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INTRODUCTION

Ores are being mined to depth more than 1000m in some countries. In Kolar gold mine of
India mining depth is over 3000m and it reaches 4117m in South Africa. China mines her solid
ores only within depth of 500m so as to confront resource crisis in many of her mines till 2010.
It is imperative to make projects for ore search, exploration and development to more depthes.
Prediction of deep ore bodies at large scale is the prerequisite for such projects foreseeing the ore
bodies in three dimensions and estimating location and volume under uncertain geological condi-
tion at depth. The predition includes two uncertainties. The first is the authenticity of conclu-
sion drawn from inferring and correlating the known ore-controling geologial conditions at shal-
low to depth. The second is the definiteness of mineral resource volume of spatial location of ore
bodies within the predicted area estimated by inferring and correlating. No theories and methods
have been matured and systemized for the prediction up to now thus it is doomed to take risks
and face many difficulties. The authors attempt to devote a series of prediction theories and
methods in this book to next century’s mineral resource exploration and development to more
depth in China.

Since 1980s the authors have been working at researches on theories and methods of large
scale statistical prediction for Au ore belts and fields in China. Projects have been completed,
such as “Mathematical Judgement of Ore-Causing Geochemical Anomlies ( secondary halo) in
Zhaoye Au ore Belt, Shandong Province” , “Statistical prediction for No.108 Ore Vein in Ling-
‘ long Au Mine, Shandong Province” , “Metallogenic Model and Prospect Appreciation of Modern
Hot Spring Type Au Deposit in Tengchong-Lianghe Area, Yunnan Province” , “Research On Au
Ore-controlling Conditions of Longkou and Prospecting Directions and Prospect Assessment at
depth and in the surroundings of 105 Au Deposit”, “Metallogenic Model and Au Mineral Re-
source Assessment of Zhaoye Au ore Belt”. According to results of the projects Scientific Fund
Organization of China supported the authors to carry out the program “Research on Theories
and Methods of Large Scale Prediction of: Deep Quartz Vein Au Deposit” . The researches men-
tioned above adopted and integrated multi-disciplinary theories and methods summing up geo-
logical, geochemical and mathematical characteristics, metallogenic mechanism and main ore-
controlling factors of quartz vein Au deposits and establishing the metallogenic model. A set of
prediction theories for quantitative volume and location of deep ore bodies is put forward and the
methodology is systemized on basis of the characteristics, factors and models. Then the theories
and methods were applied to the program“Study on Locality Prediction of Ore Bodies at Depth
and Technical Condition of Mining in Linglong Au Ore Field”. Their practicity and validity are
cheked and proved by the program and the decomposition and composition technique of wave is
improved. A mathematical model for a set of morphological distribution of wave is established.
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By using the model the known ore-controlling marks can be quantitatively inferred to depth and
the unknown geological setting can be predicted quantitatively and localizably. This book is
based on results of the mentioned above researches.

This book includes 8 chapters. The first summs up geological characteristics of quartz vein Au de-
posit and gives description to the the deposit. The spatial and temporal distribution and ore body fea-
tures are described. Such depasit is controled by regional faults which are characterized by large size,
multi-staged and intermittentely and prolongedly inherited movements. The faults related to ore occur in
varied sizes. Au mineralization belts are controled by the first class fault; Au field, by the second class;
ore deposit, by the third class. Au ore bodies are controled by ore-causing structural anomalies and sub-
faults related to the third class. Ore veins show vertical zonation and horizontally equal distant distribu-
tion pattern, multi-staged uneven mineralization. Downward ore bodies occur in array which includes
parallel ore bodies in different layers plunging in the same direction and at the same angle. The ore bod-
ies are genetically related to structural planes.

