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Comparative study on different analytical conditions in fine scanning
of rocks and minerals by TESCAN Integrated Mineral Analyzer
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Shanghai 201112, China)

Abstract: TESCAN Integrated Mineral Analyzer (TIMA) is an analysis system based on a scanning electron micro-
scope that incorporates multiple X-ray spectrometers and other detectors. It could automatically identify minerals
and produce images. TIMA has been widely applied in earth sciences, including petrology, mineralogy, geochemis-
try, petroleum, and paleontology, particularly in the rapid analysis of some geological samples with complex miner-
al composition and structure and small grain size, and a large number of repetitive samples to obtain statistical data
for research purposes. In order to achieve the goals of analysis and save costs, it is crucial to select the optimal an-
alytical conditions, but this aspect is often overlooked. This article takes sample of gold-bearing pyrite-sericite-
quartz altered rock from the Huachanggou gold deposit in Lueyang County, Shaanxi Province, as an example.

Using TIMA, the samples were analyzed under different scanning modes, analysis types, and various experimental
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parameter settings. The study compared the mineral phase composition data, image quality of mineral phase maps

and elemental distribution maps in a small field, as well as statistical data such as mineral grain size. The results

indicate that the main factors influencing the quality of TIMA analysis are the backscattered electron (BSE) pixel

spacing, energy-dispersive X-ray spectroscopy (EDS) test dot spacing, and X-ray acquisition counts. The selection

of analytical conditions primarily depends on the mineral composition, mineral grain size, and the purpose of the

analysis.
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FATTIF TINARORIE AR R, HBEE = HOoR
1)K T, Dt i s A FR 1y 43 98 ) & & ok RN
TN TSR, ) s A v — 28 4IDRE (<5 m) B
T (<1 %) WA, 20 4 30 4EAXH, B A HL T
by Lot e VAN IR TR G A QLR 1B N R R TR T i
AR T AT ) iz i A (A S eSS 20065 it
BT, 2022) , SR8 F R R 2 K000 31 8 i 45 T A3
T O A YR o B R (B AT RE ek 4R 11
AL HGU i B, B ane™ Py ok 4 | J
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S 2 R[] — SRR it PR A T A e HL A R Y
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AR AER] H ik = RV, BRAE 00 O UL 15 25
I 57 025 52 ) B HE 19 45 2R (Fandrich et al. , 2007;
Pirrie and Rollinson, 2011) . iXit, H shfk 2 &4
AR I TR A S W O EOR AR 20
el 70 AR P I 46 B, T LA ) kL
YA 28 1% 45 2 AL BUHE ( Grant et al. | 1976; Grant
and Reid, 1981), H AT, HAE ST BT 09 H
35 M B BE 45 1 R 48 145 QEMSCAN ( Gottlieb et
al. , 2000) . MLA ( Gu, 2003) . RogSCAN ( Oliver et
al. , 2013) .TIMA ( Hrstka et al. , 2018) , AMICS | IN-
CAMineral , Mineralogic Mining, Maps Mineralogy I
BPMA %5,

FIRRGEAME 1z s 1B )t
G TE AW ORI A T A A R
GURARLARAS T . A Sh ks B diRn e ) i g
TN T S B S AS B 08 1) 7 W) B A7
P38 2 B B T RE R S Y 52 e, PRI 7R
TC U S R A W PE A AR T R RS I, %
T AR SR A OGS A X [] — A A 7R AH [

ASCES L AN [R) VR A PR B AT AR L, i] LS Y
TR R SR XS LB A5 R S, A SCLLZR I
AR Py o AT A (TIMA) 2 ], 7EAS [R]  4 48E R
OIMT IR L e 2 T S 0 B BB B AR AE R, 0 B v
I REE L & S R B RS SA EAT T 2R
O AT, B T I B AR L ORI AR TR A
JEAITEER 73 A1 DL A W BORE R A48 2 22 B LT 45
R, DIHARAGAS R AR 25 PR X S0 285 R i) BRI

