, 1999) (BE25cm) (Fig. 43) 23CbgiZ XX 5,
RDRF®REF O S RET 7 T T, BARED
By ARZZFELTHI=y A 2EIEDIR
T, FOZ=v b (7cm) OEEICIIFTNFITS
IFRRBNG, E IOz y b (17ecm) O
BEliRBEWwWsoxTIFRRHON5E, XTI
Nlg- 4 ®120cm EA7 1237 L, BE25cm, £ D kAL
DEKEY )V NELEREHUP TN S, HERHETA
ZATIIEE2lemT, 2O LI HEE 2 —10cm
DEXKEH S ZBT 7 IBN5BERD B,
1989), FHIH L — F TIZEB OB AIZAIE L.
B E12cm,
(GERMELENER) 75 2BET, #7X3EFD
(REM & ThRIANRE LT WA (Fig. 48), L EDH
&h 5 2EEl, BREWIV VR, RV TV
VR, BHER, BER., 8%, BAEA DD,
PEOBNAG., DVAKE, PNVvay, TVHIVA
BiA. BERAZETL,
(KL H 5 2 DAL MR Fig. 243 & ' Table 2 IZ7R
Lize BBDEDIZT VA Y EFeO (2.4—2 9%
) I2E &, CaOlzZ LTIV Y TkCEE DMK
ERT

R - BLHFOT IS BN S HT=
BFHAIMONLEROLE

1. BAROHBEEL TISROERDHTE

Baichk - BILMEIC BT AHABDT 7 T8
DEREWET 5, BAEIXETF75E (Gtp)
OERIZONTIE, BRIV— BT, TEHIR
> (2001) 13 Milliamia echigoensis DO HBEED
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B LEZHDZ &R BUEAL A S Stylacontarium
acquilonium Zone/ Spongurus pylomaticus Zone 55
F (5.2Ma) HGtpT 7 FBORHIZHEI NS Z &
"6, ZOEREL 2MarFN L VO THIZEH L
BETHAIEHEL TS, LT, KATIE
GtpDHEM %S 2Mal 5, —F., Gtpk W _EATOHE
BEDOT 7 7B OEREZHET AHEN 2T — 713
BNDT, HEDHEEERE»SBB X ZDEREH
ETHIEIT D, Tizbhb, PRMEOEMT N
AT DRERBIZHE N T, #3.9Mak Xh
TWwaZnp (Ylg) 7758 (W« 2Jil, 2003) @
#27Tm EGLIZ§93. 6Mak X5 Ymp (Ojw-1) 57
FRE (BN, 1999) HEFE LTV 3 (BJI1F A 2002),
L7282 > TZ OO HHEREE 1327m / 0. 3m. y.
= 9cm/ 1000year& 72 5, —7F, HRMH D Fk
V—MIBWTIE, CbgT 7 78 D#I55m LIz
EESWREE XA TInp (Yig) 77 5B E
LT3, Hk)V— b DCbg—Znpl] ) HE RS B %
AR WAL DZnp—YmpRl D HEREEE D1 SERE &
ZzNnE, CbgT 7 7B DERIIBE &L %4. 3Mak
RELHN 5,

STHRMFEOEREFN— MROTHEN— ME
WTI, Gtpk D L OHERE D28 B 13360mAl#
THY, Km-1 77 FBI3Gtp X V#300m_ 61z 5
b —H., BEUREH ORIV — MzBW T, #
AREDLERII30mIATETHY, Km-1 7758
BHEABDEEL VNS M THD, Lz
T, Gtp&Km-1 ORO#BEDEX EKm-1 &Y |
OB DEX H N2 E, FREE T13300m :
60m=283:17CTH V., FHILmFHILLOBA)I N — »
Tld115m : 156m=43 : 57+ 72V, ZDHAE L
TWd, Tbb, Km-1 XV FROHEAE T hE
WHEDOAVBEARNNIV—FEVEHELS, Km-1 L9
SLOMEABIIBARINNV—FDFREN, 2D &
B PREHICEDTCIHESEOBHIZRERE £7-
BREEBWRERE T, sbbh—E LI-#ERE
HPEEIND, Zhicx L, FELmE QA —
FTIEKm-1 XU FHTIIHBCEWRRHERY
EIZX 2B OHIFOTEEM L E 2 5., F£7/-Km-
1 &V ENTREE LT EBBRRELETHY,
LR T, BRE UL TOMBE DR EE 13 R
WHEV—BL T EWEEZDBND, Lizpis
T, SE BB DT 7 SBOEREHEE T HDIZ,
PRH ICBT AR OHREE 2 —E L HEL
T, HEDEX TH#5 L=,

BB DX DIz, HERE D TROEMRIZFS. SMa.

