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Research visit report at Okayama University of Science
Nyamkhishig Tsogjargal
Junior researcher
Institute of Paleontology and Geology, MAS
2018.11.26-2018.12-28

Research visit purpose:

Many aspects of ankylosaurs cranial and postcranial anatomy are highly divergent from
those of other dinosaurs, they had some of the most extreme osteoderm adaptations amongst
tetrapods (Arbour & Currie 2015). Ankylosaur osteoderms are distinctive among genera and
species (Ford, 2004). And in order to study their inner structure, | want to learn bone histology
including terminology, technique, analysis under senior researcher’s guidance and do the thin
section on ankylosaur osteoderm.

1. Learning bone histology
| learned to do bone histology technique under the Ph.D. Hayashi and his laboratory students

guidance from December 3rd to 21st by working on Gastonia sp. osteoderm. To learn thin

section analysis under the Ph.D. Hayashi guidance | used 2 different specimens thin section.

Figure 2. Thin section analysis specimen



1. Project: Cranial ornamentation development of Ankylosaurs

Purpose of this study is reappraise hypotheses of ankylosaurs cranial ornamentation
development. Two alternative hypotheses have been proposed and we will able to reappraise
hypotheses by collect cranial ornamentation data, do the histological thin section and take a CT
scan from the ankylosaurs and extant reptile specimens during different ontogenetic stages.

During my research visit at OUS, | take CT scans of Eumeces schneideri /lizard/ and
Dasypus novemcinctus /mammal/ specimens to learn to take CT scan and worked on 3D model
Crocodylus siamensis and Shinisaurus crocodilurus specimens which we will use in our joint
project. And I collected data from specimens 980725 TS-V, 040727AMT SZK, 950805 BS

WTB which are collected by a joint expedition of Hayashibara Museum of Natural Science and

Institute of Paleontology and geology, MAS.

Figure 5. Ankylosaur specimen photos



Mongolian Academy of Science, Institute of Paleontology and Geology
Monthly report
Gendenjamts Baatar
Date: February 13—March 29, 2019

Worked place: Faculty of Biosphere-Geosphere Science, Okayama University of Science,
Japan

1. About assignment

Purpose of assignment is to learn the new methods of sediments: First, the Study method of
ESR signals, defining provenance of sediments. The Oxygen vacancies in quartz, measured by
electron spin resonance (ESR) as E’1 center has been found useful tracer for provenance of
sediments. Such provenance study are important to reconstruct the past atmospheric
circulation and aridification as well as to investigate the temporal change of erosion and
regional rain fall. Also this kind of method is less-used by our Mongolian researchers on the
sediments study in these times. Thus I'm going to acquire skill in sample preparations of ESR
signals research, and also to gain understanding of explanation of analyzing results in ESR.
Second,U-Pb geochronological study of detrital zircon in sediments by Laser Ablation
[ICPMS.

2. Result of assignment:
o The study of ESR signals in quartz

[ carried out sample preparation step by step for the study of ESR signals. That sample
preparation consist of several steps: First, the samples were separated into 5 parts by sifter
as 5 grain-sizes: 1mm, 0.5mm, 0.25mm, 0.125mm and 0.09mm after bulk samples had been
broken to powder. From Sifted samples, grains-sized 0.5mm, 0.25mm, 0.125mm were taken
to do next step. Then chosen grains of 3 sizes had been put in HCI liquid for 1 day before
separated by SPT liquid(Nas[H2W12040]xH20) which’s density is same as quartz (~2.62gm/cc).
After that separated by density, heavy minerals were detached from light minerals. Second,
detached heavy minerals were isolated by the separation machine as magnetic property to
obtain non-magnetic minerals. Next, non-magnetic part was put in the liquid of HF about 2
hours to dissolve such feldspars as minerals. Third, almost quartz grains were left in each
powder samples. After we had washed ours dissolved samples by water to clean the HF, our
samples were put inside heater at 400°C to be dried. Finally, each dried samples were divided
to 7 parts by an analytical balance as around 100mg to be ready for measuring the E’; center.
/Figure 1/

As aresult, we measured ESR signals in quartz.
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Figure 1. Scheme of sample preparation for ESR signals

e U-Pb geochronological study of zircon in sediments by Laser Ablation
ICPMS

I performed U-Pb geochronological study of zircon in sediments by Laser Ablation
ICPMS on the 1 sample separated by SPT liquid (Nas [H2W12040] xH20) which’s density is
around 2.7 gm/cc. Because we needed zircons grains from our sample, we had to increase
the SPT density like 2.7 gm/cc than the quartz density. After that zircons were picked up
from isolated sample by SPT (Nas [H2W12040] xH20) to measure U-Pb dating zircons. Next,
zircons were put on the specific glass. Then we stuck a specific narrow plastic tube-sized
surrounding zircons on the glass. A specific narrow plastic stuck on the glass was filled by
a clue. Lastly, we had to wait the clue until dry. Then after dried a sample, a specific narrow
tube filled a clue with zircons was separated from glass, and the side with zircons of tube
was polished by a diamond paste as well as was covered by a carbon coat. Finally,
cathodoluminescence (CL) photo was taken as well as sample was ready for measurement
for U-Pb dating by LA-ICP-MS. /Figure 2A/



Result of U-Pb dating

8 pieces in 9 zircons picked from a sample were detrital zircons, whilst one was not zircon.
Then we measured U-Pb dating of 8 detrital zircons by LA- ICP-MS. As result, the data of 7
zircons indicated from 251Ma to 322Ma, whereas age of one was defined 1805.5Ma. I hope
that my measured U-Pb dating will be used to meet demand later. However, these age data of
U-Pb are not many to estimate the age of those sediments accumulated. | have learnt the
sample preparations of measuring age U-Pb dating and analyzing methods of LA-ICP-MS as

well as how to estimate the age of detrital zircon from this study. /Figure 2B/
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Figure 2A. Scheme of sample preparation for LA-ICP-MS

The analysis results of ICP-MS
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Large Sauropod trackway with manus imprints from the Upper Cretaceous
of Gurilin Tsav fossil site, Western Gobi Desert, Mongolia.

