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1E4.99% ~49.80% ,K,0 & H7E0.05% ~4.71% ,
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Table 1

Analytical results of chemical components in marble

samples by XRF

BES, Fh(%)
%5 Nay0 MgO ALO; S0, P,05 K0 CaO TiO, MnO TFe,04

b26 0.10 1.34 0.71 6.71 0.023 <0.0547.19 0.028 <0.005 0.20
b27 0.06 2.85 0.38 6.67 0.024 <0.0545.55 0.023 <0.005 0.22
b28 0.06 1.19 0.28 4.99 0.021 <0.0548.97 0.021 <0.005 0. 14
b31 0.09 0.61 0.62 5.32 0.017 <0.0548.82 0.030 <0.005 0. 12
b32 0.05 3.67 0.74 7.87 0.029 <0.0544.57 0.038 0.010 0.50
b33 <0.0119.74 0.53 9.27 0.027 0.16 26.04 0.048 0.012 0.63
b34 0.03 18.91 1.55 9.77 0.030 0.80 25.35 0.079 0.015 0.71
b35 0.01 18.87 0.95 9.06 0.031 0.46 25.65 0.064 0.013 0.69
b40 <0.0119.83 2.34 14.88 0.037 0.97 23.42 0.110 0.034 1.23
43 1.48 8.90 6.16 33.64 0.063 0.86 22.19 0.280 0.008 1.34
b45 0.06 3.17 0.77 8.65 0.038 0.35 44.96 0.041 0.006 0.43
b46 0.01 18.93 0.47 8.88 0.025 0.34 26.54 0.042 0.023 0.6l
b47 0.01 18.93 0.64 7.97 0.021 0.55 26.70 0.053 0.013 0.59
P77 <0.0133.18 0.49 19.63 0.053 <0.05 0.74 0.080 <0.005 0.92
P79 <0.0135.15 1.63 14.37 0.150 <0.05 0.97 0.170 <0.005 0. 65
P80 <0.0133.08 2.03 18.60 0.190 0.05 0.99 0.210 <0.0050.90
P94 <0.0118.47 1.29 10.31 0.061 0.32 24.74 0.070 <0.005 1.10
P95 0.65 7.50 7.20 45.43 0.094 1.81 15.13 0.340 <0.005 2.86
P96 0.47 4.88 3.49 26.29 0.085 0.68 32.36 0.180 <0.005 1.20
P139 0.15 3.72 1.10 9.03 0.068 0.34 43.53 0.046 <0.005 0.30
P140 0.27 2.45 2.97 21.25 0.140 1.48 37.12 0.130 <0.005 1.07
P141 <0.01 5.30 4.72 32.90 0.120 1.54 25.54 0.170 <0.005 1.69
P142 <0.01 5.33 1.28 10.73 0.084 0.49 40.91 0.058 <0.005 0.41
P144 <0.01 5.51 2.85 16.34 0.045 1.07 36.23 0.100 <0.005 0.85
P152 <0.01 5.72 14.47 49.80 0.120 4.71 7.45 0.590 <0.005 0.63
P153 <0.01 9.13 9.77 42.17 0.057 3.54 12.15 0.390 <0.005 0.99
P154 <0.0114.36 3.85 26.48 0.057 2.27 19.10 0.160 <0.005 1.39
P155 <0.0115.17 3.29 17.70 0.034 1.04 22.50 0.140 <0.0051.16
P156 <0.0117.27 3.79 20.68 0.045 0.53 20.19 0.160 <0.005 1. 15
P196 <0.0119.64 0.79 11.71 0.023 <0.0524.06 0.045 <0.005 0.49
P197 <0.0119.71 1.08 11.61 0.016 <0.0524.75 0.047 <0.0050.79
P198 <0.0119.93 0.84 9.40 0.021 <0.0524.85 0.043 <0.0050.71
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2.1.1 Jifff KIS FERICREE

RO A AR S E I XRD B2 8 R b &
BT A RS A T i RIE s
AR A RS SalRa b aREE Aaak
PR R KA B A s B A KEE =)
F A KT A REE A A o R P
BHH SRR 8 AR A AHRA(K2), ik
ARIAE EEAMY & (K 1) J:Mg0(0.61% ~
5.51%),Al,0,(0.28 ~2.97%) , Si0, (4. 99% ~
21.52% ) ,K,0(0.05% ~1.48% ) ,Ca0(36.23% ~
48.97% ), TFe, O, (0. 12% ~ 1. 07% ), LOI F
32.87% ~43.79%
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Table 2 A comparison of 32 marble named by slice identification and X-ray powder diffraction analysis

