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Table 1  Collection information and chemical analysis results of ore samples
GTE R A MR A SRAE b A, Cu i (x1072)  AufE(x107%)  AgFE(x107°)
KKLWB2 -1 Hekw HARAKS B, 114 12.92 0.30 <10.0
KKLWB2 -2 Yolkw-A HARAES B, 5K 21.70 0.31 <10.0
KKLWB2 -5 S NIal HRASHER B, {4 3.70 <0.10 16.8
KKLWB2 -6 Yok A BUHAT B, 714 1.56 <0.10 <10.0
JKLWB2 -7 BYCRE 4 HRATE B, W (k& 4.15 0.17 16.8
WYLWB2 - 16 BRYeRT 4 HARASTR B, 714 - .15 <10.0
WYLWB2 - 17 By HLRASHER B, 714 - .15 <10.0
KKLW -3 Yulke™ A HARAKS 3.04 <0.10 <10.0
KKLWBI1 -1 -1 Yekw HAHAER B 5 {4 16.55 <0.10 17.9
KKLWA2 -3 Yolke~ A BT A0 4k 10.06 0.72 59.0
KKLWA2 -8 Yok A BURATS A, 114 7.37 0.55 64.9
GKLWEI -8 P itk - Ptk A HALAES E, 54 5.45 0.14 123.0
GKLWA2 - 10 KR - Bk e FARATS A, W1k 3.93 0.16 36.3
GKLWA2 -11 FIBRIR - Heko™ 4 HALATR A0 {4 10.98 2.38 16.5
KKHN -1 Holkw 4 LA 19.99 0.11 <10.0
KKHN -2 Holkw 4 AR 14.74 0.18 <10.0
KKHN -3 Holke 4 AR 15.61 <0.10 <10.0
KKHN -4 S INIal AR 15.88 0.15 <10.0
KKHN -7 Yok H AR 15.35 0.87 51.1
KKHN -13 Holkw 4 AR 19.10 0.12 -
HWJG -6 SN el R4 10.77 0.13 34.4
WIG -7 S Nal B4 1.58 0.23 11.6
JK207H141/6 Bk £1 B - 0.20 <10.0
TK207H154/5 ¥ Il L2WesN | - 0.16 14.2
KK207H16 -1 SN el AR - 0.11 <10.0
KK207H222/6 Yolkw A R - 0.13 33.0
KK207H234/6 Yok LT - 0.20 20.5
TKZK20841H18 31Nl B - 0.12 -
KKZZ -5 S INIal N 4.37 <0.10 29.0
KKZZ -6 Yolke A R 4.97 <0.10 29.6
KKZZ -7 Holkw 4 HHIH 17.72 <0.10 15.4
WY1P -7 T Gl - 0.10 10.8
*2 RENE - I REE TR
Table 2 Working conditions of EDX — SEM instrument
ST e JEERLE RASTHRE TEEER Ab3EAE T [ X
FHNE (K)  (pA) () (s) (s) SEIT
FHE G B
( BSE) MK 20 10 15 - - -
ZIRHLT(SE) 8 20 10 15 - - -
EDX EPE4MT 20 10 - 6 100 20% ~40%
EDX E 547 20 10 - 6 100 20% ~40%
EDX £ 437 20 10 - 2 ARHE LR 1 K S AT R & = R AT 20% ~40%
EDX [ 20 10 - 2 IR 43 AT XK/ NV RIE & i i AT 20% ~40%

B IR I 2 ~ 3 A5 1 BN A ) — A S LI X
FORE | 5 B B R A By 26 4 1, 23 1 il 10kV
15kV 20kV 25k V {14 il A s 552 ol A il o 05k R s
£ 10kV 15KV i, B 5 FOGIEHOR B R BE R

