
CN9702792

CNIC-01212
BRIUG-0038

CHINA NUCLEAR SCIENCE
AND TECHNOLOGY REPORT

REGIONAL GEOLOGIC CHARACTERISTICS
OF URANIUM ORES AND ASSESSEMENT

OF METALLOGENETIC POTENTIALS IN THE
CENTRAL PART OF EASTERN LIAONING PROVINCE

1f o Q - A 1

China Nuclear Information Centre
Atomic Energy Press



1956

WANG Wenguang: Senior engineer of

Beijing Research Institute of Uranium

Geology t CNNC. Graduated from De-

partment of Geology and Exploration of

Mineral Deposits, Beijing Geological Col-

lege in 1956.



CNIC-01212
BRIUG-0038

TeriiE T

T •



Regional Geologic Characteristics of Uranium Ores and
Assessment of Metallogenetic Potentials in the

Central Part of Eastern Liaoning Province

WANG Wenguang TAO Quan ZHANG Shouben

(Beijing Research Institute of Uranium Geology, Nuclear Industry)

ABSTRACT

Regional geologic characteristics, metallogenetic conditions and prospects of u-

ranium ores in the central part of the Eastern Liaoning Province of North China is

studied systematically. It demonstrates that the Archaean basement of the study

area consists of a special type of granite-greenstone belts in China. It is called the

granite-greenstone belts of the Liaoning-model, in which the granitic rocks are

mainly migmatitic granite and granite-gneiss of migmatitic genesis. The greenstone

belts in this area have undergone strong metamorphism. Large amounts of Precam-

brian geochronological studies have been made with U-Pb isotopic method on zir-

con ; and a new Precambrian geologic time scale has been established. It is also

proved that multistage activation of the Early Precambrian basement and the proto-

platform took place in Early Proterozoic. Emphases are laid on uranium and thori-

um abundances and their variations as well as primary uranium contents of rocks in

the granite-greenstone terrain and those of the Lower Proterozoic. At the same

time, uraninite as accessory mineral in granitic rocks is found to exist more or less.

Early Precambrian strata and many kinds of mineral deposits occurring in the strata

are in origin chiefly of syngenetic hot brine sedimentation and of submarine extru-

sive gas-hydrothermal sedimentation superimposed by metamorphism . Metalloge-

netic features and models of various types of uranium deposits are studied emphati-

cally and compared with similar large deposits abroad. In addition, overall synthet-

ical appraisals are made for this area; and on this basis, prospecting directions and

favourable sections of uranium metallization are suggested.



1 REGIONAL GEOTECTIONIC FEATURES
This area is situated in the central part of the northern Yingkou-Kuandian

Platform Arch of the southern East Liaoning Platform Anteclise in the northeast-

ern part of the North China Platform (NCP) . It may be divided into four geotec-

tonic units of the grade-4- They are : the Anshan-Benxi old land in the west, the

Variscan-Yanshanian Caohe mobilized district in the east, the Early Proterozoic

géosynclinal fold-belts in the south, and the eastern section of the Hunjiang-Taizihe

Platform-downwarp of Late Proterozoic-Variscan in the north. The uranium met-

allizations are mainly related to the first three geotectonic units (See Fig. 1) .

2 STRATIGRAPHIC FEATURES OF THE BASEMENT AND
THEIR ORE-BEARING NATURE OF THE PLATFORM IN THE
EASTERN LIAONING PROVINCE

The basement strata of the platform are Lower Precambrian. Only the middle

Archaean Cigou formation, Dayugou formation and the Late Archaean Ying-

taoyuan formation are exposed in this area, of which the Cigou formation and the

Yingtaoyuan formation are of greenstone belts with banded iron formation (BIF) •

The Dayugou formation is the thickest, consisting of fine-grained biotite-granulite,

fine-grained tourmaline-Leptynite and quartz-mica-schist, which underwent multi-

stage rnigmatizations in Late Archaean and Early Proterozoic and hence turned into

mostly migmatitic granite and granite-gneiss. BIF is hard to be migmatized and

have formed a great deal of remnant bodies of various sizes. The metamorphic de-

gree of the rocks are higher than most other greenstone belts in the world. The

former has undergone metamorphism of the Low-pressure faciès, i. e. the epidote-

amphibolite faciès, and may reach the amphibolite faciès (in northern Liaoning

Province) ; while the latter has reached generally only the greenschist faciès. That

is a special type of granite-greenstone belts in China. For this reason, it is called

Liaoning-modal granite-greenstone terrain. It is composed of migmatitic granitoid

rocks and BIF-bearing greenstone belts, in which granitoid rocks make up more

than 90% of the granite-greenstone terrain area. In contrast, granitoid rocks in

other areas of the world are mostly Archaean sodic magmatic intrusives derived

from the depth. According to some researchers (e. g. J. B. Meiner, U. S. A- ) , the

BIF is of exhalative hydrothermal sedimentation of hot spring at submarine floor,

having undergone further reformation and turned into big strata-bound iron de-

posits.
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Fig. 1 (jeotectonic regions eivisions of the

Haicheng-Anshan-Bahechuan area in the Elastern Liaoning Province

1 Jurassic Volcanic-sedimentary basin; 2 Middle-Late Proterozoic to Paleozoic Sedimentary over-

lying strata; 3 Late of Early Proterozoic shalow-sea sedimentary formation terrigenous ; 4 Early of Ear-

ly Proterozoic intermediate acid volcanic sedimentary formation; 5 — Yanshanian complex of granite and

granodiorue; 6 Yanshanian complex of granite, rhyolite and andésite; 7 —- Vanscian to Indo-China alka-

line complex; 8 Middle Proterozoic plagioclase granite; 9 Archaean to Early Proterozoic granite-green-

stone terrain region.



