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Table 1  Mineral compositions of reference material candidates
1 ) S5 Aok s 1) L BE 53 A7
XV E R RAEHLIX PR A VRN EINS (< 76pm 51t)
Reference materials Sampling site Lithology Mineral composition Particle size distribution
names and codes (' The proportion of < 76 wm)
i Ry L .
ks @ BB WS 27 (80% ) AT (209 )
Peridotite Wanquan County, Lherzolit Olivine (80% ), P (20% ) 97.5%
(GBWO04139)  Hebei Province, China erronte e ¢/, byroxene ’
., , i 30% ) , 30% ) , %% A (30% ),
i LA e TROL0%) ORI (30% ) B (30%)
. . . . ey Hz b R A A9 (10%)
Eclogite Qianshan County, Anhui . . . . 98.7%
. . . Eclogite ~ Omphacite (30% ), Garnet (30% ) , Epidote (30% ) ,
(GBWO04140) Province, China . . L.
White Mica, Actinolite and Quartz (10% )
...... . NP KA1(30% ), B A1(45% ),
T WACRTRK R KR B e
Granite Yiling District, Hubei Porphyritic oo ; 99.4%

(GBW04141) Province, China monzogranite

Potash feldspar (30% ) , Plagioclase (45% ) ,

Quartz (20% ) , Biotite (5% )
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2 MC - ICP - MS il TIMS 332 T{::5/1:
Table 2 Routine operating condition of the MC — ICP — MS and TIMS instruments
s | ik ) ms || BT C)
Instruments |Elements Cup configuration Blocks | Cycles n ceration
time (s)
Nu Plasma HR|  Nd H4: 148 | H3: 147 | H2: 146 |H1: 145 | C: 144 | L1: 143 | 12: 142 | L3 : 140 4 20 20
Sr F2:88 | F3:87 F486 F5:85 | F6: 84 - - - 3~6 10 8
MAT262 Rb - F3: 87 - F5:85 - - - - 3~6 10 8
Sm F2:152 | F3: 149 | F4: 147 - - - - - 3~6 10 8
Nd - - - F5:146 | F6: 145 | F7: 143 - - 3~6 10 8
BEOPRE AL IR0 B BEAT RE AR R AL s AR, SN2) TR ST TEA R E L (") o
M, SR 5 5 (B 5 ¥ R[] 19 20 BT O vk 2R A 20 A , 2
W 2 SRR 307 22 5B T K, B 59 B R ' = (2)
B2 BE (wyy, ) PRI A0 Krfw, AN A HE,
51— 85 (1) A B PRG3R (8] 249 S AN A B DAl 285 R 81
Uy, = [——— = ek A =
" n T3, AR v o % R R BRI R T
e s, Flls, 23 RA A NI 22,0 WA 250 F SO /N T HIEFE F, 5 (15,30) =
R 1.99, B VERL IR A% o RIS B 2 P 3 B0 A 1

YIS IR E AL A RN (u, Bow, ) WA TR 3 KR E T,
REFECs) < s B, ARRERAAX D) AERATFAIL  bRIEYITGIEF T 45 5/ NBURE R #0212 1 5

3 bRUEITIREYI ) SRR R A R

Table 3 Homogeneity tests for the reference material candidates

FRHER) T4
K% g T Rb S S Nd
HRRSA S NH ' §785/% Gy " 9 Nd/ ¥ Nd
Reference materials Ttems (pg’g) (pg’g) (pg/g) (ng/e)
names and codes
WA
Rl 0.165 12.61 0.704457 0.092 0.351 0.512671
Average
B o RSD(% ) 3.8 3.0 0.0040 7.7 5.2 0.0023
Peridotite
Fyamim
(GBW04139) : 1.77 1.33 1.21 1.37 0.87 0.75
wy, (g, ) 0.003 0.12 7.2%x1076 0.002 0.006 3.5x10°°
W IA
A 4.15 560.6 0. 704906 3.21 12.38 0.512279
Average
T RSD(% ) 1.8 1.3 0.0038 1.6 1.8 0.0011
Eclogite 2
(GBW04140) F*”’”‘ﬁ 0.71 1.01 1.15 1.59 1.90 1.92
wpy (g, ) 0.02 0.42 5.8x10°° 0.02 0.11 2.9x10°°
I
A 64.0 384.0 0.713094 2.49 15.26 0.511153
Average
ToRm RSD(% ) 1.1 0.85 0.0031 1.2 1.2 0.0008
Granite
Famt
(GBW04141) 1.20 1.56 1.84 1.11 0.72 1.08
wpy (g, ") 0.18 1.30 1.1x1073 0.006 0.006 7.0x1077
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Table 4  Stability tests and uncertainties for the reference material candidates

