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Paleo - water mass structure during the deposition of middle part
of the Omma Formation based on the change of ostracode assemblage
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Abstract

Paleo - water mass structure is usually difficult to reconstruct in the geologic record unless key beds
such as tephras are widely distributed and cover extensive paleogeographic environments. In some
special occasions, however, even a single columnar section would provide enough information to
estimate the paleo - water mass structure. An outcrop at Yuhidera area as well as Okuwa area in
Kanazawa, central Japan presents the lower Pleistocene marine sediments which were formed by a
couple of glacio - eustatic sea level changes with 40, 000 years interval. Successive analyses of
lithofacies along with molluscan and ostracode assemblage changes within a correlated cyclic
sediments between the two areas illustrate that the paleo - water depth increases from the base of
the cycle to the upper horizon, then decreases to the uppermost. The vertical change of ostracode
assemblages found in the Yuhidera area, most notably the drastic change from the deep part of
Tsushima Warm Current assemblage to the Japan Sea Proper Water assemblage at the upper horizon,
was in accordance with water depth increase up to the maximum. Therefore, based on the analogy of
the present water mass structure, the thickness of the Paleo - Tsushima Warm Current around the
maximum transgression time was estimated to be about 150 m off the Japan Sea coast near
Kanazawa around 1. 3 Ma.
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Fig. 1. Simplified geological map of the Omma Formation around
Kanazawa City, showing studied localities, modified from Hasegawa (197
9). Loc, 1 ;Okuwa, Loc, 2 ; Yuhidera.
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Fig. 2. Columnar sections which cover the Cycle 2 of the Omma
Formation at Okuwa (Loc. 1) and Yuhidera (Loc. 2), showing the
correlation and sampling levels of two localities. Dotted lines represent the

inferred correlation levels.
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Fig, 3. Dendrogram from Q-mode cluster analysis of similarity ofll
samples in this study. Three patterns show three sample groups which are

defined by the dissimilarity value of one.
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Tablel.

Individual number of the ostracode species from the Omma Formation.

species name/ sample aumber

C2-1

C2-2

C2-3

C24

C3-1

Y-2

Y-3

Y4

Y-5

Y-

o)}

Y-7

1 Acanthocythereis dunelmensis (Norman)

14

2 A. cf. dunelmensis (Norman)

23

[ RIS

3 A. mutsuensis Ishizaki

4 Acuticythereis? cf. sendaiensis [shizaki

S Ambtonia obai (Ishizaki)

(5]

6 Amphileberis nipponica (Yajima)

[ R 1%

7 Aurila cymba (Brady)

B8 A.sp.

9 Bicornucythere bisanensis {Okubo)

(8]

10 Bradleya ¢f. nuda Benson

29

11 Callistocythere alata Hanai

12 C. undulatifacialis Hanai

13 Cornucoquimba tosaensis (Ishizaki)

12

2

14 C. sp.

15 Cythere spp.

16 Cytherois asamushiensis Ishizaki

— = IS D ) —

17 Cytheropteron alatum Sars

18 C. miurense Hunai

19 C. sawanense Hanai

20 C. subuchioi Zhao

21 C. uchioi Hanai

—|ais]—

22 C. aff. arcuatum Brady, Crosskey & Robinson

23 C. alf. nodosoalatum Neale and Howe

24 Falsobuntonia taiwanica Malz

120

25 Finmarchinella uranipponica Ishizaki

26 Hemicythere sp.

12

27 Hirstocythere hanaii Ishizaki

%)