Early Proterozoic rocks of the géosynclinal faciès in the Eastern Liaoning

Province (ELP) are characterised by heteropic faciès : they are a suite of boron-

bearing rocks in the south, which is called the Kuandian Group T and have under-

gone the amphibolite faciès metamorphism ; at the same time a set of muddy-

semimuddy-carbonate formation of the miogeosynclinal faciès has formed in the

north, it is called the Liaohe Group. The rocks have undergone the epidote-amphi-

bolite faciès metamorphism, and as a result the Baro-modal progressive metamor-

phic zone of the intermediate pressure type has been developed. The comparison

with the data of Late Paleozoic hot brine sedimentary rocks and exhalation hy-

drothermal sedimentary deposits of the Qinling mountains suggests that the Kuan-

dian Group is very similar to the latter, it is also a set of hot brine sedimentary for-

mation , which contains strata-bound submarine exhalation hydrothermal sedimen-

tary-metamorphosed deposits. Because its materials are derived from the depth of

the crust and are related to volcanism, the Kuandian Group possesses eugeosyncli-

nal features, but volcanic rocks are not dominant in the group. The geosyncline is

" thus called " paraeugeosyncline" . The primary rocks are mostly hydrothermal sedi-

mentary rocks, except for the Gaixian Formation at the top- These two suites of

hydrothermal sedimentary formations are rich in mineral occurrences of more than

ten kinds of metals and nonmetals ; and all of them contain uranium deposits.

Middle and upper Archaean rocks are higher in uranium and thorium con-

tents. The contents of the Cigou, Dayugou and Yingtaoyuan Formation average

respectively U 1 .89XKT 6 , 4. 78 X 10"6and 4- 11X1CT6, Th 14. 82 X 1(T\

22. 00X10"6 and 16. 80 X 10"6, with Th/U ratios of 7-84, 4-60 and 4-09.

Though the U content of the Cigou Formation is relatively low, it is still apparently

higher than those of other greenstone belts in the world (generally U < 1 X 10~6) ,

and it tends to be increased in U field and results in local syngenetic U enrichment

to form U-enriched sections, which are the main U source and the most important

geologic prerequisite for the formation of the Fe-U type deposits.

U and Th abundances of the Lower Proterozoic rocks are lower on the whole,

The average contents of the Kuandian Group are U 3-49X1CT6, Th 14.93X

10~6, with Th/U ratio of 4. 33 (for 149 radioactive survey localities) ; those of the

Liaohe Group are U 2. 98 X 1(T6, Th 14. 85 X 1(T6, with Th/U ratio of 4. 98 (for

186 mocalities). These values are all near the uranium Clarke Values of the normal

equivalents. But the Lower Proterozoic fine-grain granulite member and leptynite

member in the middle section of the Kuandian Group and the quartzite member of
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the Langzishan Formation at the bottom of the Liaohe Group all have local syn-

genetic uranium enrichment (There are also Fe, B, Pyrite i etc. in the Kuandian

Group. ) These sections have undergone metamorphism and have been reformed by

migmatitic hydrothermal solutions to form U-bearing Fe-B deposits and pyrite de-

posits, as well as U deposits and U occurrences. Therefore, the U-enriched sec-

tions in the Kuandian Group and the Liaohe Group are also chief U sources and the

most important geologic prerequisite for the formation of the U deposits in this

area. They are sporadically distributed, which is also a character of exhalation hy-

drothermal sedimentation.

3 ISOTOPIC GEOCHRONOLOGY OF THE EARLY PRECAM-
BRIAN BASEMENT COMPLEX AND EARLY MOBILIZATION
OF THE ANSHAN-BENXI OLDLAND

The geochronological questions of the basement complex of the platform in the

ELP are mainly the ages of the oldest stratra and granitoid rocks, the evolutionary

history of the basement, and whether the two aspects are comparable or not with

those abroad, for example, of the shields or platforms in southern Africa, North

America, Australia and Brazil, in which uranium ores are abundant. With these

considerations more than 160 samples of zircon from migmatite, gneiss, migmatitic

granite and other strata as well as 40 whole rocks have been dated since 1982.

Through data calculation more than 20 concordant lines of isotopic ages are ob-

tained. The results may be divided into 7 groups, i.e. 2727-—2634 Ma, 2572 —

2425 Ma, 2353 — 2331 Ma, 2257 — 2150 Ma, 2076 — 1988 Ma, 1946—1930 Ma

and 1854 Ma. The first two groups are ages of granite-gneiss and its remnant bod-

ies as well as intrusive ages of granodiorite and tonalité; the latter five groups are

ages of migmatitic granites, which represent important regional geologic and struc-

tural thermal events taking place in 2600 Ma, 2350 Ma, 2200 Ma, 2000 Ma and

1850 Ma. In addition, the zircon biotite-granite-gneiss in Maoqi, Haicheng and

the detrital zircon in the bottom quartzite of the Liaohe Group have been deter-

mined to have U-Pb ages of 3846 Ma and 3011 Ma respectively. Tt is also known

from literatures that the granitic mylonites distributed in the east of Anshan have

zircon U-Pb ages of 3804 Ma and 3306 Ma, the Tongshicun Formation of the

greenstone belt in the Northern Liaoning province 3257 Ma, the Cigou Formation

3186 Ma, 3140 Ma (Liu 1991, Chen 1981, Xiao 1978). These data are compara-

tive to those of the granite-greenstone belts in the North America platform, South
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Africa and Brazil Shields, and suggest that the ancient sialic crust formed about

3. 8 billion ( X 109) years ago in the study area. On the basis of these data and in

combination with synthetical researches and regional comparison a new Early Pre-

cambrian geological time scale of the ELP is compiled (see Table 1) . This time

scale suits not only to Eastern Liaoning, but also the North China Platform.

Three characteristics of the Precambrian geological evolution of the region

could be seen from the geological time scale and the data of geological ages :

(1) This area lacks sedimentary formation in a span of 250 million years dur-

ing the period of 2600—2350 Ma, which indicates that this area underwent de-

nudation of more than 200 millions of years after the uplift and cratonization of the

region owing to the late Anshanian Orogeny in 2. 6 billion years BP. This denuda-

tion lasted until the Paotaishan Orogeny (comparable to the Wutai Orogeny) .

However there were intrusions of granodiorite and tonalité in this period.

(2) There are neither intermediate-acid magnetic intrusions nor equivalent ef-

fusive rocks during 2400 ~ 2000 Ma. Granitoid intrusions occurred only before

2400 Ma and after 1850 Ma; even though migmatitic remelting autochthonous

granites occurred only after 1946 Ma. This fact is consistent with Early Proterozic

crust evolution of the area. Early Proterozoic is an evolution period, during which

continental rifts and rift-depression geosyncline came into being and folds, meta-

morphism took place. So, intermediate-acid magmatism should not be developed.