Buuvei MAINBAYAR (Inst. of Paleontology, MAS, Mongolia) '  Shinobu ISHIGAKI
(Okayama Univ. of Sci. Japan) > Khishigjav TSOGTBAATAR (Inst. of Paleontology, MAS,
Mongolia)® and Mototaka SANEYOSHI (Okayama Univ. of Sci. Japan) *

Abundant dinosaur footprints have been discovered from the Upper Cretaceous of
Gobi Desert, Mongolia. Most of the ichnites are theropod and ornithopod origin.
Sauropod ichnites are relatively scarce, and most of the findings are isolated natural casts.

There are only two confirmed trackways of sauropod origin, one is from Shar Tsav, and

RUSSIA & the other one 1is from
Khavirgiin =~ Dzo.  The

trackway from Shar Tsav, is
ULAANBATAAR

associated with  manus

MONGOLIA imprints. And this has been

the unique manus associated

Gob*il)esert

Gurilin Tsav sauropod  trackway in

CHINA Mongolia. However, the
(INNER MONGOLIA) T manus prints were strongly
weathered and impossible to reconstruct original feature nor size of the print.

In 2018, Okayama University of Science and Mongolian Institute of paleontology
joint expedition team discovered a sauropod trackway from middle part of the Nemegt
Formation in Gurilin Tsav. All footprints are natural casts. Two manus imprints and five
pes imprints are recognized. This is the first concrete evidence of sauropod manus in
Mongolia. As the trackway
was preserved at the cliff
edge of the valley, more than
half of the footprints fallen
into the wvalley. One left
manus and two left pes prints
are preserved at the cliff edge,
preserving original
morphology such as drag
mark and claw impression

very well. Other four




Edge of the Slope Original Surface

e o

imprints (one right manus, two right pes and one left pes) had fallen into the valley from
the cliff edge and partly destroyed and weathered. The size of best preserved manus
imprint is FL:34cm FW:58cm. The size of best preserved pes imprint is FL:80cm
FW:62cm. The pes imprints indicate oval shape with four clear digital drag marks. The
manus prints are almost half size of the pes imprints. They show half-moon shape and
have no projected digit I impression. These characteristics suggest that the trackmaker

belong to titanosaurid.
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D, TTIZZEIVIEBZITHAALN TN D,

4. HEim

EBMEA DTaxonomy<CEIBIENY) O#GARIE T, EEICITEIOE T,

Taphonomy IR RFHIFWNT, 3-DTF —F ZIEHTHZ LITREFENTHD.
3-DF —Z1I4 £ TODT — X (THEH - T2 W5tk D R R iV, BB T,
IEfE TR E B FRIRGTZ PRI T 526D Th 5.

F3-DELEREIN N e b LB DIXBH AN TO BT — 2 BG Th H. AL
BN R A0, MR M m A KRGS, FIFF S VAR IEF IS
Bale 8L, ERET, MBEORWIERRT -2 2 RGT52 LR TE 5.

B ANFEEAZNT IS, ERMICHEREEOT — & 2533 L < B
HIeDIIFEB O FIEEMAEDEDL Z R TH S.

ZOFFETIFER(LRBWL LT LE 2 BEURAJRERIEARDREM723-DT — &
B, EAREZT—X L L TIRETE 2720, HRBME~OERBKE .

DL HIZ3-DEANIL, BEME AR EARENICED bivh. A% b EITE
M B &, BEMEAIE N D AEMFE~OBEMRE®SD D Z E NSNS,

Z DU oIF D TABEMTEE & R DIRERIL & & B ICHFgE & AETRRIIE D
STITL D, B TIEOEMRE & 2 ES S BIESIO MBI RETH
5. TR > T3 DHEMEHENZ 2T ZEREETHD. FFIZ, 3—D it
Pa, TOFEEM I DOTITRL, WIRREERBRO D OB RILY — /L
ELTHY ZEBEELERD., TNIXEBIGGERTST T, BEEHEDEZ
ZHRFL TR DY —MICH R 5 VW) Z & Th D,

FlCEL LTEARIE, AFIEROLLT O UZFE L < IBRH TN 5.

A A, EEEANE, BRI, HEVRER, B, FERHEERES, R,
INERER,  IUATIHE, BEETEN (2020) EBMELAGLERTFIEORE L 3-D H.
b EFZEaaEE, |, Vol. 52 (2) , 54-63.



T OVEITEEICSAAT S

EER A HER O AR - & HERAEBR IR T

AEWHIERSED AW ERTERY 2 K - e - K R
- SFHEW - miEE A

FUANVEMETICOMT S T EWEN DI, BHE#EAICAER L2 EEY
LA < R ST & 7= (e.g., Berky & Morris, 1927; Efremov, 1948; Lee et al.,
2014). FRIZ T EWEIZ AT D BB HR O, RFIRIE O TR AF 72~
wiLANERT S Z &, B AdkdEL, RIS O & Rikb - 2
FRAEOBCTHLH D 2 &, EEMICLELSER SN, BIEICED FTEE
TN 7 ST E 72 (e.g., Tumanova, 1987; Norell et al., 1994). Z D X 9 721k,
faSET HMENG, HFEEEZHONCT S Z 8%, (kAL tEmz s
EMHEYOEBRE A NS E RO TEETHS (Eberth, 2018) .