28 Howeina higashimeyacnsis Ishizaki

29 Johnnealella nopporensis Hanai & Ikeya

30 Kotoracythere sp.

31 Loxoconcha "lacta" Ishizaki

32 L optima Ishizaki

33 L. ozawai Tabuki

34 L. subkotoraforma Ishizaki

w

35 L. viva Ishizaki

85

[

36 L. afl. ozawai Tabuki

bt 104

37 L. off. tamakazura Yajima

[

38 Metacytheropleron sp.

[

39 Munseyella hatatatensis (Ishizaki)

12

40 M. hokkaidoana (Hanai)

oo | —

41 Neocytherideis sp.

42 Neonesidea oligodentata  (Kajiyama)

43 Normanicythere? sp.

44 Pacambocythere ucarinata (Ishizaki)

(&)

45 Paijenborchella hanaii Tabuki

46 P. incosa Kingma

47 P. tsurugasakensis Tabuki

48 Palmenella limicola (Norman)

[

49 Pistocythercis bradyformis (Ishizaki)

50 Pontocythere miurensis (Hanai)

51 P. subjaponica (Hanai)

D19

52 Robertsonites reticuliforma (Ishizaki)

o

12

[

[3%3

53 R. tsugaruana Tabuki

54 Schizocythere kishinouyei (Kajiyama)

[

— it

55 Sinocytheridea cf. impressa (Brady)

56 Spinileberis thomboidaris Chen

[l

6

57 Trachyleberis niitsumai (Ishizaki)

— o

58 T. scabrocuneata (Brady)

S59T. sp.

o

60 Xestoleberis spp.

61 Yezocythere hayashii Hanai & Ikeya

10—

wl—]=lofw

45

indetermined

total number

93

113

19

69

36

P

213

51
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Characteristic species

shallow-cold species

Acuticythereis? cf. sendaiensis |shizaki
Johnnealella nopporoensis Hanai and lkeya
Loxoconcha optima |shizaki

Yezocythere hayashii Hanai and lkeya

shallow-warm species

Ambtonia obai (Ishizaki)
Loxoconcha viva |shizaki
Sinocytheridea cf. impressa (Brady)
deep-warm species
Amphileberis nipponica (Yajima)
Bradleya cf. nuda Benson
Cytheropteron uchioi Hanai
Cytheropteron subuchioi Zhao

Hirstocythere hanaii |shizaki
Pacambocythere ucarinata (Ishizaki)

Japan Sea Proper Water species

Acanthocythereis dunelmensis (Norman)
Acanthocythereis cf. dunelmensis (Norman)
Palmenella limicola (Norman)
Robertsonites reticuliforma (lshizaki)
Robertsonites tsugaruana Tabuki

X 4 : FHAR THW-NEEORENEE,
Fig. 4. Listof the environmentally characteristic species of ostracodes

from the Omma Formation.
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T3 (Bodergat and Ikeya, 1988 Frydl, 1982 : Ikeyaand Suzuki, 1991 ; Ishizaki, 1969 ;
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shallow-cold shallow-warm deep-warm
species

species

JSPW
species

0 255075100% 0 20406080% 0 10 20 30% O 5%
-~ 1 | 11 | | 1 ! 1 | I I I |
Cycle 3 {34 C3-1
C2-4 r i
a\
9 C2-3 2
0 [
9 04
@)
(C2-2)
1m:[| C2-1
0 _—
Cycle 1
Legend
™ basal shell bed tuff
;) well-sorted fine grained
111 sandstone O~ | shell fossils
muddy fine to very
fine-grained sandstone v | trace fossils
very fine-grained sandstone | sampling horizons

with overprinted burrows

[5 k8 HE1) OYA 2 2HENERR L SEEENEISDER
it AvIENEREFIEACER LU > 2BE%E2RL, 77794

DEVEAIL 0 %ERY.

Fig, 5.  Stratigraphic changes of the ratio of ostracode characteristic
species at Okuwa (Loc, 1), The sample number in a parenthesis shows the

sample which is barren in ostracode specimens. White squares in graphs

indicate 0 %.

