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Abstract

Large mammalian fossil footprints were discovered from two localities of the Lower Miocene Asakawa
Formation in Takikura, Daigo Town, Ibaraki Prefecture. The mode of occurrence and three-dimensional
morphology of the footprints are described on the basis of the detailed observation on the exposed bedding
plane, photographs, silicon resin molds taken from outcrops and moiré images of the molds. The footprints
in each locality are preserved as natural casts and sole marks on the lower bedding surface of trough cross-
stratified, coarse- to medium-grained sandstone which seems to have deposited under braided river channel
environments. The footprints themselves had been formed on the underlying siltstone layers of flood plain
origin. The well-preserved five and four footprints among a total of 18 and 11 footprints from locality 1
and 2 respectively are analyzed in terms of three-dimensional morphology. As all of five footprints from
locality 1 show three-digit bearing form, similar to a Japanese maple leaf, their producer is inferred to be
a Perissodactylan animal such as rhinoceros or tapir. On the other hand, four footprints in locality 2 have
elliptical form with a few frontal small projections and rear-side smooth arched outline, and this shape
suggests Proboscidea as a footprint maker. Though a traveling direction of each well-preserved footprint
can be inferred from its anteroposterior direction, it is difficult to recognize trackways from the distribution
pattern of the footprints on the bedding surface.

Key words: Fossil footprint, Perissodactyla, Proboscidea, Lower Miocene, Asakawa Formation, Daigo Town.
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Fig. 1. Footprint fossil localities on a 1:25,000 scale topographical map, “Onakashuku” published by the Geographical Survey Institute
of Japan (Localities 1 and 2). Locality 3: Proboscidea footprint locality reported by Kikuchi et al. (2005), 4: Cetartiodactyla and
Avian footprint locality reported by Koike et al. (2007).



TR T BT

2a, BRR 2¢). #1052 TIHEALEBEIZ L ) T TICHE
T&15m R4mOBHETHI/ZELLTBY, 11
DREHEHEE SN M 2R L7z (B2b, KR 1b).
IEEDIERE & A 12DV Cld, FEIEO BT 1 2%
HE ==Ly — b2 B TTEOHEDNTEOIE, LK,
T L7 EOFEH R % L —ALT, BEOKT
LHEHZ RS L7z (M 2d). s o, ARk
ETOREIZEAAEFNTTE RN L B ME L
MOWEHREWIZ L > THRESN, Fr A MRIZE-S
7mlEZON, FORERLIRESNTRD DI
DWTY ) 3 VEIRTRIELY 21TV, Z2DFE—IL P
SMIHEI Z B L7 (B 2, f). S HIZET Lk (5]
- B8, 2009) TETLVEEREREL, HEOTH

X2 Rt EE a5
Wil WETUILER. ABAFARTHIE Nr<—:
35 cm. b. #RU2, FEA UGV HTE G o 6 & 5.
» €13 300 cm.

Fig. 2. Outcrop photographs of two footprint fossil localities.
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town road along the Takikurazawa River. P 4: 300 cm.
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respectively. Arrows indicate the inferred traveling directions of the footprint-making animals.
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Table 1. List of shapes, preservation states and measured parameters for footprint fossils from locality 1.
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Table 2. List of shapes, preservation states and measured parameters for footprint fossils from locality 2.
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2:09 'J*”L'TLZ’S&*E 160+ 90+ 30 AR B - - B - BHLTwRVZD, &
RIEREDS AN,
S o g JAAL D EATIZ & ) (E D
210 MERZBIAL g 150+ w0 Am A - - 5 - EEABEL, MR
s AR
e 17 o AL DHEATI X D (iR
2 RIREL a0 w0 g 0] - - o — BEABHL, BEEE

13AHE.
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-2

[/

—

o

=

!

d

X8 M2 B0F L EEETHOVEAYT v F. FRRIEHMW 4b O H. KENI LRI, & e

SNBEATHIERT.

Fig. 8. Plan view sketch of the lower bedding surface of the footprint horizon at locality 2. An area encircled with dotted

lines indicates the covering area of Pl. 4b. Arrows indicate the inferred traveling directions of the footprint-making

animals.