This is the case not only in ELP, but also in NCP, and all over the world. Condie

(1988), Hoffman (1989), Kroner (1989) and others all point out that there are

few records of magmatism in the period of 2400~2000 Ma on the earth. This is

one of the problems which have drawn many geologists' attention.

( 3 ) Migmatitic rocks distributed on a large scale in the area underlie the Low-

er Proterozoic and are often in unconformity. But most ages of zircon from

migmatitic granite are younger than 2- 4 billion years. This contradictory phe-

nomenon of older geological bodies with younger ages indicates that the Archaean

basement suffered from multistage mobilizations during Early Proterozoic. In every

late stage of Early Proterozoic thermal event there was a migmatization, leading to

the reformation rocks of Middle-Upper Archaean to form various kinds of

migmatitic granites and other migmatitic rocks. It also caused the enrichment in u-

ranium and many other metallic and non-metallic resources.

From the numerous age data and crust evolution of Early Precambrian men-

tioned above, the ELP and other famous areas of uranium ores in the world, such
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as Southern Africa, North America, Brazil and Australia, all have approximately

the same ages1-4-1 though they are located so far away from each other, which means

that the development and evolution of the Early Precambrian crust are astonishing-

ly similar in the world. However each of them also has its own characteristics. For

example, the sodic granites of deep-seated source of 2- 7~2- 6 billion years in the

ELP are far smaller in size and don't have so many phases of intrusions as in south-

ern Africa, North America and Brazil. In eastern Liaoning, the multistage migma-

tizations are dominant. Therefore the uranium abundances of the crust are much

lower and uranium minerogentic conditions are far less developed in this area than

other areas in the world.

4 GRANITOID COMPLEX FEATURES OF THE BASEMENT
AND THEIR RELATIONSHIPS WITH URANIUM METALLIZA-
TIONS

The granitoid complexes of the basement distributed in large areas in the re-

gion have generally undergone migmatizations in different degrees. The complexes

include migmatitic metamorphic rock, granite-gneiss, migmatitic granite, quartz-

microclinite, quartz-albitite as well as gneissic granodiorite and tonalité, of which

the migmatitic granites are distributed in the largest area, granite-gneiss is the sec-

ond. Other kinds of rocks are only distributed in small amounts.

As to the genetical problem of granites in the basement of the area, there are

two viewpoints at present : one considers that they are magmatic granites ; the oth-

er takes them as migmatitic granites. Through researches of many years, on the

basis of geologic occurrences as well as characteristics in petrology and geochem-

istry, the garnites of 2-4—1-8 billion years distributed in large areas have been

proved to be migmatitic granites, formed by migmatization, but not to be magmat-

ic granites. In addition, there are also some slightly intermediate soda magmatic

rocks of 2- 7 ~ 2 . 4 billion years; they are granodiorite and tonalité, also presenting

gneissic structure, that is, the so-called " grey gneiss" . Of them, the granodiorite

in Dalianzhou, Nanfen town, underwent migmatitic metasomatism as well; meta-

somatic phenocrysts of microcline are observed in the granodiorite.

Migmatitic genetical evidences of migmatitic granites and granite-gneiss are as

follows :

( 1 ) There are apparent and broad migmatitic zoning phenomena in spacial dis-

tribution. From the Anshan Group in the north (or its remnant bodies) south-
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wards to the Liaohe Group or Kuandian Group (e. g. south of the Bahechuan dis-

trict) , the zoning of metamorphic rocks zone-*- migmatitic metamorphic rocks zone

-*• migmatite zone-* granite-gneiss zone —*• migmatitic granite zone is displayed.

The last two zones are the best developed, and contain universally many remnant

bodies of BIF and fine-grained granulite, leptynite, mica-quartz schist as well as

granite-gneiss and so on; but the xenoliths of quartzite and marble of the Liaohe

Group have never been seen. The prolongation direction of the remnant bodies and

the lineation of the rocks are approximately concordant with the regional structural

line of the Middle and Upper Archaean. The xenoliths in magmatic rocks are

mainly distributed nearby the inner contact zones of rock-bodies ; whereas the rem-

nant bodies are distributed universally in whole migmatite bodies. Furthermore,

the farther it is from the contact zone with the Lower Proterozoic, the lower the

migmatitic degrees of the rock-bodies, the more the quantities of remnant bodies,

and the bigger the bodies. For example, the iron ore zone of Qidashan and that of

Gongchangling both are of the biggest remnant bodies in this area. The distance

these two zones from the contact with the Liaohe Group are 4 ^ 6 km.

(2) Under microscope evidences of metasomatism and injection phenomena are

observed, such as migmatitic veins of microline + quartz and remnant textures of

replaced plagioclase. Other features of migmatitic metasomatism, for example,

myrmekitic texture, clear-edge texture, heiicitic texture, remnant-thread texture,

crisscross texture and so forth, are also often observed. t

In potassic migmatitic granite potash feldspar content average 33% (statistics

of 47 samples) . No orthoclase representing magmatic genesis is present ; perthite is

also rare. The majority is microcline, its triclinicity is measured to be A=0. 91 ~

0. 96, which indicates that it is the biggest microcline formed under low tempera-

ture. The projection of the triclinicity on the ordering regularity program shows

that they are products of migmatitic metasomatic origin.

( 3 ) Accessory mineral contents and varieties change greatly. The changes

have close relation with distributive areas of the rocks and show evident inheritance

of primary rocks in the area. A common feature is that zircon and apatite occur as

accessory mineral everywhere; but the contents change greatly. Uraninite as an ac-

cessory mineral exists more or less. Nonetheless, each area has its own special fea-

tures different from the others.