TEWFEIZHAAT D B AMRIEL, TALX Y, Bayan Shire i, Djadokhta &,
Barun Goyot J&, Nemegt J&|Z[X 43 S 41 % (Gradzinski, 1970; Jerzykiewicz and Russel,
1991; Jerzykiewicz, 2000 : 1). ZOMICH#IRA 7052 <7 2 (Formation
F721% Svita) BT HEINDD, TEMRICIAS RO LD REE LT
VLbED 4 SRS SN TE 7= (Jerzykiewicz, 2000; Watabe et al., 2010). Z i
51, @iHEREE (Bayan Shire JE35 X UOF Nemegt &) & zJ@ERSE (Djadokhta B35
& O Barun Goyot Ji&) (ZHEFE L7= & S, HEFOALER T 27 #ui oD Ko 28 Bk im
IZBWT, BEERENSRE N TS (e.g., Hasegawa et al., 2009). — 7 T,
{EAPERNZ AT 5 EE AR BIE, 8 & 72 5 KUK b A BSFETE L 72
WZ E D, HEFFFER O X EERC, AFHE Fr it 1o, RAENM{L A (Grazdzinski,
1970) ° _#H (Martinson, 1982) ENHWOLNTE . S HIZ, HYEDOFHE
BRIZ &> T, Svita & LixNnsHiERH LAV B, HEFRR L A EfE % [
FWNZHFE L T &7z (Jerzykiewicz, 2000). %4, ZOXpaEHWT, Higd R
BREMNIENT-72% (Jerzykiewicz and Russel, 1991), b4 FEHIE o %f FEoAEAY;
WRE7e &%, EEMERES (IUGS) CEEEFZES (ICS), EEEEFX
p/hEES (ISSC) R XIT k5., EHERMZ ST DX o & Bie 5 B JEH il
SNTWS., 22T, EEMNRETFFRRBX O EZHBET H20ICH, RiEo
PR E a7 & o An Of I 2 B L7z, ARRRIE S8 7t kb o0 LAY
B & 7R DAL A PEHIN OB Pt & ORI BB E e o T D, LLED
SRAFRRT 272812, 2016 225 2019 0 4 FERIZHNT T, [WMLERRRF—F



»IANEEET BT 2 — AR TIX, Bayn Shire 8 D 2 {bA BEH (Khongil Tsav,

Bayshin Tsav/Shar Tsav #13i%) , Djadokhta & D5l A PEHE (Tsugrikin Shireh, Bayn

Dzag, Alag Teg, Yagaan Khovil), Barun Goyot * Nemegt /& O £ Hifik (Bugin Tsav,

Nemegt, Alag Teg) & *I5IZ, AEZITo7-. 7ok, FEMIICE S X, Khonigl

Tsav, Bayshin Tsav/Shar Tsav #iJik, Alag Teg, Yagaan Khovil, Bugin Tsav CId,

AAREF & HERREE I RS /LA ERNOSMHERFZH LN TE L
(2017 FEEE, 2018 FEEHEES ).

VLBt BRI £53 & | #512 Khongil Tsav #2385\ CT o — 7 o A & 22 iR
iz S HERmBR OB T & HREAZBICH T 22 mA e G o,
Khongil Tsav (24343 % Bayn Shire &%, B4R U Y OWEE» bIeafE~o L7
MR Z R L, 3m 205 10m 1 EDFETH VRS Z &, waED% < 3 Figlh
DIRBHEZRT T ¥ RMMEETHHL L, ZOF v ABNUGAML TS Z
L, REJEARBICAERCANREEL, oL & LR bR W AERFRAEREY &
AR TE D &b, WIHEEMIZ LD RBEICL > THERESND EMIRTE 5.
EHRJE PP ARIBEIR L0 L 2 & O IHERIIE FALE D Unit 1 & Unit2 & L7z,
Unitl EFBCIEK 3-6 m, Unit 2 FHECTIEAY 5-10 m & _EHMR YA 7 L2358
bH &, Unit2 THBIWD T v R/VHERMIT Unitl & < BNEET, TLE
ASOREHE S AN E 22D, Unit2 1E Unit 1IZHASNIA KRB TH o2 B 25
N5 (K5), 3705, Khongil Tsav O[JIEREEIL, Unit 1 £ 5 Unit2 T
T TREGE L= B2 6D, —5 T, Unit2 ESEOFRIHERRY) ORI,
Unitl iz BRIV I HICHEETHHZ LD, 2O OFJIBREITILK &g/
AR IR CW=EB o5,

—HRENS REEMRNHERE > — 7  ZAZ2RET 256, 7 v 1 /VHEREY DR
&, BERHEREY) O 0 x5 2 5h%, WIINCL 2R EHFEOMAGDE %
A% (e.g., Wright and Marriot, 1993; Shanley and McCabe, 1994; Colombera et al.,
2015). S HIZ, MEEEENIZ X 2HWRm O T, [UEZEIZ X D0EEY R LUK
e & O L, WAEDOZEL, WAKED EH L TFTREREGEEIERLE L TEZDL
L5 (e.g., Vandenberghe, 1993; Holbrook et al., 2006; Scherer et al., 2015). = E#)
FIZB T 2% AMALEL, KEERLEEESNR2r o eEZONTEY

(Jonson et al., 2000), FAZARFGHUBIT I T & M ES) 4 7~ 3 HUE FRYRF T
RO DNIRNZ LD, = AEFERIMRE LT, Unit2 & FEBOR e
o EHERRIRE, HERRZERIC H U T B IS E 3 i (IR v o 7 & VW R D BT
(21X, A L72iR 10 Bm OF ¥ R AVHEREM N RET 5 2 &b, HEfgZE# 4 L
(5] % A o ke & HERE T O T 2481 T& % (Scherer et al,, 2015). —77, &A
SNDOMEMED V2 o DFERITE LN &, F v RAVHREY 2 BT kL
£&H3, Khongil Tsav (24349 % Bayn Shire & Z i U C, M2 {bE2 RS20 2



