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MEMORANDUM OF UNDERSTANDING ON JOINT PALEONTOLOGICAL RESEARCH
AND EDUCATION

This Memorandum of Understanding (hereinafter called “MOU”) regarding the collaborative joint
paleontological and geological research and education on Mongolian fossils and rocks (hereinafter
called “Joint Research”) is concluded between Okayama University of Science, Kake Educational

Institution, Okayama, Japan, and the Institute of Paleontology, Mongolian Academy of Sciences,
Ulaanbaatar, Mongolia. Both parties agree to perform this collaborative joint research and education.

WITNESSES;

ARTICLE 1. Purpose

(1) To jointly promote the research and education on the paleontology and geology in Mongolia by
establishing a close and systematic cooperation between the two parties.

(2) To contribute to the development of paleontology and to the conservation and academic use of
Mongolian fossil heritage.
ARTICLE 2. Securement of Cooperation
Both parties shall understand the importance of the mutual cooperation on the paleontological and
geological study between the both parties, and shall secure mutual close cooperation.
ARTICLE 3. Method of Cooperation
Both parties shall work in close cooperation with each other on the following matters.

(1) Cooperative research of Mongolian paleontology and geology

(2) Education of paleontology and geology for students and public

(3) Exchange among researchers, preparators, and students

(4) Mutual use of research materials and facilities

(5) Exchange of scientific information on cooperative research

(6) Other matters that contribute to the purpose indicated in Article 1
ARTICLE 4. Conduct of Cooperation
When both parties perform matters of mutual cooperation indicated in Article 3, both parties shall
consult each other on the cost burden, specific details, and duration of each matter.
ARTICLE 5. Terms
This Agreement shall be made effective at the signing of this Agreement until March 31, 2031, and
shall be automatically extended for five 5) years unless terminated in writing by either party, giving
three (3) months' prior notice to the other.

ARTICLE 6. Consultation

(1) The details of this Joint Research shall be decided through mutual discussion and consultation by
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both parties.

(2) Matters that are not provided in this MOU shall be decided through mutual discussion and
consultation by both parties accordingly.

(3) Any doubt regarding this MOU shall be resolved through mutual discussion and consultation by
both parties.

IN WITNESS WHEREOF, the parties hereto have executed this Memorandum by their duly
authorized representatives.

March 12, 2026

By: By:

Hiroyuki Hirano Badamkhatan Zorigt

President Director

Okayama University of Science Institution of Paleontology

Kake Educational Institution Mongolian Academy of Sciences
Okayama, Japan Ulaanbaatar, Mongolia
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1. FLC®HIC

2024 4F 5 A~9 BT TEmMLE, TErar®ETr I —H4EWEFEHT (LT,
MTPMAS ) W) EMILBEBRXFICES, TERETCOEBRLERAMEIC DOV THET
5, RBAER, BEHERICLI2EHHAEMBE ~O BB OBNAFAELERLZZD,

FAEF—2 T Lo ERREMAICRT,

2. REHBE
2 — 1 BT AR

AW AEER 11 » 7 (Nemegt, Bugin Tsav, Gurilin Tsav, Saijrakh ,
Bayn Shire, Urlibe Khuduk, Javklant, Sergelen, Shar Tsav, Bayshin Tsav,

Amtgai, Bayn Dzak)

2 —2 [MIUBERKZETIPMAS ®&M AK
WL B KREHE 94

W (LB KPP E 84

IPMASE; B 74

2 -3 FWHEHRE
20244 5H27 H - 6H24 H [The First Expedition]
2024% 8H1H—8H31H [The Second Expedition]
20234 8H9H —8H23H [The Third Expedition]

3. The First Expedition ®&m&E - B - TLME
3—1 Zzm*HE

] (L BB R BN

1) Shinobu ISHIGAKI (Professor OUS)

IPMASZ &

1) TSOGTBAATAR Khishigjav (Director of IP-MAS)
2) MAINBAYAR Buuvei (Researcher / Car [Land Cruiser] driver, IP-MAS)
OCHILJANTSAN Enkhbat (Technician IP-MAS),
3—2 HRE

5H26H

Ulaanbaatar 5%
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5H27H~~5H31H

AHAMEN . E O, IP-MAS & DT A

6 A 1 H

Ulaanbaatar % , Nemegt 5

6 H2H~6H 4R%FH

Nemegt & T2 W{bA &

6 H4HBFP®%m~TFK

Nemegt ¥, Gurvantes (AS&AATIC T AR S) M B, Naran Bulag, Altan Ula II,
Bugin Tsav 7

6 45 H~8H

Bugin Tsav, Bugin Tsav II ®Z & 2 Wb £ &

6 A 8 HA

Bugin Tsav % Gurilin Tsav %

6 A 9 H

Gurilin Tsav TRE R LA AE. AKX TH Gurilin Tsav 3 Tartzin Gol & H
Erdenesant & (E#®K)

6 A 10 H

FAll Erdenesant City office B W THE - XM\ Y L ma ., #0E &K,

‘F1# Erdenesant 3 Saijrakh Mountain #&. HEFAE . Ariunbold RIZ ¥ v v 7R E
6 H 11 H~6H 15 H i

Saijrakh Mountain T2 & Bk & 5 &

6 H 15 H %

U Saijrakh 3 Erdenesant 3. HE & I &+,

F# ¥ < Erdenesant % Ulaanbaatar & (&)

6 416 H~6 H 19 H

BRAAT. BEAEHE. HXHETEGRE.

6 4 20 H

Ulaanbaatar ¥ H AR

3 -3 EREKHE

Nemegt ik TiX Skin Impression O 2 BHEELHILAF4BoOREEZITo72, £
FHICRFORWVKAESHBE M ERN 3 MoFELW3D ks iT>7., Bugin Tsav,
Bugin Tsav II, Gurilin Tsav M3k CIX S, BRMME, EWE, 7 o et v 2ED L
Bifb s > 3D FRERI G & HEMO M EFTNAEA21T o7, Saijrakh TIE 1950 F I B ®
EIhTEEERPA Lo TVWEREM b AEMAEZFTREALL, 2 DOBFHE KB LB EZIT -
72

4. The Second Expedition B mM#Ez - BHIE - THEME
4 -1 znE

LB R R BN

1) Shinobu Ishigaki (Professor, OUS)

2) Akio TAKAHASHI (Professor, OUS)

3) Mototaka SANEYOSHI (Associate Professor, OUS)
4) Shoji Hayashi (Associate Professor, OUS)

5) Kentaro CHIBA (Lecturer, OUS)

6) Mitsuhiro Kimura (Lectuer, OUS)

7) Rei NISHIMURA (Graduate student, OUS)

8) Four Under Graduate Students (OUS)
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IPMAS &N+

1) TSOGTBAATAR Khishigjav (Director of IP-MAS)

2) MAINBAYAR Buuvei (Researcher / Car [rental car] driver, IP-MAS)

3) BUYANTEGSH Batsaikhan (Researcher / Car [Land Cruiser] driver, IP-
MAS)

4) NYAMJARGAL Javzandulam (Preparator, IP-MAS)

5) GANTSETESG Jamgan (Cook)

4 -2 B

8H6H

Ulaanbaatar® (HT - T%#)

8H7H

UlaanbaatarlZ THEX (HH - T %)
8 H8H

UlaanbaatariZ THEf/ERX (T - F4HE24)

Ulaanbaatarss (& - G - K - K& - 2E54)

8H9H ~10H

UlaanbaatariC TYHEfEE (HHE - BHE - T - &F - - K - F4E54)
8HI11H

Ulaanbaatar%, Shar Tsavi® (A3 - BHEH - THE - 8 - K - KA - Z2E54)
8H12H~18H

Bayn Shire, Bayshin Tsav, Amtgai% OMERE. (LA BWHRE (LHE - BHEH - T
B mAE - K RA - FAESAH)

8H19H

Shar Tsav% . Ulaanbaatars (A3 - BF - T¥E - &5/ - k- KK - F454)
8H20H ~8H21H

UlaanbaatariZT THEMELR - HARABOEAR, 70—V FLVFR— MER (A8 - BEH -
T - &fF - k- K¥ - 2AhSH)

8H22H

UlaanbaatariZ THMBEAR - AR OEHR, 7 — L FLFR— MEKR (FH)
Ulaanbaatar¥ H AZF (FHE -#HEH - &F - K- F4E54)
8H23H~27H

Ulaanbaatari THEIBAEALR - HEoRl B oER (F3)

8H28H

Ulaanbaatar & H A& (T3)

4 —3 FERRR

Shar Tsav HIEBIIC BT 5 R MIbL A OB FHMT —FINELERNEL SO EELAORE
i, Bayshin Tsav X Amtgai BT 2R EBEELZ2PTLLE LEFHEIMILAORI, KO Z
NOMMBICEB T OHMEMECESSEHABFRSOER L MEFR PRI VD 1IE
PERBE Y A DR &,

5. The Third Expedition & m¥%E - B - THHER
5—1 &

R LB R R BN

1) Kazumasa AOKI (Associate Professor, OUS)

2) Tomohiko SATO (Associate Professor, OUS)
IPMAS & &
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1) BATSUKH Jargalsaikhan (Researcher / Car [Land Cruiser] driver, IP-
MAS)

5 -2 HEE

8HI12H

Ulaanbaatars (F K - £ k)

8H13H

UlaanbaatariZ TYHEMIEE (HA - H#E)

8H14H

Ulaanbaatar¥ Sergelensy (& K - #EE)
8H14H~19H

SergelenMI A D O M ERE - AARBEIR (FA - )
8H20H

Sergelen® Ulaanbaatar® (& A - &)

8H21H

UlaanbaatariZ TH ARE - AEBRoOEHLRKE, 74—V FL AR — MMEK (HAK -
e JHg )

8H22H

Ulaanbaatar¥® HAZE (FAK - k)

5—3 ERE
HEMBICRBTANMBEMEORE L SAHEEARABOBRT, M AEFOMER L 2K
MEKROHBERGFAOHER LWBET L —MEF 2L, DERZRABERORE % £,

6. £&H

2024 EFEOFETIE, TEREICHOMAT I EHMABERTOEKLLAERIZES W T, H-
RALEREARORME L, HWEFEICESSERESE T, HWEFRMWEARBS ORI &
FEELE, /-, MUBBRFOREELELEZTLICKRFEEDE I LFHESME EiE L.
SHoOMESEOoOMEBEIT o, SHICHEAEAROHMEBEZ kL L. 4% O %G %
WETE, 5%, TOLODOLERMI - HEHLTEEH A% IP-MAS CHFAEmST 52 &
T, ORFMA O FEEEE R E MR L 20,

8. BiE
ARBICTRLEETEYyINIEBREICBTIMENRAELEHm T H5ITHLZY, IP-MAS O
FWHRE - BEOEK, MILARBRKRFOHA, BB, FAEOHEKRIC, WA EMWK O EN,
AR, ARG EOEHE, FO0FFEIEXCIL T, ZRR2LIIXREHOEZ VR
Wiz, BBREOERFT~BRSBILBHLEFET, A#FEF. BHFE (24K00162) KO
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1. FLC®HIC
2025 4 5 H~8 Al TEBLE, TLrarfE2r7 053 —HEWHRWFIEFR (LT,
MTPMAS ) W) CMILBEBRXFICES, TERETCOEBRLERAMEIC DOV THE T
5, RBAET, BEHERICLI2EHFAEME ~O BB OBNAFAELERLZZD,
FAEF—2 T Lo ERREMAICRT,

2. AEHR

2 — 1 B EE A e R

FAEH 1 0~ Fr (Saijrakh Mountain tracksite, Javklant, Shin Us Khuduk,
Kar khutul, Bayn Shire, Udyn Sayr, Dzamin Khond, Khongil, Yagaan Khovil,

Sergelen)

2—2 MIUBERKFEK®IPMAS &0 A%
Wl LB RFHE 124

WL B R R 24

IPMASH:EB 74

2 -3 WhHEARE

2025% S5H25H - 611 H [The First Expedition]
2025% 8H3H —8H31H [The Second Expedition]
20234 8HI15H —8H21H [The Third Expedition]

3. The First Expedition ®&m&E - B - T4H4ME

3—1 Bm#E

ESNITEE S AN S ) | 3

1) Masato FUJITA (Professor OUS)

2) Shinobu ISHIGAKI (Honorary Director of Museum of Dinosaur Resaearch
/ Researcher, OUS)

IPMASZ M#H

1) BADAMKHTATAN Zorigt (Director, IP-MAS)

2) MAINBAYAR Buuvei (Researcher / Car [Land Cruiser] driver, IP-MAS)

3) PUREVSREN Sukhbat (Researcher, IP-MAS)

4) TSOLMON Gombosuren (Resecarcher, IP-MAS)
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3 — 2 H &

5425 H

Ulaanbaatar 7

5 H26 H~5H 31 H

IPMAS & O b &b & E %EIH
531 H

Ulaanbaatar % , Saijrakh 3
6 H1 A~7H

Saijrakh &4 &

6 5 8 H

Saijrakh %, Ulaanbaatar 5
6 H9H~10H

A WA E O E K

6 411 H

Ulaanbaatar %

I

3—3 EEE

BEEHAEAOFHEOCTERE., ERXOMER, L8 - HY -

4. The Second Expedition @& m#&E - HIEE - THERE
4—-1 zWM#E

] (L BB R BN

1) Mototaka SANEYOSHI (Professor, OUS)

