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Abstract

Planktonic foraminiferal assemblages from rock samples collected by Tatsuro Matsumoto and colleagues in 1991—
1993 from the Cenomanian and Turonian transition of the Penke-wakka-tannenai-zawa River section in the Hobetsu
district of Mukawa Town, Hokkaido were re-examined based on the same materials (washed residues) initially reported
in 1994. All 13 samples yielded planktonic foraminifera that were classified into 16 species of seven genera, including
index species of the Rotalipora cushmani Zone (upper Cenomanian), whereas evidence of the Turonian was not found.
Occurrence of the benthic foraminifera Textularia hikagezawensis Takayanagi, which is diagnostic of T. hikagezawensis
Total Range Zone in all samples also indicate that the whole sequence is correlative to the Cenomanian. The boundary
horizon between the Cenomanian and Turonian in the investigated section, as suggested by incomplete specimens of
mega-fossils in the previous report, should be confirmed by more decisive evidence in future studies.

Planktonic foraminiferal assemblages are dominated by the non-keeled, small-size, globular-chambered
taxa Whiteinella and Hedbergella, whereas the keeled, large-size, potentially dissolution-resistant Rotalipora,
Praeglobotruncana, and Dicarinella account for a smaller portion. This implies that the surface mixed water had a
stronger influence than thermocline and deeper waters.

The relative abundances of radiolaria are higher than that of planktonic foraminifera (ranges 96—100%). Radiolarian
fossils also show high abundance in the sandy facies, suggesting a flourish in the shallow sea environment.

In addition, occurrences of Ostracoda, Ichthyoliths, and other microfossils in the washed residues are also recorded
as regional fossils, suggesting a certain biological diversity in the age.

Key words: Cenomanian, Cretaceous, Hokkaido, planktonic foraminifera
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Fig. 1. Index and locality map of rock samples.The route map drawn by Matsumoto et al. (1994) is plotted on the geographic
map “Inasato” (Geospatial Information Authority of Japan). The position of the Osawa Fault is as indicated by Takahashi et al.

(2002) with minor adjustment based on the current study.
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Fig. 2. Distributions of sand content (amount of washed residue >75um), abundances of planktonic foraminifera (PF) and
radiolaria (R) in 1 g of rock sample, R/PF ratio, and total number of Ostracoda. Black bars in sand content show the total amount
of sand residue on 200-mesh sieve (>75um). The white bars are radiolarian fossils-deducted sand content. Stratigraphic distances
between each sampling horizon are not to scale as in later figures. Stratigraphic repetition derived by the Osawa Fault is inferred in
the middle of the study section (between sampling spots of H5025 and H5013) as appears in upward coarsening expressed by sand

content.
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Table 1. List of planktonic foraminifera and other microfossils from the Penke-wakka-tannenai-zawa River section. Indices

calculated from the list are given in lower part of the table.
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PLANKTONIC
FORAMINIFERA

Rotalipora greenhornensis
Rotalipora cushmani
Praeglobotruncana delrioensis
Praeglobotruncana stephani
Praeglobotrucana gibba

H5021a
H5021
H5018
H5017
H5015
H5014+1
H5014

Fault
H5025
H5027
H5028

Penke-wakka-tannenai-zawa Section

l

N H5031B

Whiteinella archaeocretacea

[~ H5031A @ - o——I ———————————————

Dicarinella imbricata

MOLLUSCAN FOSSILS
(Matsumoto et al. 1994)

LT: lower Turonian )
C: Cenomanian

UC: upper Cenomanian
MC: middle Cenomanian)

Mytiloides cf. sacknensis (?LT)
Desmoceras (Pseudoubhligella) cf.
Jjaponicum compressior (?C)
Parajaubertella imlayi (C)

r Pseudospidoceras cf. flexuosum (?LT)
Mytiloides cf. columbianus (?LT)

Textularia hikagezawensis

Inoceramus pictus minus (UC)
Inoceramus ginterensis (UC)
|| Birostrina nipponica (UC)

Inoceramus cf. ginterensis (;_?UC)
Mytiloides cf. sackensis (?LT)
Inoceramus cf. pictus (?UC)

1 Calycoceras (Newboldiceras) orientale
(MC)

®3. ERmEaILIbA OERRE. AR T HERIBEROMEE A OOAMIIRAIZA (1994) 12X 5.

Fig. 3. Occurrences of selected planktonic foraminifera. Distributions of age diagnostic molluscan fossils reported by Matsumoto

et al. (1994) are displayed on the right.
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0 BF H5031A, H5028 35 XK OY H5018 12 1%
Rotalipora cf. evoluta Sigal, R. greenhornensis
(Morrow), 3 X OV R. cushmani (Morrow) 23 FEH L C
VW %. Rotalipora J&13¥ /<=7 ¥ THa T %
Z & 2y 5 (Sliter, 1989; Bralower et al., 1995; Nishi
etal, 2003), T D OFEHREUEETEEICE /
~=T7 BTkt En D (K3). FRIZECER H5018
\Z R cushmani WEH LT Z &b, ZoOE%E
% R. cushmani Zone (Caron, 1985; Sliter, 1989 &
KS19 % ; Nishi et al., 2003) (25t SN 5. 728,
Rotalipora J& X LRI A4 AR K EGELTH D
7o, YA AN BRI L THNEB XS
% Hedbergella J& <> Whiteinella J& M FE 9 % 7
BHZ DU TI, Rotalipora J& DN EMRIZ K - THE
LTV % ATREMEIAR Y .

