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Abstract: Background, aim, and scope Bone is one of widely used dating materials in the field of
archaeology and geochronology, it represents a significant repository of archaeological information
and, within an archaeological context, bones acquire increasing importance especially when they are
the only available material at a given site. Bone’s chemical treatments for radiocarbon dating has drawn
the attention of many laboratories because dates of bones and charcoals found in the same layer often
disagree. Human and animal bones contain carbon in both organic and inorganic form, with collagen
being the commonly analyzed fraction for radiocarbon dating of the buried bones, but isolation of
bone collagen for "*C dating is a labor-intensive and time-consuming process that sometimes results in
unacceptably low protein recovery, so it is still a hot spot and difficult problem for scientists to remove
contamination by effective purification plan and produce accurate '‘C-AMS dating ages. The content and

the quality of collagen can vary significantly, mainly depending on bone preservation, so how to choose
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the dating materials or purification methods is important for bone depending on the sample status. Materials
and methods In this article we briefly reviewed the recent advances of the pretreatment approaches for
“C-AMS dating of bone, separately introduced the chemical composition and natures of fossil bone during
the buried process, the evaluation and analysis technology of collagen and various kinds of pretreatment
methods. Moreover, for 2 archaeological bone samples we have analysed the quality of collagen indicators,
adopted the stepped-combustion method to extract the different components of collagens, prepared them
into graphites respectively for dating using AMS. Results We simply described the quality of the collagen
indicators, it included that the collagen content, the content of C, N and C/N value, the stable C and N
isotope analysis, the infrared spectrum and the ion beam analysis etc, we can evaluate the preserved status
of fossil bone by these information analysis, it’s important to properly analyse and explain if the "“C
dating results we got are resonable. Meanwhile, we analyzed the current development status of inorganic
hydroxyapatite fraction dating and the new techniques in purification of collagen, we mainly focused on
intrducing the extracted and the purified methods of bone collagen, including the XAD-2 ion-exchange
resin dating, the ultrafiltration dating, the nanofiltration dating and the single amino acid dating. In the end
we refered our preliminary study of bone collagen '‘C dating using the stepped-combustion method. As an
effective method of separating young contaminants, the stepped-combustion method is successfully used
in the sediment and charcoal application of extracted reliable '*C dating materials, so we wanted to apply
the stepped-combustion method to extract reliable components for “C-AMS dating of 2 bone samples.
Discussion For well-preserved bone samples, generally the gelatin obtained from hydrolyzing collagen
to isolate young contaminants is as a reliable '“C dating material, its ages are no obvious differences in
compared with the other ages derived from more purified procedures, for poorly-preserved bones and even
extremely poorly-preserved samples, we need more experiment procedures to purify the bone collagen,
such as XAD-2 resin, ultrafiltration, nanofiltration and liquid chromatographic separation of a single amino
acid etc. Moreover, for the cremated bone and tooth enamel, we need extract the inorganic carbon of
hydroxyapatite for radiocarbon dating. We analysed a series of evaluation indicators for collagen, coupled
with the appearance of a preliminary judgment, agreed that one sample was the well-preserved bone samples,
another was relative poorly-preserved bone samples, the '*C dating results of different components show that
for the well-preserved bone, the '“C ages from high-temperature 800°C. components and the low-temperature
400°C components is relatively consistent with the "“C age of collagen within the error range. For the
relative poorly-preserved bone samples, the '“C age from high-temperature (800°C)) component was older
than collagen, the low-temperature component age was young, that it suggested that stepped-combustion
method could isolate young pollutants, its high-temperature components could get a more reliable "*C age,
and it established a new path for the pretreatment of bone samples for '“C dating. Conclusions Although the
ultrafiltration is the popular collagen extraction method in many "“C lab, but some reseachers found it could
bring some contamination during the experiment process, so we need do more research and improvements
about the pretreatment methods since these methods have some more or less defects and problems, we think
it’s necessary that some new methods and technology may be appeared for improving the development of
bone "“C dating research in such the situation. Recommendations and perspectives With so few data points,
such conclusions are at best tentative, but we anticipate that with further work these trend will remain valid.
In future we need to optimize of the step-combustion method conditions to ensure that samples, in particular
poorly-preserved bone samples, are effective, and compare with the other purified collagen methods like
XAD-2 resin and ultrafiltration. We hope this paper can provide helping for other reseachers in the field of
radiocarbon dating.
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FI 20 fih2d 50 AR AR TS P ik I 4F 52 R & 4]
W, B S AR R AR T, [ R
Wi v 2 R B 2 W H) Bt 2 — (Libby, 1955;
Hedges and Van Klinken, 1992) . 5 3k 1F % i i
B e L, A AT PRI AR
( Katzenberg and Harrison, 1997) . “C-AMS #
A H N Tz RS BE e i AR T B, (AR
ZRER D AR B G E SR
SERCATRE, (HH TRk A SRR, EHEZEER
B8 B Sk DRAT RS 1) S A 42 52 Wi ) 4 495 2R 1) v
B, T2 8 T Aol 0 4 49 50 70 43 B BOR KA it
AR Z 18] A A Sy 2, R SO S A AT OG
Tk "C-AMS FIEEMAE (A STk, X e
SFEAEARA T RERAN Tk, Wi HaEs
HAB R AE T A SR SRR Bl
1 FLMEMRER