ED, BT -EERETE S, U EEZEET D E, FJIIRKEOEIT,
BH O ER) TILR <, MEMIRICZE LT, HEREZEM (F72 3 REE) o
JEREM/NZ RVl EREZ SN EMIRTE 5 (¥2). E7z, Unitl & Unit2
TR B DK 3-6m DJE IR A =) IHEFREM T I 1T 2 0 U —F 5340 DEW D
o, Bayn Shire EHERERF, ZHINRWBIREDN ol Z &R IN D (K5).
I 5T, B AVEHEERIC A L. Bayn Shire JEDOE _EIZFE 5415 Javkhlant
JETIEAY) —FNREL TS Z ERME SN TWD (Eberth et al., 2009), UL L
%z HbE 5 L, Bayn Shire JEHERERE, 272 < & & Khongil Tsav #Uk Tid, &
TICEHIMEZ & b7 ) BB b OIFEN/RIZ X315 . Bayn Shire B OHEFFHERIT,
Kurumada et al. (submitted) (Z J % Khongil Tsav D U —F 06 OFERFE LV,
102-86Ma & &+ 5. T/ 5, Khongil Tsav ([Z3 1T 5 FEitEE & b 722 o ik
DIRE DV IE, 86Ma LV AIIZFEER I N Z & 2 BRI 5. 2, Jerzykiewicz and
Russel (1991) <° Hasegawa et al. (2009) (2 X » TR & 7-dbi 7 o7 #ilkic
i7 % Santonian (85Ma LARE) 72O Dzl X 0 HEMIZHWE A RT. Bayn
Shire J& D34 T A MM O EE A RIEAHATH L Z &b, Z OB ED
HIPRAOFEDH 2 IEfEICR9 2 S 13#E LV, LU, Bayn Shire BE EICiEL, =
WO BN 404 3 % Javkhlant J& Cl39- CloizE{k L T2 Z & (Eberth et al.,
2009), ZEE 5 LA RIEIIZ31F 5 Bayn Shire JiE OHERERE, f 5 il ©
DAL NZ > T LHERHTE 5. 2o ric & biavy, IR
ML= Z EDURBEND. ZOFER, Unitl (ZHA Unit2 @ _EJ5HkiLY1 27 1
DS E IR DINHERE Y — 7 ADENE L TR SN EMIRTE 5. 3742
bbb, HEFEZERICH L TREMNME T L2 2 & T, F v /LMY & Bkt
YA I NVOEBIENEZ 572 LR TE 5. 2O L 912, RIFFE TR &7z Bayn
Shire J& |2 81T D lbix, €2 IVEIT EREIZ AT 5 B AR OF T,
b E WO L W R, DO IHERE S — 7 v A DR T ORI E HEES
HThs.

ZOEDIT, EHNIZB W THEBHRITICE S HRERREOE T L, RERE
A BAI LS < BRRRHERE o — 7 o ARIRIRIR 21T 5 Z L T, HBEAGRE
BOEET TR, BEEEPLE LTS OAEBREE TICKELH
BRCTE 5. A%, FREEIZE b2 EFMHTIC, AFETRLIEY—T X
[T 2 B 2 A 5D 2 & T, AEWREICHAT D L A dE R OHERE
BREEZ L0 RIRICETT L, oY R L-FHEEY O EBREE TICHL SR
MHIEA D .
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£ 3CHK ; Berky and Morris, 1927, Natural History of Central Asia, II; Efremov, 1948, Vestnik AN SSSR, 1; Lee,
et al., 2014, Nature, 515, 257-260; Tumanova, 1987, T.S.S—M.P.E. 32, 1-80; Norell, et al., 2000, JVP, 20, 7-11;
Gradzinski, 1970, Paleont. Plonica, 21, 147-229; Jerzykiewicz, 2000, The Age of Dinosaurs in Russia and Mongolia,
279-295; Jerzykiewicz, and Russell, 1991, Creta. Res., 12, 345-377; Watabe, et al., 2010, Hayashibara Museum
Natural Science Research Bulletin, 3, 41-118; Hasegawa, et al., 2009, J. Asi. Ear. Sci., 35, 13-26; Martinson,
1982, T.S.S~M.PE., 17, 5-76; Wright and Marriott, 1993, Sed. Geol., 86, 203-210; Shanley, and McCabe,
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NA VY VE (BEARERL) DOoRAEINZY vV FRLAT I ZAF
(TeH#y A B) {bADOHEFERIFBIZONT

HAE STl

1. (ZC®IZ

v R/ sx I AE (Lindholmemydidae) XV 7 4 A ER 0 AN 72 7L
— TR SN ADMRFEET, 7T (B ICHE, VARFRAZ L) O
T )~ =T NS TEMERTE L Y 10 BIZEREH 5TV S (Danilov et
al, 2017; Tong etal., 2017) . ZHODRERDEL LTI =T L LIRICEST L
TEY, 2 b=V HURIOLDIZ4FEIFIEICTE V. £, TRETITM
LN TNDAFADTEDZE X, HMEUERDL, BTN E DT NS
BERORIZEH E SN TREIN TV, FMNERIZOWTORMERNIEE A
TN T LT, HENMRILL TELRER b -T2, ZDD, ZHETIZ
HBNTND Y > Rl AT I AR OSSN R A RAES 572012, #iTe
BRRTFORVERDF PR BENTEZ, ZH LT ROBE, ZOHD
H—IZmET 5 2 SORAFORVMEAIZINZ, Bih THhdH DD 100 [ %
25 BEEARN, E I WIE DA L (Baynshire locality, /A >
VAR : Bl )~ =T v~V h=T ) KV, FhEi 1996 4L
2016 FRICR R SNz, —RICE L ANLO T WO GlRIT, B A LYK
HHE e Lo ba CARFF X% A 72 KTV % (Jerzykiewicz and
Russell, 1991; Averianov and Sues, 2012) . 2D Z &b, U v Rk sxT I AR
DFEZEMELHAAICET 2 ROERIZ, Z OFFOYIMIELO/EIRTZ T Tl
<, A Uy UVESAEICE T 2R gtk o O F R ERE T2 6
TZEDRHHFTE D,

2. MEHEIE

AWFFETIX, 1996 4D =)L - MR B REHF EW A R A K X 2 I8 48
THRRINTFEAR (1996 4EAZAS : Suzuki S. and Narmandakh, 2004) &, 2017 4
DF > )L - WLBR R FEAFRHEERIC L 28I TR SNEAR (2017 1
A :Ishigaki etal., 2017) % F7pxtB & L CHEFIRG 21T (K1) . Z
NHIE, KRE S LR BIOEVWRA SN o772, [A—OFIZIREd
HHDERIE LT, ZTNHDIEN, FENIZEBIT S IBRE R E FIZ OV T OMRE!
ZATOTO, NA UV LV IDEE LR EZZ OGN A EAR S BREHTM 2
oo I VU RNV AT I AR 10 Baxtg s LTTo e, ek, &<z
> FAv L 3 2 & Lindholmemys Z K3 2% 5 FEIZOWTIL, »m 7 RFT
T —EWFEIERT (o bRTATAT) BROY T STV T LT
HEMEEOERT DEAREZHEH L, T — X NEETT- T,