B R Y AR R AR . A R AR S LE B A AR
(0 ~40°C) FHAFEREA SR ED, Ttk
B R E B u B T 4,
2.3 el R R

W s RHEE FAE K A Rb — St Sm — Nd [A] {3z
FARED ITE (R, >R T 22 58 S 30 & 4 (i 1Y)
Tk, BiE8 XERES HEME T, BRERSE
RAFEPERLE AL 6 %, Rb.Sr.Sm Fl Nd &
I A R P [R) 43 R e R B 3 95, Se/% S M Nd/
N LA 5 2R FH 22 452 WA A Rl B O 1k e K
G5 B IR

FrifEd) o ik il 2k #2 H, Rb S Sm  Nd 5 B 713
W B 5 AR [ 5 S 06 2, i 880 ik 82 3 il ki 1]
SRM3145a(Rb) . SRM3153a ( Sr) .SRM3147a ( Sm) FI
SRM3135a( Nd ) bRt A T HERAPR & . Rb . Sr Sm,
Nd 2 2 Y 0] 31 U5 2= SRM A% 7 v WY Sr/% Se il
Nd/ N[ 7 FHe A 4 b R I B A Y
SRM987 JNdi — 1 Fll GBWO04440 1 Jyhrif, 1% Sr/* Sr
=8.37521 FI"*Nd/"“Nd =0. 7219 1 Hy it 580 1F

T R i SARIL
b giﬁ@gt% . ® z?;” Rb 4 St 4 bt Sm 4 fit Nd &
) * 75, = g Rb concentration  Sr concentration 87G;/%0Sr  |Sm concentration  Nd concentration ¥ Nd/'*Nd
Reference materials| Parameters Time
o ) (ne/s) (ng/'g) (ng/'s) (ne/g)
names and codes (Month)
0 0.166 12.65 0. 704464 0.092 0.345 0.512676
e 4 0.168 12.71 0.704458 0.092 0.348 0.512674
o Measurement 8 0.168 12.71 0.704458 0.092 0.349 0.512675
sl values 17 0.168 12.70 0. 704460 0.093 0.352 0.512668
Poridotite 26 0.168 12.70 0.704462 0.092 0.350 0.512667
(GBW04139) : : : -09 : :
R b, 4.2x107° 0.0010 1.4x10"8 3.2x107° 1.9x10°* -2.5x1077
Statistical | 9.5 ,xu, | 1.6x107* 0.0044 4.6x1077 6.2x107° 2.9%x107* 3.3x1077
results U, 0.0013 0. 036 3.8x107° 5.1x107* 0. 0024 2.7x107°
0 4.13 559 0. 704914 3.21 12.66 0. 512274
e 4 4.14 561 0. 704912 3.21 12.54 0. 512276
. Measurement 8 4.14 566 0.704916 3.23 12. 66 0.512272
s values 17 4.14 565 0. 704918 3.23 12.67 0.512271
Eclogi
clogite 26 4.14 566 0.704918 3.23 12.65 0.512271
(GBW04140)
Giitah R b, 3.0x107* 0.23 2.2x1077 9.2x107* 1.8 x1073 -1.6x1077
Statistical | to.05,,xu, | 8.4 x107* 0.37 2.4x1077 1.0x107? 9.0x1073 2.4x1077
results Uy 0.007 3.0 1.9x107¢ 0.0082 0.074 2.0x107°
0 63.9 381 0.713093 2.49 15.24 0.511154
T 64.6 381 0.713091 2.50 15.30 0.511157
. Measurement 8 64.0 380 0.713092 2.47 15.26 0.511152
Fiasika
ot values 17 64.0 380 0.713097 2.45 15.22 0.511152
sranite
(GBWO4141) 26 63.6 380 0.713096 2.46 15.22 0.511152
i L b, -0.018 -0.038 2.0x1077 -0.0018 -0.0018 -1.3x1077
Statistical | fos., %, 0.047 0.077 2.8x1077 0.0020 0.0043 3.0x1077
results Uy 0.39 0.63 2.3x107° 0.017 0.035 2.5x107°
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(ELRITES BEAEL, AR I00 H 230 T LIS o 59 T B L
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2.4.2 PEEE