B B 75% — 80% MY JCHLE ) B R
EBE KA (Cay(PO,)(OH),) Fl20% 7= 47 (4 45 #L
FRAA AL, FREERE KA B IR | ARIREY |
AL EG MG, AP 85% —90% 214
A, HAHAEREEE (NCPs) , FEE
HESEN . EREEND . BE A& 5 (Brock
etal, 2013 ), FREEBE IAT 1 COT H i B3k B 1 6%
Zedi, AR E ST (3.5%) , i ILAE
], W AR B A B EHL C AR —FhR A AR
%, T R ESEAERE, TRAERA IR
PR TE TR e JE2H 4 B4 ( Hedges and
Van Klinken, 1992; Mihara et al, 2004; Brock et
al, 2010a; Minami et al, 2013a) , & 1 BCAERLY
Hi KPR H >k ( Zazzo and Saliege, 2011) . B3k
an P A BLBTZE 53, AT AR BA S e ol B Y
WA TR — R AL . W3y R IR
J R P SEIAR 2R 53 R 5

M BT BN R R A B I B A, R
FET TR EOR AR, RN B AR
AR B B R 15 YL il H 23 e/ (Stafford et al,
1988) o SLbr b, REBHYFE - T H L85
A BA G . 2L E R IR TS, 7EK ]
HHRZER R, 5 R A AnEE A BH 5 s B AT AL
T, ACHRHESE T MR IEI I . TR Y ZE
i BB RS U B DR . R ATCHLIERR
YA5e4k (Hedges, 2002) , EATAAYIRHERNI{L

PR R T BUE, B AR ZEARIAR A Bk
R P ERE RGN, AR ZFR
R IH IR A — 2SN ML IR AR 5 e, 1X
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Fig.1 Compilation of all the radiocarbon dates published in
the journal Radiocarbon on bone organic matter (black circles)
and bone carbonate (open circles) since 1959
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FEUFIE L, <5% WA DRAF 22k, <0.5% BN
“HERCIRAY” PRAE, AT 438 (Van Klinken,
1999) o #RBCGEREH R C% H 35% Zity, X
TIRAFZENE K, X MELFIT 30%, 1M H 2
TR B B B R S H ) CO/N . 1EH B N% 7%
N 11%—16%, RE RS 2=E kT N%
1 C% A & HLIYZE 4k, DeNiro (1985) #& i C/N
FEAEANTE 2.9 —3.6 XA X BN A5 %, —
Pt R G AR 3k et FH 33K A8 B SFe 48 7 i e i i 5 G
R A (Calabrisotto et al, 2013 ) , {H &4 K2
C S B & BLARATT B9 C/N S Sl 3.29+0.27
(n=2146) , Fi&RKH 3.1—3.5 X ]k H 51l 2
R AT AR B AR A, AT RE R Bt s s
Y3k ( Van Klinken, 1999) . = {E (R T 419 )
BN AR B AR, B il BRI T

RS I R S | AR RSN C.

F B I i B e (AR bRl o B R B i, C
N i ONAH, HRkd it — 22 FBringa
€ C. N FEE. 4406 (D’Eliaetal, 2007;
Maspero et al, 2011 ) B 7341 (Quarta et al,
2006, 2008, 2013 ) 4 ik — 43 Hr FLH W& 1 21
W, ANFEPEM B ST YR T JUAEAT — 28T
AR A Z R EAR (micro-CT) , B4
B RINHARTB (AL, a0k, &+
S TEM, LA-ICP-MS ) MR ik s
LARAFROC B, LI ARG AT T 8k
— PSRRI E T SR BUA R A TR

( Tripp etal, 2010; Fernandesetal, 2013) .