1 REHERE D)X &

TIMA JEHE T 28 ] A Al 76 5 20 B R 2k 3
KA (field emission gun, FEG) ¥ B + & il B
( scanning electron microscope, SEM ;%5 TESCAN
MIRA) JEfiili |- M A (IR 2 4 1) X B RETE I
(energy dispersive X-ray spectrometer, EDS) F1HAl#
&%, o B A Sh I SR T o B &R
Gi, TIMA f5eA%Cr (19 AR B RE 2 2 T KR dh b A
[RI 8 4 AH B 2 i B TS #08T ( backscattered electron,
BSE) EI{5HT X 2R BT Bt i 22 5+, 0 E 0 W0 A Y
RN 13, T e B 0 68 i A 2 180 R T
S YR B OCAR EEAT X L D BC R B A
PIRgRNZE . MR R 2 R/ NI G it Bl i, TIMA
ARG HIRFEE ALHE OM (— MR 9 KR/ A
27 mmx47 mm BOEHEF, B30E 22 AN EA N 25 mm
2 15 N EARD 30 mm FYFREREH) (LM (— WPk
HCE 2 AN K/NK 27 mmx47 mm BOEH A, B0 7 A
HAE A 30 mm 5 25 mm FYFREM AT Fl AutoLoad-
er(EAEECE N 2~ 100 B AR N 30 mm 2% 25 mm [
WER AR ) . TIMA RGEFR T 48 AR B A I B 1Y)
T IKHLF (secondary electron, SE) il BSE Pl K #57+
A~ EDS 4RI &5 41, 78 AT LA £ 00 28 5 % ¢ 6 ( cath-
odoluminescence , CL) ZF44EIN #5 F1 L 558 ) PRI 5
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(Inbeam SE/BSE) , LA 75 I i) 72 v [A] B 4 B CL
SRR TP R AR 5 TIMA %8 SE/BSE EIZHYL
PR, BLAN, TIMA REGEH ) 1 ASRERE R &5 7T
LIS 5 A4h—& HiK [ A9 EDAX 2\ ] TEAM fERE R 58
Bt M S W BB AU . TIMA RGEHEA
A T A S B RN AR B (4 A L 3 S0 44 (Histka et
al. , 2018; BRMESE, 2021) AR SURNFHSIA

r ] b 5 R 2 BE b ST A 5T T A TIMA B 55
TIMA3-X FEG LMH, HET RSB E T 4 1~ EDS 4
M#s M CL Ml Inbeam SE 45 2% DA & EDAX
TEAM REiE RS, HIL, Z RS T HA TIMA #44
) — R BN EE T RE SN, 38 0] LA SRy 4148 e % A B gl
MIREIEAEH . MR G A FHH RS ET, SE Fl
BSE EMZ5r HERAE 30 kV 4c¢F F Al 1.0 nm A1 2.0
nm, KIAARFFEPEE EUE TR 5 emX5 em; fiE TAE
B i H e ) AR A R AR RO 2~ 1x10° £,
EDS B3 PR T 129 eV(Mn Ka) , TR TG
FI*Be 27U, & i (Bt 2050 K R 28 0. 1%,
HRHE H i 52 56 % 19 20 BT B, TIMA K449 99 41 1Y
BSE FUE MRS B 25 [R] 43 B3R AT 35 1 um,

2 WA R R E

2.1 HEAREREEXMNRK oL

TIMA ¢ % BN 3 2% 0 O s WL T 25 kv
(beam energy) . LI 9 nA (abscorbed current, o 7
beam intensity 20) . T./EH & 15 mm ( working dis-
tance) . TIMA HFTEAT 4 Fp8ds 1 R 80,
= 48 B R 41 4 B 2L (high-resolution  mapping,
HRM) 5 B3 4# 5 (dot mapping, DM) | F i
3 (point spectroscopy ) FIZE I (line mapping) ;
A3 T o B S B A A5 B 73 (modal analy-
sis, MA) #2453 H7 (liberation analysis, LA) Fl55AH
2 ( bright phase search, BPS) , RIS 40 Y)2¢
G nwes RN T 21 €/ TP S S )
LS AEA R IR BT 268 (R 1) o B
MR SO A B 0T 45 5 HRM 2 DM, — 3% 1 TAF:
7 AR T

(1) W R (HRM)

