HWERAEF A, 5505 £ 32, p. 139-165, 1999

EILRNARHIEO T -0 IERILEEF
BiRER

Yukio YANAGISAWA (1999) Diatom biostratigraphy of the lower to middle Miocene sequence in the
Yatsuo area, Toyama Prefecture, central Japan. Bull. Geol. Surv. Japan, vol. 50 (3), p. 139-165., 15
figs., 1 table, 5 appendix-tables.

Abstract : Diatom biostratigraphy is established for the lower to middle Miocene sequence in the
Yatsuo area, Toyama Prefecture, Hokuriku Province, central Japan. The Miocene sequence in this
area is composed of the Nirehara, Iwaine, Iozen, Kurosedani, Higashibessho, Tenguyama and
Otogawa Formations in ascending order. Diatoms are found in the uppermost Kurosedani Forma-
tion- and throughout the Higashibessho Formation. Diatom zones of the upper Crucidenticula
kanayae Zone (NPD 3A) through the middle Denticulopsis lauta Zone (NPD 4A) are identified with
stratigraphically useful diatom biohorizons. Useful diatom biohorizons including the first occur-
rence (FO) of D. praelauta (D35, 16.3 Ma), the FO of D. lauta (D40, 15.9 Ma) and the LO of D.
praelauta (D41, 15.7 Ma) are recognized in the Tochiage Mudstone Member of the Higashibessho
Formation. The FO of C. lanceolatus (D41.5, 15.6 Ma) and the FO of Denticulopsis okunoi (D42, 15.5
Ma) are identified in the lower Asatani Siltstone Member, and the LO of D. okunoi (D43, 15.4 Ma)
is located in the uppermost horizon of the same member. Furthermore, the last common occurrence
of Coscinodiscus lewisianus and the first common occurrence of D. praelauta are also useful for local
correlation throughout the Hokuriku Province. Correlation of the diatom biostratigraphy to the
magnetostratigraphy established by Itoh ef al. (1999) in the Yatsuo area is not coincident with
Barron and Gladenkov’s (1995) diatom biochronology. Diatom ages are consistently older than
estimated ages based on magnetostratigraphy, suggesting possible error in correlation between
diatom stratigraphy and magnetostratigraphy.
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Fig. 2 Stratigraphy of the Neogene sequence in the Yatsuo area, after Hayakawa and Takemura (1987).
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Fig. 3 Map showing sample locations. Topographic maps “Miyamorishin”, “Yamadaonsen” and “Yatsuo” at 1 : 25,000 in
scale by Geographical Survey Institute of Japan. @-@®: stratigraphic sections. @: Do River, @: Iguridani, @: Yanaigo,

@: Arayama, @: Osedani, ®: Wada River.
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Fig. 4 Map showing sample locations in the Ichitani
section (@). Topographic map “Miyamorishin” at 1 :
25,000 in scale by Geographical Survey Institute of Japan.
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Fig. 7 Stratigraphic distribution of selected diatom species, diatom biohorizons and diatom zones in the

Yanaigo stratigraphic section.
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Fig. 8 Stratigraphic distribution of selected diatom species, diatom biohorizons and diatom zones in the

Arayama stratigraphic section.
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WOWTEMT 5. £72, BHET 2ETILHER L $RT
FAERHIIR O TR & OB Lt 21TV, HEERRYE
KEZFHDOTENFTDEDIZDOWTEET 3,
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¥ TEHBELATE, BN (1979) LA R
WORFIFE DO =BV EHE L 5, Koizumi  (1977) D
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Fig. 9 Stratigraphic distribution of selected diatom species, diatom biohorizons and diatom zones in the

Osedani and Wada River stratigraphic sections.
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NZ NG HIREERE R FE & g KSR E O B s
5 Y G. sicanus BSEHT 3 Z L 252, N.8/N.9
BRSSO MICH2 L B2R L. £, EBIIZE
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YT 22 L3I 5L TH o 72535, N.8/N.YER
DHEEME IZFROERIC L > TREIW LA EEE I
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1LY 3 2 I REME 248 L 7223, Zone NID TR 5
BHLIED % Orbulina &<, Zone N.10DEE D & EH
Wik % 2 Globorotalia peripheroacuta Blow et Banner
P, EEZ THEAFEL S BREL Roho TR VDT,
Z Db EHEREIIFE,LEDOTIE RV, B, BERA
BTk, BAIFTEO LRI D. lauta % (NPD 4A) ©
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(D43.2) O H Y, Yanagisawa and Akiba (1998)
DOHEEERERE & Berggren ef al. (1995) OEHMA T,
HOFERERFI LhE, N.8/N.9sERIZ, D43.2X 0 3 |
fIiz®d 2 D, BRIFFE D EERIZ Zone N.9OOBSELET 2 H
BEMEIZ/NE v (B13K).