3 EUEEBSRAASNEREH#HRE

PRI W K A AE S R v 5 5 R i AR
C kA S LS, BUTARME S 4250 545 2 N
TR C, BOA A A REAE A T 3B Sk /Y 4R
W )5 (Passariello et al, 2012) , {HX} T ™ & Xk
RSt A= g VR E R = Y S R N SR = Y Wi
() 2 Rl B RN K AR ek i Sk, HgsR FHICHLR
B A - IR AR R4 T C ARARINE (Hedges
et al, 1995; Naysmith et al, 2007; Cherkinsky and
Chataigner, 2010), 7F Longin ¥:[a]t2Z /7, HkTE
N R R R AT, AR AR
RS . 20 4D 60 AFATIT A N2
B IR B kIR Eh—— i, B IKA
IR TCHLIRZE 73 R MAE, B BEIRER A% rh AR
R L AR ) R AR A, ) TH AR LT 7K

IR ER B R Y CO, A= 284, Fr LAt s Ay
HAFIERAYAFEAY . Haynes (1968 ) 42 H FHRS R 1
PR R R AR R L, A58 T — M AR,
Z J&, Haas and Banewicz (1980 ) #2 1 F| H step
heating J5 25 R RO KA IR IR £, A I
FfbeEfR e MEIEARDG, R H T 2Ry P i T DA
Rl CO,, RS2 15 Y P A W IR BRER IR 257
BARBREE R CO,, ThiE kA A 15 YL i U5
A C B S (AR v LRSI . Surovell (2000 )
¥ HH Haas and Banewic # 1 ) step heating J5: 04
TCHLRIHAT— RGN, A5 A AR 2 B i
AR, IR S R A V2 TAERT Ly, 3
JELE B TR +NaClO/ FER (5:1) ZELERRVER) 715
AR B 1 4G
KA KT Be 1 1 Sk — i R A R Y R R
(>600°C) F#EATHY, it RS9 2k Fr A7 A AL
5, T[RRI AT ) SRS RN R M 2 B A ARk,
R T2, S LT — O R4 ) SR A B R
(K2 0.0wt% ) R ZE, BHIE T e S5k
PRER A TACHE,  H AT XX (s (R AA) e e R 6 1Y) 44
BB T —F 5 H0F5E (Lanting et al, 2001;
Hiils et al, 2010; Snoeck et al, 2014) . AbFRFEE—
BRI 1.5% IRARRINE IR EBRAPL C (48,
20°C) , FHINA 1 M BSHR KBRS ASATBRIRER (24 h,
20°C) , 1REIERAYRET IR A S, it
TR VISR CO,, FHA S ALA S5 T AMS T
# (Lanting etal, 2001; Olsenetal, 2008, 2013) .
4 ANBREREASNERZHRRE
I JE A 4 U 46 T 20 22 70 4RAR, T HL

didE TAREZ A LA, H AT R I R i T FE
MR AT Y U AR T, BIRIEANEE TRK,
(HAEPOK P B R 282, 7T LUK A# R T oK 19 B
W, If H Al et A8 IR AT, i I IS T iR
R N, AT LRk HCL 43, PR 3
i PR AE 25 il 2 BBy S it 8 P B Jie 2 DXL i 9
FRTE 90°C . pH=3 /KK, XASIFIERAK
PEHUIA Y (Longin, 1971; Gurfinkel, 1987)
RZF UL SF TR EZIS YR, 8 T NE IR
Ji 3 L JE B R £ Longin v 5 B BCHE HURRAS &
Wiz 24, BRI B A U )
FRTE, REHZmht R ARSI,
FOR B I AT C-AMS B4R, WEBARAR T
= AR ACHE 28 (Yuan et al, 1996; Rando et al,
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2008; Zhangetal, 2006 ) .

A, B R SR A A A A B Y 25 R
2z, TR Edt— o s tal, & T
A BTACHmEE. Mk, RBCAAEER .
PUESE, X FORAFE MBI, Xk s
AR 5 R R TG 2800, (EX T I D
RAIRE S, A I ZEAR BRI S B 2
SERRIN S, KT E T R AR S, A R AR
WREH, WEMmEH. MREASHTE,
JTAS B A 25 RS R AR AR
4.1 XAD-2 EFx#itik