F 2o —n8m =7 v oo K E %
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Stage Formation Planktonic Foraminiferal Zone Benthic Foraminiferal
Hobetsu Oyubari (Nishi et al., 2003) Zone (Maiya, 1985)
Helvetoglobotruncana T. hikagezawensis -
Turonian helvetica Zone

Nutapomanai| Takinosawa

Whiteinella

archaeocretacea Zone

H. helvetica | sjlicosigmoilina
-1 .
ezoensis Interval Zone

Cenomanian

Rotalipora cushmani
Inasato  [Hikagenosawa|Zone

Textularia
hikagezawensis
Total Range Zone

R. cushmani

4. WHTEt 7 va & R RMIBOE k. BN O 5 R E Fr X0 3@ & 13 2 (2002), K47 R M1
Hasegawa and Saito (1993) |2 L 5. ¥4 FL i b A #5713 Nishi et al. (2003), JEAA FLHRLAFITKES (1985) DEE
2L D, AHBADEHDOHIZES S AR THWIZRBI O EEITH MR R LICHSIc N e 5.

Fig. 4. Stratigraphic summary of the study section in comparison with the Oyubari district. Litho-stratigraphic division is as
described by Takahashi et al. (2002) in the Hobetsu district and as described by Hasegawa and Saito (1993) in the Oyubari
district. Planktonic foraminiferal biostratigraphic zones are based on a study by Nishi et al. (2003) and the benthic zones are

based on a study by Maiya (1985). The stratigraphic interval of the current study is a black bar on the right, based solely on

foraminiferal evidences.

Helvetoglobotruncana helvetica (Bolli) & %)) H Bl J& %
fhir & & T 578 (Sageman et al., 2006), AHF
HCIREEAELET, ZoicbFa—a=7
VEELL EICREM AR O D FITPER LT gu.
7272 L, H. helvetica \Z>\\TClx, A TH 5 H.
praehelvetica (Trujillo) L FEH L7AWZ Enh, Y4
HUl CIE Z ORFID AR D I8 hr o 1o Z L b HEE
SND. LERST, TOEHRNTNWIEE2E 5
TFa—m=7 U HOHBENRRNZ & O E
DITIEFH.

B, MARIEFED (1994) T, Rotalipora J&
@ F R & Dicarinella imbricata (Mornod) @ 4] H B3,
ZCTHAOHZE LI ORENH DN, fkilT
DOWFFETIX, D. imbricata 3t / ~ =7 > HZH]
HENH D & ENTW5S (Keller et al,, 2001). 4
WFFEEREHZ BT Y D. imbricata H3FEH L 72506}
H5028 & HS5018 (21 Rotalipora J& XN FEHT 5 2 &
It/ ~=T7 HLARrEND LN, Th
bFa—m=7 WETHROF LT,

J&E B A fL B Ak A JE FF IS D W T IE Maiya and
Takayanagi (1977) B L OZENZWFT LKA
(1985) IZ X DIbAH XD H %D, K (1985) 12
Kb L& ~=7 M Textularia hikagezawensis
Total Range Zone |Z, F = —a =7 » I T
hikagezawensis-Silicosigmoilina ezoensis Interval Zone
WXt ST\ D, BiI#E 1L T. hikagezawensis O PE
HIZ ko TEFR S, %A T hikagezawensis O
HIRBUE L _EALAND S. ezoensis (Asano) D ) H
BEWELIDV L P THDHLZ ETERIND. K

BEAIZ LD CT R ITEAA LI b a#H O T
hikagezawensis Total Range Zone ® [ & (ZIE[H T
JBHECH D Z LR SN TV D08 (B EIED,
1993), * D OHF%E T T. hikagezawensis O L[}
FFa—m=7 UEICADTREELREHINT
BYO O (WEHEIZD, 1998), FRIEHFEL LTE, F
FERENE I TWD. BEficksWnWT, X7
Ty RBRxFTARET v a o TE, KA
Mpytiloides cf. sackensis (Keller), Pseudospidocras cf.
fexuosum Powell, Mytiloides cf. columbianus (Heinz)
DFE 7 BEEF H5021 & H5021a DJFHER F 2 —
D=7 UHEETHTHDAIRENTRB I TND
DB, WTARLb of 2L TWD 2 ENBIRENT
Eewv. —J, MARIE (1994) Tix, R UHE
H5021 OfE¥ETE ) ~=7 % 753 Desmoceras
(Pseudouhligella) cf. japonicum compressior
Matsumoto, Parajaubertella imlayi Matsumoto 7% P&
HLTEY, Zhx BgE~oFHSLOEAIC X
D VA LR L TV 5. FOBFH5021 5 KO
H5021a (I EAEH FLR T. hikagezawensis H3FEH L
THEY, Zb T ENPBIRALZO), ABH
MRFa—a=7 WIZALD), KRELATED
AR 25 O T S BT & & 6O T MRRE DS 4 B
Thb.

ek, ARROLEJEF L EHERFZ AT DED
&, FERIHRIC B 5 v NEEBOREE & -
LD E TGO HIEEEE D X 2 K~ T A JE M,
NG RN S N = R WA N = L N g ey 4 S
S d5s, XARYTABOFHITE v=
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Water column and habitat

Taxa Reference

Sea surface

Heterohelix moremani

Nederbragt et al. (1998)

Surface simplex)

Hedbergella spp. (excluding H.

Bice et al. (2003)

mixed layer | Whiteinella baltica

Bice et al. (2003)

Whiteinella archaeocretacea

Migratelsink\

Whiteinella brittonensis

Keller et al. (2001)

as grow / Globigerinelloides bentonensis | Huber et al. (1999)

Dicarinella spp.

Keller et al. (2001)

Thermocline

Praeglobotruncana spp.

Gebhardt et al. (2010)

Hedbergella simplex

Coxall et al. (2007)

Below

b .
Woduction " thermocline

Rotalipora spp.

Keller et al. (2001)

5. VR FLIBEOABIRESAMHEE. R COMITEVEE TREMEECTEF L TERETHZ LMD, HOE
EETHMMT 2 Th > CHIRIBHERMIITDEN G EN LN H 5 Z L ITEEBLETH D.