ATE R EOWAES A+ XRD E 4 g HOWES HAH T+ XRD E 4

b26 PNk PNL by P94 HORA DA KIS HORABARES
h27 RIE HFABORIE P95 =Y EpN BB &
b28 RILH REH P96 TR B B 5 AT R
b31 Pt piiksy P139 AR EHBO SR
b32 KILH ke KA P140 TER R oA ORI RIEE
b33 HzARHAS Hz RS P141 AYERBE B OB R A
b34 EPNEp N EFNERvap N b P142 RHEH ELEAEE: vt
b35 Hz A kHE EFNEEvEpN: p144 EEE N TRATO RIS
b40 EF R ii=FNEpN: L pip 3PN =Y Ep Nk P152 BYFTE = AR LRYEEL BURED H
bh43 RIERRH A B BN A P153 Y NSPNEPN:Ee LRURAS FAN D &
b45 REE KRB P154 BHTH AT KRB SRR = AR
b46 Hz A KA MO OREE P155 BRFH A1 KA PR PPN Ea)
b47 Hz A RS TWITIRE oA K P156 LRI H oA RHA G aTEH AR S
P77 SRR R CESES 2N ) P196 AYEH B0 KRIE O ATEA T AR
P79 EFEPNS: o E S N P97 FRRARAZAKIE  SAKA SRS
P80 Haz A KA UM N EERIS P198 HORAB AR ERAE =Pt

2.1.2 Hzuf KRG ERICRRHE

HaA REGE R H o0 KRS S a8
oA RME SAXEAsA RIS st afa
KIE SRR A A RIS s%H oA KH
R s A A RIS A H a4 KIS 8 Fi
ANFEARR(ER2), Haa KEaEFLEAY &
FH(FE 1) F: MgO (14. 36% ~ 19. 93% ), Al, O,
(0.53% ~3.85%),Si0, (7. 97% ~26.48%),K,0
(0.05% ~2.27%), CaO (19. 10% ~ 26. 710% ),
TFe,0, (0. 59% ~ 1. 23% ), LOI 2 32. 31% ~
43.79% ,
2.1.3 ZEHE RIS ERICRFHE

BN Pee Ok FEESC VN Pl
WRIE B el A 22 5 RIE 3 FoR TR A A
HKRI(F2), HHT KA EEA Y& &
(21)H7:Mg0(33.08% ~35.15% ) ,A1,0,(0.49%
~2.03%), Si0, (14. 37% ~ 19. 63% ), K, O
(<0.05%), CaO (0. 74% ~ 0. 99% ), TFe, O,
(0.65% ~0.92% ) ,LOI H1 43.83% ~46.45% |
2.1.4 FFmba ERITRFHE

B SO D S S AR 5 A i A P A STk b
w2 MAFEARI(R2), FEEAMY & (R
1) Jy:MgO(5.30% ~9.13%),Al, 0, (4. 72% ~
14.47% ) , Si0, (32.90% ~49.80% ) ,K,0 (0. 86%
~4. M%), CaO (7. 45% ~ 25. 54% ), TFe, O,
(0.63% ~2.86% ) ,LOI }(15.93% ~27.23% ),

2.2 KBRS R E X

KPR S5 TAE 1 ok PH b BT ] 2 s
S5 E e R, AR S AXTO i S O S 7 s (7
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24, W55.1.25 X 2.5 X 5X.10X 20X 40X 63X,
H: 10X R IE 38O R G0 RAETT A RIS |
o KRHELE ZREE K LS A I 45 M i 5
B WE 1 iR, 32 (A A e 8o 5t
TR 5 A0 R B H MgO F1 CaO 5 553 5]
0.61% ~5.51% F136.23% ~48.97% , |1 =4 KF
S MgO Fl CaO &4 B 14.36% ~19.93% #i
19.10% ~26.70% ,Z2 860 K BLE H MgO Fl CaO &
Bk 33.08% ~35.15% F10.74% ~0.99% ,
AL UL AN AR KBS A2 B 53 v MgO Al CaO 57
2554, MgO Fil CaO &5 3t AT AR Ry KHE Fil
KRz —(WER 1 FFK2),
2.2.1 RHUEMZ2 0 RERHIE

