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Foreword

The book entitled “ Quantitatively Integrated Techniques for Assessment of Mineral Resources Based on GIS” con-
sists of three parts written by Dr. Chen Yongqing, Dr Chen Jianguo and Dr. Wang Xinging et al. The theories,
methods and techniques for quantitative assessment of mineral resources are briefly summarized in Part I. At the
early of 1980s, certain methods and techniques for mineral resources assessment by using computer were introduced
into China by Mr. R. B. McCammon, Mr. J. M. Botbol, Dr. G. R. Clark and Dr. N. Nishiwaki, researchers
of the No. 98 project of International Geological Correlation Program. Since then, the national assessment of mineral
resources had been implemented over China, including the disaggregated and aggregated estimates of undiscovered
deposits. The total amounts of mineral resources for a few of commodities such as iron, nickel, copper and gold etc
were obtained, and a set of ore-forming potential areas are delineated through this national project. At the same
time, a number of specialists familiar with quantitative resources assessment techniques grew up in practice that laid
the foundation for further implementing quantitative assessment of mineral resources. At the same time of learning
advanced techniques and experiences from abroad, we paid more attention on innovation and enrichment of the
quantitative resources assessment theory, and improving the assessment techniques and developing the special GIS
system for quantitative assessing mineral resources. In past decades, mineral resources assessment, from the statis-
tical prediction of ore deposits based on the principle of “similar-analogy” to the geo-anomaly theory based on the
principle of “searching for differences” and to the latest theory of three component quantitative mineral prediction
based on integrated digital ore-prospecting pattern, from the assessment techniques based on unitary factor correla-
tion analysis to quantitatively integrated assessment lechniques based on GIS, from the linear mathematical models
based on the traditional geological concepts to the nonlinear mathematical models based on the complexity theory of
geosciences, has gone a complicatedly successful way, which makes the theory, methodology and technique of
quantitative ore-forming prognosis tend to be perfect and completed. The all basic contents and new development of
quantitative assessment of mineral resource mentioned above are introduced at varied extends in this book. Because
the contributors of this book are pioneers who practice quantitative resource assessment, the important points of
quantitative resource assessment are stressed on in theoretical elucidation and the key methods and techniques are
clearly demonstrated in this book, which make it easy to understand for readers, especially for the beginners. Part
I is a very important part of this book, covering nine chapters. Firstly, the fundamental spatial data management
system for mineral resource are explicitly introduced, including the fundamental data of geosciences for mineral as-
sessment, the design of spatial database, the system function and the requirements of spatial database, development
and function realization of spatial database management system and so on. Secondly, the general design of metal ore
resources prediction and assessment system ( MORPAS3.0) is elucidated and how to realize the following tech-
niques for quantitative mineral estimation in MORPAS is demonstrated, including the conventional spatial analysis
in geophysics and geochemistry, Geostatistical analysis, fractal filter and spatial principal component analysis, ex-
traction information by wavelets, and inlegrated quantitative assessment of mineral resources. Almost all conven-

tional quantitative assessing techniques are introduced in this part that the readers may easily chose various kinds of
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techniques for extraction of ore-forming information and mineral assessment according to their practical needs. In
Part III, the case studies in three typical ore-forming belts, including the south segment of *“Sanjiang” ore-forming
belt in southwestern China, the adjacent area between Shaanxi and Gansu province, and the eastern Tianshan ore-
forming belt, are introduced to show the advantage of mineral estimation by using MORPAS3. 0. The sequences in-
clude the following steps: (a) the studies on the ore-forming diversity, ore-forming series, ore-forming spectrum
and ore-forming regularity; (b) ore-forming information extraction from the geological, geophysical, geochemical
and remote sensing data; (c) the delineation and assessment of the ore-forming target areas based on ore-forming
geo-anomaly. Because these case studies concentrated come from writers” practices of quantitative mineral assess-
ments for a long time, this book is of abundant and concrete contents. The approaches described in this book pro-
vide good guidance and demonstration for the operation of national mineral resources assessments.

The general idea combined three bases - model base, data bases, and method base into one body is highlighted
in the book. Of course, the special type of mineral deposit models are not included, but when mineral assessment
is implemented in one ore-forming region, the special mineral deposit model base could be established according to
requirement to help select prognosis variables and interpret the assessment results based on analogy.

The current methods and techniques of the quantitative mineral resource assessment are summarized in this
book. However in the new century, not only the exploration of replaceable resources for crisis mine but also the na-
tionwide mineral resource potential assessments are all facing the same subject, that is the mineral assessment in
depth. Recently, the guidance and implication of promoting deep mineral exploration issued by the Ministry of Land
and Resources recently requires that the national mineral resource exploration should extend into depth to make im-
portant breakthrough in mineral exploration. The guidance and implication propose to implement mineral potential
estimation under 500 meters to 2000 meters in some crisis mine fields, and extend the exploring depth of important
commercial ore bodies for 1500 meters. Therefore, facing the new national needs, the theory, methods, and tech-
niques of integrated quantitative assessment of mineral resources must make innovation to solve new problems,
which is becoming the national goal and the scientific subject need to further study for new generation of mineral re-
source assessment system.

