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Abstract

The Lower Miocene Togari and Yamanouchi members (ca 18 Ma) of the Akeyo Formation, Mi-
zunami Group, were exposed at the construction site of the Togari-Tsukiyoshi Road in Akeyo-cho,
Mizunami City, central Japan. Their lithologies are described. The Togari Member, 25 m thick, over-
lies the Toki Granite and consists mainly of tuffaceous sandstone with three tuff layers including
Tu-tuff. The middle part of the member contains lenticular shell lens of Crassostrea. The lower part
of the Yamanouchi Member consists mainly of tuffaceous silty sandstone. Pinniped fossils occur in
the lowermost part of the member (20 cm above the boundary between Togari and Yamanouchi
members). Measurements of the anisotropy of magnetic susceptibility (AMS) suggest that a paleo-
current direction was NE-SW or NW-SE with an unknown upstream direction for the stratigraphic
horizon just above the Togari/Yamanouchi boundary.

Key words: Akeyo Formation, Togari Member, Yamanouchi Member, Early Miocene, local geol-
ogy, anisotropy of magnetic susceptibility
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Fig. 1. Locality. A, index map showing the construction site. The area of “Akeyo Kaseki” which is
a natural treasure of Gifu Prefecture is outlined in blue; B, detail map. 1:25,000 scale topo-
graphic map “Toki”, “Mizunami” “Mitake” and “Takenami” published by the Geospatial In-
formation Authority of Japan are used. The yellow shaded area indicates the outcrop of the
Mizunami Group exposed by the construction.
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Fig. 2. Route map around the study area. The
1:25,000 scale topographic map “Mizunami”
published by the Geospatial Information Au-
thority of Japan is used. The yellow shaded are-
as indicate the Togari Member and the blue
shaded areas indicate the Yamanouchi Member.
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FEEFH « AE8R (1950) I k> TEFRS N - EriR BT,
il 2 DEFHR AN TOAi 35 R~
HTHY, BIEITK 600 m THD R, 1974, 1980;
Irizuki et al., 2004; AH <#HiL, 2006). FfREREL,
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s, HbE T, LHEEN (2020) 1%, (LEFNERE
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A) DFRD AR T LRINARHTONS 17.8+£0.3 Ma
DERAEZAFTND.
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AT, LTICEBOEHBLIOE LA
DNWTEDFHBE LT D.
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RO, R E T, db ki 35°22'41.8", MR
137°13'53.9"CTh 5. FZEADOE ST 1 m THD (PL
1, fig. A). 72383, &)1 (1980) DHVEXIZHZ DFF
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BEEDTLE: LFIIL CTHE TELFFFEE D%
SHIFK 25 m THY, SKF4)11(1974, 1980) 23 FLdkL
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THHYN T RONDAEE O fe TEBILEEIRE >
IVNENSRD (PLL 1, fig. B), £ O EAICITEEIRE
a8 LK E S )V NERY A g B2 (PL 1, fig.
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% (Fig. 4 OEBAEEIRE, PL. 1, fig. C DRKFD) . A
JED BTN THE T LA v & D
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IEND XN ELEL TEEND (Fig. 6B, PL 1,
figs. G, H) . ZOHFFELINIL o RE 95708,
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Fig. 3. Field photographs at the construction site. A, February 18, 2020; B, June 30, 2020; C, Au-
gust 30, 2020; D, September 30, 2020; E, October 24, 2020; F, October 24, 2020. A, C and E
were taken from the north side of the construction site and F was taken from the south side. B
and D are aerial photographs taken by a drone.
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Fig. 4. Detailed columnar section at the construction site.
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BRI KREOHFZOPE ML, T ECTHIRE
BEND AR TG TS, AL AR 2T B i
JEHDEELUTIRRE THIRS 72 Crassostrea sp.
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135k B e EHED EALOEIKE D 55 a3
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LK.

Tu BRABOKI 2 m AL, “HEH D Felaniella
usta (Gould) (7Y ) WEHET LV UUbA
J&” (“Felaniella bed”) 23 5414 (PLL. 2, figs. K, L) .
U, IR AN A B EE THY, ik
DR G EYRE S = E s Ok 3= P D@ LTSV ¢
%GR, 1974; AH <HL, 2006). THEIHLED
HHI 1 km T 2016 I ERi Sz EaiR AL dr gk
SR TEOBIC AL oy oAb alE» o
KERIINE Y 22— AL TS (22, 2018), T
FHI T/ Y a— LV OFEN A E. iR
JERECTIE— R, ZOBENE B SR
AL LI NE B 2/ LS Tn b T=e (G
faJll, 1974, 1980; AH <#HiL, 2006), ZDOfbAE L

D AL LB NERE THD (PL. 2, fig. K) . 7233, Pl.