3. L & s R
NA U VEEDY) v RV A= I ARMEATE, 1) BEWCERIZICEWVE AL



Fio, 2) RSB E 27, 3) HEEROPEP R ICRESND, 4)
MERAEDE LS BET D, 5) BEHERIEDRBIGET MU ~ERT D,

6) TS =Xt A b D, 7) HEE R TR NMEE 2R, 8) &
THERENARTIIRE LRV, 9) BERRECKMASTND, REDFE (L
etal., 2013; Tong et al., 2017; Takahashi and Danilov, unpublished data) %
Lindholmemys martinsoni & HEirgIZ 356 L Tz,

L. martinsoni (&, 1975 42 L ¥ I 2> (Shireegiin Gashuun) PEDFET
BEARIZH ESWCREHEH ST, £ D%, Danilov and Sukhanov (2001)(Z X ¥
VULX A2 VPEOBIMEARE WAEDT T Ry w7 (Usheen
Khuduk) 753 SN TWERIE OEAZ A Hildli STz, Ll
753% U7 Ry ZJEOEARIT, BIEORKR, 1) mOHEELFO, 2)

T OHEWA S8 5 T80y D% T BSABRICRE Y 235, 3) 75 H ORIMAI 2388tk
WEET, 4) EHOFIEEAABIIEAT S, 5) HHICHROBELZ R
FEEmPPIRICEEO BND, 6) B HMOR S LIEMIIEF T, WO Rz £F
DRTYUF U 2 VEOEAR (REERELET) BRLUNS VU LEDE
RERRDLZENHALNE 25T,

4. B
NA VIV EVRERRBINZY V RERLVAT I ZARO D AbA1L, BEOHR
(Danilov and Sukhanov, 2001) (2% & 271X L. martinsoni & H@k Zzoh
o BEERDDL, AFEORAIERDRIFIT LS 2, TR UHMA IV ERES

htﬁﬁﬁﬁi%@%%ﬁiEW%®®ﬁ@ R STV (Danilov and
Sukhanov, 2001) , Danilov and Sukhanov (2001)(Z & W 7R STz Z OB FREEARL
=T FRET BT 2 =2 STV B T2, ABFSETlEZ OTERERI K
(ZOWTEENICHR TE RhoTe, S, Y LX AT Y 2 VEDIEARIZOWD
TOFFEMR P ETFHBRE N EEN D, —, V7 Ry v ZEOIEARIT
L. martinsoni & 135722 6 DORE THRED T b7z, AR OARFLHEFE &
EZAOND, o, N UV VEB AT DR XY 7 7 (Khongil Tsav)
5%, Lo kurzanov 23 E SN TV DN, AR FEBRICIZ Z OIS TiEie <,
R ¥ (Khongil ; 8 v N7 X @554k : Watabe et al., 2010) FED
FREMERNE (2 T RSET BT 2 —Sukhanov fEEFAE) o DA EOFERIZ, N
A v VEHEREY (Bt ~=T o~V b=T ) 12X, U RAELA
TIAROD ANV b 2, eI L T\ Z & AR
5.

AIREI AT T2 A VS VBRED Y v RV A I ZABMEAIL, U v Rk
vz X A& Lindholmemys D14 % A 7 fETod % L. elegans (7 ARF 2 F
DB o R=T ~<A MY T 47 LY EH ; Danilovetal., 2017) & [A]
LD, FNLLEICBREN LW s SEOMREOHELEIZ LD Z OREOFIH
HAVICET DA OFRENYFHFIND, Lomartinsoni ZFEL7-E Sbv L7
VH AT Ry @i%h%ﬂﬁﬁﬁ‘kﬁﬁﬁ‘ DA A PNQAYSYIN
BRI B W CTHEWINZR DB TWDIZHE )b BT HIE A v L El)R
BT 5 EINTRAILE LT, _hEﬁfﬂE B} % L. martinsoni DEEH % 1S



TW2% (Averianov and Sues, 2012) , L22L7223 6, AMFZEIC LD . 2 bW
iR 6 Lomartinsoni & LT STV 2 A OFRIFENE (conspecificity) 13
BEINTZ, LIENoT, YL AU Ty a2 OREFZERIREIZOWT S BB
PR HEND,

~— T
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EEBEOBERRIZ OV TORS
BRI - FRIE - SHPBC - BN - R R

1. 1ZIC®IC

P rE I R AR A HEACIC LI R A B R L RS TH L8, — iy
ICRIFIREEDNE S BB 2 802 50, R0 DR % &1 e 2 i R B
DIEEANFERLENDHNEE A ERV. ZFO0ERRL &FDAREIZON
TIIRALRENZ D, LI LERLEINLTEHHARATHLE LS, hENBEK
KETCORMPIREO RV B AZZHRATHZ N TE D, £ TARY
TUT A TREELBLUT, BUANRET BT I —OWEE & LR TEA -
IR ZITV, SEEHEOMERNICE L Colftairo7=. BRmiiz )+
VANRET AT I IR SN WA EHE S a L AB LY, 2)AKT
TUT 4 v THETHTICE O NS EEHONEN S BURMER 2 EE WD =
CCHEHEOREBRBEOBIE, I5|123) SEEL REORE®ER L2 b S8/E
CHIED (v AU = F 2027 T=bh7) OfEHELE EEORMERE
BET D2 L CHEHORE & REOERERICOWTER L.

