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By-product rare earth elements deposits in China and their resource potential

Abstract: [Objective] China is the largest producer of rare earth element (REE) and hosts the largest amount of REE
resources. Various types of REE deposits have been reported in China, with alkaline-carbonatite related light REE deposits
and ion-adsorption heavy REE deposits being the most important ones. Other REE deposit types include REE placers and
deposits with REE by-products. Currently, the development of rare earth resources in China is primarily focused
carbonatite-alkaline related light REE deposits and ion-adsorption type heavy REE deposits. REE in placer deposits and
other REE by-products have not been effectively utilized. [Methods] Based on existing exploration studies and whole-rock
REE geochemistry data analysis, this study provides a brief review of the types and resource potential of deposits with REE
by-products in China. [Results] China's by-products REE resource types include marine sedimentary phosphate, coal,
bauxite, and magmatic iron-phosphate deposits. These deposits, particularly marine sedimentary phosphate deposits and
bauxite, contain enormous potential REE resources. REEs in bauxite are primarily light REE, with some containing high
amount of scandium (Sc). In sedimentary phosphate deposits, the proportion of heavy REEs (including yttrium) is high,
particularly in the S—P—AI1—Sr rich ores that occur as the layers overlying the phosphorite in the Shifang-type phosphate
deposits of Sichuan Province. These S—P—AIl—Sr rich ores have significantly higher REE content than phosphorite, with
medium and heavy REE accounting for over 50%, along with various critical metals, making these ores highly valuable in
terms of both resource and economic significance. Furthermore, REE resources in magmatic (iron) phosphate deposits,
coal, oil shale, and gold deposits deserve attention. [Conclusions] Owing to the lack of detailed exploration data, the full
extent of China's by-products REE resources remains unclear. The comprehensive utilization of resources, as well as the
technology for REE recovery and extraction, requires improvement. [Significance] Strengthening the evaluation and
comprehensive utilization of China's associated REE resources, particularly by fully utilizing the REE resources associated
with phosphate and bauxite deposits, can effectively alleviate the pressure on China's HREE supply. This represents an
important measure for implementing China's fundamental national policies on resource conservation and environmental
protection.
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Table 1  Statistical results of rare earth content in the whole rock of phosphate ores in marine sedimentary phosphate deposits
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Fig. 1 Rare earth elements content and partition pattern of phosphorite for major sedimentary phosphate deposits in China (data from references

listed in Table 1; REE data for PAAS from McLennan, 1989)

(a) Frequency histogram of XREY content; (b) PAAS normalized REE partition pattern
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Fig.2 Statisrical chart of rare earth elements content and their partition pattern of bauxite ore from major bauxite deposits in China (data from

references listed in table 3)