DA S S 1) 06l A i A ) (8] 1), HL R
ASFPBIRE b — A~ 25 FR B0 00 R A% B i DX 3
(K 1b) . &5, AT 15 &K B ( pixel spacing) ,
Wi A BSE {55 9% ; WI2R BSE fF 5l —&

R 1 TIMA KSR BFEXREER
Table 1 TIMA available analysis types and relevant

acquisition modes
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Fig. 1 TIMA system workflow diagram (after Ward et al. ,
2018)
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7, KT (8] 259802 24 8 9% (%o AH ) I AR | A6 [ 25
M) s TIMA RGEBRIN X LI 1000
(B H I 0T LA R BE TS U BT BCER ) AT
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Fig. 2 Photomicrograph under plane-polarized light(a) , BSE image by TIMA(b) and mineral phase map by TIMA (c¢)
of the thin section of the samples from Huachanggou gold deposit
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Fig. 3 The occurrence state of native gold in gold deposit from Huachanggou gold deposit (reflected light)

BT MERRER T OMERREL BT R R REERT  BR LR
W™ VRS VR RGBT R B R 5 KA
VWEEAAOE Asfa SRAsafMmKa,
TYIRB B Aot R BB KA A A
BLLAE (RESE, 2013) . ARERELIT 4 Mk
SRS, HARSWEE T ERY Y,
RECEEN VR EA S, AR 5 ERY
BT BB RS R A (B 3)
PR 4, AR AF 7R Bk 55 A B 2B k)
&, ARSI AT Y BURL R Fe3H

Wl (2013) FLFHREF T 45 L R, AR &
HoAu BN 93.57% ~98. 41% , Ag N 1. 76% ~
4. 11% /0 Ca(0~1.32%) ; & S &8>

52.53% ~53.06% , Fe "N 45.39% ~ 46. 32% ; i 5
" Fe &M 59. 08% ~60.36% , 11 S N 38. 67% ~
39.74% ; AW H Cu T HEH 34. 02% ~ 34. 67%, S
K 34.7%~35.72% ,Fe } 28. 84% ~30. 66% ; )7 45"
1 Pb &N 84. 15% ~ 86. 51%,S 4 12. 82% ~
13.24% A5/ H Fe (0. 12%~1.92%) ; ISR H S &
14 32.58% ,Zn 5 64.63% , 4 /0 Fe(0.95%)
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912 A oA T W % 4 & CERvE

T ICR B SE LR D RETEAR ST I, ST A A28 S AR LI 4 (TR AR A S 2R AT LR 25 18] 4a
BRI R AR ARG E SRR 2, R 31 /N X ~4h R @RS M EM ISR S ) o
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Table 2 Setting parameters and reports for different analysis types and acquisition modes of sample HCG-4
scanned by TIMA

iy fEENT BN MO MBSOV RN R MBS MBS fEAN AR
ELANEEZR BRI
SR AR SR PEES APRE ARRRE aenns umam 00T BEE g
1R Z [ HE/ wm 3 2 1 1 1 1 1 3 1 0.5
s AR/ um 9 6 3 3 3 3 3 N/A N/A 1.5
X S5k 1 000 1 000 1 000 1 000 2 000 3 000 9 000 1 000 1 000 1 000
B 55 EE/ jum 1500 1500 1500 600 600 600 600 600 600 600
A 346 346 346 4 4 4 4 4 4 4
F/N-FBRKEEE % 15~100 15~100 15~100 15~100 15~100 15~100 15~100 15~100 15~100  80~100
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Fig. 4 Small field mineral phase maps of sample HCG-4 scanned by TIMA under different conditions
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TR B RIS (RS HCG-4) I &
Sy RTES A s AR A BNEA T T 3 Bl BSE AR 3 6]
FEFN EDS W32 45 2 K 2% 1R 93 (43 51 S BSE
3 pm+EDS 9 pm BSE 2 um+EDS 6 um .BSE 1 pm+
EDS 3 wm) 4300 H 29 M WiAH (R 3), AAE
TR bk A% A T RA R BB
R, 4 1Y 7 5 (ARFRS3 880 2 0. 000 3% ~0.000 4%,

*3 TIMA RESBFEEX 3T KEELGABER
HCG-4 RRBMT MEERSH @5/ %
Table 3 Mineral phase volume fraction obtained from
sample HCG-4 scanned with three step size settings in
TI MA DM acquisition mode

