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Abstract: For the thematic Program on China’s national mineral resources’ potentials assessment
(2006—2013), the research group has collected such abundant references as 1:50, 000, 1:200, 000
and 1:250, 000 regional geological survey data (including the 1:250, 000 regional geological survey
results from the Qinghai-Tibet plateau in 1999—2005), geological research results, scientific research
monographs and important geological literatures as well as geophysical, geochemical, and remote
sensing prospecting inferred results. Having digested all these data, the group has compiled serial
first-hand data map-sheets at scale of 1:250, 000 and created the spatial database for the metallogenic
geological setting researches. Applying the suite-tectonic analysis method and map-compiling
techniques with such modern information technologic means as data models, quality-controlling
models, and GIS software, the group has further compiled multiple map-sheets, created new databases,
and summarized and integrated all these results in line with standard serial map-sheets, and has
established the spatial database of serial suite-tectonic map-sheets of mainland China (1:250, 000).
The database has included 729 map-sheets as well as their corresponding compilation explanatory
notes and map-compiling metadata, roughly covering the entire mainland China. Compared with the
traditional edition of the geological maps database which is characterized by using the stratigraphic
units of System and Formation as the basic map-compiling units, this database has some outstanding
advantages. Firstly, the essential mapping elements in the principal map are as fine as lithological
units (quasi-Member), which are actually the finest mapped lithological components under the litho-
stratigraphic unit ‘Formation’. Secondly, different occurrences of the lithological units are expressed
with the respective lithological patterns, objectively presenting the physical tracks and lineaments of
lithological suites and geological structures, systematically reflecting the geological processes and their
evolutionary characteristics, and being convenient for direct map reading and utilization. In general,
this database can provide fundamental information for the compilation of 1:500, 000 or smaller scaled
tectonic map-sheets, can directly offer essential factors for 1:250, 000 and smaller scaled regional
mineral resources prediction, and can supply thematic base maps of geological structures for
1:250, 000 and smaller scaled minerogenetic regularity researches. It has also held extensive and
long-term values for duplicative utilizations in geological survey and ore-prospecting, geo-hazard
mitigation, hydrological, engineering and environmental geological surveying, geothermal resources
exploration, and ecological conservation.
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1 Introduction

Executed during 2006—2013, the thematic Program of China’s national mineral
resources’ potentials assessment is a nationwide survey of key mineral commodities. In
the Program, the geological scientific research forces are mobilized at such 3 levels as
national, regional (referring particularly hereinafter to the 6 regional or multi-provincial
subordinate branches of China Geological Survey, see the immediate next paragraph
for details) and provincial levels (including 4 municipalities directly under the central
government, and 5 autonomous regions) of China, and such 9 research groups (projects
or subjects) as geological settings of metallogenesis, minerogenetic regularity study,
application of gravity data, application of magnetic survey data, application of geochemical
exploration data, application of remote sensing prospecting data, application of natural
heavy mineral survey, mineral resources’ prediction research, and comprehensive

® are set up respectively for the aforementioned each level.

information integration
The research group has adopted the prediction methodology of deposit modeling plus
integrated geological information, and has applied computer and GIS technologies to
process the first-hand geological data. Administratively, the group has standardized the
same technical requirements for all the aforementioned 3 levels of research forces from
national level downwards, and has meanwhile academically concluded and synthesized the
basic research results from provincial level upwards; this two-way mechanism has greatly
contributed to the accomplishments of a quantitative potentials assessment of China’s 25
key mineral commodities (e.g., coal, uranium, iron, and copper) as well as their spatial
distributions. The results of this Program have perfectly portrayed a comprehensive picture
of China’s whole mineral resources potentials, and have yielded out a big quantity of
creative achievements, and have further actually fixed this Program firmly to the position
of a most systematic, most comprehensive, and most authoritative national-level survey of
China’s general situation of mineral resources’ potentials.

The Spatial Database of Serial Suite-Tectonic Map-sheets of Mainland China (1:250, 000)
(hereinafter, SDSSTMMC) is one of the fruits of the thematic Program of China’s national
mineral resources’ potentials assessment. It has been carried out by research groups on
geological settings of metallogenesis and research groups for comprehensive information
integration at the national, regional (including North China, Northeast China, East China,
South Central China, Southwest China, and Northwest China; i.e., the aforementioned
6 subordinate multi-provincial regional branches of China Geological Survey), and
provincial levels (including municipalities and autonomous regions: Beijing, Tianjin,
Hebei, Shanxi, Shandong, Henan, Inner Mongolia, Heilongjiang, Jilin, Liaoning, Jiangsu,
Anhui, Zhejiang, Jiangxi, Fujian, Hubei, Hunan, Guangdong, Guangxi, Hainan, Sichuan,
Chongqing, Yunnan, Guizhou, Tibet, Shaanxi, Gansu, Ningxia, Qinghai, and Xinjiang).
The research groups have completed their tasks based on the technical requirements of
research on geological settings of metallogenesis, the data models of mineral resources’
potentials assessment, and data integration database construction technologies. The public
version of SDSSTMMC has been issued on the website (http://dcc.cgs.gov.cn). The basic
information is shown in Table 1, wherein the base data used for individual 1:250, 000
serial suite-tectonic map-sheets corresponds to 1:250, 000 serial first-hand data map-sheets
on geological settings of metallogenesis:
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Moreover, the national research group on geological settings of metallogenesis has
facilitated the formulation of Technical Requirements of Researches on Geological
Settings of Metallogenesis (Ye Tianzhu et al., 2010). And the national research group
for comprehensive information integration has led in studying and formulating the data
model series of mineral resources’ potentials assessment (Zuo Qunchao et al., 2011a,
2011b, 2011c, 2011d, 2011e, 2012a, 2012b, 2013, 2015a), integrated database-construction
methods and technologies of national mineral resources’ potentials assessment (Zuo
Qunchao et al., 2012, 2013a, 2015b, 2015¢c), and map compilation and database-
construction technical specifications series of the national mineral resources’ potentials
assessmentewe; meanwhile, it has also facilitated the research and development of such

database construction software as GeoMag, GeoTok, GeoDQC, GeoPEX and DipMopa
(Zuo Qunchao et al., 2015b, 2015¢); in addition, this national research group joined hands
with regional research groups on geological settings of metallogenesis and comprehensive
information integration so as to provide provincial research groups with training courses
about map compilation technical requirements, data models, database construction
technical requirements and relevant software systems, on-the-spot guidance, and quality
inspection and acceptance checks. Later on, they have summarized all the results and
completed the integration and database construction work. Furthermore, the provincial
research groups on geological settings of metallogenesis and comprehensive information
integration have completed their work on 1:250, 000 serial first-hand data map-sheet
databases in the range of intra- and trans-provincial boundary. In this way, they have also
completed the compilation of 1:250, 000 serial suite-tectonic map-sheet databases in the
range of intra- and trans-provincial boundary, and has realized data in-putting, quality self-

inspection, revising, and result submission®.

Table 1 Metadata table of Database (Dataset)

Items Description

Database (dataset) name  Spatial Database of Serial Suite-Tectonic Map-sheets of Mainland China
(1:250, 000)

Database (dataset) authors Zuo Qunchao, Development and Research Center of China Geological Survey
Ye Tianzhu, Development and Research Center of China Geological Survey
Feng Yanfang, Development and Research Center of China Geological Survey
Ge Zuo, Development and Research Center of China Geological Survey
Wang Yingchao, Development and Research Center of China Geological
Survey

Data acquision time The base data cited in map compilation and database construction is as of the
end of 2006, and some information is as of the beginning of 2013.

Geographic area Mainland China
Data format *wl, *.wt, *.wp
Data size 16.6 GB

Data service system URL  http://dcc.cgs.gov.cn

Fund project Comprehensive information integration on China’s important mineral
resources’ potentials assessment (1212011121041)
Research on the geological settings of metallogenesis of China’s important
mineral resources (1212011121036)

Language Chinese
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Continued table 1

Items Description
Database (dataset) It consists of 729 sheets of 1:250, 000 scaled standard serial suite-
composite tectonic map-sheets (covering the entire mainland area of China) and their

corresponding compilation explanatory notes and map metadata documents.

