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Study on Particle Phase Analysis Method of Energy Disperse Spectroscopy:
A Case Study of Cenozoic Basalts from Datong, Shanxi Province

Zhang Suxin, Zhang Yi, He Detao

State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Wuhan 430074, China

Abstract: The Particle Phase Analysis (PPA) method by means of Quanta 200 scanning electron microscope (SEM), GENESIS
energy disperse spectroscopy (EDS) can analyze particle size and phase automatically. A systematic experimental is carried out
to verify the PPA method in this study, using samples of Cenozoic basalts from Datong. We apply the PPA method of EDS to
study the thin section and polished section in the geological field for the first time, which yield a series of morphology and
chemical composition data of different phases such as phase types, particle number of each phase, average diameter, area,
roundness, length-width ratio, chemical composition. The proportion and average particle diameter of each phase can also be
obtained as well, overcoming the shortages of traditional method in thin section and polished section. It proves that PPA guar-
antees significant data for the study of mineralogy. petrology and ore deposit geology.
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Fig. 1 Original backscattered electron image
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Fig. 2 Backscattered electron image different phases showing different colors
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Fig. 3 Backscattered electron image analyzing red particles’ morphology parameters
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Table 1 The morphological data for the selected particles in figure 3

WL WA PHERGm mRGem B Em) BE KIE AR EA(um)  WRE S

=

1 1 5.35 22. 11 21.18 1. 61 1. 68
2 1 7.51 43.53 39.43 2. 84 1.58 6. 43 510
3 2 6.19 29. 60 53. 46 7.68  2.10 6.19 1. 40
4 3 5.59 24. 09 43.59 6.28  1.90
5 3 5.32 21. 80 39. 63 5.73  2.26
6 3 6. 95 37. 27 61.17 7.99 161
7 3 7. 60 44, 57 83. 64 12.49  2.06
8 3 2.87 6. 34 9.05 .03 1.28 6. 05 13.70
9 3 3.17 7.76 22. 77 5.32  1.88

10 3 4,23 13.79 24. 47 3.46  1.61

11 3 8.97 62.13 93. 66 11.24  1.91

12 3 9.76 73.50 222. 80 53.74  2.03

(b)
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Fig. 4 Methods of chemical composition
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Table 2 The chemical composition of the selected particles analysis
Wk A MgO(%)  ALOs(%0)  Si0:(%)  CaO(%)  TiO: (%)  MnO(%)  FeOs(%0) 4326 ML D
1 1 2.18 2.33 2. 69 1.23 20. 10 1. 25 70. 22 1 89. 80
2 1 2.52 3.01 1.77 0. 99 20. 39 0.95 70. 37 1 90. 60
3 2 23. 39 2. 80 35.05 0.92 0.77 0.75 36. 32 2 88. 90
4 3 11. 84 6. 86 53. 86 17.73 1. 40 0.42 7.89 3 92. 20
5 3 12. 57 3. 89 50. 70 19.72 2.11 0.33 10. 68 3 97. 50
6 3 14. 14 4. 60 53. 20 19. 82 0. 65 0. 60 7.00 3 91. 00
7 3 10. 37 8. 28 55. 24 16. 21 1. 35 0. 00 8. 56 3 88. 50
8 3 13. 39 6. 25 51.98 17. 31 2.27 0.73 8. 07 3 93. 80
9 3 12.42 5.97 49. 77 19. 63 1. 87 0. 27 10. 07 3 96. 70
10 3 13. 43 6.92 47.91 18. 95 2.79 0. 00 10. 01 3 93. 20
11 3 12. 46 4. 87 49. 50 19. 14 2.95 0.59 10. 49 3 97. 00
12 3 13. 50 3. 04 51. 35 20.78 2.19 0. 64 8. 50 3 94. 30
2.180~2. 52%. ALO, W & & F 2. 33 ~ o R H

