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New radiocarbon evidence on the woolly mammoth and rhinoceros in China
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Abstract: The woolly mammoth (Mammuthus Primigenius) and the woolly rhinoceros
(Coelodonta antiquitatis) were the dominated members of the late Pleistocene fauna in the high
latitude of northern Hemisphere. The age and causes of their extinction are still controversy.

In this study, five woolly mammoth and 5 woolly rhinoceros fossils unearthed recently from
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Yingxiancun, Qinggang County, Heilongjiang Province were dated by AMS'“C methods. The
dating results were all over 40,000 years, and some fossils may have exceeded the current
limit of radiocarbon dating. Based on comparing the published radiocarbon data of two animal
fossils in China, we argued that the accuracy of the dating results obtained by the conventional
"“C dating method should be reconsidered. The dating results of woolly mammoth fossils were
mainly in MIS3, and the woolly rhinoceros survived in China until the last deglacial period.
More chronology data of Mammuthus Primigenius and Coelodonta antiquitatis fossils were still

needed for the research on the late Pleistocene megafauna extinction in China.

Keywords: Qinggang County; MIS 3; Last glacial maximum; Megafauna extinction; Buried strata

1 5 =

St 1 B 21 4 R A BRI AR S AR AR ) B B fERCHAN, P2 K
TURE A AL K 4 WVIEETE R AE SRR NS AR TR R A R S T A U
P FIAE . LLERISE . $% B B AR R TI ALsh e — FE R AL BRI m A B L X
e I AL B AR S RGP I E B R e SR, BEASEH LS, iR
Ko BB K 4, AR K K 26 EL B 200 36%,  bSEI K 4a b 72%,

KT KA KA R R IEAFER 2 0, EEMEIRIRA SRR A
R L R B LR A 2 R A S AR A T AR S T g B K R AL Bh AT T L
BRI, T RER UC FEMREHE, WO KR BB R RS RS HET M AN
SRR RIS, W5 AIEshEmish Y fEARSE X, BT KR
TH T AN ZEBNIE SE YN AR SR AEAEAEAR RO — 8, FOE TR IR f 4t P,

— ANy, B AR AR BN S S DA AR G B DY A AR FLA I T
T 35 8 7S i) 1 35 10 2 2 4% DX S AR [ ot 0y L 3h 0 K 48 1 £ BRI B2, Stuart & e 4f
FegR g, UL E S AE LR b, AN [ X A TSR RO T B
SN TR S DU 20 0 AR 2R Il LK A8 S R ) OB BT A . R IE R FHUERFEARFAELL T, 4
A LU FLA I 5 5 v AU LA R T S S R AR E X

B R AL KL X AR A7 A F B R R e s, BB KRS % - BB R
RS SN B X U R AR AN R D [ MY AR 2 i O A AR SRR T U
TR AE TR B R A AF A IA) L SR 2 R L T R A . Jin A Kawamura!'™ 45 04 4 T 3t A 22
TIRERICHX 1996 45 LLHT & 2 1 FURAS RANHE R ACA AR R S i 2l 5%, R
21 kaBP {i J5 PSR AR AL HBIX 2 40 A, % H K448 T 12 kaBP fiI 10 kaBP. 14K,
AW T H 3 K BL0R L3 42 7 T TR R AR 7R SR R A, 5 RROTE KB AR 5 W b [X )
KA " BT HSCRERAEE R TR R D, A%, HERSESMEREA
IS IA] . PRBEY 5 R T A RE T AR B = T i R A

HORVLH M B A E e B AL, RERMER G B 4 BB



33 BTER, % PIE AR RABE R C AT TR +553 .

B 1 PEEEBSMNERLA "CNES
Fig.1 The "“C dating sites of woolly mammoth and rhinoceros fossils in China
1. 2 #L % M # W A Yingxiancun, Qinggang, Heilongjiang; 2. 2 #,JL % M 41 # 4 Honggicun, Qinggang, Heilongjiang;

3. B # VL% & Zhaodong, Heilongjiang; 4. % % 7T |8 % K Yanjiagang, Heilongjiang; 5. 2 # JT %4 J§ = 3 Sanzhan, Zhaoyuan,
Heilongjiang; 6. % #k % % A7 7 Dabusu, Qianan, Jilin; 7. & #k#r# & % 8135 Zhoujiayoufang, Yushu, Jilin; 8. 2 7L 7§ %
[ Xuetian, Wuchang, Heilongjiang; 9. £ # 7L 4t J+JL Mudanjiang, Heilongjiang; 10. 2 7 L # 4 i # 2% 4T Xinxingcun, Muling,
Heilongjiang; 11. % # L4237 /N % 1L Xiaonanshan, Raohe, Heilongjiang; 12. & #k% [ ¥ H ¥ Mingyuegou, Antu, Jilin; 13. iy
% # 4L 75 1% /K Zhalainuoer, Inner Mongolia; 14. 7 4t [ & £ 3k % Hutouliang, Yangyuan, Heibei; 15. 7 4t [ & 14 K 4 Xujiayao,

