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Table 1

Statistics of rare and dispersed element contents in

samples from Yan’ an Formation, Ningdong Coalfield
B BEI X ARV X

- TR | FefRME Fersfl T | B mesd T
(rg/e) (ng/g) (pe/g) | (ng’g) (ng/s) (pg/s)

Li 6.00 65.70  35.40 | 19.00 45.70 35.70
Be | 0.72 6. 66 2.70 1.52 3.27 2.35

Rb | 14.70 140.00 105.60 | 52.60 140.00 112.70
A | Sr | 91.50 308.00 159.10 | 116.00 279.00 165.70
JguZE| Nb | 3.17 21.00 13.70 8.15 19.80  16.30
Cs 1.00 9.72 6.10 2.68 14. 10 8.10
Ta | 0.28 1.73 1.10 0. 60 1.64 1.30
Zr - - - 132.00 275.00 230.00

Se 3.10 18.50  12.90 8.00 1.70 15.90
Ge | 0.60 2.59 1.30 0.90 2.24 1.50
Ga | 5.80 25.10 19.40 | 13.50 29.40 24.30
| Cd | 0.02 0.38 0.10 0.10 0.26 0.16
gtZ| In 0.02 0.09 0. 06 0.05 0.10 0.08
Tl 0.57 1.74 0.82 0.39 0.78 0. 66
Hf - - - 4.03 8.33 6.89
Se 0.00 0.52 0.15 0.04 0.37 0.19
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MR AE X R, 1T R 2 XA AR TR 400 ~
600m JCZ & 1 3 =, R EE KT 600m ) BUAKAE X
B, AFZAEMHET TR S ®EIFAR BR R R EE, R
Be Tl LIAh, AR u R E - b s AP & &
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Fig.2  Distribution patterns of rare and dispersed elements of

samples in Yan’ an Formation, Ningdong Coalfield

( Upper crust — normalize data are from Reference

[21])
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F X TR (B X R 3 4E 2 2 DT R P R A 44 22 1)
PR RS,

U 45 (2014 ) AR 35 & £ 22 81 ( Concentration
Coefficient, CC, A F MM rh i e 28 5 1/t S b
ok CR & IE) | RE T R & RO
H6 AN CC<0.5 AFH; 0.5<CC<2 HIEH
WH2<CC <5 NREFE;5<CC<10 N F%E;
10<CC <100 M &4 CC> 100 7 5% & &
L AR ST B R 2 R S DR I i S
TEFESHAEP TR S EN AT R EER
8,92 M R R T C R s R L rp i U
LR SR B R Ketris 45 (2009) 2 45 i1 %k
i, MRIITEZERGR D) P KRBT ER T Se
J&F 5, Fifi L& Sr.Be AFHUCE Ge Cd Tl &
FIEH W, #ACE Li.Nb Ta AIFHITE Ga,
In Sc J& THREESE, MAILER Rb Cs Zr FIFHOT
RHIETEE(ER?2),

2 PARBEIBE A R R BOTE T s 4 R 8
Table 2 Average enrichment coefficient of rare and dispersed

elements in samples of Yan’ an Formation, Ningdong

Coalfield
ML M
T o R | | B Rk T
Li 2.95 2.98 2.96 Se 3.30 4.07 3.68
Be 1.70 1.47 1.58 Ge 0.58 0.68 0.63
Rb 7.54 8.05 7.79 Ga 3.35 4.18 3.75
Sr 1.45 1.51 1.48 Cd 0.57 0.75 0.65
Nb 3.71 4.39 4,04 In 2.03 2.51 2.26
Cs 6.07 8.10 7.06 Tl 1.31 1.05 1.18
Ta 4.05 4.50 4,27 Hf - 5.74 5.74
7r - 6.39 6.39 Se 0.12 0.15 0.13

