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Abstract

Mammalian and Avian fossil footprints were discovered from the Osawaguchi Tuff Member of the
Lower Miocene Kitatage Formation in Daigo-machi, Ibaraki Prefecture. The mode of occurrence of disclosed
footprints are described based on the detailed observation. Over 150 footprints are crowded in five areas on
the same bedding surface in two localities. They can be grouped into seven morphological types, A to G. In
all of the types, with the exception of E and G, a true-footprint can be invariably found a few centimeters
below each round or elliptical shaped shallow indentation (hereinafter referred to as pseudo-footprints) on the
flat bedding surface. Types A to C include hoof traces revealing wedge-shaped cross sections. A total of 13
trackways (T- 1 to T- 13) can be identified through the distribution of footprint morphotypes, their alignment
and the traveling direction inferred from hoof traces. Furthermore, they are grouped into four types (T-A, T-
B, T-C and T-D) based upon the composing footprint morphotypes, stride and track pattern. Footprint types A
to C and trackway types T-A and T-C seem to have been produced by artiodactyls, taking the existence of
hoof traces, their footprint size and stride length into account. The difference between T-A and T-C may have
been derived from the traveling styles of the footprint makers. Footprint type G and trackway type T-D
clearly infer that a certain bird produced them.

Key words: fossil footprints, Artiodactyls, Aves, Lower Miocene, Kitatage Formation, Osawaguchi Tuff
Member, Daigo Town.
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Fig. 1. Two footprint fossil localities on 1:25,000 scale

topographical maps, “Hitachi-Osawa” and “Onakashuku”
published by the Geographical Survey Institute of Japan
(Localities 1 and 2). Locality 3: Occurrence of an
Artiodactyls skull fossil reported by Shikama and Omori
(1952).
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Fig. 2. Outcrop photographs. I-V: footprint crowded areas. Arrows show the flowing direction of the Osawa-gawa River.

a: Locality 1. The strata bearing footprint fossils are horizontally dislocated less than 10 m between areas I - III (right bank side)
and IV (left bank side) due to a right-lateral fault (f).

b: Locality 2. Footprint numbers 206-208 are located in the upper part of the inclined bedding surface than nos. 201-205, but they

are not shown in the photo due to vegetation.
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Fig. 5. Morphological outline and measured parameters of
fossil footprints in plan and cross sectioned views. Lp:
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mm, e: 40 mm, f: 45 mm. The marginal cross section outside of the true-footprint is referred to the base level.
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Fig. 8. Three-dimensional morphology of true-footprint (no. 22). a: true-footprint outlines on longitudinal cross sections of the

sandstone block specimen (no. 22) cut at intervals of 2-3 mm. Numerical values mean the distances in mm from the base level of

cross sections. b: three dimensional morphology of the true-footprint.
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Fig. 9. Typological division of footprint fossils based on morphological features (footprint types A-F). a: type A, upper: upper
surface of pseudo-footprint (no. 15), lower: cross section (no. 32) ; b: type B, upper: upper surface of pseudo-footprint (no. 58),
lower: cross section (no. 54); c: type C, upper: upper surface of pseudo-footprint (no. 20), lower: cross section (no. 38); d: type
D, upper: upper surface of pseudo-footprint (no. 18), lower: cross section (no. 23); e: type E, upper: upper surface of true-
footprint (no. 36), lower: cross section (no. 36), f: type F, upper: cross section (no. 68), lower: cross section (no. 68).
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Fig. 11. Measured parameters of trackways. St: step, Sd:
stride, op: pace angle, Tw: trackway width.
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Table 1. Characteristics of footprints and trackways.