2) Akio TAKAHASHI (Professor, OUS)

3) Keiji Kato (Professor, OUS)

4) Masato FUJITA (Professor, OUS)

5) Hidetsugu TSUJIGIWA (Professor, OUS)

6) Shoji Hayashi (Associate Professor, OUS)

7) Kentaro CHIBA (Lecturer, OUS)

8) Ryuji TAKASAKI (Assistant Professor, OUS)

9) Rei NISHIMURA (Graduate student, OUS)

10) Yoshihi KAWATSUKI (Graduate student, OUS)
IP-MAS &=

1) BADAMKHATAN Zorigt (Director, IP-MAS)

2) MAINBAYAR Buuvei (Researcher, IP-MAS)

3) BUYANTEGSH Batsaikhan (Resecarcher, IP-MAS)
4) Delgerzaya (Researcher, IP-MAS)

5) NYAMJARGAL Javzandulam (Preparator, IP-MAS)
6) Dorjsuren Otgonsure (Preparator, IP-MAS)

7) G. Otogon (Preparator, IP-MAS)

8) GANTSETESG Jamgan (Cook)
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8H3H

Ulaanbaatar® (T - 5% - 424)
8H4H

UlaanbaatarlZ CHEfHIEE (TIE - miF - 24E24)
8HSH
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UlaanbaatarliZ THERERX (T - & - F4E24)

Ulaanbaatarsd (HEE - INEE - FH)
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8HI11H
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Ulaanbaatarzs (HE - M - k)
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JavklantOHEFAE b A RWRE (FEH - MAE - BH - 5F - & - - TFE -5
W - =A24)

Shin Us Khuduk® #E & b A RMHAE (KL - T8 - 2424)

8H14H

JavklantO HMEFE b A RMWMAE (BELH - Mk - BH - BE - 8- 5 - T -5
g - A2 40)

8H15H

Khar khutul O B & b agmiRE (B& - Wk - FwE - &mm - b - T3
g 24

8H16H

JavklantO MMEFAE LA RERE (BEEH - M- TE - &S - F4HE14)

Khar khutul O # B & LA RMAAE Nk - BRHE - &6 - 4 - F2E14)

8H17H

JavklantO B E b A RMWMAE (BELH - ME - BH - BE - 8- - T -5
g« A2 40)

8H18H

Javklant%, Bayn DzakF% ¥ > 7% (BH - T - 5I&)

Javklant%, Ulaanbaatarss (N - BEH - BE - /& - K - 24E24)

8H19H

Bayn Dzak® v > 7%, Udyn Sayr#, Udyn SayrOMEFAE Lo RERE (HF -
T3 - &)

UlaanbaatarlZ THMELR - A AR OEHE (NE - BEH - BF - - K- 24E24)
8H20H

Khongilo i EFH AL LA RBRHRE (BEF - TE - &)

UlaanbaatarZ, HARZG (N - BH - 5FE - 28 - k- 24E24)

8H21H
Yagaan Khovil DM EHE b A REMRE (HF - TE - &)
8H22H

Yagaan Khovil DM EFE LA RBEMAE (HF - T8E)
Udyn SayrOMERE b Aa RBEBHE (&5KF)

8H23H
Udyn SayrOH#ERFRE LA RBERHRE (BEF - TE - &K)
8H24H



Udyn Sayr® X O'Dzamin Khond D M EFE b aRWRAAE (HBEF - TE - &)
8H25H

Udyn Sayr3, Ulaanbaatar® (H& - T3 - &IK)

8H26H

UlaanbaatariC THIBEALR - EaR- B OB, 7 ¢ — L R A— Mk (B - T % -
& IR )

Ulaanbaatar¥ (8 &)

8H27H

UlaanbaatarlZ THPEEAELR - AaRABOEH, 70—V L A— MMEK (T - &IF)
HAZE (B#EH)

8 H28-30H

UlaanbaatarlC CTHBEAR - HEAaRBOEHE, 74—V FLKR— MERK (TE - &K)
8H31H

Ulaanbaatar® HAZE (TIE - &)

4 -3 EhEE

Shar Tsav MilicB T2 2Bt A OB FNT —FINELBHEL SO EHEKLA O
. Bayshin Tsav X° Amtgai BT A2REHZFLLE LEEFHESIDILAORE, LTI
OB TIMEREICESC AMEFX OB LEHMEFRNZHNHEICH W H -85
PR BRIE A ORI L,

5. The Third Expedition®&ma - B8 - ETLHEE
5—-1 Zm#E

] (L BB R BN

1) Kazumasa AOKI (Professor, OUS)

2) Tomohiko SATO (Associate Professor, OUS)
IPMAS & ¥

1) Delgerzaya (Researcher, IP-MAS)

5—-2 HE

8H13H

Ulaanbaatar® (& K - &)

8H14H

UlaanbaatariZ THEfRIEHE (F A - )

8H15H

Ulaanbaatar¥ Sergelensy (& K - #EE)

8H16H ~19H

SergelenMIE A D OMERE - AARBEIR (FA - )
8H20H

Sergelen? Ulaanbaatarzd (FH A - £ k)

8H21H

UlaanbaatariZ TH ARE - AEBROEHLRKE, 74—V LA — MMEK (HAK -
Ve Jg )

8H22H

Ulaanbaatar¥® HAZE (FA - k)

5—3 EREE
HEMBICRBTANMBEMEORE L SAHEEARABORT, M AEAEFOMHER L 2K
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2025 FEORETIE, I EWEIIHAT L EHECTFE AR OB AERIZEW
T, -t oBEAORREERL, WEREICESS FBEEE T, HEENRNEARB O
B2 &2 EM LU, £, TANROAMMEGRE ML L. 4 %ML S A&k OER
WEEZBEL, YR IcEHKINEZREELLIZOWTERT D, %, TN D DOZLEERH
% WEMEIEB 2 IP-MAS LHFEEMT D LT, KFEMA O HELRIILZMHEL
T <,

8. B

AFBIZTRLEE YA LI EICBITIAENELZERTHITHZD ., IP-MAS O
EFRE - BEOER, MUBERKZOHA., BB, FAEOEKRIC., A MK O E.
AW, EASRELUOFH, SOKEELICH LT, ERRDITXBEHBAZ VR
Wim, MEBEE OB T ~NELSBILPLLETET, K#HAIT. B E (24K00162,
25K01111, 25K07473) RO KFEHEHEERLIXEFE (MUARRKRZREBESEZH) 256
TEBEWETE W,
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BARBHEBEVITHOREDBRREZAED ESRESD MISI2 i
MIS11 2T TOES

ST - D -

] [HBRRE K22 AR - SRR TE R v 2 —
1) ] IR K 22 K22 B B T2 P 0 R B AR 2 B
2) HEFERT TR DR FE B M BR BR BT M

1. [FLC®HIC

FRRE B BSOS A REIECO T A RPE U, RTEVE A E B (AMOC) D3R EE Sk L C U IR & T
LIZEDRABILTWD, AEEOEEND A ARMEHERY O RFAI RN 1D BAEOKINZIX, AMOC D551k
W U TR R N L L WD Fl s Sz v,

B3 o M ERIRBE AL IZ B U, AMOC 53k m A Bl S TRy 2), IREHIZ SOV TO Z D X 5 22T T,
EBEHI O AMOC F9{LIZHS LIZRIERDOZEEHZ N L T, TxDEDLR T VT OXKEICRSEBICOVWTEE
AR A5 2 2 ATHEMEN B DAY, IRIE I O HEREY B2 F O TR EE & AMOC D& o BIfR & i L 75
[ESAAR

VAR O H KRR ZE Tt RV EE SRS I OIS HERI O IR B ORI E 235 AMOC DOF3{kA X2 b A3
KHI (MIS 1., 5e, Te, 9e, lle) KBV THMAENEEL TWIZZENRINTND P, RHFFETIL,
MIS12 735 MISLL IZ) U CHARMBICHERE T 5 4 A hORIEOEB 2~ AMOC B %f s 2 i 76 B2 B
ERRDHEEABNE LT,

2. AROBRREAELER

JB\ 3% BE D IR DT I IR, A HET O FE BN T XM TH S B Fb o ESR FHRENHRD b 5 HEHE
EABPED THLZERMOBNTNS VY, ZHE, ESRICK > THIE SN D AED By HULME 53R EE
LROONDAEFOBBLLE L HEEROMICHEERSHZ L V2 EMBLELTND, DF D, JAXE
DR & 72 D AR & 72 2 MU o B O FERICTER ST, ZOEEZMRET 2 2 LIZ X - TERFEMOLS)
HHm T O LN TED I LT D, FATHIZE TR, AARMEICH® S D BB EEEBMGIILIY 7 T~ D
VBB LI EBETHY . ZOMMEFTLGE, WEROME LI DL an Y,

3. AMEERFE

AWFFETIE, HARUE T RE SR E 2 KROT-12 PC-5 a7 IZ & En 5 EEEOEIR 2 MBI L=,
MISI2 /5 MIS11 23 TO a7 OHEFEMK 80 A (LFEMICAF L THEEZEME L7z, 1 kGy DX ~HMR
HEAT-72%. 300C15 ZOMBOUEEIT - /oth, BT AW (ESRIZE T B FHLOEFRE
ZRUE L, ZORBEEITHIZLICE-TE FLOEEREL L TBREELELZROONDI EI T
%%,

(RS OREHCE ENDILAEOREICOVTE VY ar % 30%RAELTHEL, B—7EDkER
e, TNEANBICAERE VY aVZRA LTEEERBHCOWTORERR LT 2 2 & T, ABHZE
ENAAKEOEERDZ, BONTE@EELE (BE) 2Z0RDONTAKEIZL > THIEEZIT 72,

4. FEREEER
ESR IZL o TRk oN-amhOBEEILELZERICH LT ry ML, AMOC BEDRIETH 5 LK
PEHERSE D § 13C Ofi ¥ & bl L7z, MISI2 75 11 12233 T, BEHE 2L &3 L, AMOC BEE D ISE T h
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500C DI KT D EVI KRELREAMA RSN, MISITICA ST 6 PC OEIZT ITHAL TS D
IR LT, 5000 FFIZEBN CTHEBEEAENREDL LTS EMIRTE2HEALRAONE, AREOMBELLE
DZEH & AMOC DO FRFIZEE) & O ENZE L TiZ. 405 ka (T T, 6 °C DEBIHR/INIAR D F-HRT D50 L
HE) LT, AROMBBELEPBKIZRVFDT HEHIN 1 TR I, FKBIZBWTH, ANOC O
EENAS, RAMOKH L RERICIR Y 7 EZROREROLEBICEE LY 5 2 AMOC DOFFLICKHE L TR A &
VI YOMASBEL, TEMEERO X A M3 TERFEZLENE R L, AMOC ARk 5 DIzxtic L T
RAEENE~T VYOI~BEL, TNNEDLZ 7 T~ U BENSOF A 3K L CEEFEZE LR N
ENI A =R EARE AR RSN EB I BN D,

5| F XXk

1) Nagashima K, Tada R, Tani A, Toyoda S, Sun Y, and Isozaki Y (2007) Contribution of Aeolian dust in Japan Sea
sediments estimated from ESR signal intensity and crystallinity of quartz. Geochemistry, Geophysics, Geosystems,
8:Q02Q04.

2) Caesar, L., Rahmstorf, S., Robinson, A., Feulner, G. Saba, V. (2018) Observed fingerprint of a weakening Atlantic
Ocean overturning circulation. Nature 556, 191-196.

3) Galaasen, E. V., Ninnemann U.S., Kessler, A., Irvali, N., Rosenthal, Y., Tjiputra, J., Bouttes, N., Roche, D.N., Kleiven,
H.F., Hodell, D,L(2020) Interglacial instability of North Atlantic Deep Water ventilation, Science 367, 1485-1489.

4) Toyoda, S., and Naruse, T., Eolian dust from the Asian deserts to the Japanese Islands since the Last Glacial Maximum,;
the basis for the ESR method. Transactions, Japanese Geomorphological Union, 23, 811-820 (2002).

5) Toyoda S, Hattori M (2000) Formation and decay of E,’ center and of its precursor, Applied Radiation and Isotopes, 52,
1351-1356.