XAD g 2 ALY, JEM Pk 2 S5 1
MR, KRV R 4 25 R s R B 1Y
B NS T AL &), XAD-1, XAD-2, XAD-4
BEMWAE—ZERILW . EBTFH. HKER
RO - ZOImAIERY), eI R E A R
100 m*g',330 m>g ', 750 m>g ", FLA=43 &£ 200 A,
90 A, 50 A, HEEEH TR R, B
BERE FRAL e R e, LR TR S A Bl
WA, AT A 250°C, H 0 T RS FAE fhis
T PR A 27 ) o s ORI B T K T 44 L T
R, FAR s MoK o 85 3tk 54

Stafford et al (1987, 1988) ¥ W 4& H i /i
XAD-2 B figE— LR R B S i B IS B R 15 44 )
Minami and Nakamura ( 2000 ) . Minami etal ( 2004 )
FHHEICY B 5 XAD-2 AAg A =443 I AEXT L
T TR T PR PARGON A () B SR i, FRA R
WD B i /INT 1% ARG, B EC el 4745 21 A9 4
IR AESS, h XAD-2 S 7 mT AT A %50,
LERTGA), X TORAPIRBUAR G A3k, BREUN
EMAE AR 54 T 5 Yuan et al (2000 ) 3% T %
T UC AR IR E IR KA R R A 2
HIRAIE . 23t XAD-2 M Falifb a5 3 i s L% |
E—2 0y B PRI IR, AT T —2eXT s,
WA XAD-2 4 i 5 s R RS BRI TE R 15 s TH A AL
R, 5 Minami (YZ516—30, B2 508 A B,
Zent Al KRS A8 4 o3 B A BN R B 2
BRZ: C A EillE, BOEM & KL 5 pMC {57,
FHE A 308 3k S T ST AL A 43 A R R B A
SUIHETE B, N BT R E A TR,
UL T S =
4.2 BREFE

ST AT PRI LEE A RN B A T, K

SEMER Y 0 26 R8RS g, BRI & R
T, fokn . BCEAAR, DIRE stk 5.
g (UF) [ RBERAREML, VRS D)
NI BEEAR, JE@a K Fryg, 8801
Y [ 500 —500000 GE /R 15 (Da) , UMY
FLAE—BFE 1—100 nm, FIHIBIERRRER S0 LBR
K TEORL . A Alles . AREATAE DL, & T
DIres . wkedn . doh Beymy &= 1A, it
JrEE RIS R, AT, BeRE

Brown et al (1988 ) 4 VK #2 i i 8 % F R
bl E R, LA R4 75 1 8 1 B iR
Y (— M >30 kDa) , 4-H K% ORAU :5
ZAE 2000 4E 4 5E 1 R 1] ABA- GEL W] i 1k -
UE T UL A Ah B S R Y S 5 = U7 58 (Bronk
Ramsey et al, 2000 ) , ZJ5fRZ 525 = #BIN N
UE S ] AR BRI SE v AE TS M (A R A 1 M it A
— LBk FAERR . W EMRAERSE ) A A A
I3 (Bronk Ramsey et al, 2004; Higham et al,
2006; Brock etal, 2013) , {HJEALA B HIF
AHETE RN <30 kDa 44y, HMIER H B &7
HK—seyg gy HIVRE b AE R N R, B AR
YEsh Py bR IR, B AN TR A s
X SR B 22 5D 1 AN B R EUAE 1) C Y G
( Bronk Ramsey et al, 2004; Brock et al, 2007;
Hiils et al, 2007, 2009 ) ., Bronk Ramsey et al
(2004 ) $&H) 72l %, EEE R IER AT
G Gy R R s 1Y) S R I A Pk —
BHAATESRW, (BAHEON, Mg JLE K
HC S 3 IR H I I SR 46 )5 i ( Beaumont et
al, 2010; Talamo and Richards, 2011; Fuller et
al, 2015) .
43 REEERNEFZE

