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A preliminary study of the method for synthetic zircon Lu-Hf isotopic standard

CHEN Kai-yun', YUAN Hong-lin"?, BAO Zhi-an', FAN Chao', LIU Xiao-ming' and SONG Jia-yao'
(1. State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069, China;
2. State Key Laboratory of Geological Processes and Mineral Resources, Faculty of Earth Sciences, China University
of Geosciences, Wuhan 430074, China)

Abstract: This paper studies the experimental conditions, composition, trace element content and Lu-Hf isotopic
ratios in synthetic zircons. The authors used zirconia and lithium silicate as raw material and lithium molybdate
and molybdenum oxide as flux, added such elements as Hf, Lu, Yb, U, Th, and Pb, and then transferred to
the platinum crucible with lid after full mixing. In the high-temperature muffle furnace, they were heated at
950°C continuously for growth of zircon crystals. The synthetic zircon is a good tetragonal crystal and has the
same Raman spectra as the standard type of zircon crystals. Laser ablation system with inductively coupled plas-
ma mass spectrometry (LA-ICP-MS) was used to measure the content of trace elements in synthetic zircon, and
Lu-Hf isotopic ratios were determined by LA-MC-ICPMS. The results show that values of U, Th, Pb and some
other trace elements vary remarkably from one crystal to another and also from core to rim in one crystal. In
contrast, Lu-Hf isotope ratios have very good homogeneity; the determined "°Hf/!"Hf mean values for the zir-
con crystal are in agreement with each other in 26 error. The synthetic zircon is expected to be a new zircon Lu-
Hf isotopic standard sample and may be helpful to developing improved laboratory protocols for accurate in situ

Lu-Hf isotopic measurement of natural zircon. The result of this study suggests that synthetic minerals may
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prove useful as in situ method development tools and can provide thinking and means for the production of other

synthetic minerals as isotopic reference materials for in situ isotopic studies.
Key words: zircon; Lu-Hf isotopic; synthetic; standard; LA-MC-ICPMS
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1.1 Table 1 Chemical reagent used in experiment
1.1.1
7r0, Alfa aesar 99.99 %
Lib,SiO;  Alfa aesar 99.99%
MC-ICPMS NU MO, Alfa aesar 99%
Nu plasma HR MC-ICPMS MoOs  Alfa acsar 99.99%
| LA( ) TiO, Alfa aesar 99.99%
- D -5 10% ’
(Coherent) ( GeoLlas 2005) Nu ti NES 1000710 . 10% H,50,
U NCS 1000x10"°, 5% HNO;
plasma HR MC-ICPMS ) Th JMC 1000X 107, 5% HNO;
3 12 Pb NCS 100010, 10% HNO;
1 (Yuan et al., 2008) HE Al sesar L OB’ 5% Hl
Yb NCS 100010 °,5% HNO;
COMPexPro 102 ArF 193nm Ly NCS 10005 19-55% HNO-
GeoLas 2005 PLUS , La NCS 1000% 1079,5% HNO;3
Eu NCS 1000% 10 °,5% HNO;
T 6 00 1 .
10 ]/cm2 ’ Nd I\(,,Sm 1000x10"°,5% HNO;
SCRC*
’ :(D NCS:
( Yuan et al., 2008) Q-ICP- ) SCRC:
MS Varian Varian 820-MS,
90 1.2
1.2.1
( ,BIn 1 800 (800~1 500C)
Mcps/pg g ) (Hanchar et al., 2001; Finch ez
) al., 2001)
) ( 2) ) )
10" Thermo Scientific (UThPb Ti ) Hf
Barnstead Thermolyne , e)
800~1 700C ,
Renshaw inVia , ) ; @ )
514 nm, +0.2 ; (PTFE ) Bomb ,
(Si) 10:1; 1 105C . ®
pm, 2 pm; 1014;
, 100~9 000 cm ™! ; ; @
LA-Q-ICP-MS , ,
LA-MC-ICPMS Lu-Hf , 800°C 950°C 72 h;
1.1.2 ® 950C 72h ,
(Yuan et al., 2000), (18.2 MQ cm) , Milli-Q ,