6) Toyoda, S., Ikeya, M., Thermal stabilities of paramagnetic defect and impurity centers in quartz: basis for ESR dating
of thermal history. Geochemical Journal, 25, 437-445 (1991).
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BAMBRERE LTKIBaZ7HBPITBEESIIAIBHDOESRES

BB - R Y - KR Y

Melanie Kranz-Bartz” - Lily Bossin” * Georgina King”

] [HBRRE K22 AR - SRR TE R v 2 —
1) [ | BERE R S B i B A
2) AR - ST e BH S A SRR A e v 2 —
3) Institute of Geosciences, Bochum University, Germany
4) Paul Scherrer Institute, Switzerland

5) Institute of Earth Surface Dynamics, University of Lausanne, Switzerland

1. [FL&HIC

WA AE S (ESR) FMRHIE TR, BRBEHEBRIC L > CTAR I, HE2HRM T PIcEE SN
A ETF AT 5, BSRIEEIE. BUEHABRICLIVERALTEDNIBARH LD T, EE0EW
LZEMIX, BICBERZICZOFEZICHT BB CTERETH 5, BUEMHEABRIC L 2E 5 OEEIL,
WH 200~400°C OB TITON DI MBAERICE > THRHALND —F. SOCEE ORI EE CAENRZE DM
WMETOLAE. Tr=vRxT ey b FOANFEEENEFRICRELS D, RERFEFHRENEETNATLE S,
ABFIE T, KA KEGEEmE G E (KTB) THRERESNZEEEZ AW, Z OB T B S0 72 k5
A= BV TRERET TREDMARCEF SN TWELEEZOND D, HBO TEHE O THKRME
EE) PMMTONEOLEEZEORRERRTIENRTED, LEN->T, ERETOMEAER L 1L 002
IRVBE COWREREE “EBRIIC RODZENFAREL 2D 2 LRSS,

2. RBAHE

KTB 27/ 56, HE 352 m (16°C) 205 3644 m (107°C) OREZAFTL, 20 bAaERGEN TS A
BEME D @ WEEL 6 BB O 3T 21T o 7o, BUBHIFE O THEFRLEE, RIFE 120~250um 125D Wi, B
— ZRUER | EIRALER, 7 ALK ERALER A TV, ARAHIH Ls, TR 2TV BSRIE 1T - T,
BHEOBMRKEFE S, AL TPOKEO Ti-Li FLOEFEREOREIGE D DA IMBREIEIC L » TRIEERELZ KD
Tro — 707 OFBHZ O W THE Ge BRI IIC L > TH =MD NFHMAEIT>72, &EN 5 U, Th,
KZE®L, FHREFEL RO, BEGEHRELZFERBREETH L L TERERD,

3. HREBE
3 — 1 Aflidy ol

ALHLE TiHFLO ESRIEHIE. X 1999m (61°C) KONE V& (REMEV) #HA Tl iz, H
FIZIEL W 2 MR OFREHZ DWW TSI L > TN L2 o7, ZOBHE LT, FERENMFfIL T, M
HICL - TREERER LMoo BEx NS, FRELTERBROEBE 5252 EEFEWRL, RENKL
THEMO LAV ETEERLEEL TN E W) Z L THBTE 5,

—J7, & 3644m (107°C) ThRHE<BHEIESNLro7c, FRELTO0E2H52DZEH2EWKL, 15501
WL THRBL TV, T2bLHAHEBELIYVBWVRETCH- T2 ER8B26ND, LA bED &,
AlLHL & Ti FOOASIRE L 60CH 5 100CHOMTH D Z LIz b, PASIREIC DWW THIIEAERRD i
L7-LARTORFZE DCiE, ALHL T 78-110°C, Ti-Li 0T 31-55CEHEE SN TEY . Al LIZ DWW TIEEE
ATHDHNB, Ti-Li F oW TIEABIOER THEEWVIRETH DL Z L2 RBT 5,

B REHZ DWW TR RIZIC L > TH O BIERRE A R 112, M Ge PEMAMILMBICL DV U~ RO
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#1

RN EIEIZ K o TR S 72 K FOR DR BIRR & (Gy)

ok S (m) | HE (C) Al Tl Ti-Li 0> | Ti-H #l»
KTB20-01 | 3644 107 0 0 0
KTB20-06 | 2725 82 0 st 170 9
KTB20-07 | 2551 77 0 0 0
KTB20-10 | 1999 62 176 Y * 170 Y
KTB20-15 990 34 R faFn g
KTB20-16 910 32 f B f

HEFMEDIXLDENKEL,

R R R D BieinoTe,

#2 WEoO U, Th, KiRE LEMBRESR
Aokt U (ppm) | Th (ppm) K20 (%) | #FM#EE (mGyly)
KTB20-06 | 1.71£0.09 10.6+1.5 1.53+0.07 4.97
KTB20-10 | 1.80+0.06 | 9.36+1.35 | 2.26+0.06 2.99
#£3 BREOIZNTOHEN (y)
ot Al b Ti-Li #.0 Ti-H #.0
KTB20-01 0 0 0
KTB20-06 0 34 1P 0 3
KTB20-07 0 0 0
KTB20-10 59 30 — 59 1
KTB20-15 fa N A B fn
KTB20-16 il fn il fn fiel
/\i‘ééﬂﬁl WEoTHELILE U, Th KIREL ZNODLOHAISNLIFRBEREZEL 21, FLREWERREL

FEMRERTEH > TRDOOENDBNTOEMNEZR SITRT, FEDOMBOLISHREIZ OV T, FEMR%R
IBEERZIT > TRDODDLENRHZ0, —BHHUIZHOOENTWE—RKIETHD ETHE, ZORNTOE
RBZEBEOHM (ZOBETRESBEN /e 2R DHH) 292 LICR5,
BHEOFBETOHEMOT L=UAT a2y b3 h, EHIETZ XA —2RD, LEOIRE TOFHmE KD
LHZENTELN, BEOEBRO SO CIIXERM LB RICIIBESLROLALAT+STHD,

3—2E/ i
—F5., BrHLNBROONDIMBHFBELEICONTIE, B (REO ER) & IRITHRA I T D E A
oz, 2Tz >\ T, ﬁ&;ﬁ%%‘m)ﬁ/‘?n‘?uioffﬁb‘3ﬁ¢fxi)>%éﬁkﬁ'é_& 2)%ﬂ%b‘TiU§¥L

SIETCEDAEEMENRH DD, BIFRFATIEEZETEL TR,
5| A Xk
1) Toyoda, S., Ikeya, M., Thermal stabilities of paramagnetic defect and impurity centers in quartz: basis for ESR dating

of thermal history. Geochemical Journal, 25, 437-445 (1991).

2) Toyoda,S., Rink, J. W., Schwarcz, H. P., and lkeya, M. (1996) Formation of E,' precursors in quartz: applications to
dosimetry and dating, Appl. Radiat. Isot., 47, 1393-1398
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F IV HFRES Bayantsagaan Mg,
FEHh 7V THRHR2=y VBT EBESI V- NEFRF
Existence of ocean plate stratigraphy

in the Precambrian unit, Bayantsagaan area, central Mongolia
HA - e KE*

Puntsag Delgerzaya ** « Zorigt Badamkhatan**

LA KT BEHEREE EBAFTRE XY —
¥R INE T h T I — W EY R

FErANEFRENSIERBIZOT AT IPFRT U T7ELE (CAOB) X, &7 ¥
THOMBEIC Lo THRALEHBROGELUBREROZEIK - HEICLs TER I HR
BERXKOMMEEBELETCHL, 2OFTErI AL FREMPSIEELCHT CHOAT L, T
T FFR =Y 7 ELE (MOB) . ## A AERPLPRAERICEFEELEZE Yy T -FF —
Y IWDOWRBABLIZHEVVEELEELHE THY, CAOB OF ClxERH LVELF &S
A PICHED, BREOCLAAUVFTHBREOER «- SREICERD 2D, KkEoEa &K
REDENLOBA»PODEFICEE AT L V2D, TOED, ThETIZHEELL O
MNP 2SN TEN, MOB KB 24K OLARALFHEOFEMR E T +oICH R INLT
W, TORRD 1D ETLY—MERF (0PS) A7 44T A4 FEBEHORENZET
bivbd,

4, Bayantsagaan M2 S I 2 Okm IZ/E L. MOB B&xEicaoMT d%D
VT T RMAYES N TV IHEBOMERE LT R o, TORKE,. T LA
STIEIE, "L A4E (FH20m), ZHXAE (1 20m), KiIERESE(<10m), F
¥—bF (<30m) PIEFEAKFLCLRET2BRBEL HIBINTL, 20— HOBERKEIX
— M7 OPS LHEMET 2, £/, AHAWLHrOHEEN2 5km OMEIZIEH3ME200075
ERIWCIER ST Adaatsag T 7 4 A7 A4 DB AT D, b2 BEITDHE, RFEHET
R I —#HoOMEIXZ OPS TH Y, Adaatsag A7 4 A7 A4 PO HEEI TH 5 7]

Ae Pk 2N @

Volcanic clast Lhert

1. Bayantsagaan #ilk CfER 7 OPS i i&.
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FrdNNFREPE I N-FHFR—Y I HEHITBIT S
TAEREBLOEERESE
Tectonic evolution of a Paleozoic seamount in the

Mongol-Okhotsk Belt, central Mongolia

Tk KEZE*+ A —#* - Puntsag Delgerzaya **

* Zorigt Badamkhatan**

LA KT BEHEEE EBAFTRE X —
¥R INE T h T I — W EY R

hh 7O TELFEOE IR =Y WL, BT AEP RS IEEEIC T T
SR L, YR THSE AP EMBBICHREN T IR =Y I HITBOTHKE L,
wHERLPLPAEREIHPT COMMBELHE DL, 0O —H %% 7T Gorkhi Bix, ®&,
A, Fy— b, ZREZTEEREL, BETL—FEF (0PS) oA REMMETH
L5, MEODF v — b, YA LEBEHMILT R UGB OMILAaZERL, 4 420-370
MallB i 2mEKOHERBEHREMREL VWD, Tra N -FFR—y 7 #HiICiX, BEBILR
“ (OIB) OHFEEDMOLNTWVWA DD, FOWMEFMIZTL R, oo 56K
AEOWEITMO CREM TH D (Ruppen et al., 2014), TDOLD, ¥EEOE L I F
A=Y 7B T 2BEXLUEHOERBICOWVWTIE, REARAHAZREAREZ N,

AKWF2e ik, V7o = L EFH 50 km SN ET D a8 A #i Baruun Shokhoi
Bulag ©7 v a Y IZEBWVWTHIAMEL FEHM L, Gorkhi B O AKE - LR & EH O EIR L M
BEHEZHE L, A2 varTid, BEKN 10m OAKAEN FTMOZRE (A) &k
MoOF v —MIEAELTRY, Il EMMoEEELRT, XRAEAF20m A EOoOEEL A
T5, =5, AKAEBLIPEMDOF v — ML, BlOoOXRAE (B) LV EAINLTWS,
LRABIE, ARARSTy—bOBERHEAS L LTHEATHD (K1),

IhooEME»S, A A & B BIELRIHHOALTEHICL > TERERLE &
Ezbhb, 7, 0B bR 2ZRAE A PBILEZERL, TOEMIZAKEDHEFE L
oo WWT, MBFETL—FOBBICHEWHEILALEL, RBEMBEEE (CCD) LIEEICE
Lz eT, AIRED EMMICEHEEF v — NN HEBLEZ, 0%, #EKILIEE N ELC,
ZERE BB AKEBIO®F Yy — b 2BHEWELEEZLND, ZTOXRE B S, W~k
BALEROAKILFEBICHRERT IR BIE, HAEAROEyITAL-FTHR—Y 7B W T,
OIB KINJEBIZM %X, YF ARy PRKIWEBNFELLELARBEN TR IN D,
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< Himesfone

breccias'®

pal

% 1. Baruun Shokhoi Bulag 27 ¥ a v ilBJ5MWILAKE LHOBEBHEET A,

5| A X #k

1) Ruppen D., et al. (2014) Restoring the Silurian to Carboniferous northern
active continental margin of the Mongol-Okhotsk Ocean in Mongolia: Hangay-
Hentey accretionary wedge and seamount collision. Gondwana Research, 25,

1517-1534.
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ELEDLHBEHFHIVERLEIVIUANERBKUFIAERMERD
SEFHIBIRE

L st E UKD - G SokE Y
LR K 7B TS AR5

DEMUBIRY F2 - BRI IR A & Ao M
2) el LLIBERIA A AR R

ZLOIC

BRERFN BRI T 2 B i B, (ST RSB ERE (WD DA [CE DI ZRERICZ LV
BT, HIEHILICE L LBAEICED L E X BN TWS (Nakamori, 1986; Iryu, 2006). Z D & %x & EeE Hik s
OIEREFIEEEFTHEIMMIZIL, Z<ONEILES & OB, B O SR> Db ab Lz
FECOHiAE, BELOW O 0BEFENEGEND. 25 LI-BARE MG & LIcAYHBLENIIE» S, ZnbD%
IFNEILFER & ORMICEE SN FHEHHOEGEIH L5 WITEESBEZBEL TESFRICL D S & —i
IZEZABNTWD (Ota, 1998). —J7, B lEO LEFEHHA O I1E 2 OBEA OMHERMES, Hfhiofbhzea—7
TAEIC HOBAERM (FoAFRAIRE), BLOEHBEAORELHEMOANEL L TEY, ZOHkd4E
YRR ORIFICBE T 2 BT ORBICEMZ R T 2T T D ORHE - Biff, 2008). S HIZITFEOHIATIE, TERED
b & ENTVTERONW DR EHBEEOAFETH L Z ERALE R, BT o RAFFHETY
FITBE L FRE S BARD 2 ENES R I T % (Kawaguchi et al., 2009; Takahashi et al., 2015). #EkD{bA
RO DL IE, HWEAEH SRR TW—HO5EREMR L L THELNEZHDT, EEENHLTIALE
B & Z AuY) e MEEAR & K\ = TE e b D TH D720 (BR)INED, 1973 ; WBIRHEZ RS, 1985),
BRENMCEENTE ., 22 THE, BHEO LEERR» bR R SN EEFHEIMOILAD S B, ~NTHH
(NERZFUASER) OHEE & SNDREME WHBERAEZERS, 1985) BLOY X ~204 (Hil- &
W SICEA O I~EROBRARRM) & FEMICFAE SN THESR BAE ; BA)INEH, 1973) ICEHRL,
ZIH DRFFHIRIEIC OV TRAEZ AT, 2k, BUEOE E/HITIIY o~ A VAHE0MT 20, 7 U~E
BHIAL oM LTy (RTZE - F |, 2007). AFFRICE D EGIRERE, 2023 40 H A dUfi g 758
62 [FIRkE (Of LiZas, 2024) & 2025 0 QAN AW OF RiZas, 2025) TEERSNZ. AT, Zh
5 DFREFOBIEIZ SN THRICHE T 5.

