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PREFACE

With the development of science and technology , and production , the demand for the min-
eral resources has been increassing day by day . The consumption of the mineral resources in
the whole world for the past 25— 30 years is approximately equivalent to the total consump-
tion by human beings before that time . In line with the demand for the increasing consumption
of the mineral resources , the potential quantities , qualities and locations in space of all kinds
of mineral resources must be statistically predicted and evaluated without any interruption .
Since 1970’s much attention has been paid to statistical predicting and evaluation of the miner-
al resources in all parts of the world . Many famous geomathematician have been involved in
the researches into the statistical predicting and evaluation of the mineral resources . For the re-
cent years much progress has alrcady been made in the field of statistical predicting of the
world —wide mineral resources in terms of its theory , method or application . The significant
achievements thus made provide us with precious quantitative basis for the scientific planning
and decision , reasonable exploration , development ,and application of the mineral resources in
different countries . Therefore , the statistical predicting of the mineral resources has become an
important branch and also a focus on mathematical geology .

There are many problems to be solved and many fields to be covered with regard to the
statistical predicting of the mineral resources ,such as the statistical predicting of the small , me-
dium and large scales for the different kinds of minerals and mineral deposits . The researches
cover some theoretical problems (such as different kinds of models , law and principles ),
methodological problems (such as the construction , transformation , valuation and selection of
the variables ; the predicting methods in different situations ; the application of different statisti-
cal methods or other mathematical methods to the predicting of mineral resources ; and the
formats of the results approached in the statistical predicting), varieties of cases and experiences
in terms of practical application , the construction of computer programming system and expert
system used for the predicting and cvaluation of mineral resources , etc . For the past several
years , significant results have been obtained and richer experience has been accumulated in
terms of the researches into the above —mentioned problems .The present “ International Work-
shap on Statistical Prediction of Mineral Resources ™ is smoothly held in China University of
Geosciences , Wuhan |, for the purpose of exchanges of these results and experiences , the discus.
sion of the problems concerned by all parties , the enhancement of international academic com-
munication and cooperation , and the promotion of the development in statistical prediction of
mineral resources . The workshop is sponsored by China University of Geosciences ( Wuhan),
IAMG , COGEODATA, and the Commission of Mathematical Geology under China Geologi-
cal Association , and assisted by Professor F.P. Agterberg and Professor F. Bonham — Carter in



Canadian Geological Survey .

The workshop has gained warm responses , broad support from cxperts and scholars in
mathematical geology at home and abroad , and to be particular ,acquired substantial financial
aids from China National Commission on Natural Sciences Fundation and “K .C .Wong Edu-
cation Fundation, Hong Kong ", to which we express deep gratitude here . The workshop has
received 104 abstracts of the articles . These abstracts are compiled under four headings : statisti-
cal predicting theory , statistical predicting method , statistical predicting application , and
others . For the convenience of the readers at home and abroad , every abstract is printed in
both Chinese and English languages . The abstract book is compiled and examined by Wang
Renduo , Wei Min , Zhang Guanggian , Jin Youyu and Hu Guangdao in the Research Institute
of Mathematical Geology and Remote Sensing Geology , China University of Geosciences
(Wuhan ) ; and its English version is examined and proofread by Xu Bingtao , Guo Fanmin |,
Ge Yafei , Wang Renduo and Zhang Guangqian . The editors of this abstract book are Wang
Hengun , Yang Yong and Li Ping of the cditorial department of “EARTH SCIENCE ", to
whom we express our thanks .

The Organization Committee of the
International Workshop on Statistical
Prediction of Mineral Resources

March 29 1990
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SPATIAL RELATIONSHIPS OF MULTIVARIATE DATA.

E.C. Grunsky
(CSIRO, Perth . Western Australia 6014)

F.P. Agterberg
(Geological Survey of Canada , Ottawa . K1 AQES }

A significant advantage of multivariate methods is that they reduce the number of variables
required to describe the relationships between the variables and the relationships between the
samples . However ,these methods do not account for the relationships of the samples over ge-
ographical space. This can be achieved by the use of the method of spatial factor analysis .

Spatial factor analysis {SFA)is a multivariate method that extracts factor scores of varia-
bles with common spatial characteristics . This is achieved by deriving estimates of auto—and

 crosscorrelations of the variables . The method can be applied over a range of neighbourhoods
to extract factors that are spatially significant for specific ranges . A number of autocorrelation
models can be applied to the data which can yield difierent estimates of the spatial association.

A one” point spatial factor analysis model derives factors by the formation of transition ma-
trix comparing auto— /rosscorrelations at lag ‘0'with a specified lag ‘d’. This can be ex-
pressed as : :

[Ul=[R)'[R]
The matrix U can be decomposed into its spectral components which represent the different spa-
tial factors . Large positive { > >1 )or negative ( > > —1 )eigenvalues can occur as a result of
approximate linear relationships between the variables which can be the result of a lack of preci-
sion in estimation of the functions . Anisotropy can also cause the methed to fail . The success
of the technique depends en the amount of associated noise and the size of the neighbourhood
relative to the spatial range of the variables considered .

A quantitative assessment of the goodness of fit can be applied to the nsu]ts using squared
multiple correlation coefficients . Thus . each spatial factor can be tested s to its contribution
to the overall spatial structure of the data.

This technique is being extended to include two reference points . The corresponding spatial
factors can be derived from the following relationship :

[T [

The factors derived from this relationship assess simultaneously ,the spatial continuity of the va-
riables over two lag distances Ra and R,,.



The technique has significant applications in studies where several variables have different
spatial ranges or zones of influence . SFA has been applied to multiple unconditional
simulations , geochemical datasets ,and remotely sensed data . The advantages of SFA are illus-
trated when it is compared with standard principal components analysis .
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