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Fig. 1 Geological map of the Zishikou area in the Northern Hebei.
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Fig. 2 Experimental procedure of step-by-step separation for elements.
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Fig. 3 Mudstone texture (a) and clastic composition (b) of paleo-weathering crust samples in the Tieling Formation: Ser—Clay

mineral; Qz—Quartz; J—Jarosite.
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Fig.4 X-ray diffraction pattern of clay minerals in paleo-
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Table 2 Identificatied results of heavy minerals in the paleo-weathering crust samples of the Tieling Formation.
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Eeanel 0.11 MELT f,, BA6, YORBIHR, OE I, AR GRE, Wiz, Kif% 0.03 ~ 0.1lmm
- 0.0] HB, B - IR | 2 FUB R IBRLIR | 2 BB SR, R, &8 Y6, mRliRE, kifs
' 0.05 ~ 0.3mm
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— 841 —



o
http: //www. ykes. ac. cn

5 6 1]

il

B 2024 4F:

3 BRI RULFE RS BRI IRE AR (%)

Table 3 EPMA analysis results of heavy minerals in the paleo-weathering crust samples of the Tieling Formation.

BERAS  K,0 CaO TiO, Na0 Ga,0; MgO ALO; SiO, La,0; BaO CoO SO; Ce,0; Pr,O; Nd,0; Sm,0; Eu,0; FeO Al
PTD-2-Rzl 0.017 - 98.025 0.045 0.099 — 0013 001 - - - - - - - 0049 - 0.091 98349
PTD-2-Rz2 0.016 0.009 98.583 0.018 0.04 — 0.028 0.059 - - - - - - - - - 0097 9885
PTD-2-Antl 0.014 0.007 99.041 - - - 0016 0011 - - - - - - - 0085 - 0.112 99.286
PTD-2-Ant2 - - 98919 0.033 0.06 0.005 0.009 0.011 - - - - 0069 - 0053 - - 007 99229
PTD-2-Ant3 0.013 - 98849 - - - 002 0076 - - - - 0034 - - - 0.141 0.043 99.187
PTD-2- Ant4 0.024 0.01 99381 - - 0016 0.016 004 - - - - - - - 0004 - 0063 99.577
PTD-2-Btkl 0.047 0.035 94471 —  0.12 0.007 0266 0.808 - - - - - - - - - 1857 97611
PTD-2-Btk2 0.122 0.057 96.298 0.036 — 0.052 0469 0727 - - - - - - 0039 - - 0662 98462
PTD-2-Btk3 0.014 0.03 95.658 0.006 — 0.007 0.179 0315 - - - - 01 - 0015 — 0016 0565 96.905
PTD-2- Btk4 0.001 0.028 96.167 - - 0036 021 1515 - - - - - - - - - 0622 98592
PTD-2-Brtl - 0.193 — 0071 0029 — 0032 0012 - 64441 005 35892 0058 - 0035 - 002 — 100.833
PTD-2-Brit2 - - - 0032 0092 - 0027 - - 6363 — 36157 - - 0046 0027 — 0.007 100.018
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Occurrence State of Rare Earth Elements in the Paleo-Weathering Crust of
the Tieling Formation, Northern Hebei Province by X-Ray Diffraction and
Electron Probe Microanalysis

CHEN Haiyan', ZHANG Yungiang' , MAO Xiangju®, LI Ruihong'

(1. Langfang Natural Resources Comprehensive Survey Center, China Geological Survey, Langfang 065000,
China;

2. Zhengzhou Institute of Multipurpose Utilization of Mineral Resources, Chinese Academy of Geological
Sciences, Zhengzhou 450006, China)

HIGHLIGHTS

(1) The rare earth elements in the paleo-weathering crust of the Tieling Formation mainly exist in the mineral phase,
with extremely low content of rare elements in the aqueous phase, ionic phase, and colloidal sedimentary phase.

(2) Light rare earth elements such as Ce, Nd, and Sm are partially present in anatase, leucoxene, and barite as
structural elements, while the rest may exist as nanoscale particles on the surface of rutile and in a large amount
of clay minerals.

(3) The extremely low levels of ionic rare earth elements may be attributed to the adsorption effects of clay minerals

such as illite and mixed layers of illite and montmorillonite.

ABSTRACT: In recent years, the discovered paleo-weathering crustal rare earth ores have the advantages of
stability and easy mining. However, due to the low degree of research on their element occurrence state, the study of
the enrichment mechanism of the deposits is restricted. In this paper, the occurrence state of rare earth elements in
the paleo-weathering crust of the Tieling Formation was systematically studied by using the techniques of stepwise
chemical extraction, X-ray diffraction, heavy minerals identification, and electron probe microanalysis. Stepwise
chemical extraction shows that rare earth elements in the paleo-weathering crust mainly exist in mineral phases,
accounting for about 99.38% of the total content. The rare earth elements in aqueous solution, ionic phase, and
colloidal deposition phase account for 0.01%, 0.22% and 0.39%, respectively; X-ray diffraction analysis shows that
a small amount of rare earth elements in the ionic adsorption state in the paleo-weathering crust samples may exist
on the surface of clay minerals such as illite; electron probe microanalysis results show that the anatase, leucoxene
and barite in the paleo-weathering crust samples contain about 0.1% of light rare earth elements such as Ce, Nd and
Sm. In summary, it is preliminarily concluded that the main rare earth elements in the paleo-weathering crust exist in
mineral phases, some of them exist in anatase, leucoxene and barite as similar images, and the rest may exist on the
surface of anatase and a large number of clay minerals in nano-scale fine particles. A very small amount of ionic
rare earth elements may be adsorbed on the surface of clay minerals such as illite and illite-smectite mixed layer.
The content of rare earth elements in the water-soluble phase and colloidal sedimentary phase is very low. The study
on the occurrence state of rare earth elements in the ancient weathering crust helps to optimize development and
utilization technology and provides a theory for the selection and smelting utilization of rare earth resources.

KEY WORDS: Tieling Formation; paleo-weathering crust; rare earth elements; occurrence; X-ray diffraction;

electron probe microanalysis
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