2. WRIEEEAR
BB L7TAEARIZLL T O@E) TH 5.
- A

T ANEERET T I —fE, B 2L Alag Teeg (209 % HHLRREZ I O
Alagteeg Formation 75 FEH U 7= Pinacosaurus grangeri % HAMRMER L=, F
72 Bayn Shire Formation 75 & U 7e R [FE O fuE S E LA 2 H{K (950805 BS
WTB : DUFAEA 1,40727 AMT SZK 11:30 : LA NEEAR 2) ZffH L7z,
« % LY = (Crocodylus siamensis)

13 flE A (e 3 1A, 1 8 A%, MERIANEA 2 1) 2 Wz, AR TR L7 v A
U =X R O/ Y =R THRE STV EfEERTH S
c F a2V YU= KNI (Shinisaurus crocodilurus)

RIRFLRE L 0 23t SN AL TR 6 ik &, RESFEMME CHRE ST
WD R 14 B, E 7R RAEE 4 [EIROFT 24 IR Z Tz,

3. WrgETTE

PerERH Y UL A OHE (HMNS 95-11-5) OWEREE 281529 27201
TEH~A 27 v X#CT AF v — (== XTH320) ZHWTHIRE 21T 72
R FRMT I VX m ALEE > 7 | (VGSTUDIO MAX 3.1,Adobe Photoshop Elements 9)



W BUERICE L CiE, BB ORI 2 Bl239 572012 X #R CT X% v
F— (B ZBUYERT Latheta LCT-200) & HWTHRE 21T 072, 2 O OEIGFAENT
21, EifRALEL Y 7 b (VGSTUDIO MAX 3.1,Adobe Photoshop Elements 9) % F 7z,
AR - LA R E HITERD DB RWERIZOWTIE, KEENLER %
ER L, FEBIHREFESN TV OREE RO OMEEZTo 7. MARSEIT
{F JE %5 (Nikon Optiphot Pol,Olympus BX60)% VY, D, WA & O
RN X ALEE > 7 K (Adobe Photoshop Elements 9, NIH Image J) Cat#ll L, #&t
fiRtt> 7 & (SAS Yy sr (BR) IMP) Z W TRk it B L7z, & 51,
Fayar U=ra7IZHE L TUIERGECEY A XOMR) R ORREEIC K 0 R
B E 1L ERESL L, PERIASEA O A RE R O i % [F) E L 7.

4. FER LB

4 — 1. $5%% (Bayn Shire Formation £ H O R [R EFEA)

IR AL & JEL OBEE DD R CTX 729, A1 IFSEEEOIREEL O
—THDHEFELE. —F, ER2ICEALTIE, BRI LA o r—2R0
fig, TREZEENPHMGRCTE-, BHEFTHDL ERIE L. ERLITZX 71
JVAIZR SN DN SO (IRE D b &% I7ICFEET DR = A 0%
B2 E) DHERTET-720, ZITNVNATHDHERELZ. EAR2IIMERTE
L (BHE B OREICZHO/NSREZEOMBE RS D) o7 rFuthyi
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% i 36~48 » HIZBWT, MEROHEERKTFNBLEZINT-. kA Z
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T UONEITEREN S EFET D Protoceratops D5YIRFHIFRET

AW HIER D A ER 2
THE BRORER « /NP0 P78« (LR HER - HE XA

Protoceratops 1%, 1920 FANL45 HIZE D ET, ENOLRKEETHELL D
BEARNEMLTERY, REBEFEOMZEZ & ORIEZEICET 208D, % <1Th
LT 5 {Brown:1940cv, Dodson:1976tm, Maiorino:2015hr}, Z O J@iL, €2 =L -
TR ER RIS T S L H# R Djadochta JE 225 FEHI T 5D P andrewsi
Gregory et Mook, 1925 & NE > T /VHIEIC /04 9 D I RIX RN EAEBIRICH D &5
Z b1 % Bayan Mandahu JE 72> 5 EH T2 P, hellenikorhinus Lambert et al., 2001 @
2HENDRER SIS, TR L, 2012 FTiE, Z#LE T Protoceratops DA
ST ToE L F/0 « 2 EWDEL Udyn Sayr 2> 5 P andrewsi & Protoceratop
sp. & SN DEARZNRE STV 5 A {Anonymous:2012bk}, HAETHHEHEIZHOW
T, Protoceratops D HFERDNENE BEEFORICET D0, ToXx 0 &L
T2, Fex OWFIET L—T"TIX, SEATIE TR L SN T IR - T
Protoceratops DFREARZ MAFERNCHBIZE L, TOREMANY =— 3 V&2 LK - E&
{t3 5 HC, Udyn Sayr PE Protoceratops sp.D 73 ARG 21T > 72

1. P hellenikorhinus THI7- 285k S U721, A: IMM 96BM2/1, wij_ L7588 2 £F7-72
VY; B: IMM 95BM1/1 (Holotype), fi#ftk @ Liga3 M —7" L2\, C: IMM 96BM1/4,
SEBEHO EZEEO Z S FIETDH;D: 74 87T A M —I2XL 5 IMM96BM1/4 D 3 ¥k
T —4.



BEARBEIX, 7 AU« ==2—3—72 American Museum of Natural History
(AMNH) , €Y =L+ 7 Z 73— )L Institute of Paleontology and Geology (IPG),
~LF¥— « 7' = v/l Royal Belgian Institute of Natural Sciences [Z Uik 41T
W5 At 60 LLED Protoceratops FEAR % Xf RITAT - 72

BIEORER, P hellenikorhinus \Z Z1VE TR I TWR o 72LLTFD 3 5D
WESHFEE AT enTEie (K).

1. A7 ESAE & FEiz e (K 1A).
P andrewsi 1L 2 KO FEAH 2 BAO @A EF2 2, P hellenikorhinus TlX, &
EFEE ORERIRI Ok EL 72> TR Y, pi ESEMEE 22720,

2. kB AR —7 Lz (X 1B).
P andrewsi TiX, 50615 &, RRESTRIEIZTIZWNDIZ2T, K
ZHRTHE & —REIC 7 U V2T T D& 75 CHBEE IS AN — 75 %23, P
hellenzkorhmus TlL, BITEBLEITERCE SN L LRV,

3. BEORICERO Z SBEET D (X 10).

P, hellenikorhinus 1%, FREIZFEW P andrewsi X0 L &2FOEE D L FET
LIS D &SN TWAHA (Lambert, 2001), LA Z T, &5 O EICH#
72 Z SHEBREETHZERHA LN E T,

5L, ZNHD 3 SOREIE, UdynSayr FEO —HIOEARICH BB D Z &
Boyhots (X2).