kL J5ik

SEOFRHTIE, BEHEOCy 77 LRI, BEHE LRI T o TITEn e Sk
£ (NTJEO—FE : Protobothrops sp.) X OKRJINFH L U ¥F 2~ AU L PLEINCTEE SNz FHfba O 8ET
FINLES T ZH LMY 2 2 L 2 AN E LT, EPMEAEADSIR L TR E 2 b5 BAEEREAD TR
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BRATo. P T TEOCAIIRMIME 1 5, B LEEOERT 1 R, RERLELEGFES 1 RAMH T
BN, ZRHIZOVTOMRIZTENRLDICE Lo TV, AR HEARSRMEEIII RSN T
WV (EER - BRI, 1985). £ 2 THERXONDIUESE (ENBEEMEE R X ORE RSB REIEMEE) 2H7-
S THRIZN, FRSBNPOHRE SNTZERTIES AT ENTERD 7. LLENLENR T &I, #HEk
FIZOWTITES - BA)I (1985) THE SNAERITIT IR Wb OO, [FfEE S X 5D IRIRTT O BV ME
ARPIACDBBEF RS AR EMEIC N OB S LTV D Z ENRERT&E /2. 22T, AFRETIEZALD
HEBLAD D BIRBRTFORVWHDE 1 JBY, I T TEONTRO—HE SNERERREORIEETTS
&L Uiz, RINREDOES R (FHO—EH) (LAILERINED (1973) 12XV ¥ v~ A VA LHESNIZERIL,
E LR AR EE O ARE S (NSM-PV 15098) 5.2 6 THY, FEICEWTIURDS R TE 2. 2k, T
AKix, THRABSBHLTHWEHRTTFINEEOLOTIEARL, ZHIAEEHOLOTHD Z LIFHLNTH-
7= (Cundall and Irish, 2008) . & Z CAMFZETIE, Z4LH O EESHFHIED(LAICOWT, HESIE R L OEEIC)
HTB7YVVANER IR (KT, hITIAT, hF~wnT, EANT, by oK, b7 TvkLat)
NE, A TUNT, XTFNT, BT EANT) LHEETo 7.

FEg & B

PR DFER, BT THEOREB LA I ERE S & EEE BT BUAE AT D B A N7 Ovophis okinavensis & it b
ZLDOEEAEL TN, EE LA XBE ANTICHAREZF LRIV, HESZEEOE MmN < IET
RTERR TV, ZZTEANTOREOERIZOWTREFT LIz L 25, REBMECHEMIZE Y HESZEROF
RIZE D0 EHEROHDZEDNRBENT. ZUOHDOZ Enb, B FTTEOHELAIE, AT RNL
b ANTIEFGBRAEREO b D EE X oD, RINAEOY X~ AVF EREINTWETH (EaE) A
i, 1) EEENEREIT 5, 2) NlCET 2 BT R A b, 3) ME & B S AR i o &
AT ECHET S, 4) EALNSHBIEMBEERICIET S, 28 OR#ME L AT (Wl - B SEAOBE
) LEATDHDD, YA ARPPICKRE L, FELANEIT~ETT 2R TRR > TV, RERBL, Y
HEABILEE e ANT ORI CTH 5% 7 F /T Trimeresurus gracilis & T 5 Z LI TE o b 00

BEITEANT LD S HINEIOETHL Z RO TWATEY, RINAECEEGE A &R L I3TE 21T
V. IbDZEND, KM b e ANTITERR VI AAERO—ICHREIND. 4E, ZibORFEME
WOWTHRETT 2 Z I TERD 272D, WTNOEMOILABBAEDE ANTIZLIBTNDSE 5T, 14X
WKEBWTIHEALNCKETH D LW R, TUORE—OMICRRET2Z 2R L THDH00 % LitZe.
b ANTIIHE, —EIIZIE Ovophis BIZE O HILTW AN, 551 RFMT OFERIZ ETHlRARZEY, & AATN
BEBICOMT DX 7 F AT LlifilF#EZ 72— T, Y~/ 7@ Ovophis (FEXFRIL O. monticola) &I1FRKZ H7p
D, BEIZE ANT I T LANTE (Protobothrops) \ZIENZ & %7k LTV % (Tuetal., 2000; Shietal., 2021) .

ABFFRIC L0, B OE R, BHEOBERE G DI B 0T 5 8 ATz s %Y
~ER“Ovophis” aff. okinavensis DA L TN Z L &R L. ZORRIL, RIRSNEBEL#EEEZEL—HO
ArHIFE(GH (OMSP {iiat: Watanabe et al., 2023) LFRFIFCTHD Z &2, I 575 BMRFTOHEIZ LY Z DK
BMOMICEMTH LB OND.
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Bz

AIFRDZEITIZHT= 0, LA OFERRILI L OB R YREOIFEE R OWT, EA)IEM - BEE RLHEmEE 4
BRI ZBREW oo KREER - Sl RN R4 EBIRITIE, B R OBRIES L OEBIEADSRIC
BILTIBEZWIZWTiEny, 7% U ASEHORGIPCHERS & O AW MBI SN T HE < O THRZ W
W EBIZ, BERIAEMERE & KB4 BERIITFROERICEE LEm I B E S 0N Z2We 2T T,
Z < ORBERICHOWTEER T4 Vo 2nz, REmMHET B KO AT EMFRTBNTIE, AWREN
FHIZOWTHA &R TEREZIT o720, KRFIEIREZ RT O TH D720, GRIFEHREILAPAI L
L7, AT, BEfE - BRI FEYIERIREE 2 O NCE L2, (bAEARAOSRIZEEL TRk
D23 AE -T2, MR AR EETOSF BB LK b NP R RITIE, MMREEO S EEOBEAR L 72
LT a2z, BUER T O HFERE SCEIR & IR~ 21T, B RIS E B — oIz
WCTHRWERE W, 2R U B L B £,

51 F TR

Cundall D. and Irish F. 2008. The snake skull. In: The Skull of Lepidosauria (C. Gans, A.S. Gaunt, K. Adler eds), pp. 349-692. Biology of
the Reptilia, Volume 20, Morphology H. Society for the Study of Amphibians and Reptiles.

ERNEm - KERZ - BEHFH. 1973, SH 5O ST ONT GRERSIE O SFHEDMME— 0 1), ESTRZEHEYEE
i (6) :39-52.
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FAILRPRBOBATFA 714454 b AKXBEEFORERF

Al E—ERY - BB HEAY - LR KV

Keiichiro Mae * Yousuke Noumi * Yuta Tsuchiya

D) Rl BB R R B B LA SR B AR 2
2) T (LR K5 A L ER A B R
3) [ LB O S TR A

BARSIEPNICIZRE % R R OGN 5H L, FIiEA 7 4474 NERENDIEEEREZ2ELLORH
% (BEIF1E 2, 2010 72 &), BEEEHNZ, sAREALE O IL B IBREEIC AT CTHEAEL, —HIXHBIRERIC L
MLTWD., ZOMERIL, VL AROETHIALERT D L TEETHY, FiZ TRKABRFT 7 44T A ]
&R IE A 2 3 FANE ~ BV R AN RF A I PE 3 B ORATIE Dy, 2024 72 &), [l (LR P 5 s b BERLVE ER O
DKFAEEN AT 208, FEMZR WS ILZ L., RAFZEClx, HERE, S, 282 or, Yo
v U-PbERBEZB L, TORKEEREEZERLE
EHEE

IKFEERIIUL T OBEMP DR S, LR—FEEFmOY =7 2 MZEY TR T EW) T2
[EWFEE 0470y 7 ICRSEND.

MR MEACAIC L DB IREIE N RET S .

B E AT - A D AR E DO KRR ETET.

W - ARoEEEHERL, ANA, REA, BAEAEZES, —H CEREMRSCTEME N REET 5.

HEREE : b—J L a L EmMNAsE» b2 5. WREMEEHICHEL, £ NEMREETD.

FLoA4 b« LA BREMREZA L, HABMACAER OIS S .

HERTEHE - BEORER, KIEEELZEDESE RN 5.

EEILENH

mg# (=100xMg/Mg+0.85Fetotal) vs. TiOF H &% AW HRHBOKRFIZL D, RAEKROHEMESFHIZL,
Bl Z A (AB) ) O s XA (MORB) D FEIKIC 7' 1 > b STz,

)a v U-Pb ERRIE

KaEFO, HREEMEHELENS D a2 LIEE{To%2. CLBRICE->T, Zhbo
D3 LK AERNC X D& (Corfu et al., 2003) 3R Sz, R E LT, HHIX315.027.0Ma, &
MIREHB I 443.7+27.2Ma DENE L TZ.

DK FE B R OREBCERIE, TATHIRICEDEAE A 7 AT 4 bofREfi e —%T+25. Lal, /hEEICX
LZEFOHNRLCY =7 A M XD ARERIENE LD, REREA b L7 4474 FTHD LY
Wrans.

mg# vs. TiOATH W T, MK A RO IS EIE, IAB~MORB OBEBICERTS. ZNITHADEIR
W4k L E (BABB) DS /R T P B 72 L W R & JEIL L TV % . Taylor and Martinez (2003)1%, BABB 78 IAB
& MORB OFMHERAZ BT A LA RBLTWVWS., 2D &b, KSR -1 AR ER
EHLOZ ENHREIND.

FRBPEICBWNT, 2MEHIE, 443MaOFERERT. KATFEREFEIN D b OIX, KE-HEH: 412
+62Ma (fEBF, 1992), HFF : 416 £8.1Ma (/INEI1ED, 201) A3 H 5. Wi 1x, Bil-155liE 4 R KR AT o Kk
WEHER TH D LMEIN TS, 2FEHITZIN D OFMNE X RIRETH Y, HlE & 7o o 7o MErE ik A3 %
FENTWDLRIEERS D, —J7, RO 315Ma 779X, & : 330Ma~310Ma(/NE1E2, 2018), K
JU: 308 12Ma (ARAHIEDY, 2019)DEMR EFEEL L T d . MFE T ARIEERFE S TWwWa 72,
OERIE, ThDLOERICHIEINDATEEND D, Ko TACKEERIL, RMEHER R REUED 5
I-BEINERRBLED AT 4 AT A PEEBERBEIND.
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1
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2 2
Mainbayar Buuvei " Badamkhatan Zorigt )

1) ] I B AR 22 K22 B B T2 P 0 R B AR 2 B
2)EANBET NT I — W E AR e

1. [FL®HIZ

WL, EIC= Y R Y XA 2 AW THBREOMREREZET 5085 Th D (Jerison 1976) . THET
1T, CT A% ¥ IC K5 @R EE 22 NS & O AN B & 72> T Y (Walsh & Knoll 2011) , FEEEERI 2D
R ZIRTCE LD AR L o> TV D . =2 R¥ v 2 MIMOMIIBEIR S A X 2 BERE WA 7
L, MRS Y L O AROBEMICEERER ThH 2 (Balanoff et al. 2016 ; Watanabe et al.
2019) .

MBORT 4 770 HTH8EEHICKEVNTYE (Coombs 1979 ; Maidment & Barrett 2012 ; Dempsey et
al. 2023) , fRRRCETHERE O L (LS RIE ST X 72 (Miyashita et al. 2011 ; Schade et al. 2022) .
AT TIL, S B EANT TORBH MR DO FRERER I N TS 2L, ET e v L2 F
WTET R N EROREN Th > - ARMEN R I DH— 5T (e.g., Leahey et al. 2015 ; Paulina-
Carabajal et al. 2016 ; Schade et al. 2022) , 7> ¥ uH UL ARNIRE LM EESCEVIRFEE2H
L, L EEREHENBLIOEREENZMA TV E W RERBIIETRTIN TS (e.g., Miyashita et al.
2011 ; Paulina-Carabajal et al. 2018 ; Kuzmin et al. 2020) . —J7, MFICB LTI, RERDOY A R12H-5<

MRERLE | D3RP A X2 Mb TR CTEWEZRT 2 &b, BERmOIZ L A EOEEHEIC L > TIRE
RO CTEBERERRE TH o2 R I TW D (Zelenitsky et al. 2009 ; Kuzmin et al. 2020) .

