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ABSTRACT

Based on geologic-tectonic setting and dynamic evolution of important
U-productive basins both at home and abroad, authers distinguish six tyvpes of
TJ-productive basins, and nominate each type by typical representative of this
types namely Chu-Sarysu and Syr-Darya type, Central Kyzvlhum type, Zauzal
and West-Siberia type, Zabakal type, Bohemia type, and South Tezas type,
The formation-evolution model of each type of U-productive basin has been es-
tablished and recognition criteria have been proposed. Finally, the difference
between each type U-pioductive basin is discusszed apd some assurnption on
prospecting for U-productive basins is proposed.

Key words: Sandstone-hosted wranium deposit, Ore-hoating rock seriesy U-productive

basin, Evslutional model
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INTRODUCTION

Though sandstone-hosted uranium deposits are extensively distributed in Meso-Ceno-
roie sedimentary baszing all over the world, the rotal number of 1I-productive hasing wharse
sandsione-hosted araninm depostts gecur, iz not big, For example, wranium resources
(RAR+EAR—I.< $80/kgl) in Chu-Saryso and Syr-Darya basin, Kazakhstan reach
S50 000 1T (RKed Book, 20013, but stme basins are lacking of any sandstone-hosted yrani-
um deposit totally. So, authors nominate those hasins where a lot of sandstone-hosted ura-
nium deposits are located, as uranium productive basing; and those where no important u-
raniurn deposit occurs~—non-uranivm productive besins,

According to necessary ore-forming conditions for sandstone-hosted uraniven deposit ,
to beeome a V-prodactive basin depends on the geologic background where the basin is lo-
cated, end geclogic events the basin eaperienced. O 1hose events, the wotonic movernent
the basin experienced iz the most important. So, by recognizing favorable geclogi¢ back-
ground the basin is located in, and by analyzing the {ormational and evolutional history of
the basin, the potential of the basin for locating sandstone-hosted uranium deposit can
penerally be datermined.

At presenty known commercial sandstone-hosted uranium deposits in the world in-
clude two major types, & interlaver oxidation sandstons-bosted uranium deposits and
paleovailey sandstone-hosted wranium deposits, Those swatilonm deposits formed duriag
syn-sedimentary (or diagenetic) stage, and those U-coal deposits {ormed by epigenetic in-
filtzation can not be mined by 1SL cechnology . are excluded from prospecting rargets of
most countries in the world,

Thouegh attributed to the same type ol interlayer oxidation origin, sandstone-hosted
uranium deposits, as well as the initial bazin tvpe, the geologic =tructure, the dynamic a-
volution of the basin where these ursnium deposits occur are different from each other
(Chen Zhao-be, et al. , 2003}, Therefors, it is difficult to establish a universal formation-
ewalution model to characterize geclogic [eatures of all U-productive basins. In the tean
time, it i3 impossible to set up an individual formation-evolution model for each U-produe-
tive basin. 50, on the basis of summarizing the formation-evpludon model of mast known
U-productive basins in the world, authors propese six formatiomrevolutdon medels of
T-praductive basins.

The necessary constituents that must be considered in establishing the formation-evo-
luticn model of U-productive basin are; the geotectonic position whers the basin is located,
che naturs of the basin basement, local structors where the basit is emplaced, the dynamic
vharacter and mechanism during the formavon and the svolution of the basin, as well as
the ganesis and the type of cranium mineralizations that oceur in the basin, Avthors pomi-
nate each type of U-productive basin by the name of representative typical U-productive
basin or the name ol the area where the basin is located. Totally, six types of U-produc-
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tive hasing are distinguished.
{1} Chu-Sarysu and Syr-Darya tvpe
{2} Central Kyzylkum type
{33 Zaural and West-Siberia type
(4 Zabaikal 1vpe
(5} Rohemia type
{6} Sputh Texns type

1 FORMATION-EVOLUTION MODEL OF U-PRODUCTIVE
BASIN AND ITS RECOGNITION CRITERIA

As compared to the onginal research project this paper omitted the Colorado type, be-
eavse uranium deposits occurring in Colorado basin mostly are of syn-sedimentary-diage-
netic origin and of plate form, and cannot be mined by ISL technology. At present, they
have been excluded from main prospeeting targets in most countries in the world., The Wy
pming and Yili types of U-productive hasins are attributed to Central Kyzvlkum tyvpe, be-
cause sandstonehosted uranium deposits in these basins are similar i genesis and ore-
ferming rnechanism, a: well as in the evolution of U-productive basin.

1.1 ChuSarysu and Syr-Darya type

The Chu-Sarysu and Syr-Darya basin in Kazakhstan ts the largest sandstone uranivm
metallogenetic province in the world, Several tens of sandstone-hasted wranium deposits
have besn revealed in the provities with the total pranium resources over 1 000 000 U, De-

ta of main sandstane-hosted deposits are listed in Table 1,

Table 1 Datas of maln wranivm depasits in Cho-Saryso and Syr-Erarya uraniom province

Uranjium A Main ore-hosting Range of o geads Urapium
Sub- prasioee e hosizzn atd sverage grade M0 |resauress LOFcN)
Inkay Kar. B 0.03~D Y Q. fag} | 283 0
Bujonov K:t, g;“ 0.05~0. 1 (0 D54} 500 o
Mynkuduk Keoo B] 0.095~0 15 (0.5} | 76 D
Chtarsy | Yo7V E 0. 03~ 140. 062} 59 0
P | Kanshugan E . E] 0, 05~0. 07 (00337 | 200
Uvanas El €. 02~0. 1 (0. 026) o ¢
Thalpak Eakm., Ei O, 61~ 1 £, $25} 1.0
Sholak-Espe Kist, B 00l~01 5.0, 0
Sauth & Morth Karamurun Kit, Hako., Eokm, Kim | 0. 030, 1 (0. GBE) 11.0
Harazen Kast, Kikm, Kzm & GZ~0. Z (0 1067) Thh
Irkol “=L- "‘T“ Kast 6 G101 (0 042) 38,0
Syr-Darya | Zarschn s e £.03~0.60 (0. 056) | 42 0
Kyzrlkol : : @ gre~0. 115 3o~50
Chayan E. & O, 0)E~0. 135 3 0~510
Lunnoe E; . E g, 02~0. 30 0 5~15

Data io Table 1 ar: teken (rom Lramiume Deposics of Sazadhsean C19960; Guidebook w0 aptompeny [AEA map,
Workd Thatriburion of Uranium Deposica (IAEA, 19361, “Sitvadon of world urmnivm mdustzy™. Tarkanoe. 2002