TE: R TEUE AU SURE i ST 3R 5 S BR DA S 2 5 i
BILLAE; « =" FORZILRARIME

3.2 TR RELC R SRR

i + 702 (REE) WWHR Bl R T, ATARYE )5+
TRy A= 2 4, R 1
(LREE, 045 La, Ce.Pr.Nd,Sm. Eu) A1 & # +
(HREE, fJ4% Gd Tb Dy .Ho .Er . Tm . Yb .Lu) , 1%
39 SILER Y, mINZHE T HE O XA T S
REE % A, HH 5 REE 726 R 34z FE 5T
Hi 5 REE — 218 X143 2 HREE H1, Seredin
45(2012) PUARSE G R B ER AL 2E R REE A Y



o

i, A5 T AR P DR 2 S <22 2 A s O 1 70 3R MR AL S R B XTI A 45 78 X

Fa41E

(& IFLL REY ) R4y iEH + (LREY , 045 La .,
Ce .Pr .Nd . Sm), " # + (MREY, 3 4f Eu,Gd . Th,
Dy.Y) FMIEH + (HREY, 245 Ho .Er \,Tm . Yb Lu) =
KX RTBELEE THITRYI A e P B AH
RLPEFN 22 Sk RE BT 47 M Al iR AL e L IR Th i
JCEMS A, AR 2 T HE REY 57 A
REY M43 A RRAERIF ST 157724 AR R 58 % 42 A I
FHJEFEA K ITEDHEHE S REY 2047 FRAE A R H
Seredin 85432577 %, T AE DR IR F5 43 4 1
TR TR LU R BRI A A Y &,
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H: REY 4 REE F1 Y & & 2 M, (La/Lu) .
(La/Sm)  FI( Gd/Lu) AN o0 2 ERRE B A1 A 1
fEEL(E.,

AR 545 2R (3% 3 sk 4) , R0
XIE % 46 7 iP5 h REY & &/ F 65. 49 ~
376.61pe/g, V¥ 215. 70pe/g; LREY & & 4 T
48.89~308. 50pg/g, 17 168. 25ug/g; MREY 7 &
AF 11.27~58. 16pg/g, -5 40. 01pg/g; HREY 7
AT 2.42~10. 67pg/g, 34 7. 43pe/g. RiH"
XL 4 e 7 W 4 o REY & =4 T 153.58 ~
342. 84pe/g, V14 247. 52pg/g; LREY & & /v F
125.71~269. 84pe/g, F-45 194. 32ne/g; MREY %
AT 20.08~61.43pg/g, V-4 44. 73pg/g; HREY 5%
EAT 3.53~11.57Tne/g, 1 8. 47T/,

PN IX REY 2 B I T [ R ) 23 (E
(135.89ug/g) " | tH B B 2 (H (68, 47
pe/g) TR EHBSE REY (168, 4pg/g) 2, TETR
BRI R b e s, R
Wb RE S (ND-SX15,376. 61pg/g) , HoWk b ¢ i
P AR (ND-SX30,342. 8ug/g) , HE H i it R it
WX REY & i3 w5 T rg 5P i AR X, AR
HIRMIC R &R REUPE, M REY & & RN
1.50~3.99, H:rp LREY V)& 4 2% 3. 36, MREY
Y E4E R B 2. 82, HREY X s 48 281 2. 39, [%:
JGZE Ho Tm N IEJLEH Fh, AR N REE 4%,

PN IX LREY & &% MREY #1 HREY /&,
REY .LREY MREY .HREY & &8 76 Wi 8" X B9 73 4
FEAE &8 b $ E, Seredin %% (2012)%) M
(La/Lu) . (La/Sm) 1 ( Gd/Lu) , B FL{H ¥ REY
Iy =R AEZEA BRI LREY FAER, (La/Lu) (>
1;MREY B4 (La/Sm) <1 H (Gd/Lu)>1;
HREY E#R! (La/Lu) (<1, ZHEEHPAE X
Feih REY HiBkfb22 240 (3R 4) , H (La/Lu)  {H

TEFEIHN 6. 63~ 14. 48, F-HI{H 10. 15, Pi I AE 5 436
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HRE LA S50, A X HE 2 4 Y8 2 AR A A
i REY 238 T LREY & 840 P 7 4 M 1 48
T RVUBY) EZRBEY 27 B fh SEu
fH4 0.60~1. 15, F¥{E R 0. 73, B B 775
8Ce fHAM M HE 0. 87~ 1. 04 Z[A], F-X{E K 0. 98, %
T, BRSSO A S TIE , Ul
T XA R E

I O Bt A s o A (X6 A ot 4T A v R Ak
B[R] A T IR AT U ST U T R 2 b X
ot BRI T b el B R B 2 L
fL2EA M =B i ZRE REY &8st kT hn i
FRALER . WIS DXAE 2 LR i B o0 R L AR X
SEAAARL (K 3 1 a,b) R ABA VT, N
LREY B47# 4 LREY Bt (La-Sm) &F2E K, R
R XA K FREHT X ; MREY (Eu-Y) il HREY
Bt(Ho-Lu) RPREUIN, M4 F-22; W] LREY 7082
JE# s i MREY A1 HREY 2318 FE RE8LAIG, 2 I Wi
WX BB 20/, 7E Eu A0RT I A« 437,
F87R Eu 5% M Ce AboR WLHH 5%

