EENRSHEUCIER e

MARINE GEOLOGY & QUATERNARY GEOLOGY

BT Y BT —— USSR B S H

Em, NEL

Quantitative analysis method of bulk mineralogy: Take the gth Reynolds Cup samples for example
LI Yanli and LIU Zhifei

TEZR L View online: https://doi.org/10.16562/j.cnki.0256-1492.2025053101

LT RERGBR A HAN S R

Articles you may be interested in

MS20003O L AN 1 275 DU 28 TTCRR AL FE 1) 5 i EREBIF S

Quantitative sampling for grain size analysis by MS2000 laser analyzer

TR b T 55 5 DU 28 L 5. 2020, 40(2): 200-207

T TR E A P 2L ) SR S IR 7R T

Automatic identification of heavy mineral compositions in Zhejiang—Fujian rivers and implications for provenance analysis

TR S5 DU 20 . 2025, 45(1): 79-95
ST LRy R E A A BT AR 48 L sk 2 W T4 B K A2 4L

Quantitative reconstruction of precipitation changes in the Altai Mountains over the past two thousand years based on pollen analysis

TRETE T 5 50 D 20 . 2025, 45(3): 157-165
XS LCTHH 5 =4 i @ BORTE LA L Core O1H N FH ST PR B4R

X-ray CT scanning technique and its application to the Core 01 in the northern South China Sea for sedimentary environment
reconstruction

TR S50 DU 28 H 5. 2021, 41(4): 215-221
PAFR AT 1 50T VAR 1 0 s D 2R e G BP0 LIRS VLU AR s i 4 o

Application of two heavy mineral analysis methods in the provenance study of Irrawaddy River sediments on the southeastern margin
of Tibetan Plateau

T S5 DU 20 M . 2022, 42(4): 181-193
ARALVD SO Wy 20 B X D IR 4 7R
Heavy mineral compositions in the northeast sandy lands and the provenance analysis

TRRVE T 20 D 20 BT 2023, 43(6): 181-190

KEMG AT, PAFHE ML



http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2025053101
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2019031201
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2024091801
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2024041701
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2020110901
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2021112901
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2022110501

ISSN 0256-1492 W RS 5 U4 R A5 E 4
CN 37-1117/P MARINE GEOLOGY & QUATERNARY GEOLOGY Vol.45, No.4

ZEHE, XURR K. SH B AT kLA 9 Ji T VR B A o 81 (). TR b DS A DU AR B T, 2025, 45(4): 208-215.
LI Yanli, LIU Zhifei. Quantitative analysis method of bulk mineralogy: Take the 9" Reynolds Cup samples for example[J]. Marine Geology & Quaternary

Geology, 2025, 45(4): 208-215.

e YEENHEE—UE I BFENFmAH
2, X &

[R5 A 2 0 v b o 4 [ 0 5208 %, BV 200092

WEXHLEITH (XRD) R FTHHEBSMRFT RO FTE, R ZNTTFWFEEINAR., S TAARELT WS
ATREBAE TSN — AARBAFIRK . ALAF 9B EF#M (Reynolds ) $2AEH 3 FF K 4 i &AE 4 61, 427 Rietveld % 357
MFITEES>HN . BARA XRD H Rk FHEREE, 52 A& PO FT WM RIE, £ A Rietveld & 3t 4 % B IT A F B 74
HREHTEE, RASHERSTERE I T REREGEHMAI/TE, FRERAN, B PHIZTHREE L
T, R e B AR T A8 iE Rietveld kg A3t S, AP, ERLETY (RELEHA) HRESHZHT 1.5% B T
EHEE, MBLETHH TRALL, Li it A2 ARE, BERIETFHNETERE (FTHRERE 1.0%~13%) &
KTFRLEETY (FHREHE28%~58%) « EEDFTINEZFIMER ARG RAEMELELEA 1567%(2}3.4’1‘4*%
HEB 2445, KRRFERTWEZ LR ERE L5 K 70.5%.89.8%.95.6% ) . MmEZEZRAF Y (HARFLETH) LT
BH, EFHEEERGELT, B A EN GRS #@%Hﬁvmé\%ﬁ—,;f?ﬁr#héﬁﬁﬁ‘r%é%ﬂxkkl‘%m(&uRC9-3éﬁ%7‘£
FTHEZE 192%) . R AW, Rietveld Z EH T T RERTH X SZHFT WA T, A2 LARBBT AR X5 M 20 s A B A7 49
é_\&) ERMT, AOMECMTELT THEWYXRD R4 M A Wi, S THFEHEFRBUGRR RRAFTAREFALAE
KEIE: T W T R X & 474 Rietveld 3%