As the summarization and conclusion of one period or certain stage for quantitative resource assessing methods
and techniques, the significance of this book is equal to annals and a milestone of quantitative mineral resource as-
sessments. The basic contents in the book will take profound effect as the reference and guidance on quantitative
mineral resource assessments for a long term. Nevertheless, the innovation and improvement on the assessment the-
ory, method and technique should be emphasized in practice to make it more perfect. Believe that everyone who

reads this book will make new contribution to our national quantitative resource assessments in their application
field.

Academician of Chinese Academy of Sciences

Former President of China University of Geosciences

Choo Penpde

February 28, 2008



Preface

With the advent of the 21st century, the highly speed economic development of China need consuming the
huge amounts of mineral resources. The national project for a new cycle of land resources survey for twelve years
starts to be implemented to meet this demand. It is at key time that the Ministry of Sciences and Technology succes-
sively financed two projects of both one that developed a special GIS software for assessment and prediction of min-
eral resources during 2001 ~2003 (2001BA609A02) and that one that studied the development and application of
this GIS software in assessment of mineral resources during 2004 ~2005 (2003BA612A02) in “tenth national five
years plan” to provide technical support for the national mineral assessment. The main tasks of the projects are s
follows: (a) apply advanced technique of both GIS and mineral assessment to develop and improve a special GIS
software for assessment and prediction of mineral resources on the MORPAS 1.0 ( Metal Ore Resource Prediction
and Assessment System, vision 1.0) ; (b) combine this research with the mineral resource assessment project
from the new cycle of land resources survey and apply the newly developed MORPAS software in assessment of the
advantage and short minerals such as copper, lead, zinc, gold and silver etc. in some ore-forming belts in western
China. In order to do it better, China Geological Survey set up a series of projects which apply the new MORPAS
software in assessment of mineral resources, including “Establishment of geosciences and mineral database of main
ore-forming belts in China and Integration of mineral resource assessment fruits (200218310077)”, “ Quick assess-
ment technique for mineral resources (200310200082 )" and “Tracing study on exploration plans for main ore-
forming belts in China (200310200080)”.

MORPAS3. 0 with powerful function in extracting and integrating ore-forming information from the multidisci-
pline geo-scientific data such as geology, geophysics, geochemistry, and remote sensing image is created through
the research group’ innovative works for five years and apply MORPAS3. 0 to quantitatively delineate and assess a
few ore-finding target areas in the south section of “Sanjiang” ore-forming belt in southwestern China.

1. MORPAS3. 0 in the key techniques made the following breakthrough progresses.

(a) Engineering plan of management is realized in MORPAS3. 0 through developing, transplanting and revi-
sing all function molds from MORPASI. 0 based on CPRJEditView and CPRJListView.

(b) Under the engineering frame of management, a few powerful function from MapGIS are integrated into
MORPAS3. 0, including both tool functions such as graphic edition, spatial analysis, attribute statistics, transform
of data format, in and out of map and file, transform of projection; and special functions such as unit division, en-
dowment value for geological variables, extraction and integration of ore-forming information from the multidiscipline
geo-scientific data and assessment of mineral resources.

(c) In the processes of developing software, two types of software dogs of both the parallel interface of MapGIS
and the interface of USB supporting quadratic develop functions are used to make MORPAS3. 0 fit to various kinds
of usages such as mineral, environment and hazard assessment.

(d) Newly develop a few modules containing multi-fractal, principal component spatial analysis, and wavelet

analysis and these techniques can be applied to better solving the extraction of hidden and weak ore-forming infor-
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mation from complicated geological background.

(e) The key techniques such as exiraction, connection, transform and integration of ore-forming information
from the multidiscipline geo-scientific data are realized in MORPAS3. 0, which lay a foundation for quantitative as-
sessment of mineral resources using integrated ore-forming information.

2. Application of MORPAS3. 0 in quantitatively delineating and assessing a few ore-finding target are-
as in the ore-forming belt in western China for providing new ore-finding areas for national strategic explo-
ring and assessing mineral resources in the area.

(a) The multi-fractal technique (S-A) is successfully applied to extracting the hidden and weak ore-forming
anomalies of copper and zinc, and a few of anomalous and mineralized zones (districts) of lead-zinc, copper and
gold are discovered in the south segment of “Sanjiang ore-forming belt in southwestern China, which open up new
areas for searching the deposits of lead-zinc, copper and gold.

(b) MORPAS3. 0 is applied to quantitatively delineating and assessing a lot of new ore-finding target areas of
copper, lead, zinc, nickel, tin, gold, and platinum etc. of main ore-forming belts such as the *Sanjiang” ore-
forming belt in southwestern China, the eastern Yunnan province ore-forming zone, the eastern Tianshan ore-form-
ing belt, and the ore-forming area adjacent Sichuan, Shaanxi and Gansu provinces etc. , which provide new ore-
finding areas for national strategic exploring and assessing mineral resources in the area mentioned above.

