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Table 1 The main optical characteristics of the rock-forming minerals for marble rocks

R/ EE vib. % A=A E32308 Pag: BHA slen BBk otk
24y Ca[CO5]  CaMg[CO,]  Mg[COs ] Si0, CaAlSi, Og - - -
ES =77 =77 =77 =77 =%t R R AR
i, T-HA M - Wi W - K Jot Jof 7 - wsg Ty — TR Joth
I FE M - Pk - AR FTRVN [ERN i F LWIRIN LWIRIN
fi =5 s =5t a =5t a i WA 5E 4 —l5E 4 — e 4
pjinis —Hh( =) —Hh(-) —Hh(-) —Hh(+) ZHiGC+) TERC(-) ZTEEC(-) ZhhEC-)
g NS [RZE [RZE IEf 1E - ik IEf - EA EEIANES
T S [SEAE! [SEAE! [ g H I %K I %K I~V I~V
FRAEFRAE {0112} XU 10221 XU - BRI E s SH T AT BHR
JnkEERER  RIELERK AN FUE I AR TG AN A A A A
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Table 2 The detected name and mineral characteristics of the marbles with microscopic identification
WALy B i (% )
RS g5 AAAKH FE R4 —
Vig i Za Fap R it Hzat &Ry
26 .b27 h28 b31 . B
b32..145 D142 Iy file A0 RIS 7 94 ~99 0~5 - - <1 0~3
P139 P144 SR A AR 2 90 ~94 2-5 - - 2~4 1
P96 BH TR 1 70 20 - - 7 3
P141 I i 1 75 20 - - 4 1
b43 KRS 1 60 20 18 - - 2
P140 FERD R BRI 1 62 16 - 18 4 -
eI HAKR FEREER B S
P77 B AN b 1 97 3
FE S5 AT SR Az=f AL Hz=h SRA
P154 P155 SR HT AR 2 70~75 18 ~25 5~7 0~10
P156 ALV o K 1 75 15 - 10
P197 RGOS AR 1 90 5 - 5
P196 A AR 1 85 15 - -
e HAKR R Aasf e Azt &Ry skAa Bxi
b33 .b34 h35 b46 .
EPYepN:iEs 7 94 ~98 0-~3 0-~3 0-~4 0-~3 0-~3
b47 P79 P80
P95 P152 P153 B [ 7 A R 3 50~70  15~30  15~20 0-~5 0-~5 -
P94 P198 TAEAS AR 2 90 ~95 5~7 0~2 0~1 - -
b40 P iEpyapNeLit; 1 80 1 10 4 - 5

IE P SHEMRE TR, b SHEMRE T AKX,

Pl 1 ORPIES e A
Fig.1 The micrographs of marble samples
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Table 3

The basic characteristics of X-ray diffraction pattern

for main rock-forming minerals of marble

Y KEUEE AT Y X ST IS 8 DU g d (AR SRE [ {H

1 10 4 5 5 6 5 4 5
L] d 0.3030 0.2490 0.2280 0.2100 0.1905 0.1873 0.1417 0.1045

. 1 10 4 7 4 7 7 4 5

Hafi

d 0.2880 0.2670 0.2190 0.2013 0.1808 0.1785 0.1387 0.1112

S 1 10 4 8 4 7 4 4 6
d 0.2740 0.2510 0.2100 0.1942 0.1702 0.1407 0.1355 0.1069

.1 8 10 8 7 6 7 6 6
h d 0.4290 0.3340 0.1819 0.1543 0.1383 0.1373 0.1182 0.1082

MiH 1 6 6 4 4 10 5 5 6
d 0.4030 0.3750 0.3490 0.3360 0.3190 0.3180 0.2930 0.2520

HET 1 6 7 5 6 10 6 5 9
d 0.4210 0.3770 0.3460 0.3330 0.3240 0.2995 0.2570 0.1795

. I 10 6 7 5 10 5 8 7
=% d 0.9890 0.4930 0.4430 0.3460 0.3310 0.2972 0.2548 0.1984