FE 53 AS:P575 HAFRIRES: A DOI: 10.16562/j.cnki.0256-1492.2025053101

Quantitative analysis method of bulk mineralogy: Take the 9™ Reynolds Cup samples for example
LI Yanli, LIU Zhifei
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: X-ray diffractometry (XRD) is well accepted as a definitive tool for mineral identification and quantitative analysis. Accurate
quantification of clay-rich minerals has always been challenging. Three samples from the 9th biennial Reynolds Cup competition for quantitative
phase analysis (QPA) were taken for the example. Application of the Rietveld method using X-Ray powder-diffraction data requires that all
components are correctly identified. The weight percent (wt%) of the Rietveld refinement will be submitted and compared with the actual
content. Results show that most kinds of the mineral were precisely calculated by Rietveld method and high content mineral phases were
generally easy to identify. Non-clay minerals were less problematic and were quantified with a typical bias of better than 1.5% (wt%), with the
exception of amorphous phases. Samples with clay-rich minerals are difficult to identify and quantified because of their complex structures. The
average bias per non-clay mineral was just 1.0%~1.3%, but the average bias per clay mineral was three to four times higher at 2.8%~5.8%. The
sum total bias of three samples was 156.7% (on placing 24, the sum total bias of the top three winners was 70.5%, 89.8%, 95.6% respectively).
The bias is mainly due to inaccurate identification of minerals, especially clay-rich minerals. Under the condition of accurate mineral
identification, the calculation deviation of the mineral can be greatly reduced (e.g., the total bias of RC9-3 can be reduced to 19.2%) if there are
suitable crystal structure and fitting conditions. The results show that the Rietveld method can accurately quantify the content of most minerals
in the sample, but also relies on researchers to make accurate identification of the mineral composition. In general, the QPA is reliable by XRD
in our laboratory, which could be an efficient tool on tracing the source of marine sediments.
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EE B 200 (1982—), Z, WL, TR, FZEAF L X L7 i (XRD) A& 1t 7 L0 ¥ 5%, E-mail: yanlili@tongji.edu.cn
55 H #:2025-05-31; 2X[=l H H#A:2025-06-30.  J& 57 S48


https://doi.org/10.16562/j.cnki.0256-1492.2025053101
https://doi.org/10.16562/j.cnki.0256-1492.2025053101
https://doi.org/10.16562/j.cnki.0256-1492.2025053101
mailto:yanlili@tongji.edu.cn

