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Table I  Combined preparation for gold reference materials
Bt 5T 24 K S R ik Al B B2 A R bR ) T 1 T
GBWO07805a ( GAu -2b) 0.85ng/g 3000kg #+ W JERE
GBW07806a ( GAu —7b) 1.5ng/g 4500kg s 5.4kg GBW07807 (1. 1pg/g)
GBW07243b (GAu -9b) 3.1ng/g 5000kg W BB =201 10.4kg GBWOT7807 (1. 1pg/g)
IR TFREYR GBWO07244b (GAu - 10b) 5.1ng/g 4500kg Wt Bt =1:1  17.6kg GBWO7807(1. 1pg/g)
GBW07245b (GAu - 11b) 10.5ng/g 5000kg #4: Bt =1:2  13.7kg GBWOT7808 (3. 2pne/g)
GBW07246a ( GAu - 12a) 21ng/g 2500kg Y+ 15.67kg GBW07808 (3. 2pg/g)
GBW07247a (GAu —13a) 50ng/g 3000kg W A =301 11.6kg GBW07809(10.6g/g)
GBW(E)070012a (GAu-15a)  0.30pg/g 5000kg Wi+ 140kg GBWO07809(10. 6 pg/g)
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Fig. 1

Processing and preparation schematic diagram of the

candidate material sample
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Table 2 Homogeneity test results of the candidates