X 2. Udyn Sayr £ Protoceratops f2A(MPC-D 100/539)(Z & 541 % P. hellenikorhinus & 384
LR, B 13 IR OFR SIS T 5. mx, BEE;n, S pm, AT ESEE; e E DR
FiiTH; sq, SRIRE .



Z6 3 DORE A S, Udyn Sayr PE Protoceratops FEANZIE, P hellenikorhinus
WEFENLTND I ERRIBREND. 12720, TXTOEEARD P hellenikorhinus |2
FESNADITTIEZRL, W ONDOERIL, Zhd 3 SO ME T, P
andrewsi & BT DR A RO Z &L b o,

PLEOBIERER )G, Udyn Sayr 2> 513, 2 FED Protoceratops 3 LPET 5 Z L
MBS INE IR 5T, Pandrewsi N2 HES HFEHNT, BUAUE IR TR L2 BREE T
THERE L 72 LB 2 HIVDH DY (Fastovsky etal., 1997), P hellenikorhinus 73 727> % i
JEIx, R &g s DR S AL, A o7 EF X B 5. Udyn
Sayr IR Z DM OBRETHR L7 LEBXONDT720D, 2 P GFHARRT
FHTHE/2 Y, Udyn Sayr I(ZEREMICHE ThH o772, 2PN ILEST L 450 L
IAZEZLNS.

INETO, B INEREAATIL, FBOLEDERThHoTon, 5% &
DEERICEARZBIZE L, P17 — 2 SRSHEKIL 1, & 2 WITEBTFIE
WD Z & T, K0T INVEEOERLHEILZ NI TE 5 Al
MR d 5.

5 | STk
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= ERHELVE S Bugin Tsav JE314 THHR U 7 HEREWDRARHT DWW T OBl 5 & It
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2. BHROAFEIZAGIND ESRES
AFSIO)FIZA BH D ESRIER & LTE, P omENKEL, £
AXTEFDHE S EPFLoEn, SizE# L TEEND AL T, Ge 73E
KW= E LS 272 Al L, [Al04]%, Ti H.0, [TiO/M '], Ge H1.0», [GeOs/MH]°
M T ) &BIEE) 2 EORMPTF LG 5D, SR OINEDLEE 21T
S>TEHLOEFRELRET S Z
ETAHEFOMRBEELELRDD Z
&3 TE (Toyoda and Ikeya, 1991),
Z DIRFEZEALED 107-10° FE O HiPH T N
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% (Toyoda and Hattori, 2000), — /7.
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3. #UBHX OVESR HIE

E 2 FAPEE T ERMELO Bugin Tsav ELIZ W T, —EHOWEHEFREY % 2018
E@ﬁﬁf&ﬁbto&ﬁ%méllu\FV%I2:ﬁ¢ F7o. AEIOS
HrcE ] L7l o — B2 R 117, SEHOBIZEN G, Bugin Tsav D Z DJE
FRIZBWCIESEROEE & LT, /INEREZ20)| Thh - 7-885  (Unit 1: Middle
Nemegt Formation) 7> HIREREE A £ CT. KHEZ2WIOEREE (Unit 2: Upper
Nemegt Formation) OHEFEY)~ & 2L L T\ %

ST FIAZ X 31TRd, ARBHIRERE ., 52022 LT, 100-250 um
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WERRIZ L DB BRI L DB, ~ 7R 7T 1 v 7' — & —IZ L DML
MOBRZE, 20% 7 v ALKFEBRIZ L DB AR CTAd L Lz,
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ERAZM L, X0 MREROTNARORB PG SN Ko ITho72 2 b
R T 5,

Ge TLRIEDFERIZOWTIL, T ~vHBIIZ K SEFHRERDIZE Z
A HBITRT KT otens, MAISENO—EDMERAH D K D ITITRZ R0

> 7,
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5. F /LA EWE OO U & D ELE

INFE TN A D TEX -8 21 I ERELO R4 PE H Huls o &g Fr o
FREDBBEEAELE L DD L 61T D,

Shar Tsav IO fEFFZFRE ., BE, HRES, EEHONRIZFERNE < 2> T
WAHEEBEZLITWDN, ZRICHE LT, BRELELBBENI/IEL A
STNDLZ ENbLND, T, fmfbOFEREFHERH L L) ITHIRTE 5
b LiLZenas, HEREE OFERITHRERTH Y . ARORILOFENRTIZZR
WOT, —FEOIIZZO X ) RRITE LS IRV T, mEF, Aot
HWIROFEMRNZDO L DT> T, EWHZETHAH, Lo, EAL
TEMFOHEBIZONT, BB ENICERZEILE L OXICND< LWV ) Al
PENRENTCZ EIZIT o TR, 4%, BEEAELTHILLITL-TE
BENIEBFETETLHZENTEX DG LRV,

—7J7. Nemegt J& &5 2 LTV % B Shar Tsav J&3 OHEREE O A 9 DM
ZEHLRIZ OV TR, MO BRI OHERE)E D & —E L7z, WEMREDRAR,
Bayshin Tsav {131 & Shar Tsav fHEDJEFB—HEO D TH D Z LA, KREE
DR E LTEHELN TR, TN AR TH S, Shar Tsav iD=
JF75 X0 iy Bayin Shire Ji§ & XHn 920 2 & ZRET 500 LLARW,



Period Vertebrate -
Sub-period

-
65Ma S | |[Bugin Tsav | SharTsav: 1~12
aastrichtian Gurilin Tsav| Yagaan Khovil
M ichti = £
7} ichin Ula-1
e % Z Nogon
58 Altan Ula-Il, 111, ] ~
Campanian Q g’g Naran Bulak 1 6 . 5
g - 5 '8 :ﬁ:ri?elen Tsav, Il
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x| : BEe3~6
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. . Abdrant N
- | Coniacian % Udyn Sayr
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x
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§-]
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d X - -
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8 X || Khukh Teg
£ ]
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8 f_: Dariv
o = Shar Teg
v 4 Berriasian «» Bakhar
Khootyn Khotgor