1. H= 1 OrER
1-01: (4 9a, 9b, 9c)

MO S 1L 3 eom THBIBHIEEZ 23 5. (i
BTIXNROL Lo EBE IR ECIMRER L Th
D, EHOWEEMEAVRIE S NS (M 9a). ET L§ (X
9¢) 2 HE, K& ZIO KM 3 D D/NYEEDS B
D, &fke L T3IHMoRREEY L TnD. L
MBoTT~8WAMD3IABMORMNEHESINS (K
9b). JEFENEIX 180 + mm, EFIIEIE 210 mm TH D,
8 3 BEEN B Bk H I D BEAD IR L 75 mm TH 5. F 7
Z D JEENT E O BENZE 1A & R R0 A BB 7z BEED
VREDOOLND I LN, FHREREREMNEEZOND.
1-04: (X 9d, 9e, 9f)

MEBDIE X1 6 cm. MAIEITIEIX 9d OAIRIZE &
¥ 5 cm OYJIARER C ONAS, £ L ORI/
S HIASHERR S NS, —HUIREDH 528, 22N
B FHETELr MDA S NG, TEHTIL,
PO REREARE IR ZELTBY, HEITH L]
REMED D B, L —Z (M 9e) &ET L (4 9f)
T, MO TICL /NS RBENH Y, Lo
W LT3R ORI ESI NS, HEE/EH
Fi3 170 + mm, JEFIIEIE 205 mm, % 3 BEEIEIEHEE
60mm TH Y, METHMIBBLZ 1 RHINEEZ
NG, 13T BEED & HEE S MDA &
NAHZ NS, FIEERRHOTRENEZ O,
1-05: (0 9g, 9h, 9i)

MEROE ZE 5 em, YMPEZIZIZIEMEEZET 5.

HEIClME (X9g) DAMEBAKE 2ilEHi<.
ETFWEENII NS R ElED LN, L =AM (X
%h) BIOETLIE (K9i) &pET, &fke LT
B Ao 3 AREEN EHR S N 5. REIOHEE R
1% 190 mm, JEFIIEIE 225 mm TH 5. LEEHIZ AR I
LREENDSEBAFTE S 2 2 &0, MIBREHRENTH S
LEZOND. Fi, BREEHORLRFELEREIZ,
BHoOHMERT 3 BEREHIORIRS L &/Nlo KD
WohzHAMBZ ENTESL (Moh). 2F 0, 9
K O KAND 3 BERUEENASHE 7% - T % W DS
5.

1-06: (E19j, 9%, 91)

IBOE S1E 5 em, YMEIZIZIZMEEXE TS, Y
MBITERMNS MDD ), Tz R L TRz
W~HMEER AL CnD LI’z 5 (9. 2=2H
WO EHRABIRE IR #E, 2RO RFE
TINEHA 4 ~ 5SRO SN, RRERELRE 2
LTws (Mo). E7 L% (K9 Tix, 3HEE
IR DEREDTRO S, 4~ 5EHMO 3 JERJEE &
RSN D, F72, HEEICEEYUT 200 3
YT 2 EBDNDEZNLNIADPHRETE L. ZORE
FloHEsE R IR 180 mm, JEFIIFIZ 180 mm TH 5.
JRFE OB R TR S, R A B R EIO W REMEATH
WEEbNS.

1-18: (X1 9m, 9n)

ZOMNEIIEALDEITIZE DI EAEHEL, EED

OWHARTRA 1 em OF T ) 2SBHEEIIE ST
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9. WA 1 OELEMOEE. vV a BRMEOET LEHGIZOWTE, FETONEBIERIIHL S

b7:0, HEEZEIETHL, RENTEFIEED SHEE SN LT HNEZ RS, A7 —)Vid 10 cm.
a. 1-01 OMEBEE, b. 101 DIREER 7 v F,¢. 1-:01 DY) 2 Y EIRME OE 7 LETE, d. 1-04 ONEBEH,
e. 1-04 DILEA 7 v F, £.1-04 © ) I YBIRMAIOE 7 LEE, g 1-05 OMEBIEE, h. 1-05 DJZERA T v
F. 1.1-05 03 ) a ERMBOET VE%, . 1-06 OMNEEE, k. 1-06 DTEER T v F, 1.1-06 DY
I VEARMTLOE T VR, m. 1-18 OMEABIETE, n 1-18 DBER T v 5.

Fig. 9. Morphology of typical footprints in locality 1. Moire image photos are reversed for comparison with the plan view
outcrop photos. Arrows indicate the inferred traveling directions of the footprint-making animals. Scale: 10 cm. a. Plan
view photo of footprint 1-01, b. Plan view sketch of footprint 1-01, c. Moiré image photo of footprint 1-01, d. Plan
view photo of footprint 1-04, e. Plan view sketch of footprint 1-04, f. Moiré image photo of footprint 1-04, g. Plan view
photo of footprint 1-05, h. Plan view sketch of footprint 1-05, i. Moiré image photo of footprint 1-05, j. Plan view photo
of footprint 1-06, k. Plan view sketch of footprint 1-06, 1. Moiré image photo of footprint 1-06, m. Plan view photo of
footprint 1-18, n. Plan view sketch of footprint 1-18.