3.019%.Si0, &l 1. 77%~2. 69%.,CaO W5
N 0. 99% ~1. 23%. TiO, By & 8K 20. 1% ~
20. 39% .MnO &R 0. 95% ~1. 25% . Fe, O; 1)
SN 70, 22% ~70. 37% . P A AT WA 1 R
B QR JRAE S5, 2004) s I AH 2 MgO 3% & H
23.39% . ALO; M F A 2. 802,810, By & &N
35.05%.CaO M & &K 0. 92%. TiO, W& &N
0.77%.MnO W& &K 0. 75% . Fe,Os &N
36. 3290 M WL AT AT WU AH 2 S MIONE S G R A 45
2004); A 3 MgO By & & 10. 37% ~
14.14% AL O; fE &N 3. 04%6~8. 28%.,Si0, 1Y
RN AT, 91% ~ 55, 24%, CaO W & & N
16.21%~ 20. 78%. TiO, My & &~ 0. 65% ~
2.95% . MnO B & &N 0% ~0. 73% . Fe, O B
R 7.00%~10. 68%0 . JEILATHT . PIAH 3y HRHEE
A QR IRFE S, 2004). NFR 2 ikl LUE Y, B4~
LA 53 5 T G B 0 2 S AR AL 22 1843 TR AR
IR HLE 88. 5% LA L.
3.4 LH=THE

HRIEAC L5 3 P 2 SR BB PPA 4347 J7 1
AT AR AN R 0 2 s A e v — o, DA
UL S 73 [7] — A AR A [ O ) A7 B A AR AR AN
[F1 I AH B A2 B 03 228 Ak FE— iR =oAL a] DL g
AR EA R 3 Foo R (B a9 Bk ik
FE =R e O — e — 40 R  H I
FNPEZ TR W i @R . S — A S i B A
()77 1) Bf » e B ORE rhiz oo R (afb & D & i FEAIR
A DA AR A 2 R | B R oT R (B G YD R
N =LA,

A

K5 A Fe, O .CaO.SIO, 22l 19 = oK
Fig. 5 Ternary view of Fe,O;, CaO and SiO.
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Fig. 6 Collage of automatic fields
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Table 3 Numbers of varous phases by multiple fields auto analysis

Sy 1 2 4 5 6 7 8 9 10 11 12 13 14 15 A1t
YA
1 11 7 5 7 8 6 5 6 7 7 1 6 5 10 99
2 12 6 6 2 12 7 4 6 9 3 9 5 6 13 104
3 51 30 23 25 29 29 10 32 25 32 13 15 15 15 26 370
ait 573
I 5 AT LR H L R [ A 1 4 BB A 4 sor 20 3
B3 T 0 GRS ) A RS T it
R TR KI5, — B T SR T Gk O 2 i
SRR 12 Y 22 5 30 7
3.5 STWEAH 23| | |57
X4 1 AT RLIE AL S0 B <Ll I
= IEHEIZS I SE RS « ke R 1T L AT 1 B % =
DUBRIRI IR L L2 A M L 1 1 o
TR T 5. [ 2 2004 BT 1 B 0L 1 O v A 1o} 9
3 LA 1 R AR L VAT DB HLAE R 5 T A 3 y
HERTEA BT 5 2 P Bt et — 4% 2% LU T BT A o
HE S LS RG] L A ST E X Sk HE I T 04 12 20 28 3.6 44 52 60
F 34 1 A (um)

Brs 25 3 MR BER, RG4S U — 2 B AE BEHE AT 40
M S FESE R R A A ORI T A B8 A2 204 O BB
(97 AR EA T 50 BTt AT DA 356 428 MUKRE I 0 T 4
PR e =y AKUGHA T 5317

3.5.1 BRANEGIT  ARSLI L] T IR e M
X idT 8 3 Z 0800 #r. o34 17 15 SRR
([ 6) , BEAIIRARAF B T — Nk 1 f13k 2 19 Ex-
cel Bdi3R. XJ 15 4> Excel Fl £FHATGIT 150 T
15 AN S e e 2k o (IR D B A (o AR
2) MBI AT CHIAE 3) 3 Fh AR B9 BUB0RL S B (6

16[ 15

12F
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Fig. 7 Histogram of magnetite particle size distribution
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Fig. 8 Histogram of olivine particle size distribution
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Table 4 Average diameter and area percentage of each phase in each field by multiple fields analysis