Bl 6 E AN TEWFESHIBOREEY OAROBFEZEILEDE & O
(Watabe et al., 2000 % tiiZ%)
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Toyoda, S. and Hattori, W. (2000) Formation and decay of the E;' center and of its
precursor, Appl. Radiat. Isot., 52 (5), 1351-1356

Toyoda, S. and Ikeya, M. (1991) Thermal stabilities of paramagnetic defect and
impurity centers in quartz: Basis for ESR dating of thermal history, Geochem. J.
25 (6), 437-445



V—W—T T —va VBERE ST ATEEST VAT A
(LA-ICP-MS) Z & B BEEFREDHT : WANASRL S THTE

M - Wi A

1. Y —FOH NV A s U-Pb E
FBUANRIACIIET HEAE A 8 OTERAF A §IK9T 2 72 % Bayn Shire
JET DA ) —F 3 3ED LA-ICP-MS B4 A b U-Pb HFAGHIE 21T - 72,
ZOFER, 2 BB B ERO B D ERMENE S, F O 90 Ma Th -
Teo 71U —F OEERD L OB IS < & 557 ERUEIE Bayn Shire
JEORRFEREZ TR L TWD EfEmftiTohsd, B I VHILICET S A
REREIL, KILUKED X 5 7 T§#)E ) ﬁ)ﬁﬁbfib\fd@%@%)ﬂu:ﬁ%ﬁ‘éﬂ%@
AHRARASRD BT Ao T, ABFEILE VS0 BERI S TR B
P B B RAEAIC BT B kI & 75 L 724030 CORFEBI T .

lower intercept at 95.9 + 6.0 Ma [ B
0.8 ‘K upper intercept (**'Pb/*Pb) = 0.84 £ 0.01
& (N =35 MSWD =6.7)
LI N
&
06 1
04
02 l‘ 8Ga
b oG .\ 12068
& W2 sofua wce-1 B, 400Ma MH17-16
Q00 0.0
%‘i 0 20 40 60 80 100 120 0 20 40 60 80 100 120
0
Q.
s lower intercept at 89.6 + 4.0 Ma ] C " \ D
“ o8y upper intercept (PblA®Pb) = 0.83 £ 0.01 oslf (N=60)
H} (N = 40, MSWD = 6.8)
06 (IS 06
I 44444 | l‘ 4Ga
04l 04 l
Ga 1 Ga
()21;&—‘1.,\ 02\1,‘»‘.«
1 !
%20 G 1‘ ) G2,
[a2Y Ba2"”
B 400 Ma MH17-44 Bo_J00Ma MH17-13
0.0 0.0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
238| J )206P

BJ1 B3P A b U-Pb ARG HE R, (a) WC-1, (B)~(D) 1 U —F 3k}

(Kurumada et al., under review)

2. BEWILAEDT RFZA b U-Pb FER EMETR O
b7 at 2O, T I/ - TEMEICET A REHEOE O/LA
(ZENVARYF IR Ty haHoazxersa hars F A7) 12onT
THE~Y Y BT E T E A4 R D U-Pb FERS5HT A LA-ICP-MS % W
1To72, ZTORER, U & P IIWOGEFEEHIZELEEL TWND T L2300
ST, FNOLRFEOFRAEMIL, FEHZ K & T4 40-30Ma OFERE %



KLz, ZNHOERMEIL, BAEAERE L TWEEE 2 b2 ER (B
HRC 5« K0 8500 HAERT) (2 < B2 4000-3000 HAEIE EHEV, ZDOEMRD X
Uik, b bRz T 27 /3% 4k U-Pb AOAH E TORT AR 2R L
TWDAEEMER H B,

s A."!-!-'i-.i;

0 MEEEEENT VNN 700 ppm

O NSNS W_— 300 ppm 0 WS SEEESC 50 ppm 0 EEENNSST SR 200 ppm
X2 ~Rat L2 {baGOIFE~Y v B 75381 (Aoki et al., in prep.)

. BV IV EEBELERAD TNV 3 U-Pb FERGHT
T2 AV B AHECRESCYREOW)I] - BEHBRREOLEBLZHEET D720, 17
JIHERE IR OWD A I & E DB T L 2 D U-Pb RS S5 A7 AT
(B TALH B B2 A1) T Bayn Shire J& 22 #0E}F Djadokhta & 2 508}, Nemegt
J& 4 N 21T -7, ZOREE. Bayn Shire DR EMHE U L I RKREL 49
DT N—=7"; D120~130Ma, @170~380Ma, 3400~580Ma, @750~2000Ma
XY ENDZEB ol —H . )
C. Djadokhta & & Nemegt JEIZD73 3| g | o S

KIT B Z L Byhoto, Eiczhne | "

NOBECE TN B U-PoEMRE e e
I%. Djadokhta & T34 150 Ma, Nemegt 10 = i | ¥ =
BT 170Ma Thotz, Zhbo o | | e

RELIT, BRSNS, REMFpEOE e ;
BRICER D12 LAY B, B | e |3 3
EVIABLOZORDOMEL, 2 | DN e | B
120Ma LR OBk K RIS Eh o R AN=2 ammritl "

AEAERAEOBEEZ RT, THE i | e | SR

EIET S L AR ErEE L

IR DG BT BRI HID I & ]
W ED b T LAMIEOMIRD 1 | e
FEAR LT\ 5 TN B 5.
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Sample # Number ID Locality Formation
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B IPG-OUS 2018.133 Tarbosaurus tooth Bugin Tsav 11 Nemegt, middle
o IPG-OUS18Sep-048 Protoceratopsid tooth Tugrikin Shire S Djadokhta
D IPG-OUS18Sep-040 Protoceratopsid tooth Bayn Dzag Djadokhta

Fig. 1 Left: polished chip saples, ight: B-ray imaging of same samples indicated in left images.
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