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Abstract ; Solution-ICP-MS and LA-ICP-MS are the most common analytical methods for measuring rare earth ele-
ments in carbonate minerals of carbonate rocks. HCIl and HNO, not only can completely dissolve carbonate minerals
in carbonate rocks but also dissolve some other minerals, and such will disturb the analytical results. CH,COOH,
on the other hand, can avoid interferences from non-carbonate minerals, but probably cannot completely dissolve
carbonate minerals in carbonate rocks, and such will also cause bias from the true result. LA-ICP-MS, which uses
laser beam to ablate carbonate minerals and directly analyze rare earth elements contents in the evaporation, is an
effective method for analyzing carbonate mineral crystals in carbonate rocks. But this method may also be question-
able since the diameter of the laser beam may be too large to avoid tiny clay minerals in carbonate minerals. In sum-
mary, the results obtained by solution-ICP-MS and LLA-ICP-MS on the shale-normalized REE patterns and their
main parameters of carbonate minerals in carbonate rocks are comparable, and both methods can be used to trace
the sedimentary environment.
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Table 1 Contents of insoluble residues in clay

wy (%)

minerals after acid treatments

me A mie A BAla Ra R
API9  API17 API35 APII1 API27

At B ST

i 24 h
10%Z® 100.1 100.15 96.36  98.3
10% MR 99.7  99.98  95.69  97.32

103.37  98.91
102.17  97.16

10% M 100 99.25 97.96  96.43  99.93 102.57
Wk 30 min

10% /% 99.85 100.1  96.33  97.49 105.36  95.2
10% W 99.8 100.13  95.5  97.02 102.02 96.23

10% M  99.66 95.3 93.64  95.88  92.97  90.86
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Fig.1 CH,;COOH treatments for aragonite, calcite, dolomite, Mg-calcite and siderite
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Table 2 Contents of acid dissolvable REEs in carbonate rocks under treatments of different acids w, (X10°°)
2% B R 5 %% i 2 10 %6 il 20 5 Fi 1 6N HCI 5% HNO; Buffer
La 7.16 7.344 7.865 8.153 11.292 10. 828 6.777
Ce 19. 255 20. 659 21. 355 23.336 29. 269 29.537 18. 81
Pr 2.085 2.243 2.351 2.503 3.275 3.149 2.033
Nd 9.112 9.477 9.96 10. 247 13.497 13.116 8.616
Sm 1. 847 1.991 2.078 2.185 2.736 2.693 1.83
Eu 0.441 0.481 0. 496 0.499 0.692 0.678 0. 456
Gd 1. 837 1.972 1. 998 2.083 2.555 2.52 1. 852
Th 0.256 0.277 0.291 0. 306 0. 36 0. 366 0.271
Dy 1.618 1. 789 1.914 1.991 2.336 2.371 1.743
Ho 0.372 0.424 0. 447 0.47 0.53 0.535 0. 409
Er 1.109 1. 245 1. 299 1. 35 1.55 1. 582 1.213
Yb 1. 155 1.297 1.358 1. 442 1.57 1. 649 1.233
Lu 0.191 0.215 0.221 0.233 0.262 0. 266 0. 205
> REE 46.439 49.415 51.634 54.799 69.925 69. 291 45. 449
Ce* 1.13 1.17 1. 14 1.21 1.11 1. 17 1. 16
Eu” 1.13 1.14 1. 15 1.10 1.23 1.23 1.17
LaN/Yby 0.46 0.42 0.43 0.42 0.53 0.48 0.41

7 :Ce” =3Cen/(2Laxy +Ndv) J3Eu/Eu” =Eun/(Smy X Gdn) 73Ny PAAS SRIEALED ™ 5 Buffer Sy B R A1 S R B 22 vh %5 T



180 W Bt 22 45 / Bk TR o PP B R SR T W b T 2R 40 A O ik kR

YEFH W, ICP-MS 435100 5 4% 9 0 00 1ol
M +I0E & &, Huang " E VT IR L0 4)
P R B T SR Bl A 3 mol/ L R
WRE 12 h, SR )5 ICP-MS 2 ¥ i P i i e L ok
G A B R W T

25 b AR T TR VS AR AR A R o0 AT B TR R 2 v ik
TR ER W) JC 2 8 7 1k AR R 7 1k BRI A R
SYBRTRER W) 5 AR TR R A R VA M AH EL T 3k A VA £
JEOR FR ER ) P73 AL 52 R . (HAE ICP-MS il & R
WAATRE ARAG B S W AE H AR 28 T TN IR B IS
PN I bR PR R 2 AR PR Tk B ik T B
PR A T B B BN TS YR AT e . SRR
VR TS TR S 50 T S T2 ot A o AR A5 B TR &k P R
AR AR R S W B B o0 R AE AR OR A L E X 5T
bR E AL BC o 4 X 0 R AR B i R K (R 2) L AT
F RIS 1) 7R 5
1.3 mWHEBRBAESH

T TR 1% AR R TR 26 2 J5 ) TCP-MLS I 2 ¥ i v 1)
B £oCREABIE —FhH A )7k, Chen % 5%
1 HNO; #FE 2~3 h, SR 5 3R 15 AN R X &
SRR SE VAL ICP-MS & & A o &
o AR AR A T IA A L BR A G R £ R
HITEEAm Lo E & | GE 3D ITEMH S L
JLF %8 & — 8, H | K F W5 K AR A
(PAAS ' HRifE AL o0 F e /A5 X R iR 6 1
W54 m MR i b RS T R 8 e R (F
3). BEAh, Himmler 255 F 2% (4 65 2 =5 16 T i FF 3
min, 8K Ji5 43 8 0TV HB 4 5 AR AR o A T IR
fif 5 s . P TCP-MS il 2 W] 375 38 43 F 5% i 358 43 1
Pt oo R & &, 45 R Bon T RIR E: %) 5 5%
75 (Bl VR T A ) v B s - o0 38 B e AR X 22 1)

