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Climat et de
I’Environnement ( LSCE ), CNRS, Gif sur Yvette,
France) , & 1/2& ICP-QMS {8 TAEZ %I K& U
Th [7] {5 2 43 Bt 9 S 8Os .

TEARUE 4> HE AR (0.7 amu) , ICP-QMS
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Table 1  Settings of ICP-QMS Xseries" and analytical parameters
Parameters ICP-QMS Xseries " Parameters ICP-QMS Xseries "
Power 1400W Cones Ni sample & skimmer cones(Xs)
Gas flows Cool gas: 13L/min Detector Electron multiplier ETP( discrete dynodes)
Auxiliary gas: ca.0.83L/min
Sample gas: ca.0. 90L/min Signals Gaussian picks

Oxides( Ce) and double

charge ions( Ba)

<3%

Standard resolution

Abundance sensitivity

0. 7amu

M+1/M<2x107°

Background (HNO, 0. 5N) P8Th, > Th&** U<0. Scps

Sensitivity (2%U)

Standard ; >3x10° ¢ps/ppb
Option S:>6x10° cps/ppb

Spray chamber Corps impact bead peltier

Rinsing time

3 ~5min

Self-aspirating PFA nebuliser:
100 wL/min

Spray and flow rate

Blank contribution on **Th
and U

<1% and <1%o respectively

cementum

dentine

enamel

K1 & KH| Venosa Loreto HF}sh#) F 4k A1 FE 5

Fig. 1  Photos of the analyzed fossil teeth from Venosa Loreto,southern Italy
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Fig. 2 Efficiency of the UTEVA resin for purification of U and Th in fossil teeth
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Table 2 Typical ICP-QMS memory effects and laboratory blank contribution

m/z HNO;/cps  A252-e/cps HNO, /cps A252-d/cps  HNO;/cps A252-c/cps Blank+spike/cps ~ HU-1+spike/cps
228 0 0 0 0 0 0 0 0

229 1.5 6745 2.0 884 0.4 1268 3014 2090

230 0.2 586 0.4 1618 0.4 2085 0 378

232 2.3 310343 3.6 25979 4.8 423424 955 1455

233 0.7 45095 0.8 6416 0.2 7445 28710 13523

234 0 3065 0.2 8573 0.2 7546 140 1441

235 4.0 268431 2.3 852155 5.8 735984 33 179707

236 0.3 45386 0.2 6514 0.3 7549 29145 13686
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1CP-QMS Yl FERFHERF fh HU-1 405™U (a) Bl 'Th/™ U ¥ JE H (b)

(b) 2°Th/8U g [F] {3 38 WO 14 375 2 L

ICP-QMS measurements of §**U and »*Th/?**U activity ratio in HU-1 standard solution. §***U in Fig.3a is defined as

57U = (P*U/ Uy, /207U sec. eq-1) x1000, where *U/**U sec. eq=5. 489 x 107322) and °Th/?%U in Fig. 3b is activity ratio

%3 ICP-QMS il £ Loreto ZF{L H#EMHEY U 1 Th B i &
Table 3 Results of U and Th isotopic analysis of Loreto fossil teeth by ICP-QMS

Sample * Lab N° Z8U/ppm 22Th/ppb el 0] Vi 2307} /238 =+ 20T /232Th Age/ka

A252-e IPH1056 3.10+0. 01 28.20+0. 09 1.404+0. 005 1.061+0. 007 350+2 138.8+2.0
A252-d IPH1060 327.80+1.08 86.41+0. 65 1.324+0.003 1.014+0. 008 11544 +124 144.3+2.3
A252-c IPH1061 467.12+1. 21 1876.09+10. 11 1.347+0.003 1.219+0. 007 911+7 208.2+3.4
A655-¢ IPH1057 5.55+0.01 16. 84+0. 04 1.385+0. 004 1.204+0. 006 11906 186.3+2.7
A655-d IPH1062 490.09+1. 39 143.32+0. 99 1.425+0.003 1.375+0. 010 14113+142 243.3+5.9
A655-c IPH1063 737.64+£2.79 1162. 89+10. 04 1.279+0. 002 1.261+0.011 2400+29 282.8+10.0
A854-e IPH1058 11.36+0. 02 48.58+0. 26 1.169+0. 004 1.167+0.011 818+9 332.7+19.6
A854-d IPH1064 469.80+1.59 156.09+1. 15 1.375+0. 002 1.279+0. 010 11558+121 222.3+5.0
A854-c IPH1065 1043.75+3. 55 3108. 90+26. 06 1. 122+0. 003 1.205+0. 010 121414 No result

