FaE Fa8 "—fb ﬁ‘ (¢ é Vol.41, No.4, 380~386
2012 £ 7 B GEOCHIMICA July, 2012

BHA Re-Os FHIE R ENFRTLEE T RUAR

1,20 2 1* 2 212 T W e 12
TN R B, XNEES FBE
(1. FERZRE MmIKELFEWER TRMKEFESRESTZRE, SM =FE  550002; 2. FERFER AR ER, dE=E
100049)
S iEi] : XEEA Re-Os FUEEFAXFLEBEEPHBEAEERE. AR R intERTE#H 1T T S 3E

39 . ;mr%zﬁéﬁ%%ﬁﬂ, BHFIEREX Re NIESRZ WA K, MXT Os BINE ‘?‘ﬁﬂﬂixﬁﬂio BHEERE A
120~220 'CzZ 8B}, it~ HNO; X2 EIKIAH, Re & %TI?E?_E/E.W%BE éﬁlﬁ'] BE 120 C. 150 C
[,Os IS ERBELE AHEEHEAMNBHREF G Os BUEHRTEIEE FE, 7 180 'C. 200 'CFH0 220
CH, OsHIEEEAR—HAKEEESXH, AR/ REEFRHA, HNO; FA ik E/KBFHEIT Re M ER A K, ™
Xt Os M EZMIAE, Tt H HNO; BB EKiBEH, EAREETHEEIN Re e EE—BH, ME
120 'C. 150 CHY, # EKAHFB HNO; BHFEEIAY Os @ EEMFIE EEL{E, 180 'C.200 'CH 220 CH}, 7
HES T RIAEFBRIN Os REELR—HAKITESXE, AEE/KE 200 CHIEHE, BEAS5 he 8 h 12 hy 18 h
T3 ZIRY Re. 0s R EEAXR—H, KRS EETELEME N EEIEZRIFHNBIENR, Fo iREX
Re BIFAES FRIEMELIGERMNA, Re HEIWRFESE F ' iREMNAHMASMZEIN T, YEHTIEEA3 ¢
BT, EHEARRIZSEIE 40 mL ZA ARG S Re BIULE,
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Preliminary study on sample-preparation for Re-Os isotopic dating of pyrite
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Abstract: Different digestion conditions, including temperature, acids and time, were tested for Re-Os 1sotopic
dating of pyrite. The results show that the digestion temperature and different acids medium have no effect on Re
results but have significant effect on Os. The results of Os are much lower than the true values, when digestion
temperature at 120~150 ‘C, this may probably due to isotope disequilibrium between '’Os spike and Os in
samples. When temperature at 180 C, 200 'C and 220 C, the results are basically the same and in agreement with
the true values. Re results are similar to each other within error using HNO; or inverse aqua regia as digestion
medium at different temperatures, whereas Os concentrations are much closer to the true values under inverse aqua
regia digestion than HNO; digestion at 120 'C and 150 'C. Os concentrations are similar to each other within error
from 180 ‘C to 220 ‘C, irrespective of the digestion acids. Coincident Re, '*’Os contents have been obtained by
digesting with inverse aqua regia at 200 C for 5 h, 8 h, 12 h and 18 h, indicating that good results can be obtained
for a relatively short time of digestion. The experiments of ¢(Fe ") on anion-exchange efficiency of Re show that
the recovery of Re decrease sharply with increasing ¢(Fe’"). When the sampling weight of pyrite reaches three

grams, diluting the solution to 40 mL will get a good recovery of Re.
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Re-Os FMURKRARHRERBT KERZMR
R YRRERENEHAIR"Y, FEETHTF Re &
ESMEEOsZEM, EAMERA—EMEH KF
Re-Os EEMEZHN ¥, HFHERDH. BE, A<
FTEMERT IRPESHEIESEY, MESKE . #EK
. 2R EHEMETBEmCINRAERE, B, X
L BIRILEIE Re-Os EFEREZAERBT RBIER
FUURRY WRKREHRRBET —EHMIER, 12
EEALZERIMMAFEMAERPT KR, EH
B Re-Os EEAEHEERNESRKE", —EZ2EX
Hi 77!, EFERHTEE, BEREATES
U AHEMENHRRENE D, KX AERE
B. BHEBATRMSENENAE, FITKRWTBEE
Z4XT Re. Os MEL R, FHIRIT Fe’ K EX

