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BE#ITREEN . A TREANEATAAE, A EENERMIALEL, FAMAMRFSH TREZHERK
EBHEMBEFERAERTHBFREL (Kb) B4 BEMIUE REE BIRILFIFE, HRE R LN, MBA A REE
BB (IREE) 5 94.8x107~178 x10°%, F#H{E N 126 x 10, KT HEHMNIREE; B8 . ER+t oS RIE
(T LREE/ T HREE) X 2. 60 ~ 3. 45, F5{H 4 3. 10, (La/Yb)x 34 0. 57 ~ 1. 02,F13{8 X 0. 89, F B &+ LREE.
HREE 2% A8 8, LREE A% HREE E#, BT LREEMKETH Y, Eu XAV B A RFE, Ce REAMFMER
%, BHTHMAAERTERREHETHNATE, MATAHES IREE SHMBTRMORESIEREY, WREPH
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Rare earth element characteristics of Bagemaode oil shale, Inner Mongolia, China
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Abstract: Study on REE of oil shale may give source information, which is important for understanding the
formation of oil shales. Meanwhile, it is also useful for the evaluation of REE resources, which contributes to
comprehensive utilizations of oil shale. In this study, we analyze the REE concentrations of Bagemaode oil shale in
the Bayingebi Formation (Kib), Bagemaode Depression in the Inner Mongolia, China. The total REE content
_ ranges from 94.8 x 107 to 178 x 10~°, with an average of 126 x 10~°, which is lower than that of the country
rocks. Y LREE/ Y HREE varies between 2. 60 and 3. 45, 3. 10 in average, (La/Yb)x, 0.57 and 1. 02, 0. 89 in
average. The data shows slight LREE enrichment. The REE patterns are characterized by markedly negative
anomalies of Eu and slight positive anomalies of Ce, which suggest the Bagemaode oil shale was formed in anoxic
paleolake environment. Based on the clustering analysis of total and individual REE concentrations, we conclude
that the REE in the Bagemaode oil shale generated from territorial clastic deposits. In addition, there is no evident
correlation among 8Ce, 6Eu, and ¥ REE, suggesting that diagenesis had limited influence on REE concentrations.
Thus, we interpret that the diagenesis phase of the Bagemaode oil shale is unmatured period.
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EAAKRRP, EHBBEFET R, BARREABHE
B R RS R, 3 H A AR AT IR At
MRRFEEE . S, WA H REE R0 LAE4T
WA TRRER, FRESARHR, EHit, @l
T AT H REE M85, RMUERREABEREA,
R FRBE(E R, Wi B LAY REE S B #TRRE
W EH T RUAEREA R A,