R 1 10 5 4 10 4 7 4 7
g d 0.9380 0.4710 0.4530 0.3120 0.2610 0.2480 0.1873 0.1530

e I 10 8 9 6 8 6 5 5
d 0.7050 0.4760 0.3550 0.2660 0.2400 0.2020 0.1670 0.1550

ERE 1 10 7 4 6 4 4 4 7

d 1.400 0.4450 0.3080 0.2550 0.2480 0.1690 0.1645 0.1492
L < Y T (BT 2 om ) T AR AR R

4 KB X RSB AT T PR o &

3.3 KRS SO REN

HRAE XS5 2Ry & A7 5 F 2 e W) LA 3 BT 4
REEH BB T A a0 WSS FRAE, v 32 14
KELEAN 5y Ry 22 ARA (WL 4) Dy i KRB
(410, 0E2) SHasfrfaRIEA (1) &
Sle AT ifRA RKIE (1) A s A KR T il A
KHEE () At hiEa RS (1) &
R A RS A KBS (1) S adey
BT RIS (L, WAL 3) =3 = 55 R
ARHA (2 1) MDA (2 1) (IR Sk b
HQME) Ha A RIA( 4 0WE4) SatEA
“ARME QM) FAXASARMSE G M) &
WAARASARES(LG) A stAas
ARBE QM) aREFRA S AKREA(4) .
BEARAKRIEA (L) GRaEA S A KRS
(11F) WA H AR (1) I8 A28 K
L) ZEBED R (11, W 5) fg st f
WAAZEEER KIS (1 1) .

Table 4 The mineral compositions of the marble by X-ray diffraction analysis

XRD + A AW YT B T EE(%)
RARRANE B gims mRaG 6% #8 WG WRA BKG BR6 RGO
A 4 90.6~97.9 0~2.7 0.7~4.1 0~0.9 - - - - 1.3~4.2
FHRnARIE 1 81.5 10.0 4.6 - - - - - 4.0
e e NLbes 1 88.6 1.3 1.4 - 3.1 - - 5.6 -
SRR it 1 51.8 12.0 11.8 2.9 - - 17.7 1.3 2.5
Hafi ot RS 1 70.4 11.0 4.6 10.9 - - - - 3.1
A ARKERIE 1 53.4 12.4 15.0 9.4 - 5.4 2.0 - 2.5
FARAR RIS 1 63.5 15.8 8.8 3.9 - 4.3 - - 3.7
P A= b iy e 2 30.4~48.0 16.9~19.5 17.4~39.1 9.0 ~13.5 - 0-~2.9 - - 0~3.2
FE S DA 2 9.0~37.3 6.8~16.4 22.5~38.610.8~16.1 - 16.3 ~20.6 2.0~3.5 -
SRS TR A 2 - 25.1~35.4 27.4~28.412.7~21.8 - 8.6~15.9 0~1.4 5.8~17.5 -
EPyiy L 1 1.0 88.9 1.5 0.9 2.8 - 2.5 - 2.5
P lE AP NLE o 2 0~1.1 82.9~92.3 - 5.8~10.9 - - 1.8~1.9 - 0~3.5
FARASARMEE 3 - 81.9~87.4 5.8~8.0 0~4.0 0-~5.4 - 1.5~4.2 0~4.4 0-~4.8
EWMAARATARIME 1 - 81.9 6.4 - 5.4 - 1.5 - 4.8
FiEE = A aREE 2 6.5~9.6 64.3~70.7 - 8.9~14.2 7.6 ~9.5 - 1.3~1.9 1.8~3.6
nBREAAREE 1 - 59.8 16.2 7.9 - 16.2 - - -
BIEH A KA 1 - 71.6 15.4 10.4 - - 2.6 - -
BREEHEAREAE 1 - 64.1 14.0 10.8 - - - 11.1 -
WA A SA KA 1 4.9 78.0 - 3.2 11.0 - 1.4 - 1.5
KEAEEANS PRI FiRA HzfA A B3 A mikA  BKA gRA FBA
BRI 1 0.7 0.5 1.0 90.6 3.4 - - 3.8 -
WA ZEEE R 1 0.7 0.3 1.2 81.5 16.4 - - - -
SR AR R 1 0.8 0.6 0.8 85.8 6.7 - - 5.4 -
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Fig.2 The X-ray diffraction pattern of the calcite marble
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Fig. 3 The X-ray diffraction pattern of the calcite marble

including dolomite
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Fig.4 The X-ray diffraction pattern of the dolomite marble
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Fig.5 The X-ray diffraction pattern of the magnesite marble
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T A RO U A R R R, R IL
KHUE A 78 2 R BT ANIER RN 5 R i)'t
RS S N UERR I, AR X Ry A AT S AR
T A IE