AKE T > /tE T, BANIED(1990) & /NEEIE
2 (1990) ki, BEAREER LI S EAIFTE T
% T4 Okada and Bukry (1980) ® CN3iz, ##1tk b E
ALDORFIFES CNATHY T 5 L ahd, ZDFEIRA
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BLREBORLEHCH S L (ARB—R, %), —
77, FepEiE H (1991) X FIENB VDV — b T, H. scissura
DIUHPEKEL G EHLZN LY o 3EHL R
W2 &, %72 Discoaster {DWPTD Discoaster deflandrei
Bramlette et Riedel DSEEDSREEE D _ERIHITAR
352 &5, Martini (1971) © NN4/NNGBER, 7%
B Okada and Bukry (1980) » CN3/CN4EEFR», B
WA L RAFmE ORI b e L. 20X DT,
EA/NNE»(1990) & EREIE D (1991) Ti, CN3/CN4
BRIZODWTRWEWHH ZH, 2 ZTE CN3IZRT H.
scissura DEHZEHR L T, CN3/CNAETIIN FIBEL
Bofk EEich B L% 2 TH L, Zhiz Lhid, CN3/CN4
BHRIBEROAEEED D41L D41 .40 3, Zhit
Berggren et al. (1995) & Yanagisawa and Akiba
(1998) DEMRBF L FEL 2V (BB13K),

BEHRAAE TR, &8 (1979) B8H)IIR»OEFIFT
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FINED (1990), /NEFIZH (1990) B X U Hasegawa

Fl1E FRherzyarolc 190 oEHU-EE,

‘Table 1 Diatoms from the sample Ic 19 in the Ichitani

stratigraphic section. Preservation, P: poor; Abundance, R:
rare.

Section @ | Ichitani

Formation Otogawa

Sample number Ic 19
Original sample number Noto 1160
Preservation P
Abundance R
Actinocyclus  sp. 58
Aulacoseira spp. 40
Eunotia  sp. 1
Synedra sp. 1
Total number of valves counted 100

and Takahashi (1992) i3, &KX DL« FER L7 &
a ¥ DRBIFEN LREHE 21D C. costata F & L
2o BEOF—25652 &, EHFEIZT T Riedel
and Sanfilippo (1978) @ C. costata ®IWZIBT B LE 2 5
N3 (BB13K). C. costata D ERRIX, % DHEMRH15.68
Ma & a3 DT (Sanfilippo and Nigrini, 1998), EEiE
CEBFOD D. lauta HOHFZH 5, Lizhi> T, BT
JE#33 X T Riedel and Sanfilippo (1978) ® C. costata &
BT 2 L »SHEEREREARF L I FELE W,

UERRTER X1, R#tBRoMLERBFED T —5
i, FREEETOBILEERERF (Berggren ef al., 1995 ;
A e FuLly, 1998 ; Yanagisawa and Akiba, 1998) &
BFETEHDOTiERV, L, ThodF—F O
i, FEOFIAIE LHEMBROF SRS T
b OWBLR I niz ), liEB b 3 HESTE T,
BEOBWEEHMILARBF 2MHAIL TS ETEEL 25
T3, SHROENZT—FDOARNEEIN S,

5.2 HMHKBRE DML

fREE - BJI| (1988, 1989) 13, NEBHURICHHFT 2K
FEfE o =ZHE & TOHMBESEIE 21T\, MBS
FERRE LML, £/, BEFEEs» (1999) i,
HIE WD B - 7o S OFRE 217, HRESEMESE
RRELOMIEEBELR, 2T, SEOPZETH
ST EEEERF L, FEIEs (1999) O
WKBRFOHE TS (513K).

FEEZ (1999) L hiE, EELERE» S BES
@8 L UHRBIFTBOR EH E Tld, TXCOEERENES
nNTwa, K53, BEERELI» S HRFTEI» T
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HERXM %, Cande and Kent (1995) DS SMBHEER
RE® Chron C5Br Xtk U7z, Llz#3>T, ZOxfth
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Appendix table 1 Occurrence chat of diatom species in the Do River stratigraphic section.