L LZens, 26 0MAOL ITIKEERICESSBOTHY, 7 orFath v L AR oK E X
N7 Y7 (Maryanska 1977 ; Tumanova 1987 ; Wiersma & Irmis 2018) (28} 2 & RIEEOHE(LIETRIZ S
W, MR 20T — Z MR L L CZ L\ (Paulina-Carabajal et al. 2018 ; Kuzmin et al. 2020) .

AW TIE, B IVERTEHEARDOMEE CT AF v LV EIT L, Z ORI F00 R 2 5EM I 5
T D, 6, BEROEEE L ORE 2l U T, AMEADRMIME R L RTLZREROEAERITONT
BEtd 5.

2. REXR
AWFIETIL, & F2/VE T EWEL Baga Tariach K 0 N L7z RFCH O 8B HEBHBLA (HMNS 94-10-2)
DR a2 v 7z,

3. MEFE
ARFZETIE, TEM~A 271 CT 2% + 7 —SKYSCAN 1273 A L CMBE O Wrim w4 2 Bs L. 55
NeF =406 ZRIEAMY 7 F 7 =27 VGSTUDIO MAX # Ty F¥ v X haTF VX HET L.
B LIEZ U RE v 2 P BLOME OB REIZ DWW THEM R8BI 21T\, Kuzmin et al.  (2020) ,Xing et
al.  (2024) B LV Ravenetal. (2024) OF¥F ¥ T 7 X —U R MIEISX, Er N0 EHATER G ED
THMOEERHE OBBERED LS X OSEFPMNBRF 21T o7, £, BITH RO FIEITHE W, IR
(Zelenitsky et al. 2009) 3 X OUMRFEE (Walsh et al. 2009) OHEE Z1T - 7.
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4. R

AIEAR T, MH I —FHEARPRO LN D — )7, HEREICIIHEROPBEINT, &b FolcwEL
TWD. ZNE O S, AMEARITEER R ARITI ébfu\m\iab@rﬁ%é%@@,ﬂﬂﬁ@’%émﬁﬁéﬁ%‘%
’u%'fré{wrxf&;of:k#wéhé

SHE LR D, ARREA T FL RS I d# e - 2 Mo MimbE R 2 4 L, & HICKEBIEAL EIcEE G m
DIEE % 2 5 872 EIZB W, Zaraapelta nomadis & X BIpHDRERELZ R LT,

CT T —41 %o< FHEI O F, REK H I3 52%, MAEE RI3K 13mm Th - 72, F 72, ARAFZE CHER L 7242
AFE (n=6) BV, MFERELEEROMICAE R EOMENED bz (r=0.87,p<0.05) .

5. BR

AEARIL, Z. nomadis & IFEFHOEIZB W THERICE R Y, KRREZEOHNIHE (LH=, K5 Tr3Ihk
RN - TR O R L BV BEET D2 LD, Z nomadis L IXERI2 DM L= TH D R &
A}

MRS HE IS D W T UL, BREREE (O 52%) 1Ak Kk pEds a3 (54-63%) W7 ¥ 7  Bissektipelta
archibaldi (63-69%) XV ORMERWMEZ R L. T OZERICIE, BV A XLREMINLEITI X, AEARDE L
FADHPLERICHD Z LICERNT 2 RANERNEEL TV DIAREERSD. L LARND, 52%E0)
BHAEITENEVKEICH D, AMEALEEBEICASEO LN TEERMEE ] &5 ELEm O

WEICNLE T D EMRINTE 5.

— 07, NERREIZOW T, WFER CHEER E OMICHE R EOHBNED biviz. 2 OfEHIE, AR5
DOFHFANICB T, D ELIRFEROERNZRZL Y bR A XORBZE Z T T 5 e
ERBTLELDOTHD. 127170, KEFT OV T A% A ZFREK (n=6) THYH, ZOMHEOEEHEIZDON

SBOELRBEBAYEFICEARIENDSLETHD. L, NEREO L) S REHEZHE T T 5BRIC
I, 7 N OB EEBEIZFHIT NE THD LT 2FEFEDORM (Manley & Koppl 2025) L HEEGHYT
b5.

ULEE D, RERTEEEICEET AR OREE N EZ R L o2, MFEEORZBIZ OV TIEEY A X0
AT TWEATRMEN RSN AR, 73 g v L Ao E ShE 7 OTICRBIT 588
MOBRRENEHEMT S ECHEEREBERZIRETILOTHS.
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1) BRI a TS ER HARRI R
2| TAVBIEET AT X — A RIS e

I. [FL&HIC

T2 AND _FER TR DITSEE SN DI, BRI U LB RE D B A EGE N AT L, EFEIRD
HEFIF (=yF5E) AVRBEIINTOD (Parketal 2020). L2vL, ZOZEREA HBAHSRAA CHEII LN D)
IITHTHS.

1994 4, W BIRBIAEIAR - €2 ANRET 7 I — A LR35V T, Baga Tariach & V) S5 AFBRZE DR
ARHFE R EA72. Baga Tariach TILPIN 4043 &\ 9 SSEEHASIEANHE SN TRBY, YHI¥ TV (Talarurus
Pplicatospineus) \ZJET 5 & SN, EOHOWIETE S 2 UV (Pinacosaurus grangeri) & L CHIEIESI TN

(Maryanska 1977, Tumanova 1987). L#>L, Baga Tariach {3\ CRIE « Aol StEA TS EEFESIT PIN 4043 DI TH
D, MHOFFIFEADFERIIAAI TH 5.

AMFFEClY, Baga Tariach PEOA LSS FEARTHZAEA HMNS94-10-2 % Fhiis - Sk L, [RIPEHN 30T D 8araiBfHofifiA % BBy
Ll

0. F&-1EXK

&L A/UE T DB Baga Tariach L 0 pEH U7 RGOS EREAEA (HMNS94-10-2) 2 Uiz, AEARIISIRT -
FE - HEES - SHIEE - fEEE - 3 SOIRE LEE2 5Ty, (HIFELLIFEHETOEATHD.

Baga Tariach |ZIMEA 72 LICHEDE, Vv R ZBERIT VL IT v NE L FRROHBA M5 & S5 (Watabe et
al. 2010, Mikhailov 1997).

FEL U THEADIVREBIEL 1T, T OFHEA VT Arbour and Currie (2016), Park et al. (2020, 2021) |ZfEVE
vV R REERS R & DA T o72. S 51T, Xing et al. (2024) OF—H & v M & EIPAP ver. 4.0a Z v
TR EATV, REHOSEERE & DOl X OSRHHIN B OMER A T 7.

m #R

-1 & =)L B HCRPER AR & Dk

AFEALT, RTATEEE ORGSR D 8% 2 ) 2 0TV VA (Minotaurasaurus ramachandrani), 7 7 ~L4

(Zaraapelta nomadis), ©F a3V ALHE LT, £z, BRE LFOIEARYM - ERIORSS T AR 8D, k=
RO APERE L I L QU IREORBMNCIZEM L, SOOI /U TN, FITTE, A =T

(Saichania chulsanensis) &FH LTz, —J5 T, HIEENEI DHERECE 580%, HIFESRITIALE L TG
AR A =T L3 2> Tz, BRIRE A OS2 R 2 0 ald, RS2 R> /2 U I IR, 4
NXT « X7 (Tarchia kielanae) &8> TC = SBIZ, IRERMOEESG S U CERRROELDN 3 SMEd T, Mk
OEEGZ 10 UL L5 T 79L& L3 BRSO  FTe, AEARTIIIROIRE FEIOEREER RN, F O
TEH « BEEE MR LTV, 2TV R « BT TYLE - A D=TIZHEPOBIIROND, WG EEES -
RIEREATE TR Lgu ., AT ZNATIIHEROB AR O Z LSHRE SN TEY, MERLITRRD.

PLEXY, RERIY T 7 NEBLOET ah oA L OBEEIET 54, IRERMEEAFOIEE & Tl
WReERAR LT

11

MEEE LTV Y MUV (Lesothosaurus) + A7) RV DV (Scelidosaurus) + 7 7 v v 3 VA (Huayangosaurus)
ZFXE L, heuristic search |22V HEEABMA VB LIz, ZORE, AERNIT ¥ ¥ 7V ABEHATE ST b, 97
AULH LSRR LT UL, AERTIIY T 7L X OEETREIVE & S5 IRERART ORI el &
T, TERERICITMEER D D 5. A Rk & U CIRES BB OIREE N2 &, BT 7~V Z 335452 mm T2 DITkE
L, AHEANTH) 257 mm CTHOFEETHHoT-.
AREAIIINERZE RSN (AR D 2 L M DR T W RTREMERN 5723,  SRZRITIHESHRN AL H AV iR
AEDFEE L TNDEND, D & BRI LT B Z D Z LAVRIBIILD. LIZD o TREEADEIZ L D ¥
T T rYIVH L[S A RAFET D RREMEHR S, ANEARITY T 7~ YL XGRS R D50 Ch D AIREME S RIE S 1
7.
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V. %

TERELLES: & AT ORE ARG T 5 &, HMNSH-10-2 137 > ud oA ZHEHIE L, BHIY T 7L Z TR ThH
BHEREMERE. — T, I T X OEAIREFE (IRERAERR 2452 &, 22 b ONIRE EERlc S <R
YA R R RIS E 2 D &, MBS R TR A[EM B 5.

PLEXY, HMNSH-10-2 [IARGCHDT o h /28 (MR S TH L AMEND Y, Baga Tariach T3 /e &
H PIN 4043 (B 9L R) LI3RI0sRSE 0 U QO RREM NS 2. 372 b BIRIFEMIT 2 FiLL_EogssaEi e E L
- ATREMEAS R SN,

SAFEITORER, HMNS94-10-2 13T 7Ly L BRI AL LTz, ke Shd FI7~9vE, A =7, BILW
HNXT XTI, WIS IR LHE ST A, ZHUTKL, HMNS94-10-2 13 =2 ERMEHGTN D E
HLTRY, aemEft) 2 EWEO mEmR DS SN2 Ll d. 2O BT AR v 29
NaIZBWTHERBFRINIAAEL T2 B2 5N TR Y, ARFITROGRISHRDVAE U QO RIREMAVRIB X LD, 7L
vIgy MNEO ETREHEIER TS E, FAOY Yy K7 & Tid bulk feeder BIDSSFEENEE SILTHBDIZHTL, 7Ly
== v MELIRETIE selective feeder TSN ADSHE STV TS, O Enb, ZOREISSEHEICBIT =y TF 7
RAME 7= ATREMED B ST D (Parketal. 2021). ZD=>FL 7 M, ALk 60 Rat L 238 (bulk feeder) D
TEAR L ONEEREED Db X VIR KB~ DR ORI & —Z L T D & SIUTCD  (Parketal. 2021). Baga Tariach |2
AT DHBOIRBIZOWCUTHERRHDHH DD, Ux R7X@RIOVIL T3y NE L RRHROBYETH S fhet 2%
5L, HMNS94-10-2 b E72, 29 Lo itk OMrE Colk LI BRECH A AlRE RN 5 5. Ziud, 7odaiy
JVARRRHZ 30T 2 = ERPEEPE LR T < BEEHEI 3\ T b A4 U W FTREME A 7R 9~ 5. HMNS94-10-2 A3
PITTAYLLERLNFT « FT T itk ChH I LIL, ZOX D RGROFER TH D IR TE 5.
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1. Introduction

Diverse vertebrate fossils,
including dinosaur skeletal remains
and eggshells, have been reported

from the Upper Cretaceous sediments
in the Javkhlant area of the eastern
Gobi The

sedimentary facies of this region are

Desert, Mongolia 1),

primarily characterized by fluvial

and alluvial fan systems developed

semi-arid climatic
. In August 2025, a joint

expedition team from the Institute of

arid to

2)

under

conditions

Paleontology, Mongolian Academy of

Sciences (IP-MAS), and Okayama
University of Science (0OUS)
conducted geological surveys and

fossil excavations in this area (Fig.

1), discovering numerous new
vertebrate fossils and eggshells.
This report focuses on a cluster of

eggshell fossils preserved in a dense,
sediment (hereafter
referred the “Nest”, 1).
Based the lithological
characterization of the horizon from
which the

we discuss

nearly complete

to as Fig.

on

specimen was
the

recovered,

sedimentary
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Fig.1 Excavated cluster of
dinosaur eggshells (“Nest”).
environment at the time of fossil

deposition.

2. Characteristics of the Fossil-
Bearing Horizon

The Upper Cretaceous
distributed the

assigned

successions
in area are
Javkhlant

specimen

study
to the
The Nest
reported in this paper was recovered
the middle of this
formation the Khungenetjavklant
3. report
stacked

Formation?).

from horizon
in
This

continuously

area documents a
sedimentary

succession approximately 4 m thick,



including the horizon from which the

Nest was recovered (Fig.2).

Basal part: The base is unexposed
due to coverage by modern fluvial
deposits. The lowermost observable
part (or interval) <consists of a
conglomerate layer composed of
medium to fine pebbles,
characterized by well-developed

trough cross-stratification.
Lower part: The succession exhibits
the

medium-grained

upward-fining from underlying

conglomerate into

sandstone. Indistinct parallel
lamination and cross-lamination are
observed.
Middle

horizon):

part (fossil-bearing

Massive fine-grained
sandstone layers with mud drapes are
stacked, overlain by a massive sandy
(~10 thick)

composed of very fine sand to mud.

mudstone layer cm

The Nest described in this report was

recovered from within this sandy

mudstone layer.
Upper part: Successions of medium-

to fine-grained sandstone layers,

beds (~5

Sedimentary

intercalated with caliche

mm thick), are present.
structures range from distinct trough
cross-lamination to indistinct cross-
lamination.