1, fig. FIORTHEK A E E Tu BEK A 2BV CER)
ERIZRELT-AER, T2 Em N24°E, fEHf
8°SE, #E[f] N36°E, 6/} 4°SE Th -7z (Fig. 2).
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SRAINED (1981-1982) (2L 4viX, A HiBE I
Vicarya yokoyamai Takeyama (=¥~ HVU7),
Hiatula minoensis, Cyclina japonica Kamada (v~
FX V) MEICHAEMTER T 58, FRHEE
IZ Nipponomarcia nakamurai & Phacosoma kawa-
gense 2N FEEERPE MR THDHRAEL T INDORH L
LTS, LILARA s, AREICEDFRFERIED S
H H 5B IR %78 H. minoensis <° H g O
2170 FUEL A BEEE Td 5 Vicarya-Cyclina BEEE IS G
FH15 Menkrawia ishiiana 23EEH L7-. F72, Bk
DEAETDHIBHEOBMITA FEE L FEH I R
THY, AR EIRTHDL R H)ED (1981
1982) IZ P57 ERJE 251 V. yokoyamai D PE i ik
L Cv4. F£72, Upogebia mizunamiensis |ZZ41E T
H EHEBE DD A PE NS0 TN 22 (Karasawa,
1989), FAFERIE /O E M $ &ML -
7o, LIedio ¢, WiElfg OEV A E N T 5 H
A OEFEWTIT L, F 2 B RE O
IRIEWVCIROND. 20128, H &ML T E
EXBIET —oDHBEREL THRT= TR Lne
EZHND.
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ARIAEL , BEIKE SV NERY S DMEE L7225 (PL. 2,
fig. M). SEJK'E S VNEIY S B IXIEEE THY, £
WL R b, BAba 3 52< 755 (Pl 2,
fig. N).

R, oy obalg o AL 2 m OJEHEITH
b nZ<&En, KTLFEHY CTIX Saccella
miensis Araki (S=%> 12755 A), Acila submi-
rabilis Makiyama (¥ % ¥~ % 7 7 ), Cultellus
izumoensis Yokoyama (A A& /T T ZFA) D3 FEIT
PEHL, HfB%E Carcharhinus sp. (A2 AJEDHR
EFR) DFICPEH LT, E72, “oV b afE O
ALK 20 cm 2 BITEEPE O A A3 PEH LTz (Figs.
4, 6D, Pl. 2, fig. O) . KALANZ DWW TIIRIFEIZ TH
HETETHS.

OV TE D FAK) 6 m ITITAEMEEL
DR Z T T-BIEK 10 cm OREIKEJE DN BIERS
AU (PL 2, fig. P), @ L FEARCREIE, KL, )
5 Ylu B A E ThHEE 2 LS.
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Fig. 5. EEHL7=E22{bA. A, BIXHICIRAFS 472 Upogebia mizunamiensis Karasawa (IXF3
T Txa) LFDF v A; B, Crassostrea sp. (¥ A& DA ER), MFM13001; C, Hiatula
minoensis (Yokoyama) (2 /A~ 2°), MFM13011; D, fEMIEOEAZE, MFM18009, =1
H#. A7 —/1iE 1.0 cm.

Fig. 5. Fossils from the present study area. A, Upogebia mizunamiensis Karasawa preserved in the
burrow and its cast; B, Crassostrea sp., MFM13001; C, Hiatula minoensis (Yokoyama),
MFM13011; D, Skull of the Pinnipedia, MFM 18009, left lateral view. Scale bars = 1.0 cm.
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IZHEDH T, FEALIXBFIL CEHL TELT,
KPR ZOHERE S F CIEIR S L= FTREME D B, 2
2T, fEME b pE g ME O HEREIRF OO it I HE E
IZE T HIERESDHT-01T, kA PE H H B %E
JRE S VNEW S Z BRI, OB s
TAAE L7z, R BT M2 R U7 iR e e 1
R BT L LATHONTODEN, EHELNHDIRY
iR RED DIIAF B 3722\ ZOHEE J7
EDOJFRERIZ STl Tarling and Hrouda (1993) X°
R A0 (1998) A0 .

PR T A A REHRBUZIINAS 25 mm DX AT
EURE YN LIy T V=RV EHEHL, H
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T H BB KFOEREICTEA NS —T
OIWrL, @& 22 mm OFAERREBRAZ 1| Ao=7
M5 2 720U 3 EMER L. £a 70 2 HoORER
FEALREISEOR (G 12 ), Znbodrmiz
ELTz. JIEICIX AGICO fEBUTRERG (BT L
MFK1-FA) 2 L, JI7E 1 H 976 Hz, AL &
—RCITo7z. WET —#EHTIZIE AGICO fHHL
7k (Anisoft v.5.1.08) Zf# FHL 7-.

FER HBRERGHEOREIART /NTA—H—T
&% Pj(corrected anisotropy degree; Jelinek, 1981) &
R RGO ERT NTA—Z—THH T
(shape parameter; Jelinek, 1981) DEItR% HHL
(Fig. 6a), T~ TOER I3/ A (oblate) DFH
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R (King) , /DNl (Kin) TXBABRIZ 32300, )
FHIEAZ AT I R & v BTl TR, /Nl X
IEENE TH 7= (Fig. 6b) . g K& s 5147
I LZ4Z 4 NE-SW, NW-SE Th-7-.
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728 DRI T 7 TV 7 A B TERY, Hi
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1993; #r-/At, 1998). ZDOHITEIZNED &, FERIFE
{bAPEHEYED 727 77 Uy 7 1R 7 g
BN g B AT IR A Z & TR ST
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=% aind s (BIZIE, A, 1998). D7z, ZD
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0%, A BEIORIEFR R THHOBHED %

HEE T DI LT TERWN, 4%, (ba DR/
72 ES D& TR 228 IS~ Tl
AHEE TEHEZADND.