Preservation, G: good, M: moderate, P: poor; Abundance, A: abudant, C: common, R: rare, PD: poor diatom;

Occurrence, +: present.

Section
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D. penelliptica Andrews

Denticula norwegica Schrader

Denticulopsis praelauta Akiba et Koizumi
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Eucampia sp. A (= He lus polymorphus )
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Grammatophora  spp.

Hemiaulus bipons (Ehrenberg) Grunow
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Total number of valves counted
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100 100 100 100 100 100 100

100 100 100

Resting spore of Chaetoceros

26 34123 15 9 8 64 18 77 18

23 29 31 12 24 23 11

16 21 15
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Appendix table 2 Occurrence chat of diatom species in the Iguridani stratigraphic section.
Preservation, G: good, M: moderate, P: poor; Abundance, A: abudant, C: common, R: rare;

Occurrence, -+: present.

Stratigraphic section Iguridani
@ Formation Higashibessho Formation
Member Tochiage Mudstone Member
Diatom zones Crucidenticula kanayae Zone Denticulopsis praelauta Zone
(NPD 3A) (NPD 3B)
Neogene North Pacific Diatom Biohorizons LCO C. lewisianus D35 FCO D. praclauta
\ 1
Sample number Ig 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18) 19 20 21 22 23 4
Preservation P PP PMMMMGMGMMMMUZPMUPMGG GGG G
Abundance c ccCccCcCCcCccCccCccCc A CACACCTCCCAAAAAA
Actinocyclus cf. curvatulus Janisch e [
A ingens f. ingens (Rattray) Whiting et Schrader 5 1 1 6,10 8 10 .1 S5 11 10 12 12 1 2 4 3| 2 + + 1 1
A ingens f. planus Whiting et Schrader 7 3 2 5 91016 3 214 12 717 4 4 5 11 5 + 4+ - 1 +
A octonarius Ehrenberg - - 1 - - - - < -2 - 1 3 3 - - - - 4 - - « .
Actinoptychus senarius (Eh g) Eh g 4 2 6 2 3 5 512 1 7 2 + 7 4 + 5 1 + 2 + 1 3 4+ +
Aulacoseira spp. 1 - 3 - - - - - - -1 - 1 - < - + 1 2 - -
Azpeitia endoi (Kanaya) Sims et Fryxell - - - e e e - 4 - -3 2101 23 1 + + 1 9+
A vetustissima (Pantocsek) Sims - - - 20 - - - - -1 - - - 1 -« A+ - - - - -
Cavitatus exiguus Yanagisawa et Akiba 315 6 3 4 - 1 - 4 - - - - < 1 - - < - 3 2 2 1 1
C Jouseanus (Sheshukova) Williams 11 2 - 111 + + 4 1 - - - - 2 - - 4 4 5 7 5 6 2
C linearis (Sheshukova) Akiba et Yanagisawa 2 9 4 4 4 2 4+ + -+ - 3 2 3 2 + + + + - - - - -
C. miocenicus (Schrader) Akiba et Yanagisawa - - - - - o -1 -+ -1 -+ 4+ % -1+
Cestodiscus sp. (concave) 111 7 7 3 5 2 - 21 2 + - 4 3 2 4 21 2 4 + 2 2 1
Cocconeis californica Grunow - - - - 1 - - - - o . o d e ...
Coscinodiscus lewisianus Greville 23 24 23 27 28/ - - 1 2 + + 4 1 2 1 1 2 2 - - - 1 + +
C. marginatus Ehrenberg 21 - 2 4 3 + 1 14 4 - 1 + 4 2 2 4 1 + 4+ -+
C perforatus Ehrenberg 2 2 2 111 1 1 1 - 2 - - - 1 - « 20 - &+ + + + 4