BRE F R 57 B Re BB RS,

1 SRIGERSY

1.1 NFERIEEHE

MK TEEPREMFRMEKEZHRETH K i
KUEFEREAXBEHRIT, NFES A PE Elan
DRC-e ICP-MS., 4% HNO; A& $ 87 Re #1 Os AJ{Y
mEREEE/NT 10 T8/, NEREEBEBERHE
A 1 ng/mL "PIn E 538 E KT 40000 $1%/s, #H3T
RERERSDY%)BE /N 2%, ATEEME Os
FIEENICZ N, AL RAE NS HWEHRE,
XHEAMEEHESE, SE3xHFERIEEEHIZTZM
MAEREMER, (NBIESHILE 1,

=1 NEIESH

Table 1 Instrumental operating parameters

S %EE S %EE
MY ES 1100 W IZHmE 1
BEIK 15 L/min NEF I it 415
A= 1.20 L/min = B8 B [g] 50 ms/u
EULX 0.75 L/min HEmENI)FLIFE 1 mm
AR E 60 HELHEWNI)FLEE 0.8 mm

1.2 FEKXFEBE

HCI: 3236 HCI 8 13 7 3 2% (IR 4F

HNO;: %2000 mL Hi& 5342 HNO; i A 3000 mL
WIEEH AR, A 20 mL H,0,, MHRERE, BNEF
=R, ZEBH2 h UEEER O, RETH
A R 3R,

B ZHEREF: Refl Os HRBEF TEBRD
KEDH 7 61.09 ng/g Re #1 1.34 ng/g Os, E{1HI[E
MEEXEESTA "PRe 94.36%, ''Re 5.64%, *'Os
0.014%, '**0s 0.055%, '*’0Os 3.57%, '"°Os 91.53%,
205 4.82%.

Re FREBET: ~10 pg/g,

Os L& : 5% HCLiA &, Ir I 22975 30 ng/g,
AT Os fIREEMKIE,

PAES F a3 HRRTAE: AG 1-X8 (200~400 B, Biorad),

H,0,: 30%, 4, gk I,

FeCl;-6H,0: T4,

NH;-H,0: 25%~28%, ##T4,

SEIW FH 7K /3 Millipore 18 MQ-cm,

1.3 SLInsEE

LG FARISHIERZ 225 mm, R 26 mm, b
230 mm, NEPEFRL 120 mL, SRIGFETH 60%R) E
KIN#RE 5 h, ZBKFRTFEBFMHRE 560 C, &
¥4 8h FIE N,

SLIG A A EEINE TN Os 2518 55 B W 3 ik 18] BT ik,
HITRITH S EZRNERARTRZA A 300 mL, SKIEAETMN
N 100 mL ZF/HEIK, UBFLEFi&EEIRIE.

o A 2
1.4 EIRAE

BHEFRESIE: ERMREL0S e EABESET
RFFEHEHR, HKKBRMAEEDN P Re.
900s HEBFIRSHR HNO; & HCl F/48E18
HNO;, RERES-SKEHE, REEANTTN
EGAMERE XN 200 CH 220 CHRIEANSEL, U
IEBIE) R M RN S E—ERTE, BNHLAE
E2E, BRBHEBMNANKAESEA2 h RABEHE
fTF. IAANZ) 15 mL 7K, #H1T Os B8, 2B
EHRIMAL 5 mL H)0,, &5 Os BIZKIBRE, &EH
B9 0sO4 A E FikKiBHHE] 5% HCI Uk, RUILiKRE
#ZHAT ICP-MS MUK, FRBEHNRRARERE
50 mL MR ZE T, 3514 A 2 mol/L HCI TG IR
HFRBEEHIT Re I E. RAEITTHA 2 mol/L HCI

LA\
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HITTEE, BEAANSR, RBETHRER 15 mL 2
mol/L. HCI ik kR ITER, =FHA 20 mL 9 moL/L
HNO; 5%t Re, kR EZ% T, &/EH 5% HNO; in
BHEFZE2-3mL, Fill, BEINERBSHTIEES
2 DL 3CRR[18],

Fe' iR EEXT AR F33# Re RE ML : BUE
= 1Y FeCly;'6H,0 &R, H 12 mol/L HCI ER B ik E
A 3 mol/L B FeCl; A, BRAKBRERK Fe iKER
7 0.5 mol/L. 1 mol/L. 1.5 mol/L. 2 mol/L, AN
0.4 mL 10 pg/g Re i ERR, EEE 15 mL, ¥R
BAREELHE, WERH®E, B 0.5 mL i Hi#&#H
BZE 50 mL, #1T ICP-MS ik, A EKER= 1 -
(""Re+'*Re)num/('*'Re+'*"Re)x riiemmo