157



All =sandstone-hosred ursnium deposits in the urapium provinee are of interlaver oxida-
tion genesis, The redox front trends towards SN and extends over 400 km, and is located
150 ~200 kn from the beasin margin (Fig 1) Geologists of the fommer Soviet Union call it
regional interlayer oxidation zone. Individus] uravivem deposits are emplaced just near the
r#doz {rent, and the place where uianiom tinezalization at the redox Dont i broken, is
regarded as the boundsary betwesn two sdjscent uranium deposits, The Big Karatay uplifs,
which intersects the iegional redox [ront. and s consideted 10 be the post-ore uplifted
structural element., divides Chu-Sarysu and Syr-Darva vranivm sub-provioces,
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Fig 1 Map showing the distribution of uranium deposics in Chu-Saryenr—Syr-Dazva

basing and adjacent arcas
1 Basement rocks: 2 MesrCenosow basing 3 Faolty 4 Boundary of uranium prennce;
& Voleanwes rype wranmum depoou; B Sandators-hosted uraniam daposie w Jurasse,
T Sondstoew-hosted uranivm deposit i Upper Cretacestos,
2 Sandatons-hosted peaniom deposit v Palecsens
Urenium pravines | Ty=——ChuSaryan: h——Srr-Darya; [ o——Kundiktas-Choyily T p~——¥ili

1.1.1 The formation-evolution madel of Cho-Sarysu and Syr-Darya U-productive hasin
{ Table 2}
Authors suggest that following points in the model must be emphasized.
(1} The Chu-Sarvsu and Syi-Derva tvpe U-productive basin was founded oo the base-
ment of a consolidated voung platform (Caledonian {olded belt). Between the cover and
the basement there exists a “ transitional layer” showing thar the region enters & rather
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Tale 2

Tie formatiop-evplotign madel of Chy-Saryye and Syr-Tarya type U-productive beasin

Ta_ctﬂmc Tetong-stiatigraphic pattzrn abd Urnanum sre-formelon and
att ahiate of Tectanc-gealope event and ta dezcrpten
1 Bge Fadciabed eventy
strala
Lat
Fli::c Strong uplift of Tisnzhad Kountain ixd to the appearance of comprezmonal ba- Dynemles of groundwater was
Quat e amne (Fergana, Algariatan, Tadahikizian} and exuremely thick red molasse For- | intensified. and the prevoualy-
m:‘:ﬂ:;r.ry METLON BAE ancumianed farmed U-miteralizatson was ra-
O r-e:zaqna.l Uclifuag of Big Karatay separaed che Chu-Sarysw and Syr-Dhaeya basng warked, depleted or Jocally re-
3 Drepaatien of yellow gravel-sand-clay Eormateon dintrbted
Oligotene o Lt
Chuatermary
eomnpretional The collizon of Lndian-Aratean plate and Eueasin place g S0Ma repulied in the The mlmnh.;rctmdyn;m:: -
RLORIE royLne {:'l.-lz"DEEI.'l'!— extrusioh oF the Pamirs-Tibet tectain 10 the eazt and s extension wowardy be | 570 W85 catblizhed with the ce-
Elivcens north, The regom was sxtensively wolifted withowt depomtion, Upper Crota- | SDa7ge arca of m.:-rthem K“*kh}
weskly crona-Palecogene genily tilied, and sguilers were outcroprIng, ﬂml' and :ht discharge ares a
COMBrsaronl E}~—M' composed of red gravelannd-clay sequance. and [ — M} compoasd of Aral sco. 1t as the main penod
ACGUENEE - of  aandatonehoxted  gremam
Covver mHLled gyprum-beanng @lcareows sand-cley sequence were depasited P S
Regiomal compréamsn and wplifting at the end of Jucisoe reaulied i Crés-
Cre . Cretaceous- coous-Faltogene boat-smkme, amd the depoation of contmental mettled clay- The man pernd loe the Tops
E ekl Eoc sangdrgravel lorraugn (Mg ore-losting seciea) anc marne gravebgand-clay focmae | maton of o-hastng seaueace,
oreme W ane
extetsiomal ¥ hast g lan ten {E} The total thickness of ore-hos-
T.:Hﬂl‘llﬂ I:: e u:mr. g 1n Cretececs and Paleogen: time, (he regvd was locared o semsod and semg- | bng  Cretacegus-Polecgens  pas
& 308 arpsemibumid subirgwical zone cespectrely s and oos hosting senies were depoal- | quence 1 S00-—600m
ted 1o atresm-lacustrine, delte and aballow manne snviconmenis
Tnasze]urasan Jurasae Deposition of coal-beating ¢lasie formawon in Eady-Maddle Tucazae apd car-
R S — ERTENSION tonate formabicn 1w Lete Turssme
LA T riaszic
w
TeCtomG Cogime R wkhout depceition
T L B Lat .
ramapionsl | Laie Palsozoae = Subactive sedimantery lnyver on [olded bapament
Iayer extEnuon Paleazoie
Feplcbar Early Pre-Cambrian berrmine wers welded miba the Calsdonan falded et formng the The [ormaon of [avourabe
Be besement Paleazoe Kazakhstan mieroinimental plaws cespemal geclogueal Background
Crystallih,e Pr b Cr;’sta"lne LEPPaIne sormpoaed af gnmans acheat with some oanoum-cirghed and ﬂéﬂ-l!t‘l-!l‘l‘l.ltﬂ fisld Jor nraa-
. +Cambirien onas am o farmanon

4 The Lectone-gedlogic aventz i the tebie are described [rom the okder to the younger {lrom the bobiom w ihe wep). The same [oe other tabies.



stable tectonic spvironment. For this reason, the cover sediments ovetlying the transition-
al laver are chatacterized by large area of distribution, telatively complete and well differ-
ential depositional facies, eresting large and better “ore-storing space™ {ore-hosting series)
for uranivm ore-iormation.

{2) The evolution of tectonic environments for the cover deposition shows a general
tendency {rom the extensional to the compressional omes, L e, it starte with the extenzion-
al envirpnment, then it changes into weakly extensional (heat-sinking) one, and finally
turns 19 the compressional {even strongly compressional) one. Of them, the heat-zinking
stage corresponds to the depositiznal period of ore-hosting sequence, and weakly compres-
sional environment is closely related to che formation of interlayer oxidation and associated
sandatone-hosted uranium ore-tormation

{3) Each tectonic evolution stage is accompanied by its “disgnostic” sadimentary {or-
mation. For example, 1n case of Chu-Sarysu and Syr-Deryva U-productive basing coal-hear-
ing clastic formation or caibonate Formation sre developed in taphrogenic extensional
srage; the weakiy extensionzl stage is chatacterized by continental {or liceoral) streany la-
custrine, delta lacies sedimentary formations; and compressional stage 12 marked by mo-
lazeze {or submolazse) formation
1 1.2 Recognition criteria of Chu-Barysu and Syr-Darya type U-productive basin

£1} These basins ate located within the intercontinental Kazakhstan plate. Besides
sandstone-hosted uranium deposits. a number of other uranium deposits cecwr in the plate.
The pre-Cambrian rocks in the basement sre U-enriched (uranium content is 3. 2% 10% —
7 #x 103 All above data indicate that the Kazakhstan plate is 2 U-rich geochemical prov-
ince.