Yanggao, Shanxi; 16. 5 & =47 & . Salawusu, Inner Mongolia; 17. 7 & % [ /)\ { ¥ Xiaonanhai, Anyang, Henan; 18. |l & i
7 Jinan, Shandong

R L (Equus przewalskii). K 2F: (Bubalus wansjocki). ZRALEF2F (Bison exiguous).
IRHR2E (Gazella przewalskyi)~ 15 K RE (Megaloceros (Sinomegaceros) ordosianus) MR+
JaBE 8 (Crocuta crocuta ultima) 2 "™, ASr FENHE K E LA 2015 4, 2016 454+
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OxCal 4.3 # A IntCal20 FHAFESE B3 T TR IE P A SO IE4EARH BP cal B kaBP cal %R,
FAZIEFACH BP 5 kaBP £I5 .

22 B4k "CHIENKRE

N S EGH A AT L, AR SR T 2 A AT R R I E BT N RS R
PR A BB C MEMBIE . AMNIRETE 1965 FE 5 “C 2= LK, A0 5 it
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TEAR R IR 1 Sk . — e SR FI I AR IE T L 5568 a A1 5730 a fE N C W E A
P aEgE 1, SUSETEA ST . R E BRI, SRATLL 5568 454 C 2 FE AT 5 10 4
SERHEATIE, IFEH OxCal 4.3 #4F IntCal20 il 42 6 Wl 4E 45 kAT 7R IE P

3 WSS

3.1 BEELRLAMR CER

AR SC XL D B A A b S AN S B S EAT T AMSHC 4R, 4R 4
BYKT 4 FE. HPEWRMMEA (OxA-37718, Beta-482698) AL A 5E 45 543 il
>44800 BP #1 >43500 BP, RAEIRAAHE KFEN. — DM (OxA-37719) FALHT E 25
FoN 4880043400 BP, HARFIH IntCal20 £71E J5 15 B 4FEAC HH{E A 51340 BP cal, {HE 1%
B H AT CAERME ) B, RIESRARKIOAHE,. AFMLA (Beta-476497,
Beta-482695) FRAFHE AW E K45, 73 74 41560+£500 BP 1 41030+460 BP, % 1k
J& (IAEAR 9 43359-45241 BP cal 1 43131-44676 BP cal. S WVT B0 31 MR B IS S 40 A0
(Beta-530980) [Fll4E45 5 > 43500 BP, AREIREMEHFEIL (LD .

HAlRE A RERNERB S (BFEENAD BN EEE kA 12 4
AREMH S (R D o WERI 27 A BClESE+, A 17 AMER T AMS 5iEE,
HA 10 A E B CMAE VAR . Hdh s REMR A &R Kb, e g 51N
516001400 BP', e /NMEAK | RIT RGN, E 440N 129104410 BP, KR IE4E
R4 14055-16650 BP cal™,

3.2 WEEKLAM "CER

H AT A TR IE 1) 3R 58 9 3% B R A A BRI e AR B 13 NSRS U 2
[y 22 A UCHERF, A 16 MEF T AMS JiEIAE, 6 MG H A AE ik, T X R
5 AR B AR S I 45 R KT 4 734, RA—AFE (Beta-476496) 15 211 &
[FIAEAR 25 B R 436104630 BP, £ IF J5 Ay 44882-47497 BP cal (3 2) . 75X B4R =N
ERAFESERAEWNRT 4 758, FA—"MERNE TN 16975475 BP, RIEFACHN
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Tab.1 The "“C dating of woolly mammoth in China

