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Abstract

A method for in situ trace element analysis of sulfide minerals was established by using LA-ICP-MS,
which combines the New-Wave 193ss type laser (193 nm) and the Agilent 7500a four-stage ICP-MS.
In this study, the single point ablation and automatic continuous acquisition mode were used. The
glass reference material NIST610 was used as the main standard, and the sulfide calibration ma-
terial MASS-1 was tested. The analytical data were processed using the Glitter 4.4.4 software. Si
was used as the internal standard for the external standard material. The double internal stan-
dard group method using Fe, Cu, Zn as the blind internal standard elements was used for data
processing. By using Si-Fe and Si-Zn, or Si-Cu and Si-Zn as the internal standards, the results show
that the errors between analytical results and the recommended values are better than 20%, the
relative standard deviation of all elements is better than 10%, and most of the elements are better
than 5%.
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1. 5|8

AL PRI G 2 B B A LU B Re AR R s B AR IR S AU E 2R A8 RK S )RR 1R
FERE[1] [2] [3], ARG - BB PRI BV I 70 Hh 52 31 i B2 Qv o Bl 7o 3= IR Ak XORS B 0
AL ARANARTT R SR L 52 s O 00 2 R B 48 £ 4k 3 SR AR HE (1] (4] [5] [6] [7] [8]. #IH
LA-ICP-MS BT ERALIN Pt 7o 2 3= FE S A i XA, B fiGAs: H PR %Fﬁgﬁﬁm [10] [11],
i TR SR AR 40 (1 S5 MR AR (U 2540 ), B BN [R) /NSO G SR B RS HEEDURE , 33 T m T LIRS R 5
AT AN IR A= KBRS s AL TG 3 E B, RS [FIRY B 0 46 i A 000 ™ St s B 23 R AL A
AR, SCHKT Rh Ik R R 4 ) i

SRTM, #1124 LA-ICP-MS #Eff I 8 i 40 5 B oo 3% 1 B2 P 1 2 D 3l A S M S PR e 3 A i %, il
IREERR AL . SR BRI ShA i N 1A s R BR Sh R A AL B35, 91 40 NIST600 R %1, 1 H.52 %
WERHN T R RE R £h A A A M B3 2 R R 2 . B AL R RR IR b AR U RS IERRFE[12]. ST Hifk
VI AL o A AR HEAD SRR /D, AT Y A A 5 L M BT TR 7 R A BUFIAR HEA) BT MASS-1 [12],
Wohlgemuth-Ueberwasser &5 N\ & % #] PGE sulfide standards [13], 8K H 5 Je K24 & &
STDGL2b2 [ 1413 Tk 244 BRI FRUEYD R IMER-1 [15155/ 080 LMY R, Bi/b 58 4 35 57 UL L )
FRUEYD T o FH RS DT FE AR AR A 03 AT b 2 5 ol B 2 72 AR AR O, HE T 520 LA-ICP-MS 43 b7 I HERf
%o 201 NBEFE MASS-1 1 IMER-1 5 RARBAT V)BT IR 58 AR ILAC[16]. 25 b, Al i E
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2. SCRGER Y

2.1. UBEEETEEH

K HZE[E New-Wave 193ss B 193 nm #0635 5 36 [F 224846 A 7] 7500a 54 UL AT 452 1445 14
] LA-ICP-MS £%t. FEAUE TAESHULE 1.

Table 1. Operating conditions of the LA-ICP-MS system
F 1. LAICP-MS EETE8H

New Wave 193SS Laser Ablation system Agilent 7500a ICP-MS

New Wave 193SSHOtH# it 24 Agilent 7500a 7 HLBCHE & 25 BT TR 7 1
Laser wavelength 193 nm RF power 1340W
Energy density 10.13 J/em > Cool gas flow 15 L/min Ar
Pulse energy output 0.3 mJ Carrier gas flow 1.04 L/min Ar
Pulse repetition frequency 10 Hz Makeup gas flow 0.1 L/min Ar
Pulse width 4 ns Detector mode P/A
Laser spot size 36 pm
Washout time 20s
Ablation duration 45s
Carrier gas flow 0.8 L/min He

2.2. FRERMER

E RV . 3 EARER AR 7T NIST & BRI AREY) it NIST SRM 610 (E47), NIST SRM 612
(Btr)s FEE 5 & R R R EYI i MASS-1 (B Ff).