" VIR LT R I 2GR B VIR 3 GRAFE R =
VEIRGm  WRAAL | FHEGGm  BREAL | THRREGm WAL

1 5.21 8. 70 2. 00 1. 30 2. 26 8. 00

2 3.42 2.28 1. 31 0. 28 1. 83 2.91

3 5.11 3.57 1.31 0.27 2. 40 3.85

4 3.09 1. 80 0. 86 0. 04 1. 96 3.29

5 3. 40 2.71 1.51 0. 83 1. 87 3. 20

6 7.76 10. 81 1. 60 0. 54 1.92 3.19

7 4, 06 3. 20 1. 08 0.13 1.76 0. 87

8 4. 30 4. 55 1.32 0. 20 1. 74 2.67

9 5.01 4,70 1. 10 0. 22 1. 96 2. 80

10 4.10 3.61 1.42 0. 68 1. 90 3.79

11 2.99 1. 99 1. 39 0.15 2.98 4. 07

12 6. 45 0. 10 2.23 1. 25 4. 10 15. 31

13 3.90 2.61 1. 38 0. 30 2. 66 5.09

14 4. 06 3.07 1. 50 0. 36 1. 87 1. 42

15 6. 14 13. 62 1. 16 0.51 2.25 3. 89

A 4. 60 4.49 1.41 0.47 2,23 4. 29

i 370 /. 4z

3.5.2 BHIESHMT ME 15 4 Excel R EEFY)
FREEAURLT- 1 B AR A B8 - 22761 1 3 RO [R1 AR
M AURLT- Y B B B (B 7.8, 9). BN 7 T LR
th o R IORL T 38 AR I B KA 13, 49 pm, B
IMEZ 1. 36 pm, FEEMAGAE 1. 36~6. 00 pm Z [].
MIEL 8 H T LAF H o BHORE 1 M0REF- 249 B A2 A die KA
J2& 6. 18 pm, fe/MEAE 0. 65 pm, T B3 A7 I FH AE 0.
65~2. 20 pm. MIEL 9 AT A H B AP A7 0RE T
Y EARR RO AR 12. 90 pm. /IMEZ 0. 73 pm,
FMETEETE 0. 73~3. 00 pum.

ST B (A RIURE FLR R AORS Ar 7 L
FEIN » BRI AT (ORI NI A S /N i 22

HRAE 15 4> Excel BB » %) 45 0RL A -
Y EARR FHRANF-P- 1 L I BUR AR A 5 153
Ao L0 A ARLBR, L b A A 19 7 249 AR AR o 1 i AR
53 o HEAE Y 15 AL AR AR Y P 2 AR
AT 7 AT AR 43 FE 5 SRS R A 508 S0 S v 1
FIHE (R O B 4 WA FEIRRE & b B K AR R
R AHS A TR B = AT 28 B b, RERR ™ 11
Y EAR R 4. 60 pm, BT 5 09 2 B E 4 B
4,49 Y0 s A RPE R EARSE 1. 41 pn, BT A7 P2
AR 4 b2 0. 4700 BARHIE A 138 B A2 2
2. 23 pm, JiT 5 IR E 43 LU SR 4. 29 00,

(D IPERFIF AL R A f KSR R
RHA BT A B = A S Bh A 3 R T
fPIAH.

(WA 3 Pl ARAL 12 J5U, 345 A~ HOkL
R e N N TT AN I SO 2 D AN S B e X D S
D). X5 BA B T P BURL AT 5 A 4 ST IR
T VA T

(3BT BT 53T » 3 F I AH 53 570 468 7 o
B (oA D IO COIAE 2) T B b A (A
3). H Fe; O;.Ca0, SiO, ¥R H) = JoEl L 3 #i)
A AT A5 2 HA 5 (4 IX 43 (& 5).

(1) AT 15 A0, %6 8 Gk
(99 FD i = (104 0 e BRI AT (370 D 3 573
AR IR GETE T B ARI -2 B AR o TR
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FRAPT b7 TR E 43 L5 B3 B ) B A LA
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