£2) The most important feature of the cover sediments 15; the srea of sedimentation is
qguite large, bot the total thickness is relatively small, Taking the Chue-Sarysu and Syr-
Darva basin as an example, the wtal area of the basin s 200 ¢G00—~250 000 km?, and the
total thickress of Mezso-Cenozoic cover is only 400~2 000 m. The ratic of area to thick-
ness reaches 125, in order 1o have & concept, the Turpan-Hami! basio is taken &3 apothe:
example The Turpan-Hami basin covers 52 800 km® with the total thickness of Meso-Ce-
nooie sadiments being about 8 000 11 The ratio of grea to thickness is only 61 Authors
sugpest that the ratio value of area to thickness could be regarded as & reference value to
23:e6s the uranium potential in U-productive basin. Generally speaking, the large: the ra-
tig, the mote favorable the development of interlaver oxidation in cover sediments, and the
more zcale of uraniom minerslization associated with the incerlaver pxidation, Of course,
there iz no direct proporcion between the above valoe and sandstone-hosted vrsnium re-
SOUICES,

(1} The sequence structure and lithefaciez of the cover sedirrents are favorable. The
typical sequence of cover sediment is: the lowser transitional layer (the mottled continental
slastie fermation and gray carbonate formation), the middle ore-bosting rack series (grey
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continental, littoral clastic formation), and the upper overlying sequence (ragtiled gyp-
sutn-bearing calcareous sand-clay formation snd red molasse formation?. Such 3 sEUEnCe
order approximately indicates the tactonic evolution of the U-productive basin. The lower
sequence corresponds to the precover sub-platform regime. The middle sequence — the
heat-sinking subsidence {weak extension), and the upper sequence reflects the tectonic re-
version— {rom weakly extensional rectonic regime to compressional one, being its “sedi-
mentary response”, and indicating the sub-erogenic regime. This sequence shows also the
change of palepclimate—{rom semi humid-humid to arid slimztie condition, So, the period
of interlayer oxidation U-tnineralization is characterized by “dounble reversion” — rectonic
znd elimatic reversions.

The lithofacies of uranium-hosting series is quite unigue. The redox front that ex-
tends over 100 km {from the northeastern end — Mynkuduk deposit to the southwestern
end-Bujonev deposit, Fig, 2 with a width of 7~ 17 km is developed in 4 delta sand body
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Fig £ Map showing the distribution of Mynkuduk— Enjonoy
uranium deposits
L Isoheighe of top surface of prehiesoroie foemariong 2, Fault; 3~5, Boundary of creconcralling
interlaper axidation =me and relared ucaniwm mineralization, 3. in Mynkuduk Formation (Eeed;
4. in Inkoduk Formatlen (Kati-z11 00 5 in Zhalpak Formatign (Kzs%-E1); 6. Bowndary ol explozation aiea
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for several sand bodies), At the rigne of the deposition of ore-hosting series, there existed
a huge gently dipping slope zone becween the westein end of Tianshan and the Aral Seas,
The shight vagation of Aral sea level would cesult in transgression or regression of the Ar-
al sea, and the lithofasies would change from strear-lacustrine to submarine delta lichofa-
cies, and vice versa. It is the huge sand body thac provides 2 huge ore-storing space lor
subsequently emerging U-mineralizations, and the formation of super-large sandstone-hos-
ted uranium deposit becotnes possible,

Eased on the above characteristics, this type of T)-productive basing is nominated by
authors as U-productive hasin on wealkly activated areas of voung platform. At presest, in
other regions of the world no similar U-productive basin has been found.

1.2 Central Kyzylkun type

The Ceniral Kyzyikum vranium province, Uszbekistan topether with the Chu-Saryzu
and Syr-Darya wranium province construct the Mid-Asian Turenian uranivm mega-proyv-
irice.

The U-productive basin model is based on a basin group developed on Cenrral Kvavl-
kum uplift, Uszbekistan, The region covers a seties of mediom-small sized basins, such as
DHamankum, Karakadzin, and Egstern Kyaylkum depressions being artesian basing of
horst-graben origin{Fig. 3.

Tens of zandstone-hosted uranium deposits have been discovered in the province. Data
of the most important deposits are listed in Table 3,

1.2.1 The fommation-evolution modef of Central Kyzvlkon type U-productive basin

The model is illustrated m Table 4.

Az (1 1= gean from the Table 4, no obvigus difference in the tectonic evolution of the
two above U-productive basins, and the most important difference between the two basins
iz the scale of bazin where the ore-hosting series oeeer. Basine in Central Kyzyvlkum loea-
ted between loca! uplifts and of small-medivm size with an area of hundreds o thousands
of square kilotmaters in general, However, the Chu-Sarysy basin covers an ares of 200 000
~ 250 000 kmt®. Subsequently. there appears series of difference in uraniom metallogene-
st5: the size of interlayer oxidation zone in Central Kvevlkym is relatively small with the
length and the width of zeveral kilometers to tens of kilometers: the redox front 15 located
near the basin margin {several kilometers to 20 km}. The size of interlayer oxidation zene
in Chu-Sarysu and Syr-Darya province is large reaching téns even one hundred kilometers
in length and width, the redox front is far {150~200 km) from the basin margin. There
fore, reserves of individuz] deposit may be quite diffei=nt, in Central Eveylkum— seversl
up Lo

thousands to 39 thovsand 1onnes of uranium, but in Chu-Sarveu and Syr-Darys
300 thousand tonnes of urenium (Table 1, 3).
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Fig. 3 Geologic sketch of Central Kpzylkum wianiom province
1. Cower sediments: 2 Hercynian prandtoeid; 3 Paleozoae folded basement
o Padox {ronis in differem seratigraphic bovisons, 4. in Eoceney 5. in Campanian-kasstrichtian;
& io Coniactan-Satonieny 7 in Upper Turenien: & in Lewwer Turomen
% Represantatve sandsiooebosied dapoaits: €13 UTchkuduky {27 Sograly; €3) Beahkak (4) Marth Bukinaig
{5) Kexmenchi; {6} Sabyrsai; 10 Other sand=tons-hosted uranium depasits: (1) Bekhaly; (50 Fendylijube;
{3} Mevlisai: (42 Akt (5} Amantay: (6} Liavliakan, (T} Alendy, (83} Tetekuduk; (%) Varsdzhan;
{107 Seuth Bulingiy {117 Kanimekh, (120 Maizak; ¢ 13) Ageon; 11, Vein ueaniom deposits in basament black
shaleg, (1) Djenruery (2} Rudnepe; £33 Hoscheka, (4} Vorhad; 12, Fault

Main points of the foimation-evolution mode! of Central Kyzylkum type U-productive
basin are.:

€1} The lormation of sedimentary hasins in Central Kyzylkum resulted from the re-
gional compression during Triassic-Jurassic time leading to the emergence of the alternate
pattern of uplifts and local depressions, These depressions are of compressional dynamic
nature diflerent from those of Chyu-Sarvsu and SyrDarva which are originated from exten-
sion. Tt might be the important reason Lleading subsequently to the distinetion of two kind
baging in lithofacies, sand bodies of ore-hosting series, as well as in fearures of Interlayer
oxidization zone.
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Tame 3 Major samdsione-wested uraniven deposils and their ore grade amil

explored rmvertes in Central Kyrylom draniam provinoe

Ureniurm Depsrdit Derérmined reserves, 10H1 Rangt of ore grade and svecoge grade. %17
Uchkuduk 14t 0 ¢ 050 4
Eeandylkijpube 20 0. 01=10 08
Bakhaly 2z
Sugraly 12,0 0.03~0 %

Bukimai 18. & 0 G2~ 0F

Besbkak 0 &2~ 2

Sabyzsai 2. & 0. 0540, 32 ©0. 1157
Marth Kanimelh 16 0 0 i~ 8 (4 042
Tehomber T. 0 (IH]

K arrhenehi 16. 0 O GF~0 3

Shark 4.0 0. G15~0 432 (¢ 082
Tatal 240. 4

(%) The basemant of basins in Central Eyzylkum is composed of Paleozsic folded belt,
somewhat different from thar in Chu-Sarvsa and Syr-Darva basing where the basement
eonsists of pre-Cambiian erystalline rocks. So. the basement m Central Kvzylkam shows
celatively plastie character. Tt must be the main reazon that in the Central Kyzylkum re-
gion there emerped alterngte pattern of uplifts and depressions under che Triassic-Jurassic
compreszional stress, and that there existzs obvipus distinetion in the distzibution area of
cover, in the size of interlayer oxidation and uranivm mineralization, thouwgh two uramium
provinces are located oearby.