RYLi DM3+9_1K DM2+6_1K DM1+3_1K
RN 67.806 2 67. 866 9 67.863 3
Mzt 15.741 9 15.577 4 15.488 5
Vag 7.740 5 7.774 2 7.769 5
ale i 3.542 4 3.5456 3.5455
A 3.184 7 3.196 6 3.171 3
Btk 1.214 0 1.2529 1.329 4
T B kA 0.2320 0.244 1 0.274 9
BT 0.241 1 0.246 8 0.252 6
Eranel 0.088 9 0.095 3 0.103 3
ERA 0.050 0 0.047 3 0.045 7
WA 0.0318 0.0312 0.030 9
BHA 0.023 5 0.021 1 0.023 3
Vak=1 0.012 7 0.016 8 0.026 7
FTEET 0.0155 0.015 6 0.016 0
eyl 0.014 7 0.009 5 0.004 1
Lk pa 0.008 6 0.007 6 0.005 6
C{ryal 0.003 7 0.005 5 0. 008 7
o] 0.004 8 0.005 1 0.004 6
ek 0.004 0 0.004 0 0.003 3
B B 0.003 3 0.003 8 0.003 9
Lyl 0.003 1 0.003 1 0.003 0
TR B 0.002 8 0.002 9 0.002 9
Fhky 0.002 5 0.002 9 0.002 8
A 0.001 0 0.001 6 0.001 4
DSE=20n 0.000 7 0.000 8 0.001 2
Ebaya) 0.001 4 0.000 8 0.000 5
DINZRN 0. 000 4 0.000 6 0.000 6
SRR 0.000 3 0. 000 6 0.000 3
A8k 4: 0.000 3 0.000 4 0.000 4
ESV 0.022 7 0.018 9 0.015 1
HAth 0.000 4 0.000 2 0.000 5

Total 100. 000 0 100. 000 0 100. 000 0

AXF) AR E> 0.000 3% A ¥IAH ; DM3+9_1K.: sAEEHRE L,
{REEMEN 3 wm, SEE A 9 um, X B35 1 000; DM2+6_1K:
PR AR Z RN 2 wm, SEE N 6 wm, X BF£RIT%L 1 000,
DM1+3_1K.: s FEEE ZREER 1 wm, SEEN 3 wm, X 5
231401 000,

FEF U A AR AR B B R R L 1
TR A AR TIMA THE TR S A2 o 4
(e 4)  FESBKT 0. 1%L EALHE S Fe 0,
Si Al K Ca Mg CHIF,iZ b4 o 4 ik 5 38 51
WA EZ el LIAIXER. . HoH S JEER FBMAT
TEBVERE WG AT Fe JTTR £ 2 IMAAAE
P e n WEY W BBk Cu ot
B R EMRAAEF T RABER T 1 Au JC R 2K
FEEARET(FRS),

F 4 TIMA RESFEEX3MSKEELGABER
HCG-4 KBHILETTRAMK wy/ %

Table 4 Chemical compositions obtained from sample
HCG-4 scanned with three step size settings in TIMA DM

acquisition mode

JLHE DM3+9_1K DM2+6_1K DM1+3_1K
S 42.59 42.62 42.62
Fe 37.48 37.50 37.52
0 9.79 9.77 9.76
Si 4.85 4.84 4.84
Al 2.31 2.29 2.29
K 1.08 1.07 1.07
Ca 0.82 0.82 0.82
Mg 0.44 0.44 0.45
0.24 0.24 0.24
0.11 0.11 0.11
Cu 0.08 0.09 0.09
H 0.08 0.08 0.08
Ti 0.05 0. 06 0.06
Pb 0.02 0.02 0.02
oA 0.03 0.03 0.03
Total 99.99 99.99 99.99