Fig. 5. Assumed classification of the depth distribution of planktonic foraminiferal species. Note that each species migrates
upward to the surface during the younger stage; therefore, the young specimens of all species have the potential to be included in

shallow sea sediment.

7 U BRI IS Z E D, AEDZ N
B H5025, H5021 73 X # AR~ F A J@ 7/ BRI S
NizbDOTHolz LThE/ ~=7T U EEIC
I DAREERH Y, Fa—an =T UREIZA
SN LIZOWTHFEIFAELZRY (K4).
2. FEMEARICABEENTT EFIRE

BAA VR VE A FLIRICER O DAV D WEER TO R
B AT HERL U 7 S A A & 7S [ iR oD Vi ME A FL
HIZEBWTHHFME LT 2 & BN LE RN KD R E
ICESWTHERIE L TWD . T7bb, F—An
FET D IR Z VMEIRTH 5 Rotalipora J& 1%
HLE @ Globorotalia J& & [RERIZ, =D F7 A4 7% A
INCENWTROREVEEE CHELRNS
gL, FNLD HORNTHER— L DR EN
59\ Praeglobotrucana J& 3 7KIEMEfE, /N CHLHD
72 HE O Hedbergella J&<° Whiteinella J& 13 8L ©
Globigerina J& D X 5 \ZRIGIRA AT /34 L T
Wt E 2515 (Leckie, 1987, 1989; Price et al.,
1998; Huber et al., 1999; Keller et al., 2001; Price and
Hart, 2002; Bice et al., 2003; Keller and Pardo, 2004,
Gebhardt et al., 2004, 2010). ZiL HIZHES &, C/
T BE R O TALIZERD B 5 Rotalipora JF D HEIRIC
DWNTUE, EEICAFTE LA E RIS L5 L7
ZEICERT WO ERMA RS TE R (F]
Z 1 Jarvis et al., 1988; Leckie et al., 2002). — J7,
Gale et al. (2000) X Rotalipora J& Dk I3 70
DL TFRKIRD EFIC L D0 EHEMI L, Ando et
al. (2010) 13t /7~ =7 L HiliZ 35U ORI

DA S A FLR D SR E O L E % 15
T 57 E, FEEALBEAIZES S ERED
HEEIZDWTCIE, SHROMEDOEREZFHFSOLEZAH
WREV. ZITELLBEME B 5wl
P LR OWRE M2 RKBIRG)E, WEREE,
EEE LY bEHo 7 N—7L LTRSS L (K
5). =FL, EEIcERRELZLOETHH-TH
AR (RE) BRSO3 ERE T % T
FETLZLIHEENPLETHD.

INHDOIN—T T L OREH T O % K
6 1Z/RT. %I IR B LIVE % 7~ 3 Rotalipora
BOEH DL, RIEIRGE % 7”3 Whiteinella
J& X° Hedbergella J& O FE H 23 2\, R I A ST
T b % < EH L TV B Whiteinella baltica 13
WERBEME GRAE EE) o4& BRENSHEE
S 4 (Bice et al., 2003), £MIZEE KO HT
MR S LD IR COHERMN R I NS, £
O 1 CEUE HS031A & H5015 (2 1R 1 g % o
I Praeglobotruncana J& )N L)% < FEH L TV
L0, BAEZ 5 E B TV 5 DL Globigerinella
bentonensis (Morrow) O {# & $t T H 5. 72 B,
Rotalipora JE\Z DWW T, SRIEHLZ SO
AZXPINESL, IETH D Z ENBHTED & B
FRIZRE VKR A R TARMLE 72 5 7000,

7z, CTEREICBIT S OAE2 & DRI
DWTIE, FEEF LI EA N OHE LN D RFET
NEFRITRNWEE R0,

L = A T, Heterohelix moremani (Cushman) <>
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Diversity Indices

] [ Paleowater depth distribution ]

i

Below

Thermocline } Thermod.

% % %

{ Mixed surface water } {
0 20 4‘0 60 800 20 4‘0 60 800 10

Penke-wakka-tannenai-zawa Section

l

N H50318

LEGEND

Total assemblage
KLarge (>125um) specimens
mmm— Sample less than 10 specimens

6. TG LA IEE O SR IE L O 5 1B DRER Y 7 v —T O T4, KELTEEHO A v v a
YA ROEBERDTD, 200 A v = b (75um Pl E) OETEBLY120 A v 2 (125um L) OBDOF—4 %
WL LTV D, FEHE LA 10 B OFEHIEHEE MR Z &0 b RO TR LT,

Fig. 6. Stratigraphic distributions of diversity indices of planktonic foraminiferal assemblages and those of depth distributions, as

classified in Figure 5. Data on the total assemblages of 200 mesh (>75um) and 120 mesh (>125um) are expressed respective to the

mesh-size effect. Samples containing <10 specimens of planktonic foraminifera are expressed with a dotted outline and gray bars

due to their lower data reliability.

2500
= ™
o
e
% 2000
e
Q
€ 1500 > * e
3 o
S R2 = 0.15834
Ko}
8 1000 g2
% —./ ® o
g
©° 500 —®
T [ ]
© -
m -
0 T

0% 2% 4% 6% 8% 10% 12% 14%

Sand Content
(residue excluding radiolarian fossils >75um)

7. B A & 22 LI TCOKBIRTE O & B HEE
L7=&Wb i (SC>75um) &A1 277 A %720 Ol
hEAEE Rig) o7 my b EEROREDREIZ LD
% EIE 1L 1000 KILL B OFRIRL 122 HHEE L7z, WHEIC
TH BRHABERED b,

Fig. 7. Cross plot of sand content (amount of residue minus
radiolarian portion >75um, weight-%) and radiolarian
abundance in 1 g of rock (R/g). The portion of radiolarian
fossils in the total sand content is estimated from the ratio in
over 1,000 residue particles between radiolarian fossils and
other sand particles. No significant correlation exists between
sand content (SC) and R/g.