GBW07805a GBW07806a GBW07243b GBW07244b GBW07245h

ZH
(ng/g) (ng/g) (ng/g) (ng/g) (ng/g)
X 0.87 3.1 1.5 5.2 10.4
RSD(% ) 8.69 4.86 6.77 4.52 4.43
F 1.44 1.10 0.98 1.26 1.37
Uy, 0.032 0.034 0.039 0.079 0.18
S GBW07246a GBW07247a %5:(;3;: GBWO07807a GBW07299a
- (ng/g) (ng/g) (ne/g) (ne/g)
(pe/'g)
X 21.3 50. 1 0.32 1.10 51.8
RSD(% ) 3.96 1.91 4.96 2.58 1.18
F 1.15 1.04 1.24 1.32 .18
uy, 0.22 0.13 0.005 0.011 0.18
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Fig.2  Grain size distribution curves of the candidates
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Table 3 Stability test results of the candidates
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Sl BIw MW | MR 2% | Bk B2 | Blk M2k | M1k MK
5 WEE | WEE WEf | e T WEE WEE | Wl W
2018 4F 4 A 0.87 0.83 3.06 3.12 1.53 1.49 5.08 5.13 10. 43 10.54
2018 4£ 6 H 0.81 0.86 3.10 3.05 1.52 1.55 4.94 5.22 10.76 9.87
2018 4E 9 H 0.90 0.85 3.04 3.11 1.47 1.56 5.24 5.01 10.13 10. 80
2019 4E 1 A 0.86 0.8l 3.06 3.14 1.42 1.58 5.22 5.08 10. 57 10.22
2019 4E 5 A 0.89 0.84 3.10 3.03 1.49 1.54 5.07 5.12 10.14 10.75
SEHH (ng/g) 0.85 3.08 1.52 5.11 10.42
RSD(% ) 2.10 0.45 0.84 0.53 0.65
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SEHME (ng/g) 21.29 50.21 0.32 1.10 51.86
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to.0s * 5(B1) 0.049 0.017 0.001 0.004 0.052
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Fig.3 Schematic diagram of value traceability
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Table 4  Summary of test data of trace gold and gold ore reference materials
FRIEIRGS SRR Tk 551 (ng/e) T iR A
WM 1 WEE2 MEf3 WeEms Arsl (g s(ng/g)  EE(U,)
1 DA -P-GFAAS 0.85 0.92 0.81 0.87 0.86
1 DA-C-ICPMS 0.88 0.88 0.83 0.86 0.86
GBWO7805a 2 DA -P-GFAAS 0.89 0.83 0.90 0.93 0.89
. 3 DA -P-ICPMS  0.80 0.91 0.78 0.94 0.86 0.87 0.01 0.004
(GAu-2b) 3 FA - 1CPMS 0.81 0.90 0.85 0.93 0.87
4 DA-C-ICPMS  0.95 0.94 0.83 0.81 0.88
5 DA -F-ICPMS 0.91 0.88 0.84 0.86 0.87
1 DA -P-GFAAS 3.05 3.08 3.00 3.42 3.14
1 DA-C-ICPMS 3.14 3.14 3.11 3.15 3.14
GBWO078064 2 DA -P-GFAAS 3.18 3.30 3.30 2.97 3.19
3 DA - P - ICPMS 3.20 3.10 3.10 3.00 3.10 3.1 0.07 0.03
(GAu-17b) e
3 FA - ICPMS 3.13 3.06 3.09 3.15 3.11
4 DA-C-ICPMS  2.88 3.00 3.04 2.94 2.97
5 DA - F - ICPMS 3.49 3.05 2.99 3.16 3.17
1 DA -P-GFAAS 1.53 1.47 1.62 1.37 1.50
1 DA - C - ICPMS 1.35 1.35 1.41 1.48 1.40
GBWO07243h 2 DA - P - GFAAS 1.53 1.50 1.66 1.43 1.53
3 DA - P - ICPMS 1.50 1.60 1.60 1.50 1.55 1.5 0.06 0.02
(GAu-9b) 3 FA - ICPMS 1.53 1.51 1.55 1.52 1.53
4 DA - C - ICPMS 1.62 1.50 1.55 1.66 1.58
5 DA - F - ICPMS 1.45 1.42 1.55 1.60 1.51
1 DA -P-GFAAS 5.06 4.78 5.24 4.81 4.97
1 DA-C-ICPMS 5.25 5.25 5.55*° 5.26 5.33
GBWO7244h 2 DA -P-GFAAS 4.97 5.19 5.28 5.17 5.15
3 DA -P-ICPMS  5.00 5.30 5.20 5.00 5.13 5.1 0.10 0.04
(GAu - 10b)
3 FA - ICPMS 5.12 5.06 5.08 5.14 5.10
4 DA -C-ICPMS  5.00 5.00 4.87" 5.00 4.97
5 DA -F-ICPMS 4.92 5.06 5.79" 5.05 5.20
1 DA -P-GFAAS 9.97 9.93 11.17 10.71 10.45
1 DA -C-ICPMS 10.23 10.23 11.38 10. 65 10. 62
2 DA -P-GFAAS 10.13 10. 68 10.13 10.05 10.25
GBWO07245h 3 DA -P-ICPMS  10.30 10. 60 10.30 10. 60 10.45
(GAu-11b) 3 FA—ICPMS  10.46 10.53 10.70 10.30 10.50 10-4 0.23 0.08
4 DA -C-ICPMS 10.10 10.50 9.79 10.00 10.10
4 FA - 1CPMS 10. 80 10.20 10. 60 9.80 10.35
5 DA -F -ICPMS  10.55 11.09 11.75 9.99 10.85
1 DA -P-GFAAS 21.23 22.29 21.57 20. 14 21.31
1 DA -C-ICPMS 22.95 22.95 21.91 21.98 22.45
2 DA -P-GFAAS 19.28 19.98 18.37 19.36 19.25
GBWO07246a 3 DA -P-ICPMS  20.80 21.50 21.20 21.30 21.20
(GAu -12b) 3 FA - ICPMS 21.12 21.08 21.40 21.10 21.18 213 1.02 0.36
4 DA -C-ICPMS  20.30 22.00 21.40 20.70 21.10
4 FA - ICPMS 23.20 22.30 22.10 22.60 22.55
5 DA -F-ICPMS 21.36 21.87 18.95 21.91 21.02
1 DA -P -GFAAS 49.55 49.47 49.07 56.02 51.03
1 DA -C-ICPMS  52.28 52.28 50.10 49.43 51.02
2 DA -P-GFAAS 51.79 49.23 48.87 50.56 50.11
GBWO07247a 3 DA -P-ICPMS 49.60 50.40 50. 60 49.80 50.10
(GAu -13b) 3 FA - ICPMS 50.26 50.18 50. 50 50.10 50.26 501 0.53 0-19
4 DA -C-ICPMS  50.20 49.50 49.30 50.00 49.75
4 FA - ICPMS 51.70 49.80 47.30 53.10 50.48
5 DA -F-ICPMS 48.19 48.80 51.72 49.52 49.56