(@)
T
1.0

05

(0] | mesrsesbarcasutrepe suoptE s eopE STy
Prolate
-05

_10 1 1 1 | 1 1
1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.07 F;

(b)

Lower-hemisphere N
Equal-area g
n=12

‘H + ¢ 0o

G
I I I 1 I 1 1 |@I 1 1 1 1 1 1 1
(@)

Fig. 6. fEHPEPEHEYE(PL 2, fig. O) DHRERE M
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BT DE A7 77 A—4—T (shape parameter)
DEFFR. (b) HrRERREMARD B (Kie) , H1H
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JEBROREMIZ 95% R A7~ T

Fig. 6. Anisotropy of magnetic susceptibility (AMS) of
sediments from the horizon bearing Pinniped fos-
sils (PL 2, fig. O). (a) Plot of T (shape parameter)
against Pj (corrected anisotropy degree). (b) Low-
er-hemisphere equal-area projection of the maxi-
mum (Kmx), intermediate (Kiy) and minimum
(Kmin) axes of AMS. Gray symbols represent
specimen’s AMS directions, and open symbols
represent the site-mean AMS direction, with ellip-
ses showing the area of 95% confidence.
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Plate 1.

Fig. A-H. THEBFOREGE. A, Tikfba (2020 43 A 20 H
), B, LHEBIGCTRONIZFIFER FElOEKE L Lk
g ORRHD (20204 6 A 28 HiRE); C, FAHHE Mo ERHA.
HRENIEIRE SV NEW A TS, SRFNTEIKEW SIS, JRR
FIXEEIK A fE, BRI A GRS 2~ (2020 4 3 A 20
HERE); D, FAFEIE ORI A (2020 /-5 A 8 HiREE);
E, FAFE8E T8> Nipponomarcia nakamurai #2pE4 2%/
—/L (2020 45 3 H 20 BRE); F, FREEE R OREIK HE
(2020 4= 5 A 8 HiRE); G, WX ENS (2020 45 6 A 28 H g
§2); H, RN (2020 /2 6 A 28 HiREY).

Fig. A-H. Field photographs showing the outcrop at the construction
site. A, Outcrop of the Toki Granite in March 20, 2020; B, Outcrop
of tuffaceous siltstone bed of the lowermost part of the Togari
Member (red arrow) in June 28, 2020; C, Outcrop of the lower part
of the Togari Member in March 20, 2020. The blue arrows indicate
the horizon of tuffaceous silty sandstone bed. The yellow arrows
indicate the horizon of tuffaceous sandstone bed. The red arrow in-
dicates the horizon of tuff bed. The black arrow indicates the hori-
zon of pumice tuff bed; D, Burrows from the lower part of the To-
gari Member in May 7, 2020; E, A calcareous nodule containing
abundant Nipponomarcia nakamurai from the lower part of the Togari
Member in March 20, 2020; F, A tuff bed from the middle part of the
Togari Member in May 7, 2020; G, Crassostrea-bearing lens in the
middle part of the Togari Member in June 28, 2020; H, Close-up
view of a Crassostrea- bearing lens (red arrow) in June 28, 2020.
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Plate 2.

Fig. 1-P. THEBSLOBIATE. |, N~ VEERE GRAENT /P a—
V) (2020 4F 6 H 28 A1) ; J, Tu I8 RAHD) (2020 4F 9
A28 HiRE); K, TultK s fE ~ LB N T GRRENX
UMBATE) (2020 429 A 28 HIRE); L, “oV b AE”
DiiEA (202099 A 5 HigsZ) ; M, ILEFNEE T80 #2856 (2020
9 H 28 HERE); N, ILEFNERE T o B LA (2020 4F 9
A 28 HiR); O, EEMKAE(LAPEHEYE (2020429 A 11 HIREE),
IRFENIEEIE LA P, Yiu B8 JE GIRRED) (2020 49 A 28
H#RE) .

Fig. 1-P. Field photographs showing the outcrop at the construction site.
I, Meretrix-bearing horizon in the upper part of the Togari Member
in June 28, 2020. The red arrow indicates a nodule; J, Tu tuff bed
(red arrows) in the upper part of the Togari Member in September
28, 2020; K, Stratigraphic succession from the Tu tuff bed to the
lower part of the Yamanouchi Member in September 28, 2020. The
red arrow indicates a “Felaniella bed”; L, Boulder coming from a
“Felaniella bed” in September 5, 2020; M, Outcrop of the lower
part of the Yamanouchi Member in September 28, 2020; N, Mol-
luscan fossils from the lower part of the Yamanouchi Member in
September 28, 2020; O, Horizon bearing pinniped fossils (red ar-
rows) in September 11, 2020; P, Ylu tuff bed (red arrow) in Sep-
tember 28, 2020.
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