{33 The subsequent evolution of Central Kyzylkum type U-productive basing is siti-
lar to that of Chu-Barysu and Syr-Darva type i, e. the continental and littoral ore-hosting
series was tormed under heat-sinking regime, the pre-existing seriez tilted by regional
weak compressions and durimg the latest geologic time {10 Ma ago 1o the present) uranum
sre-formation is accompanigd by red molasse formation as the sedimentary response of the
latest tectonic COMpression,

Basins In Wyoming, USA are similar to those in Central Kyzvlkum region. More than
250 000t has been determined. As the calculation ol reserves in USA iz performed with-
out strict limitation of cut-off grade, real reserves of uranium in Wyoming basins might be
much greater than the above data. Taking the Gas Hills uranium districe (west to Shirley
bazin, it an arez of 30 kmX 50 km) as an example. the average grade of ores and uraniom

reserves in the dependence upon the cut-off grade are histed in Tahle 5.
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Table 4 The formation-evalotion modef of Central Kyzylkam type L-productive basin

T“.:Imn Tecrareemarrarigraphic Yeeronogeologie event and ins Uﬂm":m e
ateribure " sod s Gnserlos formetion and
of arrata pattern e ege maatiphEn asgonated eventa
Ny -Gt Inxenss ugliftng ¢l Tianshan Moontain
) ¢ : srd wramonane basing witherod away in
intenas }'- | the latest 1 ba Infr.rlil.y:r
Cligocene | o preasons Range of hasins sheinked and Np-Gi red ““‘d“j‘
Cluaternary TEAUTEE coarse dastics were deposiced “i::;t i aloog
. tithed prienary
enenpressioual Tianaban snd Famirs began to 1ise. and
. {accondary) grar
Eestang red motiled fineclesues, modatone were ble bed
regime E;=M; weakly deposiesd parmeable g
compressional :n avd U-mriceralization
A Moontain ereas extepded. depostion appeared
= ereen greduslly witbwred., Pre-llipocen:
apdimenta vlted and were faulted
Late Tramagression led to extension of basin
Paleoeste- aveax, abd Bazing o Cenral Eveyplkum Th ing faci
Bocene heat- wate monnested with cach orher and wich chmn:n{: “,]ﬁ
sinking those of Syr-Dicra STENEETE S
, . B . was formad
extensional Fine-grained sediments of marine {zopes
aequEnce wera pradominant
Caver  {Crotseecns
Eaceanc Re-submidencs coourred in Comagian
weakly and proluvial-allviel sedimenta sppesred in
il Cordamam-Satonisn stage  Fegresaion oc-
tertonic ewried in Campapian and linoral 2eds: The contineneal
segime Cratpnenus ments ware deposited and hirtoral {dalea
heat-noking Intense zubsidence ocourced in Senoma- | and submarine
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Table 5 Depepudance of average gymde and ran g mesrves Dpbi
cat-ofl grade in Gas Hilke

Cucoff grade. MU Average g1ade in orez, MU Total reserves 1 bl Oy L 105 S
ool LU 1 00 Oty 000 {384 5003
O 03 o 10 Bk WD 000 (RS TOQ3
0 a5 016 Ad N1 00 (153 B0}
1 14 o Z1 200 M LL0 £ 7S S903

Adver David B Mill=r, 2003

A1 present, the grade of uranium ores thac are being mined in USA ranges from
0.10% to 0. 20%. M the cur-off grade of 0. 01% U were adopted, the reserves of uranium
in Wyoming and in USA would be, at leasr, doublad.

Most basins in Wyoming are medium to small in size. The Shisley basin in USA fa-
mous fer its abundant uranium ressurces has the area of only 350 k. The largest basin
in Wyoming — Powder River basin has the areaz of 31 200 kmf (Fig 4. The distribution of
basing is generally similar to that in Central Kyzyltkum —altemeate arrangement of uplifes
and basing {depressions}. 5o, the concept that deposits with large uraniom resayves can be
found only in large basins must be changed.

However, basing in Central Kyzylkam, Usbekistan and Wyoming, USA are some-
what different in some aspects,; (17 the basement of Wyoming's basins is composed of pre-
Cambrian metamorphic rocks being a pert of Month America plate. The alternate dlatribu-
tion patters of uplifts resulted from tha block faulting rather than diffarential subsidense;
(2} Wyoming’s basinsg have been being wnder compressional tectonic regime since Triassic
by the collision of Cordillera Mountains, having the nature of foreland basing {2) mam
Wyoming s are-hosting series was deposited in compreszional tectonic environment rather
than in extensional one as in Central Kvevlkum. However, uranivm ore-formation oc-
curted in regionally weskly compressional stage (Late Miscene), simlar to that of most
U-productive provinces.

The ¥ili and Turpan-Hami basins in Ching can be attributed to this type of Tprodue-
tive basin, Authors nominate such type of U-productive basin as intramontane U-prodoe-
tive basin at the margin or the periphery of young {cld} platform,

1.2.2 Recognition enteria of Central Eyzyllum type U-productive basin

(1) Mediurn-smal] sized intremoniane basin located in the region of alternate disiribu-
tion of uplifts and depressions with the basement of Herevnian Fold belt at the margin of
intercontinents] plate

(2} Ore-hosting series 1s attributed o K; —E heat-sinking sequence.

(3 Druring the weakly compressional tactonic regime after Oligocene, the pre-Qligo-
cene seguence tlted. and the pritmary and secondary oxidized red and mottled rocks were
secondary reduced by oil-gas products and changed inta potential ore-hosting series. This
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Fig. 4 Map showing the location of Wyoming-Calorade mrmation provinee and
Lammide aregenic bele, Western USA
1. Cutcrop of pre-Cambrian basement; 2. Thros zone; 3. Boundary of Wyoming uranium provinoce.

is one ol the important “diagnostic” [eatures of this type U-productive basin.