The second chapter deals with geochemical characteristics of quartz vein Au deposit includ-
ing statistical distribution characterisics and the research methods, the optimum geochemical
mark’s association and the research methods of Au mineralization , element geochemical model,
primary halo of ore body and the research method. Gold distribution in most quartz vein Au de-
posits is coincided with the mixed population of multi-overprinted logarithmic normal distribu-
tion. Ore-forming stages are varied in gold distribution function, the optimum association of ore-
controlling geochemical marks, especially in the mineralization intensity. Primary halo of ore
bodies is clearly zoned. Mineralization informations of different ore-forming stages and geochem-
ical information overprint or ore bodies at different depth appear in the same space.

The third chapter is concentrated on factors which control gold precipitation and enrich-
ment to ore. Here is expounded the nature of gold, convecting dynamics of hydrothermal fluid
and relation of gold precipitation and enrichment to structures and wallrocks. High temperature
and overpressure of hydrothermal fluid, structures and their activity lead to fluid convection thus
they are the main factors governing formation of ore bodies.

The fourth chapter lays theoretical foundation for large scale statistical prediction of deep
quartz vein Au ore deposits. The nature, condition , methodology and tasks of the prediction are
defined and the pediction characteristics, contents and steps are discussed systematically. Detail
investigation and study of geological phenomna naturally and artificially exposed at surface and
subsurface, ore-controlling and mineralization mark informations obtained from geology, miner-
alogy, math geology , geochemistry and geophysics are the only way to predict volume and loca-
tion of deep ore bodies. During the investigation and study statitical distribution and spatial dis-
tribution pattern of mineral resource values are picked up and a model is established to make
quantitative estimation of deep mineral resource within the predicted space. Then it would con-
clude if the localized prediction of deep ore bodies goes on. The optimum ore-controlling geologi-
cal marks are extracted and their spatial variation pattern is acertained then infer the marks to
depth. Study of internal relation between the known ore bodies and the ore-controlling marks
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gives rise to several mathematical models which use ore-controlling geological marks as variables
to appraize ore-bearing property of the predicted areas at depth and locate ore focus. Tasks of
the prediction is completed in a way of prediction-verification-reprediction-reverification.

In this boock are described the theories, such as analogy, geo-anomlies extraction, spatial
zontion, distribution of wave morphology , temporal-spatial overpint and uncertainty on which
theories and methods of the prediction are based.

The fifth chapter deals with metallogenic model. The mechanism of gold precipitation and enrichment
is discussed. Descriptive, spatialy geometric model and structure-wallrock anomly model of gold ore deposit
are established. Gold-bearing fluid is an overpressure hydrothermal fluid by which Au sulhydryl complexes
are transported at medium-low temperature. Anomly events(structural activity, wallrock variation etc. ) are
the main factors to change physical states and lead to decomposition of gold sulhydryl complexes and gold
enrichment. The chapter stresses that formation mechanism, controlling factor and spatial distribution char-
acteristics of ore bodies must be reflected in the metallogenic model. Descriptive model , spatial geometry and
structure-wallrock anomly of ore bodies are examplified by some cases of quartz vein Au deposit.

The sixth chapter discusses estimation and assessment of gold mineral resource including
the estimation methods and statisticaly-made decision for further exploration. Theories, princi-
ples, math models and application conditions of the methods, such as volumetric estimation, em-
piric estimation model of ore grade and size of ore deposit, estimation of Zipfs Law, estimation
of historic resource values are elaborated and the estimation is examplified by known gold de-
posits. In order to reduce risk the statistically-made decision for further exploration in predicted
areas must be based on analysing of ore development cost,ore discovery probability and the ex-
pectation value. '