545 % 5 4

R, XK A T T LU 9 S TR AR O A1 209

W9 & o B A DR i F o v B 2 AR
S, WHETR R R s SR TR R T T DR A K
Ui R Bl R S B Y, RS
E AT A EEA T 3R OH BBk
(SEM) . SME FE &5 TR A 8 fr4eit, A~
AEA T i A, BB AR S I AR R 2 A AN BB
R 3% 4 BB RE S A ME R @ Fk 2 o0 2R i A Ik
(Normative calculation) , AR FAF: Sppnorm ™o 14
D7 15 1 32 B 2 A 2L T R AT [ B LR
UK, 40 K ATk | AR, WAk A KA, iR
S K B Bess Al T ORI S i, S AN S B R
TS AL R OR RS, DT B ALTE 8 A
i, e B I R T R e 2 AR, AR
MEHERA B HE B 0 W 2 5% DB S X FHEAT vk . 1%
Gk ERST Y SR, FTERHRES
(RIR ¥ ), 3 7 2 3 2ok >R FH 55 9 AR 4 32 v 7 4 2.
— b T T S R R, 6 A3 B 0 5 S HE AT
BT RERIE, C Bk, AT X
W) BT A i, K 2 B S AL A R H el
HEJE B XRD %, B4 B4 (full pattern fitting )P,
T R W 0 T A AT S R A AT, il e
e, SR AR RN A ) 1R 25 R/ N 4%
W YR AR i, R EELG RS R S S
FIE I Rietveld 15 . B3 S RTEE Ao Je il B 55 2 0
dn I BR HE D) XRD [, 356 36 AH B0 4 04 3 a5
F R AR AR EE T LA TR, AR AT
8 AH T 5, 9 DL T & T o A 0 Tk AR A
4 : Fullpat, RockJock Fll Q-min 4%, Rietveld ¥ U 5
T HEA ) 0 25 b AR S5 40 22880, JE AR N0 ) Y 245
PR WS 0 B A HIE A R 0 L AT AT
Al A B S BORT AR T P 1 SE R SR TR AR L 2 (B TE
P 2 [ & JH L, Rietveld ¥ i 2 07924
BrAe8K Rietveld T 1969 44 H B, I 4] FH F AT il
AR B AR EE A, FE T 30 AR R FH T 2R 8 i
WF5E o 1 2 82K F Rietveld BLig JF & F T &
XRD [ 3% @ 9 1 A7 X % i (41 BGMN/Profex,
Siroquant, Highscore +5§ ) .

P 3% 2 R0 7 Rietveld Bk 02 & 507 1) 24 40
B R HERR B PR 7 vk o SR, BT A AR A 3R AR
AR ) AR AR S5 AR 25 22000, FERIE R Lo
(R JC )70 Y RNR Z 0 ) AR, B80T 0 5
A M, IR 6 %o S e A B AR AR M AR R, ik
A, HERFES B T A i 2, RS 2%, K
By b o2 B W) 2F IR AR — E MERE o R E 1t
B A A, AR e R A SR AT .

A BT DL 3 E R A 25 9 Jm 7 1 #F (Reynolds
Cup) $2HE Y 3 AR FE A FE 0 1], SR Rietveld 7
XF 3K 3 ANKE G AT R S A0 BT, S BT 4 AR 3 45 28
J5 5 S BRAE X L, 20T 25 H 28 0 5 D3 AR T A A 2
Gtk TG UK R ARSI % H i w0
SENIKE, R E A m Y i i R
R HE

1R

L1 &R

FE S A 2018 4R 55 9 Ji B b AR 25 I O 2 4R 1
3AKFRARE, BRSO RCO-1(UTRLREJE ) . RCY-
20 XA M PEITL AR ) FT RCO-3(TT AR B IR 45 ) - 31X 34
B Y E SR DTS P RE R B A B P B AR AT
NRIRA, I BA R Bk & A ek & xR )
mn A, BRSNS RN LT, v A
GrARH

1.2 STLIGFH=*E

AR YRR AL B 22 I3 A TR v R T = 44 T R
AN, AL B R Ak BRI 4 A T ) AL
BEPL,Fh AR G A 3R FH AR S 50 5 A fef FH A T
AbFEVEUOL B 1S g B, B 0.5% MR Eh R X Rk
fig &k, 1 MG A TR O TR, SR
Stockes J& B B /N T 2 pm UKL 6 25 + 0 ¥ 52 W)
A, AT R R . R AL =R A AR
WTFE . & R FIAE AN FAAE (200 °C, 2 h; 490 °C,
2h; 600 °C, 2 h) . A= B AT AL B R FH McCrone 3k
FEACHE S, B 1.5 g FE 4L T 10 mL JooK 2 B, 3k
10 min J5 4t T, 2 J5 F Pulverisette-23 B J& {3 5 14,
MERETERL 25em, ® 1mm WEY & L, KR
T 4% P R o A 4 L3R T T T HE RO A ok
TP o KRR S E T XRD A B,
W3 5 AR S G, A RCY-1, RC9-2R A 1M
) CaCl, ¥ Ca B 10 FIAL B, &b B 5 A4 FE 5 A Uk 4t
T BES i O AL
13 BRI EEHG

