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Yukio Yanacisawa and Fumio Akisa (1999) Revised marine diatom biostratigraphy of the Miocene
sequence in the Matsushima area, northeastern Japan. Bull. Geol. Surv. Japan, vol. 50 (7), p. 431-448,
8 figs., 3 tables.

Abstract : We have revised the marine diatom biostratigraphy of Akiba et al. (1982) for the Miocene
sequence in the Matsushima area, Miyagi Prefecture, northeastern Japan, and have proven that the
high-resolution Neogene diatom biochronology proposed by Yanagisawa and Akiba (1998) can be
applied to the Miocene in this area. The Miocene sequence in this area is composed of the
Matsushimawan and Shida Groups in stratigraphically ascending order. Diatoms occur in the
upper Matsushimawan Group and throughout the Shida Group. In the upper Matsushimawan
Group, diatom zones of the upper Crucidenticula kanayae Zone (NPD 3 A) , the Denticulopsis praelauta
Zone (NPD 3 B) and the D. lauta Zone (NPD 4 A) of Akiba (1986) were identified with useful diatom
biohorizons of Yanagisawa and Akiba (1998) including D 35, D40, D41, D41.5 and D42. In the Shida
Group, diatom zones of the Crucidenticula nicobarica Zone (NPD 5 A), the D. praedimorpha Zone (NPD
5B), the lower D. dimorpha Zone (NPD 5D), the uppermost D. katayamae Zone (NPD 6 A) and the
lowermost Thalassionema schraderi Zone (NPD 6 B) were recognized. A synthesis of biostratigra-
phy and chronostratigraphy has revealed that the Miocene sequence in this area are composed of
six depositional units that are separated by relatively long hiatuses or unconformities. The lower
Middle Miocene sequences in the Matsushima area can be precisely correlated with that in the
Yatsuo area by the high-resolution diatom biostratigraphy. Correlation of the diatom biostratigra-
phy to the magnetostratigraphy in the Matsushimawan Group and Yatsuo area has serious
discrepancy, suggesting possible errors in either diatom biostratigraphy or magnetostratigraphy.
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Thick- . Diatom
Age | Groups and formations Column ness Lithology zones Remarks
(m) NPD | Age (Ma)
. 9 Sendai Group Mudstone and sandstone 7B
—( A
[ =y Conglomerate
S Omatsuzawa F. Sandy mudstone and fine sandstone 6B
o AWRE 150
2 = Pumice tuff 6A
==
2 /N | Bangamoriyama F. Cross-bedded coarse-grained sandstone sD
ﬁ E By HLB Cross-bedded tuffaceous sandstone
%Ei Kashimadai F. Fine-grained sandstone
EBRE
5B
[oF Fine-grained tuffaceous sandstone
g . Shirasakayama Tuff M.
5 Pumice tuff <11.7:1.1 (FT) )
_cg Mi tsuya F Fine-grained sandstone SA
ERE 250
g 95} - = Cross-bedded coarse-grained sandstone \
@ N 2
Q 5 ; Pumice tuff <13.3+1.2 (FT)
=) Neko F. % 150
E‘ R Cross-bedded andesitic sandstone
o :é Mudstone and sandstone
% Otsuka Ot3 Thinly bedded diatomaceous mudstone
o Formation |Ot2 [ $ 300 | Tuffaceous sandstone, sandy mudstone 4A
E 1:/\ = Dacite volcanic breccia 13.60.9 (K-An) 3
LB XBE o, B <115.5+0.8 (K-Ar)?
'% 1 = o Mudstone
;g Mts ] DPRVRVACR Felsic tuff and tuff breccia
E EAlJ-A/\A/\A/\A/\ 3B
= . Mt4 [H Mudstone
v | Matsushima =
. Mt N a7 A< a7 a | 350-
A FAXALALA
Formation r e R
a | BBB  [Mt2 | [X0XX000 ]
= d Bl osss Felsic tuff and tuff breccia 3A
2 m [f] [REEEEES <15.8+10 (FT)*
........ &) 4 PONANATI SO
o 5 Ajiri Formation 250 Interbedded tutfaceous Yatsuo-Kadonosawa-type fauna®
= 3 BER = sandstone and mudstone (Vicarya, Siratoria etc.)
8 < Tuff
=) E Shiogama Flora (Daijirna-type)s)
E E Sauramachi F. 240 Sandstone and mudstone (Comptonia, Liquidamber etc.)
wn)
> a EHEEE gzgzgogozggggggogogggzg Volcanic conglomerate
— =
- a5 NN NINININININININT 2)
< . RO 101974 <23.1+2.4 (FT)
53] 2 z;:l?%a;a E. :‘: /:\ i‘j /:\ :{ /:\ :Ai /:\ :A: /:\ 250 Andesite volcaniclastics and tuff
=5 S I 223 (K-Ar)
L]
Creta- Rifu Granitic Rocks iy 1: Granodiorite
ccous FIRHEE
Triassic] Rifu F. FIfFE 500+ § Shale, sandy shale and sandstone