(4) The geatectonic movement starting sinee Oligocene is the main factor leading to
the uranium ore-formacion in the region. According te data of Central Kvzylkwn yranium
provinee, all ages of uraniom ares in sandstonshosted uranium depasits are quite young,
less than 10 Ma (oral communication of Korsakov ¥, F. 20033, The latest intense testonic
movement ¢1 Ma to the present) reselts in the disappearance of Meso-Cenozoic baszins and
the reworking and reprecipitation of preexisting weanivm mineralization,

The formation-evolotion model of Central Kvzylkum type U-productive basing may be
ol more important significante in guiding uranivtn peospecting and exploration in China.
Moreover, it may give more confidence v {ind large sandstone-hosted uraninm deposits in
similar medium-small sizad itncramontane basins in northern China.

1.3 Zaonra¥West Siberia type

The Zaural and West Siberia uranium provinces are located at the southwestern and
southeastern parts of West Siberian basin respectively (Fig. 5). They are two important
uranium ore-field of palsovalley type discaversd recently.

Thres uranivm depositzs have been found in Zaural graniom ore-field with total re-

serves of 38 000 tUJ, and cotal potenmial resources of 100 000 tU, Six uramiuem deposits
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3, Uraniom degotit: Urdgium depasit io Zawcal ote aress: (10 Thalmavov: (23 Dobrovol; €2) Hohlow

Uraniuey ore azeas: in Wear Siberia, ] —Malinovy [ ——Kazadiin, T —Movesibaiia,
¥ weBmolenaks V=—Mibmilov; V] =——Kulundjin.
Uremium depoains in Wese Siberin, 4 Mibpibov) 5. Smolen:k: 6. F‘tigﬂrﬂd.; 7. Maltgy, B Besioy 9. Keosailiow

have been explored with total reserves of 4 000 (U and porential resources of 500 000 :U in

total (Table 6).

Table 6  Uramium reserviss sl resturtes in Wesl-Siberian and Zaoral oraniom gre=fields

Fosenrial
i i tal
U!&I‘I.IIIITI veesallogeneic Dheposit Dretermingd Parenta
provinoe ares regerves, LOHLT resobroes, 070
r!
Fulundjin 1500
Mibwibor kihailor 1 4.0
Weat Emalenak Zmolznsk & 5=24 5.4
. ﬁ Movasiberia Prigorad 2 Reed 21 &
berian Malin Makinov . 190.0
Kazachin Baytry l1eg
Fastilicn 120, 0
Total ¥ daudg 2 50,4
Faural Dalmanov 12 0 0,4~ ¢
Dobrovol 13.1
Hehlow 12 4d 45 0
Taual |1 . 0=95 0
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1.3 1 The formation-evolution model of Zaural and West Siberian type U-productive ba-
sin-

The model 15 tlustrated in Teble 7.

(1) The region where the basin is located represents a larpe-voung platiorm composed
of numerous mid-massifs welded by fold beh of different pededs {Selainian, Caledonian,
and Hereynian}.

{2) The sedimentary cover was accumulated during weakly extensional regime being 2
heat-sinking {or the eutectic Huctuation of the Arctic Ocean) resulting in multiple trans-
pression and regression forming the interbedding of cottinental and littoral sandstons-mud-
stone sadiments.

(3> Weak regional uplifting Cor the lowering of the sea leval) rezulting in the incizion
of stream channel at the margin of the West Siberfa platform, and the subsequent weak re-
gional subsidence {or the rising of the sea level) led to the accumulation of coarse clastics
in inciged sereamn channel. Then the phreatic oxidation caused the uraniom ore-formation in
above sediments of paleochannels.

{4} In the southwestern and ssuthern parts of the West Siberia plate (including the
Semizbal uranium district} . the main uplifting occorred in Late Jurassic to Early Creta-
cecus {]; ~ K, Badjenov penod}; and in the eastern part ir appeared in Oligocene to Mio-
cene (E; ~NMN, Znamen pencd), Though the age of tmain ore-hosting series is differant in
the western and eastern parts of the pladform, the vraniom ore-formation is similar in (ea-
tures, 1. e. it cccurred both in sediments of palecchannels incizsed basement rocks, and the
phreatic oxidation was the dominant ore-forming prooess.

{5} The ore-hosting series 15 wsually overlain by impermeable layess, It is not the pec-
essary ore-forming condition. but an important ore-preserving factor protecting the earlier-
formed U-tnineralization from erosion. This kind of U-productive basin is nominated by
authors as U-productive basin of subsidiary valley net at the periphery of large young plat-
form.

1.3.2 Recognitign criteria of Zaural and West Siberian type U-preduoctive basin

(1) It iz the large oil- and gas-containing basin with the basement composed of numer-
ous old blocks welded by Paleozoic rmaprnatic massifs thoughr to be possible uranium
source for uranium sre-formation in paleschennels.

{2} Tha margingl area of the basin represenes a large gently-dipping slope towards the
central depression of the hasin,

{3} lo the basement where paleovelley-type uranium deposit oeecurs, a lot of U-rich
rocks, such ag Urrich volcanics. granitoids and black shales exigt, Locally, thick weache-
ring crust in basement rocks is developed,

{47 At the base of statigraphic section of the cover, there exist stream channels that
incised the hasement. Sedirnents filling the channel usoally are coarse-grained, cemented
by clay materials, and comtain abundant srganic remains.
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(5 The ore-hosting paleschannel sediments are usually ovetlain by a sedimentary hia-
tus. followed by an impermeable lavey.

Az the metallogenic conditions for paleochannel type uranium mineralizations are dif-
terent from chose of interlayer oxidation type, authors would like to once again emphasize
f:i.-llowing Points

{1} Most paleochannel type sandstone-hasted uranium deposits are scurced by adja-
cent U-rich rocks, 50, the uranivm content, especially 11s mobile {ea=ily leachable) con-
stituent in basement and provenance rocks becomes an impeortant criterion for the assess-
mnent of U-productive basin

{2) Paleochannel type urapium mineralization 1s mostly of phreatic oxidation origin
{may be subsequently superimposed by interlayer oxidation mineralization). The process
of ore-formation basieally begins in the period of saditnentation breaking that follows the
accumulation of ore-hosting seritss and principally ends when the overlving impeimeabls
layer is settled. The ore-forming process lasts more shortly as compared to that for inter-
layer oxidation sandstone-hosted uranium deposic,

{1} The ore-hosting sandstones arve high-energy coarse-grained channel-filling clastics
swith high content of eoalfield organic carbon Cusually 0. 5% ~1_5%) of plant serigs, Be-
cause the time that palepchannel type szandstone-hosted uraniom cre-formation process
lasts is guite short, and the amount of uraniem- and oxygenbearing water that infiltrates
through host rocks is limited, so. it is necessary for host rocks to possess high-effsctive
uraniurn-wnloading neechanism that could unload mest uranium in groundwater in & rela-
tively short time 1o form vraniutn depaosit,

{4} The tectonic environments under which the ore-hosting series of paleochannel
sandstone-hosted uranium deposit exists, and the oxeformation process aceurs, differ
from those for interlayer oxidation sendstone-hosted uranium deposits. The ore-hosting
series of the former one (s deposited in an environment with alternate weakly extensional-
weakly rompressional regime, and the ore-fotrnation process occurs in the same environ-
ment. As mentioned above, the ore-hosiing seriez of the latter one is definitely formed in
the weakly extensional (heat-sinking) environment, and the cre-formation occurs in the
period of “double change™—the tectonic regime changes from the weakly sxtsnsional to
weakly compressional one, and the paleoclimate conditions change from semibumid to sem-
iarid ones, Besides, the climate changs for some palecchannsl sandstone-hosted uranivm
deposits is not necessary for uranium ore-formation,

The above differences between two major types {paleochanne]l and interlayer oxida-
tion) sandstone-hosted uranium deposits must be the most importanc, and should be kept
in mind when an assessment of wranium potential of a basin is made,

Such U-productive basins have not been found 1o other regions of the world.