TR | X T JERN 5 R O SRS JEEIRY | 47 RER
FURED: P - N JEENFE T 34 37 138 139 140 S
BRI Y (e BERA L7 RED) AR C* C* ? ? ?
T-1 I HEAT )71 967 A1l St (cm) 40 45 38 39 40.5 C T-C
Bk R: fuv UK Sd (cm) 85 82 77 81.3
ATHRIR: S ATHRE Tw (cm) 0 L5 0.2 0.6
ATB: AR B ap(7) 180 176 179 178.3
YV EIE RPN AT T 35 36 SEHy
B SRR JEENE! E E
T2 I FEATJ71A): 337 (d %\ 1F 2137) |1 St (cm) 43 43.0 E ?
Bk Fe: AW BUKE Sd (cm) -
AT A8 ATHRE Tw (cm)
17 A9 Hfyap(7) -
TBJEED: PIE - i RL AT 8 27 29 30 SEHy
R B Y (e RERR L ZZRED) | EEIR A* A* A A*
T-3 I HEATJ71A): 162° A1l St (cm) 36 28 31 317 A T-A
Bk fe: RERE B E Sd (em) 63 55 59.0
AT Tw (cm) 5.6 11.1 8.4
: Aty op () 161 135 148
TBJEED: T - Rl AT T 7 12 19 31 Py
FIE: Y (o FERRL7RED | REETE A* A* A* A%
T-4 I AEATJ71A): 187" Al St (cm) 35 34 32 337 A T-A
Bk fe: RERE B E Sd (em) 66 61 63.5
ATHRWR: T A7 R Tw (cm) 9.8 11.8 10.8
118k ¥ 7 7 Ik Hfyop(”) 146 136 141
B2 ED: PR - L AT 6 10 18 23 Py
B 2 L JEENE! D D D D
T-5 I AT 1) 177° A1l St (cm) 34 40 36 36.7 D T-B
Bk R RERE B Sd (em) 70 74 72
ATHRE: 15 ATHRE Tw (cm) 11.0 7.7 9.4
1THR: ¥ 7 7 Ik Hfop(”) 144 156 150
TBIEED: TTE - i RL AT T 26 16 32 5 Py
B B0 (o RERR L 72 JEED)  JEEDEL A* - A* A*
T-6 I HEAT )51 217 Al St (cm) 35 33 36 347 A T-A
Bk R L Bk Sd (cm) 66 68 67
AT 15 A7HFIE Tw (cm) 8.2 5.1 6.7
1T ¥ 7 IR A op () 152 163 157.5
TBIEED: TTE - i RL AT 21 15 11 4 Py
B &0 (e RERR L 72 JEED)  JEEDEL A* A* A* A*
-7 I HEAT )71 8 A1l St (cm) 33 29 32 313 A T-A
Bk R L BB Sd (em) 58 60 59
ATHRWE: T A7HFIE Tw (cm) 10.0 5.1 7.6
118k ¥ 7 7 Ik Sfop () 142 159 150.5
AR ED: FEPE - KBL AT 1 33 14 20 STy
B &) (e BB L 72 JEED)  JEFTR - C* C* C
T-8 I HEATJ71A): 1357 il St (cm) 51 49 51 50.3 C T-C
Bk R: Ruv B Sd (cm) 99 99 99
AT R AR ATHRIE Tw (cm) 5.6 4.8 52
AT B HE AR A op () 167 169 168
B2 ED: PO - Rl AT T 2 3 13 17 22 143 | 71y
BRI Y (e BB L7 JEED) AR A* A* A* A* A* A*
T-9 I AEATJ71A): 144° Al St (cm) 31 27 35 32 34 31.8 A T-A
Bk R L B Sd (em) 57 60 66 64 61.8
ATHRNE: Th ATHRIE Tw (cm) 43 1.7 6.1 7.9 6.5
1T ¥ 77Uk Hfiop() 163 150 159 151 155.8
PUEED: b AL AT T 151 152 153 154 155 STy
B L JEFIED G G G G G
T-10 I HEATJ71A): 350 Al St (cm) 22 21 23 22 22 G T-D
Bk R BUb Sd (cm) 43 44 44 43.7
ATHRIE: S ATHRIE Tw (cm) 1.3 0.7 1.2 L1
ATHR: AR Hfiop() 173 176 174 174.3
1B IEED: PO - AL AT 81 63 62 61 T8y
R AR JEFIR A?B? - A?B? A?B?
T-11 I HEAT 1) 11° A St (cm) 30 23 30 27.7 || A?B? | T-A?
MR J #5 & Sd (cm) 52 52 52
ATHRIE: AL AT Tw (cm) 35 4.2 39
[V AAN Hfiop() 164 161 162.5
1B ED: R - KR AT 41 40 39 38 Ty
B Y (e BB L7 J2ED) [ JERIRY C C* C C*
T-12 I HEAT 5 I0): 322° A St (cm) 44 41 44 43 C T-C
Bk K Sd (cm) 84 84 84
AT Tw (cm) 53 49 5.1
A op () 165 166 165.5
A% S 204 203 202 201 Sty
B Y (e AR L7 J2ED) [ JERIRY - - - A*
T-13 v HEATJ71A): 297 il St (cm) 39 39 29 356 || A? | T-A
Bk e L B I Sd (cm) 74 68 71
AP 15w ATHRE Tw (cm) 11.1 4.8 8.0
[ AIAN Hfiop() 146 164 155