2 Data Collection and Processing Methods

2.1 Definitions of Basic Concepts and Maps

2.1.1 Geological Structures

According to A Dictionary of Earth Sciences (2006), Geological Structures, also named
as structural lineation, are defined in 2 different visions: the first is as small- and medium-
sized tracks and traces that occur during the genesis of geological bodies (rocks), or, those
are resulted from the deformation or displacement of them after genesis, such as folds
and faults; the second is, in a more general sense as narrated in the Dictionary, as the
constructional assemblages of the geological bodies and the reciprocal allocating mosaics
and general lineation features of their internal units or components at sizes from global
to ultra-microscopic. In a common sense, geological structures are classified as 6 scales:
gigantic, large, medium, small, microscopic, and ultra-microscopic. The classification
of structure scales is related not only to the research fields and focuses, but also to the
research methods and means. Geological structures at different scales are embodied, on the
one hand, through their spatial assemblages and superimpositions, and on the other hand,
through the predominating ones’ controlling over the secondary ones.

However, for convenience of researches and better services to the practices of mineral
resources assessment, geological structures in this paper have been classified simply into 3
scales based on their sizes and applications instead of the aforementioned 6-scale scheme:
diagenetic (rock-controlling) geological structures, regional geological structures, and geo-
tectonics.

2.1.2 Geological Suite
According to A Dictionary of Earth Sciences (2006), a geological suite generally

refers to a set of genetically-related rock paragenetic associations formed under specific
geotectonic conditions in a certain stage of the earth’s crust development. It is believed
that geological suites reflect specific geotectonic settings in the earth’s crust evolution and
development stage and that therefore the efforts of differentiating and identifying suites
provide an important basis for determining the evolution and development stage of the
crust in a certain area. Conceptually, geological suites mean different understanding and
nomenclatures among different geologists and also varied implications and scale division
for different disciplines and practical uses.

However, for convenience of researches and better services to the practices of mineral
resources assessment, geological suites in this paper have been calibrated simply as 3
grades. The first grade is as lithological or rock association, which, corresponding to
diagenetic (rock-control) structures, refers to a single kind of natural rock or an association
of several kinds of rocks, being generally identifiable and describable in geological
mapping, and depending upon the mapping accuracy. The second grade is as rock suite,
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which, corresponding to regional structures, refers to rock associations that characterize
the suite settings and are classified into such 4 types as sedimentary rock suite, volcanic
rock suite, intrusive rock suite, and metamorphic rock suite, serving as the basic mapping
unit of suite-tectonic map-sheets. The third grade is as petro-tectonic associations, which,
corresponding to tectonic structures, refers to the rock associations that characterize the
geotectonic settings, serving as the basic mapping unit of geotectonic facies maps in
research on geological settings of metallogenesis.

The suites in this work refer to material suites, which are natural associations of one
or more types of rocks formed at the same age and under the same geological process
(sedimentation, intrusion, volcanism, or metamorphism). Therefore, the division of
suites should be generally subject to the following conditions: 1) consistent lithologies,
lithofacies and degree of metamorphism; 2) same or similar internal structures; 3) clear
boundaries; and 4) a certain large scale and distribution range.

The definitions of sedimentary rock suite, volcanic rock suite, intrusive rock suite, and
metamorphic rock suite in the suite-tectonic maps of this work are unitarily determined as
follows:

(1) Sedimentary Rock Suite: It refers to the associations of one or more types of rocks
of the same sedimentary sub-facies (or micro-facies) formed under the same sedimentation
process at the same age.

(2) Volcanic Rock Suite: It refers to the associations of one or more types of rocks
formed under the same volcanism. It is represented as per the requirements of lithology-
lithofacies two-factor mapping method; for those with multiple indistinguishable
lithofacies, the prevailing one is chosen to be mapped, while the subvolcanic rock and the
sedimentary interlayer are mapped separately.

(3) Intrusive Rock Suite: It refers to the intrusive bodies (excluding the plutonic rock
masses) formed under the same intrusion at the same age. Intrusive bodies resulted from
the differentiation of plutonic rock masses must be represented in the suite-tectonic maps.
Since rock-structure associations of intrusive rocks are generally used to trace back
their tectonic settings, it is necessary to represent the rock-structure associations in the
establishment of composite columnar section of intrusive rock suites.

(4) Metamorphic Rock Suite: It refers to the associations of one or more types of rocks
with relatively unified geological structural-type formed from the primitive sedimentary
rock, volcanic rock, and/or intrusive rock by metamorphism of the same age. In principle,
the rocks and their metamorphic levels in a same metamorphic suite should be roughly
consistent with each other; they should widely occur in a certain large ranges so that they
can be reasonably represented in the map; their structural types and occurrences show a
series of similarities in characteristics, and belong to the same protolith families; moreover,
they should be distinguishable with the other ones by their clear boundaries.

Furthermore, the followings should be noted in the classification of metamorphic
rock suites. Firstly, metamorphic supracrustal rocks and metamorphic plutonic intrusive
bodies should be correctly distinguished, and both should be represented on the composite
columnar section of metamorphic rock suites. Secondly, as metamorphic rock suites
are generally further subdivision of (Rock) Formation-level unit, metamorphic plutonic
intrusive bodies should be divided by lithology; various gneisses should be denoted with
codes as per the national standard, while the metamorphic intrusive bodies should be
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denoted as per the specifications of intrusive rocks. Thirdly, the division of metamorphic
rock suites should be reasonable, according generally to the balance of the protolith suite
and the type of metamorphism: the rock associations of the same metamorphic types with
different protolith suites should be distinguished as different metamorphic rock suites.

The research group of this paper confirms that the suite-tectonic map-sheets are different
from the System- or Formation-level geological maps, and that Suite, different from the
“litho-stratigraphic unit Formation” is the further subdivision of the Formation-level
stratigraphic unit. This is the core of this suite-tectonic map compilation.

2.1.3 Serial first-hand Data Map-sheets

In this Project, the 1:250, 000 serial first-hand data map-sheets refer particularly to those
used in the research on geological settings of metallogenesis, serving as the main original
data sources of the research. They are compiled on the basis of 1:250, 000 standard serial
geological map-sheets, being integrated with such original data as the analysis results of
regional geological surveys and studies of geological structures obtained from this circle of
the mapping.

The contents of serial first-hand data map-sheets mainly include lithologies, geological
boundaries, faults, ductile shear zones, folds, alteration zones, occurrence elements,
traverses and points of geological reconnaissance, positions of geological sections,
boreholes, fossil sampling points, isotopic ages, petrochemical, geochemical and isotopic
sampling points, various codes and annotations.

Lithology information is a detailed supplement to the original geological maps, mainly
indicating the distribution of various lithological associations or rock associations and
their interrelations. The core of this compilation work is, concerning the needs of mineral
resources prediction and geotectonic facies research, to further subdivide the map-
compiling stratigraphic units of the original geological maps, and check in detail the first-
hand mapping data, mainly including the measured sections and trunk traverses, so as to
supplement the lithologic (association) boundaries.

2.1.4 Serial Suite-Tectonic Map-sheets

In this work, the 1:250, 000 serial suite-tectonic map-sheets, refer to the maps compiled
according to 1:250, 000 standard map-sheets after the integrated analysis and study of
suites and structures based on 1:250, 000 serial first-hand data map-sheets. The research
group has studied the geological processes by sedimentation, volcanism, intrusion,
metamorphism, tectonism, and macro-deformation according to their characteristics,
and has then represented them on the serial suite-tectonic map-sheets respectively as
sedimentary suite structure, volcanic lithology-lithofacies structure, intrusive magmatic
structure, metamorphic suite structure, deformed structure, and large-scale deformed
structure. Following these steps, an integrated analysis and study of suites and structures is
carried out to prepare composite columnar sections reflecting the characteristics of spatial-
temporal evolution.