ASCAE I 4 SR FH [ 35 R 2 06 0 il T 4 ) 05 5
I % 1Y PANalytical X’Pert PRO 77 5t ¥ ( % %
PW3040, CuKo 45 4%, Ni 38 #8% ), Wik 2 R e
IR 40 KV, B 40 mA, 475 4E 5 AR AR S AG
RSHE 1,



210

T M S5 5 1 20 M S

2025 4F 8 A

&1 XRD UMK S
Table 1 Working parameters of the X-Ray diffraction

20/ KA BEEEE s SR/
b IR ERE ] 2~15 0.0167 120 0.2
EFR 3~80 0.0334 600 3.0

14 THWLEEMNMEETE

B Ak 9 &3 R T Macdiff #0440 i, 2
THERES PR RS, N e S IR
HeS2% SCE N B AR R 28 06 e X B S R A
BIE, S0 P2 . MRS BT A, A
&1 1% & H Rietveld 6 #4705 20 7, F Profex 14
THEA YA

2 SRR

21 FHETRTYHNEE

KREBWFRFEY, 25 AR EEE 17 XRD Kl
GIHTAN R DS e o (- 280, KRR A
WA K T B g R R (N T
2 pm UKL ) 19 7 ) 5 53 BT D0 i AR g b, 68 o 66 4= 25
Y. R, 454 4 B 57°~65°/20, Al i3 6+
W4 d(060) {E > 4 F T &5 0 4 i — N/ =
NI U0 B R RS RE R P B o —
EE MR LT Y. B R E R B RS T 4

AT (001)g, 17.2 A

A (001), 153 A

Br, AT AR B i 3 0 W R 2R 5 B . s R
wr.

128 RCO-1 &L H R W5y FriEl . 29.0 A
1 17.2 ARYUETE & ZRE A S50 T B, R WYX
N YRR W), 2552, 29.0 ANTHFEIREZE
¥, 172 AR WA (001) . BEAk, B 1 REL 2
HHE A (110) (122 A) A 26 47 (110)10.5 A, 2
A (A = /A ) RS2 A (58 i — Vi)
Y@ TS M A, B 1 e WL, A (001) A i A
(001)5E4EA (153 A(N), 172 A(EG) ), X Fla"
Wy DX #EF AR A 1) H Y (060) il T [ BEAS ] 12,
BAT(060) 7 F 1.53 A, 15 A (060) fi F 1.499 A,
1L 1A g AR E 1) A B (59 A R 57°~ 65°/20)
AN, RCY-1 FAAE A RS A WA 4

€ 2 AT A1, RC9-2 fig 4 th 52 B A1 (169 A), 1=
W (72 A) BFFA(10A) . 458K 2 E5E 1 A
d(060) 1.499 A, AT | WriZ 5 i A 2 = /\ a1 A4 52 i
o XTERIAT ), LA (001)y 5 ZMA(001)y
A, M ET A (001) 5o 7 2 8K 8 5 0 A
(001) g (7 f ) o, 76 H AR 7 fl & I ipL i
YR BESE AR Te o AR A (002) 5 F 4 A
(001) HE G . HL T B MM A 14.1 AIETE 490C
TG T R TR, M 600 °C s 4 T i
SR 8 v EL TR A R A & 13.9 A, UL A SRR A1 B A
U, I A R ERARE SR A RGO s
A-FWAARE, AR TR ORRE S e . SCIRER VIR
FH FF Tk e A Rk AR 3823 A 5 0 A XA