Millipore Milli-Q ,
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Table 2 Experiment sequence and quantity of elements added to mixture material
mL mlL
T/ TIO ™
0% LSOy  LibMoO, MaO; U Th Pb H Yb Lu IlLa Y Nd Eu
/%  3.00 3.00 7.50 86.30
wy/ % 2.57 1.88 9.06 86.50
zr-1 0.180606 0.13592 0.6632 6.2711
221 0.18639 0.13652 0.66143 6.5559 0.0644 0.0644 0.0644 3.2
w2-2 0.18659 0.13696 0.65785 6.2875 0.0644 0.0644 0.00644
231 0.18314 0.13629 0.65981 6.2664 0.1 0.1 0.1 0.1mL 3.3 0.03 0.03 0.03
7r3-2 0.18092 0.13686 0.65749 6.3146 0.1 0.1 0.1 0.1 mL 3.3 0.03 0.03 0.03 0.03 0.03
a1 0.18724 0.13613 0.65696 6.2720 4 3 3 0.00305g 3.3 0.03 0.03
714-2 0.18708 0.13637 0.65641 6.2712 4 3 3 0.00491¢g 3.3 0.03 0.03 0.03 0.03
- T/ TiOy* Ti, Ti ( :mL)
TiO, ( 1g)
1.2.2 3
Hf Table 3 Operating parameters of instruments
MON-1 GJ-1 91500 NIST SRM 610 (Operating Parameters of [aser: Geolas 2005
Com PexPro 102)
5 pPVvC s (Laser Wave length ) 193 nm
PVC , (Beam Energy) 55 mJ
(Laser Frequency) 6 Hz
’ (Beam Diameter) 44 pm
1/3, (Signal Measuring Time) ~ 40~50 s
HNO; ( 2%) (Background Time ) 30s
He (Carrier Gas Flow) 0.8 L/min
1.3 ’ Varian 820-MS (Operating Parameters of Varian 820-MS)
' (Plasma Flow) 16.0 L/min
LA-ICP-MS (Auwliary Flow) 1.7 L/min
, LA-MC-ICPMS Lu-Hf (Nebulizer Flow) 0.57 L/min
(299 1999 9% ) Ar (sheath Gas ) 0.5 L/min
RF (ICP RF Power ) 1.35 kW
’ (First Extraction Lens) -2V
NIST SRM 610 ICP-MS R (Second Extraction Lens) 112V
(Third Extraction Lens) -200 V
X ’ (Cormer Lens) ~25V
(ThO/Th<0.5%) Hf (Mirror Lens Lefo) v
MON-1  MC-ICP-MS (Mirror Lens Right) 26V
(Mirror Lens Bottom) 30V
’ (Entrance Lens) 1V
’ Fringge (Fringe Bias) -2.3V
He ) 55 mJ, 6 (Entrance Plate) -30V
Hz Q-ICPMS Pole (Pole bias) ov
. Nu Plasma MC-ICP-MS (Opeating Parameters of Nu Plasma
(Peak Hopping), MC.ICP-MS )
(dwell time) 10 ms 10 RF (RF power) 1300 W
NIST SRM 610 (Reflect power) <10 W
(TRA, Time Resolved Analysis), ((ml,“?g &) 13 L/mm,
(Auxiliary gas) 0.8 L/min
30 s, (Sheath gas) 0.62 I/min
40 s, 90 s MC-ICP-MS (Cone) Nickel
TRA ’ 30 s, (Sensitivity ) 200 V/ppm on total Hf beam
(Background time) 30 s on peak zero (OPZ)
50 s, Yuan

(2008)

(Integration time)

0.2 s for laser, total time 50 s
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ICPMSData-
Cal7.0 (GPMR, China University of Geoscience)
(Liu et al., 2008), 30 s
, NIST SRM 610
. s (Pearce et al., 1997;
Gao et al., 2002; Liu et al., 2008),

Isoplot/Ex (ver
3.23)(Ludwig, 2003) Lu-Hf

,  MON-1 GJ-1 91500
Yuan  (2008), Byt
( 173Yb/l7le)
176y V6H(f MON-1 GJ-1 91500
Lu-Hf

0.282 736+ 0.000 008(1s),0.282 307 + 0.000 013
(15),0.282 022 = 0.000 022 (15),

( ) (Wood-
head and Hergt, 2005; Elhlou et al., 2006; Griffin
et al., 20006)