C. radiatus Ehrenberg ! o I Tt - - -
Cymatosira debyi Tempére et Brun L e e o |
C. cf. loretziana Grunow - e e e e e e e e e e e e e e e e e e e
Delphinei. jocenica (Schrader) Andrews - - 2 - 1+ 11 4 + + 4+ 1 + 1 1 + 4 + 1 2 + + -
D. penelliptica Andrews -1 -1 -1 + % < 4+ 1 + 1 1 2 2 1 1 - - + + - -
Denticula norwegica Schrader L R . T S A G
Denticulopsis praelauta Akiba et Koizumi - - - - - - - - <41 1 1 4 + 1 - - -18 32 40 31 55 47
Diploneis smithii (Brébisson) Cleve e e e
Eucampia sp. A (= Hemiaulus polymorphus ) e e I U
Goniothecium odontella Ehrenberg e T e e o |
Grammatophora  spp. L ! R T R T A T A T S
Hyalodiscus obsoletus Sheshukova 1 - - - < -« - + <4 1 - <« 1 - - 1 - - - - - - < -«
Ikebea tenuis  (Brun) Akiba e e o |
Mediaria splendida Sheshukova e e
Melosira scopos Manmn - - 2 -« 44 -1 - 4 - <1 - 1 - 3 - - + + - « - -
M. sol (Ehrenberg) Kiitzing -1 - e -1 - + - + - 1 1 2 1 - - + - - -
Nitzschia challengeri Schrader LT e e T - T T
N.  cf grunowii Hasle - - - [ N I - - - - B e |
Paralia sulcata (Ehrenberg) Cleve 1 3 2 5 3 2 5 2 4 4 3 915 712 1 4 22 - - - - -
Planifolia tribranchiatc Ernissee - - - - - - H - - - - -1 - - - - 1 -
Proboscia alata (Brightwell) Sundstom B e e
P. interposita  (Haj6s) Jordan et Priddle B T e e T T T
Pseudodimerogramma  elliptica Schrader E e L L s
Pyxilla sp. E e T .
Raphidodiscus marylandicus  Christian e e X o 1 V)
Rhaphoneis scalaris Ehrenberg A e e -
Rhizosoleni L Y
R styliformis  Brightwell N T U T T T S | I BRI
Rouxia naviculoides ~Schrader e N T
Stellarima microtrias (Ehrenberg) Hasle et Sims i 21 - -4/ 2 2 2 2+ 1 -1 - -1322 1] - + 1 + + 1
Stephanogonia hanzawae Kanaya - - e .. - - - - - . -1 o+ - - - -
Stephanopyxis  spp. 4 2 4 14 711 14 16 11 2 1 8 4 4 5 2 1 3 + + 2 3 + 1
Thalassi cf. hirosaki (Kanaya) Schrader E T - - -1 - - - -
I nitzschioides (Grunow) H. et M. Peragallo 43 23 27 27 26| 46 41 21 77} 65 50 47 32 29 52 47 52 68 58 45 32 30 23 36
Thalassiosira leptopus (Grunow) Hasle et Fryxell - - 2 - 44+ -1 4 - - - + 1 2 1 - - - - - - - -
T mizunamiensis Yanagisawa -1 - - A - - - 4 - - 1 + 1 - - %+ 2 - -1 - -1
Thalassiothrix longissima Cleve et Grunow D T T = o | s O S e 1 e 1o T
Triceratium condecorum Brightwell e e
Trochosira spinosa Kitton - - 2 2 22 4 1 441 2 1 5 4 1 8 1 2t 2 7 714 3 2
Total number of valves counted 100 100 100 100 100|100 100 100 100|100 100 100 100 100 100 100 100 100{100 100 100 100 100 100
Resting spore of Chaetoceros 20 22 41 22 26/ 18 41 4 ¥ * 9 12 21 31 30 13 23 4/ S 6 8 10 9 14
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Appendix table 3 Occurrence chat of diatom species in the Yanaigo stratigraphic section.
Preservation, G: good, M: moderate, P: poor; Abundance, A: abudant, C: common; Occurrence,