3. Popularizing application of MORPAS3. 0

MORPAS3. 0 is a special GIS software system with independent intellectual property rights and arrives at level
of popularizing application. The workshops on MORPAS2. 0&3. 0 were held respectively both during may 8-14,
2004 in Kunming city and during April 22-28 , 2006 in Sanya city by China Geological Survey. About 180 persons
were trained from the Geological and Mineral Division, the Metallurgical Industry Division, the Nonferrous Metal
Industry Division the Nuclear Industry Division and the Armed Police Force Division for Prospecting Gold etc.
MORPAS3. 0 is also applied to quantitatively delineating and assessing ore-finding target areas in many provinces
such as Yunnan, Henan, Gansu, Shaanxi, Jiangxi, Hubei etc in China. In conclusion, MORPAS3. 0 arrives the
level of popularizing application.

4. The Database Management System for Mineral Potential Belts of China based on both MapGIS and
ArcGIS platforms has been successfully developed by aid of matching fund from geological survey project.

The Database Management System based on Client/Server structure is able to realize fast transform and trans-
mit between different software and hardware system. At the same time the integrated basic spatial database from ge-
ology, geophysics, geochemisiry, and remote sensing image of the fourteen main ore-forming belts of China is es-
tablished, which provides data basis for assessing mineral resource potential in this belts.

It is based on the research fruits mentioned above that this book is written on reading and referencing a lot of
relevant literatures from domestic and oversea at the same time.

This book consists of twenty chapters besides foreword and preface and it is divided into three parts. The con-
tributors are as following. Preface is written by Chen Yongging. Part I is Quantitative Methods and techniques for
Integrated Assessment of Mineral Resources, including five chapters. Chapter 1 Introduction ( written by Chen
Yongging) ; Chapter 2 Quantitative assessment of mineral resources based on GIS (written by Chen Yongqing and
Huang Jingning) ; Chapter 3 Quantitative assessment of mineral resources based on geo-anomaly theory ( written by
Chen Yongging and Liu Hongguang) ; Chapter 4 Quantitatively integrated assessment of mineral resources based on
the ore-forming series theory (written by Chen Yongging and Liu Hongguang ) ; Chapter 5 Three-part quantitative

assessment of mineral resources (written by Chen Yongging and Huang Jingning). Part II is Development of the
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System for Quantitatively Integrated Assessment of Mineral Resources, including nine chapters. Chapter 6 The bas-
ic spatial database designed for mineral resources assessment (written by Wang Xinqging and Wang Yong) ; Chapter
7 Function design and requirements of database management system ( written by Wang Xingqing and Wang Yong ) ;
Chapter 8 Development and function realization of database management system ( written by Wang Yong and Ju
Feng) ; Chapter 9 General design of mineral resources assessment and prediction system (written by Chen Jianguo,
Hu Guangdao and Chen Shouyu) ; Chapter 10 Realization of the conventional spatial analysis in geophysics and ge-
ochemistry (written by Chen Jianguo, Chen Chao and Chen Shouyu) ; Chapter 11 Realization of Geostatistical anal-
ysis in MORPAS (written by Chen Jianguo and Chen Zhijun) ; Chapter 12 Realization of fractal filter and spatial
principal component analysis in MORPAS (written by Zhang Shengyuan and Zhao Binbin) ; Chapter 13 Realization
of extraction information by wavelets in MORPAS ( written by Chen Jianguo and Hu Fei) ; Chapter 14 Realization of
quantitatively integrated assessment of mineral resources in MORPAS (written by Chen Jianguo, Cao Yu and Chen
Shouyu). Part IIT is Application of Quantitatively Integrated Mineral Resources Assessment System, including six
chapters. Chapter 15 The geological background and ore-forming geo-anomalies in the south segment of “Sanjiang”
ore-forming belt, southwestern China (written by Chen Yongging and Liu Hongguang) ; Chapter 16 Ore-forming se-
ries and ore-forming spectrum of the ore deposits in the south segment of “Sanjiang” ore-forming belt, southwestern
China ( written by Zhang Shouting and Sun Huashan) ; Chapter 17 Quantitatively integrated assessment of mineral
resources in the south segment of “Sanjiang” ore-forming belt, southwestern China (written by Chen Yongging and
Xia Qinglin) ; Chapter 18 Quantitatively integrated assessment of mineral resources in the adjacent area between
Shaanxi and Gansu provinces (written by Chen Jianguo and Xie Huaming) ; Chapter 19 Quantitatively integrated
assessment of mineral resources in the eastern Tianshan ore-forming belt (written by Chen Yongqing and Xia Qing-
lin) ; Chapter 20 Conclusion and prospect ( written by Chen Yongqing).

It is impossible for us to write this hook without the support of many individuals and organizations. This sup-
port is gratefully acknowledged. The organizations include the Development Division of Agriculture and Society, the
Ministry of Science and Technology of China; the Division of Science and Technology and International Coopera-
tion, the Ministry of Land and Resources; the Department of Science and Technology and Foreign Affairs, CGS;
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