30000 -
WA (110) 122 A
—— N_RC9-1
Yk A (110) 10.4 A o R
& 20000 1 | o
= S0 AT (001),, 9.7 A —— H_RCY-1 200°C
= —— H_RC9-1 490 °C

PR 6 29.0 A
10000 -

W AT (020) 9.1 A ——— H_RCY-1 600°C

SiAT (002)6 8.5 A

10 15

20/(°)
B 1 RCY-1MZHHZ (<2pum) XRD B K4 060 & i 7 5 K
N: FARKTHE, EG: & ZBHRARE, H AR, *1: 1.53 A, *2: 1.499 A,
Fig.1 XRD pattern of the fine fraction (<2 pum) of RC 9-1 and the 060 reflection of random orientation

N: air-dried sample, EG: ethylene glycol saturated sample, H: heated sample, *1: 1.53 A, *2: 1.499 A.
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Fig.2 XRD pattern of the fine fraction (<2 pm) of RC 9-2 and the 060 reflection of random orientation

N: air-dried sample, EG: ethylene glycol saturated sample, H: heated sample, *1: 1.499 A.
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Fig.3 XRD pattern of the fine fraction (<2 pm) of RC 9-3 and the 060 reflection of random orientation

N: air-dried sample, EG: ethylene glycol saturated sample, H: heated sample, *1: 1.54 A, *2: 1.524 A
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**: misidentified minerals, no such minerals in the sample (the same below).
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Table 2 Comparison between submitted and actual mineral contents of the 9" Reynolds Cup sample
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Fig.5 Rietveld pattern of the refinement of sample RC9-2



214 YRR M J5 5 56 D0 20 b TR 20254 8 A
000d R4 A 2 GWE  —— WRA
oo WL MaRA  —— B
= 0,
Rew2.1% —— R A —— it
» \ Haf —— WA
& 80007 BEWT g
o — T —— R
4000
4J&Aaéﬁk&ﬁﬁﬁi&ﬁﬁ::ﬁ§62=ﬁx=
0 T T T T T T T
10 20 30 40 50 60 70
% 1000
5
@ 0 -WWWWMMMMWM
= 1000 — WAk

10 20 30

40 50 60 70
20/(°)

6 RC9-3 [ Rietveld 1L £ £l
Fig.6 Rietveld pattern of the refinement of sample RC9-3

MELLHIWT . ARSI ) = A FE, - hmE
Tl o VR A T, L ) 28 B R o v e A4
be, H 2t i 2 E SR 2% K I 50k, Ko b 5&
Bl AT 5, B8 7040 R B AS SI2 50 43 BT i Rl BE A AE 1) ) R
FAR, LR 2%

28 H AR S0 % 1 A AT BT ) I A o S
27 YRR SEPRAE, 25 R R

(1)3 A~FE 5 1 BE 5™ W 50 o 16 i (45
EA), ARSI X RCO-1 %852 9 Fh, 4 5 FhAEZS
2R Y AR S AR RS E, 1 RN
Tl T AW R RGeS E ; X RCI-2 % 5E 12 Flr,
VAP AER 2R I TR e A
2R T W T AR B R BEYE E; 7F RC9-1 Al
RC9-2 " (1) TG 5 & A i F G B 2 04 359 o B % 7
RCY-3 RS 12 R0 1. R 3RS TP
REBH W HIRe%E

(2) X FAERh L AR W, & iR a5 i
TS SR (<1.5%) EMESE . T RCY-1
R, BRI A L UKEL A, RC9-2 A
BT, RCO-3 I HLET B . 854 A A, TATS
I 53R B B IR R BB 485 o T RCY-1 FR [ . RC9-3
MM i T AR, RABYEE k. mXF
TETEAHBAERS £ 09, o T IA7 5 B FE 1Y
B, T AT S, SR AR A T AR