The contents of serial suite-tectonic map-sheets mainly include sedimentary rock suites,
volcanic lithology-lithofacies structures, volcanic structures, intrusive rocks, intrusive
magmatic tectonic belts (tectonic magmatic belts), metamorphic rock suites, large-scale
deformed structures, geological boundaries, fractures, ductile shears belts, folds, isotopic
age, occurrence, and.inferred geological structures by gravity, magnetic, geochemical
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and remote sensing prospecting, various codes and annotations, as well as composite
columnar sections of sedimentary, volcanic, intrusive and metamorphic suites, and table of
characteristics of large-scale deformed structures.

The serial suite-tectonic map-sheets are basic maps that have reflected geological
processes and their evolutionary characteristics. As the core of this research on geological
settings of metallogenesis, they are also the “first-hand data maps” of the geotectonic facies
research and stepping-stones for the preparation of geotectonic facies maps. Meanwhile,
the serial suite-tectonic map-sheets can be further supplemented with the first-hand data
so as to better materialize the rock suites and structures that are related to mineralization,
and consequently to form the thematic base map of geological structures in the mineral

resources prediction area.
2.2 Data Collection and Data-use Regulations

2.2.1 Data Collection

(1) The research group for this paper has comprehensively collected 1:50, 000, 1:200,
000, 1:250, 000 regional geological survey data (including the 1:250, 000 regional
geological survey results from the Qinghai-Tibet plateau in 1999—2005), including
regional geological survey result reports and regional geological survey first-hand data
(first-hand data maps, field-trip paper-back notebooks, measured sections, drilling sections,
freehand sketch sections along geological reconnaissance, cutting sections, sections
and analysis results issued in previous research works), regional geological survey map
database, and geological exploration coverage database.

(2) The group has systematically collected previous regional geological research results,
monographs and key literatures (such as the regional geological memoirs, the finely
calibrated litho-stratigraphic data), and on-line thematic academic papers.

(3) The group has completely collected 1:50, 000, 1:200, 000, 1:250, 000 and 1:500, 000
geophysical, geochemical, and remote-sensing first-hand data, as well as inferred interpretation
results of geological structures or geological bodies.

(4) Without missing any valuable information, the group has thoroughly understood the
depths of the regional geological researches, and has consequently compiled the research
maturity map.

(5) Generally, all the collected data are as of the end of the year 2013.

2.2.2 Data-use Regulations

The utilization of geological data in this Program has also followed the conventional
practice, i.e., the newer data are more likely adopted rather than the older; the larger-scaled
data are more often used instead of the smaller; the regional geological data that are used
in the map-compilation and database construction are ensured to be the most recently
obtained from the up-to-date mapping and thematic researches with the highest accuracies.
Moreover, the suite-tectonic analysis, the petro-tectonic associations, and the spatial-
temporal evolutional hierarchy are fully applied in the whole process of this Program.

In addition, the data-use of 1:50, 000 regional geological survey results is more
explicitly stipulated as the followings:

(1) The compilation of 1:250, 000 serial first-hand data map-sheets and 1:250, 000 serial
suite-tectonic map-sheets is indispensable to use the 1:50, 000 regional survey data.
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(2) In the mapping areas where the 1:250, 000 regional geological survey data overlaps
that of 1:50, 000, the new data from the former should be used to supplement the latter.

(3) The 1:50, 000 mapping data should be used reasonably and effectively according
to the specific circumstances. As the 1:50, 000 maps are issued by different explorers in
different years, their mapping qualities and precisions vary remarkably; consequently, they
should not be indiscriminately copied and mechanically applied. Therefore, the 1:50, 000
mapping data should be evaluated before use so as to distinguish the specific mapping
quality, and then decide whether fully or partly to use, or even to abandon the 1:50, 000
data, and thereby reach the target of rationality and effectiveness.

2.3 Data Processing and Integration

2.3.1 Preparation of Data Processing

Based on the thorough collection, deep digestions, and effective utilization of all the
existing first-hand data and comprehensive results, the research teams have well prepared
for the necessary technical requirements of the further researches and map-compilations,
which are mainly as follows:

(1) Geographical base maps and related databases;

(2) Geological map databases at 1:50, 000, 1:200, 000, 1:250, 000 scales as well as
geological exploration coverage databases;

(3) Preliminary analyses on the sedimentation, volcanism, intrusion, metamorphism,
and tectonism; and the classification and correlation working schemes on lithological
stratigraphy, volcanic eruption, magmatic intrusion, metamorphic geological units, and
tectonic divisions and evolutional stages; and

(4) Calibration of detailed regulations for map-compilation (including unified symbols
and patterns), based on the Data Models of Researches on Geological settings of
Metallogenesis (Zuo Qunchao et al., 2011a).

2.3.2 Data Integration

The research on regional metallogenic geological structures, which is based on first-
hand geological data and research results from regional geological field surveys, is aimed
at analyzing regional geotectonic settings and re-constructing their dynamical evolution
through integrating the suite-tectonic characteristics of regional geological structures.
It targets at offering the macroscopic prerequisites for the forecasting of a certain kind
of mineral commodity, with supports from the analysis of ore-forming regional tectonic
evolution and metallogenic regularity.

The characteristics of such geological processes as divergence, convergence, collision,
and orogeny among the continental crustal blocks are studied on the basis of geotectonic
units; their spatial distribution and evolution characteristics are consequentially
described. Moreover, sedimentation (sedimentary rock suites, lithofacies, and tectonic
paleogeography), volcanism (volcanic rock suites, volcanic rock facies, and volcanic
structures), intrusive magmatism (intrusive rock suites and intrusive magmatic structures),
metamorphism (metamorphic rocks and metamorphic deformed structures), and large-sized
deformed structures are studied respectively; meanwhile, the geotectonic characteristics
inferred through geophysical, geochemical and remote sensing prospecting results are
used to analyze the temporal-spatial evolution of geological structure and their material
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composition characteristics, based on which the geotectonic facies are classified. Research
results are expressed by compilation of first-hand data maps, suite-tectonic map-sheets,
geotectonic facies maps, and related databases. The comprehensive research is roughly
divided as the following steps.

(1) The research group systematizes and analyzes the first-hand data on geo-tectonics,
and compiles the 1:250, 000 scaled serial map-sheets for metallogenic geological settings
researches.

(2) The group studies the characteristics of suites and structures and large-scale
deformed structures to analyze the evolution of geological structures. With supports from
the inferred results of the geological structures by means of comprehensive geophysical,
geochemical and remote sensing prospecting analysis, the group compiles the 1:250, 000
scaled serial suite-tectonic map-sheets.

(3) Combining the geologic structure research, the group carries out thematic researches
on sedimentation, magmatism, metamorphism and large-scale deformed structures so
as to analyze geotectonic evolution and metallogenic geological settings by tectonic
evolution stages. After the classification of geotectonic facies and geotectonic divisions,
the provincial-sized 1:500, 000 scaled geotectonic facies maps are compiled.

2.4 Technical Flow in Map Compilation and Database Construction

2.4.1 Map Compilation and Database Construction of Serial first-hand Data Map-
sheet Databases

(1) Selecting mapping ranges, scale, geodetic coordinate system and map projection:
1:250, 000 scale, Beijing-1954 Coordinate System, Huanghai-1956 Elevation System,
Gaussian-6° standard zoning map projection, and projection origin latitude to be uniformly
defined as 0°.

(2) Key data used in the compilation/construction: the first-hand data of 1:250, 000, 1:200,
000, and 1:50, 000 scale regional geological surveys besides the collections of the thematic
research results in the mapped areas, with supplements of on-line academic papers.

(3) Technicalities for utilizing 1:50, 000 scale regional geological survey data.