PN IX REY P/ BB AR | 580 22 1l X
PO AL )i SN DI AW A Eai et )
BEAL 2% A 5 B M LA R AR, i S il FE
(ND-SX14 .ND-SX18 .ND-SX21) () Eu i 5 A
BIF S5 =S XA BRI (B 3 Ha,b,
), BEUR b R T A M L UL IR AR 2, Ok
U5 SRR A M — 8, T AR AL TUBUA W IR T
RE FZONB 2= I X FL255A & ot el AR i 3T A
A Tl ARIE R A B DR IR T Rk A T
“EMZLRE,

4 Ffr ok 1 oc 38 HLER AL 22 R AIE B LT
DUBREAEETHE
4.1 A tocElh iR
Wi #7762 Rb .St #l REY & & K H A %=
5 B — s 48 R EH . Rb /Sr @ H R RS
B , 1M Rb/Sr AR AE W48 7~ S+ 527, A8
XAEAH Rb/Sr FLfE R 0. 2~1. 1, FHAE (0. 7)
AHXT A v, S A AR TR A A BRI (HUJE: LU s
B FRAEDE Ve R A FE AR, Ui BH AR TR
SRR TE 85224k (La/Yb) =i T8
IRTRIR I S A A B, IRAE 5 7% T3 S R |
FEf T (La/Yh) (B N6.31~17. 11, ¥J{f 49. 97,
— 967 —