Zircon presents the most evident typomorphic characteristics. The zircon in

migmatitic granite in this area differs notably from magma-genetical zircon. In the
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same rock there are different zircons that have different transparency, colour and

crystal forms. Under stereo-microscope zircons have three varieties : transparent

semi-transparent and opaque. The transparent zircons are colourless, or brown, or

pale brown, or pale rose, e tc ; opaque zircons are milky white, or milky-yellow,

or greyish white, or grey, or dark grey, or iron-red, etc. , reflecting a crystalliza-

tion by which micrograins and dustformed inclusions of different minerals have

been included as solid in crystal. Zircon crystal appear mostly as short prism or

prismatic grains, with ratios of length to width mostly ranging from 2-8 to 1. 5-

There are also characteristics of growth under solid condition, such as deformation,

parasitism, parallel intergrowth, re welded break and crystal internal core, etc.

Transparency, uranium content and isotopic age of zircon are closely related to each

other. Uranium contents of transparent zircon are low, <C1000X 10~6, mostly are

600X 10~ 6 ~300X10~ 6 , with age values>2350 Ma. They are metamorphic zir-

cons. Uranium contents of opaque zircon are high, >100Q X 10~6, with age values

<C2350 Ma. This kind of zircon often contains fine internal core within the zircon

crystal. They are migmatitic in genesis. Due to micrograins and dust-formed inclu-

sions in zircon crystals as well as metamict caused by the high uranium contents,

the zircon thus becomes opaque. Transparent and opaque zircon from the same

sample of rock are dated respectivelly and the obtained age values of concordant

lines are different, which may indicate the history of formation and evolution of the

rocks. Opaque zircon of high uranium content may indicate favorable area to urani-

um metallization.

(4) In petrochemistry average contents of SiO2 and K2O are evidently higher

than those of magmatic granites. SiO 2>72/ /0, K2O > 4 - 5% and mostly in the

range of 5 % ~ 6 % ; whereas for magmatic granites, generally SiO2<C 72%, K2O

< 4 . S%. Many kinds of petrochemical parameters and methods with which prima-

ry rocks are restored prove that the potassic granites of 2. 4 ~ 1- 8 billion years

widespread in this area are all para-metamorphic granitoid.) Correlation calculation

in petrochemistry for 39 samples shows that SiO2 and 9 oxides (except P2O5) and

U , Th all present negative correlation. That is to say, the majority of quartz exists

in exotic migmatitic veinlets of injection and replacement. The rocks of the base-

ment were " diluted" , or, other silicate minerals were excluded, thus leading to

themselves to be of negative correlation. K2O and Na2O present negative correla-

tion ; but no correlation exists between them and U , Th , which indicates that mi-

crocline replaces albite and oligoclase, and the fluid of patassic-aluminosilicate from

which microcline is formed does not carry U and Th. These are all basic characters
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ol migrnatit'ic granite.

(5) Variations in trace element contents are also very large. They don't fol-

low any evolutionary regulation along with the geologic time. In contrast, there are

evident inheritance of primary rocks. K, Ba, Rb contents are higher, and Ca, Sr,

Be contents are lower. F is high, Cl is low. These features are just opposite to

magmatic granites, and are characters of sedimentary rocks as primary rocks.

(6) Total quantities of rare earth elements ( £ REE) of migmatitic granite

and granite-gneiss in the area tend to be high. Characteristic parameters and dis-

tributive patterns of rare earth elements (REE) indicate that there are evident in-

heritance of Middle-Upper Archaean rocks which have undergone intense migmati-

zation, as expressed by the fact that 83 % of the 64 samples of granitoid rocks pre-

sent Ce loss in various degrees ; f ractionation degrees between light and heavy REE

are low and REE distribution curves are gentle. So, they inherit features of hy-

drothermal sedimentary rocks as primary rocks; at the same time 92% of samples

present evident Eu loss. This is a result of intense migmatization which has led to

the plagioclase being replaced by microcline. It has also caused the majority of REE

distributive patterns of migmatitic granite to present low slop and gentle " V"

form. Besides, REE distributive patterns are so complexes and varied, which is

not the case for magmatic granites.

(7 ) For the granites of the basement their relationship to uranium metalliza-

tion is still the most important problem. Studies show that U and Th contents of

migmatitic rocks are either high or low. However, this variation doesn't depend on

the strength of migmatization, but depend on the U and Th contents of primary

rocks. When the migmatization of rocks is strong, their U and Th contents are not

definitely high, sometimes even lower. This can been seen on the one hand from

the correlation calculation that such main compositions of migmatitic fluid as SiO2

and K2O present no correlation to U and Th ; on the other hand, it also can be seen

(see Table 4) from the statistics of Gamma-ray spectrometry in the field. Most U,

Th contents of migmatic granite are lower than U and Th contents of granite-

gneiss in the whole area. In the Lianshanguan district U, Th contents of

migmatitic granite are relatively high, but still lower than the U, Th contents in

nearby local granite-gneiss. It suggests that migmatization can not make U content

of rocks increase. On their contrary, owing to the injection and replacement of

migmalitic veins of microcline and quartz, the U content of primary rocks is "dilut-

ed" and becomes decreased.
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Table 1 Precambrian Geological Time Scale of me Eastern Liaoning Province

Erathem

I

1

1
3

Upper Jinian System
Proterozoic

Qingbaikou
System

Middle
Proterozoic

Lower
Proterozoic

Jixian System

Great Wall
System

Liaohe Group

Upper
Archaean

Middle
Archaean

Lower
Archaean

Upper Anshan
Group

Middle Anshan
Group

Lower Aashan
Group

Group and Formation

Kangjia formation
Jinzhou Uplift 800 Ma '

Xihe
Group

Qiaotou formation

- _ ; Taizihe Uplift 8OO±5OMa
Nanfen formation
Diaoyutai formation

Yongning formation

Upper
Subgroup

1Qinyu Uplift 1000 ± 5 0 Ma

Yushulazi formation

Liaone Orogeny
No3. phase 1800±50Ma.