)X TR L2y, B & m 3w, R8T Lk
g R 3% b, G W L TOAL BE S A T g S e 2 RS,
F B Y K fE % (RC9-1 Y 1 A7, RC9-2 [ 1% i
A1), T B A A R B il A 3 i ok 0 .
e 425 S, 36 H 280 Wi SE 48 58, W A Bl

o HA D 5RELIRE, NEF L0 W Ei A A S
S R MR I, AN, 4B LT A
FEIRZ 0 Wi, IR 20 9 1 45 04 A G 52 A% Bk 5
E, RN A 25 Y E T AR 2 e 25 1A
(W 2), XWREMTHES ST, A LMY
Yy 2 43 B S Sy RUAE Y J IR . (ELE R R 0 R
SRR HABM R 0, S EEH LY S e 220
AR

(4) FHF L0 DI RCI-3 e BLHEAR M) B
i 22 (33.8%) ; & A &+ 1) % & B 5 Y RC9-2 i
IR 1 1 R 22 (62% ) , X AL A AIE 5% 4 15 1 25
w8,

(5) 2R A Rietveld % & 5t 43 B i, v 6 5 T2 AH
() B AN RE L HEAS Y, 1 RCO-1 W Y 28 1 41 Al RCO-
2 PR . T E T A I 1 T B4 A bR AR ) 1R
HE— 25317

(6) L% RC9-3 5 RC9-3 #hFEfH, J5 & T M T4
WA 25 )5 H Rietveld ¥ LG5, Wk Bl & 1)
SR T 22 (19.2% ) BH B AR T AT & (31.1%) , % B
FESL I HERR S E R E R E AR, X S
BB E5 e — 3™, B0 280 4w i, 1
o L R A TP LS S, SRR DS S St
= NES A UN TR = 3 B TR i o R B - ¢ e o1 B T
i, AR A St E B AR E. S5 ETF
RO AR R LA B A I R 22 02 16.8%, X 1T B 2
Xof SR 8 1 FH A AT 3

(7)3 AFE B R IR 22 157.6%, FEAR IR TR
WM FE P HES 24 17 CRRVEARRT =24 19 3 K R0
P22 53510 70.5%. 89.8%. 95.6%) .



545 % 5 4

R, XK A T T LU 9 S TR AR O A1 215

AR 5% 2 B, B 1) S50 A A B L A Ay
Bror e R K TV h &80 W & i il
FE . R Rietveld 343 Hr 4275 XRD &3, B ffi5-
P2 B A AR W 5 2%, ik 16 B, o R VR 45 5 IF
IRCNEZ C R I EW NN R Vil 1B WA
o XFF AR AART P 0 o &, JERE 2R Y
YRR T 1.5% 0, BB ERR S IR . X T A
BT, SRR R RS A B S e, A B
THREET YN ERITER . AR, SHIER
R/ EA SN R Wieh | 2 DL S - = N
VI Z (R S RE S M e, TH A YR e 2
B RV, AT U AR K, R
ST E C WIS T AT HE Y XRD K A A
B, w8 0 ) A e Ak o

Bigt: AAAR B ERIELFLRBEN =
T AR TR A B B AR
B 3R E AR A T SR AT 5T

£ 3k (References)

[1] LiuZF, Zhao Y L, Colin C, et al. Source-to-sink transport processes of
fluvial sediments in the South China Sea[J]. Earth-Science Reviews,
2016, 153: 238-273.

[2]  Cohen D, Ward C R. SEDNORM—a program to calculate a normative
mineralogy for sedimentary rocks based on chemical analyses[J]. Com-
puters & Geosciences, 1991, 17(9): 1235-1253.

[3] Chipera S J, Bish D L. FULLPAT: a full-pattern quantitative analysis

(4]

(5]

(6]

(7]

(8]

(9]
[10]

[11]

[12]

[13]

[14]

program for X-ray powder diffraction using measured and calculated
patterns[J]. Journal of Applied Crystallography, 2002, 35(6): 744-749.
Ruan C D, Ward C R. Quantitative X-ray powder diffraction analysis
of clay minerals in Australian coals using Rietveld methods[J]. Ap-
plied Clay Science, 2002, 21(5-6): 227-240.