11



12 GHEHS - it ¥

BY (Mom, 9n), —HITHEIZOLNDL L DD,
AP EIERTEZ 29 5. BEENEIISRRRS 2SR B 1,
BEENIC & 23V 13AE M BOMBEESEE L2
DEEZLNL. HMEBOSAB X OCRAOHEO
RS, 28 3 BEREAI & HBI S 5. HEE
JEETEIL 180 + mm, JEFIEIX 160 mm TH 5. F7-,
SO OIMN G OlEFO—HAFEO b b 2 &
75 (M9n), MIEEHEEHNEEZEZ 5N,

+ [T FH LA - R AT

2. 1 OREMEZREDS
1-A: (410, 11, [XH{ 4a)

S TIERMESREEINTB ST, PR S
J& DT 112 UKD BV IZE 2 29 54 50 18
DAFHLKLAD ~ M D AT AS, 50 em X 120 cm DO
B/ Sy FIRICEEL TV S, COREITEAIZLD
TR S Nz iBMR A& - AL THYE L CC & 7 2 FlIIKT
WL ZEZONL. UTREEONINIE, Ak

T

ERPN 2345 Sh B1 2858 10 S i grggrt i ipeTad M

B 10. EEDWTHIBELS 1-A OBEFHEGHE (Hri1). A7 —)vid 50 cm.

Fig. 10. Plan view photo of the concentrated area of footprint sections 1-A. Scale: 50 cm.

R 11. JEEITEI % 450 1-A OREENMIEIERER 7 v (e 1), SHUIEIRR 4a OHRFSHIF

Fig. 11. Plan view sketch of the concentrated area of footprint sections 1-A. Dotted lines indicate the covering area of Pl. 4a.
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~HIBEA AT LTV B 720, ZOBEREIIEE L CHIRE
THY (M 4a), A1 X LR FITHFEV L TR
EboBIE A E N, —HIZEMOwH TR &
EZoNnb, UL, BEIOEHELTCHEFSNLTY
Z72012, 4O RHEEOEIIRETSH 5.
COREMTHBELIZOWT, T 130 cm, 7
670 cm O#HPAOFTHIRINB LR T v F %, Zh 2
N 10 B LU 11 IRT . BEENIZE RO b DA
L L, WHAIZIZEA RN (K11). 2
NILHBOR—FHIOREDPEE L CHF S /-2 &
ZRY. 72, LAOEREICMET S 1-13, 1-14,
1-16 DRHIDAE 1, 1-A DRI EFRAMBTDH D,
EHOMEZHFTERV1-15 2 EH®O 724 DD LH]
1A L —HOREHMBETHLLEEZONS (M7). U
FREEOEIL 36 ~ 143 mm & 272 ) OEEDPED
SNBED, 4<1E90mm LT TH 5.

3. =2 DR
2-01: (¥ 12a, 12b, 12¢)

Z OMERIERAE 420 mm, FAE 370 mm OFEMIE %
£35 (K12a). HWEHOESIE70 mm TH A, B
LT3 h% 55, BRI/ S 250 %
M2 2 RO 515 (K12b). 202 HOREMIE
DML, VI D EE 180 mm, £ 150 mm T
»5H. T VEETIE 2 HOEBEOTREILR AR
BT (K 12c), #51 TEDH SN LD REEIE O
CUNERD 5N e
2-03: (X 12d, 12e)

Z O IEREAE 280 mm, FAE 170 mm OFE MK %
2L, MMEBOBE L CHIEAEL L Twb. ZofEH
EOWEIZ, SLICEMELYET 2BIKEEH L, 1
BxE3rHBEail (GH) PRooNns (K124,
12¢). ¥ MBI i3 B 220 mm, 47£E 157 mm
T, ZOLEMEBIIE L MO WIkE 23 5 DI
xt L, AREEZRICIEN S 2RO Z2 AT 3 #F7D &

b, =7, SOAMICAET % HIEEREBIZ D
AREBERZ N S RO A 3 RO 5N D, &
oD O IUdwInb/hs <, BHIOIVE
AHEME A 2T 5 5T, M1 o 3 BRUEE &3 5

WIEREDS R 4. il X 2B EAHo R R,
BRI L 2 BIKEBEH O RN RRT N THAELR 72
MIBREEENEEZEZ 6N (M 12¢), FIEREIY I 3 F
HEZBE L TwWizbEZoN5.