The 1:50, 000 regional geological survey data should be used in the preparation of
serial first-hand data map-sheets. According to the coverage percentage of 1:50, 000
scale regional geological surveys in the mapped area, the first-hand data map-sheets are
compiled in 3 ways with respect to the data utilization:

The First Way: If the coverage percentage of 1:50, 000 scale regional geological
surveys is between 100% and 2/3, all the 1:50, 000 scale first-hand data will be adopted for
the map compilation.

1) Measured sections: All should be used.

2) Densities of routes and observation points: towards the precision of 1:250, 000 scale,
the densities of the geological reconnaissance route and observation points in the 1:50, 000
scale maps are rarefied principally at a spacing square by 2.5 km x 2.5 km. The trunk routes
and valid points should, to the most extent, be selected (i.e., geological boundaries, structural
control points, and important sampling points).

3) Sampling locations: the 1:50, 000 scale data is the first choices, with the supplements
from the 1:200, 000 and 1:250, 000 scale data.
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4) Geological data: the downscaling from the 1:50, 000 scale geological mapping results
should be the main sources, with some data being cited from 1:200, 000 and 1:250, 000
scale geological surveys so as to remedy those areas without the covering of 1:50, 000
geological survey data.

The Second Way: If the 1:50, 000 regional geological surveys is only finished in a
smaller percentage (e.g., less than 1/3), all the 1:250, 000/1:200, 000 first-hand data should
be used for the map compilation.

1) Measured sections: All should be adopted.

2) Densities of routes and observation points: All in the 1:250, 000/1:200, 000 surveys
should be adopted.

3) Sampling locations: That from the 1:250, 000/1:200, 000 surveys are the main
sources, with that from the 1:50, 000 surveys being the supplements.

4) Geological data: That from the 1:250, 000/1:200, 000 surveys are the main sources,
with that from the 1:50, 000 surveys being the supplements.

The Third Way: If the coverage percentage of 1:50, 000 regional geological surveys is
between 1/3 and 2/3, the utilization of the 1:50, 000 data would be flexible with references
from the above two ways: classifying firstly and synthesizing secondly.

(4) Supported with the geological data on the former-edition geological maps, the
geological data on the former-edition first-hand data map-sheets of the former regional
geological surveys are vectorized; and the first-hand data such as the measured sections
and trunk geological reconnaissance routes are then referred to and are thoroughly
analyzed; the original map-compiling geological units of the former-edition geological
maps are further subdivided; the lithological (association) boundaries are completed.

(5) The serial first-hand data map-sheets should keep the authenticities of the original
regional geological survey data, with the primary geological data being expressed, and
the maps being not adjoined. These map-sheets can be finished on the base of the former-
edition first-hand data map-sheets of the former geological surveys with additions of the
newly-supplemented lithological (association) data. These serial first-hand data map-sheets
are of black-and-white style without coloring and legend patterns. The measured sections
of the regional geological surveys (such as the cross sections and columnar sections)
should be scanned as digital images and be stored in the serial first-hand data map-sheets
databases.

(6) As for the isotopic ages and other important lithochemical and geochemical data
issued on the public academic literatures, if they are attached with sampling locations
or geographical coordinates, they should be adopted into the serial first-hand data map-
sheet databases; those without clear sampling locations could be annotated on the relevant
geological bodies with special legends.

(7) The stratifying of the basic layers of the serial first-hand data map-sheets should
comply with the relevant regulations calibrated in the Data Models of Researches on
Geological Settings of Metallogenesis (Zuo Qunchao et al., 2011a).

(8) The attribute data of the basic layers of the serial first-hand data map-sheets should
be input in accordance with the framework of the data table and in-filling regulations
calibrated in the Data Models of Researches on Geological Settings of Metallogenesis (Zuo
Qunchao et al., 2011a).
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The main flowchart and the technical framework of map compilation and database
construction of the serial first-hand data map-sheet databases are shown in Fig. 1 and Fig. 2.

Problems from data collection

Collect data: 1:50,000, 1:200,000 and 1:250,000
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End

Fig. 1 A Flowchart of Map Compilation and Database Construction of the Serial First-hand Data
Map-sheet Databases

2.4.2 Map Compilation and Database Construction of Serial First-hand Data Map-
sheet Databases

(1) The research group calibrates the compiling coverage, scale, geodetic coordinate
system and map projection: the 1:250, 000 scale, Beijing-1954 Coordinate System,
Huanghai-1956 elevation system, Gaussian 6° standard zone-dividing map projection, and
projection origin latitude uniformly defined as 0°.

(2) Based on the 1:250, 000 serial first-hand data map-sheet databases, the group
compiles serial suite-tectonic map-sheets. Therein, the sedimentary rock area depicts the
sedimentary suites and sedimentary structures; the volcanic rock area presents the volcanic
lithology, volcanic lithofacies, and volcanic structures (for the marine volcanic rock area,
sedimentary suite and sedimentary structures could be the main expressions especially if
the original volcanic structures are hard to be identified); the intrusive rock area describes
the magmas and their intrusive structures; the metamorphic rock area mainly draws the
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metamorphic suite and metamorphic structures; and the tectonic deformation area shows
the folds, faults, and ductile shear zones. Meanwhile, the characteristics of large-scale
deformed structures need to be expressed on the map. Furthermore, based on geological
data and geological research results, the map needs to express the newly discovered,
buried or deep-rooted geological structures or geological bodies inferred by geophysical,
geochemical and remote sensing prospecting.

(3) Through integrated analysis and research on suites and structures, the group aims to
compose a series of comprehensive columnar sections so as to reflect the characteristics
of spatial-temporal evolution, which may include the composite columnar sections
respectively of sedimentary, volcanic, intrusive, and metamorphic suites, and table of

characteristics of large-scale deformed structures.

[

=24

Map compilation, attribute collection, . i Inspect, map-compiling,
Normalize maps Input attributes

preparation of explanatory notes, inspection explanatory notes, and metadata

Geology Map-model Generator for
MapGIS 6.X (GeoMAG)

Serial first-hand data map-
sheets, or serial suite- Development Research Center of China heets, or serial suite-tectonic|
tectonic map-sheets Geological Survey map-sheets

Serial first-hand data map-

Geological attribute data not inputted @ Geological attribute data already inputted

(data not fit to regulations of map-base (data fit to regulations of map-base
data model) data model)

The data model base of mineral resources’ potentials

assessment, contains:
(1) Data model of serial first-hand data map-sheet database
(2) Data model of serial suite-tectonic map-sheet database

Fig. 2 Technical Framework of Database Construction of the Serial First-hand Data Map-sheet
Database or Serial Suite-Tectonic Map-sheet Database

(4) Through integrated analysis and research on suites and tectonics, the group also aims
to figure out various structural shapes representing different suites so as to express the suite
patterns by occurrence and physical trails of geological structures.

(5) The drawing precision of the serial suite-tectonic map-sheets is, by principle,
calibrated as being not lower than that of the original 1:250, 000 geological maps.
Meanwhile, to classify the various suites, the Formation-level lithological stratigraphic
units are further subdivided into suites; and the Formation-level lithological stratigraphic
units are not incorporated with each other. The principle to be obeyed is that the geological
information is always superior to mapping expressions. If some suites are too narrow in the
map to be clearly expressed with lithological patterns, these patterns are then allowed to be
omitted.
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(6) The basic layers of the serial suite-tectonic map-sheets are stratified in accordance

with the specifications calibrated in the Data Models of Researches on Geological Settings

of Metallogenesis (Zuo Qunchao et al., 2011a).

(7) The attribute data of basic layers of the serial suite-tectonic map-sheets should be

input or infilled in accordance with the data table framework and specifications that are

calibrated in the Data Models of Researches on Geological Settings of Metallogenesis (Zuo

Qunchao et al., 2011a).