e AR HC AR BRSNS RIEHE

" R ¥l ik
éﬁﬁfﬁs‘ltes L(f!l;?D m:?etitlls Age (BP) Age (BP) Calibrated age Median age IRT?
/5730 /5568 (BPcal/26) (BPcal)
BT MY OxA-37718 < H Skull /AMS - >44800 - - Fe
Yingxiancun, Qinggang, -
Heilongjiang(Hei) OxA-37719 F1 5 Molar /AMS - 4880043400  47124-? * 51340 A
Beta-476497 41 Tooth /AMS - 415604500  43359-45241 44453 AL
Beta-482695 &3k Bone /AMS - 410304460  43131-44676 43997 AL
Beta-482698 &3k Bone /AMS - >43500 - - N
Beta-439349 %3k Bone /AMS - >43500 - - [18]
FRICTRSBH YA Beta-530980 i Tooth plate/AMS - >43500 - - A
Xinxingcun, Muling, Hei
TGRS L PV-179 B3k Bone / fHl  13285£410  12910+410  14055-16650 15397  [24]
Xiaonanshan, Raohe, Hei Conventional method
ST R A AECV-1405C 3k Bone /AMS - 38800+3500  39423-52831% 44528  [25]
Xuetian, Wuchang, Hei .
AECV-1406C 3k Bone /AMS - 40200+3500  41037-52859% 45638 [25]
AECV-1407C 3k Bone /AMS - 39600+3000  40473-52677% 44759  [25]
FORTT PR T ZK-118-0 F1k Tooth/ %y #  21540£1000  20900+£1000  23014-27345 25179 [26]
Mudanjiang, Hei Conventional method
SRRV AR =k ZK-425-0 H3k Bone/ #HL 212004600 206104600  23369-26243 24823 [27]
Sanzhan, Zhaoyuan, Hei Conventional method
ETH-98609  %:f Metacarpal/AMS - 382044225  42145-42530 42339 [28]
VL IE R X
Yanjiagang, Hei ETH-98608 il Humerus /AMS - 41103313 43311-44590 44123 [28]
ETH-98610 ‘B 3k Bone /AMS - > 41964 - - [28]
SESEER/ a7 PV-170  3&40A Coprolites / 5 ¥ 337651700  32810+£1700  34565-41638 37880  [24]
Zhalainuoer, Inner Conventional method
Mongolia
PV-175 3k Bone/ H#l  26695£1300 259401300  27794-33671 30357  [24]
Conventional method
Kia34350 &3k Bone/AMS - 43500+1000/-800 45400-48800 47100  [29]
Beta313528 {5 #4%k ¥ Stomach - >43500 - - [29]
remains/AMS
MR KK ZK-1193 It Incisor/ # #1 - 3829042000 39595-48100% 42849  [30]
Dakangjiatun, Yushu, Jilin Conventional method
T SR NU-138 JEeH Limb / 3 #0 - 30810+1385  32246-39439 35571  [31]
Zhoujiayoufang, Yushu, Jilin Conventional method
0xA-21001 1t Molar /AMS - 516001400 52063-2 * 53479 [16]
WB78-45 3k Bone/ H#l 2975041220  28910+1220  31036-36230 33342 [32]
Conventional method
bz W H WB78-41 54 Scapula/ ##  26560£550  25810+£550  29106-31110 30098  [32]
Mingyuegou, Antu, Jilin Conventional method
WB78-42 F1%5 Molar/ %41  35370+£1850  34370+£1850  35572-42826 39353  [32]
Conventional method
11 43¢ 74 Jinan, Shandong - F1 5 Molar/AMS - 331504250  37019-38945 37825  [33]

Er fRTNERRELEBER SN E CMEN LR, AR ELRAEARAL T H. Indicates that the dating sample
approach to or exceed the maximum age of "*C dating, and the calibration results are uncertain. # ¥ 27 B #F 5 4L 3515 R A% L1
% (44l 3R /R T # ZLNEOO1 B AK) V3 4 2 B F 45 % (Mammuthus trogontherii) ®***'. The mammoth fossil samples (e.g.