2

796C ,
800C , ,
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2, 950C
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( D .7
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Photograph of synthetic zircon crystal
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Fig. 2 Raman spectra of synthetic zircons
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Table 4 Trace element content of synthetic zircons
iso mass Zr-1 RSD/% Zr2-1 RSD/% Zr2-2 RSD/% Zr3-1 RSD/% Zr3-2 RSD/% Zr4-1 RSD/% Zrd-2 RSD/%
P 31 526.6 0.0 1986.6 108.2 1607.1 131.9 47.4 150.6 455.0 122.4 764.2 77.5 270.0 217.9
Ti 49 0.424 152.1 0.645 48.9 0.431 77.1 0.848 65.2 1.300 33.8 80.613 59.2 15.130 55.7
Y 89 NA 46.7 NA NA NA NA NA NA NA NA 0.246 19.0 0.202 10.7
Nb 93 0.094 18.5 0.490 6.5 0.500 5.7 0.217 5.1 0.208 9.9 0.074 14.4 0.058 23.0
La 139 0.001 106.3 0.001 144.0 0.000 101.4 0.002 102.5 0.004 128.1 0.017 132.0 0.001 142.4
Ce 140 0.003 52.8 0.003 63.3 0.002 40.8 0.005 70.0 0.004 90.1 0.008 59.4 0.006 144.8
Pr 141 0.000 183.0 0.000 106.2 0.001 238.2 0.003 315.8 0.000 177.0 0.002 155.5 0.000 127.8
Nd 146 0.005 66.8 0.014 42.5 0.010 42.9 0.014 44.2 0.059 o64.6 0.008 61.4 0.008 57.0
Sm 147 0.002 131.0 0.004 55.8 0.005 62.6 0.004 69.2 0.003 126.1 0.004 70.8 0.005 100.8
Eu 153 0.001 106.5 0.002 256.2 0.001 200.5 0.002 211.7 0.000 109.9 1.404 55.1 0.000 264.6
Gd 157 0.004 90.5 0.003 86.5 0.002 110.6 0.004 67.7 0.008 64.1 0.093 50.5 0.068 49.4
Th 159 0.001 133.6 0.001 75.1 0.001 77.6 0.001 43.4 0.001 128.3 0.001 61.2 0.000 116.8
Dy 163 0.036 55.2  0.027 64.7 0.021 84.6 0.034 47.8 0.033 40.5 0.030 57.6 0.033 38.6
Ho 165 0.002 78.8 0.002 53.5 0.001 64.9 0.003 53.3 0.003 165.2 0.002 54.3 0.002 35.8
Er 166 0.008 65.3 0.009 56.3 0.006 64.2 0.012 52.4 0.011 47.1 0.007 18.0 0.012 52.1
Tm 169 0.001 50.9 0.002 71.6 0.001 81.8 0.003 52.1 0.003 43.7 0.002 49.6 0.003 50.8
Yb 172 0.015 71.6 0.014 48.4 0.012 58.1 19.339 38.3 24.634 33.2 20.274 38.6 24.968 29.9
Lu 175 0.004 53.7 0.004 52.1 0.003 51.2 24.205 37.5 30.417 31.5 25.069 35.7 31.909 29.2
Hf 178 13.7 5.3 6104.5 5.4 13.9 4.4 6818.6 5.6 7598.4 4.0 10010.7 3.0 8647.7 9.2
Ta 181 0.021 359 0.046 12.4 0.013 61.0 0.030 23.4 0.029 20.2 0.023 50.8 0.015 38.4
Pb 208 0.063 65.7 0.310 75.6 0.149 16.8 0.050 44.3 0.210 99.6 1.502 163.4 4.564 189.2
Th 232 0.007 61.9 0.009 57.0 1.635 64.0 2.167 24.1 2.741 60.5 113.860 53.1 59.341 55.1
U 238 0.014 155.5 0.012 123.4 0.583 €9.3  0.883 2.6 0.557 65.3 64.795 83.4 24.116 60.2
(N>10) NA
Th Pb ( 3) 10*g
U Th Pb (RSD) 57%, : .
3L \\
U Th Pb , Hf o _ ' 2\
, Hf g
é 10 \
(RSD) 5.4% -
RS 1
LA-MC-ICPMS HI : R AT
N N
Lu  Yb, S HE/ T HY S
ol N
Lu  Yb vopr THE L
eHt/ 77 HI 0.282209 + 0.000 009 N
(26 — 12 MSWD=0 52) 4 P Y LaCe P*NdSmEuGd Tb DyHo ErTm YbLuHf Zr Pb Th U
, N — ) —VU. )
2.3 Zr2-2 3
Zr2-2 s U Fig. 3 Plots of partition coefficients (D) for REE and other
Th Pb 3 , 7Zr-1 trace elements in zircon from published articles
LA-ICP-MS (Watson et al., 1997;
U Th Pb 0.58 % 10*6 1.63 % 10*6 Thomas et al., 2002; Hanchar and Westrenen, 2007)
0.15x10°°, U Th Pb RSD ’

16%,

U Th Pb

the partition coefficients of different elements in zircon are average

values from the published literature (data from Watson et al., 1997;

Thomas et al ., 2002; Hanchar and Westrenen, 2007), the gray ar-

eas are varying ranges of their distribution coefficients
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