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An Improved Sample-preparation Method for the Re-Os Isotopic Dating of Molybdenite
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Abstract: The Re-Os isotopic dating of molybdenite is a classic method for dating the oreforming ages of hydrothermal de—
posits. When the Carius tube was sealed at normal room temperature the dating result of the prepared sample sometimes
appears to be older than its true age. It is inferred that this could be resulted from the partial volatilization of Os from add-
ed spike in the Carus tube sealing process of the sample with added spike due to the volatility of OsO,. In this paper we
have improved the method for adding isotope spike into a Carius tube in the sample pre—preparation process for the Re-Os
isotopic dating of molybdenite. The isotopic spike was added independently into a small glass tube which was then put into
the sample solution-contained Carius tube for sealing at room temperature. This new method can result in the avoidance of
the partial loss of Os in spike due to the volatility of OsO, which was formed by the direct contact of added spike with add—
ed HNO, in the Carius tube before its sealing. Then the addition of acid into Carius tube and the sealing of Carius tube can
be performed at room temperature. In addition our experimental results also show that relatively ideal dating results can be
obtained for the sample which had been dissolved at 180 °C for 6 hours whereas only the unstable dating results deviated
from the real values can be obtained for the sample which had been dissolved at 160 °C for 6 hours. The dating results for
the molybdenite reference material JDC treated by using the newly improved method are in good agreement with the certi—
fied values indicating that the method is stable and reliable.
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N ( Luck et al. 1980; Stein
et al. 2001; Creaser et al. 2002; Markey et al. 2007;
Li et al. 2013; Huang et al. 2013; Kemp et al.

2020) . Re-Os
( Luck and Allegre 1982; Birck et
al. 1997; Du et al. 2004) . Re*  Mo*
ReS,  MoS, Re
0sS,
Re
Os; Re-Os
Re-
Os ( Stein et al. 1997 2001; Markey et
al. 2007; Zhao et al 2020; Perells et al. 2021) ,
( Shirey and Walker 1995;
2001; 2010)
Os ( Shirey and
Walker 1995; Du et al. 2004)
220 C ( Shirey and Walker 1995;
2001; 2004)
Os
Re-OS
1
(Qi et
al. 2013)
HNO, o
HNO,
Re Os o
180 C
1.1

Plasma Quant MS
2% HNO, Re  Os 10

cps ( counts per second)

Re-Os

1 ng/mL In 300000 cps 1 ng/mlL Th 200000
cpso I,
Ir
Schoenberg (1 2000) .
1 ICP-MS
Table 1 The ICP-MS instrumental operating parameters
RF 1300 W 90
9. OL/min 50
1.35 L/min 60
1.00 L/min 8
=290 20 ms
-680 20
-550 3C
-490
1.2
HCI: HC1 °
HNO;: HNO, 3000 mL
30 min Os
o HNO,
1000 mL PFA
(=18 C) .
Re Os :Re Os
100
pg/mL 10 pg/mL 10%HCI]
"Re 700 ng/mL  "*
Os 20 ng/mL 2,
2
Table 2 Isotopic abundances of the spike
1% 1%
%705 0.014 9205 4.82
1% 0s 0. 055 " Re 94.36
¥ 0s 3.57 """ Re 5.64
%005 91.53

: Bio-Rad AGIXS8 ( 200 ~ 400

) 30¢g 20 mm
200 mL 9 mol /L. HNO, 6 mol /L
HCI 10 mL 1 mol/L HCI
50 mL o
:50 mLL
Synthware
Qi (2013),
Parafilm ( PM996) .

