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Abstract: The shales of the Mesoproterozoic Xiamaling Formation in the northern part of North China, which rank among
China’s most ancient marine source rocks, are characterized by simple biotic sources, high organic matter abundance, and low
maturity. However, there is a lack of detailed study on the morphologies and origins of macerals in these shales. This study
delves into the composition, characteristics, and origins of macerals in these shales using organic petrological methods. The
results highlight a complex maceral composition in the Xiamaling Formation shales, encompassing bituminite, lamalginite,
vitrinite-like maceral particles, mineral-bituminous groundmass, and thucholite. Notably, microscopic examinations
illuminate transitional shifts in the optical properties of vitrinite-like maceral particles, bituminite, and lamalginite. These
shifts—a gradually decreasing random reflectance and progressively increasing fluorescence—are intimately linked to
the origins of these macerals. As lamalginite undergoes gradually enhanced anaerobic microbial degradation, it evolves
into bituminite and vitrinite-like maceral particles. Additionally, the organic matter forms thucholites after experiencing
ionizing radiation-induced polymerization of radioactive mineral particles, which primarily comprise monazite and thorite. The
thermal radiation of these particles appears to have a certain influence on organic matter maturity only in a limited range.
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Fig. 2 Composite stratigraphic columns showing the Mesoproterozoic-Neoproterozoic strata in the Yanshan area and the Xiamaling

Formation in the study area
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Table 1 TOC content and pyrolytic and elemental parameters of shales of the Mesoproterozoic Xiamaling Formation in the

northern part of North China
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eSS SREERM TOC/%  S,/(mglg)  S/(mglg)  (S,+S,)/(mg/g) T, J)C HI/(mglg) VIMR/% EqR/% U107 Th&/10°
XML-1 3k 8.48 0.96 34.25 35.21 434 404 0.56 0.42 2.49 7.70
XML-2 3k 2.19 0.50 7.03 7.53 432 321 — — 1.93 6. 14
XML-3 3k 4.30 0.71 15.85 16. 56 434 368 0.53 0.39 2.81 5.74
XML~-4 #3 14.10 1.66 62.73 64.39 442 445 0.54 0.39 2.69 8.59
XML-5 &k 5.80 0. 45 18.96 19. 41 441 327 0.58 0.44 2.45 10. 20
XML~-6 #& %k 4.56 0.72 21.50 22.22 439 472 0. 60 0. 46 3.01 6.11
XML-7 #k 2. 84 0.23 8. 94 9.17 440 315 0.48 0.33 2.91 5.22
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Fig. 4 Images of typical macerals in outcrop samples from shales of the Mesoproterozoic Xiamaling Formation in the northern part of North China
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Fig. 5 Histograms showing the random reflectance distributions of vitrinite-like maceral particles and bituminite in the shale samples from

the Mesoproterozoic Xiamaling Formation in the northern part of North China (n=30)
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Table 2 Random reflectance of vitrinite-like maceral particles and bituminite in the shale samples from the Mesoproterozoic

Xiamaling Formation in the northern part of North China

e A8 TR AL TR BE R 31 5% Wi R R B 51 2R
G RUME%  BOKH%  FHIE%  ARERZE% WA BUMES%  BKfEce  EHIMEM%  ARERZEM A
XML-1 0.45 0. 66 0. 56 0.06 30 0.16 0.26 0.19 0.03 30
XML-2 — — — — — 0.15 0. 37 0.24 0. 06 30
XML-3 0.47 0.63 0.53 0.04 30 0.23 0.39 0. 30 0. 05 30
XML-4 0.48 0.60 0.54 0.03 30 0.28 0. 36 0. 31 0.02 30
XML-5 0.49 0. 68 0.58 0.05 30 0.20 0.25 0.23 0.01 30
XML-6 0.47 0. 68 0. 60 0.06 30 0.21 0.23 0.25 0.03 30
XML-7 0.44 0.56 0.48 0.03 30 0.22 0.34 0.29 0.04 30
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Fig. 6 Transitional shifts in optical properties of lamalginite,, bituminite, and vitrinite-like maceral particles in the outcrop sample (sample

XML~-4) from shales of the Mesoproterozoic Xiamaling Formation in the northern part of North China
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Fig. 7 Optical properties of thucholite in the shales of the Mesoproterozoic Xiamaling Formation in the northern part of
North China (sample XML-6)
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Table 4 Elemental composition of radioactive mineral particles of thucholite in the shales of the Mesoproterozoic Xiamaling

Formation in the northern part of North China

R 1 2 3 4 5 6 7 8 MiEA S A B
0 27.67 37.61 27. 66 27.49 31.16 26.12 37.55 20. 95 ne ne ne
Si 0 12.19 0 0. 04 0.14 0 5.58 9.14 nc 14. 96 8.79
p 13. 80 13.37 14.98 13.26 14. 26 13. 64 0 1. 14 13.09 ne ne
Ca 0 0 0 0 0.73 0 0 0.38 nc ne ne
Y 0 0 0 0 1.41 0 0 1.10 nc ne ne
La 14. 16 4.69 12. 84 15. 60 8. 80 11. 16 0 0 11.08 nc ne
B Ce 32.01 25.03 32.71 34.76 23.22 30.27 0 0 23.05 ne ne
;g/\% Pr 1.51 0 1.73 0.63 2.43 2.67 0 0 nc ne ne
Nd 8. 62 7.11 10. 07 5.93 8.95 12.38 0 0 9.43 ne ne
Sm 0 0 0 0 0.87 0 0 0 nc ne ne
Th 2.23 0 0 2.29 6. 80 0 56. 87 67.29 5.27 ne 69. 88
U 0 0 0 0 0 0 0 0 ne ne ne
Zr 0 0 0 0 1.22 0 0 0 ne 47.38 ne
Hf 0 0 0 0 0 2.92 0 0 ne nc ne
RNy 100 100 100 100 100 100 100 100 — — —
v sRL s A A A7 A A7 MpEaA S MUEA EA [awa) [awa) — — —

T O 18 R U 75 AL A RE it 4 15 5 20 7 41 07 29 402 B2 AR IR Rasmussen %550 R4S B 10 5 BE A7 17 24 402 0532 AR 4

Foister 25 S ARSI 1 ; “ne” FeR g i AR ek S b —
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Fig. 8 Scanning electron microscopy images and X-ray spectra of radioactive mineral particles for thucholite in shales of the
Mesoproterozoic Xiamaling Formation in the northern part of North China (sample XML—-6)
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