Guembelitria cenomana (Keller) IZ 4t K<L BN 0 &
= =T UBETEER L (B AT Keller, 2001;
Keller and Pardo, 2004), & CTOAERZ R &
EBZONAHN, L OEHLHE CIIFETH
%, ZOFRKEIZOWTIE, AYHIERX OEWIC X
HbDEFEZDTEBLARETH 573, Leckie (1987)
b0 7Y% RERESE (Epicontinental Sea
Fauna) & L, A% CTE < FEHT 5 Hedbergella
B 78 L &G e PRI B T2 R E O REEE (Shallow
Sea Fauna) & XBIL CTWA Z &b, dbifEE i
AFEICHE LTEBRE CTh o7t WO AL AEETH
5.
3. BABEUNDHILRIZCK SHIRIEDHE

C/T 5 5 MEAF I Tl Ao B b 23 R 1
RKEIZEEND L OHENH D (Neagu, 1970;
Hasegawa, 1995; Mort et al., 2007). =¥k (1999) %,
KGRI C/T B EUETIE, 250 A v = b
D b EAENE, B~ =T VD
BB TS mR 1g HT2 0 14 HEERE,
Fa—m =7 BT CIE OAE2 #1217 {4 /g
FREE THMT 2NBEZNLMITS DTN THD
ZlaWELTND.

ARFFE OB TIE, Rig 14253 ~ 2339 T 0 (¥
2), =k (1999) LIFTEEEDRH D, Z OJFRITAR
B2, IRIEIRBEDEY, EICERIE~MBE O ¥
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I OBFNDOEIZL DO EHERESND. ARF
ZEDFENCIE, Rig i BAZICHIIN$ 288 A3 KR
Wi OTEEICTERO HALH A, A TR TiEz

v (K 2). F£f2, SC & Rig MIZIFFABABALR 378
Do (®7). SC OEWEEHT & Foi b
FANSELGENTWD Z LIE, —RANCHE A
LN IR VA ENFRIND Z & E2EBET
AR, RIS I W TR Y O BB A A LT
2 EERBELTND.

R/PF lIZ DWW T, BilEtEA LR bAic
IR DORENGD D Z LD, HEREOHEEIC
WD ITIERHE RN E VD, AR ER B D
BRI fL b Aa 23 FE 9 5 3k H5018 T
96% & JEABI T B R 232\ ). Diester-Haass (1977)
I% R/PF LE B AIEIC X DR B OMBIC L 54
WIEEM RO LA RTIEE LTHSTh D 2 &
IR L TR, Wi (W7 7) Tk
Wy A2 PEME DS 1 0> o T2 oK 12 R/PF EE 23 i > -
722 EER LW H S (Wang et al., 1988). L
t#of AN TR %éﬁ@fmwww

XE W AEREME 2RI LTV B8, BTk
£%§<aﬁﬁ THRIED 5 ﬁﬁf%otT EtED
BETERNZ &b, S%ITEAMETCOT —
AOEREETNHICHES BT D LETH
5.

AE@ﬁﬁ’waﬁ%&%%ﬁA%m&wﬁﬂ
IRIFIREETH D Z LD, HIBROSARIC
é@wﬁﬁf@ok_km%@féé._@m@
wibs (Afg, Al {bas) 2o\ TiE, b
DOFEMIZE > THREZwmT 2 Z L IIREETH D
N, —TEDEMSHEENH-T-EEZBND.

4. Ay XDFEE

A - BRI (2006) X, < T Uy Bz~
2T A ROK 2km ALITHLE T B FER] & L O DR
L ENLAL O HUEIZ OV T, 240g DA KRl
AL, 80 A v = (HOBX 180 um) XV KX
VR LB b A IC W THRE L TR Y, 13
BRY 72 0 o FE B RS 200 B IARAS & 7e > T
5. ARWFZETIEE A 300g Z6EH LT\ 503, 120
Ay va EOEREEEZ 2D & LA BA)
(2006) & KF=EZ AW, 272 L, 2K TRS LA
WFFEITIBUNT 200 A v 2 = TR S 72 /M O
AROMEFEBIIEETCERVEETHL Z ENPIL
NTHD.

— 07, ZAEMERRECA D L 200 A v v a & fE
AL 5E0EEIL, 120 A v o 2 H Lz
ALV bbb IMcEL RARENZ VR, BET
W20 (B 6). ZAUE 120 A v vra & 200 A v =
DWNTIIZEBWT S W. baltica <% H. delrioensis 73
2L HHDTEY, HEMAENERTHD Z &0

B st a oERIZS AL T THY, 1T & SERMERBICRE R BERRN RN LTk

-
®8. N~ Uy T APUTEN LA L b a

Fig. 8. Planktonic foraminifera from the Penke-wakka-tannenai-zawa (PWT) section in Hobetsu district — Family
Heterohelicidae, Globigerinelloididae, and Hedbergellidae. All pictures are taken by a digital camera connected to optical
microscope. Picture image was generated using focus-stacking computer software. Attached a-c in each figure number indicate
a: dorsal view, b: peripheral view, c: umbilical view, otherwise indicated. All scale bars = 0.1 mm. 1, 2. Heterohelix cf. moremani
(Cushman), 1: sample H5015, 2: sample H5031A, 1a and 2a: front views, 1b and 2b: side views. Earlier chambers are missing in
specimen of 2. 3, 4. Globigerinelloides bentonensis (Morrow), 3: sample H5018, 4: sample H5031A, 3a and 4a: side views, 3b
and 4b: apertural views. 5, 10, 11. Hedbergella simplex (Morrow), 5, 11: sample H5018, 10: sample H5014. 6, 7. Hedbergella
delrioensis (Carsey), 6: sample H5014, 7: sample H5015. 8, 9. Hedbergella planispira (Tappan), 8: sample H5013, 9: sample
H5018. 12-14. Hedbergella inermis (Hasegawa), 12: sample H5028, 13: sample H5031A, 14: sample H5018. 15, 16. Whiteinella
archaeocretacea Pessagno, 15: sample H5018, 16: sample H5028. Outer test is almost dissolved in specimen of 16.