152




REHHEOCEEEL, TAIN2BLIUPINETH (C2-1, C3-1) TRWINLLIEFRE
HIEFE (OKER20m LUR) DFEN60% LI L% 6, MERKEEIZ1I0%IC Ly (K5), BKER
O4BEENTA 7L 29EEH (C2 - 3) 12k ? L FRBIRBEIILCELL (AN, b0
BRI LEMEAES - L N80%IEC 2 AH B L HIc D, E5I22m I E Lo EE(C2 - 4)
%5, MERE EHEAORELL0%5FICH D, MNERRTHEI2D%EE SHdLilch s, B
AEEEAEDL H L b B LEE (1 %K) 2T ThHs, ZnbnT—2i3, Y4702
A & FERIC 2T TR ARESTMNT 5 & & 1z, BIRJAKDBENTEE > T oz & W) FEERD
HE LT 5, FWAEDBRELMNCE RS & MEEHEENMIGZ A HE (keya and
Suzuki, 1991) 1= kAU, 7KERBO~150m NIt BIRFH T EREn MR EIT, Bradleya spp., Hirsto-
cythere hanaii, Cytheropteron sp. 2, Xestoleberis sagamiensis 7v X, ZONKIREHIZIE - TEHET 2
B 22N FIVEFBHI0OBRIHRES, B TES L L 130%2 5D L) THDB., ZOFEELTHA 7
N2 EEOLEREE 2T 5 &, BSEEvwioo, {baFCB W THERR THRED b 538
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# (C2 - 4) PRARKRENGEMETH 72 LHET 24 6, KRB FAIKIRREND HREETRE

shallow-cold shallow-warm deep-warm JSPW

Yuhidera species species species species

0 20406080% 0 5 101520% O 20 40 60% 0 20 40 60%
| — 1 L | 1

Cycle 3 -9
T -8
-7
-6
-5
o\ -4
Qo (Y-3)
S 4
®) Y-2
im=r (Y-1)
0 Cya—eT
Legend

basal shell bed E— tuff
well-sorted fine grained

@ sandstone shell fossils

muddy fine to very

fine-grained sandstone trace fossils

very fine-grained sandstone : .
with overprinted burrows sampling horizons

X6 : ¥BF (GbH2) vM 2 2 hEOFERR L FHENEISD
EEHTL. HyIENEREAFEACEH LA > 2B ERL, 77
ZHROEWVERA L0 % ERY.

Fig. 6. Stratigraphic changes of the ratio of ostracode characteristic
species at Yuhidera(Loc, 2). The sample number in a parenthesis shows
the sample which is barren in ostracode specimens. White squares in graphs
indicate 0 %.
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Fig, 7. A model of the water mass structure and its change during the

Cycle 2 inferred from the ostracode characteristic species

from the two localities.
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Plate 1.

Figs. 1~ 7, Yezocythere hayashii Hanai and Ikeya
1. Lateral view of right female valve, x72, 2. Lateral view of right immature valve at A - 1 stage,
x72. 3. Lateral view of right immature valve at A - 2 stage, x72. 4. Reticulation and simple
type normal pore openings on posteromedian surface of right valve, x155, 5. Inner view of right
female valve, x76. 6. Anten'qr hinge area of right female valve, x223, 7. Muscle scars on the

inner surface of right female valve, x304.

Figs. 8 ~10.  Normanicythere? sp.
8. Lateral view of right male valve, x80. 9. Lateral view of right female valve, x80, 10,
Reticulation and simple type normal pore openings on posteroventral surface of right female valve, x
206.
Specimens of Figs. 1, 3, 4and 8 ~10 are from the lower part of the Omma Formation at Okuwa
(Loc. 1 of this study), and Figs. 2and5 ~ 7are from the Omma Formation at Sakuramachi in

Oyabe City, Toyama Prefecture.