GtpDFRIL#95. 2Ma, R IZH 244 BChgDF AL
384 SMas R I NS, FREH THEEV— M
FWT, GtphHCbgE THOEXIZHB0MTH Y,
N5 FHEHERE EE 13360m /0. 9m. y. =40cm /
1000year& 72 5, L7-4% > TKm-1D 4134 5Ma
IR EHEIN D, FEEIZ LT, Jspidd 85Mafi
. Nobl34. 65Mafiif%, Cpllli4. 55Mafii#%. Obgid
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1. KWK Z 2 DK.08, & & UCaOF #Fig. 4912
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M H#94. 3Ma) THROD & 5 IR A B FEA TN
B,
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DD T 7 T B OBAEBEEIIE D, BT
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E13Gtp, Mkp. Jsp. SmpT, BEXZFI5HEIC 1
T8 BEO=v N OEEERD, SEW
ZIZAREEENTER, FNICEEREY D
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Fig.49. Early Pliocene representative Tephra Beds in the Shiiya and Hamatsuda (lower Ni.shiyama) Formations
in the Chuo and Nishiya Oil Fields of central Niigata region. Main constituent mafic minerals and main
ranges of the K:O and CaO contents of glass shards of these tephras are repesented.
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B0 AN BE L INSDFTHEWMELRT, H
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ErE< (EIl-8H, 199%). ZoE#Hos 75
BORHBD—DThoHEEZOND, £/-0bgDH
F Z1INa,0=3.4% Hik, K. 0=5.3%EE L 7
WA ) DIRRE N,

b, HEEMIZRLYTLYEREVNTFTS
BOEDCHANV YTV ENRENWTFT75& LT

Km- 1., Ztg (@8HE) HLUNg BEHE) S

BkEIZEH10BI< BRoN. ZOIO—D D
BE>TWB, $H-ZtgPNgh CHEEE, 5B
MENDT 7T, TNTNEBRELEFHNICD,
Ao Z2DbFEHE (Fig. 29, Fig. 19) 8L L. #
NENFA—D< I7<RBETHHEEZBND,

¢ FLHYFEHEETTS —Cbg—
HERBOR EMICRET 2P XFIKEHN T BT
75 (Cbg) BWHHNTHADOEFKELZTRT (Fig.
43), CogDH T 2RI TNV H ) FEETH
% (Fig.24, Table2), /bbb, Si0.1X74%Hi%
T, K:0%%. 4%, Na,00'3. 7%RE T, K7 I
A1) & (Na;0+K:0) 139 I%BRETH5H, F7-FeO
32.6%BETH 5B, ZD—F, Ca0i30.37% . &
B, MgOI30. 3% RBE LEV., ZDXIRHFTZD
EFEMBIZ N TN TV ) s OB EIC 83T
%5, Chgld BAJI NV — b5 Z DO FH#20kmD 4
BigH (Fig. 47) F TEEI320—30cmfRE TAH
HRfIABELERE T, OB THE I EHHR
KRKOBTT 75 ThHAEEZLND, ZDTT5D
BRRIXBETE VWA, —DORERE L TERE
REERENEXBNLD,

d. EREYITHABEENENTDS
Z i iZSimplds & USimpASHYS 4 5, K a4
ELTRAIERDIED, "NV T VYR, BER,

BRER R EZEATHS, ZNHDTF 75D KIL
#HFZF (@) DRERNEZ VT 7512 5XRTK,0
D2.3-3 0%BELEN, £-ZNHI BT
TiO., FeO, MgO, CaOnimW\WEms b5,

e. FAMMICHARER - BHBENASLVTFOS
ZNiZi3Sima, Jgle, Ckz (EHE) »RXbH 5, =
NBEH T AERET, KIWERFEELE0, Th
5134. 6—4. AMMafhE DEEEIZEF LT 5,

¥ L O

1. HEBEHR - mLUMFOHSE (5.3—4.3Ma)
DT 7 TE0HBIZONWT, TOEEE, ERBX
VREE A2 ERE K OKILT 5 X DL
ZOoWTHE L, 775 BF %/ L L. £
Km-3 i EFii-ler 7 SBEBBIR LI,