The main flowchart and the technical framework of map compilation and database

construction of the serial suite-tectonic map-sheets are shown in Fig. 2 and Fig. 3.
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metamorphic formations. and table of characteristics of macro-deformation structures.

Carry out integrated analysis and research of formations and structures to reflect the
characteristics of spatial-temporal evolution, structural patterns reflecting various formations
hnd characteristics of hidden, concealed and deep geological structures, and prepare thg
composite columnar sections of respectively sedimentary, volcanic, intrusive and

Map compilation

Based on the coordinate system and layering rules of the
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Database building

7\
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Return to do different treatment

)
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Fig. 3 Main Flowchart of Map Compilation and Database Construction of the Serial Suite-Tectonic

Map-sheet Database
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2.4.3 General Technical Process of Map Compilation and Database Construction

Based on such technical preparations as geological data collection, data sorting, map
compilation, and database construction, the provincial research groups firstly compile
the 1:250, 000 serial first-hand data map-sheet databases. The comprehensive analyses
and researches on suites and tectonics are, as the second step, launched aiming at the
construction of the 1:250, 000 serial suite-tectonic map-sheet databases. Thirdly, the
provincial-level 1:250, 000 serial suite-tectonic map-sheet databases are finally integrated
as the general Spatial Database of Serial Suite-Tectonic Map-sheets of Mainland China
(1:250, 000).

Meanwhile, the quality control measurements are successively adopted for each episode
of the data collection, data sorting, map compilation, database construction, data-pooling,
database integration, and quality acceptance checking. The general technical process could
be classified as the following 7 major steps (see Fig. 4):

(1) Formulating the technical requirements for map compilation and database
construction

The national research group calibrates the technical requirements for research on
geological settings of metallogenesis (including that for the compilation of 1:250,
000 serial first-hand data map-sheets and 1:250, 000 serial suite-tectonic map-sheets);
meanwhile, it also issues technical requirements for data models and database-construction
aiming at mineral resources’ potentials assessment, and programs such database-
construction software series as GeoMag (including supporting software for the map
compilation and database construction of 1:250, 000 first-hand data map and 1:250, 000
serial suite-tectonic map-sheets).

(2) Pilot demonstrations aiming to improve technical requirements

The national research group on geological settings of metallogenesis has held several
times of field pilot demonstrations at selected representative areas; it meanwhile improves
the technical requirements for map compilation from the results of the demonstrations.
To be in pace with the above, the national research group on comprehensive information
integration simultaneously offers application demonstrations of the technical requirements
on data models and database construction as well as related software, and achieves the
isochronous technical requirements improvements for database construction.

(3) Training courses on technical requirements for map compilation and database
construction

Based on the successful pilot demonstrations of the technical requirements and
their secondary improvement, the national research group has independently or jointly
provided training courses on the technical requirements for map compilation and database
construction for provincial research groups respectively on geological settings of
metallogenesis and comprehensive information integration.

(4) Provincial research groups launching map compilation and database construction

Firstly, the research groups complete data collection, data sorting, and preparations
of map compilation and database construction. Secondly, the research groups finish the
compilation and database construction of 1:250, 000 serial first-hand data map-sheets in
the range of intra- and trans-provincial (or municipality and autonomous region) boundary.
Thirdly, the research groups complete the map compilation and database construction of
1:250, 000 serial suite-tectonic map-sheets in the range of intra- and trans-provincial (or
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municipality and autonomous region) boundary.

(5) “Two-stepped” acceptance checking

The first step is called the Map Compilation Quality Acceptance. In this step, the
national and regional research groups on geological settings of metallogenesis respectively
organize specialized geologists to carry out quality acceptance checking of every 1:250,
000 serial first-hand data map-sheet and serial suite-tectonic map-sheet completed by the
provincial research groups, and to offer evaluation remarks on how to revise and improve
the map qualities. For those maps with quality defects, the provincial research groups need
to revise and attain to be qualified according to the evaluation remarks; only when the
revision quality are confirmed, can the acceptance checking be continued to the second
step.

The second step is called Database Construction Quality Acceptance. In this step,
the national and regional research groups on comprehensive information integration
respectively organize database construction specialists to carry out quality acceptance
checking of every 1:250, 000 serial first-hand data map-sheet database and serial suite-
tectonic map database completed by the provincial research groups, and to offer evaluation
remarks on how to revise and improve the map database qualities.

For those databases with quality defects, the provincial research groups need to revise
and attain to be qualified according to evaluation remarks; only when the revisions are
confirmed, can the database construction results be formally submitted. If any of the
defects can be traced back to the afore steps, as are occasionally failed to be detected in
the Map Quality Acceptance Checking step, or are unintentionally omitted in the map
compilation process, these defects should be send back to the afore step or even to the
original map compilation process and be re-treated till qualified.

(6) Integration of provincial map compilation and database construction results

The national research group on comprehensive information integration organizes the
integration of the results of the 1:250, 000 serial first-hand data map-sheet databases and
the 1:250, 000 serial suite-tectonic map databases submitted by the provincial research
groups; it still constructs the SDSSTMMC and composes the final research report on
database construction. During the process of results-pooling and integration, the regional
and provincial research groups provide necessary assistance.

(7) Final Promotion and General Acceptance Checking

China National Mineral Resources’ Potentials Assessment Program Office and China
Geological Survey jointly launch a special acceptance check on the SDSSTMMC,
and offer an evaluation remark; while the national research group on comprehensive
information integration need to correct and improve the final results of the database
construction according to the evaluation remarks, and submit the whole completion of the
Program.

3 Description of Data Sample

3.1 Digital Framework of Serial Suite-Tectonic Map-sheets

In accordance with the Data Models of Researches on Geological settings of
Metallogenesis (Zuo Qunchao et al., 2011a), the digital framework of serial suite-tectonic
map-sheets consists of 5 parts, namely the outlines of map-sheet, map-layers of the
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principal map, auxiliary diagrams (columnar sections, cutting sections, and location index
sketch), annexed tables, and necessary decoration layers (Table 2), each of which is briefly
described below.

(1) Outlines of Map-sheet: Containing the naming pattern of the map’s Chinese name;
provisions on spatial dimensions, scale, coordinate system and projection parameters; map-
compilation technical parameters and process requirements; the first-hand data utilization;
provisions on utilization of legends, symbols and data formats; map’s computing naming
pattern; map’s computing code mode; provisions on map’s professional hierarchy and
code; provisions on map’s compilation explanatory notes; and requirements for in-filling
map’s metadata.

(2) Map-layers of the Principal Map: Containing the logical map-layer (serial numbering
and names); the physical layer (serial numbering and names); spatial characteristics
of layer (either point feature, polyline feature, polygon feature, or image - the spatial
characteristic of the physical layer belongs to one of the following four elements: point
feature, polyline feature, polygon feature, or image); the layer’s corresponding data table
(yes-or-naught: whether there is a data table describing the features of the physical layer);
computing naming of the layers; computing code of the layers; and data source of the
layers. Among them, the logical layers include such 4 types as respectively of geographical
base map layer, suite-tectonic map layer, structures or geological bodies map layer (i.e.,
the newly discovered, buried or deep-rooted structures or geological bodies) inferred by
geophysical, geochemical and remote sensing prospecting, and other necessary logical
layers.

In the serial suite-tectonic map-sheets, the geographical base map layer depicts major
administrative boundaries, residential sites, and planar/linear drainage systems; meanwhile,
the suite-tectonic layer predominately draws the sedimentary rock suites, volcanic rocks’
lithofacies, volcanic structures, intrusive rocks, tectonic-magmatic belts, metamorphic
rock suites, large-scale deformed structures, geological boundaries, fractures/faults, ductile
shear zones, folds, isotopic ages, and occurrences; while the inferred structures/geological
bodies layer mainly focuses on the gravity, magnetic, geochemical and geophysical
prospecting results, which can roughly delineate the outlines of the structures and
geological bodies.