The

capped by a massive mudstone

Uppermost part: sequence 1is
layer

with burrows and paleosols.

3. Reconstruction and Discussion of

the Depositional Environment

The overall succession from
conglomerate to mudstone at this
locality displays a classic fining-

The

observed

upward sequence. trough cross-
the
represents
by

partly

stratification in

lowermost conglomerate

channel deposits formed

unidirectional flow,
interpreted as basal channel lag. The
overlying

fine-grained sandy
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mudstone and sandstone with mud

indicate
with

drapes suspension settling

associated decreasing flow

Legend |
pebbles
& granules

massive
sand beds

-] well sorted
... sand beds

well sorted
mud beds

trough cross
beds

crudely paralell
beds

wo 0§

E‘ caliche nodules,
clasts

- | caliche layers
\

GJO/J nest specimen

o | eggshells

Grain size
[ <3— mudstone

| sandstone |

T

~

f. sand —-.

J/

VC. sand —

silt —.\,
Vf. sand
m. sand —
C. sand

Fig.2

Stratigraphic cross-section
of the

including

sedimentary
the

succession,
fossil-bearing
horizon.

velocity, reflecting a transition to a

lower-energy environment adjacent

to the active channel.

The occurrence of the Nest from a

horizon intercalated within channel-

related deposits (sandstone and



conglomerate layers) suggests that
the specimen was preserved not
within a permanent channel, but

rather on a bar (e.g., a mid-channel

bar) proximal to the active channel
or within an interchannel floodplain
the

presence of caliche beds in the upper

environment. Furthermore,

part indicates pedogenesis related to

post-depositional desiccation. This
implies that the fossil locality
experienced periodic subaerial
exposure, providing a stable, dry
surface environment suitable for
nesting. These interpretations are
consistent with those of previous
studies.

This survey indicates that the
dinosaur nesting sites within the
Javkhlant Formation were likely
located on bars or in floodplain
environments, close to active river
channels. Reports of nesting sites

located near aquatic environments—

such as within fluvial deposits or

adjacent to lacustrine settings—are
in other
the
between well-preserved nests,
the described

report, their

widely documented
4-5)

regions
Consequently, relationship
such
this

associated

as specimen in

and
structures

sedimentary provides

critical insight into the nesting
strategies employed in environments
characterized by dynamic channel
migration. Future comparative
investigations of adjacent
stratigraphic horizons will allow a
more refined discussion of
paleoclimatic conditions and the
environmental factors that

influenced dinosaur nest-site

selection.
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Modeling musculoskeletal systems with branching structures:
A case study with the auxiliary tendon of the caudofemoralis

longus muscle in crocodilians
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The branching in the musculotendinous structures is crucial to control complex, nonlinear
musculoskeletal systems in vertebrate bodies. Although common, their functional impact remains unclear. Here,
we present a dynamical model of musculoskeletal networks that explicitly incorporates branching points as
mass points, representing geometric constraints and internal force distribution. Applying this model to the
crocodilian hindlimb with branching musculotendinous structures, we validate results against robotic and
anatomical studies. We find that branching reduces required muscle force, enhances joint coordination, and
enables stable standing and propulsion with minimal input. These insights can guide biomechanical research

and bio-inspired robotic designs.

Key Words: biomechanics, musculoskeletal system, dynamical systems modeling, crocodilians, branching

structures
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The Unique Ankle Articulation of Avimimus: Examining Its

Potential Existence Through Robotic Modeling
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Palaeognaths, including ostriches and emus, comprise many large, terrestrial birds and are regarded
as model animals for biomechanical studies of extinct dinosaurs, particularly theropods. A distinctive
biomechanical feature of palacognaths is a specialized mechanism in the intertarsal joint (one of the ankle
joints), known as the engage-disengage mechanism (EDM). This passive mechanism is defined by a locally
unstable equilibrium that emerges at a certain degree of flexion. It serves as a boundary between two locally
stable equilibria: full extension and full flexion. The mechanism is facilitated by cam-like articular surfaces, a
type of mechanical element, and is thought to contribute to efficient locomotion in palacognaths. Determining
how passive mechanisms like the EDM evolved during the transition from non-avian dinosaurs to birds is
pivotal for reconstructing their locomotor ecology and evolutionary history. Despite this significance, such
mechanisms in dinosaurs remain largely unexplored. Here, we investigate the possible EDM in the intertarsal
joint of a non-avian dinosaur, Avimimus from a robotic approach. Avimimus, a small theropod and a member of
Oviraptorosauria, exhibits osteological features resembling the intertarsal joint structure of modern birds. These
features include the fusion of the tarsal bones with the tibia to form the tibiotarsus, and the fusion of the
metatarsals with the tarsal bones to form the tarsometatarsus. Consequently, Avimimus is considered one of the
most suitable taxa for examining whether the passive mechanisms observed in the inter-tarsal joints of extant
birds could have also been present in non-avian dinosaurs. In this study, we investigate the potential existence

of the EDM in dinosaurian ankle joints by constructing a physical model based on Avimimus specimens.
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Figure: Generated force of the intertarsal joint. The blue line represents the average joint force, while the

dotted lines indicate results from three individual trials.
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An approach for reconstructing dinosaur locomotion
using physical skeletal platforms
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Non-avian dinosaurs are among the most successful groups of terrestrial vertebrates, exhibiting
remarkable morphological diversity across numerous species. Given this diversity, we hypothesized that
dinosaurs possessed fundamental design principles for terrestrial locomotion that provided scalability,
locomotor versatility, and payload capability. Against this background, we aim to elucidate the underlying
locomotion mechanisms common to diverse dinosaur taxa. These insights deepen our understanding of adaptive
evolution in terrestrial vertebrates and provide novel perspectives for robotic design. Terrestrial vertebrates
achieve locomotion through the musculoskeletal system, which exhibits numerous degrees of freedom. This
mechanism relies not only on active muscle contraction but also on passive inter-joint coordination, which
arises from the strategic architecture of the skeleton and muscular system. For instance, in horses, the hindlimb
automatically generates joint trajectories that ensure a smooth transition between the swing and stance phases,
facilitated by a muscular system that passively coordinates the upper and lower leg joints. Such passive
mechanisms have also been reported in birds, where they contribute to hindlimb movements and self-weight
support. These passive mechanisms are incorporated into robots to produce smooth and efficient locomotion.
Biomechanical replication studies using robotic models suggest that these passive mechanisms in the muscular
system are essential for enabling vertebrate locomotion. However, in dinosaurs, the loss of muscular anatomy
poses a significant challenge to reconstructing their locomotion. To address this issue, the framework has been
proposed to infer lost information, such as muscular systems, based on osteological homology with extant close
relatives of dinosaurs. Furthermore, A method to reconstruct locomotion has been proposed based on
mathematical modeling of the musculoskeletal system reconstructed with this framework. However, high-
accuracy mathematical modeling is challenging due to computational limits. Consequently, necessary
abstractions often obscure critical morphological and mechanical characteristics, diminishing the functional
fidelity of the musculoskeletal system. To reconstruct dinosaur locomotion while preserving as much of the yet-
unrevealed mechanical functions of the musculoskeletal system as possible, we introduce a physical skeletal
platform based on fossil specimens. By reconstructing the muscular system on this platform, informed by
insights from extant relatives, we aim to validate its effectiveness. This approach has recently gained attention
as “Paleoinspired Robotics”. However, elucidating the locomotor functions of extinct organisms in real-world
environments using physical robotic models remains a significant challenge. This paper presents our practical
research on reconstructing dinosaur locomotion using physical skeletal robots. Specifically, we elucidate the
stance mechanism in crocodilian hindlimbs, as crocodilians are close relatives of dinosaurs, through anatomical
studies and a physical skeletal platform. Furthermore, we describe how we adapted this mechanism to a

dinosaur hindlimb skeletal platform, successfully reconstructing a stance posture in dinosaurs.
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Reconstructing the musculoskeletal structure of extinct dinosaurs is essential for understanding their
locomotion. In this study, we experimentally investigate the potential existence of a branching muscular
structure in dinosaur hindlimbs, hypothesized based on the crocodilian muscular system. To test this hypothesis,
we developed a full-scale musculoskeletal robotic model of a Protoceratops andrewsi hindlimb, employing
McKibben artificial muscles and tendon analogues to replicate the proposed muscle—tendon structure. Two
configurations, one with and one without a caudofemoralis longus tendon (CFLT) branch, were evaluated by

monitoring joint angles and muscle tensions under simulated muscle contraction.

Key Words: Musculoskeletal model, Biomechanics, Dinosaurs
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Figure: Experimental setup of Protoceratops andrewsi hindlimb robot.
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This study aims to elucidate the locomotion mechanism of crocodilians based on their
musculoskeletal system, using a robot that reconstructs the musculature on a replicated skeleton model. In our
previous work, we revealed a mechanism in the hind limbs whereby passive joint coupling, arising from the
muscular structure, enables the maintenance of standing posture and the generation of propulsive force during
the stance phase. This paper focuses on the swing phase, which is essential for reciprocal hindlimb motion. We
inferred the muscles that contribute to hip, knee, and ankle joint flexion and extension based on anatomical
knowledge and electromyographic data. Furthermore, we constructed a physical model based on the skeletal
data of crocodiles and examined whether the inferred musculature could reproduce the swing phase and the

reciprocal motion.

Figure: A sequence of the hindlimb robot movements
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This study investigates the hindlimb locomotor mechanism of the non-avian dinosaur Protoceratops
andrewsi using a bioinspired musculoskeletal robot. The hindlimb musculature was inferred from anatomical
observations of the extant crocodilian Crocodylus porosus and implemented on a physical model reconstructed
from CT and photogrammetry data. Active muscle functions were reproduced using pneumatic actuators, and
muscle activity sequences were designed based on crocodilian electromyography patterns. Robotic experiments
demonstrated that the reconstructed hindlimb reproduced a continuous stance-to-swing transition, indicating
that the inferred musculature and activation patterns are sufficient to generate walking motion in a physical
environment. These findings highlight the value of musculoskeletal robots for experimentally evaluating
locomotor hypotheses in extinct animals and contribute to understanding functional principles underlying

dinosaur locomotion.

Keywords: dinosaur locomotion, Protoceratops andrewsi, musculoskeletal robot, McKibben pneumatic

actuators
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Figure: Musculoskeletal robot of the Protoceratops andrewsi hindlimb.
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Wadsworth, 2014) . EIZHWEROIAREZHZICFIAEN TV D, R e T4 I 7 X L5 d R
SNy B OWRFRIL, GEROEH AW EN T E THER D T WV Y O R F R RS E O fth O Rl A
BH 5 222 L C& 7= (Warinner et al. 2022), BAEE TIHEix RO G ZHWEFERE N 2SN TEY .
et CTIEA 2,000 TERTOBFHEBIYLA DT ANVENS X 7 Baemt, 7 2 BESOREICRY L
7= EME SN TV D (Daniel et al. 2025, Ryan et al. 2025), L2>L., BFEHFEORE LIZHEAE, B
HEOWF AR T DT F ANVEIL, KUOBREETH > THIEETHITICH 0 2 o R B a2 55 D3I
WEHELWEEBXBND, £ 2 CTABIE T, 1,000 HERTZB 2 5EHEMLa0 2T, X378
O, T ATV W7 e T A I 7 ARSI RTRED R LTz,

2. MHEEAE

FEBITIX, B TVEER 3,500 SERTO N AE, AFEE, BEEOMA, BLUK 7,000 HERTOZ
HEOAZ AW, (bAIEREHERES ST REEO %, BEREERIC L 2WEE21To7, TD#%,
BT ah oIV T 5% A CERHETT 1L RBBEREMR WK, BIKETHE 7 Bahihit L,
fEBENBRH L2 X o R 12.5% 7 7 Vv 7T I K7 0% v iz SDS-PAGE TR, CBB Yefalz L N
RFaEf, 2788 BB Lz, BERKEB®%, YAt 1 BMad—rr A%y +REE2RT 130 K
oL, WO H LS VR Z R Baiit, B 7 VXA z 7o BRI RY Iy it X 21k
1Tolz, BBHEYBGIEX R D=, TXRTOEEIZZ V-0 XUFHNTITo T, LB X T BEOE &
43871, Thermo Fisher Scientific #:0 Orbitrap Elite BEESFFZ AW TIiTo7=, A&\ ARHED
R BICBE L CIER4ED Orbitrap Eclipse Tribrid AW TOMT HiT- 72, BEOSH TH O
72 AT RV — 7 1% Swiss—Prot OEFHEMDO X L XV ETF — I RXR—ZABLOHRADOTEEFEO I Hla
F—F DT —H =A% LT Mascot Server ZHW TR EZ1T>72, F7= de novo ¥ — 7 = AT
I% PEAKS Z I WNCHiEHT L 7=, PEAKS Z W C PRI ST I 7 BEECHIIZ D Tid BLAST fif#r 24T - 72,

3. WBRLEER

FALE DS L7z & X7 D SDS-PAGE 21T 24, BASHO I Mas—Fr LRy, 8.
al,2 HEREODFRIZARO AN FRBREEINE, b Z Enb5RERICHN LRI T RS
=B R BERRAFEL TV D ATRBIER R E N, 3,500 HERTOLAN DI Lz Z X7 BD A~
7 MVT — X B 2T DX LRI IET — X R— 2B RRIT Mascot MB LT-FER, WEAY DT —7
VERIEEINDT X BESNIIRD SNl otz REEAAD LM LY VXTI EDOART NT— 4
% . Swiss—Prot ICBEEINTWVWETFT —FZRXR—2ADLREMDOLEZ XTI E Z R8I Mascot MR LI-L Z A,
BEOSXTF FARESHTZ, ZRULDTF ROT I /EELS| % BLAST MR LI ZABHED [ Ao S
=7 a 1#HE a 2BHOREINIHL T2 1%, 24%D—EEEBDL, Loz b, BEHFLALD
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Green, R. E. et al. A Draft Sequence of the Neandertal Genome. Science, 328, 710-722. 2010

1.
2.