2-05: (X 12f, 12g, 12h, [XIHR 4b)

Z OMEBIZ R 330 mm, A 260 mm OFEMIE %
273572, APoEHEL WS JEE1E90 mm T
BB, MENATFRIALRR ~ B R S s (K
12f, 12g). AEMEZHO—FIT=H HBIZHE L7
WS RZT5N505, L ONOBWAERIKE 2
LCBY, EHOWREEIRIEZSNS (120). f
I EBENNE 4 ~ S MEOFG/NEEATFED S, BEED
tEZEND (M12g). D, #HE1TAHALRN
% &9 B 2 3 MERLRENCIE 2 <, FEFIIE TRl
INSTRBEEN R S OREIEE 2 His. SRR 190 mm,
JEEDIE L 135 mm C, BEEIOAIE & 5 3 Kz
IRTHIBEMREH L HEETE S,

2-08: (X 121, 12§, 12k)

oM EoBHEYE L (K120, BE
200 mm, %EfE 150 mm, E S 70 mm TH 5. M
WIZBEE 2 MDA LN WA, ET LRIZE S &
RIS O 0 2 ZHEE SO 5D (K
12k). AN ERASBTRE CREET 20125 L,
GRCTIHERIDHE <, BRI I3/ S 222 DGR
HEND (F12j). DT e 2z RSN
EORNTHS . ZOHwERHEIE 180 mm, ZF
&L 130 mm TH 5.

RHM{tA DL &EITHR

WS 1 BIOHA 2 ICBWTHERE I NS LENIZD
WC, HEE ENAEFT IR B R BMEA AT 2R L (K
7. 8), FOMH| R EIZOWTEEL .

1. Hb& 1

JEETE REIBE D434, M TE 7z 12 0 R
TR Z O/F 26 3 Kkl X5 L7z (7).

X LRI RERTH S 1-A 205 1-13, 1-14
1-15, 1-16 I2FE %, LW -FEAICE %R 55RO
Kchy, dLlmE (1-14) b oA, RSO
3HFRIOJEE (1-16, 1-13, 1-A) 2SEHIL, #EHEIO
REP O SN LS, EEROMEE )
W ATANET L2 E2RLTWS

Eﬁzimﬁlmﬁﬁﬁﬁwﬁﬁ Zif > T 12 fll s

BIZHEATVL SO0, BEIOME X 55 (X B 2 L H]
PEER W22, 72721, 108, 1-11, 1-12 122w
TIEEMEE D L Zbdb s~ o EER i o 823
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LGREAFS - /it B - EFHER - FNET

12 WE2 OFREOBE. V) 3 VERMBEOET VERICOWTIE, FEHTOMEBIEIIIHE S
®o700, WL NESETHDL. KENEHEED SHEE SN D ETHIAEZRT. A7 =it 10 em.
a.2-01 OMEBIEE, b. 2-01 DBEEA T v F,¢.2-01 DY) 2 YEIRME OE 7 LETE, d.2-03 ONHBIEE,
e. 2-03 DILEEA T v F, £ 2-05 OMEBIEE, g 2-05 DJEEA7 v F, h.2-05D ) 3 YBHERMIOET
LR, i2-08 OMNMIABIEE, j.2-08 DIEEAT v F, k.2-08 DY) 3 YERMEIOE T LEE

Fig. 12. Morphology of typical footprints in locality 2. Moire image photos are reversed for comparison with the plan
view outcrop photos. Arrows indicate the inferred traveling directions of the footprint-making animals. Scale: 10 cm.
a. Plan view photo of footprint 2-01, b. Plan view sketch of footprint 2-01, ¢. Moiré image photo of footprint 2-01, d.
Plan view photo of footprint 2-03, e. Plan view sketch of footprint 2-03, f. Plan view photo of footprint 2-05, g. Plan
view sketch of footprint 2-05, h. Moiré image photo of footprint 2-05, i. Plan view photo of footprint 2-08, j. Plan view
sketch of footprint 2-08, k. Moiré image photo of footprint 2-08.
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fEEsh, TOE LT I-AOFEBEMTL T
EEZ NS, 1-A OBFEEEO—EHIZ I X ASHETE )
MERLLLDODHY), X2 O—H DR 5 Eik
TR D 5.