JEENFE 5 DR F-FRFCNT AT H 2w U722 FL. ATERO Ml AL IE I 11 20, #AE v (Sd=55cm),
PAEEE (55<Sd=75cm), B\ (Sd>75cm). 17k . Y7 ¥ IR (op=165°), HEEFIR (165<ap=170°"),
EAR (170°<op=<180°). 4THFIE : BV (Tw=2cm), T/E 2<Tw=6cm), L\ (Tw>6cm).

Bold letters indicate the footprints whose traveling direction can be identified. Measured parameters of trackways are
shown in Fig. 11. Stride: short (Sd = 55 cm), medium (55 < Sd = 75 c¢m), long (Sd > 75 cm). Trackway pattern: zigzag
(ap =165°), intermediate between zigzag and straight (165 < ap = 170°), nearly straight (170° < op = 180°).
Trackway width: narrow (Tw = 2 ¢cm), medium (2 < Tw = 6 cm), wide (Tw > 6 cm).
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identified by hoof traces within two footprints at both ends; thick dashed line: inferred trackway by pseudo-footprint morphology
and its step length; thin arrow: traveling direction identified on a cut section of sandstone block. f: minor fault. Inset legend is
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Fig. 13. Plan view sketch of footprint crowded area II. Areas encircled with dotted lines indicate covering areas of P1. 1a and 1d.
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Fig. 14. Plan view sketch of footprint crowded area III. Areas encircled with dotted lines indicate footprint crowded subareas III-1
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Fig. 17. CT scanning three-dimensional images of a
footprint of the present species Cervus nippon (Photos
taken by Computed Tomography System (X-Vision:
TOSHIBA Medical Systems Co. Ltd.) of Ikuta Hospital,
Shiga). a: a worm’s-eye view showing fore and hind leg
traces are out of position side by side. b: a lateral view
showing the fore and hind hoof traces protruding in
wedge shape into the traveling direction.
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23| V| — X - — AR K 176 98 - - - - - - -

124 | V| — X — — M/ 11.8 9.8

25| V| — X - — | 8.1 7.1 - - - - - - -

126 | V| — X - — M ANE 52 5.0 - - - - - - -

127 | V X ML 119 8.8 - - - - - - -

28 V| — O - = |FEMTE 133 | >48 - - - - - - - AU

129 | V| — O - —  |[HEFR 94| 53 - - - - - - - Bl

130 | V| — X - = |ME/ A 10.1 9.4 - - - - - - - 7T v 7 TG

L I I U X - —  |MR R 6.6 6.2 - - - - - - -

132 | V| — X - — [T AL 93] 68 - - - - - - - B JEENASTAL ?