PR 5 Ty i RS S 4 245 2R ek B - X
2k B AT R e A 4 th R T s A
fife T FZEEE T SRR SR K & &, K b — 4
WA B KA RHA RSB A A F
JAT SRR R ER 1 1, ik S 2 5 A1 i S AR
MEARE Y
4.2 PR JTIEEIA I

A A B A R R A T RE AR
Y A A AR R AT B R R
INR BRI Ay, o DAL B A R TR
UURBUE RIS T . i a5 7 AR ME X 43y fif
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Table 5 The identified minerals of marble detected by X-ray diffraction and rock microscopic identification

EROE 2 pap s Iy fig =bk Haf  #HKa 8y 8R4 ZFhia WA IR a)

X FFERATHAG A 27 22 21 31 16 3 11 17 9 6
R R 28 13 21 18 1 1 5 1 0 0
THER R REE -3.1%  31.1% 0 37.5% 46.9% 6.3% 18.8% 50.0% 28.1% 18.7%
THER AR 23 13 18 16 1 1 5 1 0 0
ZHERHAR AR 85% 59% 86% 52% 6% 33% 45% 6% 0 0

LRATET % d (H 4> 5 A 0. 303 nm.0. 288 nm Fl
0.274 nm, X SFZRAT I 3206 22 S W 5 1 5L, GROE A
RN ARH A B A A =, = Fb
W X BT S E g d H 53002 0. 319 nm,
0.324 nm 0. 334 nm; BB XSG Glef .o bk
T A7 45 2R AERR AR > X DU R RERRER T Y
X At 0% d {653 524 1. 400 nm 0. 705 nm,
0.989 nm F10.938 nm, H 75 TR X 55f
M AT A IR i S AL Ay
i, B A A SR RE RE R DU R AR
AR TR A DR AER R TE, RRFR A
IR ANARE A 4 B X TRy A AT S BRI
Oy AN AT BEME A 4 R A A AR, B
BB R A A B IMNILER A A TR 5 i X 4R
B S AT A A A B A AR, AT RE A 4
RHEEH AN AR,

26 32 MERPLECE M E Y XRD + A E Bxt b

4.3 KRG AN IURTE

DB AT D ' S ARCBE R I E 44 5 XRD
+ AT G AR TN 5 44 R X B (3R
6) :b26 . b28 b31 b33 .b45 P94 P155 P198 5 8 ff
Pl = & A € 4 MR 5 b27 (b32  b34 35 (P77,
P156 \P196 \P197 5 8 {F4 s — 3 45 41 7€ 44 e A A
[ ; b40 , b46 , b47 P139 P140, P142  P141 P144
P154 5 9 PRE D 3 5 A E 44 RIEHA], PRAHE 44
A7 W] 8B 7% 55 b43 P79 P80 P95 P96  P152 P153 5
TR R AE AR TR ARG
X PP AT S 2 S AT A A T RELL S £
T (R 2 MR 4) AR O KT, A0 X 2y
AR TSR I AR5 540 T It . B B 2 TR A
2y A RESS AL A A B I A T A
o S AR Rt B BRI AE 44 A XRD + 55
AW G A D 44 254 E X, RIS
A 32 PERBUERE A 2 22 AV A R,

Table 6 Comparison of mineral names of 32 marbles with microscopic identification and X-ray diffraction + microscopic identification