R 1
1~ 7. Yezocythere hayashii Hanai and Ikeya
1. mofk (M) Akosm, 7265 2. Wk (A—1) BERROINE, 720%
3. Wik (A- 2) BRoSE, 72(% 4. BuiR (ME) ARRIRERoOHE EALRE & BLARY TR R T-1L,
1554% 5. Bk (M) HEONE, 764 6. Bl (M) ARXDOBEFRRTER, 22314% 7. Bk
() BEREDOBHE, 304fF

K8 ~10 Normanicythere ? sp.
8. Bk (#f) GwmoyhmE, 801 9. BUR (M) ArkoyE, 80MF 10, HUA (M) AR

DY B R L BMEERILT AL, 2060

K1, 3,4, 8 ~0NEARIIARE (FFENMML) DKREFTH, X2, 5~ 7 DEEARIZE LR
ERTTRCRT Dok F g & B,
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig,

oy O

-~

Plate 2.
. Palmenelia limicola (Norman) Lateral view of left valve, x117,
Munseyella hokkaidoana (Hanai) Lateral view of left valve, x108,
Munseyella hatatatensis (Ishizaki) Lateral view of right valve, x126,
Cytheropteron aff. nodosoalatum Neale and Howe Lateral view of left valve, x108,
Acuticythereis ? cf. sendaiensis Ishizaki Lateral view of left valve, x66,
Johnnealella nopporensis Hanai and Tkeya Lateral view of right immature valve, x80,

Howeina higashimeyaensis Ishizaki Lateral view of left valve, x133.

Figs. 8 ~10. Acanthocythereis dunelmensis (Norman)

8. Lateral view of right valve, x59,
9, Eye node on anterodorsal surface of right valve, x211,

10. Ventral spines on anteroventral surface of right valve, x205.

Specimens of Figs, 1, 4and 8 ~10are from the Omma Formation at Sakuramachi in Oyabe City,

Toyama Prefecture, Figs. 2 and 5 are from the Omma Formation at Yuhidera (Loc. 2 of this study) ,

Figs. 3and 7 are from the lower part of the Omma Formation at Okuwa (Loc, 1 of this study), and

Fig. 6is from the middle part of the Omma Formation at Okuwa (Loc, 1 of this study).

X1
X2
X3
IX 4
X 5
X6
X7

Xhiz 2
Palmenella limicola Norman) Bef&ZE#k oV, 1174%
Munseyella hokkaidoana (Hanai) BARERROIE, 108{#%
Mumseyella hatatatensis (Ishizaki) FLEERROFME, 1264%
Cvtheropteron aff. nodosoalatum Neale and Howe BAEFEOME, 1084%
Acuticythereis ? cf. sendaiensis Ishizaki FfRERR N E, 664%
Johnnealella noppovensis Hanai and Ikeya ZIEERRNMNE, 801%
Howeina higashimeyaensis Ishizaki lEATR D ME, 1334%

8 ~10 Acanthocythereis dunelmensis (Norman)

8. RO, 59F 9. BUARAROIREIDE, 2116F 10 BAERRIZHATER O, 2056

1, 4, 8 ~ 100 RA I EILR/NRERTRIT O A, X 2 & 5 AR S BSF (RIFJEnHiE 2)
DARERE, K3 & TOERIIRE (FMROKML) DRERFTE, X6 DERIIKRSE (KR
H 1) ORFER TR b PEH,
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Fig.
Fig.
Fig,
Fig,
Fig.
Fig.

Plate 3.

. Falsobuntonia taiwanica Malz Lateral view of left valve, x110,
. Trachyleberis sp. Lateral view of left immature valve, x80.

. Paijenborchella tsurugasakensis Tabuki Lateral view of right valve, x123,

1

2

3

4 . Cytheropteron subuchioi Zhao Lateral view of left valve, x103.

5. Pacambocythere ucarinata (Ishizaki) Lateral view of left valve, x119,
6

. Robertsonites reticuliforma (Ishizaki) Lateral view of right valve, x85,

Figs. 7, 8. Robertsonites tsugaruana Tabuki

7. Lateral view of left valve, x85.
8. Reticulation and simple type normal pore openings on posteromedian suraface of left valve,

x230.