g2 MERSFE=Z20BF. AHiEhr (1982b) & —IHHET.
TFig. 2 Stratigraphy of the Neogene sequence in the Matsushima area, modified after Ishii et al. (1982a). Open triangle :
fission track age ; solid triangle : K-Ar age. References ; 1) Konda and Ueda (1980) ; 2) Ishii et al. (1983) ; 3) Okutsu (1955) ;

" 4) Hanzawa et al. (1953) and 5) Ishii et al. (1982 a).
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Table 1 Occurrence chart of diatom species in the upper Matsushimawan Group. Preservation, G : good, M : moderate,
P : poor ; Abundance, A : abundant, C : common, R : rare ; Occurrence,+ : present.

Formations Aj| Matsushima F. [ Otsuka Formation

Diatom zones Ck | D. praelauta (NPD 3B) r Denticulopsis lauta Zone (NPD 4A)
Diatom biohorizons

5 FCO D. praelauta D'40 D41 D415 D42
/ y 3 y i y
2 31 4 5 6 70 8 9 10f 11 12 13 14| 15 16| 17 18 19
N My|My My My My| My My MyMy N OT My|OT OT|OT OT Ya
532 76| 62 69 86 101{102E 147 148(320 202 5440|51 6 8 310
P P P P P PPM P
Rl C R
24
+ 1
14 16

Sample numbers
Original sample numbers

el ]
=

>
o
>
e
~
@]