PRV R 25 K BT AR AEP R [R) 55 26 A0 RS E — /MR b, IUOBALEE, B HLET RS 4T
o
2.3. LB/

WOGCKHZARBN, W ER 120 um, 26 He AFR, @ NHBIS, NIST610 fEARMEYI, W
K ICP-MS 1, HIFE TIESHNGH E W =l REUE. A, SO Faoe it ZR &S T hr.
b B R B TTRETRESH KT 1.0 x 106 cps. 6.0 x 105 cps. 1.0 x 106 cps, EMHF=FH
(238U160/238U)/N T 0.6%, XUHfF: Ce*/Ce” < 2%, MAREMYITI, HEEE AU, Kifeh
RSD < 5%.

2.4. FEIFEFIRKIE

IERA I FEAF I TT R I (RO B2 SRR AT (K B, ARSI R P A s A e (R bR v T IR IR T R A
R FIRIET V. FIRRIETTFRW T
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V[51]=[51]*1-[53]*3+[52]*0.34
Zn[66] =[66]x1-[69]x0.00141

As[75]=[75]x1-[77]x2.9+[82]x2.23-[83]x2.23

Se[82] =[82] x1-[83]x1

Cd[111]=[111]x1-[108]x1.037 +[106]x0.712

Pb[208] =[208]x1+[206]x1+[207]x1

2.5. BIERE

FF it RS2 K O 5 S OS2 5 B R, S bR HEY) A2 AR AR 18 TR BN 3 i iz
ST AN 100 s, A g it (8] 5 s, SRS HUEERTTR] 20 s, BOGRITE 45 s, PRIRTIAET (A% 15 s.
R 7T 25 4 J 6 SRR A3 I 1A L2 2, MR MASS-1 (19 2 St A % 0 25 (1 5 v i B A S an 4] 1,

Table 2. Integration time for element measuring

= 2. FNTTRRADAE

Element JG 3%

Integration time £X 4} i [i]

Fe CuZn
V Cr Mn Co Ni Ga
Se In Sn Sb Bi
Ag Au

As Mo W Pb

8 ms

15 ms

20 ms

80 ms

30 ms

IBIX) i1l chact

Figure 1. Counts per second of each element in MASS-02

& 1. MASS-02 BT EitHE

2.6. WAEALIE

: MASS-02.D [Count]

K H Glitterd 4.4 B AT HIE AT, 2 515 NIST SRM 610 F1 NIST SRM 612 1E R#Mn Al 5k
FE, DIAREYIR MASS-1 NERESHTINR, R Si NIMIR IR CER, 256N Fe. Cu. Zn NE
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3. ZR511R
3.1. WAGERSHEFE

FREY)R MASS-1 F Fe. Cu. Zn S®RIREHHBREE TIENIRIGER, H MASS-1 G Si #EFFE,
W 2K St RAMEIR N FRTTE, 4> IR Few Cus Zn N EFENFRITE BN #5730 47 B0 b
T, 35 TR R R AL IR HEYD T MASS-1 HEFAE 5 = 20 AN 5] P9 bR 2 AL B 45 BRSP4 L 36 3.

Table 3. Recommended value and the average of test results of MASS-1
= 3. MASS-1 #EFES MR G R TFHE