HRAE R H s 1 2% it R 8L = (Si0, + AL O,)/
(MgO + CaO) AKX IHHE LR (K 3) BoR: A K
HA MR EEN 0. 11 ~0.61; H A KA
AT FREUEH 0.19 ~0. 91 ; 2B R IR A 1Y 22 ot
BAHE N 0.44 ~0.61, 5 KIS S Al 508 45
HATHO, KRB S th Al R BN R 5 5 A
RERRER WIS 2/ DA K, AR RS Sio,
+ AL O, & 5O AW s A 2 &8 T RIS A 158,
A SI0, + AL O, F i KT 35% (A4 R EUKR
F1.20) BF, ANfEE I KB (U b43 (P95 P14l
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Fig. 1 ~ Micrographs of (a) calcit, (b) dolomite, (c)

magnesite and (d) green clay calcium siltstone

P152 I P153 SHERL) , A 225 4 Si0, + AL O, %
H/NT 30% (Z-R R AU/ NT 1.00) I, Al S KBRE
FA 2% T R FON R 3 KA A A R B A K

Sh A RIS A A T S 45 1 XRD 2
W AT a5 R (3R 2) HEWT b43 (P95 P141 S4%
wn A ES B b, P96 S AL S R b B A KBRS
P152 SR P153 ‘S i 4R JR A5 T b4 (18] 1d) .
2.2.2  RIUHEET RERHE

R4 K B 25 B9 86 TR 4K = MO/ ( Ca0 + MgO)
NEOTEEER (£ 3) BoR: A KBS B R &R
BUE R 0.01 ~0. 135 [ 2 A KBLA I BE T R 5l
0.40 ~0.46; ZZEEH R A M EE T REEH 0. 97 ~
0.98, A[RIFHE KIS 18 ot 22 B0 AN ], 36 o
FECATAE R R B B 53 10 B AR

%3 KB AR R B AIE

Table 3  Index characteristics of chemical compositions in marble

B a0+ M0 Si0, + ALO, Si0, +ALOs +  Zel BER SR
5 Ca0 +Mg0 R A¥ R
h26 48.53 7.42 55.95 0.15 0.03 0.84
h27 48.40 7.05 55.45 0.15 0.06 0.82
h28 50. 16 5.27 55.43 0.11 0.02 0.88
h31 49.43 5.9%4 55.37 0.12 0.01 0.88
h32 48.24 8.61 56.85 0.18 0.08 0.78
b33 45.78 9.80 55.58 0.21 0.43 0.47
h34 44.26 11.32 55.58 0.26 0.43 0.46
b35 44.52 10.01 54.53 0.22 0.42 0.47
h40 43.25 17.22 60.47 0.40 0.46 0.39
h43 31.09 39. 80 70. 89 1.28 0.29 0.31
h45 48.13 9.42 57.55 0.20 0.07 0.78
h46 45.47 9.35 54.82 0.21 0.42 0.48
b47 45.63 8.61 54.24 0.19 0.41 0.49
P77 33.92 20.12 54.04 0.59 0.98 0.01
P79 36.12 16.00 52.12 0.44 0.97 0.02
P80 34.07 20.63 54.70 0.61 0.97 0.02
P94 43.21 11.60 54.81 0.27 0.43 0.45
P95 22.63 52.63 75.26 2.33 0.33 0.20
P96 37.24 29.78 67.02 0.80 0.13 0.48
P139 47.25 10. 13 57.38 0.21 0.08 0.76
P140 39.57 24.22 63.79 0.61 0.06 0.58
P141 30.84 37.62 68.46 1.22 0.17 0.37
P142 46.24 12.01 58.25 0.26 0.12 0.70
P144 41.74 19.19 60.93 0.46 0.13 0.59
P152 13.17 64.27 77.44 4.88 0.43 0.10
P153 21.28 51.94 73.22 2.44 0.43 0.17
P154 33.46 30.33 63.79 0.91 0.43 0.30
P155 37.67 20.99 58. 66 0.56 0.40 0.38
P156 37.46 24.47 61.93 0.65 0.46 0.33
P196 43.70 12.50 56.20 0.29 0.45 0.43
P197 44.46 12.69 57.15 0.29 0.44 0.43
P198 44.78 10.24 55.02 0.23 0.45 0.45
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XRF Al 10 o0 A al AAE R3] 0 KB e A0 2 7
1 SRR S IR ) N A ROt i ok 1o
A1 S8 HORFN XRD B4 € BT R
Aoy EA—BU R,