1.4 Zabaikal type
The Zabaikal uraniom prowvince is locaved in the Far Eust region: Russia. Geotsctorically, it
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iz attributed to the reactivated periphery of Siberia platform, and then it experienced Bai-
kal progeny. and was consolidated inte a young continental block,

{Tranipm depeosits in the provinge are concentrated in Khiagda wanium orefield
(Fig. 6). Fifteen uranium deposits have been revesled with the total uranjurn reserves of
42 400 (U, and total uramum resources of 56 600 tUJ (Table 8) RBesides, n the region
there iz another uranium deposit Yima with determined reserves of 2 000 +UJ and potential
resources of 30 000 U,

PPN
2 @ s

9 [ s [

Fig ¢ {Geologic scheme of Khizgda vranium ore-Tield (1]~ bazalr 1z uncovered?
(Modified after Fhoag liazong. 1995
1 Protecopoc crystolline achistr 2 Heroynean geenee; 3 MMiccene allweaa] ssdimenis,
4 Micene palecvelley sediments) § Boupdery of peleavaller; & U-REE depont:
T Goldcontaning [-REE deposar; 4 Fault (a—D[hetermned; b—Speculativet
T, B 1. N, K~K. K-Symbel of Uraruom depesiey ] =B =Ove=honuing paleovailey and ot nomber

The Khiagda uranium ore-iield was dizcovered in 197075 All uranivm deposits in the
Fsld a1e palzochannel sandstonehosted ones. Uranium orefield represenis a granite dome
high sandwiched in between two NE-trending big valleys —the Atalanjin valley and the
FPolshu-Aunalat valley, The subsidiary valleys originated from the high towards the main
valley are main ore-hosting sites for uraniom miperslization. Uranium ore bodies are strict-
ly congtrained by paleochannel possessing & banded formm on plane. Mineralized host rocks
(N}) are channeliiling loose coarse sandstones that incised the basement granite. Litho-
logically. these are feldspa: sandztone, sandy conglomerate rich in coslified organie ra-
mains {average content of orgaric carbem is 0. 8%}, Pliocene-Quaternary basalts often
overlie ore-hosting series with 2 thickness of tens of meters o 150 m
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Table 8§ Delermined reserves xdd potential resources of main araniom
deposits in Khisgda arsniom ore-fleid

Tlepoait Symbl Reparvaz, 1040 Raosourees, 104
Ehiegdn I—1 1% & t4. 0
Vershioa B 32 5.5
Tetluh T [ g5
Kalmechlon K G, 2 7o
Tstachnik I 3.8 24
Marnala M 3.3 a.6
Keletkongin E—K 21 56
Dialinjin b 1.0 z0

Total 42 4 56 6

1.4.1 The formation-evolution model of Zabaikal type U=-productive basin

The Zabaikal (Khiagda} model is illustrated in Table 8.

U-productive basin of this type is characterized by {ollowing specifics.

{1} The are-hosting zeries are the sedimentary bodies filling individual stream chan-
nels of the ercsional atream net. In fact, the region does not represent & basin in the tradi-
tisnal sense.

{23 The prncipal phase of vranium ore-formation occurs as soon as host rocks are sei-
tled, similar to that {or most paleachannel sandstonehosted uramium deposits, Howeaver,
the axtensive and intense eruption of basaltic magmea in Fliocene—Ouatermary time resulted
i endogenic hydrothermal wranium muneralization and assoclated alteration. It made the
geaoesis of uranivi minervalization in zandstones more complicated, as well as the uranium
prospecting in the region more difficulr,

£3) The most obvious specific of the Khiagde uranium ore-field different from that for
intertaver oxidation sandstone-hosted uranium deposits is; the region of Zabaikal {Khiag-
da) U-productive basin has been betng in an environment of tectonic compression-uplif-
ting s The region represented a granitie dome in Palaozoie period, Totermeadiate-acidic mag-
ma was eropted and introded in Cretaceous time. The dome was continuously uplifted and
became a high in Tertiary, At the time of basaltic magma eruption in Pliocene-Quaternary,
the region =till kept plateav geography, Such a geologic-tectonic setting is the unigque spe-
cific for the U-productive “basin® of this type,

{4} The paleoclimate condition at the time ¢f wranium ore-formation remained un-
changed, . & the humid-cold climate alwayvs haz dormnanted in the region since the ore-
hosting sediments are accumulated. The oreformation does not need paleoclimate to

change to samianid regime.
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Table 9 The formatisa—evolation medel of Zabaikol | Ehlagda) type Uproductive basio
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The Longchusnging uranium gre-fizld in the southwest of China thay be attributed to
this type of U-productive basin.

Based on the above charscteristies, such U-productive basin is nominated as stream
vallay net U-productive “basin® at the uplifted periphery of platform, mid-massif or mebile
halt.

1.4.2 Recognition criteria of Zabaikal type U-productive basin

{13 Reactivated marginal fold zone of craton (Zabaikal tvpe) or voung mobile belr
with uranivm-rich granites {Longchuanjisng vwpel.

{23 The basernent of the basin consizts of o rosk block casted by multiple tectone—
magmatic reactivation, or magmatic reactivation, or the eruption and intrusion of interme-
diate-acidic magmatic rocks.

(1) Uplifted Megn-Cenozoic Mock with primary stream valley net that incised the
U-rich basement. or down-faulted Incamentane basin constrained by fault stractores,

(4) Sediments filling the stream valley are loose, coarse-prained and rich in coatified
OTEATIC TRMIIAnka.

£5) Area with extensive Cenozoic basaltic magma eruption.

1.5 Bohemia type

The Bohetnia block at the boundary of Germany and Csech Republic is an important
ursnium provines with determined reserves mors than 500 000 11, Besides vein uraninm
depostes in metamorphic rock domain (represented by the Pribram deposit in Czech) . and
polygenetic uraninm deposits in black shales (represented by the Ronnebarg deposic in
Germany), there exizt a series of sandston-hosted vraniom deposits. f them, the most
famows cnes are the Koerigstein in Germany, and the Hamr in Czech. The total sand-
stone-hosted uraniom resources in Bohemia block rmast be over 100 000 t1) {Takle 102,

Table 1D Maxin Meso-Cenosoic sandstone-hosted vraniom depasils and
uranfvm resvorces in Bebemda block

Age of
Councey Uraniurs depagie Crrade., %1 Reagureez, 10%10)
hoan rocks

Germany Keémnigotein B 0,06 . i1
Hamr K @&, 03—, 1 o5
Qenepa=Keowel ¥ 0. 03~0 1 20--580
SLras K & 93— 1 Zo—-50

Crech Repubdic

Brevniste K 0.03~0.1 5. 40=~2 0
Hyerdov K 4.03~—40.1 o —~E &
Miman ¥ 0.05~01 5.0~2 0

Afed GCudsbook o accormpany IAEA Mop, Werld digtribution of vratuurn deposized]AEA, 1885

175



Sandstone-hpsted vranium deposits occurring in Bohemia mid-massit aie somewhat
different from ordinar ¥ ones.