Ki 3 13T 1 OFEmICEL T 5 2 o LT
HY, BABLO -8 DREHFHPS, THTH A
THEMEDSH 5.

i1 Tk, WO TS FIEREI) O 17T ik & 1
FETE D RHFNIFED SN ho T

2. HE2

2 T, 11EOMED S B 3 BHNI DWW THE
THMDHEETE 7 (M8). 2-03 B L U82-051%1T1T
WA ET, 2-8 EMHRINETH L. ThlstoE
IO ARy 7 Ex2 & Th, T TR ED
FHIPEIZ RN 2T S 2 TE R,

ENEFEN ¥ D HETE

Wi 1 CREFR S N/ 3 MEEI D JEFN & Hb A 2 CRERE
ENTHEAROLEHICOWT, ZOKX SRS, E
REAUSFM 72 &0 5, ENEREIIC DO W T ERT 5.

1. i 1 OENERENI)

i 1 CHER SN RO RN & LC, 2R
EERORPHTE~TIBHAETH ), K5 3 HEOW
BN S BN E SO 3 HAITH D, HEEIRE O < U
DL, 3 HO RO O AR IXERRIC L T 5
SVIRAREATRED HILD . TS OFFBUI T | TR S
N2 18D H 6 3EORENIOWTBLTED,
1-A OREFNERE E R T O HAINTH S, £72, 1-06
TIE Z OIRFIIERICH ST 2 & Bbh s < IZAD
HRINTND, BHOKRE G, FERI1IORTLES
D, JREIE 170 ~ 180 + mm, JEFIIE 180 ~ 210 mm,
%5 3 BEENEIX 60 ~ 75 mm T&H 5.

HFLHO B AR HAEROLAEIZB VT, ok
ILREZORIMEEHLELIHT L Lo DIERES
HB L UOHFHEOT AR ENIRTHL. 20 HE
HIAOEENIFEATE TN E W 720, HE1 O JEED
RO EEGHL v (K132). —7, YA FHE
MR 3 A &5 (K 13b), /N7 BHEATIE A 4 B,
BN IATH S (K13, d). H1 T, —#HD
JEENTIZTEREDS A CHIWT C & 20\ 23, FEFEZ 4 Hik

ORI TETWAw, LaL, AEENIERE
W ENTZOERPER) I W E2EET L L,
4 HFREIORED 2V EIZF WY v, BT
&, HE 1 O REMUA OEEREIY X FEFEO Y A BB
LIy REEELTEL.

W 1 ORI A X LR SNEHHORE S 2
5, FIEEWE, BAEE I NION AR TH DA~
N 5 YA Dicerorhinus sumatrensis DR % SIZHHY T 5
EEZLND.

2. M5 2 OENFFEH

HWrii2 o4 AL, M1 TRO SN R
R, PRI T, BigEEIIEBEEIC £ 5/
ELHNEHA 3 ~ 6l SN, BFEBIIAE R
KERELTBVEER V. ZOBRBIIUZEETE D
L, B 10em R 2 KB O E D 5 REED
HLEWIRAHIZTTH S,

RHEBIIKITOR, MBRORHPERT 22 L0%
<, FHEOBEHFHIEOREME #7201z,
WIEBREHOHHBHEIIHE S, #52TH, 20312
BWTHUEENCEB L CTHARA ZFEIIEO R LA
IR ESN TS, FER SN EHIOBRENEIE
180 ~ 220 mm, fEENMEIX 130 ~ 157 mm TH 5. Z
DORE 3, BAEDT VT V7 Elephas maximus O JE.
FlEBs2E, 6 1A~ 1FOHEED L DITHYT
% ([f#, 2000) ©T, FIEREPIL/ IO RS & %
Y (V-

WEHBREODHR,L SELL £
AERIEEH EAHOER

WA HEAR 20 A R SR O AL B L2 1 - TR
SNFZHEFELL T, IR OIE e i~ i CHLRE S
NTWab. LA, AR R T 2005 4F124)
O TR S NTLE, KT-HT O AR eI 554
T2 TE R OICHSE R HTERE: MBI,
2007) BLOFNIIESIZRETLERIBOPRE (K
FHIGIR: FitiZ 2, 2005, KRFREA: AHHids) O3
WEASHESNTVE, THSIIREME, EBEE(Y
HED B \E Y AFNEFROBEH), AEE (YA
Bd 50N 7E) BIOBHEORE RS LT
5DT, THHDRIMEAEEIDOWT, HARDHHH
DRIMLEBO AR E LS L C, 2ol
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BRIZOWTEET S,

1. BIMERE» SBES & B o A HIERD AR
BHEEN S
(1) R&E&E
EIE o 2 & (LR il 2, 2005; FHE DM
H2) PO EBOEREORPMLADHER SN TE D,
WIS B X o TEIBR S 72 T REME AT W
B, EHELDOBEFEDODDTUITHEMET 512> T
W72\,

X 13. BliAEHEB X OFEEO LHIERE.

print of Tapirus indicus), d. Tapiridae (fore leg print of 7. indicus).