N
9. NI Uy HE T APNTFER LTyl rEA L oA,

Fig. 9. Planktonic foraminifera from the PWT section — Family Hedbergellidae, Rotaliporidae, and Globotruncanidae. Attached
a-c in each figure number indicate a: dorsal view, b: peripheral view, c: umbilical view, otherwise indicated. All scale bars = 0.1
mm. 1-4. Whiteinella baltica Douglas and Rankin, 1: sample H5014, 2: sample H5021, 3 and 4: sample H5018, 1 and 3: lobulate
morphotype, 2 and 4: quadrate outline morphotype. 5, 6. Whiteinella brittonensis (Loeblich and Tappan), 5: sample H5014+1, 6:
sample H5021. 7-10. Praeglobotruncana delrioensis (Plummer), 7 and 8: sample H5018, 9 and 10: sample H5031A, 7: weakly
keeled four-chamber morphotype, 8: weakly keeled five-chamber morphotype, 9: keeled five-chamber morphotype, 10: keeled
four-chamber morphotype, intermediate between 7 and 9. 11, 12. Praeglobotruncana gibba Klaus, 11: sample H5014, 12: sample
H5018. 13. Praeglobotruncana stephani (Gandolfi), sample H5015, five-chamber morphotype.
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5. 200 A =TI 406 fERBSPEH L, RIEKERE
LA OFFERE CH 5 &, #UEFHS5031A Tl % 7~ Hedbergella J& 35 & OV W. baltica 73 5. L C
R. cushmani DR 200 A v 2 DR TEHL W5,
TW5., AEFICESSHERHEEDO A Z B L PLER AT X 91T, Hlgi R & W EIR O 7 %
THOTHNE, 120 2 v ¥ 2Tho>ThiEmAR X E LI, 200 A v ¥ 2 2 Mat LaRngs
Brog 2oL, REREEENsE528 T Eig U TR RIRICE DD Z L L7 b,
Rotalipora J& D X 9 7o K CTHERIEE L 2 5 % DM FET — & & DR 21T 5 [ITEH L7z
BoNDHREERD D, —F, REBOREKDH Ay vah A XEBENPLETHDL E L HIZ, &
T 2 HEREER BE I B W TITETEIC o 3 5 KL f@ry, 538, dREEHEER Y, WIEHMIC X D
Z 7Y ORARN 120 A v 22 TEMT 5 2 & 13 DFEN T NETH S,
FECTE RV, 200 A v ¥ = TR A HRIEFE D S)
R R S, FRRETE D AREEEZZETN FEH
(X, 200 A v 2 OB EITHOMERHDH. 2D
SaE, AR Eh bl S o HEREREEIC K - DN T y 2R FARDE )=
TEiZEWNT T ERBEZLND. =TV e Fa—u =T VEREN O IR EESR
R OHEE L WO BN LR D &, Hi LT ® 16 FA G 6, TRlEMEA L ik A A
WD EBYARFZETIE, /NS WVEER (<125um) Rotalipora cushmani Zone |Z%F L X35 JBYEN D
DR BT 722 LT L » Tt AL b a o bND. —F, Fa—u=7 EErrIbaix
FEHEAREL MBI L TV DL s /N ER PEH L 72w, & ToRE) & JBA R L B LA 7
FREMTICOmH LW EHEESND X 7 V3% Textularia hikagezawensis Total Range Zone D5 HEff
<HEEDDZ D, REWEEOLZRGE L T. hikagezawensis 75 FEH L, Z AU H A B HEN &
TSR T — & Ll L ORI REE 2 R o 7 — =T BRI TE D L B FF LTS,
LD LREZLND. FlAITFE H5013 T FlEEA LB AR RIIRBIRGEICERT
(3120 A v o= EOMEEN 2 HETH 2 01Ixt L, D5 7Y BEET .

10. RXUT Uy H & oA PITEER LTl A L ik A

Fig. 10. Planktonic foraminifera from the PWT section — Family Globotruncanidae and Rotaliporidae.

Attached a-c in each figure number indicate a: dorsal view, b: peripheral view, c: umbilical view, otherwise indicated. All scale
bars = 0.1 mm. 1-3. Praeglobotruncana stephani (Gandolfi), 1: sample H5015, 2: sample H5018, 3: sample H5031A, 1: four-
chamber, weak keel morphotype, 2: five-chamber, keeled morphotype, intermediate of 1 and 3, 3: five chamber, well-developed
keel morphotype. 4, 5. Dicarinella imbricata (Mornod), 4: sample H5018, 5: sample H5028, 4d and 5d show well-developed
double keels from opposite of 4b and 5d, 4: four-chamber morphotype, 5: five-chamber normal morphotype. 6, 7. Rotalipora
cushmani (Morrow), both sample H5018. 8. Rotalipora cf. evoluta Sigal, sample H5031A, specimen coated with gold in
observation using SEM in the previous report. 9-11. Rotalipora greenhornensis (Morrow), 9: sample H5028, 10: sample H5018,
11: sample H5031A.

N
B 11, KPEREICE £ F LB LS oMb A.