2. BB OEXIZ., FREETIIEEHM 1 (Km
-7 7SBLV TROEABLZD LIV b
BEholex LT, #ElmmE EAR)IV— 1) Tk
ZOBFRIHE L T\ 5E, FRIHHIZHITIHS
& D HHERE FE 13 40cm / 1000yearTH 5,

3 MREBFOT 7 IRBOHREHE X Z DR 5.3
—4.7Ma) TRV, Z20%k¥E 4 Ma—
4.3Ma) TIIBBLZ2FEIZ1BOESTRE
END, LELENETT 7 5BHRE, |

4 HEWZRZE 2 DLOIEET D, BRI
BERNENWT 7 58134 TMaRi#& DNobLk ¥ |

CALIZE N, HEBRRE LI DObg (4. 4Mafij%) 13Ca0
A0 4% BEDEVEE R, FHAER L5
(4. 3Mafiitk) Id 7V ) AUEE OCbght &
HaEhd, Cbg7 7 FBRIEHNCEREERTHE
BT 7SBTH D,

x ®

B B« AR 3he SE Oy - EOF0E .
it FEFE(2001) HFBR BB~z kTS
HETH - TR AR OMICRB R, WEYME.
107% 9 5, 565—584,

MO - BJIBEC (2003) HHBHIRDZnpT 7 5
fE & B#¥-EDANSST 7 78 & DX DORE,
XREB LR EEMSREREE ([KEF 75
IZ X5 BARFIETHFHE~ THREFHKOBE L
(FEMHFEC ; FRRERER/IBEC). 309315,

Hilgen, F. (1991) Extension of the astronomically
_calibrated polarity time scale to the Mioce /



FRESDR « FLHHICH T IHESE (TREFR 07 7 7BF L KINEBHOXE 41

Pliocene boundary. Earth Planet. Sci. Lett ., n0.107,
349-368,

INPR B RE o STETERR - R R (1993)  HERH
HMOME, MwSHERERE (5570 1 HEN
8. WEHAER. 1-91

2SS (1999 FREMIRIZE T 5 ERE~RB
BEOKLUKERF, Ariifitsst. 64515,
80—93,

B[S AL T - BEFEE - ERBETF (1992a)
FREELUMEOME - LT 7 78BN DA
PR & IKTVE OSBRI ONWT —, iR
AHERE (BARBIEM . 33525, 101-163,

BB« AULF T - RERZ (1989) HREF
R IR BT AHERE - BILEHOKERER
775, FIRAKERLE (BRABEHR . 3052
5. 3964,

B)IIBC - PEES - K EFE (1992b) FREF

CRMEEROBE -7 7 TEEIC X HEHHOR
FABEDRE—, FIRAHELE (BRMFE
MR, ME1S, 9-59

BIIBC R — - EOM (2002) R
L T~ EH T ORE T 75, BAX
HWEFLE109FEFMAE RFRTERNE, 119—
129,

Kurokawa, K., Sakai, H., Noguchi, N. and Higuchi,
Y. (2002) Tephra marker beds and their corre
lation in the Higashiyama Hills, east of Nagaoka
City (Part2) : detection of the Znp and Ysc Tephra

Beds in Pliocene series and their significance.
Mem. Fac. Educ. & Human Sci. (Natural Sci),
Niigata Univ .; vol.5, no.1, 41-68,

BIBC - RERZ (1990) FiBE R HR
BT BKEREET 75 & 2O, FRAHK
HRE (ARMFRE . 31%25, 5387,

BB - SRR - EHET « T -
BIFETF BERESE - ¥ iEF (1987) #H
B L AL IC B AHERE - BEILE T OKE
WET 75, FERKAEHE (BARBER). 205
15, 1—-14,

BIIBC s EHHBT (19%) XEEEAHSICST
BeIfE « WA FOKILKE & Z D5, HR
KBBERE (BARBYMR. 37815, 13-65

BART s =8 B - BETESE - PULHE -
BEEE (1974 FBREL - pREHOHE,
B AT E250— 15, 6795,

HA AT« ILEESHE - KEFEF (2003) FREXK
BT 5 4 MatH DRI K ILIKTE : i CRIBRERE)
—W/ANs JtEEER) —Ya—5 (FEILE) KUK
Boxtt, AAMBEYLBIEELERES,

EEE— - ARLIUES - EHE—B (1999) HR
B TEILMHERRIRNOFE=ZRY -5 A
Netr 7 vy ¥ 3 v OHERFR BRI,
BRETAR. 50% 15, 27—48,

HAE 1976) KREHDOKILKEIZDOWT,
HEMEE, 82% 85, 497515,



	無題
	無題
	無題