Figs. 9, 10. Paijenborchella hanaii Tabuki

9, Lateral view of right valve, x86,

10. Reticulation on posterodorsal surface of right valve, x238,

Specimens of Fig, 1 are from the middle part of the Omma Formation at Okuwa (Loc, 1 of this

study)

, Figs, 2 ~ 6 are from the Omma Formation at Yuhidera (Loc, 2 of this study), and Figs, 7

~10 are from the Omma Formation at Sakuramachi in Oyabe City, Toyama Prefecture.

X1
X 2
X3
X4
X5
X 6
X7

X9

X1

[XIhK 3
Falsobunionia taiwanica Malz KRR DSV, 11045
Trachyleberis sp. KRR DYE, 804
Paijenborchella tsurugasakensis Tabuki ARG L F M, 1234
Cytheropteron subuchioi Zhao BAAEFENFE, 1034
Pacambocythere ucavinata (Ishizaki) REEFROFE, 1194
Robertsonites reticuliforma (Ishizaki) BiRAZEROSME, 85f%
,» 8 Robertsonites tsugaruana Tabuki 7. BUKERDYME, 856% 8. WIKEREIMONE
EihR & BTV E R TFIL, 2306
10 Paijenborchella hanail Tabuki 9. BAHEFROSE, 86f%F 10, RAHFREIOHE
FERR, 238f%

DEARIIKRR (AFFREOMA L) DRREHEL, K2 ~ 6 DALY BF (AWRNOMA2)

DRERE, 7 ~100BEARILEIRANRE TR O KFG 5> 5 FEH,
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Plate 4.
Fig. 1. Bradleva cf. nuda Benson Lateral view of left immature valve, x76.
Fig. 2. Ambionia obai (Ishizaki) Lateral view of left valve, x112.
Fig. 3. Awrilasp. Lateral view of right valve, x76.
Fig, 4. Amphileberis nipponica (Yajima) Lateral view of right valve, x91.
Figs. 5, 6. Bicornucythere bisanensis (Okubo) 5, Lateral view of right valve, x80,
6. Reticulation and simple type normal pore openings on posteromedian surface of right valve, x
230.
Figs, 7, 8. Loxoconcha viva Ishizaki 7, Lateral view of right valve, x, 108,
8 . Reticulation and sieve type pore openings on posterodorsal surface of right valve, x362,
Figs. 9, 10. Hirstocythere hanaii Ishizaki
9. Lateral view of left immature valve, x80,
10. Dorsal spines and simple type normal pore openings on posteroventral surface of left valve,
x563.
Specimens of Figs. 1, 9and 10 are from the Omma Formation at Yuhidera (Loc. 2 of this study),
Figs. 2and4are from the Omma Formation at Hakkouden in Oyabe City, Toyama Prefecture,
Figs. 3, 5and 6 are from the Omma Formation at Sakuramachi in Oyabe City, Toayama Prefecture,

and Figs 7 and 8 are from the lower part of the Omma Formation at Okuwa (Loc. 1 of this study).

Rk 4
1 Bradleya cf. nuda Benson KRN, 764%
X2 Ambtoniaobai (ishizaki) FAKEFEOFE, 1124%
3 Awrilasp. BRERROIE, 764
4 Amphileberis nipponica (Yajima) BUAHFE A, 914%
5, 6  Bicornucythere bisanensis {Okubo)
5. IHAHBRNIME, 80 6. MUARARREIIOON HAEEE & BT ATl 2306
7, 8  Loxoconcha viva Ishizaki
7. BEERROSME, 108fF 8. BUACHEMEREDONE IR & M EE R TIL, 3621
9, 10 Hirstocythere hanaii Ishizaki
9. IhRAEFEOSE, 80KF 10, IMRIEREEEROM E BALTEE I T-IL, 5634

n
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