W EFFH B - AR

EIBAHERE L 7o bttt Ui o H ARSI S T, B&
BECEITLAT7 4TI LREATTUT 5 FUEDA
HLTWAEEZOLNTWE, TAT74+ 7)) Y48
DB LRI S DMK TH 57 (Kamei et al., 1977;
Makiyama, 1938), A7 I0 7 1 FYEIIBREE, =
PRUL, FIRIE, IER, BILRZ ETHRESNTEY
(B - EUFH, 1981; EANE 2, 1984; BT H

137, 2003, 2005; EMFH - E&J)I, 2002; Kamei and
Kamiya, 1981 7% &), &JIIE 7 & 133 T & H B E
MCTHE, ARPENENENL TW5,

oKyt

a. BRI (77 V7 Elephas maximus DHEEEE), b. 77
B¥EY A B (A< N 59 A Dicerorhinus sumatrensis Dt JEFN), c. 2¥EFENNZ B (% L —/327 Tapirus indicus
DR, d #FEEANZ B (L= N7 ORI, A7 —)Vid Sem. ol WATEH.

Fig. 13. Morphology of footprints of Proboscidea and Perissodactyla. a. Proboscidea (superimposed prints of fore and
hind legs of Elephas maximus), b. Rhinocerotidae (hind leg print of Dicerorhinus sumatrensis), c. Tapiridae (hind leg

Scale: 5 cm. Photographed by Y. Okamura.
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WoEZLE, HBFLA-ERBIIATIT0 71+ FUE
THLUREMNH L. 2THAICBIT L EHIOKNE ST,
BEDAT IO T + FYBOEY A 2OV TOHEE
LEREGZTVHELDOEEDLND.

(2) #FiwiE

LSS L7z (EaoH 1) &6 B o EPbaIZ
BATHER A R TATHR A MERE T 5 2 L I3 CTE ol
75, FA—HIOHEIEEN O S, EHRO TR
HFE—HANCBE L T2 EDSEE SN S,
WA ZOhHHKD> S, FEEIIEIMUG 2 &
DILH DFEHIZEHRE STV ARV, HARENO
T, WEIERET ORI, 1994) R RIFEAE
AR G - %P, 2000), = U AHAT (K8,
1996), FHEREAN GHEHIZA, 1989), #HERFEH
Bili CF 2009) 7 &5 6% A BoBKbass, e
BITRT (BH, 2003) 2>5 /37 B oF&ALA A
ENTWDE. Fiz, FARD D IEEE O R
W22 TIE, EREAMGRT GE - 5, 2000),
EHEAEHT (R - BEH AR AR ERE
£, 2001), WGREIERINET (EE, 1996), [l
FREM (L%, 2003) BLOERE (2, 2005) %
EORFPLHESN TS, L2223 T, BEEL
JeTozHE B O RBMEA O RE NI A R 2590 T D
N

(3) 1BiwEE

REE O R PMUA XL R E ORI RIS (K
FHTEEE) TR 150 o IZABEE LCHEML, 20
9 B 60 JRENZ DT EIWTE THIE O & 2 FIPRE O
EREZMERR L7z UNtIZA, 2007). 22Tk 1250
TSI S AL, ENEREIIL S IRt B Vid s RS
OB ETH Y, DEOBER =K HHEED
RESEHEE SN TS, &b, ZOEMOEH LA
JEHED 100 ~ 150 m FA712d 72 2 %) I8 T oM 8
251, ¥ B # Dicrocerus tokunagai O 8 HYHE
EN T 5 (Shikama and Omori, 1952).