5 6 1] A v W =t 2022 4F
http;//www. ykes. ac. cn
23 PREHE AR L AGLOCE A
Table 3  Contents of REEs and yttrium in samples from Yan’ an Formation, Ningdong Coalfield
EIX | R ) TR (A pe/g)
|57 S HE AT
PGS | TREE (m) la Ce Pc NI Sm Eu G T Dy Y Ho E Tm Yb 1Iu
1 | ND-SX01 531 BeRRA (BIZIEM) 50.50 98.73 11.00 39.74 7.19 1.50 6.52 1.04 5.88 32.46 1.18 3.43 0.53 3.50 0.53
2 | ND-SX02 607 b 50.60 98.80 11.19 40.91 7.70 1.65 6.82 1.11 6.07 33.65 1.19 3.39 0.53 3.33 0.52
3 | ND-SX03 622 LRIk e 42.69 82.80 9.53 35.99 6.66 1.51 5.94 0.92 4.97 24.35 0.93 2.48 0.42 2.47 0.39
4 | ND-SX04 631 MAb 39.93 76.01 8.93 32.00 6.08 1.37 5.39 0.88 4.82 25.56 0.95 2.64 0.42 2.68 0.4
5 | ND-SX05 655 th-HURL> 25.37 46.13 5.83 22.22 4.11 1.09 3.89 0.66 4.02 25.39 0.86 2.51 0.43 2.71 0.4
6 | ND-SX06 681 WP B2 49.36 95.08 11.25 41.41 7.65 1.60 6.89 1.08 6.18 36.24 1.21 3.43 0.54 3.48 0.55
7 | ND-SX07 691 Th-HLR R A 25.38 45.91 5.77 21.46 3.82 1.01 3.58 0.60 3.34 18.81 0.71 2.04 0.35 2.20 0.35
8 | ND-SX08 717 H-MrE 48.28 95.64 11.07 40.53 7.44 1.60 6.68 1.07 5.91 32.17 1.17 3.26 0.51 3.45 0.53
9 | ND-SX09 717 -0 43.09 85.80 9.89 36.84 6.98 1.50 6.24 1.01 5.81 33.81 1.17 3.28 0.52 3.43 0.52
10 | ND-SX10 751 b 46.74 90.47 10.54 38.65 7.31 1.58 6.73 1.08 6.18 38.49 1.24 3.48 0.56 4.82 0.57
11 | ND-SXI1 766 R 18.80 36.90 4.29 15.10 2.60 0.73 2.33 0.36 1.98 10.34 0.37 1.04 0.21 1.15 0.21
12 | ND-SXI2 784 W E (BEZTR)  (49.40 97.92 11.14 40.53 7.49 1.61 6.83 1.06 6.01 32.91 1.18 3.35 0.52 3.42 0.51
13 | ND-SX13 784 WA 42.93 85.36 9.89 36.53 6.74 1.50 6.21 1.01 5.68 31.15 1.13 3.14 0.50 3.29 0.5l
14 | ND-SX14 799 RS 12.65 21.22 2.67 10.52 1.83 0.65 1.63 0.29 1.58 9.75 0.33 0.94 0.19 1.06 0.18
15 | ND-SXI5 817 bitEes 74.05 148.60 16.33 58.62 10.91 2.29 9.67 1.46 7.61 37.13 1.41 3.80 0.56 3.63 0.55
16 | ND-SX16 817 WA 48.18 93.54 10.75 39.23 7.13 1.58 6.43 1.03 5.65 36.01 1.53 3.10 0.49 3.08 0.48
17 | ND-SX17 841 HURE RS 46.55 82.93 8.88 30.70 5.16 1.05 4.80 0.78 4.79 30.62 0.99 2.98 0.50 3.28 0.50
18 | ND-SXI8 851 B ERIEE 15.62 25.25 3.09 11.37 1.78 0.58 1.53 0.25 1.21 7.71 0.27 0.80 0.18 1.00 0.18
(TR )
19 | ND-SX19 872 b 37.82 70.21 8.34 31.16 5.54 1.11 4.82 0.73 3.85 20.90 0.76 2.12 0.36 2.12 0.35
20 | ND-SX20 895 B 52.07 99.20 11.28 41.70 7.59 1.42 6.52 1.01 5.50 31.96 1.06 3.04 0.49 3.11 0.47
BEIY XAEFCR & R E 41.00 78.83 9.08 33.26 6.09 1.35 5.47 0.87 4.85 27.47 0.98 2.71 0.44 2.86 0.44
BEI XAERT R TR 3.73 3.43 2.6 2.77 3.04 2.86 2.03 2.73 2.31 3.27 1.82 2.92 1.42 2.8 2.18
s