S Y I o RTINS
By S EIE 0 UK, A SRR A I E T
B8 X, o PSR S ERGTH T, % 5
WHARIG TG X, 81565 B FLIR M IE 25437 1
B A PR R i T (s . M

25 bRUEMIRAE AN 1L

2.4.3 AHEETE

A JIF 1343—2012 85K, bR W) 5 iy
RS B B 2 R i N R 25 L R
AN S PEAN T 22 B 0 i (B wy, " ) 5 SE 00 =
PRAE SR 0K WU E YEAS 1 € B2 o it (w,) 5
PIMEI SE 0 A 1 0 B 01 & () B & B (E T
FEGIA A KA E BE u, F1 B KA ETE uy o
B 2RO a2 B R 8 1k 6 A ad AR R T ARSI A
T A B R VR 1 4% R R AT 38 143 B DA AR 3
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Table 5 Certified values and uncertainties for the reference materials GBW04139, GBW04140 and GBW04141

e E A
- A | R 41t St i Smad NOAER
FRAESI T A4 S AR - e e - o w
. Reference o Rb concentration Sr concentration Sr/%°Sr |Sm concentration Nd concentration "*Nd/'**Nd
Reference materials names . Certified values
materials codes . (pne/g) (ne/g) (pne/g) (pe/g)
and uncertainties
M AR O SRR INE
ol ?4% I 0.17 12.7 0.704465 0.10 0.36 0.512647
S/%0Sr INd/ MNd FRifER Certified values
o . ) GBW04139
Peridotite certified reference material
for Rb, St, Sm, Nd concentration Uy 0.02 0.5 0.000067 0.02 0.03 0.000081
and ¥Sr/%8r, *Nd/*Nd
MR HT R SRR IEME
GBW04140 4.1 563 0.704915 3.3 12.6 0.512264
8781/8681 1SN/ '"MNd FRHEY iR Certified values
Eclogite certified reference material
for Rb, Sr, Sm, Nd concentration Urson 0.2 3 0.000052 0.3 0.7 0.000026
and ¥Sr/%8r, *Nd/*Nd
R EMREHOTR S/ K IWE
GBW04141 64 382 0.713109 2.4 15.1 0.511142
8781568 N/ N RS B Certified values
Granite certified reference material fo
Rb, Sr, Sm, Nd concentration and Uepu 3 3 0.000071 0.2 0.7 0.000023
875,/868, | 14Nd/14Nd
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Preparation of the Reference Materials for Rb — Sr and Sm - Nd Isotope
Analysis

TANG Suo — han, LI Jin, PAN Chen —xu, LIU Hut, YAN Bin
(Laboratory of Isotope Geology, Ministry of Natural Resources; Institute of Geology, Chinese Academy of
Geological Sciences, Beijing 100037, China)

HIGHLIGHTS

(1) Certified reference materials (CRMs) , peridotite, eclogite and granite can be used to effectively monitor the
whole process of Rb = Sr and Sm — Nd isotope analysis of similar samples.

(2) Each of the three CRMs has six property values, including Rb, Sr, Sm, Nd concentration, ¥Sr/%Sr and
“Nd/"*Nd ratios.

(3) The determination method, uncertainty evaluation, and accuracy of the determination have reached the level of

research and development of similar reference materials in the world.

Sampling preparation: shatter, sieving, mixing and bottling

Sampling site of Peridotite: Wanquan
County, Hebei Province, China

Each of the three CRMs has six property ~ Peridotite, Eclogite and Granite Rb, Sr, Sm and Nd were purified by chromatographic
values, which are Rb, Sr, Sm, Nd isotopic reference materials have separation, and their concentrations were analyzed by
concentration, ¥Sr/*Sr and 'Nd/"*Nd been approved as First class of ID-TIMS, ¥Sr/*Sr and '*Nd/'**Nd were determined

National Certified Reference and by TIMS and MC-ICP-MS, respectively

labeled GBW04139, GBW04140

and GBW 04141, respectively
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ABSTRACT

BACKGROUND: One Rb - Sr certified reference materials ( GBW04411) and one Sm — Nd certified reference
materials (GBWO04419) for geological age, which are potash feldspar and basalt respectively, were produced and
certified about 30 years ago. They have only one certified value and their matrices differ from many other geological
samples. To better assess the quality of chromatographic separation, measurement procedures and mass
spectrometry performance when analyzing Rb — Sr and Sm — Nd, three CRMs which are peridotite, eclogite and
granite for Rb — Sr and Sm - Nd analysis were produced, and labelled GBW04139, GBW04140 and GBW04141
respectively.