Element recommended value Deviation (+/—) Si-Fe Average Si-Cu Average Si-Zn Average
TTHR HEFEME/ (ug/g) R (+-)/(ug/g) Si-Fe “F-¥4{H Si-Cu “FH#{E Si-Zn “FHIE
\Y 63 10 57.31 60.60 48.73
Cr 65 11 60.07 63.51 51.03
Mn 280 80 294.21 311.48 251.36
Fe 156,000 1000 ’ 165,592 133,052
Co 60 10 71.39 75.97 61.07
Ni 97 15 100.03 106.42 85.44
Cu 134,000 500 126,382.21 ’ 107,680
Zn 210,000 5000 249,052.45 262,996
Ga 64 11 60.43 64.04 51.69
As 65 3 67.70 70.91 56.83
Se 51 4 47.29 49.59 39.84
Mo 59 9 51.69 54.52 43.71
Ag 50 5 62.11 65.94 52.86
In 50 61.29 65.06 52.18
Sn 59 6 61.92 65.34 5242
Sb 60 9 62.11 66.03 52.92
W 20 2 18.67 19.89 15.94
Pb 68 7 68.50 72.84 58.35
Bi 60 63.80 67.91 54.34
Au 47 52.58 56.08 44.80

7: " is the recommended value for the input ("% N FIHEFE).

3.2. FEYIRS TG RO ERE

o R R S8 25 A B MR T VEEAT SR IR AR, SR = AN [ PN b oG 3 4 B A 45 R PR R K A D
ZWE 2 Fas: 1) 205K Si-Fe A1 Si-Cu (] 2(a)FTE] 2(b)) M IARETBR Au #b A G REBIE T 10%,
& Zn, Ga, As F1 Sb #MH TR T 5%: 2) K Si-Zn (B 2(c)) NN AR Ga #M At T ZEL T 10%,
Hr As, Mo, Sn, Sb I Bi f&F 5%.
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Figure 2. The relative standard deviation of treatment results of different internal standard groups

2. FEINFRALIBEERIBXIRERE

3.3, FREMRS TSR SHEEENRE

B =R R AR T R B R A B A R SR E R, K& AR ZEE 3, WmE R 1) 25K
Si-Fe A1 Si-Cu (/4 3(a)FM4 3(b)) AAFRIS, B Co. Zn. Ag. In Fl Au T IC R HIH4 IR 808 S
AR IR ZE R £20%, HAth 14 DN IC RN EHERZEGEN; 2) KA Si-Zn (E 3(c) NAFRES, Mn,
Co. As. Ag. In. Sb. Sn. Pb. Bi fll Au Mo Em GHEFEA R ZEARZETGH N, HAb 9 MR
oI A 5 HEAE A AR N 1 25 I £20%
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Figure 3. The relative errors between the processing results and the recommended values of different internal standard groups

3. FEAFMALIBER SHEFEREMNIRE

3.4. FERITRMERIRE S

I A X E OO R AR AR A B A5 5, AR — AR RI e A5 3 B A ke R BARME, kA
[ A PRZH RETS B L e R AR . ARSI TR IR APRANE 4 Fizs, Mn. As. Sb. Sn. Pb #1 Bi6
MR AR FE=H AR — AR A, Co. Ag. In. Al Aud DNITE RASLSE Si-Zn NN AR1E 53
HE, HE e L% Si-Fe 5 Si-Cu Jy AR 3RS HAE (A
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Figure 4. Preferred interior plot of different elements

4. FRITEMMERIRE

4. &t

IS ARSI ST T R OG5 B T (LA -ICP-MS) JEAL I 5 BRAL M0 M i o 2 I 7 v
ZITEAE E AN ANE R B B R EE R AR NIST RYIBEIPRUED A HERLT 7, KA
FEFTE FEAS [R] P95 76 200 BB AR B 77 v, 33 T HRTH 350 43 AR OS5 I 4 SR A M R 5 o S0 49 #
SE R R LA-ICP-MS AT JEAL . X IR AR R A0 7. SR 55 18 [ R 25 & () NIST R4 BEFS AR
AEVIT N b, AR HEY I MASS-1 N E RS T BRI 206 FEIER, o] I3 AT e el o 2=
JE L SR B M 2H Y AR (Si-Fe 3% Si-Cu A1 Si-Zn) B T8 0B, f 5456 Tl b 345 R, 35 MASS-1 Hot
FIRAE 5 HER A R Z R I +20%, MR CR SR

ELWH
P 5 K 2 (A6 ) M AR ST B R 5K N s Ee = E RIS (MSFGPMR201806) 3 H % 8.
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