(a) Frequency histogram of total lanthanide elements content; (b) Frequency histogram of Sc content
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Table 2  Associated rare earth grade and resources in some bauxite deposits in China
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17 FERE R R L PE Y / 16110.00(334)
18 HERCS RNIN L PE e 2 / 8523.00(334)
19 G TR HIPE 2% EL 0.110 21411.80 CATEBAfK R )
20 UK 7R LLPE% / 21191.40(334)
21 PIRGL RN 1L 7G i BH / 12295.00 CAVEHIfif i 23]
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Table 3  Statistical results of rare earth element content in the whole rock of some bauxite deposits in China
24 B 24 L 2 L A
B IRA R AT REEGMHGM  pn TR TR T gk
55 IEIEH X BN ST 61.0~1815.2 419.2 16.9~143.8 44.1 10.51%  Wang etal., 2013
=HBETIR I YR RN 226.0~1460.0 626.3 41.7~172.2 743 11.86% 2= VEFITkE4), 2008
ERIECERRINZN S ST 401.0~1495.8 851.5 34.8~152.5 85.3 10.02%  KHASE, 2018
BRAETIR BN T 17.8~2329.8 320.3 6.1~166.2 343 10.70%  JesiB4, 2019
[SEQULERRININ IPg KR 350.1~1262.6 828.5 29.6~91.9 56.5 6.82%  MHRAE, 2015b
I —VEE R LK WiPE4E B3 286.5~1205.5 765.8 29.1~81.9 53.0 6.92% MRS, 20152
/NHNER 9 IR BN S HTT 16.1~411.2% 213.7* 8.1~63.0% 35.5% 16.63%* Lingetal., 2018
ME BT IR SN T 228.7~286.1* 257.4%  56.6~88.7* 72.7%  28.23%* Lingetal., 2017
FARERR T4 IK ZHEAKBEAKARM  671.0~2300.7*  1148.6*  56.1~161.4* 97.8% 8.52%*  TATHAE, 2017
ST SRS AT 163.5~427.5% 302.7%  31.5~165.1* 91.6%  3026%* FF5E, 2015
MEREIK WiPE4E B3 2963.0~10711.5* 4645.8*  300.1~1154.3*  609.4* 13.12%* %ﬁf% 2017
ki A, 2018
IR IX A E AT 303.9~1001.0%  697.6* 111.4~348.0*  209.2*  29.98%* HUIEHMAE, 2003
VEVIH X VA E AT 161.3~420.8* 291.0%  944~139.2%  1l6.8*  40.13%* HERAE, 2003
INPEHEER L4 X IiTEgS 441.4~1006.8*  724.1* 1203~131.8*  126.0* 17.41%*  HLAHM LR E, 1991
e — 16 X 2oeh— )1 g X 299.9~429.0% 3748%  954~106.2*  101.7*  27.13%* XIF, 1999
iRt ER RN R = el 107.4~1524.2%%  679.6%*  43.1~165.5%*  743%%  10.93%** ;‘g};;%a
SUNIt AR RN T g A0 197.2~2789.0%*  797.6%*  42.8~158.0%*  89.5%*  11.229** %1%’2013;
I, 2010
PR ERRINZN T R A R T 94.7~2011.0%*  536.8%%  27.9~135.7*%  @7.6%*  12.59%** FZ[H,2010
I RIATE SRR ININ AR N T 222.7~807.7%%  449.3%%  56.0~101.5%*  70.1%**  15.60%%* %[, 2010
AFE TR T A I B T 211.9~963.9%* 53] 8**  46.9~91.0%* 65.9%%  12.38%** BRI, 2013
PR RN g F L T 272.5~1432.2%%% 50 3k*x 137.0~233.4%** |65 2%+ 2532%%** Yangetal.,2019b
HER TR TFA LT 191.7~2873.8%%% 25 5%+ 105.6~242.8%%* [294%** 20.69%*** Yang et al.,2019b
JNHER +87 IR BN B HTT 32.5~778.8%%%  2962%kx  99~234 [*¥* 7D swxxx 24.47%*** Ling etal., 2018
ME TR SN VT 308.6~424.6%*%% 353 9%#x 117.1~188.9%%% |44 [*+* 40.71%*** Ling etal.,2013
7S L RN IS AT 105.3~1612.1%%% g0 4*** 40.4~229.4%%*% [194%** 19.63%*** Yuetal., 2014
TR0 R PR E AT 27.4~76.7%** 52.2%%%  9.5~22.4%kk 16 gwrk  3238%*FF XIKLNI, 2005
[REEERRINZN SN R SR T 133.1~267.2%%%  209.4%*%* 51.4~101.6%** §93%** 33.129%*** 4+ [EHE 2018
L ERRININ RS NE RGN 352.7~1090.1%%% 680.2%+* 111.4~287.6%%* 9] 6**+* 28.16%*** FFi%, 2015
TR R TR =kl 121.5~1732.5%%%  763%%% 527~291.5%** 153 pixx  22.62%*** FHELI5F, 2012
S5 IR X NG T 107.7~201.6%%%  163.0%%* 85.8~152.4%%* [143%%% 70.14%*** JRAFEE 2013
PERESS L0 IR Wi7E4E B3 373.0~1407.2%%% 874 6*** 106.3~211.1%%* 150 4%k 17.19%*** HHHTSE, 2011
FERPPER 187 IR PG M 146.3~1298.0%** 797 k++ 73 1~581.1%%% 203 6+%* 25.529*** FAEE, 2011
5 MRER WIPEE KA TTIOIE B 96.7~1714.4%%% 423 T#+%  49.8~267.8%%% 09 |*+* 25.75%** {71k 2011
AHEX AR TR IIPEA J5 P 576.9~1314.5%%* 9g7 1x*x 102.5~330.5%** 196.7++* 19.93%*** JAEFE, 2012
RIT—HIHE X JURA S AT 121.4~1093.0%%% 320 9%** 152~158.9%** 55 5%x+  17.19%*** F3Jp, 2016
WIENX JEAR S AT 333.8~1156.0%** 821 5%** 138.0~420.1%%* 244 1%++ 29.71%*** FtJk, 2016
KA IX IS AT 247~279.5%F%  [42.9%%% 142~1258%%% @) gRxk  43.78%*** T5iE, 2016
PRERERRININ REE SR 170.3~529.5%%%  33p 5k#% 103.2~334.9%%* |70 6%%+ 51.31%*** [H%E7%, 2013
B — B BEAR 1 RUE B X TP 1 X 42.6~251.2%%% 50, 8%%k* 28.6~~172.4%%* 104.7+%% 69.43%*** AP 2012
M — BB T R X PRI X 60.9~110.3%*%* g5 @uak  353~(33%** 49 3wk 57.60%***F ZELLAE, 2012
| — B 0 PR ST X TP R X 90.7~179.2%*%  [34.9%%* G4.6~68.6%**  66.6%** 49.37%*** LM, 2012
LF L ERRINN BN VT 425.4~907.7%%%  G11.0%*%* 88.6~~152.5%** 12509%*x 20.60%*** PRI HZ:, 2022