P
Abundance R
Actinocyclus octonarius Ehrenberg
A. ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. nodus (Baldauf) Whiting et Schrader
A. ingens f. planus Whiting et Schrader
Actinoptychus senarius (Ehrenberg) Ehrenberg
Aulacoseira spp.
Azpeitia endoi (Kanaya) Sims et Fryxell
A vetustissima (Pantocsek) Sims
Cavitatus jouseanus (Sheshukova) Williams
C. lanceolatus Akiba et Hiramatsu
C. linearis (Sheshukova) Akiba et Yanagisawa
Cestodiscus sp. (concave)
Cocconeis californica Grunow
costata Gregory
C. scutellum Ehrenberg
C. vitrea Brun
Coscinodiscus lewisianus Greville
marginatus Ehrenberg
C. radiatus Ehrenberg
Crucidenticula kanayae Akiba et Yanagisawa
Delphineis miocenica (Schrader) Andrews
penellzptzca Andrews
Dentzcula norwegica Schrader
Denticulopsis ichikawae Yanagisawa et Akiba
D. lauta (Bailey) Simonsen
D. okunoi Yanagisawa et Akiba
D. praelauta Akiba et Koizumi
Girdle view of D. lauta group
Eucampia sp. A (= Hemiaulus polymorphus )
Goniothecium odontella Ehrenberg
Grammatophora spp. =
Hyalodiscus obsoletus Sheshukova -
Ikebea tenuis (Brun) Akiba 1
Kisseleviella carina Sheshukova 5/ 12 3|1
Mediaria _magna Yanagisawa -
M. splendida  Sheshukova S+ -
Melosira sol (Ehrenberg) Kiitzing Ao -
Nitzschia challengeri Schrader Ao- -
Odontella aurita (Lyngbye) Agardh -
Paralia sulcata (Ehrenberg) Cleve -
Planifolia tribranchiata Emissee -
Proboscia alata (Brightwell) Sundstdm -
P. interposita (Haj6s) Jordan et Priddle -
Pseudodimerogramma elliptica Schrader -
Raphidodiscus marylandicus _ Christian -
Rhaphoneis scalaris Ehrenberg -
Rhizosolenia miocenica Schrader -
R. styliformis  Brightwell -
Rouxia naviculoides Schrader -
Stellarima microtrias (Ehrenberg) Hasle et Sims -
Stephanogonia hanzawae Kanaya -
Stephanopyxis  spp. 2
Thalassionema  cf. hirosakiensis (Kanaya) Schrader| -
T. nitzschioides (Grunow) H. et M. Peragallo 88
T. obtusa (Grunow) Andrews -
Thalassiosira cf. grunowii ~ Akiba et Yanagisawa -
leptopus (Grunow) Hasle et Fryxell -
T. mizunamiensis Yanagisawa -
Thalassiothrix longissima Cleve et Grunow -
Triceratium condecorum Brightwell I
T arcticum Brightwell Ao - - -
Trochosira _spinosa__ Kitton 12 21 1 - 4 10
Total number of valves counted 100|100 100{100 100 100 100] 100 100 10
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Table 2 Occurrence chart of diatom species in the lower Shida Group. Preservation, G : good, M : moderate, P : poor ;
Abundance, A : abundant, C : common, R : rare ; Occurrence,+ : present.

Formations Mitsuya Formation lHataya F. I Kashimadai Formation

Diatom zones C. nicobarica | Denticulopsis praedimorpha (NPD SB)

3 0 0 T

Diatom biohorizons D51 D52 D53

\ i

27 28] 29| 30 31

K K K K K

177 181N| 169| 170 99
P
R
5

A

20 21 22 23

Original sample numbers ' N7912 N N
} 440U 1305 424 420| 418

P

R

8

1

Preservation P P
Abundance R R
Actinocyclus ellipticus Grunow
A. ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. nodus (Baldauf) Whiting et Schrader
A. ingens {f. planus Whiting et Schrader
A. octonarius Ehrenberg
Actinoptychus senarius (Ehrenberg) Ehrenberg
Azpeitia endoi (Kanaya) Sims et Fryxell
Bogorovia praepaleacea (Schrader) Jousé
Cavitatus jouseanus (Sheshukova) Williams
C. miocenicus (Schrader) Akiba et Yanagisawa - - - - - -
Cocconeis californica Grunow - - - - - -
C. costata Gregory - 2 1 - - -
C. scutellum Ehrenberg - - - -
Coscinodiscus lewisianus Greville 1 - -
C. marginatus Ehrenberg - - 12
C. Spp. - - - -
Crucidenticulanicobarica (Grunow) Akiba et Yanagisawa 2 8 22 5
C. punctata (Schrader) Akiba et Yanagisawa - - - -
Delphineis surirella (Ehrcnberg) Andrews - - - - - -
Denticulopsis crassa Yanagisawa et Akiba - - - -
lauta (Bailey) Simonsen - - + -
praedimorpha var. minor Yanagisawa et Akiba - - - -
(Closed copula) - - - -
praedimorpha var. praedimorpha Akiba ex Barron - - - -
(Closed copula) - - - - - - - -
simonsenii Yanagisawa et Akiba 10 33 30 30 24 30 22 36 40] 35
vulgaris (Okuno) Yanagisawa et Akiba - - - - -3 1 -+
S -type girdle view of D. simonsenii group 3 7 5 S 3 23 25 22 19
D-type girdle view of D. simonsenii group - - - - - - - - -
Eucampia sp. A - - - - - - - -
Goniothecium odontella Ehrenberg - B
Grammatophora spp. -
Hemiaulus bipons (Ehrenberg) Grunow -
Hyalodiscus obsoletus Sheshukova -
Ikebea tenuis (Brun) Akiba 4
Kisseleviella carina Sheshukova -
Mediaria splendida Sheshukova - -
Nitzschia challengeri Schrader . -
N.  cf. grunowii Hasle -
N, heteropolica Schrader +
Odontella aurita (Lyngbye) Agardh -
Paralia sulcata (Ehrenberg) Cleve 4
Planifolia tribranchiata Ernissee - -
Proboscia alata (Brightwell) Sundstém - - - - - -
P. barboi (Brun) Jordan et Priddle - - - - -
P. praebarboi (Schrader) Jordan et Priddle 1 - - - -
Prterotheca subulata Grunow - - - - -
Rhizosolenia miocenica Schrader - - - - -
R styliformis Brightwell - - 1 - -
Rouxia_californica Peragallo -2 -+ 4+
Stellarima microtrias (Ehrenberg) Hasle et Sims - - - - 1
1