ZhalainuoerIII and ZLNEOO1) from Zhalainuoer were identified as Mammuthus trogontherii in the latest studies™ >
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Tab.2 The “C dating of woolly rhinoceros in China
Sl Ay 14~ e fs 4 Sz 75 pasyasy s R .
A0 anﬁMH&ﬁ;ﬁ‘: ; AC EFBFE AC thg . ?bIEﬂFdh M%;EWE SRy ik
Fossil sites ating materials an ge (BP) ge ( BP) alibrated age edian age ( Lab ID Ref
methods /5730 /5568 ( BP cal/20) BP cal)
HIRLHE XYY 53k Bone /AMS - >44700 - - OxA-37720 FNe
# Yingxiancun,
Qinggang, 3k Bone /AMS - >46000 - - OxA-37721 FNS
Heilongjiang (Hei) .
ZF 1 Tooth /AMS - 43610630  44882-47497 46018 Beta-476496 AL
4 3k Bone /AMS - >43500 - - Beta-482696 A
&3k Bone /AMS - >43500 - - Beta-482699 AR
WAL XL 3k Bone /AMS - 1697575 20322-20764 20507 AAR-11030 [12]
J#A Honggicun,
Qinggang, Hei ‘B 3k Bone /AMS - 41150+500  43139-44827 44097 OxA-20104 [12]
&3k Bone /AMS - >44000 - - AAR-11031 [12]
I H 3k Bone /AMS - 35085+180  39763-40684 40238 - [36]
Qinggang, Hei
BT AR 53k Bone /AMS - 39625250  42605-43230 42899 - [36]
% Taipingxiang,
Zhaodong, Hei
ERITIE R M &3k Bone /AMS - 40441£579  42820-44476 43616 ETH-102509 [28]
Yanjiagang, Hei
3k Bone /AMS - 42241+721  43854-46346 44991 ETH-102511 [28]
5B Mandible/AMS - 42310726 43949-46447 45024 ETH-102512 [28]
MRS Bk Bone /AMS - 37800£900  41012-43249 42165 AAR-11043 [12]
Salawusu, Inner
Mongolia 3k Bone /AMS - 422304370 44399-45544 44899 - [36]
AR KRR 5k Bone / H#) 318004910  30900+£910  33604-37840 35445 WB78-46 [32]
i Dakangjiatun, ~ Conventional method
Yushu, Jilin
WEHILFE /R Bk Bone / ##1 270054800  26240+800  28806-32181 30500 PV-220 [24]
Zhalainuoer, Inner  Conventional method
Mongolia
FHARZEWI A A Molar/ # #E 28720+750 27910750  30939-34143 32248 WB78-43 [32]
Mingyuegou, Antu, Conventional method
Jilin
HMRFZRATAS Sk Bone / HEL - 20530465  23784-25804 24731 - [37]
Dabusu, Qianan, Conventional method
Jilin
AL B 5 R Sk B3k Bone / M 11000£210 10690210  11972-13085 12614 PV-0156 [32]
#2 Hutouliang, Conventional method
Yangyuan, Hebei
VAT R 22 PH /N B3k Bone / M 130754220 12710+220  14203-15757 15091 ZK-0170 [32]
¥} Xiaonanhai, Conventional method
Anyang, Henan
INPERHEVFR A 15k Bone / ##1 1692042000 164502000  15628-26946 20551 ZK-0670 [38]

Xujiayao, Yanggao,

Shanxi

Conventional method
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Fig.2 The buried strata of some woolly mammoth and rhinoceros fossils in China (after references "**”")

20332-20764 BP cal™", 4t TR UEIKIAN B e/ MEAAL A 1 Tk ve iy pe =L g,
HELE R K 10690210 BP, IR IEAEAC A 11972-13085 BP cal, 5 RUKIE HIAHNT N o

3.3 EEBRMFERMANEREME

FERS IRV 2 i, RS ST B AE I8 S DL IERD o, T8 R FE
Jepis. Wbt PR RIR . Sk R (B 2) o W/RESR IS RS
BRACAEI M AT REOIRTE T AR SR g TR TR A A SR R A, BN
RS R 3 R B R R EROSITR; e RATIR AR i U 5 35
BREE AT, B R R L OB A P i bk B VR s i A
FHEERA F BN LT AR TR LA ™ 5 MR GRS A EEEE 5T A
i, BRA RS AR LTI, 2R R EARIIE 4 5N 60-30 kaBP 4,

H AT A IR B, SRR A B T B 2 WA R RO, I 3L
TREOHF VIR, MEESREA R ERT B 2 BHZ . 5 XA RMPERL
ATH M E N IR G AR T, 5 AT R R A L SRS A A R —E
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BRI R I HRK B S, EIETEAZ) 70 FEMTEEREHX, HEHES 40 HE
AT JE SEiEAl, 2 a3 B AN RO KR AL LA R b SE 9 B, 78 50-12 kaBP FIHIS R A7
TETHEATEYNALHT,  BIAALAR 2 a7 ) e 0 7 20 A B AR b X, Ko B A% RAEFE
A1 JIAERTIGTERICI KRG BVH 2R, 30 PR A A R AE L) Wrangel & 4735 £ 254> 4000 4E R
J& B PEARSEAR S R I RS R A MC AR AR T 28.6-22.5 kaBP cal, IEACT
RUEEVKH (Last Glacial Maximum, LGM) 5B ™, A0 # /R LGM (B LS B
MY GAE H A S By T2 A pE B