(4) B%

BHEOREPMUA L, JLHRE O S eI die
B SREIP S 2  15|OFTH & L THE SN TW 5 (b
wiE2», 2007). REIRIZA 10cm, 4 KOGHZ S -
TREVERET, HEILLEOKY A4 XTH o722 & &R

LTwa. BRIFSNZIEERAFRO N TV D720,
FIER L 72 B A FFE T E TS, EN& o P
T RBRIP LRSI N TV S0, SHROHE
MR L 72w,

DL HIZ, HARGHOWHD HEST HEILA R
JEIM U THEE S LT B R HEBI AR DS, WIAHE
FEEIZD DML TV EDSHEFIZ e - 72,

2. BIMEBEEPRTHIRHERADOHRE

E @ b B2 1% Arcid-Potamid 7 + — F (E5 18,
2001) &I 2 K A — Sl QBRI B AL
ARENEL L, B - M oORTSREsI MR (6 2
1¥ Ogasawara et al., 2008) O MG VEEWHE % o
J5. —7, dLHSE S S &I T oMYA ILE
BRI & W02 2 BRI O VG SEILRER CHREELO LT &
M, EINEEEIC 7 5 LEARB AT L, AT R
HEFENE I EPHEMEIN TS kI, 2008). »
D I A R R EE Y (Mid-Neogene climatic
optimum) OAEWHTH Y, JLHSBLEIIBHOTERK
SN OREHNIE, IR RESEB L Twizk
ZZHNTWE, I, RMNBHOFE=ZRDOFN
J&F OME DS HE R, T DR = R R R O Ik
BT 175 ~ 164Maflit & S TWwb (EE - WK,
2008) .

EMMUA 2 &t i, Wiy, BRI (K
T-ETEEE: N3 2, 2007; KTETACIR: 35T A,
2005; KTHTHEA: K#kd) TH LA, EHELEA, dt
IRTIEFHEFARAKR E (R B0 T 5.

KRFHTEBE T, NP IR KR HEAE Py 12 B
Fn7-v— PRoF~flikEETH L. L, K
ALK OHERE R I, 1 8 B o K HERE Y ¢
O RS NWCFHIZ % o 72 IR B2 Ko X
VRS R 259 < > — MRICHERE L, 2 2 2B oH
BAEAS LB SBIT L b0 LREns (U
i34, 2007). Shikama and Omori (1952) T# &
N7z AR OB, BEERIT ¥ R OVHEREY IS
DAFENTHDTH DA, MREOWIE AR EEH
MEBAJICAER L TWZ L 2RET 5. R KL
HEIASHE X, KRR N E 27T LCwW7e
B, TROKIIZIE Y HEOBEN L KR O BIH
HEDPESTNWDTHH).

—7, WERLILROEIE T BT 2 5B MR
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JIMOHERE T 5 BEE IS, KREFFAEO R HHER T
B (AR D 2 WII N7 R OBENDKE RO TH
F o TWZTREEDRIES LS.

EH 507 — A LA P IIRIREIC B 2
BHAERORE FERBRO—HiZ R L TV b EEZ HbILS.

3. MEMEADEIMEAEDER=E
CNFETEESLDVWIZEIHE D - 2 ILHAE B L O
gD RBALAICIE, 3 2058 BERITFER SN T
BN, SHROMEOMEO L TEHELEZ LNLLDT
HWEHTORBLADELTEEOERZ X 14 1R L
72 £ T (Lockley, 1991; /NililT >, 2007 12 & %) fi§

Pseudo-footprint
(Track infilling}
Type C

True-footprint
Type A

Under-footprint

14, HEH THERR S o ML A D %ER: B (¥
AT A), FXYAN(FATB), B (RENFEEE)
(#147C) BXOT =71 . Lockley (1991)
WA RSO RMEATIRTY ¥ =7~
MIFER STz,

Fig. 14. Elements of footprint fossils: true-footprint (Type
A), natural cast (Type B), pseudo-footprint (track-infilling)
(Type C) and under-footprint. Modified after Lockley
(1991). Under-footprint cannot be confirmed in this study.

HIZRCHR - ZRLTBL.

(1) 2147 A ERH true-footprint
FIERTE O A7 MR - B L, &M L 7zg8im b
WREID CIEAE LTHERR S S b DT, K- HTEEjE
OBEREEMLA (K14, K 152) A2 NUH7z5.

(2) 24 7 B: EFIME! natural cast

FIBFRIO T 2R & - 2L, &W L BE T
WEHIDSTR O S A & L CHERES LS (KTHTHEA
BIUIIROESES L OHBEEELA: 1K 14,
15b).

(B) 24 7 C: AR (BENFIEMER)
footprint (track infilling)
FIBRTECIXFIBEE 3, ZO% em A0 EHE LI

IFH (B NBIE A, 2007) HEHT L. BHO

JERHNIHIE 7 T v 2 oY X ), BEEIE T IZEER

Wi & U CHERR S A CRT-HTGE, Bl it

F: K14, K 15¢). TAUIERVEEIMNESDS, EIERE 2

e T OHERE Y & FE OHREM THRE S N2, T

BENIT5ThPro7z72012, BERO/NE BRI

ELTHEINZL DT, ZOHEKITHT 22 HERERM R

Mhol-Z bl BOMBEEO-WREDOEEN%LD

EoTW/z7zolZ, AfbibEE Ficsy 14 7 C &l

L72bDTHA.