P P P
R R R
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Stephanogonia hanzawae Kanaya 1
Stephanopyxis spp. -
Thalassionema hirosakiensis (Kanaya) Schrader -
T. nitzschioides (Grunow) H. et M. Peragallo 34
Thalassiosira grunowii Akiba et Yanagisawa -
T. leptopus (Grunow) Hasle et Fryxell -
Thalassiothrix longissima Cleve et Grunow +
Triceratium condecorum Brightwell - - -
Total number of valves counted 100 100 100 100] 100 100 100 100 100] 100{ 100 100
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Table 3 Occurrence chart of diatom species in the upper Shida Group. Preservation, G : good, M : moderate, P : poor ;
Abundance, A : abundant, C : common, R : rare ; Occurrence, + : present.

Formations Bangamori- Omatsuzawa Formation
yama F.

Diatom zones D. dim. | D. kata. Thalassionema schraderi Zone (NPD 6B)
Diatom biochorizons D60 D65

\
Sample numbers 32 33] 34 351 36 37 38
Original sample numbers Os Osf[ K Os|] Nx Nx Nx
47 127 43 5 6
P P
R R
-1
- 1

40
Nx

= |0

Abundance

Actinocyclus ellipticus  Grunow

A. ingens {f. ingens (Rattray) Whiting et Schrader
A. ingens {. planus Whiting et Schrader

A. octonarius Ehrenberg - - -
Actinoptychus senarius (Ehrenberg) Ehrenberg 2 -l 10
Adoneis pacifica Andrews - - -
Aulacoseira spp. - - -
Azpeitia endoi (Kanaya) Sims et Fryxell - - -
A. nodulifera (Schmidt) Fryxell et Sims - -
Cavitatus jouseanus (Sheshukova) Williams -
Cocconeis californica Grunow 1 -

o=
) oa-] L]
,mww\@%

27
Preservation P
R

v N
3
—
W
—
(=)
—
= [N
=
oo RO NN

o=
[

" costata Gregory -
C. scutellum Ehrenberg 1
C. vitrea Ehrenberg - 1

1

'
1
'
—_
'