Gaixian formation

Liaohe Orogeny
No2. phase 2OOO±5OMa

Dashiqiao formation

Gaojiayu formation
Liaohe Orogeny 22OO±5O Ma

a Nol. phase

Paotaishan Orogeny
(Wutai Orogeny) 2400±50 Ma

Late Anshan Orogeny
_M[or Fupinh Orogeny) 2600 ± 100 Ma ^

Yintaoyuan formation

Dayugou formation

^Middle Anshan
Orogeny

Ctgou formation Qingyuan Orogeny
^ ^ ^ - ( Q i i Orogeny) 32OO±1OO Ma

3800 ±100 Ma •
Shipenzi formation

Yan-Liao
Cycle

Liaohe
Cycle

Anshan
Cycle
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Uranium and thorium abundances of the basement granitic rocks in ELP and

their comparison with the areas rich in uranium ores in China and abroad are shown

in Table 2-

Table 2 U and Th Abundances of Basement Granite Rocks in ELP and
Comparison with the Data in China and Abroad

Rock type

Migmatitic granite rocks

Intermediate-acidic soda

intrusive rocks

average

Yanshanian granites in

Eastern Guangdong

Province, China

Granites in Pine Creek

geosyncline, Australia

Granites in Sao Francisco

craton, Brazil

Present contents/X 10 '

sample

number

306

31

337

14 rock

bodies

75

U

6.39

3.36

6. 11

16

10.90

20—24

Th

47-29

18-08

43-12

47.5

80

Th/U

7.40

5.38

7.05

4.36

< 4

Primary U contents/X 10 '

Sample number

36

4

40

Ui

17.08

3.66

14. 71

From Table 2 it can be seen that in this area uranium and thorium abundances

of the basement granitic rocks are only 44% higher than uranium Clarke, with

Th/U ratio 32% higher than the average value, much lower than uranium abun-

dances of granites in other uranium ore areas of China and abroad. That is to say,

the crust of this area is not rich in uranium ; only the uranium abundance is a little

higher. The uranium abundance of the crust in an area influences directly the sup-

ply of uranium source in metallization. More importantly, the basement granites of

this area are overwhelmingly migmatitic genesis, which are different from the mag-

matic granites. Due to the uranium incompatibility uranium is mainly enriched in

hydrothemal solution and ores are thus formed. However, only a part of uranium

in low U-content migmatitic granite near ore-bearing structure can be taken out

and participate in metallization by migmatitic hydrothermal solutions. So, the ura-

nium source provided in this way is very limited. For this reason, granites of

migmatitic genesis and lower uranium abundances are the main unfavourable fac-
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tors which influence the iormation of large uranium deposits in this are?).

5 METALLOGENETIC FEATURES AND METALLOGENETIC
MODELS OF EARLY PRECAMBRIAN URANIUM ORES

As mentioned above , the ELP area are rich in mineral deposits. There are

more than ten kinds of ores, such as iron, lead, zinc, uranium, gold, pyrite,

boron, phosphorus, magnesite, talc, Xiuyan-nephrite and so on ; all occur in Early

Precambrian rocks. Ore-bearing host rocks are all hydrothermal sedimentary-meta-

morphic rocks. Only uranium metallization in the Southern Lianshanguan rock

body occurs in inner and outer contact zones of the migmatitic granites with the

Longzishan formation of the Liaohe Group, but the uranium metallization in the

outer contact zone are still the best. Therefore metallogenetic features and models

of uranium ores and other deposits are also roughly the same. They are all subma-

rine exhalative hydrothermal sedimentation or hot water sedimentation in shallow

sea, and have undergone late reformation and enrichment in various degrees. All of

them are strata-bound deposits. The differences mainly lie in the fact that the ore-

bearing horizons and ore-bearing host rocks are different; and the degree of late re

form as well as metallogenetic mechanism are also different. As to the Fe-U metal-

lizations in remnants of siliceous iron formation of Middle-Upper Archaean only a

small deposit has been formed in Gongchangling, but mineral occurrences are nu-

merous, distributed widely in the broad area from Anshan, through Benxi to Ba-

hechuan. These Fe-U metallizations are different from the Fe-U deposits of alkali-

metasomatism genesis in the Ukraina Shield both in metallogenetic conditions and

models. In the ELP there are not large soda-carbonate metasomatic zones similar to

those in the Ukraina Shield. So there are not such metallogenetic conditions of al

kali-metasomatic genetic Fe-U deposits either. In this area, the ore bodies of Fe-U

deposits and mineral occurrences are thin in thickness, low in tenor, the economic

benefit is not good, so it is not an ideal minerallization type for prospecting.

Early proterozoic uranium deposits are divided into two types : the paragenetic

type (B-Fe-U and pyrity-U paragenesis) and the single uranium type. The former

is basically of sedimentary-metamorphic genesis; the tenors are low and the sizes

are small. Moreover, because the ore dressing and smelting are difficult, this type

of ores can only be taken as potential reserves. However, the Lianshanguan single

uranium deposit is a deposit of the vein-type with high tenors. Owing to the

stronger reformation of migmatitic hydrothermal fluid, the Lianshanguan mine is
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very particular in metallogenetic conditions. They are as follows;

( 1 ) There are a large quantity of syngenetic breccia, which are blown breccia

formed in submarine exhalative process. Ore-bearing host rocks contain relatively

high contents of B, S, As, C (derived from mantle gas CH4 and CO) , etc. as vol-

canic exhalative elements. Oxygen isotopic data indicate that metallogenetic hy-

drothermal fluid is not magmatic but is mainly derived from ancient atmospheric

precipitation and sea water erupted from submarine faults after having experienced

deep-seated cycling heating. Inclusion thermometry results in ore-forming tempera-

tures of 290°C~280°C, which means^that mineral forming materials are mainly de-

rived from exhalative hydrothermal fluid from the deep-seated crust. The Lian-

shanguan ore district is situated just near exhalative hydrothermal exit. After the

superposition and reformation of migmatitic hydrothermal fluid uranium has thus

been enriched and uranium ores have been formed.

(2) Judging from images of remote sensing, multiplerings are linked with one

another around. The Lianshanguan uranium deposit is at the center. The outmost

ring is about 28 km in diameter, with a rim of magmetic anomalous localities,

which are presumably reflection of hidden heat sources, i.e. uplifting migmatitic

granite, and are expressed by staurolite and cyanite in large crystals in the Lian-

shanguan district. The metamorphism has reached the epidoto-amphibolite faciès

under intermediate pressure-high temperature condition. The metamorphic temper-

ature is higher than other districts around it; and there are basic rocks, which may

probably mean that here is an Early Proterozoic hot point district where the mantle

surged upward.