" The seventh chapter elboates prediction methods for locating ore bodies, such as analogy of
anomly geological settings, spatial zonation model and ore deposit model. For the analogy of ore-
causing anomly geological settings the ways, contents, limits of prediction and division principles
of prediction cells and determination of ore-controlling geological marks and their vlues are de-
scribed by known gold deposits. Math model for discriminating ore-bearing property of a serial
cells is introduced. And Euclidean distance analysis method is invented which does not only
make accurate discrimination of ore and non-ore but also check the representiveness and discover
new mineralization type. Elaboration is made to the infering method for state of optimum ore-
controlling geological marks in the deep predicted area. According to the theory of morphologi-
cal distribution techniques for wave decomposition and composition are improved innovatively
and a distribution model of a serial waves is established thus the quantitative and localizable in-
fering of the geological setting for the predicted area at depth is realized and classification princi-
ples for favourable spaces in which ore might occur is defined. The spatial zonation model is in-
troduced including ore-searching model of orebodie spatial distribution and spatial variation
model of geochemical mark’s values. The former is based on the ore distribution pattern that ore
bodies in a vein occur as an array in which ore bodies located in different layers are horizontally
in equal distance and plunge in the same direction and at the same angle; the later, on vertical
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zonation in the primary halo of gold deposits. Alltogether, seven math models for discriminating
ore and non-ore and estimating the distance of samples which are collected to indicate ore body
to the predicted ore bodies and models of spatial variation of fluid inclusion data and typomor-
phic facies of pyrite are introduced and taken into acount. The model methodology is exampli-
fied by the known gold deposits. Localizable prediction of ore body is to forecast the possible
spaces at depth and in the surroundings of the known ore deposit in which ore bodies might oc-
cur. Generally, geology of the deep area predicted is uncertain and it can be only infered on basis
of geological phenomina exposed at surface and sub-surface and their spatial distribution. In
practice the prediction must be carried out by choosing proper methods according to particular
features, ore-controlling factors and availability of data of the ore deposit concerned.

The eighth chapter describes continuous predictions followed one by one. One prediction
can not achieve the goal of accurate location of deep ore bodies. Conclusion of the primary pre-
diction is checked by exploration engineerings. In turn results obtained from the engineerings of
the predicted deep areas is used to check resonableness of state of the infered marks. The rea-
sonableness is applied to infer state of ore-controlling marks at each point of the predicted deep
area thus to repredict location of the unknown ore bodies. The deep prediction at large scale is
completed in a process of “prediction-check-revision-prediction-recheck”. Deep prediction of
No.108 ore deposit is a successful example showing necessity of the continuous prediction.

Theories and methodology mentioned above are drawn from the present situation in China.
Explorational engineerings are recommended to the prediction. The engineering can reveal geol-
ogy and structures and mineralogical and geochemical samples can be collected and comprehen-
sive study of structure-wallrock , typomorphic mineralogy , geochemical and geophysical anomlies
and spatial distribution pattern of ore bodies can be done. Muti-disciplinary data and methods
must result in fruitful prediction. Prediction carried out by the authors for several gold deposits
are not so completely done as mentioned above. However, the results are ok.

Participants of the projects and progras mentioned above are Zhu Xuewen, Cong Guixin,
Zhang junling, Bai Yuhui and Chen Rui. Each of them makes contribution to the book. The au-
thors take oppertunity of publication of the book to express the highest respect to them. Publi-
cation of the book is subsidized by China National Science Fund Commision, China Gold Bureau
and Tianjin Geological Academy. Zhao Pengda(academian of Chinese Academy of Sciences, pro-
fessor of China University of Geoscience) , Liu Chengzuo(research fellow of Geological Institute
of Chinese Academy of Sciences) , Hou J ingru(professor of Beijing Scientific and Technological
University) , Huang Jiazhan ( professor of Tianjin Geological Academy), Cai Yaochu ( research
fellow of Geological Institute of Chinese Academy of Geology and Mineral Resources)and Chen
Wenming( research fellow of lOre Deposit Institute of Chinese Academy of Geology and Mineral
Resources) go over manuscript of the book;P;ofessor Zhao Pengda writes preface for the book;
Li Yongming translates the introduction into English. Here the authors are sincerely grateful to
them for help. Criticism is wellcome to the book.
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