‘ Coscinodiscus _marginatus Ehrenberg 2
‘ C. Spp. -
Cymatosira debyi Tempére et Brun - -
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Fig. 3 Stratigraphic distribution of selected diatom species in the upper Matsushimawan Group. Paleomagnetic data
were taken from Yamazaki (1989). Stratigraphic columnar sections were simplified after Ishii et al. (1982b) and Akiba et
al. (1982). Numbers below the columnar sections are those of Ishii et al. (1982 b) and Yamazaki (1989). Numbers above the

columnar sections are those of Akiba et al. (1982).
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Fig. 4 Stratigraphic distribution of selected diatom species in the Shida Group. Stratigraphic columnar sections are
simplified after Akiba et al. (1982). Numbers of the columnar sections are those of Akiba et al. (1982).
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Fig. 5 Age of the Miocene sequence in the Matsushima area. Diatom biochronology and diatom biohorizons were taken
from Yanagisawa and Akiba (1998). 1-6 : Depositional units. Open triangle : fisshon track age ; solid triangle : K-Ar age.
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FUZRRETE IS SN G, HETEEABER
(LHEREKESED 100m FALET) ERBIFE» S
EHds GEeRD. NBHURTIE, FAXOABED
35,D40,D41, D415, D42 B XU D43 R ST\ 3
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7, KREEOLIET® D40 & D41 13, /\BHIET
3G LA LI TR s NS, 5T, KEE Ot
WETIRMTICH 3 D415 ZER v v M EEE TR,
F OLEETEIcH 5 D42 b EIRRICER VIV M ESS
JE TS 5.

Pl kofEEoxti, b, BB MBS KB
Ot /g % T LIBEHE I, KEE Ot Ot H @ik
BAYIVNEHETHRICIZIZESET 3 E8bh 5, &
7o, KBJE Ot ¥ L BB EE AT, &b
D41 & D415 ickE N XD Efficd 20T, &IF
FIRFOHREYI TH 5. MEEE SICBEOEMT 55
M 2 RENEHERY S O R bELET 5 C
Lo, WMEEEEHE Lot 5.

I oic, MEE Mt-Mt; SEDEVWEERE K#EE &
J\RBHE O [[H BB, WFhd D35 (163
Ma) OFRLICH D, BEOHBEE» OEZL B LIZEA
CHEESHOHBEY TH B Z &b B, WMED FAICH
RS L CREAETES S, &b Vicarva yo-
koyamai %13 U &3 2 /\EB-F9/ IRBIgEE+ET 5
L O DWEEIRT 5.

Cokdiz, mEMBROMERE, MERBEIKEFEL,
NEBHIRORBARE & HAlE R, BERbaEFcLy
10-20 TEORE Tt x 2. MHIROHERRE 313
BRIEBETH D, MU FZIFETTH S, 2L, B
BB THIMEBOBE CTEVWEIKEBLFEL TV S
FDICBENEL 5 TWBEY, 5 Li-EFENICIE
B ORI E RV BEBERARS L, TOEXIZE
EAERUEA-F—Thb. k&ZIE, D. praclauta ®
FCO & D40 ofiid, MEMETIREBES 150m, /\

BHISR TR 50m Tbh 305, MEHIERTO Mt @0
BUKE O 2R EMBHIRTHH60m 750,
HWHTIELALELES L5,

iz, EHBEOMIc>WTERT 5, MEHERT
&, KB bz iaB o REah 51 5IREB
DAL TEIL S, —5, N\BHIRTSHEIFRE O LAL
%, ZUEBOREHED S 3 KU ARES (F
FEAES) TES.

BEtAEF» o4 5 L, MBI 2 A AEGHE T
OBV OFRINABHIBOABPLLH LY. 774b
5, NBHUIRIC BT 2 FHEABAB FO=REaHE
13, BEEEAEJERE D43 (164Ma) L0 & EALich b, HERE
HE D O ABGE T OFERITH 153Ma LEFEI N
% (WHR, 1999¢). ThicH L <, MEHIRTIIERBYE
D43 i33AH 5N T, KEBD LRI D42 (155Ma) & D
B odicd b, Lich-T, RESE FOHEYOE
Rid, \BHIRO A2 10 FEF LV, UL, T0FE
Wb FrTHD, REAICXZHIFESREHIROS
BEORKEP > EZBZNTHFTE S, LEB-T,
SR TEE L TRD 53 s OAREAR, HEK
ST E B EEEESE V. K& 5 13 Nanaochla-
mys notoensis (Yokoyama) & Kotorapecten kagami-
anus (Yokoyama) 7§ &2 ST REEIYMLAEENEH L
TW5 (Ogasawara et al., 1989) 75, L BHYEDE
FRE» o bR CAEPENT 5 (Hatai, 1938, 1941 ;
Masuda, 1956). Zhi3BHE & RKLEsthah 5
BEVHIELIERET S, £, BEBBIURMLE
FEHRUEHEOREMEDP OB, SHOK-b—
59 5.