— 757 —



L Mot
55 1] F=R N N 7 2001 4
http; // www. ykes. ac. cn
(£ 4)
W4 R (pe/g) SEEIE ARdEMRZE A AR
FRUEYI RS LI EARES Mk R
1-1 1-2 2-1 2-2 @PHE  (ng's) (s) EBE(U,)
1 DA-C-AAS  0.31 0.31 0.31 0.30 0.31
1 FA - AAS 0.31 0.31 0.32 0.30 0.31
2 DA-C-AAS  0.31 0.32 0.31 0.33 0.32
GBW(E)070012a
5 DA-P-AAS  0.34 0.36 0.40 0.32 0.36 0.32 0.02 0.007
(GAu -15a) .
4 FA — AAS 0.30 0.28 0.30 0.32 0.30
4 DA-C-VOL  0.30 0.30 0.30 0.30 0.30
4 FA - VOL 0.30 0.35 0.30 0.30 0.31
1 DA-C-AAS  1.07° 1.12 1.12 1.13* 1. 11
1 FA — AAS 1.16 1.21 1.15 1.06 1.15
2 DA - C - AA 1.14 1.1 1. 1.1 1.12
GBW07807a C-AAS 0 09 6
A 16 5 DA-P-AAS  1.02 1.05 1.38* 1.26* 1.04 1.10 0.04 0.015
(GAu-16b) 4 FA — AAS 1.15 1.09 1.06 1.01 1.08
4 DA-C-VOL  1.11° 1.06 1.06 1.06 1.07
4 FA - VOL 1.11 1.16* 1.11 1.11 1. 12
1 DA-C-AAS  52.60 51.73 51.91 52.32 52.14
1 FA — AAS 52.13 52.05 52.21 51.62 52.00
2 DA - C - AA 2. 2.71 1.02 1. 1.
CBW072994 C-AAS  52.06 52.7 51.0 51.69 51.87
Aol 5 DA-P-AAS  51.70 48.70*  53.90*  49.90 51.05 51.8 0.65 0.25
(GAu-21a) 4 FA — AAS 52.30 53.50 52.00 52.80 52.65
4 DA-C-VOL  51.40 51.20 51.00 50.80 51.10
4 FA - VOL 52.40 52.00 52.50 51.90 52.20

T g U 1 —RRIJE VLA S — B A Bt 5 2— NS85 =3t 7 B T R e S8 2 53— WA e B IR I S o 5
A—rh B SRR R B A LR S R SE T 55— [ St R 2 B M Ry B BR AL 2 B AL B ST 10T o A7 Bl = 7 Sl R ot
SNV S 759 DA—F KoMl PIRR BRI E S CGMEREE; FA—EleE 4.
I5E T7 1 GFAAS—A7 B R TR MOL Tk 5 TCP — MS—FUBHIE & 55 88 TR BT s AAS—JUA IR T IRIBOLIE L ; VOL—%8 k.