T o+ FRREE S 5 ZREE+Y +Sc, HREE it $di 5 Gd-Lu+Y+Sc; ** F/RREE A i 44 ZREE+Sc, HREE i

#iNEIREY, HREE B R A Gd-LutY; HAA T hr /R REE S R 4F A EREE, HREE & i 4di H Gd-Lu

iR

Bd JGd-Lu+Sc; *&7RREE S5
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Bl 43 FRAF o SEOMAE C—IE AR 0 X8R A
SREE % 5 4 2040x10°° , H: ¥ Sc 7 & it 5 ik 91.6%
10°¢ (CFf 1 25, 2023), /& Hb 7 7 4 {8 (Hans Wedepohl,
1995) 9 105 LA o HETC &R E N E248 L0
JRE™ 114 % REE & s g0 it 45 R W3R 3. R ]
LA i, R 8 R A AR ) REE & 2 2% 7 1R
K, ZTREY M 16.1x10° F] 10711x10°°, Sc A & & M /)
T 10x10°° ) K T 100x10° . E %1 REE 7% i ¢ i3 1
JE P 24 ELAG AR T R AN G R R TR,
IREY fi i 4 %l i 1.07% (31 & & REO 29 2l 1.26%,
ik i 35 4, 2018) A1 1.04% (31 A 4 REO K 1.18%, J¢
SO A, 2019), ©aE T A REE @ R 193 ¢ b 47
L NS S | AN TN TN i g o5 K 2 e s O
PRAR 7R 748 B REE & &, Qe A0S Pk B kR
B 07 R B9 REE & & 5 s 3k 2301107 (47 %5,
2017), H [ 74 B 7k VT 4 Mo 45 57 RS 24 REE % &
4 763x10° (Chen et al., 2018) . EL f JE il £ £
(1991) £ T T Aedb F 480 187 IR vh 9 REE S5 441%
10°~1007x10°, H HREE 5 13-27%. MK 2 &,
T8 () SREYS(Hl & 4 J& o0 R +Y+Sc) EE 4 i T
100x107°~600x10" , & 73 KX T 2000x107° (%] 2a), Sc
Z/NTF 50x10°°, (HL A 48 -0 19 Sc &% = #F 100x10°
PLE(E 2b), ANFIZER P8R 0 A 88 0 A 2
{0 1 REE & A — & 1Y 25 5 o B5UE AR 45 (2003) DL