133 NV | — X - —  |MME R | >11s 6.5 - - - - - - -

134 | V| — X - — | RE | >118 5.9 - - - - - - -

135 | NV | — x - — MR 1.7 9.5 - - - - - - -

136 | V| — X — — k& 7.9 5.1

(#i <, tobe continued)
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. ; Bk | WICO ET | e ko | e mieem| SV poeen | voeen | e | poeen| BREAG BRAMLL
e B | i | eseno m,;;ﬁ,% Wi Rz || w | OBH | oms| K | i *ﬁ;ﬁﬁ‘;ﬁ’ o BRE %
(INM-4-) At | Heap)y | () SURRIET (Lp) | (wp) | (o | wea) | (oo | (BY |(w2)| (G1)
37| V| - X - — MR 106 | 58
138 I [ — [T-1 X - - |MEFR N - —| >73 4.7 - - - - - Wik ToI ST 5.
139 I [ — [T1 x - — M - —| 93| 46 - - - - - FEIRAEERE .
40| I | — |T1 X - — M - = 95| s0 - - - - - FEHRAE G B AL
41| N |poEr 13032 x ’@;‘;f} CHETITES,/ /) - =] 72 4 - -] - - =12 %fi“ﬁ“%m[ﬁ L Chae.
mwr E&LJJMLME;E. Ed
142 | V [D?F? 13032 X 7 | CHiFIE /B - —| 65| 48 - - - - - T ;7 NI X BT L
W5,
430 10| A |T9| 13015 O FHEED | 9.1 88 | >5.0 —| 24| 22 - - >15 fi”? a)ﬁg—;mi%ﬁ@ e
144 | I | A2 13026 O | EwEn | FE 2 A 62| 53 2| - 2 2 - 2 ? BRI 1 %0 S0 BN
145 | I | A o o} FHGED | I R 67| 6.1 73 = 30 30 - 0.4 36
RVITEET
46 | I | — X ? - 1?2/ - =1 70 =1 40 - - - - LT
7| m| oA x O |EEE|? 2 - =] 32 43| as| - - - mz%‘f 7T CERHIE B LI
g | M| — o - — (MR a9| 42| | - —| - - - - R
149 | M | — O - — [N 40| 40 - - - - - - - ECLR
150 [ | — o - — | ss|oso| - - - | - - - ESL
51| 0| G |T-10] 13033 x jr”? E@Iﬁﬁ"ﬁ/ | = 16| 9s| | -] - - -
12| 0| G |T-10] 13033 x i@ g,”,gﬁfﬁﬁﬁ/ “| =] 1| &7 -1 -] - - -
153 I | G |T-10| 13033 X JT[E E;’m’ﬁ’?%%/ - - 135] 99 - - - - — | Bfi3e (FLEFD LT
154 I | G |T-10[ 13033 X U’,;,‘BT e - =] 102 | 109 - - - - — |10 (FULFD L)
h TR o o _ _ _ _ _ 2006.8. 1012 HEFE. 9.26D e
I55| 0| G [T-10| A13033 x ) 96| 98 [EES P i Ukm;;fﬁ/}di
156 | V| — X - — | AR 108 | 6.1 - - - - - - -
157 | V| — X - - |HEHE R 189 78 - - - - - - -
Fl T T D FIBRA 8 A5 A7 12
201 | V| A [T13 X o} EFFED | PR 85| 78 —| 47 35 —| 45 - — | IRSE3h (25 2 E LD ;Tmmwrmﬁ YR (ﬁm’ én
22| V| — [T13 X - - |FE 118 9.5 - - - - - - -
203 | V| — |3 x - — MR 92| sal | - —| —| - - -
04| V| — |13 x - — | 71 - - - - - - -
205 | V| — x - = |FE R 85| 75 - - - - - - -
206 | V| — X - = |AEHE R 150 92 - - - - - - -
207 V| — X - - |ME 10.5 9 - - - - - - -
208 | V| — X - = [HEMEREL 185 | 125 - - - - - - -
200 V| — x - — | g1 sol —| —| —| -] - - -
1) EROERE/ RS Fold I 2 — U7 28— 7 KR AREWEOTRES (INM-4-xxxxxx) Z/R7 . ORBEER,
AR DO—ERD HPRAL, XA PRIPEA 7 L %'/J\T.
2) WIHCOEHAOGE: O (HV), & (EEAFLLARHE), X (2L), ? HETHY), (RHERR) .
3) JREIB £ DR OREBIERS B £ O 1112k 2.
4) R L ORE: FE (1 =LpWp<125), #EMIE (125<=LpWp<15). fHHE (LpWwp=1.5).
5) BRI EHOKRE S/ (Lptwp=12), A (12<Lp+tWp=25), KH (Lp+Wp>25).
6) JEFFE524, 25, 28, 43~49\2D0WVTid, WO TINEOMATH Y, TAISEMDHER S N 72D REMEA TIE 2w &4
Wr LB L 72, 72, REFET 64, 66, 6912DWTIE, /N ICHE o TS L7z Md & HIlT S 7z 720 BRAb L7z,
1) Presence of specimens/registered specimen number (INM-4-xxxxxx) in Ibaraki Nature Museum; O: not registered, A: partial specimen,
X not present.
2) Presence/absence of hoof traces in cross section; O: present, 2\: ambiguously present, X: absent, ? : unknown, —: unidentified.
3) Measured parameters of footprints and trackways are referred to in Figs. 5 and 11.
4) Outline of upper surface of pseudo-footprint: round (1 = Lp/Wp < 1.25), semi-elliptical (1.25 = Lp/Wp < 1.5), elliptical (Lp/Wp = 1.5).
5) Size of upper surface of pseudo-footprint: small (Lp+Wp = 12), medium (12 < Lp+Wp = 25), large (Lp+Wp > 25).
6) Specimen nos. 24, 25, 28 and 43 - 49 are excluded from this list, because they seem to be very small indentations devoid of features indicating

