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A B S T R A C T

This paper describes a software tool and its application to the China National Mineral Resource Assessment
Initiative (CNMRAI). The initiative was carried out throughout China from 2007 to 2013, creating collaborations
among geological societies from institutions such as academies, universities, companies, and local geological
surveys. A geographic information system (GIS)-based tool was designed, providing functions for database
management of the multiple original spatial datasets, modelling, targeting, estimation, and visualization to assist
participants in assessing mineral resource potentials. During this initiative, geologists used the tool to generate
mineral potential maps and assess undiscovered resources for the 25 major types of mineral resources in China.
First, the requirements of the tool were introduced; second, the framework and major functions of the tool were
delineated and developed; and third, a case study of gold resource assessment from a project of the CNMRAI in
the Bayan Obo region, Inner Mongolia, China, was discussed. In addition, the mineral potential map was dis-
played by terrain rendering. This paper also provides interpretations of the results of a prospectivity analysis
based on conceptual geological models. Discussions of the new requirements and techniques for modelling and
assessing will be used to further develop the Mineral Resources Assessment Software (MRAS).

1. Introduction

Mineral resources are composed of minerals and rocks, which are
formed through various geological processes in multiple stages, occur-
ring with a certain tonnage and grade that they are viable for ex-
ploration and can be mined into commercial products. To discover
unknown ore deposits and estimate undiscovered mineral resources,
two major conceptual models have been developed. The first is an ap-
proach based on mineral deposit models (Cox and Singer, 1986). Singer
(1993; Singer and Berger, 2007) proposed a group of mineral resource
assessment methodologies based on mineral deposit models or mathe-
matical models. Cox and Singer (1986) described 85 mineral deposit
models; following the models, the grade and tonnage model (Singer and
Cox, 1988; Bliss, 1992; Ye et al., 2007; Ye and Xue, 2007), deposit
density model (Bliss and Menzie, 1993), economic model (Camm, 1991;
Smith, 1992; Singer and Menzie, 2010), and quantitative model (Singer
and Kouda, 1996) were proposed to generate predictive maps and es-
timate metal resources in undiscovered deposits. Of these, the 3-part

model (Singer and Cox, 1988; Grunsky, 1995) is well known and widely
used. Two models are made in this methodology: (1) the same types of
deposits have similar geologic features, and (2) formulations of grades
and tonnages respectively can be determined based on the known mi-
neral deposits; the essence of the above methods is a process of analogy
and extrapolation based on known deposits. A major dispute in these
method on the age differences among study areas and deposits would
occur. Thus, the second is a mineral systems approach (Wyborn et al.,
1994; Knox-Robinson and Wyborn, 1997; Zhai, 1999; Hronsky and
Groves, 2008; McCuaig et al., 2010, 2014; Hagemann et al., 2016) that
delineates potential maps based on multiple scales analysis and relevant
geochemical process. In particular, McCuaig et al. (2010, 2014) sum-
marized the translation framework of a mineral system in a four-step
process, linking the conceptual components with the data available to
support practical exploration targeting. The four steps involve a gradual
model: identification of the (1) critical processes that must occur for a
mineral deposit to form, (2) constituent processes through which the
critical processes can proceed, (3) geological indicator elements
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necessary to show that mineralizing processes have taken place, and (4)
mappable features that can be used to detect the targeting elements
either directly or by proxy.

At the same time, over the past 20 decades, several techniques have
been developed to optimize exploration datasets and aid in constructing
mappable features that illustrate how mineralization potential, or
prospectivity, changes over an area. An important motivation of such
techniques is geographic information systems (GISs) are widely in-
troduced (Bonham-Carter, 1994) and used (Grunsky et al., 1994). GIS is
computer-based environments designed for efficient storage of a diverse
range of spatial and non-spatial datasets and allow effective data vi-
sualization, analysis, and integration. A GIS-tool (Bonham-Carter,
1994) for exploration targeting provides geologists with what is con-
sidered the feasible pipeline to analyse different types of spatial data
and design functions to streamline the exploration process. Bonham-
Carter (1994) has systematically introduced modelling and integrating
single maps, pairs of maps and multiple maps, emphasizing how spatial
data from a variety of sources (principally paper maps, digital images
and tabular data from point samples) can be captured in a GIS database,
manipulated and transformed to model particular features in the data
and combined within a dataset to produce new maps, which are useful
for decision making and for understanding spatial relationships. Many
geologists follow the framework described above to construct models
and delineate mineral potential maps (e.g., Hayashi, 1950, 1951;
Bonham-Carter and Agterberg, 1989; Agterberg, 1993, 1995; Brown
et al., 2000; Zhao et al., 2001, Zhao, 2002, Zhao et al., 2003, 2007;
Cheng et al., 1996, Cheng, 2015; Cheng and Agterberg, 1999; Knox-
Robinson, 2000; D’Ercole et al., 2000; Porwal and Carranza, 2001;
Harris et al., 2001; Porwal et al., 2006, 2010; Carranza et al., 2005,
2008, Carranza et al., 2009; Carranza, 2009; Carranza, 2010; Nykänen
et al., 2008; Nykänen, 2008; Zuo et al., 2009; Asadi et al., 2015;
Perrouty et al., 2014; Zhao et al., 2014; Vollgger et al., 2015; Li et al., in
review).