10*

103

FEA/PAAS

10° +

107‘ B ;/,

1 e Ce Pr Nd Sm Eu Gd Tb Dy Ho Er TmYb Lu Y Sc
JCE Fr L HE
H3 FEFEHR LT KRPHE LT HH PAAS /7
1t REE . 4 #7 % ( Taylor and McLennan, 1985; #
"ERENLEK3)

Fig.3 PAAS normalized rare earth elements partition pattern of

bauxite ore from major bauxite deposits in China (Taylor and

McLennan, 1985; data from references listed in Table 3)

SRR AR AR T R R I L o P R AR AR T R
M AR AR R O AR 3, 6 RE T X AR R
REE 19 b BR A6 2 R AR BEAT 7 TR0 A B9, 42 0 124k
B R T ZIREY % 5 5 5 (1001.7x10°°) , 52064 ff)
RR B 55 h ZREY & & Je f% (13.92x107° ) . X1 °F
(1999) %F ¥4 v — )1l 74 19 57 + 97 JK o REE F- ¥ % &
AT Hr, ZREY SF-2 R 395x10°°, Hrf gy 5% i
B R (429107 ) BH & i 1 e A ke T A 48 0K
(300x10° ), H HREE (i [k # K . Wang et al.(2024)
XA A e P A R G AR T Y R R A
+ # M X & 4 HREE J0 %, 1 2 £ 60 07 R A X
& 4 LREE JU &K, f1 L+ %6 + A %) & 45 B F1 Lio
22 REITHHLIOERKHEAER

B R P A AR I JRORE, AR SRR A e it
F of REE %5 G4 4 8 2k A 3R (FRU2) H (g it
AN, 1996) o AR le A/ Sy S AL AR T AR 7 o AR b HE
W AR R Y, TN A o A AR G Ak B D R
Z K S0 LA . TR e rh & A ik
SR VE T R AR B B, T8 T AR (A T
P o RS AR AR 7 R, 2023 4F 4 [ Rt
PR LR A 8.24%107 to H TR £ A AN,
V8 B A 1 AR AR R B AR R 2 0.8~ 1.5t Y BR
(Zhang et al., 2011), DA b Hf [ 445 7= A 9 5% i 1 24
7 0.8x10°~1.2x10° t. 4% %F t 5% & & REE({ Sc) %y
5x10%~17x10"* t(Liu and Naidu, 2014) it %, H##y
T 1E REE W% 5 it 2 O 4x10°~6x10% t. & A XF 47 /&
Pk B A 59 AR U P REE SE47 11 F) L A AT A
PR R B 2R AR TR I T R T B e IR AR
FH, kD BB G e

T ARk, R[] 2 3 6 R e H REE A9 [T HH 3
ARBEFT T REWN TAE, MR T —RINEEIERE, B
AT FEAR E A 17 (Deady et al., 2014) . H &7,
MR U R REE (9 05 1 R84y AR I T2
K IE—IRILBA T2 . T L i A9 a7 L R
BAE T ZMAN, Bk W T20 5 iR
B R L RE R AR NE S Kk
W B A T2 AT 43 ok v R R e R R R B TR A
P12 k5, 2002 AL BT, I AR 2K B0
T4 1 A5 R T P HE B REE( il 4R 55, 2024) .
H HT 4T F 25 6 H REE 32 th 70 8 T. 2 2 &% 0 ik
A HL IR s S IR AR g B R A R R R aE— 20 T R L
PR, BEAG DB AR | 48 5 2 58 R0 25 2 R R Ak T 9% U
EBEFE I 7 1) . 53 b, AR I AE AR
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M AR 9 sl 2R e o REE 5 16 BUA 7 S 2 R, a0
I FH Bk 9847 AR e oR REE 9 1050 K A 4 4 R R
FH 480 107 8 R e b REE A9 [ 00 2L A5 58 fin g 50 fn
AR A A0 A, R ok H AT 32 9 B 7% ) (Panda et
al., 2021; Tezyapar Kara et al., 2023) .