pe| AREK | REEE| RRa RGP /E)
B2 (m) La  Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu
21 | ND-SX21 335 FH(BZEMR)  (33.06 61.29 6.63 24.86 4.13 1.23 3.58 0.52 2.47 12.28 0.46 1.29 0.23 1.30 0.25
22 | ND-SX22 339 s 49.94 97.24 11.30 42.85 8.03 1.76 6.68 1.09 6.43 33.85 1.28 3.43 0.54 3.55 0.55
23 | ND-SX23 346 A 36.76 68.15 8.14 31.51 6.06 1.25 5.31 0.93 5.83 36.02 1.22 3.30 0.53 3.35 0.53
24 | ND-SX24 362 e 62.08 127.31 14.10 54.83 9.98 2.13 8.32 1.33 7.93 39.95 1.54 4.14 0.63 4.15 0.62
25 | ND-SX25 366 TR 42.16 81.67 9.58 35.17 6.36 1.35 5.21 0.81 4.29 20.55 0.81 2.18 0.35 2.17 0.35
26 | ND-SX26 409 WA (BZTAR)  |51.07 97.36 11.08 41.04 7.62 1.55 6.48 1.05 6.31 34.56 1.27 3.45 0.53 3.49 0.53
27 | ND-SX27 410 WA 54.21105.3212.11 46.74 8.51 1.84 7.27 1.14 6.61 31.73 1.27 3.40 0.51 3.35 0.51
28 | ND-SX28 415 BB 52.15100.99 11.78 45.71 8.31 1.74 6.93 1.11 6.40 31.26 1.25 3.37 0.52 3.41 0.52
29 | ND-SX29 420 AR 44.93 89.00 10.60 40.75 7.92 1.77 6.77 1.13 6.90 35.26 1.37 3.68 0.57 3.72 0.55
30 | ND-SX30 493 BRI A (BZIEM)  |65.31125.54 14.02 55.07 9.91 2.03 8.48 1.36 8.23 41.33 1.64 4.36 0.65 4.28 0.64
31 | ND-SX31 497 BRI 48.87 94.56 10.96 41.20 7.68 1.65 6.37 1.01 5.90 29.56 1.22 3.14 0.49 3.21 0.49
32 | ND-SX32 516 | BHbIRIRE (ZIEM) [46.26 90.57 10.37 39.00 7.26 1.53 6.20 1.01 6.12 32.61 1.26 3.28 0.52 3.56 0.52
33 | ND-SX33 521 WibERs 51.47101.99 11.64 43.13 8.10 1.65 6.80 1.12 6.77 35.14 1.35 3.66 0.56 3.67 0.56
34 | ND-SX34 572 | BAPRIBAE (ZIEMR) [40.51 79.55 9.20 34.56 6.50 1.39 5.62 0.91 5.43 28.99 1.10 2.97 0.48 3.07 0.48
35 | ND-SX35 574 SRR 46.12 89.81 10.29 38.02 7.07 1.48 6.05 0.99 5.77 29.62 1.14 3.03 0.48 3.09 0.47
36 | ND-SX36 587 | BEBBRIE A (BEZEAR) |50.78 96.84 11.04 40.76 7.62 1.59 6.55 1.05 6.21 32.12 1.23 3.36 0.52 3.39 0.52
37 | ND-SX37 596 | BAEBBRIE A (BEZEAR) |50.26 89.46 11.08 41.68 7.59 1.56 6.35 1.00 5.78 29.02 1.15 3.14 0.49 3.23 0.49
38 | ND-SX38 612 R 30.42 56.62 6.77 26.88 5.03 1.10 4.18 0.69 3.8 21.16 0.78 2.20 0.37 2.37 0.38
39 | ND-SX39 617 | MM (B2 TAR) |35.90 62.74 6.82 24.83 4.10 0.76 3.63 0.59 3.36 19.32 0.70 2.05 0.36 2.33 0.38
R XA RTE A RTE 46.96 90.32 10.39 39.40 7.25 1.54 6.15 0.99 5.82 30.23 1.16 3.13 0.49 3.19 0.49
RN KHATR T EERK 4.27 3.93 2.97 3.28 3.63 3.29 2.28 3.10 2.77 3.60 2.15 3.36 1.59 3.19 2.46
P X AR ST R A R 43.90 84.42 9.72 36.25 6.65 1.44 5.80 0.93 5.33 28.81 1.07 2.91 0.47 3.02 0.46
P X 2R TR I R R AL 3.99 3.67 2.78 3.02 3.33 3.07 2.15 2.91 2.54 3.44 1.98 3.13 1.50 3.02 2.31