footprint fossils. Nos. 64, 66 and 69 are also excluded, because they are inferred to be indentations formed by small fault movement.
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KR 1 (Plate 1)

L BEREEO RPMEA OFHIRG (i1, KR . A7 — VIR 50 em. #EHPIEN 13 12F0R.
. Footprint fossils on an eroded bedding surface at the first discovery (area II, loc. 1). Scale: about 50 cm. The
exposed area is referred to in Fig. 13.

SEHRAR AT IR ORE T (LT ).

. Footprint fossil locality 1 on the Osawa-gawa River at the start of excavation.

L RBMEAEERIR IS BT 5 BhikE (BEE) O,
. Breaking away tuff beds above the footprint crowded area II.

CHEEL 7RO E T Ty 7 O FHNICEEL S AR HOMIE: (KR, Wa7 vy 7 OZH#IHIEMN
13123,

. Pseudo-footprint casts on the lower surface of the detached platy sandstone block (area II). The exposed area of the

sandstone block is referred to in Fig. 13.

L BIMbEEZEOWET ey 2 ORI (KR, 2A1S).

. Extracting a sandstone block bearing a footprint fossil (no. 15, area II).

L WA Ty 2 ORI CHEER S N ZEEE (RHI32). FICH-> Tw a0 RBIED =K ¥ ¥ OATHIKO
HIEUEA.

. True-footprint recognized on a cross section of a sandstone block (no. 32, area II). The specimen held for
comparison is a right forelimb replica of the modern Japanese deer.

L BHERIMUA T (RFI151~ 155, XD, T-10).
. Bird trackway on a bedding surface of area II (nos. 151- 155, area II, T- 10).

C RBERBMEA 71 Y 7 ORIESE.

. Sandstone block bearing a bird trackway under an extracting work.
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XER 2 (Plate 2)

a. REMEAEERIRT 08 L (K13 O#E). A7 — VIEHRA 1 m.

a. Upper bedding surface of the footprint crowded area II. Scale: 1 m.

b. RHMUAFEKIRT O L (X 14 O . A7 — )ik 50 em.
b. Upper bedding surface of the footprint crowded area III. Scale: 50 cm.
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XK 3 (Plate 3)

W LTEE S & ORI CRERE S B RIMUA OIZRE. REFOMELT IR 2 RETT/RT .

Footprint fossils in plan views of naturally eroded bedding surfaces and naturally fractured cross sections. Arrows

indicate the traveling directions of the footprint-making animals.

a.
a.

g LHORAEE LICRZ 2 O (L4, ¥ 1 7A, T-7, K1),
Outline of true-footprint in plan view of the naturally eroded bedding surface (no. 4, type A, T-7, area II).

MR I R 2 A EEEIOEEE (EFN4, ¥4 T A, T-7, XK.

. Outline of true-footprint in the naturally fractured cross section (no. 4, type A, T-7, area II).

CHE ERORER EICEO SN IO ERE (B3, ¥4 7A, T9, KIFI). HLoAr vy Fi3E

BEFN DB ER.

. A pair of hoof traces recognized on the naturally eroded bedding surface (no. 3, type A, T-9, area II). The upper

right inset shows the outline of hoof traces.

Mg RHE OB AR RICR 2 2 ERMORE (EFl6, ¥4 7D, T-5, KIKI).
. Outline of true-footprint recognized on the naturally eroded bedding surface (no. 6, type D, T-5, area II).

e B oRAER EICRZ S BEO RN (RAI153, ¥4 7G, T-10, XIRI).
. Outline of bird footprint recognized on the naturally eroded bedding surface (no. 153, type G, T- 10, area II).

