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Relationship Between Reducing Media and Uranium Mineralization in the Telaaobao Uranium Deposit, Ordos
Basin

Abstract : The Telaaobao uranium deposit is the first super-large uranium deposit hosted in the Lower Cretaceous
strata in the northern Ordos Basin. Its sedimentary setting is markedly different from that of the numerous uranium
deposits previously studied within the Middle Jurassic Zhiluo Formation. Uranium-bearing sandstone reservoirs in this
deposit are notably deficient in traditional reducing agents such as carbonaceous debris and pyrite. The lack of
systematic research on reducing media in this deposit has significantly hindered the refinement of uranium
metallogenic models and the expansion of successful exploration. In this study, a combination of optical microscopy,
scanning electron microscopy (SEM), energy-dispersive spectroscopy (EDS), electron probe microanalysis (EPMA),
fluorescence analysis, sulfur isotope analysis, and acidolysis hydrocarbon analysis was employed to identify multiple
types of reducing media, including carbonaceous debris, pyrite, hydrocarbon-bearing fluids, and chlorite. Their genetic
characteristics were summarized, and hydrocarbon-bearing fluids were determined to be the dominant reducing
medium. Specifically, the carbonaceous debris was mainly allochthonous, derived from older strata; the sulfur in pyrite
primarily originated from bacteriogenic sulfides and organic sulfides; the hydrocarbon-bearing fluids were sourced
from deep coal-, oil-, and gas-bearing strata and migrated into the deposit via faults in its vicinity; chlorite can be
subdivided into alteration products of mica and feldspar and authigenic chlorite. Based on the Telao Bao metallogenic
model, the types and roles of reducing media during different mineralization stages were discussed:(1) During the
sedimentary-diagenetic stage in the early Early Cretaceous, the main reducing media were carbonaceous debris and
metal sulfides such as pyrite; (2) In the late Early Cretaceous large-scale reduction stage, the principal reducing
medium was deep-sourced hydrocarbon-bearing fluids; (3) From the Late Cretaceous to the Oligocene, during the
secondary oxidation—mineralization stage, chlorite further enhanced the reducing capacity of the sandstone reservoirs,
ultimately leading to termination of redox-driven mineralization.

Keywords: Telaaobao uranium deposit; reducing media; carbonaceous debris; pyrite; hydrocarbon-bearing fluids
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Fig. 1 Tectonic setting of the study area and geological sketch map of uranium deposits

(a) Simplified geological map of uranium deposits in the northern Ordos Basin; (b) Comprehensive stratigraphic column of the Lower
Cretaceous in the northern Ordos Basin; (¢) Representative petrogeochemical profile of the Teleaobao uranium deposit
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Fig. 2 Characteristics of carbonaceous debris in uranium reservoir sandstones of the Telaaobao uranium deposit

(a) Banded carbonaceous debris; (b) Carbonized plant root and stem; (c) Sandstone impregnated by carbonaceous debris, showing layered
distribution; (d) Sandstone thoroughly impregnated and blackened; (e) Vitrinite bands occur within the sandstone matrix under reflected
light () Vitrinite bands develop beside detrital grains in sandstone under reflected light
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Fig. 3. Microscopic characteristics of pyrite in the Telaaobao uranium deposit under reflected light.

(a) Framboidal pyrite is distributed in the interstitial materials under reflected light.; (b) Framboidal pyrite occurs between detrital grains

under reflected light; (c) Colloform pyrite occurs in intergranular pores of detrital grains under reflected light. ; (d) Colloform pyrite
envelops detrital grains.
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Table 1. Sulfur isotope compositions of pyrite from the Huanhe Formation in the Telaaobao uranium deposit
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Fig. 4. Chlorite characteristics of uranium reservoir sandstone in the Telaaobao uranium deposit
(a) Chlorite replaces plagioclase, appearing dark green.; (b)Chlorite replaces the margins of plagioclase;(c) Chlorite (Chl) replacing K-
feldspar (Or); (d) Chlorite (Chl) completely replacing biotite; (e) Fibrous chlorite occurs on the surface of hematite ; (f) Fibrous chlorite
grows along the margins of detrital grains.
2.4 FRHRE

