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A tentative discussion on uranium enrichment characteristics and metallogenic
model in Zhiluo Formation, northeastern Ordos Basin
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Abstract

Uranium mineralization process in northeastern Ordos basin was complicated and it was a result of several
kinds of fluids superimposing. Through the researches on uranium occurrence forms, geochemical characteristics
and C-S isotopic composition of sandstone, features of altered minerals and mineralization ages, this paper sum-
marized the uranium enrichment characteristics, divided the stage of uranium mineralization and improved a ura-

nium metallogenic model based on an analysis of the previous data and achievements. It is shown that uranium in
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Zhiluo Formation in this region occurs as either independent minerals or adsorbent form. Uranium mineralization
has a close relationship with pyrite, organic matters, calcite, clay minerals and some other minerals. Independent
mineral of uranium is mainly coffinite. The content of reducing matter (organic matter, pyrite, etc.) of ore-bear-
ing sandstone is higher than that of other types of sandstone. The 8"C,,,, values range from —24.6%o to —6.8%o
in carbonate cement, and these data indicate that the carbon in carbonate cements is related to biological causes.
The 'S, values range from —8%o to —40%o, and these data show the characteristics of rich **S and poor *S,
with obvious fractionation characteristics of biogenic factors. The results of microscopic examination show that
the oxidation products of iron and the strong chloritization of biotite can be seen in the paleo-oxidation sandstone
of this area. Based on the research on mineralization ages, the authors believe that the enrichment of uranium was
characterized by adequate reduction conditions, strong transformation process, participation of microorganisms
and multistage superimposition, and this was not only related to phreatic-oxidation but also controlled by paleo-
interlayer-oxidation and by secondary reducing transformation of gases at later stage of metallogenesis. Strong re-
ducibility of the strata was the main reason leading to the enrichment of uranium and microorganism in the strata,
which played an important role in uranium mobilization and precipitation during the paleo-interlayer oxidation.
The mineralization ages show that uranium mineralization was characterized by multi-stages, and could be gener-
ally divided into the stage of syngenetic sedimentary enrichment in early Zhiluo period in middle Jurassic, the
stage of phreatic-oxidation from Zhiluo period of middle Jurassic to late Jurassic, the stage of paleo-interlayer-ox-
idation from Early Cretaceous to Eocene and the stage of secondary reducing transformation of gases from Oligo-
cene to the present.

Key words: geology, uranium occurrence forms, uranium mineralization age, isotope, uranium enrichment

characteristic, metallogenic model, northeastern Ordos Basin
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Fig. 1 Tectonic division map of Ordos basin(a)and geological map of Dongsheng area, northeast Ordos Basin(b)

1—Quaternary ;2—Lower Cretaceous ; 3—Anding Formation, Upper Jurassic;4—Zhiluo Formation, Middle Jurassic;5—Yan’an Formation,

Middle Jurassic; 6—Yanchang Formation, Upper Triassic; 7—Erma’ying Formation, Middle Triassic; 8—Boundary of basin;

9—Boundary of structural units; 10—Geological boundary; 11—Place name
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Table 1 Results of composition analysis through electron microprobe analysis of sandstone of Zhiluo

Formation, northeastern Ordos Basin

FY NaO Si0, UO, SO, ALO, MgO CaO Fe,0, Y,0, PbO MnO K,0 TiO, ThO, V,0, P,0, Hfl
w(B)/%

@ 01 17.86 70.64 004 093 / 125 009 06 / 008 / 019 / /011 91.89

® 015 1758 6931 / 11/ 151 / 043 / 016 / 012 061 / 018 9LI5

® 01 467 774 003 049 003 612 07 / 047 04 02 / /061 015 9137
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Fig.2 The images under SEM, EPMA and microscope of ore-bearing sandstone specimens of Zhiluo Formation

a. Organic matters and pyrite nodules contained in the ore-bearing sandstone, ZKQ51-28, 480.73 m; b. Organic matters and pyrite nodules con-

tained in the ore-bearing sandstone, ZKT79-31, 579.7 m; c. Organic matters contained in the ore-bearing sandstone, ZKT79-31, 573.7 m; d. Py-

rite particles in the carbonized plant debris, ZKN35-12-1, 483 m, reflected light; e. Disseminated pyrite particles, ZKN35-12 -1, 483 m, reflected
light; f. Cubic pyrite wrapped in biotite, ZKN49-10-1, 522.7 m, reflected light; g. Short column or ice coffinite, ZKN7-7, 417.8 m, SEM;
h. Globular and short column coffinite, ZKNO-13, 392 m, SEM; i. Short column coffinite with particles on surface, KN20-29, 388.7 m, SEM;

j. Coffinite occurring around pyrite, ZKD111-48, 623.5 m, EPMA; k. coffinite occurring around organic matters and pyrites, ZKN8-23, 384.2 m,
EPMA ;1. pitchblende occurring in the pores of the detritus particles, ZKT79-0, 538.85 m, EPMA
Cof—Coffinite; Pit—Pitchblende ; Py—Pyrite ; Cal—Calcite