(3) Auxiliary Diagrams: (Columnar Sections, Cutting Sections, Location Index Sketch):
Referring to the composite columnar sections, according to the features of the mapped
areas, respectively of sedimentary suites, volcanic rock suites, and intrusive rock suites,
metamorphic rock suites, as well as the geological cutting sections, and location index
sketches which indicate the geotectonic and/or stratigraphic location(s) of the mapped area.

(4) Annexed Tables: Including the tables of geotectonic and stratigraphic divisions where
the mapped area is located, the characteristics table of large-scale deformed structures, and
the table of Quaternary genetic type classification.

(5) Necessary Decoration Layers: Including map titles, scales (numerical scale or
segment scale), map direction indicator, explanations of the legends, description of map
projection parameters, explanations of technical parameters and data sources of map
compilation, and table of map-compilation contributors.
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3.2 Data Table Framework of Map Layers of Principal Map

The Data Models of Researches on Geological Settings of Metallogenesis (Zuo Qunchao
et al., 2011a) has respectively given the provisions for the data table’s framework and
the in-filling specifications separately for the sedimentary rock suites, volcanic lithology-
lithofacies, volcanic structures, intrusive rocks, intrusive magmatic tectonic belts (tectonic-
magmatic belts), metamorphic rock suites, large-scale deformed structures, geological
boundaries, faults, ductile shears belts, folds, isotopic ages, and occurrences.

The Application Model of Gravity Prospecting Data (Zuo Qunchao et al., 2011b),
the Application Model of Magnetic Prospecting Data (Zuo Qunchao et al., 2011c), the
Application Model of Geochemical Prospecting Data (Zuo Qunchao et al., 2011d), and
the Application Model of Remote Sensing Prospecting Data (Zuo Qunchao et al., 2011e)
have respectively given the provisions for the data table framework and the in-filling
specifications separately for the inferred structures and geological bodies (point feature,
polyline feature, polygon feature) by gravity and magnetic prospecting, geochemical and
remote sensing prospecting data.

3.3 Frameworks of Essential Auxiliary Sections and Tables

In the compilation of serial suite-tectonic map-sheets, the auxiliary serial composite
columnar sections respectively of sedimentary, volcanic, intrusive, and metamorphic rock
suites as well as the table of characteristics of large-scale deformed structures, have been
separately compiled according to the evolution and distribution of the sedimentation and
sedimentary rock suites vs tectonism, volcanism and volcanic rock suites vs tectonism,
intrusion and intrusive rock suites vs tectonism, and metamorphism and metamorphic
rock suites vs tectonism in the mapped area; these essential auxiliary sections and tables
have fully reflected the regional geological processes and their evolutionary characteristics
in the mapped area. The headers of the 4 types of columnar sections and the table are

described as below.

3.3.1 The Header of Composite Columnar Section of Sedimentary Rock Suites

The composite columnar section of sedimentary rock suites comprehensively reflects
the characteristics of spatial-temporal evolution of sedimentary rock suites and tectonics
within the map. It is generally attached to the left or right side of the principal map
and includes the followings (from left to right): (1) stratigraphic division (stratigraphic
Region, stratigraphic Sub-region, and stratigraphic Area); (2) chronostratigraphic units
(System, Series, and Stage); (3) lithostratigraphic units and codes (Group, Formation, and
Member); (4) sedimentary rock suite type; (5) thickness (unit: m); (6) sedimentary rock
suite column; (7) brief description of lithology and lithofacies; (8) ore-bearing potentials;
(9) Ages by fossil associations or isotopic dating methods (unit: Ma); (10) sedimentary
sub-facies or micro-facies; (11) sedimentary facies; and (12) geotectonic settings (see Fig.
5). In addition, more and further details are described in the Technical Requirements of
Researches on Geological Settings of Metallogenesis (Ye Tianzhu et al., 2010).
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Fig. 5 Figure Header of the Composite Columnar Section of Sedimentary Rock Suites

3.3.2 The Header of Composite Columnar Section of Volcanic Rock Suites

The composite columnar section of volcanic rock suites comprehensively reflects the
characteristics of spatial-temporal evolution of volcanic rock suites and tectonics within
the map. It is generally attached to the left or right side of the principal map and includes
the followings (from left to right): (1) tectonic magmatic belts (belt, subbelt, and eruptive
belt); (2) geological age (the age of volcanic rock suite, represented by Era, Period and
Epoch); (3) lithostratigraphic units (Group and Formation that the volcanic rock suite
belongs to); (4) rock assemblages or suites; (5) lithological pattern column; (6) lithofacies
code; (7) thickness (unit: m) (i.e., the columnar section is aimed to list the lithology and
lithofacies and thickness of various volcanic rock suites at different geological periods in
the mapped area, comprehensively reflecting the characteristics of volcanic rock suites);
(8) lithological description; (9) ore-bearing potentials; (10) eruption cycles; (11) isotopic
ages and dating methods (unit: Ma), (12) volcanic structures, (13) rock series; (14) rock
genetic types; and (15) geotectonic attributes (see Fig. 6). In addition, more and further
details are given in the Technical Requirements of Researches on Geological Settings of
Metallogenesis (Ye Tianzhu et al., 2010).
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Fig. 6 Figure Header of the Composite Columnar Section of Volcanic Rock Suites

3.3.3 The Header of Composite Columnar Section of Intrusive Rock Suites

The composite columnar section of intrusive rock suites comprehensively reflects the
characteristics of spatial-temporal evolution of intrusive rock suites and tectonics within
the map. It is generally attached to the left or right side of the principal map and includes
the followings (from left to right): (1) names of tectonic magmatic belts (Level I, 11, and
IID); (2) geological age (Era, Period, Epoch, and Stage); (3) intrusive rock suites (lithology,
lithological pattern column, code, structure, and lithology description); (4) isotopic age
(Ma) and dating method; (5) emplacement depth; (6) denudation depth; (7) characteristics
of inclusions; (8) ore-bearing potential, (9) rock series; (10) rock genetic type; (11)
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petrotectonic assemblage; and (12) geotectonic settings (see Fig. 7). More and further
details are given in the Technical Requirements of Researches on Geological Settings of
Metallogenesis (Ye Tianzhu et al., 2010).
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Fig. 7 Figure Header of the Composite Columnar Section of Intrusive Rock Suites

3.3.4 The Header of Composite Columnar Section of Metamorphic Rock Suites

The composite columnar section of metamorphic rock suites comprehensively reflects
the characteristics of spatial-temporal evolution of metamorphic rock suites and tectonics
within the map. It is generally attached to the left or right side of the principal map and
includes the followings (from left to right): (1) names of metamorphic geological units
(Level 1, 11, and III); (2) geological age (the age of metamorphic rock suite, represented
by Era, and Period); (3) lithostratigraphic units (stratigraphic units that the metamorphic
rock suites belong to Rock Group, Rock Formation, Group, and Formation) and their
codes; (4) types of metamorphic rock suites; (5) pattern column of metamorphic rock
suites; (6) lithological description; (7) ore-bearing potential; (8) protolith suites; (9)
metamorphic mineral associations, (10) type of metamorphism; (11) metamorphic
facies; (12) metamorphic facies series; (13) temperature and pressure of metamorphism;
(14) metamorphism age; and (15) geotectonic settings (see Fig. 8). More and further
details are given in the Technical Requirements of Researches on Geological Settings of
Metallogenesis (Ye Tianzhu et al., 2010).
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Fig. 8 Figure Header of the Composite Columnar Section of Metamorphic Rock Suites
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Table 2 Digital Framework of 1:250, 000 Scaled Serial Suite-Tectonic Map-sheets

Outlines of Map-sheets

10

11

12

Naming pattern of
map-sheet’s Chinese
name

Provision on
compilation’s spatial
dimensions

Provision on
compilation’s scale

Provision on
coordinate system and
projection parameter
in map-compilation

Technical parameters
and process
requirements for map-
compilation

First-hand data
utilization

Provision on legend
utilization

Provision on
utilization of map
symbols

Provision on
utilization of
map data formats

Map’s computing
naming pattern

Map’s computing code
mode

Provisions on map
professional hierarchy
and code

xx 1:250, 000 Serial Suite-Tectonic Map-sheets

Latitude and longitude ranges of xx serial map-sheet (longitude in the upper
left corner: DDDMMSS.SS, latitude in the upper left corner: DDMMSS.SS;
longitude in the lower right corner: DDDMMSS.SS, latitude in the lower
right corner: DDMMSS.SS).