First, sedimentary bazine where sandstone-hosted uranium deposits ooeur are typical
dowrrfavited ones with the length much meie longer chan the width, and are constrained
by boundary (usvally, normal} fzults For example, the Koenigstein deposit accuis in lo-
ral Pirna depreszion in the Elbtal continental down-faulted tectonic bale, and the Straz and
Hamr uranium deposits are located in North-Bohemia down-faulted basin,

Second, though uranium mineralizations oecur in sedimentary rocks. svidence of hy-
draothermal actoivity can always be [ootid in moineralized sandswones. Fissure iz extensively
developed in orehosting sandstones, snd vianivm minerslization oecurs often in structural
Fissuras, and is associated with sulfide minerals and bharite ete. Hydrothermal alteration
{silicification, argillitizalion etc ¥ usoally exists in wall rocks. Scmetimes, other metallic
tnineralizations {Cu. Ba, Pb. Zn, seldom Co and Ag) exist arcund the wiznium
rineralization,

Moreover, uranium ore body is usvelly of plate form, located not far (several meters
ta tens of meters) from basemsnr granice {Fig 7). The bagement granite iz Usenriched,
and its mobile constituent is relatively high Cup to 32¥) Basaltic magma eruption
emmerged and baseltz overlie the cover sediments, Lithologically, basic lava represents bio-

tite=rich alivine hasalt, obviouzly showing its mantle grigin,
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Taking the example of Kotnigstein, uranivm minsralization ¢ecurs mainly in three
lowrer well-parmeahle horizons from Senomanian (Kpem) to Toroman (K1), TTpper Creta-
ceous. Uranium ore bodies are of plate and lense-like forms in accordance with the attitude
of ore-hosting seriea. Three ages of urapium mineralization have been obtained The lense
like. stratiform uraniem mineralization is the earliest wich the age of 74 WMa. The uraniom
mutieralization with complicated lense-like forw in fissures 13 the second having the age of
45 5 Ma The fissure-form uraniurn minetalization 15 the Jatest with the age of 24 bMa, Ob-
vieusly, wranivm minezalizations in Bohemia tvpe U-productive basin are of polvgenstic or-
igin, The early stratiform minesalization might be of syn-sedimeptary-diagenic crigin su-
perimposed by sobgequent interlayer oxidation/phreatic oxidation uranivm ore-formation
process. The mineralization in fissures iz apparently of hydrothermal genesis, Moreowver,
hydrothermal mineralization is generally predominant in such U-productive basins
1.5 1 The foumation-evolution model of Bohemia type U-prodizctive bazin

As mentioned above, the role of endogenic uranivm ere-formation iz more important
than that of exogenic one in such U-productive “hasin™  So, the sippificance of lormation-
evolution of sedimentary basin in the process of aranium metallogenesis is not as imporeant
as the magmatic-tectonic reactivation of the region However, for the uniformity of the Ju-
seription, agthors stil] illustzate the formation-evelution model of Bohemia type U-prodoe-
tive basin {Table 113,

The vranium mineralizations i Bohemia type U-productive basin are characterized by
polygenetic grigin  Initially, syn-sedimentary-diagenetic and phreatic oxidation uranjum
ore-formation might occur in Upper Cretacesus {Senomanian and Turoniarn}, ‘At the time
of sedimentation hiatus {between Late Cretaceous and Early Tertiary} interlayer oxidation
might exist leading to uraniom ore-formation. Finally, the eruption of basaltic magma and
associated hydrothermal processes might hide, even completely destroy, or rework pre-ex-
isting exogenic Bteniom mineralization 1o form polygenetic reprecipitated one At the same
titne, the reprecipitated and late hydzothermal mineralizations may oeenr both in cover sed-
iorenie and in basement and overlying hazalt {reactivated coverd,

According to above characteristics, authors suggest to oominate such U-productive
basins as down-faulted basins on mid-massifs with polygenetic sandstane-hosted pramium
deposics,

1.5 2 Eecognition ciiteria of Bohemia type U-productive basin

{13 The sxistence of mid-massif with {avoursble vranivm acurce, 1 e the uraniom
content ir the geologic body (for example, granite) is high, and the mobile constituent of
uranivm is high as well,

£2) Long-tetm peneplaination pccurred before the accumaladon of the cover. 5o, 2
thick weathering crust was formed making the uranium in it mobile {easily extractable) [ox

the transformation of uraniem in basement {weathering rrust) into basin area.
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Table 11  The formatisn-cvolution model of Bohémin type U-prodoctve basin
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(37 Weak extension-taphrogenesis occurred on the basement and dewn-faulted hasin
appearad,

{4} The lithclogical combination of impermeablepermeable-impermeable layers
{rrudstone-sandstonsmudstone) is formed with high content of coalified organic matters
aisting in cover sedimentary section.

{5} The tectotie fissunng derived by weak tectonic movement seeurred at the contact
between the covter and basemenr which provided mportant emplacsiment site for subze-
quent graniuin mineralizations.

{6) Intense magmane activity and voleanic hydrothermal orefoimation process ce-
curred after the deposition of sedimentary cover. The features of magmatic activity indicate
that the wianium ore-field experienced intense extension-taphrogenssis associated with =x-
tenzive hydrothermal alteration and metallogenesis.

1.6 Sooth Texas type

The South Texas uranivm province i3 located in marginal sedimentary basin of Nosth
America. Uranium deposits are distobuoted in the south of Texas coastal plain with an azea
of 160 000 km®. The sandstone hosted wianium mineralization was first discovered in 1954
by sadicactive logging of prospesting drill hole for patrolsum, In 1871, wanivm zeserves
with grade over § 165U were determined as & 140 tU. By the end of 1981 there still 1e-
mained 34 500 U with the cut-off grade of 0. 06% in the region.