EHBEREKRIRITEEFRIE Re WEZMSLLE:
B EE§FH FeCl; iRl 3 (P MEREHE L F 3 ¢
HERAD), 93NN 100 pL 25 ng/g "*°Re #HEFI AR
& £ BY HCL, %U'_'"é 15 mL.25 mL #1 40 mL, &
FE 73 2 mol/L HCI, #HITBRE FRH7TE Re,

) HR5iHiR

2.1 FEERH HMmATEE

AARFEFANES®KT ERFEFMERETIR, &
BREFALFEEE, TAXRETEERPEKR
HHTEMTMERMR, EXERE THHE S &%
EERA kL, AIDEMSSIEEEER 200 B, RS
R5l, METXEERTMH, HH%T B Cu. Mo. Pb
M Zn ERT TEZHNSERME, XALBL+ ne/e,
WHIR THMT MERAEFENTEENE, ENEH
% Re FUEE 4 160~170 ng/g, Os IEEH 0.6~
0.7 ng/g, ATEERBERXLEHNBAEUAERERER S
AR —14, BNREGEXERBTEESH, BIRTE
00 B AT SE T, 1Zil%ff5ﬁﬂ_,5\ﬁ53—c%-ﬁ'l Re. Os &£, H
C%i%ﬁéﬁﬁzéu,%éﬁl%?é& SHENZ W, {RiE

ZRETEM, RAXXWEESEHA 05 AR,

-1 Aln

ASEIESRIEET 120 C. 150 ‘C. 180 C. 200 C
&220 CENMREZRHE, aWMERLEK2, ThEE
RE 1, WE la FUEH, TIBBHEEKREHEILEE S
E-7J<:§1‘$ EARRETRHSETERETEENE
— 5, HATIEENTF Re EEMNNEZ AKX,
AERKEER Re B RHMaELE FE, ME 1b A

'II
.

JLL
,

2.2 BHEEEX Re. Os &

IE Y, RAMEBER, £ 120 CH 150 CEHT
¥0s WEEREMME, M 180 ‘C. 200 CH1 220 C
ZHETYosEEEEEE, RARKETRESFH T
Os FMURZEFEHBERT Os KEHTEAM,
F5 Yos WEERERIK, RAYEKAER, FE
ERENAS, V0s WEEFEFA T, £ 200 C#HA
220 CHf&FRE, WA TKREARF F Os B E
EETE, NE Ic B LEY, TiEEHERAEEL
e FEKAHE BERENAS. EEOs SEET
TrER#EEE, 7 200 CHA 220 CHI#EFIRE, iHAH
TR Os AU E A RER TR IAE T8, FHEH
EE Os EEE—1EIRE,
MAEGIHAE, BEMN ReZENELERER
&, KT Re B EW AT A F&, S1tE
K, Os MERMNTFEEMNRMBEER ARKEE
BF(120 ‘C#A 150 °C) Os [E{i & 7] BE ok St £ 14 & T 1,
BEE Y0s B, TiE Os EETHIRK, MERS
B ERT(180 'C. 200 ‘C#HA 220 CHT), Os FLE A fE
TEIAE T, BERELA Y0s FALE Os E.

2.3 FHERHIE EKBHEI Re. Os TERFMNY

AEBAER, ARERGEE, FEFEEL
EXEEGNIEY. BEKBIHERN, BREFHIE
AHENIRZA 6, ENIEERA S mL #HEKBFMH 0S5 g =
BH R, FEFEELIOHIIEGREY, R
A E TR $k (FeOHSO!", MAZ B R,
NARERNENEASBERN. ME la ATAEH,
M 120 ‘CE| 220 C, fHERFNE EKBHEFTEEIRY Re
SERIEE—HH, HAXHMBIEFTRINFRe S
SERNEBS R, WE 1b FAE 1c AIAFH, 120 Cfﬂ
150 ‘CHY, AR AXAEEH PosERE
EEZRLK, M#AE 180°C. 200CH 220 Cﬁa‘l’ﬂiﬂh@
HARETERA Pos (EFLEE Os (HIFFIEERE, B
ENEBENERETEENRE, B EKAIEREER R
MBI YosBEIREE/), FIti ETKAHEE
BRIFOsEBEMNE, AJREEH EKILEHEBRAGE
IR HEES Os AU EERS Zi14 2 4.