5 bR HEYIRI bR HEN B b R ANE
Table 5  Certified values and expanded uncertainty of gold reference materials
- , . . X Uchar Upp, U U HiRFE
PRER 2 Y FRUEY) B
S . (ng/g)  (ng/e) () (ngp)  (nge) (ng/g)
GBW07805a (GAu-2b) 7 0.87 0.006 0.032 0.022 0.08 0.87 £0.08
GBW07806a (GAu-7b) 7 3.11 0.03 0.03 0.02 0.1 3.1+0.1
A GBW07243b (GAu -9b) 7 1.51 0.02 0.04 0.02 0.1 1.5+0.1
iiﬁ%fﬁﬁ GBW07244b (GAu - 10b) 7 5.09 0.05 0.08 0.04 0.2 5.1+0.2
Y1) o
” ” GBW07245b (GAu -11b) 8 10.4 0.10 0.18 0.10 0.5 10.4 £0.5
GBW07246a (GAu -12a) 8 21.3 0.37 0.22 0.11 0.9 21.3+0.9
GBW07247a (GAu —13a) 8 50.1 0.31 0.13 0.06 0.7 50.1+0.7
o , e X Uchar Uy, U U A SN
PR IED) ST PRUEY)
-~ (ng/e)  (ne/e) (o) (pwe) () (eee)
GBW(E)070012a (GAu - 15a) 7 0.32 0.007 0. 005 0.004 0.02 0.32+0.02
W1 G H
VR GBW07807a (GAu —16b) 7 1.10 0.015 0.011 0.007 0.04 1.10 £0.04
» - GBW07299a ( GAu -21a) 7 51.8 0.34 0.18 0.10 0.8 51.8 0.8

T n— 8RR wy, — 2SI A R ATE R 5 u,— T VES I ARIARHEE 5 wope—E (LRSI AR E B U— EABE L

(GAu - 13a) ., GBW (E) 070012a ( GAu - 15a) .
GBWO07807a( GAu — 16b) 2 9 /N iz 1y 5 1 36 4y 1
TE S A R, R 5 DR bR E A R A — B
GBW07299a( GAu - 21a) g4 LN, JEEE N R [
SN 0T F= BRI A0, BTz 1R 26, Joik
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Table 6

Comparison of certified values of this study with

original gold reference materials

AW &M JEHER Sy

RMERHE | PruER B SIHTRR R BT

BRUE(E BRI S N2 BE | BRE(E Al fi 22

GBW07805a( GAu -2b) |ng/g| 0.87 0.0l 0.08 0.85 0.05
GBW07806a( GAu -7b) |ng/g| 3.1 0.07 0.1 3.1 0.2
GBW07243b( GAu -9b) |ng/g| 1.5 0.06 0.1 1.6 0.1
GBW07244b( GAu - 10b)|ng/g| 5.1 0.10 0.2 5.1 0.2
GBW07245h( GAu - 11b)|ng/g| 10.4  0.23 0.5 10.5 0.5
GBW07246a( GAu - 12a)|ng/g | 21.3 1.02 0.9 21.5 1.1
GBW07247a( GAu - 13a)|ng/g | 50.1 0.53 0.7 50 2
GBW(E)070012a
(GAu -15a)
GBW07807a( GAu - 16b)|ng/g| 1.10  0.04 0.04 1.1 0.03
GBW07299a( GAu -21a)|pg/g| 51.8  0.65 0.8 53 2.4

=}

png/gl 0.32 0.02 0.02 0.3 0.01
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Preparation of Trace Gold and Gold Ore Reference Materials
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(1. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Science,
Langfang 065000, China;
2. Hebei Geological Workers University, Shijiazhuang 050000, China)

HIGHLIGHTS

(1) Seven trace gold and three ore gold geochemical reference materials were copied, and the RSD of the fixed
components was less than 6% , with good standard value and uncertainty.

(2) The uncertainty of the standard value was composed of uniformity, stability and fixed value.

(3) The standard deviation of this series of gold reference materials was smaller than that of the original batch, and
the fixed value level was better than that of the original batch, which met the requirements of reference
material replication.