3 HMg REABFHENHTLTER

30 ERBB-BYTARPEERLITE
FORBBEDT IR . B R SR B R R [ B
FE 1 R R, N v B 9 IR Y ST kK T
AT IR, Horp Sk . S bE -3t a A e
FORAEE . BEER . BRBE R BN R L . A R A
(BB IR E 2= T db o Hole . pu i &8, el b
B AL LI B A B R (e ks i, 1990; 7, 2001) . 4842
WER D IR (T AZ4, 2024) . K &4k —BE 0 IR
(PR 645, 2008). H i 2 Kk g v K (3 & B,
2020) . Hr 90 K VE I Bk BE R SF (2 HAE
2010) . 78 LLAE OB ST b, R 0 R B — B T B
P4 /) REE BN, b K 20 R IF R 2E 17 40
i) REE %% I &) A5 A7 AN, HCAE A2 9 REE % I & AN
B o N0 AR & m BRI 2= 25 R, B R
REE & & SR # i o G il Jb A7 1L @ 2k R A Bl K
A A REE % i (SREY) /&5 35 3118x107°( 42 {4

5, 1998), 1M B K A7 BB 9 H ) REE & & O 5,
ik 3990x10°~4128x10"° (#£ 7, 2001) . 5 ifF [ JE 4%
R K AR A A B ZREY R 655%107°~
1495x10°° (5K I 25 45, 2024), 7% W5 K V4 98 B 4k 07 PR
T K A1 B9 SREY A 2183%10°~3004x107° (36 #a
2012) ., T db K JE 2 K 8 K 5 B9 ZREY A T
362x107°~1166x10"° (B H 55, 2008), X L& 4 1y £
WY, E R B R BB R . BRBE TR h L & & REE,
J=— P AE 1) REE %25 .

b E S RCAE R - R A A2
FaAER R (R 4), BT A MBS A
4 19 REE & & F % 43 4ii 76 200x107°~300x10°°
(F 4a), H¥ W8 T LREE & % M Y & 4 i it /0 55
fIE(E 4b) o 73 M 4 REE A 5 i, i — 2
BRI BT R 9 A REE % &t AT BE T AN & o
FACAE (2024) X FLACIR = BB 0 R BRS04 14 43 AT
R EXY, Hegk&EN T 23%~47%, H IREY /r
T 244.9x10°~546.0x10° , REE & & B A% T 81 10
BT B IR ERMY A, AP REE S EATfES
Hphryw KA &A%, A A h RS | Bk
W Bl Bk B Ak R Eh T Y 7 & JH e, H REE & & W] W R
i, Ik 2 & B YREY 5 P,0s & 1E #H ¢ (14 5a), ifij
5 TFe,0,+MgO+MnO & # tH — % 1) 7 4 5 (1] 5b) .

R4 ARBB-UKUT AT ANLEREESE (x10°) FHITER

Table 4 Statistical results of rare earth content in the whole rock ores of magmatic phosphate-iron phosphate deposits