2.4 AHERTEIRXT Re. Os &= R0

ALIHE 200 C, #EKBHERHET, 7l
ET 5h. 8he 12 h #0118 h MEE|FMEF, ERRA
R 2.Re. Os EETLEHEIE 2, FAEHBHRTE,
Re EE2. '"YOs ;.Eiﬁm{txj:(a 2a 0 2b), iR
=SEEIN—E; TE Os BT KA 2¢), A&

a

A
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*x2 ARBEHRE. BHFEBRNRABHEFET Re. Os B2MELR
Table 2 Analytical results of Re and Os concentrations under variable digestion temperature, acid medium and digestion time (7)
X BE R A RERT A Re s =18 Os
BE  (1.C) RERB T B by Mz {E FHEE WEE — TREE WEE — THEE
(ng/g) (lo, n=735) (ng/g) (lo, n=175) (ng/g) (lo, n=175)

Al 120 10 mL HNO; 12 166 1 0.270 0.012 0.257 0.103
A2 120 10 mL HNOs 12 166 2 0.294 0.010 0.085 0.007
B1 150 10 mL HNOs 12 167 3 0.496 0.250 0.058 0.005
B2 150 10 mL HNO; 12 167 2 0.482 0.022 0.053 0.005
C1 180 10 mL HNOs 12 166 2 0.690 0.020 0.034 0.004
2 180 10 mL HNO; 12 167 3 0.687 0.020 0.036 0.002
D1 200 10 mL HNOs 12 164 1 0.657 0.021 0.019 0.004
D2 200 10 mL HNO; 12 167 3 0.661 0.011 0.022 0.003
El 220 10 mL HNO; 12 166 3 0.658 0.015 0.018 0.004
E2 220 10 mL HNOs 12 163 3 0.665 0.018 0.018 0.001
F1 120 8 mL HNO;+2 mL HCI 12 166 4 0.735 0.018 0.316 0.091
F2 120 8 mL HNO;+2 mL HCI 12 164 3 0.792 0.023 0.123 0.033
Gl 150 8 mL HNO;+2 mL HCI 12 164 2 0.708 0.007 0.089 0.008
G2 150 8 mL HNO;+2 mL HCI 12 163 4 0.721 0.018 0.070 0.007
H1 180 8 mL HNO;+2 mL HCI 12 165 2 0.693 0.010 0.036 0.002
H2 180 8 mL HNO;+2 mL HCI 12 167 2 0.702 0.012 0.037 0.002
I1 200 8 mL HNO;+2 mL HCI 12 165 3 0.657 0.015 0.017 0.003
12 200 8 mL HNO;+2 mL HCI 12 167 4 0.665 0.019 0.015 0.002
J1 220 8 mL HNO;+2 mL HCI 12 164 3 0.665 0.015 0.015 0.002
J2 220 8 mL HNO;+2 mL HCI 12 165 2 0.646 0.023 0.013 0.002
K1 200 8 mL HNO;+2 mL HCI 5 162 3 0.640 0.021 0.006 0.002
K2 200 8 mL HNO;+2 mL HCI 5 166 1 0.644 0.021 0.009 0.002
L1 200 8 mL HNO;+2 mL HCI 8 163 4 0.646 0.024 0.008 0.003
L2 200 8 mL HNO;+2 mL HCI 8 164 3 0.633 0.017 0.008 0.003
M1 200 8 mL HNO;+2 mL HCI 18 167 4 0.640 0.020 0.008 0.002
M2 200 8 mL HNO;+2 mL HCI 18 164 3 0.645 0.026 0.007 0.001

it %c':PEl"JWOs
BREFINMNE:, W ARESE; R A ""0s 1 "°0s BELLERERME; R = ("°0s/ "°0s)wan/(192/190)",
("Ir/" ) gs@]/In (193/191), (PIr/P ') g = 1.682979, AR ERIEIES

EREHHMENV0sESE; EFEOsSEMITEARA: ¢ = Msx1.0011x(4.82-91.53R)/(26.4R—41)/W, T H: Ms £ % °°0s

1T E RS &R,

EENKESHEETZER

=
A=
Ko E

2.5 FeHiRE

HTFES%Y afE

e, 7£ 200 Cifi
NESY Mt ee s if

i, SEEIREK

FKAHEFHEHT, KEAIRT(E
=E,
X7 Re [E] 4§ 2= 22 M
FTi2IiaiE P EERER

JTEANFe', XFFe IREX Os
BEXTF F'RENFIAES FREFAE

R,

55 Re HY

XT Re

=]