1.0+
2]
<
£
s3]
m
~
—o— R —a- A
—a— A S = AAHUHE
0.1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Yb Lu
B3 W ER A 1 5 0 i B2 T VA AH (R b ™ 1)
i £ o0 R AR AL
Fig. 3 Shale-normalized dissolvable REEs patterns of

carbonate rocks treated by 5% HNO, solution
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Table 3 Contents dissolvable REEs of carbonate rocks

under 5% HNO, w, (X10°°)

5k i AH A A EoEs) £

2% (58%) S E HHAE

La 26.97 11.29 17. 81 17. 87
Ce 51.28 21.77 34. 06 34.16
Pr 5. 94 2.57 3. 94 3.98
Nd 20. 23 10. 44 14.25 14.55
Sm 3.50 2.53 2.80 2.94
Eu 0.62 0.58 0.62 0. 60
Gd 2.73 2.75 2.71 2.74
Th 0.45 0.42 0.43 0.43
Dy 2.79 2.47 2.51 2.61
Ho 0.57 0.51 0. 54 0.53
Er 1.78 1.43 1. 61 1.58
Tm 0. 26 0. 20 0.23 0.23
Yb 1. 81 1.24 1.43 1.48
Lu 0.28 0. 20 0.23 0. 24
SREE 119. 22 58. 39 83.18 83.70

A = R M e R R X A2+ TR e R
G X58%

S iE A s T A KW B

——TE B

——BA-S —%—BA-LA
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LaI CeI Pr I NdI SmI EuI GdI TbI DyI HoI ErI YbI LuI
B4 B R ER A A AR W AE-ICP-MS Al S
LA-ICP-MS Jll & 1) # L 70 3 00 Hr i AL A X
Fig.4 Shale-normalized REE patterns of standard samples
and carbonate samples analyzed with LA-ICP-MS and ICP-MS
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Table 4 REE contents of standard samples and carbonate samples analyzed with LA-ICP-MS and ICP-MS  w, (X 107°)
FRiE-A AE-A 5k it -B B 5 G i G -LA Br R 7 R -LA BA-S BA-LA
La 31.6 6.6 33.2 4.9 36 35. 77 24 24.9 0.2 0. 341
Ce 59.5 13.9 62.3 10.3 38 38.35 51 52.9 0.09 0. 309
Pr 7 2 7.4 1.5 37 37.16 6 6.7 0.03 0.048
Nd 26. 2 8.7 27.4 6.6 35 35. 24 27 28.7 0.1 0.182
Sm 5.3 2.7 5.7 2 37 36.72 6 6.58 0.03 0. 045
Eu 1.1 0.6 1.2 0.4 34 34. 44 1.8 1.96 0. 006 0. 007
Gd 4.6 2.6 4.8 2 37 36.95 6 6.75 0.02 0.023
Tb 0.7 0.3 0.7 0.3 36 35.92 1 1.07 0.003 0.003
Dy 4.1 1.8 4.3 1.4 36 35.97 6 6.41 0.01 0.017
Ho 0.8 0.3 0.9 0.2 38 37. 87 1.2 1.28 0.003 0. 004
Er 2.4 0.8 2.6 0.6 37 37.43 4 3.66 0. 009 0. 009
Yb 2.5 0.7 2.5 0.5 40 39.95 3 3.38 0.01 0.010
Lu 0.4 0.1 0.4 0.1 38 37.71 0.5 0.503 0. 001 0.002
> REE 146. 2 41.1 153.4 30. 8 479 479.5 137.5 144. 8 0.512 0. 980
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Fig.5 Shale-normalized REE patterns of NIST612 and
BCR-2 analyzed by LA-ICP-MS and reference data
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Table 5 REE contents of carbonate standard
MACS-3 and carbonate minerals analyzed
with LA-ICP-MS w, (X107°°)
MACS-3a MACS-3b MACS-3c HLP-a HLP-b
La 10. 6 10. 8 10. 4 185. 88 194. 00
Ce 11.0 11.1 11.2 487.63 525. 88
Pr 11.7 11.5 12.1 67.51 71.33
Nd 11.1 11.1 11.0 286. 38 310.75
Sm 10. 8 10. 8 11.0 63.23 65. 74
Eu 11.2 11.2 11.8 16. 10 16.92
Gd 10. 3 10.5 10. 8 52.59 56. 56
Tb 10. 6 10. 4 — 7.20 7.34
Dy 10.9 10.5 10.7 39.19 41.77
Ho 10.9 10. 5 11.3 8. 41 8.77
Er 10.7 10.7 11.2 24. 81 26.16
Tm 11.4 11.1 — 3.99 4. 01
Yhb 10. 8 11.6 - 27.93 29. 39
Lu 10.7 11.1 10. 8 4.03 4.26

H: MACS-3a 3 5 % WS iR 7/ ICP-MS il %2 ;s MACS-3b 3 LA-ICP-
MS JEA I 52 s MACS-3c S hRAEAY 2 % (i ; HLP-a 4 5 %0 il R ¥
fit ICP-MS il %2 s HLP-b i LA-ICP-MS J& {3 I % o
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