+: present.

Stratigraphic section Yanaigo Section
@ Formation Higashibessho Formation
Member Tochiage Mudstone Member
Diatom zones C. kanayae Denticulopsis praelauta Zone D. lauta
(NPD 3A) (NPD 3B) (NPD 4A)
Neogene North Pacific Diatom Bichorizons D35 FCO D. praelauta D40
5 A

Sample number Yn 1 2 3 4 s 6 7 8 9 10 11 12 13 14| 15 16| 17 18 19
Original sample number Noto 1140 1139 1138 1137|1136 1135 1134 1133 1132 1131 1130 1129 1128 1127|1126 1125|1124 1123 1122
Preservation M P P MM G MM G G G G G Gl G G M G G
Abund A C C Al A C A A C A A A A Al A Al A A A
Actinocyclus  of. curvatulus Janisch - - - - - - - - - - - - - R - 4 . - -
A ingens f. ingens (Rattray) Whiting et Schrader 4 16 27 8 9 1 1 25 2 + 3 4 4 1 3 71 3 4+ 4+
A ingens f. planus Whiting et Schrader 9 25 23 5 6 + - 4 + 3 2 4 1 2| - 4 o+ o+ 2
A octonarius Ehrenberg - 1 1 2 - 4 1 3 1 1 4 + 1 - - - - - -
Actinoptychus senarius (Ehrenberg) Ehrenberg 1 11 9 2(13 8 5 5 + 3 5 1 5 20 3 8 4 1 1
Aulacoseira spp. + - - - - -1 - - - - - - - - -+ - -
Azpeitia endoi (Kanaya) Sims et Fryxell - - - <1 6 5 3 1 + - - - -1 - 1 1 o+ o+
A vetustissima  (Pantocsek) Sims - - - 4 -+ -+ -+ o+ - -1 -+ o+
Ca exiguus Y et Akiba 3 - -1 - 3 %+ - 6 3 3 1 - 3 -1
C. Jouseanus (Sheshukova) Williams + 1 1 3% 1 + 7 9 - 1 1 6 + 1 6 13 11 8 7
C linearis (Sheshukova) Akiba et Yanagisawa 1 3 1 3 - - - B et -
C. miocenicus (Schrader) Akiba et Yanagisawa L . R A - 4+ o+ 11
Cestodiscus sp. (concave) 8 + 1 4 + 2 1 1 7 2 9+ 1 1 2 1 2| - 2 4
Cocconeis costata Gregory - - -1 - - - - - - - - - - -
C. scutellum Ehrenberg L U I - - -+
Coscinodiscus lewisianus Greville - - 2 1 - - - - - 5 -+ 1 + - - - + +
C. marginatus Ehrenberg 4 3 1 6 - 6 3 -1 1 1 2 -1 -1 - -1
C. perforatus Ehrenberg 1 1 2 4 + 2 1 2 - 1 - - 4 - 4 - 1 =+
C. radiatus Ehrenberg - - - 4 - - - - 1 - - - - a4 . 4 L L
Clavicula polymorpha Grunow et Pantocsek - - - -+ - - - - - - - - - Y - - -
Cymatosira cf. loretziana Grunow + 1 - - - -1 - - - - - - - -1 1 - -
Delphineis miocenica (Schrader) Andrews + 1 1 14 3 2 1 2 3 -1 2 + 21 4 3 - - -
D. penelliptica Andrews - 4+ + 4+ 4+ + 1 1 1 1 - + 1 - - - -
Denticula norwegica Schrader - - -1+ - - - - - - - - . - - -
Denticulopsis lauta (Bailey) Simonsen e o + 1 2
D. praelauta Akiba et Koizumi - - - 4+ 2 + 3 %+ -1 2 1 + S0 4] 12 25 23
Diploneis smithii (B ) Cleve - - - -+ - - + - - - - - - - - -
Eucampia sp. A (= He polymorphus ) S L S T TS I S R T
Grammatophora  spp. + -+ - - - - % - - - - Y - - -
Hemiaulus bipons (Ehrenberg) Grunow E e . P s | - -
Hyalodiscus obsoletus Sheshukova - - - - - - - - - - 1 - - - - . - _ R
Kisseleviella carina  Sheshukova L [ et )
Mediaria splendida Sheshukova - -+ -+ - - - - -+ - 4 - - - 1 -+
Melosira scopos Mann 2 1 - -+ 3 - -+ o+ - 1+ - - - - - -
M sol (Ehrenberg) Kiitzing -1 -+ 2 1 2 - 1 4 - - -4 - - -
Nitzschia challengeri Schrad - - - - L - T S I I S |
Paralia sulcata (Ehrenberg) Cleve 4 5 - 10 7 2 1 -2 - -9 - 4 - 4 2 -+
Planifolia tribranchiatc Ernissee - -+ - - - - - - - - - - -
Proboscia alata (Brightwell) Sundstom - - - - e L e | - -
P. interposita (Hajos) Jordan et Priddle - - - - - - - -1 - - . [ - - - - -
Pseudodimerogramma elliptica Schrader S T T, - - -+ o+
Raphidodiscus marylandicus ~ Christian - - - - - - - - - - -1 - - - - -+ -
Rhaphoneis  scalaris Ehrenberg - - - e | I T
Rhizosoleni e chead e T
R styliformis  Brightwell 2 e et R |
R sp. A e L T et
Rouxia naviculoides Schrader - - - - - - - - - - - - - - - - -1
Stellarima microtrias (Ehrenberg) Hasle et Sims 12 - 1 2 + + - 1 + 3 2 1 4 3 4 - 2 4+
Stephanopyxis  spp. 3 4 5 6 -2 2 -2 1 2 3 1 1 2 1 -+ -
Thalassionema  nitzschioides (Grunow) H. et M. Peragallo 43 25 25 46| 49 54 65 41 74 82 65 59 81 81 25 44 56 54 49
T. obtusa  (Grunow) Andrews - - - 11 1 + 2 - - - - - A4 2 3 1 4 3
Thalassiosira leptopus (Grunow) Hasle et Fryxell Y [t
I mizunamiensis Yanagisawa - - - - - - - - - - - - - - B L T
T. sp. B L
Thalassiothrix longissima Cleve et Grunow - -+ 1 1 1 - - - - - - - + o+ - + + 1
Tricerati decorum Brightwell - - - - - 3 1 - - - - - - - - - - - -
Trochosira spinosa  Kitton e e
Total number of valves counted 100 100 100 100 100 100 100 100 100 100 100 100 100 100| 100 100/ 100 100 100
Resting spore of Chaetoceros 35 29 20 32| 18 17 20 3 4 6 9 10 3 9 13 6/ 2 8
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Appendix table 4 Occurrence chat of diatom species in the Arayama stratigraphic section.