1:250, 000 scale.

Use the Beijing-1954 Coordinate System, the Huanghai-1956 Elevation
System, Gauss-Kriiger projection, 6° standard zone-division, and projection
origin latitude to be uniformly defined as 0°. The specific map projection
parameters are based on the Specifications for Cartographic Space Coordinate
System and Its Parameters in China’s National Mineral Resources’ Potentials
Assessment. @

Based on the corresponding 1:250, 000 serial first-hand data map-sheets
(map base) on geological settings of metallogenesis and results inferred by
geophysical, geochemical and remote sensing prospecting.

Based on the corresponding 1:250, 000 subdivided primitive data maps
(database) for research on geological settings of ore-forming processes and
results inferred by geophysical and geochemical prospecting and remote
sensing

According to the provisions on map compilation legends on geological settings
of metallogenesis, which are calibrated in the Specifications for Cartographic
Legends in China’s National Mineral Resources’ Potentials Assessment © and
other relevant legend provisions.

According to the provisions on map compilation symbols (i.e., map
symbols of the serial suite-tectonic map-sheets) on geological settings of
metallogenesis, which are calibrated in the Specifications for Cartographic
Symbols in China’s National Mineral Resources’ Potentials Assessment. @

MapGIS6.7 format.

MDZIJZGZCxxxx (xxxx is the first four Pinyin initials of the Chinese name
of the map according to the “provisions on map naming” in the Specifications
for Universal Codes (Zuo Qunchao et al., 2012b) in the book series of data
models of mineral resources’ potentials assessment)

OFBBO000CTAxxxxxxxxx() (xxxxxxxxx is filled in accord with the spatial
range code of 1:250, 000 standard map-sheet systems in the “provisions on
map’s code” in the Specifications for Universal Codes (Zuo Qunchao et al.,
2012b) in the book series of data models of mineral resources’ potentials
assessment)

Geological mapping-Geological maps-Thematic geological maps-Suite-
tectonic map-sheets-0-00
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Continued table 2

Outlines of Map-sheets

According to the provisions on preparation of map-compilation explanatory
notes in the research on geological settings of metallogenesis in the
Preparation Outline of Map-compilation Explanatory Notes in China’s
National Mineral Resources’ Potentials Assessment @ : i.e., the provisions on
preparation of map-compilation explanatory notes of the serial suite-tectonic
map-sheets

Provisions on
13 map’s compilation
explanatory notes

Requirements for Map metadata documents of the serial suite-tectonic map-sheets should be
14 in-filling of map’s filled in and submitted according to the Specifications for Map Metadata in
metadata China’s National Mineral Resources’ Potentials Assessment ©

Map-Layer Information of Principal Map

Physical Layer (spatial characteristics: limited to one of the [point|polyline|polygon|image] alternatively; data table:

Logic Layer limited alternatively to [yes/no])
Serial Number ~ Layer Serial Number Spatial Data C(I;;y?;; Layer’s Laver and Data Source
and Name and Name Characteristic Table puting Computing Code Y
Naming
Layer of major
administrative Polyline No
boundaries
Layer ofma!or Point No
| Geographic residential sites
Map-Layer
La}fer of major planar Polygon No
drainage systems
La}fer of major linear Polyline No
drainage systems
Layer of_sedlmentary Polygon Yes LDZOFBBOOI OFBBO0ICIA (1) Descrlptlon: copvert
rocks suites xxxxxxxxx(0 the lithological layer in the
corresponding serial first-hand
data map-sheet into a suite layer,
. i.e., after comprehensive studies
Layer of volcanic 1€, a p > . 4
lithologies and Polygon Yes LDZOFBB002 OxilefSiSiOA lfhe mLtural rock associations in the
lithofacies irst-hand data map are merged
and upgraded as various suites
(sedimentary suites, volcanic
lithologies and lithofacies units,
Layer of volcanic Polygon Yes LDZOFBBOI1 OFBBO11C1A Tnetaonrphch suites, and p?ulomc
structures Xxxxxxxxx()  intrusive units); meanwhile, all
sorts of suites are systematically
analyzed and further upgraded,
Map-Layer i.e., the sedimentary rocks areas
2 of Suite. Layer of intrusive Polygon Yes LDZOFBB003 OFBB003C1A are further c9nc1uded as the
Tectonics rocks xxxxxxxxx()  sedimentary suite sequences; the

continental volcanic rocks areas are
further comprehensively concluded
as volcanic tectonics (or, the
Layer oftectonic— Polygon Yes LDZOFBBO10 OFBBO0I0CIA essential p'rediction‘ factors of thc?
magmatic belts xxxxxxxxx( metallogenic geological structures);
while the intrusive rocks areas
are further concluded as intrusive
magmatic-tectonic zones (or, the
Laver of metamorphic OFBB004C1A essential prediction factors in the
roc)L suites P Polygon Yes  LDZOFBBO04 xxxxxxxxx() metallogenic geological structures).
Therefore, the compilation of the
suite-tectonic map-sheets is mainly
based on the corresponding serial
Layer of large-scale ROl Yes  LDZOFBB009 OFBB009C1A first-hand data map-sheets and
deformed structures xxxxxxxxx()  databases.
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Continued table 2

Map-Layer Information of Principal Map

Physical Layer (spatial characteristics: limited to one of the [point|polyline|polygon|image] alternatively; data table:

Logic Layer limited alternatively to [yes/no])
. . . Layer’s
Serial Number ~ Layer Serial Number Spatial Data . Layer’s
and Name and Name Characteristic Table Comp gtlng Computing Code Layer and Data Source
Naming
Layer of' geological Polyline Yes LDZOFBA002 OFBA002C1A A .
boundaries xxx000xx0(2) Indirectly cite the eponymous
layer data and attribute data in
the corresponding serial first-
. hand dat -sheets for th
Layer of faults Polyline Yes LDZOFBA003 OFBAOO3CIA ~han cata map-sheets for the
xxxxxxxxx() compilation of the suite-tectonic
maps. Description: when the suite-
tectonic map is to be compiled,
Layer of ductile shear OFBAQ04C1A the serial first-hand data map-
ZOI)IJCS Polygon Yes LDZOFBA004  .xxxp Sheets, in the suite-tectonic map’s
covering ranges, should be linked
with each other (which are not
OFBAGOSCIA necessarily linked by the technical
Layer of folds Polyline Yes LDZOFBAO005 XXXXXX XXX requirements) in case of no link
among the serial first-hand data
map-sheets; therefore, the citation
here involves both direct and
Layer of isotopic ages Point Yes LDZOFBA008 OFBAOOCIA  indirect ways. If the ﬁrst—hfmd da?a
Xxxxxxxxx0  map-sheets are already linked in
the preparation stage, we call it
as direct citation; otherwise, it is
called an indirect citation.
Layer of occurrences Point Yes LDZOFBAO16 OFBAOT6CIA
XXX XXXXXX()
Based on geological data
and geological researches,
comprehensively analyze and cite
Layer of structures :
and geological bodies  Point | polyline | the laygr data and attribute dat? of
inferred by eravit olyaon the buried structures and geological
ex loratio}r;%lata ¥ poye bodies (mainly referring to the
P newly-discovered, buried or deep-
rooted ones) which are inferred by
gravity prospecting data.
Based on geological data
Map-Layer and geological researches,
of structures  Layer of structures comprehensively analyze and cite
B Y . . . . the layer data and attribute data of
and geological and geological bodies  Point | polyline | ; X
Pl . . the buried structures and geological
bodies inferred inferred by magnetic polygon bodi inly referrine to th
by geophysical prospecting data odies .(mam y reterring to the
(gravity and newly-discovered, buried or deep-
magnetic) rooted ones) which are inferred by
geoch emié al magnetic prospecting data.
3
andl"emote Based on geological data
sensing and geological researches,
plg)sp ectllng Layer of structures comprehensively analyze and cite
g, © new i; and geological Point | polyline | the layer data and attribute data of
blscfosere > bodies inferred olp (Zln the buried structures and geological
durle » Or d by geochemical polyg Yes bodies (mainly referring to the
eep-roote prospecting data newly-discovered, buried or deep-
ones) rooted ones) which are inferred by
geochemical prospecting data.
Based on geological data
and geological researches,
comprehensively analyze and cite
Layer of stI.'ucturcsA . . the layer data and attribute data of
and geological bodies  Point | polyline | . .
inferred by remote olveon the buried structures and geological
sensin r{)S ectin polye bodies (mainly referring to the
& prosp s newly-discovered, buried or deep-
rooted ones) which are inferred by
remote sensing prospecting data.
Other map- Point | polyline |
layers polygon
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Continued table 2