Buckley, M. Wadsworth, C. Proteome Degradation in Ancient Bone: Diagenesis and Phylogenetic

MFSEVDSRLL
CQICVCDSGN
AGVEGPKGDT
PQMSYGYDEK
GASGPMGPRG
PGMRGHRGES
RPGPSGPAGA
GSEGPQGSRG
PGARGESGEQ
PAGEEGKRGA
GSPGAVGPKG
DGREGEAGEP
KDGEAGAQGP
GVPGNAGAPG
AGAPGAPGNE
LRGLTGPIGP
GFAGPPGADG
KGARGSAGPP
ETGPAGRPGE
GLPGQRGERG
AGREGAPGAE
RNGDRGETGP
GFSGLQGPPG
IGPPGPRGRT
GGRYYRADDA
LKMCHGDWKS
WYLSKNPKEK
ATONVTYHCK
EDGCTSHIGA
CFL

IBa5—72 ol

Protein sequence coverage: 21%

LLIAATVLLT
ILCDEVICED
GPRGDRGLPG
SAGVAVPGPM
PAGPPGKNGD
GLDGAKGQPG
RGNDGAPGAA
EPGPPGPAGA
GPSGAPGPXG
RGEPGPAGLP
SPGEAGRPGE
GARGQAGVMG
PGPTGPAGER
PAGARGERGF
GPPGLEGMPG
PGPAGAPGDK
QPGAKGETGD
GATGFPGAAG
PGPAGPPGPP
FPGLPGPSGE
GAPGRDGARAG
AGPAGPPGPA
PPGAPGEQGP
GEVGPVGPPG
NVMRDRDLEV
GEYWIDPNQG
KHVWFGETMS
NSVAYMDHDT
WGKIVIEYKT

RGEGEEDIQT
TSDCPNAEIP
PPGRDGIPGQ
GPAGPRGLPG
DGEAGKPGRP
PAGPKGEPGS
GPPGPTGPAG
AGPAGNPGAD
NSGEPGAPGN
GPAGERGAPG
AGLPGAKGLT
FPGPKGAAGE
GEQGPAGAPG
PGERGVQGPP
ERGAAGLPGA
GEAGPPGPAG
AGAKGDAGPP
RVGPPGPSGN
GEKGSPGADG
PGRQGPSGAS
PKGDRGETGP
GARGPAGPQG
SGASGPAGPR
PPGPPGPPGP
DTTLKSLSQQ
CNLDAIKVYC
DGFQFEYGGE
GNLKKALLLQ
TKTSRLPIID

GSCVQDGLTY
FGECCPICPD
PGLPGPPGPP
PPGAPGPQGF
GQRGPPGPQG
PGENGAPGQM
PPGFPGAAGA
GQPGAKGATG
KGDTGAKGEP
SRGFPGADGI
GSPGSPGPDG
PGKPGERGAP
FQGLPGPAGP
GPQGPRGANG
KGDRGDPGPX
PTGARGAPGD
GPAGPTGAPG
IGLPGPPGPA
PIGAPGTPGP
GERGPPGPMG
AGPPGAPGAP
PRGDKGETGE
GPPGSAGARAG
PSGGFDLSFL
IENIRSPEGT
NMETGETCVY
GSNPADVAIQ
GANEIEIRAE
LAPMDVGAPD

Dzt LT, R

I, HERRBEIC L 5 7 o oL e —
ZOEEBESWTHET D720, K0 BERERREE FICBWT

KT B AT

STE AN E X B, 3,500 AR

Blbadhko s R E

IBa5—572 a2

Protein sequence coverage: 24%

NDKDVWKPEP 1 MLSFVDIRIL LLLAVTSYLA
VDASEVYPES 51 PGRDGEDGPP GPPGPPGPEG
GPPGLGGNFA 101 PGASGPPGPP GFQGVPGEPG
QGPPGEPGEP 151 RPGERGVAGP QGARGFPGIP
ARGLPGTAGL 201 GAPGENGTPG QPGARGLEGE
GPRGLPGERG 251 AGPPGFPGAP GAKGEIGPAG
KGETGPQGAR 301 ANGLPGAKGA AGLPGVAGAP
APGIAGAPGF 351 GAKGESGNKG EPGAAGPPGP
GPAGVQGPPG 401 PGSRGLPGAD GRAGVMGPAG
AGPKGPPGER 451 LPGQPGSPGP AGKEGPVGEP
KTGPPGPAGQ 501 GEPGKPGEKG NVGLAGPRGA
GPPGAVGAAG 551 PGFQGLPGPS GPAGEAGKEG
PGEAGKPGEQ 601 PAGPIGSRGP SGPPGPDGNK
APGNDGAKGD 651 GGKGEKGAPG LRGDTGATGR
GADGAPGKDG 701 AGPAGARGIP GERGEPGPVG
RGEPGPPGPA 751 PTGAIGPIGA SGPPGPVGAA
PAGZVGAPGP 801 GITGPPGPPG PAGKDGPRGL
GRZGSKGPRG 851 AGAAGPPGTP GPQGILGAPG
QGIAGQRGVV 901 PPGARGPSGP VGSPGPNGAP
PPGLAGPPGE 951 GNPGPSGALG APGPHGQVGP
GAPGPVGPAG 1001 QGPRGEXGEP GDKGHRGLEG
Q6L 1051 PG P
KDGLNGLPGP 1101 GPNGGGYEVG FDAEYYRADQ
PQPPQEKAHD 1151 KKNPARTCRD LRLSHPEWSS
RKNPARTCRD 1201 ASLEDIPTKT WYVSKNPKDK
PTQATIAQKN 1251 LAFMRLLANH ASONITYHCK
LTFLRIMSTE 1301 GNSRFIFSVL VDGCSKKNNK
GNSRFTYGVT 1351 QEFGLHIGBV CFK
QEFGIDIGEV

B LA R 2 v R 7 B O 3RS 5

ME s &L HEF 280

TSQHLFQASA
LGGNFARQYD
EPGQTGEQGP
GLPGFKGIRG
RGRIGAPGPA
NVGPTGPAGP
GLPGPRGIPG
PGPSGEEGKR
NRGASGEVGA
GADGRVGPIG
PGPEGNNGAQ
ERGLHGEFGV
GEPGNVGPAG
DGARGLPGAT
PSGFAGPPGA
GPAGPRGDAG
RGDVGEVGRT
ILGLPGSRGE
GEAGRDGNPG
SGKPGNRGDP
LKGHNGLQGL
GPIGPAGVRG
PSLREKDYEV
GFYWIDPNQG
KHIWFGETIN
NSIAYMDEET
WGKTIIEYRT

GRKGPRGDKG
PSKAADFGPG
RGPPGPEGKA
HNGLDGQKGQ
GARGSDGSAG
RGEIGLPGSS
PPGPAGPSGA
GSNGEPGSAG
KGENGDAGRP
PAGNRGEPGN
GPPGVTGNQG
PGPAGPRGER
APGPAGPGGI
GAPGPAGGAG
AGQPGAKGER
PPGMTGFPGA
GEQGIAGPEG
RGLPGIAGAT
NDGPPGRDGA
GPVGPVGPAG
PGLAGQHGDQ
SHGSQGPAGP
DATLKTLNNQ
CTADAIRAYC
GGTQFEYNGE
GNLKKAVILQ
NKPSRLPILD

PQGERGPPGP
PMGLMGPRGP
GEDGHPGKPG
PGTPGTKGEP
PTGPAGPIGA
GPVGPPGNPG
RGLVGEPGPA
PPGPAGLRGV
GEPGLMGPRG
IGFPGPRGPT
ARGETGPAGP
GLPGESGAVG
PGERGVAGVP
DRGEGGPAGP
GPKGPKGETG
AGRVGPPGPA
FAGEKGPSGE
GEPGPLGVSG
PGFKGERGAP
AFGPRGLAGP
GPPGNNGPAG
PGPPGPPGPP
IETLLTPEGS
DFATGEICIH
GVITKDMATQ
GSNDVELRAE
IAPLDIGGAD

MEREZ LT,
FEAR 7R FEAT 24T O & 3t

(N |«

FRRERD ST AEWFEIE L 205 GREE
5 JP24K04373) |, [MILEERI KT a0 v =7 NMIFRHEEFE TRk @ik 2 Is i L BB (b A Ok
FHOMFSE ) (OUS-RP-22-5) | OBk %E= 7D TT,

Potential. Palaeogeography, Palaeoclimatology, Palaeoecology, 416, 69-79. 2014
Warinner, C. et al. Paleoproteomics. Chem. Rev. 122 (16), 13401-13446. 2022

Ryan S. P. Phylogenetically informative proteins from an Early Miocene rhinocerotid. Nature. 643, 719-
7214. 2025
Daniel, R. G. Eighteen million years of diverse enamel proteomes from the East African Rift. Nature. 643,

712-718. 2025
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0. [FL&HIZ

B A T, AW OB O E M FOMHEREZR O BTt W T, BEEHEM L LTH
WHZERHDL, L LBURTIE, s #d & LERERRE LI o T, BERREICR T 2EMIX
[REMTHD,

— 5 CEE, BAROREFRITIERILL T D, KEBICBWTH, BE 2 EMIZERD2E - 2R
BHEREINODOHD, ZORNEHEZXD L, AETRAR CRELZEM & LR ELBRRNIZERT 2
ZEICEY, AREPREREAERORIRE S L TEERNICRFTT WS 2ETEEEXLN5,

EFIZINETCOREERLZBL T, BRENLL OAEFEOHN - BLZRE LT WEM THLZ L%
FHELTEL, BREBEIZALENELS, A A=V LT WVWHRETHE720, BARMTEEERE SO, TR
BEA~BR LT WRLAE B O,

S BT, BRKTHE L C& 72 Nature of Science (RIFOAKE, LLT NOS) # AAROHEEHFIZEA
LI ET28&EnEATHS, IB (HEATeLT) OBECIE, NOS 4 9 720 O RFE M 0 &
XTGP ERHINTEY, BMERREZTOVLSTVWRESH S, Ll NOS IIFHREOEWVEEREEN
5720, AEOHMBERET D2 LIIAS TIERV, LR ->7T, NOS OHfE%E X %2 25 BRI TR 7
B ER, FEHIEBEZRITOLLENH D,

PlEXy, BEEZHME LT NOS 2RI FHWMELZHEL, TOXLEFHBT I LICIERENHDHLE
25, ETIENOSHHEDBRENE > TN IB 7 7 ATKWTIRERKRZITV., FEHREOEM EOEZ
HRFET D, FOMRREEE R, REMLE L TR PEREARELHEMNT2EE D7 7 A b HATRER
FE~LHMER L, BHAR LD TH D,

1. NOSDEEEESREE

NOS (Nature of Science : FF*¥OARE) DEFIL, BKAKDOHIEFOM THLEZEMNTHD EHEMINTED
GFENI - &I, 2023), BARIZBITHHATHL EOEREEAT 20T KTV, REVREL L LT,
Lederman(2007)i%, NOS % B2 ARMHGHLHEAZDO b0 TIEAL . THEZEORMGHS, MbHEEL LTOR
¥ BERNAESEORBICKT 5 EA OMEBRSCEEE R LB EAEMST TS, S HIC. NOS
DEERNEEL LT, B EHmOME, B BloME, BHEEmko Eet:, EmansitE, BEmeko
A - SUERIEE, Btk o A P23 T D, Bl E, BIEIUREICHBE TEEROBEE
DHBHAEBE LT WBIREZHR T O L, #mIESERE TR OBV RZHATILOTHS,
AR PEOBLE TIX, BHEEMIERIIFRE OB &R, RO FICERBEZZ T 20 THY . ZRICK
B LOTEARWEHEIND, o, BROMFEITHESNL S 0 TiER, BB Z2 &0 T EMN
THY ., FHCEROZIIE L TEIESNES L W) AL EERHHRTH S,