(3) The deposit is situated in the position where three kinds of structures are

superimposed, i. e. the superimposition and intersection of migmatitic granite, the

unconformity interface of the Langzishan formation and fault zones along strati-

graphic strike (295°) and dip (65°) . Besides, along the strike fault zone migmati-

zation was developed and white migmatite and bydrothermal alteration zone of

migmatization were thus formed. These made the deposit into a particular " three

in one" structure zone, that is, the deposit is fixed in the position of structural

knot, or intersection of two groups of faults in 295 and 65-

Uranium-rich black quartzite and syngenetic breccia of mineral occurrence

No. 170 kind in the west of the Lianshanguan ore district are respectively prospect-

ing criteria of ores in the strata and exhalative hydrothermal exit. The contact zone

of migmatitic granite with strata and overlapping and intersecting of faults develop-
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ing along the strike and drip of the strata are prospecting criteria of ores in struc-

ture; and the migmatitic granite with muscovition and sericitization, in which ac-

cessory minerals are mainly opaque zircon with uranium content > 1000 X 10~6 are

criteria of U-enrichm'ent in migmatization. In a word, the deposits are controlled

by the triple factor, i. e. , the uranium-rich strata, superposition of multiple phase

and multiple groups of faults, and hydrothermal reformation and enrichment of late

Early Proterozoic migmatization.

6 REGIONAL URANIUM METALLOGENETIC CONDITONS
AND ORE PREDICTION

There are good uranium metallogenetic conditions in the ELP area. They may

be summarized into the following five points •

( 1 ) Unconformable faces are well developed between the Lower Proterozoic

and Archaean, between the Lower Proterozoic and underlying strata, between the

Middle-Upper Proterozoic and underlying strata » as well as between the Mesozoic

and underlying strata. They are necessary geological prerequisites to form vein-type

uranium deposits in unconformability. But they are not yet full metallogenetic con-

ditions.

(2) The Archaean in this area is a granite-greenstone terrain; and the Lower

Proterozoic is of sedimentation developed in troughs as intra-continental extensional

rifts. Granitoid are mainly migmatitic granite and granite-gneiss. Their uranium

abundance is 6- 39 X 10~6, and there are many sections of high uranium field and u-

ranium anomalies. Uraninite is frequently encountered as accessory mineral. In u-

ranium metallized sections muscovitization alteration is universal. Isotopic analysis

shows that the average value of primary uranium content of granitoid is 17 X 10"~fl.

The mobility of uranium varies greatly, ranging from —11. 4% to —96-9% and

+ 10% to +148- 5%. Uranium has been found to be carried off in 40 of 50 sam-

ples; the average mobility is— 54. 3 % . In the rest 10 samples uranium has been

carried into rocks; the average mobility is + 5 5 % . The high mobility rates are re-

lated to the existence of uraninite as accessory mineral in the rocks and are favor-

able to ore formation.

Either in BIF of Middle-Lower Archaean greenstone belt, or in middle and

lower part of the Early Proterozoic Kuandian Group and in the bottom of the Liao-

he Group, there are separate uranium-enriched sections of exhalative hot water

sedimentation, distributed sporadically and providing uranium source for such ura-
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nium deposits as Fe-U, B-Fe-U, pyrite-U and single U types, etc. There are thus

the most basic metallogenetic conditions of uranium ores.

(3) There are not acidic magmatic activities, but a large quantity of basic

magmatic activities of Early Proterozoic in this area, manifested by effusion and in-

trusion of basic magma in the course from sedimentary stage to folding and rising

stage. For example, in the middle and lower parts of the Kuandian Group there are

universally intercalations of magnesium-peridotite and ortho-amphibolite ; in the

bottom of the Liaohe Group there are universally garnet-amphibole-schist or meta-

diabase; between the bottom of the Liaohe Group and the migmatitic rocks in the

Haicheng district, there are 1 or 2 relatively thick beds of metagabbro, the occur-

rence of which are concordant with the strata. These beds extend 40 to 50 km far

in NE-SW direction. A large quantity of stratoid and lenticular metadiabase are

distributed in the outer contact zone of migmatitic granite within a range of more

than 10 km in width from Aushan to Lianshanguan. Pillow lava of diabase and

thin crusts as products resulted from the reaction with seawater can be seen at the

exit of the Nayang Valley and the Mama Street district, Helan village. These basic

rocks are mainly derived from the partial melting of the upper mantle or lower

crust. They are expressions of mantle upsurge.

Extension of rift and activity of the upper mantle are complementary of each

other. In this area, there were submarine basic volcanism and subvolcanism in ex-

tensional epoch of rift, and hot water sedimentary formations have thus been

formed, which contain many layers and kinds of exhalative hydrothermal metalliza-

tions of U and Pb, Zn, B, Fe, S, P, etc. , derived from the depth (mainly from

the upper mantle) . The uprising of the fold belt was accompanied by the upsurge

of the mantle, which led to the eruption and intrusion of a large quantity of metadi-

abase and metagabbro along interformational faults. The time of basic magmatism

corresponds approximately with the age of the uranium mineralization (1946 Ma

ago), which means that the upsurge of the mantle has brought about powerful in-

ternal power especially in hot point districts of mantle upsurge, the reformation a-

bility of hot power has thus been greatly strengthened in local parts, and there has

probably been addition of uranium source from the depth. That is a very important

condition for uranium enrichment and metallization.

(4) This area is a platform of multiple phases of activation. There are an early

activation (refer to Early Proterozoic Liaohe orogeny) and a late remobilization

(Hercynian-Yanshanian movement) ; both are probably related to mantle upsurge.
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The early activation is manifested chiefly by the fact that a large quantity of basic

magmatism including basic dykes, as well as multiple phases of migmatization of

2190~2150 Ma, 1946 Ma and 1854 Ma, which have reformed not only Middle-

Upper Archaean rocks to form widespread various migmatitic rocks with more or

less high uranium contents, but also metamorphosed uranium mineralizations of ex-

halative hydrothermal sedimentation; hence the uranium enrichment degrees are

increased, which are necessary conditions to form industrial uranium deposits. It is

especially so in the Lianshanguan uranium deposit.