MEHIE T, B0 =y ABOLEESTE
125, ERc/\ABHIR TS, REFLEO LA RS
GIrLARS) TENEARET 5. mtisicia L TF
HETHI000REASMETE IR IEHZ D
D, WESNRBOLBAED L ZAHNEEEI >V TOEHE
TXZERBEFEHE T — B2 BVOT, ThiZH
1 AERANICE E B,

PlEATE LD, MEHURE B Tk
s 3D o iR P I TR, 10-20
HELVIBWEE T &8 TE5. 2oLk
BEEWHIC & > Thhr 201, REHIR S/ RHiEH
500km LI E&BEN TOWT L bHIUBEHH SN EL B
RaIchehb5d, MmHkic B 2k oaHE
DR —VBELREEDYA I v 7dEDT, ORI
BETECRLEIIPTVWEI L TH B,
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Fig. 6 Correlation of the lower to middle Miocene sequences between the Matsushima and the Yatsuo areas. The
diatom biostratigraphy and the magentostratigraphy of the Yatsuo area are based on the data of Yanagisawa (1999c)

and of Itoh et al. (1999), respectively.

I L et S AR E S LA ERRE O ERE &
BoTWBh5THB (Berggren et al, 1995). LA
B i3, Yamazaki (1989) A8, MEEB LU
KEEOHHMHSBF 2L L CWwb 0T, EEbaBE
e RERF 2 BEEN I L, Yanagisawa and

Akiba (1998) iR L -HB(LAER & HHIESER O
SHEBIGRE T = v 73 5T ENTE S, £, \BHIR
OHEHET S, FFE - 5N (1988, 1989) & & UFBEIE H
(1999) HsEH s KB 2L L TV 5. Lichi-
T, BRLOBERFIC X 25EAEMT S & LT, miigo

— 443 —




W E A =&

SHRSEF EEHERRT 3 8T 5,

5.1 MBEMETORMBESER S ORI

Yamazaki (1989) 3HEFE - AERE - KIEEH» 5 33
ROGTHBSHEIEZITY, MEBBE Lo dHg<UE
FEHL L GETX). #hickhid, BRE nBE
B LUKERE Ot WER FIoREHE, T XTEHMT
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g L & Ot M/ T EASIERRE, £ L ¢ Oty @ k&
R TH 5.

Yamazaki (1989) 30 F0#EE & FkIE1ZH (1982) @
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R H1E CHBric, Oty B L& Ot B FE D
E%RiZ C5Bn. 2n 1T, % LT Ot @ FEB Dk i3
ChBnlric, zhzhxftbans., —75, SEIOWIET
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sawa and Akiba (1998) OEEEEMREFE I U7k
REFETHOEFE TR

Yanagisawa and Akiba (1998) it &#i¥, Chron C
5B/C5C OIERIZ, D. praelautass (NPD 3B) ®_EEf
Wb, EBHED. lauta ® FO (D40) X b 10 4

HIN WREEEE LR & MESEEERR CEREARE Ot .

Fig. 7 Correlation of the upper Matsushimawan Group to the magnetic polarity time scale of Cande and Kent (1995)
and Berggren et al. (1995), and the diatom chronology of Yanagisawa and Akiba (1998). Paleomagnetic data were taken

from Yamazaki (1989).
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