Rietveld H M. Line profiles of neutron powder-diffraction peaks for
structure refinement[J]. Acta Crystallographica, 1967, 22: 151-152.
Rietveld H M. A profile refinement method for nuclear and magnetic
structures[J]. Journal of Applied Crystallography, 1969, 2: 65-71.
Omotoso O, McCarty D K, Hillier S, et al. Some successful ap-
proaches to quantitative mineral analysis as revealed by the 3™ Reyn-
olds Cup contest[J]. Clays and Clay Minerals, 2006, 54(6): 748-760.
Ufer K, Raven M D. Application of the Rietveld method in the Reyn-
olds Cup contest[J]. Clays and Clay Minerals, 2017, 65(4): 286-297.
http://www.clays.org/reynolds past winners/.

I, XA, BRI, S T EE VIR R L e
AT RS2 (D). 55 DU 2T 7T, 2014, 34(3):  635-644. [LI Yanli,
LIU Zhifei, ZHAO Yulong, et al. On the influences of pretreatment on
semi-quantitative determination of clay minerals in sediment[J]. Qua-
ternary Sciences, 2014, 34(3): 635-644.]

Hillier S. Accurate quantitative analysis of clay and other minerals in
sandstones by XRD: comparison of a Rietveld and a reference intens-
ity ratio (RIR) method and the importance of sample preparation[J].
Clay Minerals, 2000, 35(1): 291-302.

Son B K, Yoshimura T, Fukasawa H. Diagenesis of dioctahedral and
trioctahedral smectites from alternating beds in Miocene to Pleistocene
rocks of the Niigata Basin, Japan[J]. Clays and Clay Minerals, 2001,
49(4): 333-346.

Ward C R, Taylor J C, Cohen D R. Quantitative mineralogy of sand-
stones by X-ray diffractometry and normative analysis[J]. Journal of
Sedimentary Research, 1999, 69(5): 1050-1062.

Monecke T, Kohler S, Kleeberg R, et al. Quantitative phase-analysis
by the Rietveld method using x-ray powder-diffraction data: applica-
tion to the study of alteration halos associated with volcanic-rock-hos-
ted massive sulfide deposits[J]. The Canadian Mineralogist, 2001,
39(6): 1617-1633.


https://doi.org/10.1016/j.earscirev.2015.08.005
https://doi.org/10.1016/j.earscirev.2015.08.005
https://doi.org/10.1016/j.earscirev.2015.08.005
https://doi.org/10.1107/S0021889802017405
https://doi.org/10.1016/S0169-1317(01)00103-X
https://doi.org/10.1016/S0169-1317(01)00103-X
https://doi.org/10.1107/S0365110X67000234
https://doi.org/10.1107/S0021889869006558
https://doi.org/10.1346/CCMN.2006.0540609
https://doi.org/10.1346/CCMN.2017.064063
https://doi.org/10.3969/j.issn.1001-7410.2014.03.17
https://doi.org/10.3969/j.issn.1001-7410.2014.03.17
https://doi.org/10.3969/j.issn.1001-7410.2014.03.17
https://doi.org/10.1180/000985500546666
https://doi.org/10.1346/CCMN.2001.0490407
https://doi.org/10.2110/jsr.69.1050
https://doi.org/10.2110/jsr.69.1050
https://doi.org/10.2113/gscanmin.39.6.1617

	1 材料与方法
	1.1 样品来源
	1.2 实验方法
	1.3 仪器及工作条件
	1.4 矿物鉴定和定量计算

	2 实验结果与讨论
	2.1 黏土类矿物的鉴定
	2.2 全岩矿物鉴定及Rietveld拟合
	2.3 Rietveld定量分析结果验证

	3 结论
	参考文献