Late remobilization is manifested by a great deal of intermediate, acid and al-

kaline magmatic intrusions, and equivalent volcanic extrusions. Some hypabyssal

magmatic rocks of these intrusions are parautochthonous derived from remelted and

partially remelted migmatitic rocks at the depth under the influence of mantle ris-

ing, which include chiefly the Gangcaodianzi, the Baishui Temple, the Brother

Mountain, the Xiuyan and other fine-grained granite bodies as well as the Saima-

Shuangshanzi alkaline complex. Their uranium abundances are all relatively high

(see Table 3). Because the primary rocks were crystallographic rocks in which wa-

ter contents were very low differed from water-rich sedimentary rocks, the magma

formed after remelting contained very few hydrothermal solution. Therefore, in u-

ranium-rich granites, uranium has been mainly enriched in zircon, uraninite, etc.

as accessory minerals, while a small amount of uranium was dispersely absorbed in

the granite, and generally no uranium metallization was formed. Hydrothermal al-

terations of country rocks were not developed either. So, it indicates that the mag-

ma lacked hydrothermal solutions, i. e. lacked medium for migration and enrich-

ment of uranium. In the Saima-Shuangshanzi alkaline complex, though big urani-

um deposits have been formed, 97% of uranium exist as U-rinkolite; such an exis-

tence of uranium will make the production cost of uranium extraction from ores too

high. So at present it is not yet usable. The hydrothermal stage was badly devel-

oped; during this stage only an uranium occurrence was formed; its reserves are

only more than ten tons. The metallogenic model and mechanism of this uranium

deposit in alkaline rocks differ perfectly from the uranium orefield in alkaline rocks

of Pocos de Caldas, Brazil. For the latter metallization of uranium-bearing zircon-

baddeleyite (ZrO2) were also formed during the stage of residual magma, in which

reserves of U3O8 are estimated to be 200~ 1000 tons; whereas the hydrothermal

stage was well developed, and during this stage vein-type metallizations of pitch-

blende were formed. The U3O8 reserves reach to 26800 tons, which make up more
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than 97 :>'o of the total reserves of these two stages. So the remobilization of the late

stage does not have a great contribution to the formation of uranium ores in this

area-

Table 3 U, Th Contents of U-rich Intrusions Formed

in Late Remobilization in the ELP /X 10"'

name of

intrusion

Brother

Mountain

Xiuyan

Taiping

Mountain

Gangcaodianzi

Baishui

Temple

Saima-Gujia

Aiyang-

Shuangshanzi

lithology

Medium-fine to medium-coarse

grained biotite granite

coarse grained biotite granite

fine grained granite with few

mica

fine to medium grained biotite

monzonitic granite

medium grained porphyritic

biotite monzonitic granite

phonolite—nepheline-syenite

trachyte--syenite

time

Early Yanshan

Indo-China

Variscian

Variscian

Variscian

Variscian

Variscian

survey

points

37

8

28

16

9

90

42

U

8.56

13-17

10.27

8.99

11-89

17.30

14.07

Th

52.95

70.88

51.91

28-35

22-32

104.14

61.81

Th/U

6. 19

5.38

5.05

3- 15

1.88

6-02

4. 39

( 5 ) Folds and fractures were developed in association with the Liaohe Oroge

ny ; the faults, fractures and the axis of folds chiefly strike nearly east-west or in

northeast direction. In particular, there are deep fractures superimposing on the

unconformable contact planes of the Lower Proterozoic over migmatic granites,

which provided passages of migmatitic hydrothermal fluid and brought about well

developed migmatitic zones along the contact planes in the area from Haicheng,

Laoyeling to Gongchangling and the area from Lianshanguan to Bahechuan and so

on. Migmatitic granite zones ranging in width from 1 km to more than 10 km have

been formed in the inner contact zone, while in the outer contact zone mica-quartz-

schist and uranium-rich rock-beds have been reformed and become white migmatite

(that is, the ore-bearing host rock) and the vein-type uranium metallization. The

intersections of the structures striking in nearly east-west and northeast directions

are favorable sections of ore formation.

The major shortcoming of the metallogenetic condition are the insufficiency of

uranium source in the region, which is manifested as follows:
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( 1 ) Archaean magmatic activities in this area are mainly komatitic oceanic and

continental tholeiitic In Early Proterozoic it was basic magmatism as mentioned

above. Therefore, the Middle and Late Archaean BIF and Lower Proterozoic ura-

nium-rich beds are all hot water sedimentary formations related to submarine basic

volcanic activities. The uranium source coming from the upper mantle and lower

crust are also not rich. At the same time uranium abundances of Achaean and

Lower Proterozoic rocks and migmatitic granite distributed in large areas are all

near the Clarke of the corresponding rocks or slightly higher than the latter. But

they are all notably lower than uranium abundance of corresponging rocks of urani-

um-rich ore areas in China and abroad (see Table 2) • It thus suggests that this

area is not very rich in uranium from the upper mantle to the crust ; only the urani-

um abundance is a little higher.

(2) Migmatitic granite and granite-gneiss are the main granitoid rocks in this

area, in which uranium is not easy to be enriched in the postmagmatic hydrother-

mal solutions to form ores as in the case of magmatic granites, because in the

course of the magmatic evolution uranium was not easy to enter in the solidified

granite due to the incompatibility and oxyphil character. Except for a small amount

of U and Zr, Ca, Ce, etc that entered into such accessory minerals as zircon,

monazite, titanite, etc. , in the form of isomorphism, most of uranium were gath-

ered in the postmagmatic hydrothermal solutions, and formed hydrothermal vein-

type uranium deposits. High uranium abundances of magmatic granites would re-

sult in richer uranium abundance of the residual hydrothermal solution, which are

used chiefly as regional prospecting criteria, rather than as uranium source. But if

solid uranium-rich migmatitic rocks are taken as uranium source uranium could be

extracted only under the condition that the rocks have undergone intense

migmatitic hydrothermal alteration. So, only in the position where the structural

fractures are well developed and near ore-bearing structures could uranium source

supply metallization. Even in this case, the quantity is still very limited. In this

area uranium abundance of migmatitic rocks is not very high ; in addition, as mech-

anism is concerned, uranium was extracted in solid, so it is obviously unfavorable

to the formation of uranium ores.