(6 mmx60 mm) :
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6 mm
60 mm .
50% 3h
° 9 mmX9 mm
Os : Qi
(2010) .
1.3
20~50 mg
1 mLL HCI 3 mL HNO,
( Qi et al. 2013)
185°C 12h
3 mL Os
( Qi et al. 2010 2013) 80 °C
20 min 1.5
mL ICP-MS Os.
50 mL
10 mL 2 mol/L HCI
0.3 mL 15 mL
2 mol/L HCI 20 mL 9 mol/L HNO;,
Re 5% HNO, 2~
3 mL ICP-MS Re( 2006) .
2
2.1
Os Os
HNO,
Os
3 N

. HNO,( - 18
C) Os o
HNO, .
HNO, .
HNO,

6 mmXx60 mm

HNO,
Os  HNO,
HNO,
Re Os
2.2
220°C 24 h ( 2001) o
XZ
o 3, 3
6 h. 180 C
X 160 C
6 h
o 3 Re
Os o
160 °C . 6 h
Os o
185 C . 12 h

(X2)

Table 3 Analytical results for the molybdenite reference ( XZ) which were treated under conditions of difference

temperatures and times

Re/( ng/g) 870s/( ng/g) /Ma
- " +SD* +SD* +SD*
N=5" N=5° N=5"

N-TIMS® 220 12 31 987+265 17. 620. 19 52.6=0. 8
Xz 200 12 32 066+350 17.2220. 15 51.5%0.5

XZ2 180 12 32 5274455 18.51+0. 17 54.5+0.5

XZ-3 180 6 32 701£336 18.7+0. 15 54.8+0. 4

XZ-4 160 6 32 381405 65.9+0. 72 195+2.0

a SD b 5 ¢ N-TIMS
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Table 4 Analytical results for the method blanks
Re Os 1870
/(ng/g) (lo n=5) /(ng/g) (lo n=5) /(ng/g) (lo n=5)
-1 0.03 0. 01 0. 00 0.00 0. 00 0.00
2 0.01 0.01 0.00 0.00 0. 00 0.00
-1 0.01 0.02 0.00 0. 00 0.00 0. 00
2 0.03 0.02 0.00 0.00 0.00 0.00
-1 0.49 0.11 0.04 0.01 0.03 0.00
2 0.52 0.08 0.05 0.02 0.03 0.01
lo ICP-MS 5 -
2.3 3
<9 mmX9 mm 50 mL (n
1 mL HCI 3 mL HNO, Re o
Os ICP-MS
4, N
4 180 C 6 h
9 mmX9 mm o
0.0228 ¢ 0.0239 g; (2) \
Re<0. 00 ng 0s<6x107° ng > Os
0.02 ¢ D N N
50 mL 1 mlL HCI 3 mL °
O
HNO, 185 °C 12h ( References) :
Re Os ICP-MS
5 Birck J L Barman M R Capmas F. 1997. Re-Os isotopic measurements
at the femtomole level in natural samples. Geostandards and Geoana—
° Iytical Research 21( 1) : 19-27
Creaser R A Sannigrahi P Chacko T Selby D. 2002. Further
5 JDC £ '
evaluation of the Re-Os geochronometer in organic-rich sedimentary
Table 5 Analytical results for the molybdenite ) .
rocks: A test of hydrocarbon maturation effects in the Exshaw For—
reference material JDC mation Western Canada Sedimentary Basin. Geochimica et Cosmo—
Re/( ng/g) 18705 /( ng/g) /Ma chimica Acta 66( 19) : 3441-3452
DC +SD° +SDe +SD° DuAD WuSQ SunDZ WangSX QuW]J Markey R Stain H
N=5 N=5b N=5 Morgan J Malinovskiy D. 2004. Preparation and certification of Re—
Os dating reference materials: Molybdenites HLP and JDC. Geostan—
Certified* 17360+320 26. 46+0. 60 139.6+3.8
dards and Geoanalytical Research 28( 1) : 41-52
JDCH 17124£172 25.21+0.21 141.0+1.2
Huang X W Qi L. Gao J F Zhou M F. 2013. First reliable Re-Os ages
JDC2 17585+385 25.93+0.25 141.2+1. 4
of pyrite and stable isotope compositions of Fe( =Cu) deposits in the
JDC3 17225+206 25.34+0.24 140.9+1.3
Hami region eastern Tianshan orogenic belt NW China. Resource
JDCH4 17627+458 25.42+0.29 138.1£1.8
Geology 63(2): 166—187
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-a Sb b > ; quarie Arc southeastern Australia: Implications for the tectono—
¢ Du (2004) . R=("20s/""0s) /(192/190)

F=ln ("*Ir/"'Ir) [P e/ ) /In (193/191) ( *Ix/

911y =1.682 979 (2000) .
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