ARFIE X 2R (AN Fe Ni JCER BIRHIE X SFER KR
), JCIE HERR X Wy AT 8 I/ R 2 s A 20kV
I Fi T 2 [ 23 B 30 v 8k ) B I
T RFIE X PR AT 5 TR A, WU T R
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Fig.1 Flow chart of method for occurrence study of associated

elements in copper deposit
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Fig.2 Interference spectrum of uranium element
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Fig.3  Occurrence state images of associated elements in copper deposit
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Fig.4 Line scan images of gold — bearing minerals
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Table 3~ Energy spectrum analysis results of the minerals
) - TTES (%)
R/ E2 S A5 ¢
S Fe Co Sh Te Zn Te Bi Au Ag \ Ca 0
Bishssm  CoSbS  15.59  0.83  24.13 57.56 1.89 - - - - - - - - -
Wi ELET  BigTey - 0.73 - - - 3.12  24.70 71.45 - - - - -
HHEEsRE"  BigTes - 1.04 - - - 2.26  25.19 71.50 - - - - -
Hok4 Au - 1.26 - - - - - - 98.74 - - - -
HREew AgAu - 1.06 - - - - - - 76.51  22.43 - - -
KFEF% 4 Au 3.15  4.11 - - 34.93 - - - 5.60  52.22 - - -
AR AgAu - 10. 64 - - - - - - 86.53 2.83 - - -
iR AgTe  1.61 3.42 - - - 37.38 - 57.59 - - -
BiAMRT  AgBiS, 17.31  1.54 - - - - 0.98  65.53 - 14.65 - - -
LN Bi - 3.73 - - - - 96.27 - - - - -
PRI Bi - - - - - - 100 - - - - -
4y BiyTes - - - - - - 36.62  63.38 - - - - -
filihy  BiyTes - - - - - - 46.75  53.25 - - - - -
ey CaWo, - - - - - - - - - - 63.14 13.97 22.89
B4 CaWo, - 0.98 - - - - - - - - 60.55 13.59 24.88
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Occurrence of Associated Elements in a Copper Mine by EDX - SEM

WANG Guan, DAI Jie® , WANG Kun — yang, YANG Yin, HU Zhi — zhong
( Chengdu Centre of Geological Survey, China Geological Survey, Chengdu 610081, China)

HIGHLIGHTS

(1) A EDX - SEM method to characterize the occurrence of associated elements in copper ores was established with
optimized experimental conditions.

(2) The problem that associated elements in copper deposits were difficult to observe was solved by the techniques
of backscattered image, secondary electron image observation and spot, line and mapping analyses of energy
dispersive X —ray spectroscopy.

(3) Gold, silver, cobalt, bismuth, and selenium in the Liwu copper deposit occurred as the independent minerals
or in the form of similar isomorphic substitution in other minerals. The research results provided microscopic

evidence for the resource valuation of the deposit and the metallurgical process.
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ABSTRACT

BACKGROUND: Associated elements in copper deposits are of high economic value. However, they are difficult
to locate and utilize because of their fine ( micrometer to nanometer) size.

OBJECTIVES: To develop a method for determining the occurrence of associated elements in copper deposits.
METHODS: Backscatter image, secondary electron image, X — ray spectrum point, line and mapping analysis
technology were used to determine the mineral phases, morphological characteristics, occurrence, qualitative/
quantitative and distribution laws of the associated elements of the copper deposit. The acceleration voltage of the
scanning electron microscope was 20kV, the emission current was 10pwA, and the energy spectrum dwelling time
was 100s.

RESULTS: The key technologies in the sample pretreatment and analysis were discussed in detail to form a set of
effective analyses of copper deposits. The energy spectrum — scanning electron microscope ( EDX - SEM)
microanalysis method of associated elements was established. Gold, silver, cobalt, bismuth, and selenium were all
distributed in other minerals in the form of independent minerals or isomorphic substitution.

CONCLUSIONS: Through the study of the occurrence of the associated elements, a micro basis for the
identification of mineral industrial value, mine resource evaluation, and the recovery and utilization of associated

elements has been established, and provides technical support for mining, beneficiation and smelting formulation.
KEY WORDS: EDX — SEM; copper deposit; associated elements; occurrence; isomorphism
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