(3) It can be seen from Table 1 that there are two weathering denudation pe-

riods. One is the denudation period from the Late Anshan orogeny to the Paotais-

han Orogeny which lasted for more than two hundred million years. However, at

that time only Archaean rocks of low uranium content could be the denudation
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source ; it was difficult to produce large quantities of uranium source to form thick

and big continual uranium-rich layer. Another is the long denudation period of the

platform in Middle Proterozoic, the duration reached eight hundred million years,

so there should exist uranium-rich rocks. Nonetheless, the prospecting work in the

past 30 years and more has not resulted in the discovery of continual bedded urani-

um-rich rocks in the vast area of ELP ; while Upper Proterozoic rocks are also nor-

mal shallow-sea sediments under oxidizing environment. At the same time, urani-

um abundances of most strata of Lower Proterozoic are near the Clarke of corre-

sponding rocks, except for a few uranium-rich sections. Thus the rich leached ura-

nium deposits of wide spread sources like those in the Pine Creek geosyncline area

of Australia could not be formed in this area ; and the most important uranium met-

allization period in Precambrian, i. e. the late superposition and enrichment of ura-

nium metallization in the period from 11 to 9 hundred million years, is absent.

Thus a very important metallogenetic condition favorable to the formation of large

and superlarge uranium deposits of the vein-like type in unconformity is lacking.

Only the Lianshanguan deposit of the single uranium type meets the above

mentioned favorable conditions of regional metallogenesis and has good economic

benefit. According to the metallogenic model of the Lianshanguan deposit, in the

area to the south of the line from Haicheng to Anshan-Laoyeling-Helan-Miaogou in

Gongchangling as well as the Lianshanguan and Bahechuan districts, there exist

metallogenic conditions similar to those in the Lianshanguan uranium deposit, i. e-

the contact zone of migmatitic granite with the Liaohe group or Kuandian Group,

superposition of deep fractures, migmatization and migmatitic hydrothermal alter-

ation. Their uranium and thorium contents are variable, either high or low (see

Table 4 ) ; except for a few sections they are all higher than their Clarke in granite.

But uranium and thorium abundances of migmatitic rocks are not the most impor-

tant criteria of regional appraisal; the most important is whether there are urani-

um-rich formations. At present it is known that only in the south of the Lian-

shanguan rock body exist uranium-rich formations. Therefore the most favorable

section for ore formation is still near the Lianshanguan uranium mine.
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Table 4 U

Districts

Migmatitic

granite

Granite-

gneiss

survey

points

U

Th

Th/U

survey

points

U

Th

Th/U

Haicheng

45

6.93

55.55

8.02

11

6.87

36.27

5.28

, Th contents of migmatitic rocks in ELP/X 10 *

Tiejiashan

Mountain

4

2.30

18-14

7-89

7

10.21

156. 12

15.29

Qidashan

Mountain

16

4-70

37.73

8.03

Laoyeling

-Helan

53

4. 11

41.29

10.00

21

9.13

68.99

7.56

Gong-gling

30

4.96

41-52

8.37

Lianshanguan

67

6.96

46-28

6-65

9

9.14

53.54

5-86

Bahechuan

11

7.09

53.39

7.53

4

2.08

17-97

8.64

7 CONCLUSION

The Archaean platform basement of this area is a special type oi granite-

greenstone belt in China, in which granitoids are mainly migmatitic granite and

granite-gneiss of migmatitic genèses. Generally, these rocks contain more or less u-

raninite as accessory. Besides, granodiorite and tonalité intrusions derived from the

depth are also found in Haicheng and north of the Nanfen district.

A large number of researches of isotopic geochronology were made in this

work. It is found that the colour, transparency and crystal form of zircon are dif-

ferent in the same sample of migmatitic rock. The uranium contents of the trans-

parent zircon <C 1000 X 10~6and their ages>2350 Ma. Generally, the uranium

contents of the opaque zircon >1000X 10~6 and their ages < 2350 Ma. The oldest

geological age is 3. 8 billion years. In addition, there are also more than 20 groups

of concordant line ages of around 3-0, 2- 7 to 2. 5, 2-35, 2. 20, 2-0 and 1. 85 bil-

lion years. It proves that the ancient sialic crust existed 3- 8 billion years ago in this

area. It was cratonized in the late Anshan Orogeny about 2. 6 billion years ago.

The basement granite-gneiss was formed 2- 55 billion years ago. The early multiple

activations took place 2- 35 to 1. 85 billion years ago during the Liaohe Orogeny and

the migmatitic rocks were thus formed. The late remobilization took place in the

Hercynian-Yanshanian orogenies. On the basis of a great deal of practical measure-

ment data, a new Precambrian geological time scale is put forward, in which the



Archaean is divided into three parts : the bottom boundary is defined at 3. 8 billion

years, and the top is defined at 2- 6 billion years. This division accords with that in

the world including Eurasia.

In comparison with the data in China and abroad, it is suggested that Ar-

chaean greenstone belts characterised by BIF and Early Proterozoic strata are most-

ly exhalative hot water sedimentary formations, in which more than ten kinds of

mineral resources such as U, Fe, B, Mg, S, Pb, etc. are all of metamorphosed

submarine exhalative hydrothermal sedimentation and have formed strata-bound

deposits. After the reformation of migmatitization in different degrees. The analy-

sis of regional metallogenetic conditions of this area and comparison with similar

large uranium deposits abroad indicate that the most favorable areas for prospecting

are the Gongchangling, Lianshanguan and Xuanlinghou areas, of which the Lian-

shanguan mine and its east and west sides are the best. This district is located in

the hot point district of the mantle upsurge and near exhalative hydrothermal exit ;

the metallogenetic conditions are the utmost particular. So, this mine is extremely

hopeful to bë expanded. Based on this understanding, the Geological Team

No. 214 has strengthened the exploration of the Lianshanguan uranium mine; as a

results, the industrial reserves of the deposit have doubled.

Mr. Jianghan Tu, Jiapu Zhang, Zhizhong Sun and Mrs. Shumei Wu etal.

have also took part in this research work and their contribution is greatly appreciat-

ed.
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