FEM AL BRI LT B 22, AP RER BRI XS L
FEWE AR, AFRIE A RERE R, BRI
BESRIBURYE, BEM A, (BRI T H T
KPR 5 2 R IR TR 25 ol G 7 IR T R T Ak
A, A I R R SR R I A A R NS
), T AU O VRORH €0 3% 73 B R S
AN IERRIEAT C-AMS AF B ] SE— 28 R
FRES IR & 10% 224, #E SRR REZH
A B BT LR UL, (RIS R A
RS LA MATNERIE BORESRIR, MARIE A
WHEEAL Y, B 5 HAME SR Sy e alifh, Pt
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BN 2 E KR AR PR IE ) (Van Klinken and
Mook, 1990; McCullagh etal, 2010) , 1981 4F,
Gillespie FAth Y[Rl 5 15 A AT B85 4325 R
RRIF T “C-AMS M e RLE SRR, 1%k
PRALAYAEAC 5 Y IR G At I S 2 AR —
1 ( Gillespie et al, 1984 ) . 1990 4, [FEMyik
AT B B s PO R AL L S 0 EEIAE 2
LRI R[] —FE i rh DUR I R it i, gl it
FRAFEWS Fmrh, T G S A DU i A e, 95 il e
B E A A s P T B IR A 1 I S AT ( R4k Af
1990 ) . Marom et al (2012, 2013 ) #1 McCullagh
etal (2010) 437 & T >R F = 2800 A 6135
HPLC 2R SR 5 A T B mT e, A
SRR T e AR BRI (>40 ka) | AFEAR
— HAG RSB L, e B IR R R
PEATINE AT LIS HER TSR Y C RIS, HILEAR
I R 2Rt 2% 77,
44 HftwFx

YR H A IR T HUE 5 B i% 2 8] ) — i
IrEROR, HAEE 2T iR 80 — 1000 JH /R 1,
LR ILGK, L FRZAE . Boudin et al (2013,
2014 ) A48T —A B & i 08 2% 0 g4 08y vk ik —
LAl E B IRNETT, X IR A T I R
J7 R DR R B NIRRT G . R IR R
W JEAI A3 5 G — R R ik, (HR B
AR E IR A e o e TS e, e e
It - B AR HsCERE G, AH LT H HPLC 43 5
AN IERR I T, AN IR T T SRR G 4 — 2
Boudin 58 S £ B 43 1 ol 450 38 7K T 1) 494 0%
JEE, SR Y B S 2 SRR W AE B B W (R 1Y
W TR AE 75.07 —204.23 B /R ASAL ), T
SR sEY T (HSs ) WIFELR AR, oA R 5E

T 1Y 43 - — R AE 1000 — 300000 3 JK W5, )5
B EHATAE TIRER B, B Sk i ET AL B Ty 28 v
M D AW HGEE T8 I8 1 XAD-2 J
T Al R — S a) R Sk R AR AR R A T
WHIHEDT, 98] TR 4R (Gillespie et al,
2015)

B AR BEIRAE N — A B0 7 B 5 G )
FBL, BaiEhis H AR s pL Y ] 58 UC 4R
YA 3k B (Santos et al, 2001; McGeehin et
al, 2004; R84, 2012) , QSAG B ARG
FAENEREM AT HE “C AR A B 5 h 0
St — A4 U O A U — A A AT A By
Lo XX — ARk, Sk PR T ILAS R R PR S
B2 B SRR AT T B R b IR e, B
SRR HR B B e S 4 A3 i — 20 3E i S IR (800°C
FI400°C ) Ay B AR R ARFRUE M 4 oy A ik 21 4lifk
B H Y, AR AR B 4143 EAT C-AMS 4,
I 5B R AR AR R T H R, R LR 1
R ) — R AR AR AT, B AN )
FNWE, AR 24 B SR IRAE R 0B SR AS, 5#
BES AR 22 01 Sk BEAR, ARR4150R) C
AEAEE XS LR . X RARIR U B,
JEEJEAE 400°C . 800°C L4 "“C AR I i i Jit C
R TE IR Z VB N — 8, BB A 4
BRI g, A IE TR C AR
AR T MBS W BLSAR A, 1M X T A XS
PRAFER 22 B RE, 800°C 31 Y e TR 40 40 Ho B I e
AR R, R AR AE %, AT Wag B AR 7
B R AL ARAS AR AR A R — 2k R T Ty
Al B R R B S A R TS SRR IR L, XA
H JFRE AT S C AR R P SRR T — A

A

F1 2R EBIEEA AR5 MC-AMS IAE AR

Tab. 1 Results of “C-AMS dating of different collagen fractions and evaluation of collagen for 2 fossil bone samples

. R MAEL] 53 FIE i “CAERR
G2 Sample €Y NO cN 7

PR Sample & & Collage/% Fraction Lab No. “C age/ (a BP+0)

BB Collagen XA7602 2275 £ 30

24 44.01 159 3.2 12.97 fiiJi Collagen 400°C  XA8470 2250 + 20

5l Collagen 800°C  XA8471 2300 + 20

B IRJE Collagen XA8479 371020

S# 29.59 10.5 33 2.46 {I%#i& Collagen 400°C XA8476 3660 + 20

5l Collagen 800°C  XA8477 3980 + 20
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