A911-e IPH1059 5.56+0.01 37.32+0.09 1.392+0. 002 1. 150+0. 005 514+2 166.0+1.6
A911-d IPH1042 334.77+2.33 125.15+1. 67 1.411+0. 005 1.305+0. 022 10475224 216.2+10.2
A911-c IPH1043 598.30+3. 18 4313. 14+40. 87 1.251+0. 004 1.317+0. 015 549 +8 424.5+47.9

w FAUARE S A FRIE I —e, —d Rl —c 73035 75 %A i 09 2 Rl B CF AR RO B R

s T VF B O PE AR R B N+ Nago = 9. 1577x10 %™ Ny5, =2. 8263x10 % a™ Fll Nyye = 1. 551x10710a71"

BRI P52 18 B9 7] 36 08 E LG T Th/ U
RN R — B0 L5 Y 139+2ka TR g
425248Ka( WL 3) o RS ASS4 S0 2 WA AL
(33320ka) He 2 A% TR 45 (223 5ka) o T2 AL
T B U =0 -"Th 3R G LR T, M

2]

MR X ATRER f T U kR SSR Th
IAPREC MECZT, J381 3 ASKE il 5 2l AT 45
BAFRIZR (139+2ka 3] 186+3ka) , F AR 45 i
[AI{EL(14422ka 3] 243+6ka) , IM] 5F 45 J 0 45t A8 119
FIMAEAL (208+3ka F| 425+48ka) ,
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Fig. 4 Plot of activity ratio of *U/**U vs. **Th/***U for Loreto teeth.

Where e,d and c represent dental tissues of enamel,dentine and cementum, respectively
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THE APPLICATION OF INDUCTIVELY COUPLED PLASMA-QUADRUPOLE
MASS SPECTROMETRY TO FOSSIL TEETH FOR U-TH ISOTOPE ANALYSIS
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Abstract

Over the past two decades TIMS and MC-ICP-MS have become the main techniques used for high-precision of
*Th/U dating studies. Recently, a relatively simply and cheap technique for U-Th isotopic analysis was developed
by using Inductively Coupled Plasma-Quadrupole Mass Spectrometry ( ICP-QMS) . With precisions about 0. 3% and
1% for U and Th isotope analyses, this technique has the ability to estimate sample’s *Th/U age with 1% ~10%
uncertainty. In this work, we use this new technique analyzed four fossil teeth coming from the Acheulian site of
Venosa Loreto, southern Italy, where the faunal remains indicate an early Middle Pleistocene age. The previously
published purification procedure of U and Th by UTEVA resins was modified for the fossil teeth. The UTEVA resins
can efficiently extract U but not Th from the HNO, solution of dental samples,in the presence of large amount of
phosphates. In the present work , Th was allowed to co-precipitate with iron,then was loaded on anion exchange resin
column in 7N HNO, condition. In such strong HNO; solution Th will be fixed onto the column,and can be diluted
by 6N HCI. The U-Th isotope analysis with ICP-QMS was carried out on each dental tissue ( enamel, dentine and
cementum ) of fossil teeth and yielded data with precision on average of 0. 3% and 0. 6% for **U and *Th contents,
and of 0.3% and 0.8% for activity ratios of **U/**U and 'Th/**U at 2¢ uncertainty level, respectively. Our
results show that U-contents in fossil teeth can be as high as 1000 ppm,but may differ from tissues by 1 ~2 orders
of magnitude. On the other hand, for each tooth, dental tissues show substantial dispersion (>2¢ ) in their activity
ratios of *'U/**U and *“Th/**U, consequently leading to scattered “Th/U dates , ranging from 139+2ka to 425+
48ka. Fossil teeth thus are not ideal targets for *Th/U dating because of their open-system behavior, but the
measured present-day U-Th isotopic information is useful for simulation of U-uptake histories experienced by dental

tissues,and a combination of U-series and ESR analyses on fossil teeth seems a better way for age estimation.

Key words ICP-QMS, U-Th isotopic analysis,fossil teeth