AR R B PR 4% S5 AR ORI Jo 28 B R/ Nl 4y
T REVE (8 & A RILE R E5IE X TR0 0T
EAT AR A = A R T AR
XPR B R R A oo R & BT b, o
VR R HL AT B B AT PR R A 1Y
P B R A A2 Rl — e R e PN TR £ 28 TR
W RAERHE A

4 ZHLHK

(L] e, ks, 570, 5. RN A A F o B L

FEDURZE IR R L) ] e B 27k 35, 2015, 34
(3):353 -364.
Tang Y,Zhang Y P,Qi X M, et al. A study of the very
low-grade metamorphism and its application to the
sedimentary basin[ J]. Acta Petrologica et Mineralogica,
2015,34(3) ;353 -364.

(2] XUEAS, WIRERE ARV, 55, 35 HUAR 22 40 7 2% BT g I3 A

AR A MR S AR LT ] 2441, 2017,
37(5) :617 -624.
Liu C W,Hu Y Z,Ren T, et al. Study on the petrographic
features and protoliths reconstruction of Akesu group
metamorphic rocks from the Northwestern Margin of
Tarim Basin, the Xinjiang Uygur Autonomous Region,
China[ J ]. Acta Mineralogica Sinica, 2017, 37 (5):
617 - 624.

(3] FUGSMS, XUARN, BV Je. BT sets A e/ 1A AL e

U R A & B ST L) ] AW 244, 2017, 37
(3):314 -320.
He Z P,Liu J S, Tang Y L. Research on protolith and
tectonic setting of tashenkuergan group metamorphic
rocks in Tatulugou area, Xinjiang Autonomous Region,
China[ J]. Acta Mineralogica Sinica,2017,37(3):314
-320.

(4] W DS FER, S5 B HRHE I X HLAT

4 Rietveld 23 KIS YAE R[] iR & 04T,
2016,36(11) .11 -16.
Tang M Q, Luo M G, Wei Y Q, et al. Quantitative
analysis of phases in copper smelting slag by Rietveld
full spectrum fitting of X-ray diffraction[ J]. Metallurgical
Analysis,2016,36(11) .11 - 16.

[S] ™R, XL, EE 2,5, W FTIR - XRD - XRF 73

Hr B AR T By i SR AN AT 07 ) 2 R AEL T ).
EHHL, 2015,34(5) 544 - 549.
Yan J, Liu X B, Wang J A, et al. Determination of
mineral compositions of new kinds of imitated turquoise
by FTIR-XRD-XRF [ J]. Rock and Mineral Analysis,
2015,34(5) :544 - 549.

(6] ska&FH, B Hm, E4RL, 5. R F 8 IR E

BAKS £ Y) XRD YIAHOFFE [T ]. 67417741 ,2016,36
(1):97 -102.
Zhang Z D,Luo X L,Wang J H, et al. Research on XRD
phase for clay minerals in organo-mineral complex of
major soil from Jilin Province, China [ J ]. Acta
Mineralogica Sinica,2016,36(1) ;97 —102.



41

HoO

et

2018 4

http; // www. ykes. ac. cn

(7]

(8]

(9]

[10]

Tras, S X PO OERENE O =41 A1 KA
AL EALBE A R ALRELT ] 1 600 H7, 2014, 34
(1).75-78.

Qiao R, Guo G. Determination of calcium oxide,
magnesium oxide and silicon dioxide in dolomite and
limestone by X-ray fluorescence spectrometry [ J ].
Metallurgical Analysis,2014,34(1) .75 —78.

ihH A, ERRHE, £ — 0, % IR HIAE - X IO
SCRETEIE AT IRATH S R [T ] 16 4240 #, 2013,
33(2):230 -235.

QuY H,Wang C Y,Wang Y L,et al. Determination of
five components in limestone by X-ray fluorescence
spectrometry with fusion sample preparation [ J ].
Metallurgical Analysis,2013,33(2) :230 - 235.

B NS T, A AR R R R - X
AT E N E BV R T ALy [T]. 8
#r,2014,34(1) .50 - 54.

Luo X H,Su J Z,Lu Q,et al. Determination of major and
minor components in lead-zinc

ores by X-ray

fluorescence spectrometry with high dilution fusion
sample preparation[ J ]. Metallurgical Analysis,2014,34
(1):50 -54.