(1) 83C (E X7 ALY LR S P (] 3a.b) , F6 7
TS S T AR KIRIRER IS DY L
3.3 SEMIEHEMEFE

AR XA B R 1Y 72 IR 3R B B A5 %

R2 BEFHEMEHRBEREYCRMARSINER
Table 2 Results of C isotope analysis of carbonate cement

in sandstone of Zhiluo Formation
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Fig. 3 Characteristics of the C isotope distribution in the Nalinggou uranium deposit (a) and §"°C-values of

some important carbon reservoirs (b, after Hoefs, 2009)
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Table 3 Results of S isotope analysis of pyrite in sandstone of Zhiluo Formation,

the Nalinggou uranium deposit

Wit e Wil TR /m 7] w(U)/10° %Sy cp/%o
G RO ZKN89-19 598.8 WA 68.8 -37.8
S UL R e ZKB32-15 452 WA 26.3 -39.2
s hARb S ZKB32-15 453.05 WY 20.4 -39.4
UG T )
o oAb ZKD2014-1 688.4 WY 2.61 -9.7
SR b ZKN56-123 395.2 WY 2.86 -30.2
SREHHI ZKN89-19 655.8 WD 4.84 -8.5
g b A ZKN28-55 364.8 HERA 8247 -19.4
e AT D ZKN89-11 614 B 1911 -13.2
—— KRR 7 ZKN22-44-1 380.4 B 501 -34.4
IREID 2 ZKN89-1 636.5 HA 197 -34.6
e QUi RSy ZKN89-19 597.5 B 154 -23.5
IR PR A ZKNS81-11 610.81 B 130 -35.9
IR PR ZKN89-1 646.6 HAT 14.2 -27.6
. IR EHIE S ZKN56-123 368 it/ 9.15 -212
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Fig. 4 Characteristics of the S isotope distribution of pyrite in sandstone of Zhiluo Formation, the Nalinggou uranium

deposit (a) and *'S values of some geologically important sulfur reservoirs (b, after Hoefs, 2009)
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Table 4 The statistics of uranium mineralization ages in

northeast Ordos Basin
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Fig. 5 The U-Pb isochron of Nalinggou and Daying uranium deposits in northeast Ordos Basin
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Fig.6 The microscopic images of sandstone in Zhiluo Formation
a. Iron oxide formed from strong oxidation, ZKN36-97-1, 350.3 m, crossed nicols; b. Hematite in debris, ZKN36-97-1, 352.8 m, crossed nicols;
c. Hematite in debris, ZKN49-10-1, 474.6 m, plainlight; d. Iron oxide formed from strong oxidation in debris, ZKN36-97-1, 350.3 m, crossed
nicols; e. Ilmenites oxidized to form hydrogoethites and anatases, ZKN49-10-1, 522.7 m, crossed nicols; f. Oxidized metal minerals, ZKN49-10-
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1, 522.7 m, crossed nicols; g. Magnetites strongly oxidized to hydrogoethites, ZKN49-10-1, 522.7 m, crossed nicols; h. Anatases, ilmenites and
hematite, ZKN49-10-1, 474.6 m, crossed nicols and reflected light; i. Strong oxidation of biotites, ZKN49-10-1, 393.4 m, crossed nicols;
j. Chloritized biotites, ZKN36-97-1, 369 m, crossed nicols; k. Strongly chloritized biotites , ZKN49-10-1, 501.7 m,

crossed nicols; 1. Strongly chloritized biotites, ZKN49-10-1, 501.7 m, crossed nicols
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Fig.7 Sketch map of uranium enrichment mechanism
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Fig.8 The sketch map of metallogenic model in Dongsheng area, Ordos basin

1—Light gray sandstone and mudstone interbedding; 2—Dark gray mudstone; 3—Gray san—dstone; 4—Green sandstone; 5—Purple and brownish

red sandstone; 6—Yellow sandstone; 7—Variegated mudstone; 8—Variegated mudstone interlayered with sandstone; 9—Purple sandstone;

10—Brick red sandy conglomerate; 11—Light yellow sandstone; 12—Parallel unconformity and angular unconformity; 13—Coal seam;

14—Fault; 15—Reductive gas; 16—U-O bearing water; 17—Meteoric water; 18—Organic matter and pyrite;

19—Pre-concentrated uranium; 20—Uranium orebody
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