The above two conceptual models i.e. mineral deposit model and
mineral systems, and GIS technology were integrated to construct
models and exploration targeting based on multiple spatial datasets of
aspects such as geology, geochemistry, geophysics, and remote sensing
characteristics.

Our paper introduced a software tool and applied the tool to a case
study of the China National Mineral Resource Assessment Initiative
(CNMRAI). First, we analysed the requirements for the tool; second, we
developed the framework and functions; third, we discussed a CNMRAI
project case study for identifying gold resources in the Bayan Obo re-
gion, Inner Mongolia, China, and displayed the potential maps via
terrain rendering to more easily understand them; and finally, we de-
scribed the targets and discussed how the tool can be improved in the
future.

2. Mineral resource assessment software

2.1. Background

The CNMRAI was funded by the Chinese central government, and
many academies, universities, and local geological survey agencies
were involved (China Geological Survey, 2013). The proposed project
aims to summarize the metallogenic models and prediction models,
delineate mineral potential maps, and estimate undiscovered resources
of 25 major minerals, such as rare earth, copper, nickel, gold, iron,
bauxite, manganese, lead, zinc, antimony, and tin in China (Bagas et al.,
2017; Xiao et al., 2017). Considering the amount of work and predicted
amount of data, an information management system was developed and
deployed (Bagas et al., 2017).

Specifically, during the first stage of the CNMRAI, between 2007
and 2010, the focus was on metallogenic models, mineral deposit
models, and mineral resource assessment for 11 types of minerals, in-
cluding Au, Al, Cu, Fe, Pb, Zn, W, Sb, rare earth, K, and P. Additionally,

during this stage, the project developed a tool called Mineral Resources
Assessment Software (MRAS) v2.0 to assist with the assessment cap-
abilities. The tool inherited major functions from MRAS v1.0, which
was developed during the 1990s. However, the new version represents
great progress because it implements a uniform graphic user interface
(GUI) for different types of data sources processing, such as geological,
geochemical, and geophysical, and supplements and improves func-
tions. Additionally, MRAS v2.0 employs a spatial database engine (SDE)
to manage original datasets, to perform the basic functions of data
storage, reading, retrieval and management by combining the spatial
data and a relational database management system (RDBMS), and to
improve the input/output capability of MRAS, providing a 2.5-dimen-
sional visualization environment for displaying prospectivity. The
second stage of the CNMRAI was from 2011 to 2013 and involved the
assessment of another 14 types of commodities, including Mn, Sn, Ni,
Mo, Ag, Cr, Mg, B, Li, F, S, Ba, coal, and uranium. In the remainder of
the paper, we abbreviate MRAS v2.0 as MRAS.

2.2. Requirements for MRAS

Porwal and Carranza (2015) summarized three critical parts of GIS-
based mineral potential mapping: (i) research for a conceptual geolo-
gical and metallogenic model, (ii) the collection of data and construc-
tion of predictor variables (maps), and (iii) the integration of re-
presentative predictor variables that are output to a targeting model
(map).

Specifically, when geologists assess and evaluate a study area, they
must consider the specific ore deposit types, and then determine and
deal with which datasets they need to collect and how to i) generate the
proxies (features) based on the collected original geology, geochem-
istry, geophysics and remote sensing data with respect to the geological
knowledge and mathematical models; ii) select the favourable features;
iii) integrate these proxies into the quantitative predictions, and de-
lineate targets; iv) estimate resources; and v) visualize and retrieve
achievements database so as to assist geological survey and exploration
in studies. Clearly, using a GIS-based tool for such an assessment is a
valuable way for geologists to process large spatial datasets and achieve
efficiency and reliability. However, we emphasize that a mineral po-
tential map via GIS-based tools is a synthetic product based on a con-
ceptual geological model and multiple spatial interpretation rather than
a product of computer processing.

In summary, considering background in Section 2.1 and this section,
a GIS-based tool for the CNMRAI should be composed of 5 parts: i)
database management, ii) identification of proxies (predictors) based
on multiple datasets, iii) integration of favourable features, iv) resource
estimation, and v) visualization, as shown as Fig. 1.

2.2.1. Spatial database
Multiple spatial datasets are basement for GIS-based mineral re-

source assessments. A spatial database is mainly used in GIS-based tools
and intended for capturing, storing, analysing, and managing data that
are spatially referenced to Earth (Boyal and Chaki, 2012). A spatial
database firstly is composed of original set of layers, and secondly ad-
dresses capability for storing and querying data that represent geolo-
gical objects defined in geometric graphics. Manifestation of spatial
database typically consist of records storing entities, their attributes,
and their relationships to other records (Hamylton and Prosper, 2012).
Commonly, realization form of spatial database is to employ standard
relational database technology to represent geographic information and
supports the storage and management of a spatial table called the
standard database management system (DBMS). A DBMS table stores a
set of elements, which the rule is one element in each row, with col-
umns representing the spatial distribution, geometry, attribute data-
base, and explanation of favourable elements. On the other hand, the
spatial database mush store disparate file formats representing geolo-
gical, geochemical and geophysical datasets.
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