R, w25, BR P RE, 45 XS RO 1 40 A
ke B R B2 [T ] 5 P, 2015, 34 (1)
91 -98.

Chen J,Gao Z J,Chen C K, et al. Application skills on

[11]

(12]

[13]

determination of geological sample by X-ray fluorescence
spectrometry| J ]. Rock and Mineral Analysis, 2015, 34
(1):91-98.

T TN B, 25 Bl AR IS G X Sk
YOG E B =0 PG BEREgRE L] a0,
2014,33(6) :834 - 838.

Chu N, Li W G, Jiang X G, et al. Determination of
calcium, magnesium, silicon, iron and aluminum in
dolomite by wavelength dispersive X-ray fluorescence
spectrometry with fusion sample preparation [ J]. Rock
and Mineral Analysis,2014,33(6) :834 —838.

XA T S 1A% 3k 1 U A 3 A R T O R A
SRR MM R LT ] A a2 4k, 2016, 35
(2):255 -264.

Zhao S H. Geochemical characteristics of the Baiyanghe
shale in the Northern Bogda Mountain of Xinjiang and its
[T].
Mineralogica,2016,35(2) ;255 —264.

B, XA, £, 4. G I— RN A a7 L
BT i X AR TORR o ) S PR ) 5 A T JE A e i
L] AAamY#2eid,2016,35(6) . 1003 - 1024.

geological significance Acta  Petrologica et

JiL,Liu F L, Wang F, et al. Genetic mineralogy and
metamorphic evolution of metasedimentary rocks in Gasa

area, middle-north segment of Ailao Mountain

metamorphic complex belt [ J ]. Acta Petrologica et

Mineralogica,2016,35(6) ;1003 - 1024.



1 BTG A X AT S AT AR KB S 5 02 B $31 &

Application of X-ray Fluorescence Spectroscopy in Identification and
Classification of Marble

CHI Guang-cheng, WU Yue, WANG Hai-jiao, CHEN Ying-li, WANG Da-qian
(Shenyang Geological Survey Center, China Geological Survey, Shenyang 110032, China)

Highlights
* The impurity coefficient (Si0, + Al,0,)/(MgO + CaO) of rock can be used as the technical indicators for

identification of the marble.

* The calcium coefficient CaO/ (SiO, + Al,O, + CaO + MgO) and magnesium coefficient MgO/ ( CaO + MgO) of

marble are the classification basis of different types of marble.

Thin section observation, X-ray Powder Diffraction and X-ray Fluorescence Spectrometry provide more reliable

data for identification and classification of marble.

Abstract: The identification and classification of marble depended 12 ~ Magnesia coefficient

mainly on the identification of rock slices and the semi-quantitative 1.0 - Caleareous cocfficient
detection of minerals by X-ray Diffraction (XRD). It was found that gl

the results of identification of rock slices were not always consistent 06k

with those of the semi-quantitative detection by XRD. Therefore, it

. . . . . 0.4
is necessary to introduce other techniques to verify the results of thin

section observation and XRD semi-quantitative analysis. 32 marble

samples were analyzed by X-ray Fluorescence Spectrometer, the 0
26 b27 b28 b31b32 b33 b34 b35 b46 b47 P77 PTIP8O

results and finding of which are reported in this paper. Based on the Marble sample

chemical composition of rock, rock impurity, magnesite, and 6
calcareous coefficients are used to classify the marble. The results 5| —+ Impurity coefficient
show that magnesite coefficients of calcite marble, dolomite marble,
and magnesite marble are 0. 01 —0. 13, 0.40 —0.46 and 0. 97 -
0.98, respectively. Calcareous coefficients are 0. 78 — 0. 84, 0. 30
—-0.49 and 0.01 -0. 02, respectively. Different types of marble

have various magnesia and calcareous coefficients, which can be

used as the main basis for the division of marble types. Only the AT
b261b27 b28 b31b32b33b34b35b45b46 b47 P77 PI9P80 PO5SP141P152P153b43

contents of SiO, + Al, O, in rocks are less than 30% ( impurity Marble sample

coefficient less than 1.00) , then can be classified as marbles. The

establishment and application of impurity, magnesia and calcareous coefficients in marble can be used to correct the
inconsistent results between thin section observation and X-ray Powder Diffraction mineral semi-quantitative
analysis, making marble classification more accurate.

Key words: marble; X-ray Fluorescence Spectrometry; mineral identification; impurity coefficient; magnesia

coefficient; calcareous coefficient