EREEMTARSEZE/RT Sh G
B BEEHARIANEEREEFH—N/MIKE, 2
GrRERSIAREBEA, LILABRAHFI B, BER
BAETHEDHYG, BERENILARREZX
bR B, TR 600 km?, EHEEREMBERILE
A M B AR TR A . G RIR P ol B h AE
RAERE. THE AXREMERES, ZERP
ERBE REMTES, HBHEEHBRA T
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®x1 MAERHBEEZSRD REE 2R(x107¢)
Table I REE concentrations ( x 10°) of oil shale and surrounding rock
BS H# SME L Ce Pr Nd Sm Eu Gd T Dy Ho Er Tm  Yb Lu Y
11-54 0.70 21.1 44.8 500 19.7 3.93 0.8 3.57 061 3.57 0.73 207 0.34 2.16 0.37 20.09
11-86 1.00 20.0 43.3 5.22 20.8 4.41 0.85 3.50 0.61 3.33 0.65 1.8 0.29 1.8 0.29 16.83
11-102 1.10 25.5 50.2 5.92 23.8 4.94 1.05 4.61 0.83 4.87 1.00 2.8 0.47 2.96 0.49 28.87
11-106 1.40 23.7 46.1 5.67 22.0 4.54 0.91 3.8 0.68 3.91 0.78 214 0.35 2.18 0.34 20.50
11-96 B 1.40 28.5 55.5 7.00 28.0 6.01 1.26 552 0.98 578 1.16 3.21 0.51 3.19 0.49 32.54
11-82 & 200 207 43.1 507 20.2 4.12 0.88 3.82 0.68 3.91 079 2.19 0.35 231 0.37 21.11
11-18 2.60 20.8 51.7 6.26 25.7 5.35 1.12 4.81 0.85 4.79 0.95 2.55 0.40 2.56 0.39 25.19
11-15 2.70 22.8 46.0 5.55 21.9 4.51 0.98 4.14 0.73 4.28 0.86 2.46 0.40 2.54 0.40 24.28
11-37 3.00 26.2 542 6.27 24.7 4.96 0.99 4.31 0.74 4.30 0.83 2.34 0.38 2.30 0.38 22.75
11-49 3.20 19.2 40.4 4.72 18.7 3.78 0.80 3.47 0.62 3.50 0.69 1.88 0.30 1.8 0.30 18.87
11-50 3.60 18.7 37.9 4.42 17.4 3.55 0.75 3.14 0.56 3.20 0.64 1.75 0.29 1.80 0.29 17.34
11-46 3.70 18.6 36.9 4.31 17.2 3.48 0.76 3.13 0.53 3.25 0.67 1.87 0.31 2.03 0.34 18.67
11-44 3.80 15.5 30.3 3.61 14.4 3.01 0.64 269 0.46 2.75 0.58 1.71 0.29 1.91 0.32 16.63
11-80 4.40 21.1 42.3 5.14 20.3 4.06 0.8 3.49 0.61 3.47 0.71 191 0.31 201 0.32 19.18
11-93 4.50 23.1 46.8 5.75 22.6 4.73 0.96 4.13 0.73 3.97 0.79 2.17 0.36 2.23 0.35 20.71
11-13 i 4.90 29.9 56.3 6.30 249 509 1.12 498 0.91 5.61 1.16 3.29 0.52 3.29 0.50 34.27
11-16 X 4.9 11.5 32.5 4.31 17.8 3.73 0.82 3.22 0.57 3.25 0.65 1.82 0.29 1.94 0.30 17.65
11-100 # 5.10 23.6 49.0 5.98 23.7 4.93 1.06 4.40 0.78 4.37 0.85 2.36 0.38 2.43 0.38 22.24
11-33 6.00 20.9 435 5.08 19.8 4.03 0.8 3.65 0.63 3.71 0.73 2.04 0.33 2.09 0.32 19.28
11-98 6.30 20.8 42.9 507 19.8 4.11 0.8 3.77 0.66 3.78 0.76 2.04 0.34 2.15 0.34 20.60
11-56 7.70 19.6 39.1 4.59 18.4 3.8 0.83 3.55 0.63 3.78 0.79 2.29 0.38 2.56 0.43 22.75
11-24 8.80 20.6 42.8 4.96 19.7 4.10 0.8 3.70 0.65 3.73 0.77 2.11 0.34 215 0.34 20.20
NASC 32.0 73.0 7.90 33.0 5.70 1.24 5.21 0.85 5.8 1.04 3.40 0.50 3.10 0.48 -
Ba 0.24 0.61 0.10 0.47 0.15 0.06 0.21 0.04 0.25 0.06 0.17 0.03 0.17 0.03 -
E: BAMMIUE LA ME3 5% AR, /DT 3.5% FEFEE, KTRET 3.5% EHMTE.
%2 WMEABST REE MRAESH
Table 2 Geochemical parameters of REE in oil shale samples
Be (lei'(‘ff) (Ex'?éf‘f) 22'1_':;&/ ( E‘l‘gﬁ) (La/Yb)s (La/Sm)n  (Gd/Yb)s  Cewen SEu 5Ce
11-50 85.9 25.9 3.32 112 5.53 2.52 1.45 0. 08 0.75 1L.19
11-46 84.4 21.7 3.05 112 4.87 2.56 1.28 0.07 0.77 1.17
11-44 70.2 4.6 2.85 94.8 4.32 2.46 1.17 0.07 0.76 1.15
11-80 97.2 28.5 3.41 126 5.58 2.48 1.44 0.07 0.75 1.16
11-93 108 31.3 3.45 139 5.49 2.34 1.53 0.08 0.75 1.16
11-13 129 49.6 2. 60 178 4.82 2.81 1.25 0.06 0.71 1.17
11-16 73.9 26.5 2.79 100 3.15 1.47 1.37 0.16 0.81 1.32
11-100 113 33.8 3.34 146 5.16 2.29 1.50 0.08 0.77 1.18
11-33 97.8 29.1 3.36 127 5.31 2.48 1.44 0.09 0.76 1.20
11-98 97.3 30.7 3.17 128 5.13 2.42 1.45 0.09 0.74 1.19
11-56 89.9 33.6 2.67 123 4.07 2.46 1.15 0.07 0.75 1.17
11-24 96. 8 30.3 3.20 127 5.08 2.40 1.42 0.09 0.77 1.21