W IRAFR HFR( E REESEEF  REEMESFH(Y HREEMEEFE HREEMEFEH(E HREES & 5L piGis 3
RS IRUMOP SN INRAEET 1790.0~2900.0 2345.0 / / / K2 B, 1986
PN %Ki s 808.7~1365.4 1087.0 / / / HApHA, 2012
N . v IO B, 2001;
LB R TALATRE O 3202.8~4182.6% 3638.4*% 186.2~322.0% 273.1% 7.51%*
Hou, et al., 2015
R R HIEHRV T 329.0~1160.1* 725.8% 41.9~176.4* 87.4% 12.04%*  Wangetal., 2017b
He, et al., 2016;
- § Wang et al., 2017a;
A= Tl R 2.5~888.2% * 26.3~226.0% * 23.44%* o
K Z 4 Wb R e 92.5~888 358.0 6.3~226.0 83.9 o B 202,
Li, etal., 2015
R N H2p A, 20095
Mol R SE RN B 183.1~226.5% * 26.7~33.2% * 15.28%* M
KVGIHBERD IR A 203.4 31.1 4 HEEE, 2010
K B e AR R IR FTE R AL 254.1~381.7* 317.9% 31.4~62.7* 47.1% 14.81%*  HFH, 2011a
RH RS IR P n 1167.3~1993.3* 1600.8* 113.3~191.6* 157.9% 9.86%*  EHI%E, 2009
HIRYEERBED IR R AL 470.1~325.7* 397.9% 51.8~70.3* 61.1% 1534%*  wEFREL, 2010
TR IR kg FETE 156.1~372.2% 261.6* 51.2~114.2*% 84.8%* 32.42%* AL, 2024

¥ *#/RREE S R84 N EREY, HREE S 4 A Gd-Lu+Y; Jo*HRr#/RREE & 2 %04t W EREE, HREE S 4 5 Gd-Lu

HEARE L 37 X R R I I T -
WA PR, (EL ph T 1 S0 4 B8 A oK of P B REE #E 4T

L%

TEYN ) TAE, f4: 19 REE %8 05 & AN, il 29 7 3L
T A FZra M, 8 WU R R X Z SR B R )
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Fig. 4 Rare earth elements content and partition pattern for phosphate ores from major magmatic phosphate-iron phosphate deposits in China

(data from references listed in Table 4)
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Fig.5 Correlation diagram of P,0s—YREY and (TFe,0;+MnO+MgO) —YREY for magmatic phosphate-iron phosphate ores (data from

references listed in table 4)

(a) P,Os — > REY diagram; (b) (TFe,0;+MnO+MgO) — > REY diagram

A v s ek H rf REE W8 98 P74, O m o b iy
REE £5 & F| HI 9 £ AR B %
32 BT KRFHEENBLLE

WEAE Ry —Fp A AL 7=, R E LA AR TR, Y
Horp e Bk 4 (W REE, Ga, V., Ti %5) & k5] — &
FEBE N AT LU I “IER S & @ IR . “HER
A RTR” B GBI A 0 S 4B R (Dai
et al., 2014; Dai and Finkelman, 2018) . A & ¥ Mt p
HE U 2 00 B & i S oA R T R Y
{E 10 % LA W FR N “mineralized coal” (57 fL ) 5%