REEES S AR S ZE— a2 ™Y, (HHFRIES B C AN E A
A 12 4. ARIEHATEAA W UCIES R, BEEREADEES S EMS SR E
ARAGHEDX R, HLCHR 7304 25 SRR Hh T U R 2% 3 B Bt (Marine Isotope Stage 3, MIS 3)
FLGM rBt, Hr Heinrich 5S4 H4F:, mIRE(EEE T BARS S EREY # ™ (3 .
X8 MO AR E S5 R A BRI R, FIRIS A H) AMS 45 B IE S 1]
B KT 36 kaBP cal, 1718 BN 75345 AR IE JE B K 2 /M T 36 kaBP cal (1] 3)

Al — A6 A Hh A, AMS'C I 4E RTH AL C M AE SRS EE RAF AR 2 B T T MOk
M P BB B A6 BB C 45 R 5160041400 BP, i 2 i AE AR B4 5 I E M
30810+1385 BP!'**, [ #F (L G A HBLE 4 52 oy IO L3 i R AT o 49200 BRI it
BET S P8 G B AR R — /MRS, (FUT AR B A DU A RS B (B s R T T 2R R I A DA K
A AL B AR BB, BT EE T P B Stk B STl L S A R A AR AR PR L T ML B
FLH — e F R C A VRS A AN TR B E

PRI T Lt R A E R IR, SR W R S AL T T A P A R I
HEL, BRGS0 A T RO KRR AL 72 R R, BB S MmN R ERG K
Yaffith I8, BB R KA T RO X, BRI R K4 FAb X s 78 K 4ar i
f] b, 4B KREAEFE S 13.9 kaBP cal B 5 H %, 1M A RAE Wrangel & FAEA7 R HE 4
4000 75 A7 Ty 22 S /0N B VR ] VA5 R Sk 2% A A W0 4 98 7% % B R A R I A A7 O AR AR AT A
RBIARRKUKIE I . WHEEH)ZE A, ERICH X B 2 do gl b3 00 JR A o - 3R A 748 mr LA
RIOPEEBRM A, BIRMER B RIS R, 31X U A 5% B 3 7 e [ R AL b X AR 1) 2 A T
JEE T TR EF RIAR T e T RS 5. AR T B RN 5, MER TR ARG =,
A7 75 5 22 (AR I 52 45 SR AR R BB R T T A R A

MR - BB RSIYBAERE S KA R R R B SR #ERE. B EIRK
4o MEKARK. BEHRRISE, XIXERANFIRRFMFRFMMES R, B
TR AV B 7 0 A AR AR AR A R SR AE, DA T A A RS LI 8 fy,, - (o
EHAEAREDZ ) B — B SRR A R 2 e, EABAERE. BT
Z RGN DL S 2 T, BEAG T BRATT b BRI AR S R G X — E )
VIREEAL R SR R A,
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Fig.3 The "“C dating of woolly mammoth and rhinoceros in China, and the 6O records from Greenland

ice core (NGRIP)™"
W EART AMSUCIHlF FHAER, BEARKEA CUET %, F RTFURERATZER, 7 FTRARKRELR
TAE A 2 M5 HI-H5 % 5% Heinrich % % 4. The solid line represents the AMS'*C dating results, and the dashed line represents the
conventional "“C dating results. “F” indicates that the dating is older than this age, and “?” marks the uncertainty dating result. H1-H5

represent Heinrich cold events.

4.2 MIS3 1 LGM BBt B &8 & Fi £ R RR L K ft 89 9375

ARSI RE B BB AS R AP BRI A UC REIEEACEE T 50-15 kaBP cal, X} 5 MIS 3
Bt (MIS 3, 59-28 kaBP cal) AR %ok (LGM, 28-15 kaBP cal) . [, A
ZoNTT IR R I B S G AN B AL A BLBE C ¥, %6 E %% MIS 3 By BOAl LGM I
IS AN B AR WK KB 0 A Vil . #E MIS 3 AT LGM B, BB IS S A4 B R 1 5
GIATAE RN ZR FB IR 6 PEAE R AL FE S A AR 35 - MIS 3 B Bk [E AR Jbh X 2 B IS 4
WEREHVREHNEERX 2 — (H4; BS .

PEA 4 JIAEZ AT, EAS R E B A T AR R A ES, L& IREARICA H AL
HFEHX (B 4) . MIS 3 I Bl (40-28 kaBP cal) , £ KR 43 5B A1 PG 5 000 R 3 A
BT ;. MAE VAR AR, JhS S8R A HEUE LGM BB (28.6-22.5 kaBP cal) ',
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Fig.4 The distribution of woolly mammoth during MIS 3 and LGM in Eurasia (Data sources™"", this study )
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Fig.5 The distribution of woolly rhinoceros during MIS 3 and LGM in Eurasia (Data sources™"", this study )
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