(4) This series of gold standard materials covered a wide content range (0. 87ng/g —51. 8ug/g), which can

effectively monitor the whole process of sample analysis in each stage of gold exploration and development.

— ® o ® 100 10 @
S —_~
‘ v . g g /\
E] =
&) “%‘ 3 a - |-
D 1 din 1986—2007 Sampling from loess, 0 0
cveloped in - weathering granite, 1.0 100
18 gold reference materials slope wash and gold ore Size(um) In T T
- - omogenizing examination

(including 9 for trace gold Combined preparation according to JJF 1006 —1994,
and 9 for gold ore) and grinding JIF 1646 —2017.1JF 1343 —201

exhausted in recent years

Value testing with 5 labs, 2 testing
methods.

J‘“IUA“Y Uncertainty evaluation in strict
1 ‘ accordance with the“General
- Principles and Statistical Principles

for the Valuation of Reference

1371131371390
7

. - Materials™ (JJF 1343 —2012) and
Stability test during 12 months U™ ' uzh’“}r uﬁh+ uf “Development of Reference Materials
according to JJF1343 —2012 ’ for Geological Analysis” (JJF1646—

2017)

Progress: @

The standard deviation of this series of gold
standard materials is smaller than the
originals, and the certified value level is better
than that of the originals, which meets the
requirements of standard material replication.
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ABSTRACT

BACKGROUND: From 1986 to 2007, different grades of trace gold certified reference materials ( background
grade, anomaly grade, medium grade and high grade ) and mineral gold certified reference materials
( mineralization grade, cutoff grade and concentrate grade) had been developed by IGGE and used for regional
geochemical survey, mineral exploration and evaluation, mining and smelting. With the increase of the service life
period and the consumption of recent years, most of the gold certified reference materials has been used up or
almost used up. New gold standard materials need to be developed urgently.

OBJECTIVES: To develop a new gold certified reference material and compare it with the original gold certified
reference material.

METHODS; The trace gold certified reference materials in 7 levels and mineral gold certified reference materials
in 3 levels were prepared in strict accordance with relevant specifications. The collected candidates were sampled
from different types of deposits and different matrices. The collected candidates were prepared through coarse
crushing, drying, composite configuration, fine crushing, sieving, blending and other steps. After the particle size
inspection, the cumulative content of the sample with a particle size of 0. 74pm reached more than 99% , which
met the requirements of the specifications. 25 bottle samples of each grade were randomly selected. Homogeneity
testing was carried out by ICP — MS, FAAS and GFAAS.

RESULTS : The relative standard deviation (RSD) was less than 10% , and the F values of the variance test were
less than the one — tailed critical value F o5, »5, of 1.98, indicating that the sample uniformity was good. During
the one — year investigation period, no significant changes in statistical significance were found in the fixed value
components, which proved that the stability of the sample was good. Five highly experienced and skilled
laboratories in geology gold samples testing in CHN were invited to evaluate the gold certified reference materials by
classically reliable analytical methods. The original data conformed to the normal distribution after statistical
inspection and the suspicious values were eliminated. The arithmetic mean was used as the standard value, and the
uncertainty was evaluated in detail, in accordance with the latest specifications. The certified value of the copied
standard material was accurate and reliable, and the uncertainty was reasonable. It was approved as a national first
— level standard material in 2019. Compared with the original batch, the certified values of the two batches were
basically the same, and the standard deviation of the fixed value data showed a shrinking trend, which met the
requirements for copying standard materials.

CONCLUSIONS:: This series of gold standard materials has a wide content range, and meets the value comparison
and analysis monitoring of different content levels. Moreover, it has good applicability, and meets the needs of

geological and mineral research, regional geochemical investigation, gold mine exploration and evaluation.

KEY WORDS: certified reference materials; trace gold; gold ore; replication; inductively coupled plasma — mass

spectrometry ; atomic absorption spectrometry
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