OBJECTIVES: To prepare certified reference materials for analysis of Rb — Sr and Sm — Nd isotopes of different
types of rocks.

METHODS; Peridotite, eclogite and granite from typical areas in China were used as candidates. Referring to
‘ Determinations for isotopes of lead, strontium and neodymium in rock samples ( GB/T 17672—1999 )’ ,
¢ Determination of Rb — Sr isotopic geological age and Sr isotope ratio in rocks and minerals ( DZ/T 0184. 4—
1997)’, ‘ Determination of Sm — Nd isotopic geological age and Nd isotope ratio in rocks and minerals ( DZ/T
0184.6—1997)’ , Rb, Sr, Sm and Nd were purified by chromatographic separation, and their concentrations were
analyzed by 1D — TIMS, YSr/* Sr and '“Nd/'* Nd ratios were determined by TIMS and MC — ICP — MS,
respectively.

RESULTS: For homogeneity testing of the three CRMs, fifteen bottles of each were randomly selected (from the
200 bottles prepared) for analysis. F — testing was used to study homogeneity. The result was insignificant (1 < F
<F iieal (Vamong s Vyionin ) » demonstrating that the three CRMs had very good homogeneity. On the basis of the
homogeneity study, the minimum sample required to ensure homogeneity was lg for Peridotite, and 0. 3g for
Eclogite and Granite. The long — term stability of the samples was evaluated five times over 26 months. A linear
model was used as a basic model for evaluating stability of Rb, Sr, Sm, Nd concentration and *'Sr/%Sr, '*Nd/
““Nd. Given that 1,1 < to.05 3xs(b;), the slope was insignificant and no instability was observed. The certified
value was calculated from the unweighted means of the results submitted by the participating laboratories, including
Institute of Geology, Chinese Academy of Geological Sciences; Institute of Geology and Geophysics, Chinese
Academy of Sciences; Tianjin Center, China Geological Survey; School of Earth and Space Sciences, University of
Science and Technology of China; Wuhan Center, China Geological Survey; Beijing Research Institute of Uranium
of Geology; School of Earth Sciences and Engineering, Nanjing University; First Institute of Oceanography, State
Oceanic Administration of China; and National Research Center for Geoanalysis. Uncertainties associated with

batch characterisation (u,,, ), possible between — bottle variations (u,, or u,, ) and those derived from effects

char

related to long — term storage (u,) can be expressed as standard uncertainties and combined as follows

) 2 )
U = b X3/ U + Wy, + 1l

A coverage factor of k£ =2 was used. Certified values and uncertainties of GBW04139, GBW04140 and GBW04141
were shown in the following table. The accuracy of isotope ratio reached or was better than that of similar standard

materials.
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Certified value £ Uggy

CRMs and their codes
Rb(pg/g) | Sr(ug/g) 87 Sr/% Sr Sm(pg/g) | Nd(ug/'g) "Nd/"™Nd

Peridotite certified reference material for
Rb, Sr, Sm, Nd concentration and 0.17 £0.02| 12.7 £0.5 | 0.704465 £0.000067 [0.10 £0.02 |0.36 +0.03 | 0.512647 +0. 000081
¥St/%Sr, "INd/"Nd (GBW04139)

Eclogite certified reference material for

Rb, Sr, Sm, Nd concentration and 4.1+0.2 563 £33 0.704915 £0.000052 | 3.3 0.3 | 12.6+0.7 | 0.512264 +0.000026
878r/%8r, N/ Nd (GBW04140)

Granite certified reference material for
Rb, Sr, Sm, Nd concentration and 64 +3 382 +13 | 0.713109 £0.000071 | 2.4 +0.2 | 15.1+0.7 | 0.511142 +£0.000023
7Sr/%Sr, Nd/"**Nd (GBW04141)

CONCLUSIONS: All the rocks used for CRMs were collected from typical regions of Peridotite, Eclogite and
Granite, the matrix were consistent with the geological samples. The three CRMs can meet the requirements of

Rb — Sr and Sm - Nd analysis for rock samples.

KEY WORDS:; certified reference materials; Rb — Sr isotope; Sm — Nd isotope; homogeneity; stability; certified

values
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