AT 22 52 im L [
o i RBEE Fe' ' iRIE
PRE 0 mol/L 1 0.5 mol/L B,

1 mol/LL Z4{LE] 2 mol/L B, Re HI[E
At AT HEIEITFRE

m]

4T 2R 82 i) ¥ 18 5 2D
3a, MME

=]

WENZMER

o

AEH Fe'' iR E

3a AJ ILF H, Re HY

B R HTiE KT B E &, P
S|y 5 T

1, ™M

W ZE M 0.8 F&F 0.2,

2R, Fe' iR IE

M4KF 1 mol/L,

TBREF =
DL SCER[22] AR EE 1o 2 ICP-MS X [F—

1n[(1931r/1911r)~,n. s/

B ik i R

HT AR FSRE, Davies BH THEMAE: (1)
EHITHAE FRMANES Re ARET, TIAN 3 mL
0.2 mol/L HNO; R LKEZ 2 h A, AR
=i, A 0.1 uym EERIIE, F2 YR RE ERE
W, %2F, EEREHMNTE 3 X AELIABEFX
Wt (2) AMBE FXRHWMERE Fe', BITIES
Re AT % F, A 3 mL 0.2 mol/L HNO; & & HCI 1%
Hinf, A LB FR&EME, H 0.2 mol/L HNO;
B E HCl %H, SRR RKRET, 34A HC

NREAHTHEFRSE, E—MAERET
Fe(OH); EHRBAIE BIRM 4112, Re t1 7 AT A

,'T'/ I]r] 185Re/187Re

# Fe(OH); Mm%, B2 A

tbfE. S—MATEENTFEZMATEZEFERNE
= & T 45 5% B Y,
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0.0 0.00 | | |
100 120 140 160 180 200 220 240 4 2 12 16 20

T(C)

1 BHEEREDOMNBEEET KR Re. Os EEHIF
Fig.1 Influence of digestion temperature (7) and acid medium
on Re and Os concentrations

EHE=1H NH;-H,O FEB& F63+, T I8SRe
WBEFEBPINNE=Z/ NH; H,O £ Fe(OH); it
iE, MEBEO, EEFE®R, &T. ¥®MHA HCI TR
B EREFRHmiE, HRRPE, £/ F RHAR
1 ¥'Re/'Re EL1E(0.97) A B & T R BT BRI #H
BFBERPE "Re/'PRe LL{E(0.07), ATEERH T
NH; H,O i EIRAMEF IR S H Re NEZFEH A,

~ARESSE Fe3+f§’;ﬁ(Fe3+’%fT’\§'7ﬁﬁﬂz‘i$ 3
cEmEGAHEERRELE, EHBREKESHNIEEH
15mL. 25mL A 40mL, ME3bAUEHFERRF
HiB%& Re MEIMEPERS. HEHVIEEA
3 g B, EAERFRIEHIE 40 mL AT SRS
1<

t (h)

2 200 C. BEEKBFEFRMETHEERE (I Re. Os

SRR
Fig.2 Influence of digestion time (#) by inverse aqua regia digestion
at 200 C on Re and Os concentrations

3 & iE

AARITEHEH Re-Os EEF AR FRILIEH
HIARE. AENTR. BEERBEHT T &EEL,
HRFXP, FENBEHEREIUREERAAYE EKEHE
X Re REMNEZMAKR, MXT Os BIFZME K,
£ 120 CH 150 C, LitBHEE L EKBH,
BREFMERPR Os RALZRA G LEAE &M
BHEIRMERE, £ 180 'C, 200 ‘CFA 220 CHY,
fig A1k EOK AL BE SR R IFRHIRE ., AR E] 8
IwZRAA, & 200 Ci#E EKBEHER, 5 h EAERHEE
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(a)
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AR ] e
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OO 1 | l |
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Fe’ (mol/L)
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(b)
0.6 [

A Il e =
-

0.2

OO | | |
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AR AR (mL)

3 FRER EHBRRERIIAEFRXIE Re BUILE

B9 5 M

Fig.3 The effect of Fe’" concentration and the volume of solution

on the anion-exchange efficiency of Re

BIF MR RE, Fe RETTIB F 301 Re MUME R,
B A0 Fel IR R A BT A Re EUCE, K%
FEEEH 3 Y. BEARRIEEIE 40 mL TS
B9 Re EIRE,
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