Fig. 11. Miscellaneous microfossils in the washed residues of studied rock samples. All scale bars = 0.1 mm. 1-11. Radiolaria,
1 and 7: sample H5025, 2 and 3: sample H5031A, 4-6 and 8: sample H5018, 9-11: sample H5015, 9b shows cross section of 9a,
11b shows thin section of 11a. 12-14. Ostracoda, 12: sample H5014, 13: sample H5031A, 14: sample H5015. 15-17. Ichthyoliths
(Placoid scales), 15: sample H5025, 16 and 17: sample H5031A. 18-20. Ichthyoliths (Fish teeth), 18 and 20: sample H5031A, 19:
sample H5028, 20a: top view. 21, 22. Undefined circular chitinous fossils, 21: sample H5025, 22: sample H5031A. 23, 24. Pyrite
spherule matter, 23: sample H5025, 24: sample H5031A. 25, 26. Echinoidea’s spine fragments. 25: sample H5014, 26: sample
H5031A. 27. Coaly-wood fragment, sample H5027. 28. Undefined disk-shape pyrite (?Diatom), sample H5025, 28a and 28b
opposite sides.
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Appendix 1. Taxonomic notes on planktonic
foraminifera

The planktonic foraminiferal species identified in
this study are described below in alphabetic order. List
of references is weighted on the reports of original
description and those from Japan. All figures of
specimens (Figs. 8—11) were produced from images

taken using a digital camera mounted on an optical

microscope with focus stacking software (Hanagata
and Nobuhara, 2015).

All studied specimens are stored in the repository
of the JAPEX Research Center (Mihama-ku Hamada
1-2-1, Chiba City, Japan), which is accessible with

reservations to the administrator of the research center.

Dicarinella imbricata (Mornod) (Figs. 10.4, 10.5)
Globotruncana (Globotruncana) imbricata Mornod,
1950, p. 589, 590, fig. 5.

Globotruncana imbricata Mornod — Takayanagi,
1965, p. 215, 216, pl. 24, fig. 5, pl. 25, figs. 1, 2.
Dicarinella imbricata (Mornod) — Nishida et al.,
1992, pl. 10, figs. 4, 5; Matsumoto et al., 1994, pl. 10,
fig. 3; Hasegawa, 1999, p. 186, fig. 7.4.

Globigerinelloides bentonensis (Morrow) (Figs. 8.3,
8.4)

Anomalina bentonensis Morrow, 1934, p. 201, pl. 30,
fig. 4.

Globigerinelloides bentonensis (Morrow) — Loeblich
and Tappan, 1961, pl. 2, figs. 8-10; Nishida et al., 1992,
pl. 11, fig. 5; Nishida et al., 1998, pl. 1, fig. 6.

Hedbergella delrioensis (Carsey) (Figs. 8.6, 8.7)
Globigerina cretacea var. del rioensis Carsey, 1926, p.
43, 44 (nomen nudum).

Globigerina cretacea d’Orbigny — Tappan, 1943, pl.
82, fig. 16 (not of d’Orbigny).

Globigerina delrioensis (Carsey) — Frizzel, 1954, pl.
20, fig. 1 (redraw of Tappan, 1943).

Hedbergella delrioensis (Carsey) — Loeblich and
Tappan, 1961, p. 275, pl. 2, figs. 11-13; Takayanagi,
1960, p. 137, 138, pl. 10, fig. 9; Takayanagi and
Iwamoto, 1962, p. 190, 191, pl. 28, figs. 10-12;
Luterbacher, 1975, pl. 1, fig. 8; Yasuda, 1986, p. 78, pl.
9, figs. 12, 13; Obata et al., 1982, pl. 4, fig. 1; Nishi et
al., 1989, p. 6, fig. 3.7; Nishida et al., 1992, pl. 9, fig. 3;
Nishida et al., 1993, pl. 10, fig. 2; Nishida et al., 1998,
pl. 1, fig. 8; Patterson et al., 2010, p. 21, figs. 9.1, 9.2.
Remarks: This is one of the most common and
ubiquitous species in the Upper Cretaceous; however,
Carsey’s (1926) original description of the species
is invalid because of the absence of figure of the
specimen, designation of type locality, and type

specimen. Thus, the author name should be assigned to
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the person that first validated this species, although I
could not specify who the author might be.

Hedbergella inermis (Hasegawa) (Figs. 8.12-8.14)
Praeglobotruncana inermis Hasegawa, 1999, p. 182,
184, figs. 6.1-6.4.

Remarks: Hasegawa (1999) described a high
trochospiral species with slight peripheral pustule
line; however, I regard the line as neither carinal band
nor keel, and placed this species in its ancestral genus
Hedbergella.

Hedbergella planispira (Tappan) (Figs. 8.8, 8.9)
Globigerina planispira Tappan, 1940, p. 122, pl. 9,
fig.12.

Hedbergella planispira (Tappan) — Loeblich and
Tappan, 1961, p. 276, pl. 5, figs. 4-11; Takayanagi,
1965, p. 205, 206, pl. 21, figs. 6, 7, pl. 33, fig. 1; Nishi
et al., 1989, p. 6, 7, figs. 3.4; Nishida et al., 1993, pl.
10, fig. 3; Nishida et al., 1998, pl. 1, fig. 1.

Hedbergella simplex (Morrow) (Figs. 8.5, 8.10, 8.11)
Hastigerinella simplex Morrow, 1934, p. 198, pl. 30,
fig. 6.

Clavihedbergella simplex (Morrow) — Loeblich and
Tappan, 1961, p. 279, 280, pl. 3, figs. 11-14.
Hedbergella simplex (Morrow) — Nishida et al., 1998,
pl. 1, figs. 3, 4.

Heterohelix cf. moremani (Cushman) (Figs. 8.1, 8.2)
Compared with Giimbelina moremani Cushman —
Cushman, 1946, p. 103, pl. 44, figs. 15-17.
Remarks: Specimens of this study are small and
distorted, and they possibly represent H. moremani
juveniles; this was not reported in Hokkaido, probably
due to its small size, limiting its detection in fine sieve-
mesh fraction.