HE L B AR SR B ROV AR SMTE 2 A B DL B T2
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Table 4 Geochemical parameters of REEs and yttriumin in samples from Yan’ an Formation, Ningdong Coalfield

R BT K LREY ~ MREY HREY  REY  (Gd/Lu)y (La/Lu)y (La/Yb)y (La/Sm)y (Gd/Yb)y  SEu 8Ce  Ceanom
B4 5
1 ND-SX01 207.16 47.41  9.16  263.72 1.68 10. 42 10.24 4.13 1.65 0.69 100 -0.04
2 ND-SX02  209.19  49.29  8.95  267.43 1.93 11.61 11.67 4.03 1.94 0.74  0.99  -0.04
3 ND-SX03 177.68 37.70  6.68  222.05 1.69 10.43 10.04 4.13 1.62 0.73 0.97 -0.05
4 ND-SX04 16294 38.02  7.10  208.06 1.22 6.63 6.31 3.88 1.16 0.83  0.91 -0.08
5 ND-SX05 103.66 35.05  6.92  145.63 1.60 9. 60 9.57 4.06 1.60 0.67 0.97 -0.05
6  ND-SX06 204.75 51.98  9.21  265.94 1.33 7.86 7.79 4.18 1.32 0.84  0.91 -0.07
7 ND-SX07 10234 27.34 565  135.33 1.63 9.84 9.45 4.08 1.56 0.6 1.00 -0.03
8  ND-SX08 202.96 47.42  8.91  259.29 1.52 8.80 8.48 3.89 1.47 0.69 1.00 -0.03
9  ND-SX09 182.60 48.37  8.92  239.89 1.52 8.80 6.54 4.02 1.13 0.6 0.98 -0.04
10 ND-SX10  193.71  54.07  10.67 258.44 1.45 9.80 11.00 4.55 1.63 0.91  0.99 -0.03
11 ND-SX1I  77.69 1574  2.98  96.41 1.70 10.28 9.74 4.15 1.61 0.6 1.00 -0.03
12 ND-SXI2  206.47 48.43  8.99  263.89 1.56 9.03 8.81 4.01 1.53 0.71  1.00 -0.03
13 ND-SXI13  181.45 45.55  8.56  235.56 1.14 7.38 8.04 4.36 1.24 115 0.88 -0.10
14 ND-SX14  48.89  13.90  2.71  65.49 2.26 14.48 13.74 4.27 2.15 0.68 1.03 -0.02
15 ND-SXI5  308.50 58.16  9.95  376.61 1.72 10.76 10.56 4.25 1.69 0.71  0.99 -0.04
16 ND-SX16 198.83  50.70  8.68  258.21 1.24 10.07 9.57 5.68 1.18 0.65 0.98 -0.05
17 ND-SX17 17422  42.04  8.24  224.51 1.12 9.56 10.52 5.52 1.23 1.08  0.87 -0.10
18 ND-SX18  57.11  11.27  2.42  70.81 1.78 11.66 12.00 4.29 1.83 0.66  0.95 -0.06
19 ND-SX19  153.07 31.42 572 190.20 1.80 11.99 11.27 4.31 1.69 0.62  0.99 -0.04
20  ND-SX20 211.85 46.42  8.16  266.43 1.57 10.18 9.74 4.42 1.51 0.67 1.0 -0.03
BFEIT KT 168.25  40.01 743 215.70 1.57 9.96 9.75 4.31 1.54 0.76  0.97 -0.05
T gﬁwg LREY MREY HREY REY  (Gd/Lu)y (La/Im)y (La/Yb)y (La/Sm)y (Gd/Yb)y &Eu  8Ce  Ceanom
B GR5
21 ND-SX21  129.98 20.08  3.53  153.58 .84 14.25 17.11 5.03 2.22 0.98 1.00 -0.05
22 ND-SX22  209.36  49.80  9.36  268.52 1.55 9.71 9.49 3.91 1.52 0.73  0.99 -0.04
23 ND-SX23  150.62 49.33  8.92  208.88 1.30 7.50 7.40 3.82 1.28 0.67  0.95 -0.07
24 ND-SX24  268.31 59.67  11.09  339.06 1.71 10. 67 10.09 3.91 1.62 0.71 104 -0.02
25  ND-SX25 174.95 32.20  5.86  213.02 1.91 12.88 13.09 4.17 1.94 0.72  0.98 -0.04
26 ND-SX26  208.18  49.94  9.27  267.39 1.57 10.32 9.87 4.21 1.50 0.67  0.99 -0.04
27 ND-SX27 226.89 48.59  9.05  284.53 1.82 11.34 10.91 4.01 1.75 0.72  0.99 -0.05
28 ND-SX28  218.94 47.44  9.08  275.46 1.72 10.85 10.30 3.95 1.64 0.70  0.98 -0.05
29 ND-SX29  193.20 51.83  9.90  254.93 1.57 8.71 8. 14 3.57 1.47 0.74  0.98 -0.04
30 ND-SX30  269.84  61.43  11.57 342.84 1.71 10.99 10.28 4.14 1.60 0.68 1.00 -0.05
31 ND-SX31 203.26 44.49  8.54  256.29 1.67 10.71 10.28 4.01 1.60 0.72  0.98 -0.04
32 ND-SX32 193.46  47.48  9.15  250.09 1.53 9.52 8.75 4.01 1.40 0.70  1.00  -0.04
33 ND-SX33  216.32 51.48  9.80  277.61 1.56 9.88 9.44 4.00 1.49 0.68 1.00 -0.03
34 ND-SX34  170.31 42,35  8.10  220.76 1.49 8.99 8. 88 3.92 1.48 0.70  0.99  -0.04
35 ND-SX35 191.31  43.91  8.22  243.43 1.64 10.48 10. 06 4.10 1.58 0.69 0.99 -0.04
36 ND-SX36  207.05 47.51  9.02  263.58 1.61 10.41 10.10 4.19 1.56 0.69  0.98 -0.04
37 ND-SX37  200.07 43.70  8.49  252.27 1.67 11.04 10.51 4.16 1.59 0.6 0.91 -0.08
38 ND-SX38  125.71  31.01  6.09  162.81 1.41 8.59 8.65 3.81 1.42 0.73  0.95 -0.07
39 ND-SX39  134.39  27.66  5.81  167.86 1.22 10.12 10.39 5.50 1.26 0.60 0.97 -0.07
RIHKFHE  194.32 4473 8.47  247.52 1.61 10.37 10.20 4.13 1.57 0.71  0.98 -0.05
PR IXRE S 180.95  42.31 7.93  231.20 1.59 10.15 9.97 4.22 1.55 0.73  0.98 -0.05