B, INFTEHELONETET ¥ —T) v+

(under-footprint) & b 2 EBMLAIFFER ST W

A%

pseudo-

15. WIRHERRE O PFR A SR SN R LAOELIEEO S, a ¥4 7 A BEOEEH (KFITH
B D /NBIEA, 2007), b A T B FEEHOF v A N CRTHEA: AEEE), o 54 7 C: BEHEHO M D
L X DT THERR T & 2 ENBRITTE (FRTEERE - /ANtlE A, 2007). A% —)vid 5 em.

Fig. 15. The morphological division of footprint fossils from the Miocene Tanakura Basin. a. Type A: true-footprint of

Aves (Korofuji: Koike et al., 2007), b. Type B: natural cast of Rhinocerotidae (Takikura: this study), c. pseudo-footprint

of Cetartiodactyla (Korofuji: Koike et al., 2007). Scale: 5 cm.
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Plates and Explanations
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Xk 1 (Plate 1)
a1l o=y FVIEEOREFEICEH S 5 MERO R IR

a. The mode of occurrence of the natural casts of footprints exposed on the lower bedding surface of
unit IV, locality 1.

b.#hm 2w =y b THEOEETHIZE T 2 NHBo EE IR,
b. The mode of occurrence of t the natural casts of footprints exposed on the lower bedding surface of

unit I, locality 2.






Xhk 2 (Plate 2)
SR O SRR OB T

Excavation procedures of footprint fossils.

a. FEMPFA AR GREO REMUA OB BRI Gba 1), BEMUA IS S 30 ~ 40 om DRV 22
DORIFHIZFEH LTV 5.

. Outcrop photograph at the start of excavation at locality 1. Footprints are exposed on the ceiling

13

surface of a narrow cave with a height of 30-40 cm.

2RI OB B OBRINER. 2HHO— LT TERAR— AL HRT 2 (Hri1).

b. Breaking sandstone beds away at the bottom of the narrow cave at locality 1. In order to secure our

o

workspace, the cave was partly excavated.

EENE ST 2 MO EEESE (1),

¢. Observation of natural casts of footprints exposed on the lower bedding surface at locality 1.

(2]

BYHEZ— T — PADOMEDIERER A D b L — AEE (Hur1).
. Tracing shapes and distributions of natural casts of footprints on a transparent plastic sheet at locality
1.

e o

L) a R E AN O TIEC) RS (A 1),

. Silicone resin molding of natural casts of footprints at locality 1.

o o

fUEELL 723 o UM (A 2). SoOMEEZHWTET LEEIC L ZRENNZ1T-
7=.

. Silicone resin molds taken at locality 2. Moiré images were subsequently photographed from these

——

molds.






Xk 3 (Plate 3)
S 1 OREOMNMEBIEE, g S 15 REOMEIT % KEHTRT.

Plan view photos of footprints at locality 1. Arrows indicate the traveling directions of the footprint-

making animals.

a.1-02 DY HIEE F
a. Plan view photo of footprint 1-02.

b.1-07 O HIBI5 EL
b. Plan view photo of footprint 1-07.

c. 1-08 DI E F
¢. Plan view photo of footprint 1-08.

d.1-11 OB .
d. Plan view photo of footprint 1-11.

e.1-12 O HEIE R
e. Plan view photo of footprint 1-12.

f. 1-13 BLU1-14 ONHABIGE.
f. Plan view photo of footprint 1-13 and 1-14.

g.1-16 OMHEEIEE
g. Plan view photo of footprint 1-16.

h.1-17 O\ HBIE E
h. Plan view photo of footprint 1-17.
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Xk 4 (Plate 4)
Hiril &2 OREOMNEBIEE. HEE 3N D BEOETHINE KENITRT.

Plan view photos of footprints at localities 1 and 2. Arrows indicate the traveling directions of the

footprint-making animals.

a JEENITH A 4T 5 1-A O—# (bl 1), sz 11 18
a. Plan view photo of a part of the concentrated area of footprint sections 1-A, locality 1. The

photographed area is shown in Fig. 11.

b. %4 L7221 (2-03,2-04,2-05,2-06) DIMTEBIGE (#2). Higif 4 X8 1R
b.Plan view photo of the crowded footprints (2-03, 2-04, 2-05 and 2-06) at locality 2. The
photographed area is shown in Fig. 8.
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