“metalliferous coal” (4:J& #t ) (Seredin and Finkelman,

2008) o

S —REE 8" PRS2 0 2 SC 8 4 8 0 IR v 3 22 1 —
XK, HEH SR ZREY(B ROTR M Y) & & — I
A, BB R, — B AE 10x10°~1000x10°, 4
Ketris and Yudovich(2009) % i& , t: 5 4% v &Y REE &
#F 1k 68.4x107, T [E 4 b REE 1Y & = 4 {E N
138x10°° (Dai et al., 2008, 2012), &t AL 45 " REE &
AT, B SRR R . SR A — e Bl
)2 R #B 1 B REE AR X & 4R, Wil b 1 B e B
WO B 4> 4 SREY B B & B N 877x10°,
1 374x107° (5K A5, 2024) o M b E A RE
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Table 5  Statistical results of rare earth element content in the whole rock of major coal deposits in China
ey
AR T EREY;Ii‘aﬁ—Lu+Y ) ZRFA; Lﬂ;—{;uw ) HRE;%};;%HY) HRﬁliEﬂﬂiG\;;zuﬁgY) HRl;EL E' =13 Sk
; ey S, 20215
THALAEH B vt T me T 32.2~412.6 141.1 8.3~70.8 29.3 20.73% JUDUZE. 2015
BRI IR boEl=y AT 48.6~876.8 374.1 3.3~34.5 15.3 4.09%  5KAESE, 2024
KM IiTEg=y 73.8~596.9 165.8 18.6~216.9 65.8 39.70% XA, 2015
SRR ZWEI PG SR A 5.6~314.5 1152 1.3~74.3 23.1 20.01% L5, 2016
TI AR IR SR T 88.7~1028.3 362.1 23.2~382.6 146.5 40.46%  K1RAE, 2020
WA [X. LA R T 22.7~454.1 99.9 11.0~110.3 25.7 25.77% B, 2020
Jer R IAAB L T 14.8~42.5 32.8 3.7~13.2 7.4 22.60% /M, 2019
BRI IR ARG T 37.9~222.8 114.4 5.5~33.8 18.9 16.50% /M, 2019
DR INARE S 48.7~62.4 55.6 12.7~12.1 124 2232%  H/EEL 2019
LRITPESTNZR PN iR 388.3~1378.8 961.0 149.4~373.5 273.6 2847%  RHuHIAE, 2010
RTEGX HilgH RIRE 52~558 21.9 1.9~143 52 23.48%  EIFAE, 2020
PR LA IR BG4 51l 12.8~517.0 112.4 3.3~932 25.1 22.35%  A#E5F, 2008
PR IR WA AKE 120.7~320.5 194.2 353~151.3 66.1 34.02%  AREMEAE, 2022
SRR BT IR WSEESRRZIMT  63.7~604.3 267.8 12.3~78.3 41.6 15.52%  XIRHE%, 2018
80 o [ S S e AR 7 R T ORI, g AR 2 77 A 1
FEIRAE 4x10°~16x10° t, P HE FL Ky S5 JK b 42 U REE
60 BA KRS CEINAE, 2022) o XK G 4
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Fig. 6 Frequency histogram of rare earth elements content of coal

in China (data from references listed in table 5)

At 4 25 A1 Ak 2 A W 45 B (36 5) AT, ZREY K £ /)
T 200x107° (& 6), KT 500107 (il A xF 520> . R4
ik, 5y T8 7E 8B o b REE 32 22 3F AR K
i, W] T K T REE 1Y ifE — 25 B 4E (Kronberg et
al., 1981; Seredin, 1996) . 4 JK ¥ ) ZREY AJ ik |
1000x10°° DA b, 2 5105, 40 3¢ B & 3 58 M 2R 38
SJe B TS 3 4R B Y 8 K v REE 75 B 5 3k 1965%107°~
4198x107° (Hower et al., 1999) , 1 F 4 K v 4 37 4
REE 75 1 & 5 0 3~6 135 (8 SCHEE, 2019)

J& 1 LR AS AT A A B 28 O 4 1, [
i RT DL AR A e B 4 T ) R R, O X 2 [ R K 5
Py 1 A7 5 Ak R A 3 A R AR A

¥ Bt vp REE (% It 43 %7 ik, Seredin and Dai(2012)
¥ R REE W IR 19 25 AL 4> & LREE & 4£ A (LaN/
LuN>1) . MREE & % % (LaN/SmN<1 Jf: H. GdN/LuN>
1) . HREE & 4E %! (LaN/LuN<1) (Dai et al., 2012), i&
FLAE —Fh L3 D W - 2 2, BV R FL AR+
W) R RN . R REE &7 K — i LA 54 &
ANy, A7 AL 9 R g AR 2 AL [ s A ] —
ANBEZ i 9 B 42 (Seredin and Dai, 2012) .
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Fig. 7 Statisrical chart of coal consumption of China from 2014 to 2023 (data from https://data.stats.gov.cn)

(a) Annual coal consumption; (b) Percentage of coal in energy consumption.
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Fig. 8 Rare earth elements content and patition pattern of oil shale for major oil shale deposits in China (data from references listed in Table 6)
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(a) Frequency histogram of XREY content; (b) PAAS normalized REE partition pattern
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Table 6 Statistical results of rare earth element content in the whole rock of major oil shale deposits in China
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