Although Georgescu and Huber (2009) proposed
the genus Planoheterohelix, here I have tentatively

retained Heterohelix designation.

Praeglobotruncana delrioensis (Plummer) (Figs. 9.7-
9.10)

Globorotalia delrioensis Plummer, 1931, p. 199, 200,
pl. 13, fig. 2.

Praeglobotruncana delrioensis (Plummer) — Loeblich

and Tappan, 1961, p. 280, 282, 284, pl. 6, figs. 9-12;
Nishida et al., 1992, pl. 7, figs. 1, 2; Nishida et al.,
1993, pl. 9, fig. 1; Yamamoto and Hasegawa, 2006, fig.
4.5.

Praeglobotruncana compressa Hasegawa, 1999, p.
182, figs. 5.5, 5.6.

Remarks: The author admits a wide range of
variation in the number of chambers (4—6) and
in the development of peripheral keels. Hasegawa
(1999) discriminate the 4-chamber morphotype as P.
compressa, but I have included it in P. delrioensis.
Diversity in the number of chambers is similar to that
observed in the variation of P. stephani. Moreover,
similar decrease in the number of chambers appears to

occur characteristically in Hokkaido.

Praeglobotruncana gibba Klaus (Figs. 9.11, 9.12)
Praeglobotruncana stephani Gandolfi var. gibba
Klaus, 1960, p. 304, 305; Nishida et al., 1992, pl. 9,
fig. 1, pl. 10, fig. 3; Nishida et al., 1993, pl. 11, fig. 1;
Matsumoto et al., 1994, pl. 9, fig. 3; Hasegawa, 1999, p.
182, fig. 6.5; Nishi et al., 2003, fig. 1.9; Yamamoto and
Hasegawa, 2006, fig. 4.7.

Praeglobotruncana stephani (Gandolfi) (Figs. 9.13,
10.1-10.3)

Globotruncana stephani Gandolfi, 1942, p. 130, pl. 3,
fig. 4.

Praeglobotruncana stephani (Gandolfi) — Takayanagi,
1960, p. 132, 133, pl. 9, fig. 13; Loeblich and Tappan,
1961, p. 284-290, pl. 6, figs. 1-8; Takayanagi, 1965, p.
207, 208, pl. 22, fig. 3; Nishida et al., 1993, pl. 9, fig. 2;
Matsumoto et al., 1994, pl. 9, fig. 2; Nishi et al., 2003,
fig. 1.5; Kawabe et al., 2003, pl. 1, fig. 7.

Remarks: Japanese specimens of this species
occasionally show four chambers in their final whorl,
which is smaller in number compare to other reported
specimens that show >6 chambers, despite the holotype
showing 4.5 chambers. Although Hasegawa (1999)
discriminated Praeglobotruncana sirakinensis as a new
species for 4-chamber form, here I have included the

forms under P. stephani.

Rotalipora cushmani (Morrow) (Figs. 10.6, 10.7)
Globorotalia cushmani Morrow, 1934, p. 199, pl. 31,
figs. 2, 3.
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Rotalipora cushmani (Morrow) — Caron, 1985, figs.
31.8-31.10; Hasegawa, 1999, p. 188, figs. 8.6, 9.4.

Rotalipora cf. evoluta Sigal (Fig. 10.8)

Compared with Rotalipora evoluta Sigal — Loeblich
and Tappan, 1961, p. 298, 299, pl. 7, figs. 1-4.
Dicarinella hagni (Scheibnerova) — Matsumoto et al.,
1994, pl. 10. fig. 2.

Remarks: The specimen comparable with R. evoluta
was misidentified the author as Dicarinella hagni in the
previous report (Matsumoto et al., 1994).

Rotalipora evoluta has been reported from the
low to middle part of the Cenomanian in Hokkaido by
Maiya (1985), Matsumoto et al. (1991), and Toshimitsu
et al. (1995), but not by other workers. This implies
difference in the taxonomic views on the species of

Rotalipora among researchers.

Rotalipora greenhornensis (Morrow) (Figs. 10.9-
10.11)

Globorotalia greenhornensis Morrow, 1934, p. 199-
200, pl. 31, fig. 1.

Planulina greenhornensis (Morrow) — Cushman,
1946, p. 159, pl. 65, fig. 3.

Rotalipora greenhornensis (Morrow) — Loeblich and
Tappan, 1961, p. 299, pl. 7, figs. 5-10; Nishida et al.,
1993, pl. 10, fig. 1; Matsumoto et al., 1994, pl. 9, fig. 1;
Nishi et al., 2003, fig. 10.7; Ando and Huber, 2007, p.
170, 171, pl. 1, figs. 3, 4, pl. 2, figs. 1-6, pl. 4, figs. 3, 4.
Thalmanninella greenhornensis (Morrow) —
Gonzalez-Dosono et al., 2007, p.184.

Remarks: Loeblich and Tappan (1961) and Caron
(1985) regarded Rotalipora globotruncanoides Sigal as
the junior synonym of R. greenhornensis.

Nishi et al. (2003) placed R. globotrucanoides as
the senior synonym of R. brotzeni (Sigal) following
Robaszynski and Caron (1995) and defined the first
occurrence of R. globotruncanoides as the base of the R.
globotrucanoides Interval Zone in their biostratigraphic
framework in Hokkaido.

Ando and Huber (2007) examined type specimens
of R. greenhornensis and emended the description
of the species. They admitted that the number of
chambers discriminated R. greenhornensis from
the other relatives, including R. brotzeni and R.

globotrucanoides, in many preceding reports were

not taxonomically important and proposed that the
depression of the umbilical sutures, position of
supplementary apertures, and peri-umbilical ridges
should be used to discriminate it from other species.