W L ORI EIZR A 5 4R (RAI34, 37, ¥4 7°C, T-1 ; RHI35, 36, ¥ 4 7'E, T-2, XII).
PR & 12 1R

. Four true-footprints on the naturally eroded bedding surface (no. 34 and 37, type C, T- 1; no. 35 and 36, type E, T-

2, area I). The covering area is referred to in Fig. 12.

NRIRIV -2 DR LS BB 2 B ENEERS. W& P15 1R,

. Pseudo-footprints crowded on the naturally eroded bedding surface of area IV-2. The covering area is referred to in

Fig. 15.

VE EHORAEE FICR RS, BIEREORHP S LEARICTRZZ L 2R R (EAI201, 74 7A,

T-13, XIHV).

. Footprint on the naturally eroded bedding surface, showing that fore and hind leg traces are out of position side by

side (no. 201, type A, T-13, area V).
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kR 4 (Plate 4)

JRIMEA O E 7 0y 7 RO IR, RO LT )10 % KHITRT.
Cut and polished surfaces of sandstone block specimens bearing footprint fossils. Arrows indicate the inferred traveling
directions of the footprint-making animals.

a. ftWrmE 2FEI37, 4 7C, T-1, K1), ACERmEIAE I 6b 12 3R,

a. Cross section (no. 37, type C, T- 1, area I). The level view is shown in Fig. 6b.

b. #EWrH (RENS, ¥ A4 7A, T-3, XIHI).
b. Cross section (no. 8, type A, T-3, area II).

c. fEWrm B8 (RFI29, # 4 7A, T-3, area I).
c. Upper cross section (no. 29, type A, T-3, area II).

d. JREIO TEORVWIE (EF129, &4 7 A, T-3, XiRI).
d. Level surface for the lower part of true-footprint (no. 29, type A, T-3, area II).

e. fEWIE (RFI12, &4 TA, T-4, XII).
e. Cross section (no. 12, type A, T-4, area II).

f. HEWrE O/ © RED19, ¥4 7°A, T-4 ;4. RHI18, ¥4 7D, T-5, XiKIl).
f. Cross section (left: no. 19, type A, T-4; right: no. 18, type D, T-5, area II).

g. HEWrE O @ RF32, 4 TA, T-6 ;45 . RFEI10, %4 7D, T-5, Xi%II).
g. Cross section (left: no. 32, type A, T-6; right: no. 10, type D, T-5, area II).

h, BURENR TESOACTITHR (REI1L, 4 7°A, T-7, XIID).
h. Level surface for the lowest part of true-footprint (no. 11, type A, T-7, area II).
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XK 5 (Plate 5)

RIMEE OB E 70y 7 RO, RO METH I E RETRY.

Cut and polished surfaces of sandstone block specimens bearing footprint fossils. Arrows indicate the inferred traveling

directions of the footprint-making animals.

a.
a.

TLREITEBOKFWIE (FF @ LFI21, ¥4 7A, T7 ;4 JRFI26, %14 7A, T-6, KiI).
Level surface for the lower part of true-footprint (left: no. 21, type A, T-7; right: no. 26, type A, T-6, area II).

LHEWTTE ORED21, &4 7°A, T-7, [XII).
. Cross section (no. 21, type A, T-7, area II).

L BRHUEOACEWTE (LF120, 4 7'C, T-8, XHI).
. Level surface for the true-footprint base (no. 20, type C, T-8, area II).

LT (ERI22, 7 4 7°A, T-9, XIRID).
. Cross section (no. 22, type A, T-9, area III).

L HERTIE REI41, % A4 7'C, T-12, XIID).
. Cross section (no. 41, type C, T- 12, area III).

fewrm G2ENS2, 24 7 A, KEII-1). 280 ERAHERETE 5.

. Cross section (no. 52, type A, subarea I1I-1). Two hoof traces are recognized.

L HEWTT RENS3, & 4 7B, XIKII-1).
. Cross section (no. 53, type B, aubarea III-1).

. HEWFTE (2196, & 4 7' C, KHN-2).
. Cross section (no. 96, type C, subarea IV-2).
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