3 PR E A FIRIZR 3,

XFF A 7ok Uk, PR ARG AR 4 AR S
R, 22 A A S HILE M SR Y B0 H 2,
TIMA ZRGE0FE ST YA AR R3S BT
DIy ok ki T AR G R | B BE AR [
REIITEIHTE . BINTERES HCG-4 Y% E
ZHONEBOME R R 1 pm FIBETE fRIFE 3 wm 1Y
FRIAAET  TIMA U0 [ 2R 4 51 A0k, fie/ kL
R 113 wm, S KRN 27,17 um, 51 S H AL
RiARTER 3.39 pm, FHMEA 5. 15 pm, Hifr 13 4>
R R AR BETE 1.95~2.72 um(F£ 6 K 5) . KA,
5 AR SR SR Y sk, HROEJr
fffr SR G RUR MR B  RE B AR B R
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HCG-4 RBHRRETERTERE wy/ % 12 . — +— HCG-4-DM2+6_1K
Table 5 The occurrence state of representative elements in nr HCG-4-DM3+9_1K
minerals obtained from sample HCG-4 scanned with three 0F
step size settings in TIMA DM acquisition mode = or
= 8} n n
U7 DM3+9_1K DM2+6_1K DM1+3_1K =1 Pk
S5k I /5\ :
g7 99. 57 99. 56 99.52 5
N~ F # —i—a
[atR 0.22 0.23 0.26 : i \\
L d | 4
o 0.19 0.19 0.20 £ \
HoAth 0.02 0.02 0.02 ol / \
2 ¥ / _»
ATo?al 100. 00 100. 00 100. 00 £l / \_ .
Fe TG ‘/
HH 98. 56 98.53 98. 46 g ; i T S
A 0.68 0. 68 0. 68 FR AR/ pum
[atRN 0.41 0.43 0. 49 ‘
H G 0.19 0.19 0.20 5 TIMA RG0S FFARR 3 MR AR
B 0.15 0.16 0.16 HCG-4 FR15 (1 H 9K 4 BURLARLAZ 4345 8]
Hots 0.01 0.01 0.01 Fig. 5 Gold grain size distribution diagram obtained from
;Tmal 100.00 100. 00 100.00 sample HCG-4 scanned with three types of step size settings
CuJt®
Tl 94,28 0443 04,51 in TIMA DM acquisition mode
BEGH 2.93 3.28 3.35
HoAth > N > e
o . 2 o BRSEHIET (7). 5 9B0RLE (12 6) B L 2
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Table 6 Gold grain size distribution and statistics of gold
mineral obtained from sample HCG-4 scanned with three
step size settings in TIMA DM acquisition mode

L S/ pm DM1+3_1K DM3+9_IK DM2+6_1K
WYL 3 A /A~
1.00( %) ~1.40 1.18 0 0
1.40( %) ~1.95 1.65 4 0 0
1.95(%)~2.72 2.30 13 0 4
2.72( %) ~3.79 3.21 8 7 4
3.79( %) ~5.29 4.48 6 3 7
5.29(%%)~7.38 6.25 8 7 5
7.38(%)~10.30  8.72 6 3 5
10.30( %) ~14.38  12.17 1 1 1
14.38(%%) ~20.07  16.99 1 0 1
20.07( %) ~28.00 23.70 2 2 2

&it 51 23 29
T WRLEE 1/ um

/M 1.13 3.39 2.26

SN 27.17 26. 87 27.17

El(] 3.39 5.86 5.05

XM 5.15 7.32 6.96
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Table 7 Mineral phase volume fraction associated with gold
mineral obtained from sample HCG-4 scanned with three

step size settings in TIMA DM acquisition mode

DMI1+3_1K DM3+9_1K DM2+6_1K
WY 54.15 52.58 48.67
Wik (%l 17. 66 18.05 21. 14
e 2™ 12.58 14.91 14.17
Bk 6.86 7.96 6.41
TR 5.52 1.99 6.13
Rk 2.26 3.98 3.14
B 0.97 0.52 0.33
Total 100. 00 100. 00 100. 00
3 P KB SRR 3,
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B HIEE (I 37407, 3% 2) iR T /N R
1) F AR A0 L e 5 AR A i R B (R 41) o AR
PEFE M HCG-4 AR & 0 E UM KB K T80%,
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Fig. 6 Gold grain viewer obtained from sample HCG-4 scanned in TIMA DM acquisition mode
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Fig. 7 Representative element false color maps obtained from sample HCG-4 scanned with three types of X-ray counts settings

in TIMA DM acquisition mode
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