K% K%
G Bt 4

TR XRD + 7 1 i ET A XRD + 147 1
b26 KA Ko P4 EARARGKME  AAEAROAME
b27 St AT POS  EERARGAME E T
b2s K KA P96 SR B
b31 o K PI3O G fidkHE FHAE A BAIE
b32 St FEILATA I P4 EERREAME A AR KA
b33 EEREPS Y EFREPS F Pl41 GHRH AR S TR
b34 EEREpS T GRHBHKIE P12 KA ERESEaes T
b3s EEEPSiET HAUBHRIE P44 AT EHABATAIE
MO EEMERGAME  RREAEAAAE PIS2  FHRARTAIE SRS TR %
b43 KRR SRS PSP PISS  EHRARGAIE SRS TR 2
b4s Ko oo PISt  AAKAZAKME  AERKERERGAME
b6 EEEPSi RS WA 2R PISS  HEIARLKIE VSRR
b47 EEEPSIES JTIRIE T E R PIS6  TIHSHRHATAME  ARAKAZTAMY
P77 BT KIH TS B T PISG  AHARAKIME  ARAAEAZGARE
P79 EEREPSi T T PIOT GEVSRAAGKME  GAKEASHAIE
) EepS: ST I PISS  AAKAZAAME  AAKASAAME
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The Application of X-ray Powder Diffraction to Marble Definition and
Classification

CHI Guang-cheng, XIAO Gang, WU Yue, CHEN Ying-li, WANG Hai-jiao, HU Jian-fei
( Shenyang Institute of Geology and Mineral Resources, Shenyang 110032, China)

Abstract; Marble primarily consists of three types: calcite, dolomite and magnesite. Marble classification is based
mainly on the structures and mineral compositions seen under the microscope. It is very difficult to determine
calcite, dolomite and magnesite under the microscope because each type has the same crystal optical
characteristics, such as flash protrusions, senior white interference color, uniaxial optical negative and rhomboid
cleavage, which belong to the triclinic system. In order to identify the mineral types and the relative content of the
carbonate in marble accurately, 32 marble samples were tested with microscope and X-ray Powder Diffraction using
semi-quantitative analysis technology. The identification of thin section results showed that; Marble rock-forming
minerals are calcite, dolomite, magnesite, quartz, plagioclase, muscovite, biotite, chlorite, clays minerals and
metal ores. According to the characteristics of the rock structure and the mineral components, 32 marbles can be
divided into calcite marble, felsic calcite marble, quartz chlorite dolomite marble, dolomite marble, mica-felsic
dolomite marble, magnesite marble and other 15 types. The X-ray Powder Diffraction semi-quantitative analysis
results showed that; the marble rock-forming minerals are calcite, dolomite, magnesite, quartz, plagioclase, K-
feldspar, mica, chlorite, talc and montmorillonite. Comprehensive analysis showed: it’s difficult to distinguish
calcite, dolomite and magnesite and other carbonate minerals, and tiny quartz, K-feldspar and plagioclase,
muscovite and other scaly talc silicate minerals by thin section with microscope identification technology. X-ray
Powder Diffraction semi-quantitative analysis technique can not only accurately detect the type and relative content
of calcite, dolomite, magnesite, and other carbonate minerals, (D values of dolomite, calcite and magnesite, the
major X-ray Diffraction peak, were 0.303 nm, 0.288 nm and 0.274 nm) , but also identify effectively the rock silt
plagioclase, feldspar and quartz with D values of respectively 0. 319 nm 0. 324 nm and 0. 334 nm; and identify
montmorillonite, chlorite, mica, talc and other layered silicate minerals with D values of respectively 1. 400 nm,
0.705 nm, 0. 989 nm and 0. 938 nm. The application of X-ray Powder Diffraction semi-quantitative analysis
techniques is a breakthrough on marble mineral identification technology. According to comprehensive results of
thin section under polarizing microscope identification and X-ray Powder Diffraction analysis, 32 marble samples are
divided into 22 kinds of rock types eventually. The study showed that using microscope or X-ray Powder Diffraction
identification technology separately is insufficient for accurately identifying marble rocks. Both techniques should be
combined with field observation, to identify accurately the marble type.

Key words: marble; rock microscopic identification; X-ray Diffraction; classification and definition
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