IO XD NOS #FSEHRIL, k., AREVBFZOHANICEADL 2B (SSD 12k L TEEBIZE
BREEITHOTRERDZEEZRAMATLEE, BNV T 70 —0ORBLELTEETHLRITH D(eg.,
Ziman, 2000), %< OH R, BRIEICHBEZ2EZ 2B T T200 L2/ L THY | EMEICEW
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TRZEHABPRENTLE. BFEZEDOLO~ORERHIHNEL D Z &AM LTV D (R, 2020), =
LR EBE XS & BROHEGRPMBMONEZIT TR, BFEREDLIRELTHY, BHELES
DR TEDL S ITHAEL., BICIIBRARLEREZE I DN E Vo MEHEZBMT 2 2R RkdDbNDE, D7
. BRI OK Y BRI LOBEEED T A S NOS O IE, HROB®RYTFI7v—%5FHKT 5
ETRAIRTHD EHZ 2N - B, 2023),

2. BEBEBLLWS>EME IBEYMEDOES

REIL, NOSEZFEST-ODOBEMELTHB THD LEZXBILD, NOS DFEMMBED—>TH 5 ScienTest
(Yalaki et al., 2019) Tix, B2 RMFRICIIBIE LHRILETH D) LWHHBIZEBWT, REITE
WRIHBERIZEA TW T, 6500 T4ERTICE R Lz, T-Rex T L < MONTZMABEHETHDIN, 2ok ) ndiE
DEBICHFEL., ZONMEZRLHEIIMECZD2LEE I Lok, BEEZEME LZEMBHAWLILT
W3, 72, FIUL NOS #fi# % m#E Cilfid 5 YCVS (Lederman & Lederman, 2010) <Ti, ikt LT
SEL2BENNRNL, LRI LRI, BFEZFIXE ) LTREIAYZEE TV LD
D] EMVNTLHZ LT, BIELHRICHETIESZIIEHL WD, Zhbofins, BEiX, Bl
Hesm OARE SR 2R O AT EME L VW o7 NOS OB AT EM E LTHDITHDI I ERNTRBEIND,

Iz, /AR (2017) 1. WESEOHB S U X 2T LK D NOS #fzik, NOS 24k & L CHMsE 5
BRIz EEY, BERREICENT IR TRADNS 2 LHEMHL, TowHEOH L L L TIB ® TOK (Theory
of Knowledge : MO HGm) OFMELAREL T2, T78bH, NOS THZRL e L THEIEL70T
TR, WE - AfFEPEZRLLEOLICMERN., HEOPFTED L HIIIEHT 0L W ) REESEEHEN
DIGHIAECD T 20 ERH 5, BB OMRER 2l 578 1L, B EER s 87 el PR Ic L > TH
FEINTEMBLBEEMICRT I ENTE 2720, NI LB T2 E) & TYEMNTE
FEINFTOREE) ~E BRI RELERVED,

COXIRNOSHEEBELXEETIREL LT, IBOEBABTIIADRE 05, IBTiE, AKRRIESEIC
BT NOS 25 Z ERBEICAERM T 5 TWwWb (IBO, 2024), 121X, DP AMOFEOFF| & TiX,
ARRICET S Ny 7 0P T, WAEREORRICHET IS CHEmAEEX, £ OISV TR
EMOBEMEZHTRT 2L WVIHIET, #HEROMEEHS ZLhRINTVDS, ZO X DT IB TiE, HFEHZR
FEEHOHP T NOS # ) HMANEMINTEY, AR DZOERZEM LT VWREICH L, L
ST, BEEHEME L7z NOSHEZAS - KT OH BEEL LT, IBZI7AFHELEZGETHLEEZD
ns,

3. BEER (OBREOERTI TQRTFIYVILADRDIEEED T

FFD NOS L OBHEAZBE X TIB OREICEBWVW T2 00 ELEKEI T, F o, [BEDEL) &
WIHIT—=T, b LBAEMERL TORDo72HE V) 2 EEBE X T, BREBOE/BENIHT I LV
N EIT o7z, BEHOF CREOROKEREZI L, MR TIRTOBRE EHAOREDE N R YN, BED
ROWREIToT-, EEICHHASEZVEMLZV T2 LT, AT LR RIERICI D00 T
Bt L o2 BIRQD) .,

BT, (AT AV IV ZAOROMESNT ] 27 —~IREETo 72, BRIICAT IV UV 2 OO
RRIIRA RGN GFELEZ NS, ZTNHORMEIZOWVWTELE L, TD%, LAzl LT DR
B DR FIEICL Y | O OAIN im0 R LI FHA 2 RETHML, BT e —F0
Bz oW THENRER 2T 2RELITTo 7o, AEOBERBELEZME L, NOS ICBT 2 #im 4R+ ik
Lot (BIR@)

AT o REOMIZEH, BlOT —~ TEREEZITH Z & THO NOS BLEOBERICEN D Z BB LN
5, REOZERICEY, NOS 82 2 ME»SMIET T CERFT I ENRDEND,
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Development of Dinosaur Lessons

Based on the International Baccalaureate (3)

—NOS Practice Using Stegosaurus Plates and Dinosaur Reconstructions —

Mitsuhiro KIMURAD, Mayuko ODA?, Shoji HAYASHI»*

1) Okayama University of Science Global Centre
2) Okayama University of Science Global Centre
3) Department of Biosphere-Geosphere Science
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

In Japanese high school science, dinosaurs are sometimes used in units on evolutionary history or
relative dating, but their use is not mandatory and remains limited. Meanwhile, dinosaur research in
Japan has become increasingly active, and several universities now offer specialized programs in this
field. Systematically incorporating dinosaur-related lessons into high school science may therefore
provide students with opportunities to consider dinosaur research as a possible career path.

The author’s previous teaching experiences suggest that dinosaurs are effective in attracting
students’ interest. Because they are familiar and easy to visualize, they can motivate students and
support inquiry-based learning. At the same time, there has been a growing effort to introduce the
concept of the Nature of Science (NOS) into Japanese science education. NOS refers not to scientific
theories themselves, but to the epistemology of science and the characteristics of scientific knowledge,
including the distinction between observation and inference, theory-laden interpretation, and the
tentative nature of scientific knowledge. Understanding NOS is considered essential for developing
scientific literacy, especially in relation to socio-scientific issues.

Dinosaurs provide an effective context for NOS learning. Previous assessment tools and interviews
have used dinosaur-related questions to examine students’ understanding of observation, inference, and
the tentativeness of scientific knowledge. Studying the history of dinosaur research also demonstrates
how scientific knowledge changes over time, helping students shift from an absolutist to a more
tentative view of science.

The International Baccalaureate (IB) science curriculum provides a suitable environment for NOS
instruction because these ideas are explicitly embedded in learning activities. Based on this framework,
two lessons were conducted in an IB class: one on dinosaur reconstruction and another on the functional
analysis of Stegosaurus plates. In both lessons, students interpreted evidence, compared different
explanations, and discussed how scientific knowledge develops.

The lessons successfully stimulated students’ interest and promoted NOS-related discussion.
Further practices using different dinosaur-related themes may help develop a broader range of NOS
understandings.

Keywords: Nature of Science (NOS), Dinosaur-based learning, IB science education, Scientific literacy.
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1. Introduction

First fieldwork of the Institute of Paleontology,
Mongolian Academy of Sciences - Okayama
University of Science Joint Expedition 2025
(hereinafter referred to as IPMAS-OUS JEX. 2025
Part 1), focused in ichnology was carried out in the
area of Saijrakh, Erdenesant Soum, Tov Aimag,
northern Mongolia from 31% May to 8% June (Figs. 1
and 2). Historically, the first discovery of fossil
footprints in this area was made by Namnandorj in July

1950. He reported the discovery in Namnandorj (1957).

This was the first report of dinosaur footprints in
Mongolia. In June 2024, IPMAS-OUS JEX. 2024 Part
1 was carried out in this area. The classical track site
was rediscovered. The main purpose of IPMAS-OUS
JEX. 2025 Part 1 is to perform precise ichnological and
geological research at Saijrakh dinosaur tracksite in
Erdenesant som, Tov Aimag.

2. Expedition members and vehicles
The members of the joint expedition party are as
follows.
Masato FUJITA (Researcher OUS),
Buuvei MAINBAYAR (Researcher IP),
Sukhbat PUREVSUREN (Researcher IP),
Gombosuren TSOLMON (Researcher IP),
Zorigt BADAMKHATAN (Researcher IP),
Shinobu ISHIGAKI (Researcher OUS),
Two Land Cruiser was used for the expedition.

3. Narrative Itinerary of the Fieldwork

31 May: Travel from Ulaanbaatar to Saijrakh via
Erdenesant. We set the tents at Saijrakh (Fig. 3). (250
km drive from Ulaanbaatar)

01 June: Exploration around Mt. Saijrakh and

Fig. 1: Geographical location map of Saijrakh Mountain, about
200 km WSW from Ulaanbaatar.

Fig. 2: Overview of Saijrakh Mountain.

checking the Saijrakh dinosaur tracksite.

02 June: AM: Geological Survey at the Large
outcrop Site. PM: Removing the covering earth of the
Tracksite No.1 & 2 (Fig. 4).

03 June: AM: Geological exploration of the
Cretaceous beds at northern mountain area of Mt.
Saijrakh. PM: Excavation of the Tracksite No.l and
taking photogrammetry data of the Tracksite No.2.

04 June: AM: Exploration around Mt. Saijrakh.
PM: Excavation of east part of the Tracksite No.2.



Fig. 4: Outcrop of the tracksite No. 1 and 2.

05 June: AM: Excavation of east part of the
Tracksite No.2.

PM: Excavation of Trampled Tracksite No.l & 2.
Taking photogrammetry data and sketches of the
Tracksite No.2.

06 June: AM: Geological Survey in surrounding

area.
PM: Excavation and taking of the photogrammetry
data of the Tracksite No.2. Appling resin to the
footprints at the Tracksite No.l for preservation.
Taking geological columnar section data.

07 June: AM: Geological exploration of the
Cretaceous bed around eastern part of Buren som
(Mainbayar, Purevsuren, Tsolmon and Ishigaki),
Measurement of the footprints at the Tracksite No. 2
and taking photogrammetry data of the Tracksite No.1
(Fujita, all day).
section at the site (Mainbayar and Ishigaki).

08 June: AM: Taking 3D image of the site 1 and 2
(Fig. 5). Departure from Ariunbold's house at 11:20.
Drive from Saijrakh to Ulaanbaatar. Arrival in
Ulaanbaatar at 16:30.

PM: Taking geological columnar
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Fig. 5: Taking 3D photogrammetry data at the tracksite No. 1.

Total distance travelled: 680 km.

4. Results of the fieldwork

The excavation works were carried out at Site 1 and
2. These sites were discovered in 2024 and backfilled
after preliminary investigations. The earth was
removed and the outcrop was expanded.

In Site 1, a single sauropod trackway found in 2024

survey turned out to be an overlap of two trackways
marked at intervals. Thus, a total of 18 footprints,
including overlapping tracks, were discovered. These
are 9 manus prints and 9 pes prints. The size of the
well-preserved hind print was 62 cm long and 46 cm
wide. and the manus print was 30 cm long and 40 cm
wide. 13 theropod footprint fossils were found. All
were tridactyl, mesaxonic, and with protruding claw
marks. The footprints of the large theropod were about
50 cm long, and the divarication angle between the
second and fourth digits was 80 degrees. These 13
footprints comprised four trackways consisting of two
footprints and one trackway consisting of three
footprints, and the remaining two were isolated
footprints with no apparent sequence.
In Site 2, there are enigmatic tetradactyl and
pentadactyl footprints. 4 theropod footprints were
found. 8 poor preserved footprints were also
recognized.

Outside of Sites 1 and 2, 2 pes prints of theropod and
1 manus print of sauropod were found. All of the
footprints are imprinted on the same medium
sandstone layer intercalated in thick black laminated
shale deposits.



Geological investigation including to make
columnar sections had been conducted. Thick black
laminated shale deposits interbedded with sandstone
layers are recognized (Figs. 6 and 7). The outcrops are
limited around Main part and southwesten part of
Saijrakh mountain and not exposed very well in
northern area of Uvur Jalgarant river. The beds are
regarded as early Cretaceous Shinekhudag Formation

(Erdenetsogt et al. 2022). The black laminated shale

Fig.7: Convolution structure observed in laminated shale deposits.

beds yield rich fossil remains of ostracods, bivalves,
gastropods, small fishes, and plant fossils (Figs. 8-10).
In addition, an insect fossil was discovered during the
survey. Based on its morphological features, it has
been identified as a potential member of the
order Coleoptera. Fossil prospection in the east of
Buren Soum was performed. However, no outcrops
were recognized.
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Fig. 9: Fish fossil found in the black laminated shale. Scale bar

divisions is in cm.
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Fig.10: Plant fossil found in the black laminated shale. Scale bar

divisions is in cm.

5. Summary and future perspectives

It is important to publish rediscovery report of the
tracksite, respecting frontier works of Namnandorj.
Continuous excavation to expose the track-bearing
bedding plane will provide more detailed information
about the footprints especially in site 2. We believe that
a collaborative study of this site by IPMAS vertebrate,
invertebrate, plant and microfossil specialists could
make a significant contribution to age determination



and environmental reconstruction.
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paracone
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metacone
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protocone metaconid
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EurekAlert!/AAAS [ Amami rabbits show exceptionally
delayed maturity in island environment]
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