AL ACEL AT R L B R B AN AR, (EAE A -l ik 2 A b U B R U B AR R RS
ERARRRE (B 5) o XA R S0 R A BT IR e b, SRR (R 2D, R LN



RN, HUChCEMARE (Bl6) o Hrh, HEiE e N 706 uL/kg, 351 134.7 uL/kg, Hidid Tk
WL FLA R AL A AT ERE X b, R B Tk L e & i i T FL o
a ‘| _\,IL

G

BRAED

a— SR E IR 25 8 BORL IR A LB 2 e ma B A2 B 5 b—SR 45 1 s Bk FLBR 52 12 g 4 OATTA B 5 c—
SR D TR U AL AR S O R GRITAL TR B ¢ d— G E I AS R B EE GRTA R  e—SEhiba il
BRI E W EERMRANY) CRA IR ; —REMDET TN EREER GRTHTBD

B 5 SR @HET RIAFA LA ERD S PN RRERE (BERESE, 2023; EARTCE, 2024 B750)

Fig. 5. in uranium-bearing reservoir sandstones from the Telaaobao uranium deposit.

(a) Fluorescence response of organic matter between detrital grains in green fine-grained sandstone, Upper Huanhe Formation; (b) Green
fine-grained sandstone clastic intergranular pores are impregnated by light oil;(c) Light oil inclusions and fluorescence response in green
medium-grained sandstone, Lower Huanhe Formation; (d) Gaseous hydrocarbon inclusions in brown coarse-grained sandstone; (e) Liquid-
rich inclusions and iron oxides distributed along fractures in green medium-grained sandstone, Lower Huanhe Formation; (f) Bitumen and
liquid-rich inclusions in green fine-grained sandstone, Lower Huanhe Formation.
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Fig. 6. Proportional composition of acid-extractable hydrocarbons in the Telaaobao uranium deposit
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Table 2 Analysis results of acidolysis hydrocarbons from sandstones of the Huanhe Formation in the Tela'aobao uranium deposit
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Fig. 7. Scatter plot of total organic carbon (TOC) versus uranium content in uranium reservoir sandstones of the Telaaobao uranium deposit
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Fig. 8. Figure X. Comparison of *S isotopic compositions of sulfides with different genetic types and pyrite from the Telaobao uranium
deposit (modified after Zhao et al., 2018)
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Fig. 9. Relationship between pyrite and uranium minerals in uranium reservoir sandstones of the Telaaobao uranium deposit.

(a) Granular uraninite hosted within framboidal pyrite; (b) Acicular uraninite occurring in framboidal pyrite; (¢) Granular uraninite
progressively overgrowing and enclosing framboidal pyrite; (d) Uraninite infilling pores and interstices of framboidal pyrite; (e)
Framboidal pyrite completely encased by uraninite.; (f)Coffinite encloses pyrite that transitions from framboidal to colloform.
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PIRDE, S DA IR R B & R R S ARAS ok B 2 A B R A LT, T A2 5K H IR & R IR ik

TRV IR R m) Fig#%, MM AR ZRE, SUEae R E R AR S HIERA R, EidEd
PRS2 (RIS . SURE. IR T, RE MR AT ORI e R s, B & SR DT e it T
SEA IR B MR WS DRI . RIS R RAAS 5B M ( Awadh and Nejbert, 2016;
FRE, 2025) :

CH4+ 4Fe,0; + 16H'= CO* 10H,0 + 8Fe**

2H,S + Fe,0; + 2H'=FeS, + 3H,0 + Fe**

Fe,0; + 4H,S + UO* = UO; | + 2FeS; | +3H,0 + 4H"
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Fig. 11. Macroscopic characteristics of mud gravels in uranium reservoir sandstones of the Telaaobao uranium deposit



(a) Elliptical mud clasts in the Huanhe Formation with brown cores and green margins; (b)Flattened mud clasts in the Huanhe Formation
with brown cores and green margins; (c)Split elliptical mud clast in the Huanhe Formation, showing brown core and green margin;
(d)Flattened mud clasts in the Zhiluo Formation with brown cores and green margins.
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Fig. 12. Relationship between chlorite and uranium minerals in the Telaaobao uranium deposit.

(a) Chlorite and uraninite associated with mica; (b) Chloritized mica coexisting with uraninite; (c) Hematite associated with uraninite; (d)
Acicular to hair-like chlorite occurring together with hematite and uraninite; (¢) Hematite associated with uraninite; (f) Chlorite associated
with uraninite.
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Fig. 13. Metallogenic model for the Lower Cretaceous in the northern Ordos Basin (modified after Yan et al., 2024)
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