Bt B # (19994 %505 $£35)

Preservation, G: good, M: moderate, P: poor; Abundance, A: abudant, C: common, R: rare;

Occurrence, +: present.

Stratigraphic sections @ Arayama section
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Appendix table 5 Occurrence chat of diatom species in the Osedani, Wada River and Ichitani stratigraphic section.
Preservation, G: good, M: moderate, P: poor; Abundance, A: abudant, C: common, R: rare; Occurrence, +: present.
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®

Osedani_Section | © Wadagawa Section [ Tchi

o Stratigraphic sections
@ Formation

Mermh

Higashibessho Formation

T. s. | Shiotani Sst.|
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Diatom zones

Denticulopsis lauta Zone
(NPD 4A)

Neogene North Pacific Diatom Biohorizons
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Original sample number Noto
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Preservation
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P P P PM
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R R R C R R RR R R R R
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Jouseanus (Sheshukova) Williams

I Akiba et Hi

C
C
c P
C

linearis (Sheshukova) Akiba et Yanagisawa

miocenicus (Schrader) Akiba et Yanagisawa
Cestodiscus  sp. (concave)

A
ER N B S S B N
' ' '
[ 1 S B

o N

'
'
'
'
-

[ 2 I
o N 4
Bl
-
=
o =
N I
-
h o
- N T
f
o=+
0o W4+ 4+
R L] K I
-

W Ww+
AR
[N
LN | e
PR S

PR R VU

IS
=
+

+
-
N R T I

-

Cocconeis californica Grunow
Coscinodiscus lewisianus Greville

marginatus Ehrenberg
perforatus Ehrenberg
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(Schrader) And:

volgnn

penelliptica Andrews

Denticula norwegica Schrader
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D.

okunoi Yanagisawa et Akiba
praelauta Akiba et Koizomi

Girdle view of D. lauta group
Diploneis smithii (Brébisson) Cleve
Eucampia sp. A
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7 Sheshukova

Ikebea tenuis

(Brun) Akiba

Kisseleviella carina Sh va

Mediaria magana Yanagisawa

M. sple;

'ndida Sheshukova
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Melosira sol

(Ehrenberg) Kiitzing

Nitzschia challengeri Schrader
Paralia sulcata (Ehrenberg) Cleve
Planifolia tribranchiata Ermi

Proboscia alata (Brightwell) Sundstém
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P interposita (Haj6s) Jordan et Priddle
Pseudodimerogramma elliptica Schrader
Pterotheca subulata Grunow

Raphidodiscus marylandicus ~ Christian
Rhaphoneis sp.
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Rhizosolenia
R

miocenica Schrader
styliformis  Brightwell

Rouxia naviculoides Schrader
Stellarima microtrias (Ehrenberg) Hasle et Sims
Stephanogonia hanzawae Kanaya
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Stephanopyxis spp.
Thalassionema nitzschioides (Grunow) H. et M. Peragallo

Thalassiosira

Thalassiothrix longissima Cleve et Grunow
Triceratium condecorum Brightwell
Trochosira spinosa Kitton
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Total number of valves
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