Gonzalez-Dosono et al. (2007) emended description
of the rotaliporid planktonic foraminiferal group and
set greenhornensis in the genus Thalmanninella.

Caron and Premoli-Silva (2007) examined the type
specimens of R. brotzeni and R. globotruncanoides,
and regarded those two species as discrete taxa,
suggesting that R. brotzeni occurs earlier than R.
globotruncanoides.

Although some reports have discussed
the relationship among R. greenhornensis, R.
globotruncanoides, and R. brotzeni, 1 prefer the idea
of Loeblich and Tappan (1961) that these three belong
to the same species of morphological variations since
the number of chambers and depression of umbilical
sutures and ridges in adult specimens could be varied

by growth speed or reproduction cycle.

Whiteinella archaeocretacea Pessagno (Figs. 8.15-
8.16)

Whiteinella archaeocretacea Pessagno, 1967, p. 298,
299, pl. 52, figs. 2-4; Nishida et al., 1998, pl. 4, fig. 5,
pl. 5, fig. 4; Nishi et al., 2003, fig. 1.10.

Whiteinella baltica Douglas and Rankin (Figs. 9.1-9.4)
Whiteinella baltica Douglas and Rankin, 1969, p. 198,
fig. 9; Nishida et al., 1992, pl. 9, fig. 2; Nishida et
al., 1993, pl. 11, fig. 4; Kaiho, 1992, p. 320, fig. 2-8;
Nishida et al., 1998, pl. 4, fig. 6.

Hedbergella bornholmensis Douglas and Rankin, 1969,
p. 193, fig. 6.

Remarks: This species is abundant in the Cenomanian
of this study. It was distinguished from other species
of Whiteinella by four globular chambers. The
interiomarginal aperture opens at umbilicus to the
extra-umbilical area.

Douglas and Rankin (1969) described Hedbergella
bornholmensis in the same report as W. baltica. 1t was
regarded as junior synonym of W. baltica in several
reports (Takayanagi et al., 1982; Caron, 1985); this has
been followed in this report. Significant morphological
variation is observed in this species, which is mainly

caused by difference in the growth rate of the chambers.
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As a result, some specimens show a semi-quadrate
appearance, while others have more lobulate periphery.
Hedbergella quadrata Marianos and Zingla (1966,
p. 336, 337, pl. 38, fig. 7) might be a senior synonym of
this species, showing similarity to the present quadrate-
outlined variation with the umbilical-extra-umbilical

aperture.

Whiteinella brittonensis (Loeblich and Tappan) (Figs.
9.5,9.6)

Hedbergella brittonensis Loeblich and Tappan, 1961, p.
pl. 4, figs. 1-8.

Whiteinella brittonensis (Loeblich and Tappan) —
Nishida et al., 1993, pl. 11, fig. 2; Matsumoto et al.,
1994, pl. 10, fig. 1.

T2 KERBICEEN-ALRUNDIER
Appendix 2. Miscellaneous microfossils observed
in the washed residues.

HALBALA OGO T2 K BEERE P I3 A
LA A OMIC b iR OULABFER L TED,
FERIHBIZEH T 5 2 7 ol e LTHET 5.
1. J& #& # (Radiolaria) - 11. 1-11. 11,
11.23, 11.24

bR EE A L Bb A K b2 < EE
95, MELE<, —MeMloR L.

2. HJEH (Ostracoda) — [X| 11.12-11. 14

B R opEH TR, 1R B HTZ & K5
fEA GUEHH5031A) Th 7.

3. WO EEE (sponge spicule)

WO EEHIRDOZETH 50, ETORE
THIES ., REWVEEROWA EEZbNRD 2
EMD, B T TRV, JERRISE X TH D
4. WEZEh O 5 $F (Echinoidea spine) —
11. 25, 11.26

V=Rt NTEEDHMEEYO L O & HEH S
OO R AbA M FER LTz, BIAED T =0
LTI N TH Y, BEEIZED X D eEY
DHDINITHATHS.

5. A ¥ © th (fish tooth) & i (placoid
scale) — 11.15-11. 20

1 mm KXV /hNSWHEBEHDO T A)VE O L EK
BRBEICFHEEO 2T A VE OB ER L.
Placoid scale [ZBIAEDH A L RIERIZHIEOIED
X0 etmeEla LT\ 5.

6. ToOMIFREAHOMlA- K11.21-11. 22,
11.28

M ORF O XS 7% F rEoEE (¥
11.21, 11.22) CEBRFLICES S 7 PR O
ANEH LTS (X 11.28). #%EIXEER &L
LIEERETH L0, BIAEDLD L L TR
KETHD.

MEHE, 31, 7-29.
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(# F)

L DIFRIMIX DR T T v B Z X T ARO ARG ) ~=7 > « Fa—n=7 UREERMTT
DJEHEIZPEH T 2 A LA AT O W TIBARAZ RS e A2 5 OEREGUBHT L5 & 1994 4 (s D By
ZAT - TV, KPEFRIER XK OMEAERIZOWTHBRF 21T o 72/R, LV ZOEAEZHETTE 16
FOFERAELR LA ZFRE L. AEREO—FIXE ) ~=7 LMD Rotalipora cushmani Zone |Zx} b &
NDZEBHEMNLRTR, Fa—n=7 CBEOFEIIMR TR0, ETOREN S EAA LA
#e Textularia hikagezawensis Total Range Zone DIRIEfE#EH L, b/ ~=7 ekttt ans Z &
R L TWS. FlEEA LA EIE, RBEAGAKICAER L LHASNDZ 7 RE< 2 b5 2
IR TR B D. S HITKEFRIEICE £n D MR, BIEH, SIEOBEMHIZ OV T b A ik
CPEHT 2Mfbm & LTRgR LIz, TR O AL OIE A OER S —EDEMSARMIEDFEZ IR L T
W5,
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