H: 6Fu=Euy/(SmyxGdy) *>; 8Ce= Cey/(LayxPry)*%; Ce S 4L Ceanom=1g[ 3Cey/(2Lay+Ndy) ], 21 Cey.Lay Ndy 28510 Cey.Lay Ndy fH- 5162
SUERRER Z ST B DOFENIZ PR S B AR, R P B P B Rl B SR P39
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Fig.3  Chondrite—normalized distribution patterns of REEs and
yttriumin in samples from Yan’ an Formation, Ningdong
Coalfield ( Chondrite data are from Reference [ 21],

sample data are collected from Reference [ 19])
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Fig. 4 Relationship between geochemical parameters of REY in Yan’ an Formation, Ningdong Coalfield

(Total rare earth elements without yttrium)
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Dispersed, and Rare Earth

Elements in the Middle Jurassic Yan’ an Formation of the Ningdong

Coalfield and Their Indication for a Sedimentary Environment

HE Wei'? | WU Liang"** , WEI Xiangcheng'”, TAO Rui'”, SONG Yang'"
(1. Ningxia Mineral Geological Survey Institute, Yinchuan 750021, China;

2. Ningxia Mineral Geology Research Institute, Yinchuan 750021, China)

HIGHLIGHTS

(1) The contents of rare, dispersed, and rare earth elements in the Yan’ an Formation of Ningdong Coalfield are

low, which does not meet the requirements of industrial indicators of the deposit and cannot be exploited

comprehensively.

(2) The Rb/Sr ratio, (La/Yb), and REY ( REEs+yttium) are relatively high, and §Eu is negative. The average
ancient water temperature is 29. 90°C. The Ce anomaly and the Ce/La ratio are —0. 05 and 1. 92,

(3)

respectively, indicating that the climate of the Yan’ an Formation is warm and humid during deposition, and it

is a fresh water deposition and reduction environment with hypoxia.

The sample Eu has a negative anomaly, Ce has no obvious anomaly, LREY is enriched, the provenance is

mainly from the upper crust, mixed with alkaline basalt and granite. It is inferred that magmatic rocks and

metamorphic rocks in Helanshan area are the main source areas of the Yan’ an Formation.
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ABSTRACT

BACKGROUND: Rare, dispersed, and rare earth elements are important strategic resources because of their
special performance and function. At the same time, because of its unique geochemical properties, it is of great
significance in the study of paleoclimate, paleo—water and paleo—sedimentary environment, and sediment sources.
Previous studies have found that Ga in the Ningdong Coalfield is slightly enriched and rare earth element content is
low.

OBJECTIVES: To explore the possibility of enrichment and mineralization of rare, dispersed, and rare earth
elements in the coal series of the Yan’ an Formation of Middle Jurassic in the Ningdong Coalfield, and discuss the
characteristics of paleosedimentary environment and properties of provenance rock.

METHODS: Systematic sampling was carried out in the core of boreholes from the Lingwu and Jijiajing mining
areas of the Ningdong Coalfield. ICP-MS was used to determine the content of rare, dispersed, and rare earth
elements in mudstone, sandstone and top (bottom) plate of the Yan’ an Formation.

RESULTS: The overall content of rare, dispersed, and rare earth elements in the Yan’ an Formation of the
Ningdong Coalfield is low, which do not meet the requirements of the industrial indicators of the deposit and cannot
be exploited comprehensively. The highest content of Ga is 29. 40ug/g, which is close to the lowest industrial
grade of 30. 00pg/g. Compared with the average content of elements in world coal, rare elements Li, Nb, Ta, Rb,
Cs, Zr and dispersed elements Ga, In, Sc, Hf are slightly enriched or enriched. The distribution of rare earth
elements shows LREY type, and significant negative anomaly of Eu.

CONCLUSIONS: Rb, Sr and REY indicate the humidity of paleoclimate conditions, Li, Sr and Ga represent the
freshwater deposition environment, and Ce, Ce/La reflect the anoxic reducing environment. The REY content is

not affected by diagenesis and can be used to discriminate the original sediment source.

KEY WORDS: rare, dispersed and rare earth elements; inductively coupled plasma—mass spectrometry; Yan’ an

Formation; geochemical characteristics; paleosedimentary environment; provenance
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