#: SLREE AW+ TR & #; SHREE YEH TR A H#; SREE ¥+ LK SR, SLREE/SHREE W2 . EW LT RS ML N
RBREBG RMEILIE, (La/Yb) w2 La F) Yb BB T AR AL 69 B ; SEu. 8Ce 4 Eu.Ce R ¥ AYRHEE, SEu = Eun/ (Smn x Gdy) "2,
Eun . Smy . Gdn 4351 2473% 24 7C % 32 M A0 BROB B SR 71K 15 5 5Ce = Cen/ (Lan x Prw) 2, Cew . Lan Prw 53 51 4 3 70 3 55 94 {8 (9 BRBL IR 73
AL ; Cewon =1g(3Cen/ (2Lan + Ndn)) o
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(La/Sm)n H{E Bt LREE Z R M5 REE,
{E# K, LREE M F 4. (Gd/Yb)x H.{A X Bt HREE
Z BB, A/, HREE 8 E £, WMIlE
F P (La/Sm) s IE T 1.47~2.81 Z (8],
(Gd/Yb)y KA T 1. 15 ~1.53 ZJd), & LREE,
HREE Z 4 #EA KA L,

2.2.2 Ceuwm 8%

EAp— oz -2 E Y Ce REWHBEARN
Ceunon =1g(3Cex/ (2Lay + Ndn) ), 3 HIE H : Cesmon > 0
RN Ce BE, REKEBRE; Cenn <0 NFER Ce
T, KRR EIREE  WMTUA RSB Ceumon fH
+F 0.06 ~0.16 Z[E], ¥WKTF 0, KR4 Tt
E-R75: 0
2.2.3 Ce H%(8Ce)

MILAERERM 6Ce A F 1.15~1.32 Z[H],
T 1.19, BREFHHERE (K 2),

2.2.4 SEuir¥

T IEHE G ) Eu R AP, SEu {E
+F0.71 ~0.81 Z &, F#5% 0. 76, & F A ptish 55
(UCC) (0. 65) At X 1A (NASC) (0. 66) o

2.3 REE #H#EX

ELHE B 08 BT A HE 5 REE BROBLBRA FR 1L 4
57 RPN LREE B4 \HREE T4, 437 i 4R
¥E LREE b BB A H# %, T7E HREE 408
(A 1), B, Eu BRI AEH Ce B/n MM
ERHHIE,

3 WA REE AR R X

3.1 REE i3k

FRAMTEREWEOE, WEEBEMITES
9 REE S BAHAM B TR AT R LM HHE
$ %8 REE 5 Ti. Cu. Li. Rb. Pb, Ga. Cr, Zn %
SMETTERLAE R, HXHERY, 5 Sr.Mn %
RSB BATRAFEMANTETEMHEEERZ
(B 2), XE—EBELB/RTHIAEST REE £ 2
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BHER R &M, E—EK pH ERETF ,FKE
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R, BRI ), R XMITEPH 6Ce
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KT HERAENE R

WIUE (R A ) B—Fh R K 51 B K AT
MAEVIRS RETETRETAMN, SWERT
3.5% ,FHASBEE, FTENRRERAMRESR (R
B - BRBAER - M), HAHE—BRKTR
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EHYE .
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Shields et al. B3 REE MBI, REIE

FTMRAE Ce RE(E, EHSFH 6Ce 5 5Eu A
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Table 3 Vitrinite reflectance ( R°) of oil shale
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Fig.3 Diagrams of SEu vs. 8Ce and 8Ce vs. X REE of oil shale
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