During 19702 to 15807 2, thege zandstone-hosted uraniutn deposits were intensely
studied, and the reseaich results indicated that sandstone-hosted uranium deposits in the
region differ {rom those in Wyoming and Colorado wraniom provinees, The heavy fraction
of ore-hosting series m Souch Texas coosists of Fe-Ti oxidez, a series of titano=-magnetite
These minerals are stable in oxidation environments at ground surface or in groundwate:
and keep unoxidized making the host sandstone still grey {(primary colowr), Howrever, in
uranum ore-districts becauss of the intzoduction of HaS gas inte ore-hosting horizon, the
titano-magnetite was fizst altered and changed into iron sulfides. Then, when the iron sul-
fide sncounters the oxygen-heating groundwater, it is sasily oxidized. Later, the process
progresses just like that in case of interlayer oxidation at many sandstone-hosted uranivm
depasits, and uranium is reduced and precipitated at the redox tront {Fig. 8}, These de-
posits are nominatad by American geologists as non-prganic rotl-type sandstmope-hosted
uranium deposiis
1.5.1 The {ormationrevolution model of South Texas type U-praductive basin

The South Texas model is illustrated in Table 12,

A Followaed by the able, cuch U-produetive bagin is ¢haracterizad by,

{1} Though the uranium mineralization occurs in sedimentary cover, it is located far
Chendieds, even one thousand maeters) away from the basement Apperently, the base-
ment does not control the mineralizations  In other words, the mineralizations have no re-
laticaship with the wranium content in basement 1ocks.
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Tahle 12 The [wmatlonevolution mode]l of Soath Texss ype U-prodoctive basin
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(2} Age ol uranium mineralization 1a quite young, because it has been encountered in
lower Houston Group (Pleistocene Qp). Obviously, the interlaver oxidation ore-formation
is associated with the clitmace aridization afrer che deposition of Pleisiocene, As wranivm
minerelizations are observed in 2 wide range of stratigraphic interval (from Eocene to
Pleiztacene), and in places where Fe-T1 oxides were Tirst zlrered into sulfides, 1t 13 az-
sumed that regional fracruring and the mtroduction of B, 5 into ore-hosting horizon have
oceurred since Pleistocene. In other words, the unconformivy between Fleistocene and un-
derlying Pliccens that resulted in stoustural Iracturing and the subsequent latest tilting are
extremely 1mportant in wranium ore-formation and it emplacement The dypamics was
possibly devived from the collision of Cordillers Mountains towards Narth American conti-
nent, and the south Texas plain waz changed into a foreland bazin

(3} As different from that of other types of zandstonehosted wrapnium depasits, the
pre-lorming material — uranium, appears to be derived from ore-hasting series itself rather
than from the basenent gr provenance area, American geologists suggest that the taff ma-
terial that exists widely in cover sediments is the main supplier of uranium tor ore-forma-
tion It is in accordance with the gealogy of the region. The average wianium content in
Catshoula Formation is 10X 1075,

{4) Similarily, the reductant and precipitant of uranium in such U-productive basin
are secondary iron sullides transformed from titano-magnetite rather than primary coalified
prgenic remains and associated sulfides as in other sandstone-hosted vranivm deposits. Jris
the "diagnostic™ specific of South Texas U-productive basin.

Authors sugpest nominating the above basin as marginal baszin of reactivated old plar-
form with nonoiganic roll-type sandstone-hosted uranium deposits
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1. 6.2 Recognition eriteria of South Texas type U-produetive bazin

{1} Large coastal plain basin In marginal mobile rone of craton which subsequently
experienced compression and turned into foreland basin,

(2) Large stream channel sand bodies or littaral, delta sand bodies with shundant
U-rich volcanic pyroclastics exist in cover section.

{3} The basgin is ar cil-gag containg one with the wide development of growth faults
allowing the migration of reducing gas from oil-gas field to enter host sandstones resuiting
in the sulfidization of iron minerals,

(4) Regional climate aridization following the formation of ore-hosting series resuited
in the further concentration of oxygen and wranium in groundwater, the nfilaation of
which ecaused interlaver oxidation of host rocks and associated uranium mineralization

2 MAIN CONCLUSIONS

Summarizing the formation-evolution model and its recognition criteria of six main
U-produoctive basins, authors come 1 following main conclusions.

{1y The first order contral of U-prﬂdu&tive basin is the gevtectonic facter. The geo-
tectondc evolution history of the region where the basin is located determines if the basin
cold be a U-productve one. According to present datss in the Kazekhstan plate that ia of
intercontinental nature there poour the mast sandstonse-hosted vranium resources in the
world. Cbviously. the Junggars Yili, Turpan-Hami basins ete. in China located in the
same Kazakhstan plate should possess great prospecting potential of sandstone-hosted ura-
nium daposits, Recently, some Russian and Chinese geologists have sxrended the intercon-
tinental Kazakhstan plate towards east, and nominated it as the “Central-Asian Mohbile
belt” or the “Mongolian Arc”. Many Meso-Cenozoin basing in the north of Chineg are just
sicuated in this tectonic wnit, To locate large sandstone-hosted uranium deposit in Meso-
Cenozoic basing of this tectonic belt should be an important prospecting target in the nea
future,

{2) Genetically, uranmium mineralizations occurring in above six U-productive hasins
may be classified into, interlayer oxidation sandstone-hosted, paleochannel {phreatic oxi-
dation or phreatic oxidation superimposed by mterlzyer oxidation) sandstone-hosted and
polvgenic sandstone-hosted, U-productive basins with these three kind uranium minerali-
sations ave ohwvipusly ditferent trom each other in prospecting potential evaluation and rec-
pgunition criterig, Moreover, U-productive basing wicth uranivm deposits of similar penesis
sometimes differ from each ather tog in their formation-evolution history., So, 1t Is impos-
zible and unsuwirable 10 establizh 2 univerzal model o azsess and recognize U-productive ba-
sin, Using one madel and same recognition criteria we might miss importent U-productive
basin, or make mistakes in the assessment. For example, a well-developed rechargerun-
off-discharge proundwarter system is an important eriterion for judging U-productive basin
with mterleyer oxidation sandstonslbosted U-deposits. Howewver, this eriterion, obvipusly, is
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not nacessary lor the identification of U-productive basins with paleochannel and polygenic
uranium minerslizations.

{3) Pased on analvring the formation-evolution model of T-productive basin authors
roughly imagine the further prospecting targets m China. Meain prospecting target in
northrwesiern China shoold be the Central Kyzylhoum type U-productive basin with inter-
layver oxidation ursniom ere-formation. Attention should be paid to losate Zabaikal type
[J-productive basin in southwestern China and some regions of noithern and northeastern
China. Many down-faulted Meso-Cenozoie basins in the south of China are similar to those
ot Bohemia mid-massif. The potential expects 10 be enlarpad if more attention 15 to be paid
1o look for polvgenic sandstonshosted uraniumw deposits in southern China. In cosstal
plains of the ssstern and southern China, the possibility o diseovering South Texas type
TF-productive basin should be taken into consideration By using various formation-evolu-
tion models of U-productive basing, the field of urenium prospecting can be extended and
axpected type of uraniom mineralizetion may be roughly determined,

(43 Most uranium ¢re-hosting series in U-productive basins abicad are concentrated in
gtratigraphic horizens younger than Cietacesus. Only a few sandstone-hosted uranivm de-
posite {(ior example, Dalmatoy in Kussiay oceur in Upper Jurassic. However, most known
uraniom deposits in China eccur in Lower-Middle Jurassic. Perhapas this is the specific of
China’s genlopgy. Recent research results of authors shaw that the age of vranium ore-hos-
ting =eries is getting younger from the west to the east of northero China. In addivion,
young ore-hoating rocks are more advantagesus to ISL-mining than older ones in aapects of
econsolidation, permeability and buried depth. 3o, attention must be paid to yoenger rock
series (vounger than Jurassic) in the central north and northeast of Clena to check its o1e-
hosting possibility. 1t is better to select certaim area for detailed study to expest new

propresses,
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