Map-Layer Information of Principal Map

Physical Layer (spatial characteristics: limited to one of the [point|polyline|polygon|image] alternatively; data table:

Logic Layer limited alternatively to [yes/no])
Serial Number ~ Layer Serial Number Spatial Data C(I;riyi; Layer’s Laver and Data Source
and Name and Name Characteristic Table Na :1 ingg Computing Code 4

Information of Auxiliary Figures and Tables

Columnar section 1. Composite columnar section of sedimentary rock suites [optional]; 2. Composite columnar section of volcanic rock
suites [optional]; 3. Composite columnar section of intrusive rock suites [optional]; 4. Composite columnar section of
metamorphic suites [optional].

Cutting sections 1. Geological cutting section-1 [mandatory]; 2. Geological cutting section-2 [optional].

Location index 1. Geotectonic Division Map where the mapped area is located; [mandatory]; 2. Stratigraphic Division Map where the

sketches mapped area is located [optional].

Annexed table 1.Geotectonic Division Table of the mapped area [mandatory]; 2. Stratigraphic Division Table of the mapped area [optional];
3. Table of characteristics of large-scale deformed structures [optional]; 4. Table of Quaternary genetic type classification
[optional].

Other Necessary Decoration Information

1. Map title; 2. Scales (numerical scale and segment scale); 3. Map direction indicator; 4. Legend; 5. Description of map projection
parameters; 6. Explanation of technical parameters and data sources of map compilation; 7. Table of map-compilation contributors.

Note: The layer information of maps only lists the suite-tectonic layers, without the layers of structures and
geological bodies inferred by geophysical (gravity and magnetic), geochemical and remote sensing prospecting (the
newly discovered, buried or deep-rooted ones), the layer type of geographical base maps, the decoration layer, and non-
decoration layer. It is allowed to set up and establish necessary geographical, decoration and non-decoration layers
according to relevant technical requirements, actual representation needs and corresponding symbol specifications.
However, the naming of set geographical, decoration and non-decoration layers with layer codes should be strictly
in accordance with the Application Model of Gravity Prospecting Data (Zuo Qunchao et al., 2011b), the Application
Model of Magnetic Prospecting Data (Zuo Qunchao et al., 2011c), the Application Model of Geochemical Prospecting
Data (Zuo Qunchao et al., 2011d), the Application Model of Remote Sensing Prospecting Data (Zuo Qunchao et
al., 2011e), and the Specifications for Cartographic Geographic Information in China’s National Mineral Resources’
Potentials Assessment ® . Meanwhile, other possible layers should be added with independent names.

3.3.5 The Header of Table of Characteristics of Large-scale Deformed Structures

The table of characteristics of large-scale deformed structures comprehensively reflects
various characteristics, such as material composition, scale, occurrence, age, association,
deformation, movement and evolution of large-scale deformed structures within the
map. It is generally attached to the left or right side of the principal map and includes
the followings (from left to right): (1) name of large-scale deformed structure; (2) code;
(3) type; (4) scale; (5) occurrence; (6) assemblage form; (7) material composition; (8)
structural hierarchy; (9) movement mode, (10) mechanical property; (11) age; (12) phase
of deformation; (13) geotectonic settings; and (14) ore-bearing characteristics (see Fig.
9). More and further details are given in the Technical Requirements of the Researches on
Geological Settings of Metallogenesis (Ye Tianzhu et al., 2010).
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Fig. 9 Figure Header of Characteristics of Large-scale Deformed Structures

3.4 Sample of Serial Suite-Tectonic Map-sheets

In this paper, the 1:250, 000 scaled Bukadaban Peak suite-tectonic map-sheet in
Qinghai Province is taken as a real sample (see Fig. 10). In addition to the principal map
and necessary decoration information, the map-sheet is well matched with key auxiliary
figures and tables, including the composite columnar sections respectively of sedimentary,
volcanic, intrusive (temporal-spatial distribution table), and metamorphic (rock) suites;
besides, it also offers the Table of Quaternary Genetic Type Classification.

4 Data Quality Control and Assessment

4.1 Quality Assessment by First-hand Data

The first-hand data used in map compilation and database construction of the 1:250, 000
scaled serial suite-tectonic map-sheets is comprehensive, systematic, and reliable.

(1) The research group has comprehensively and systematically collected all the
previous regional geological survey data (including the 1:250, 000 regional geological
survey results from the Qinghai-Tibet plateau in 1999—2005) required in this research,
i.e., 1:50, 000, 1:200, 000, 1:250, 000 scaled regional geological survey data, including
regional geological survey result reports and regional geological survey first-hand data
(first-hand data maps, field-trip paper-back notebooks, measured sections, drilling sections,
freehand sketch sections along geological reconnaissance, cutting sections, sections and
analysis results issued in previous research works), geological survey map database, and
geological exploration coverage database.

(2) The group has comprehensively and systematically collected previous regional
geological research results, monographs and key literatures (such as the regional geological
memoirs, the finely calibrated litho-stratigraphic data), and on-line thematic academic
papers.

(3) The group has comprehensively and systematically collected 1:50, 000, 1:200, 000,
1:250, 000, and 1:500, 000 scaled regional results about geological structures or geological
bodies (the newly discovered, buried or deep-rooted ones) inferred by geophysical
and geochemical prospecting and remote sensing interpretation. Such geophysical,
geochemical and remote sensing prospecting results should be correctly assessed based on
the previous geological data and geology researches to ensure their accuracy and reliability
and for appropriate application.

(4) The utilization principles of geological data (i.c., using new data rather than old data,
and large-scaled data rather than small-scaled data) are strictly followed. The latest 1:50, 000
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and 1:250, 000 scaled geological survey data and the latest thematic research results are used
in the integrated research, map compilation, and database construction. Moreover, the first-
hand data collected and used in this work are all credibly produced under the uniform industry
standards over the years in China; and all the data collected are, in principle, as of the end of
2013.

4.2 Quality Control over Map Compilation and Database Construction

4.2.1 Strict Quality Control over Map-Compilation

In terms of quality control over map compilation, the strictly-executed, well-organized,
highly-effective, controllable, and practical compilation technical routes and working
methods as well as quality assurance measures are calibrated and adopted. In this way, the
research group ensures the quality of map compilation by provincial researching groups. A
brief description of the quality control measures is as follows.

(1) Calibrating the Technical Requirements for Map Compilation: The national research
group on geological settings of metallogenesis has organized authoritative experts and
scholars to study and calibrate the Technical Requirements of Researches on Geological
Settings of Metallogenesis (Ye Tianzhu et al., 2010).

(2) Sponsoring Field Technical Demonstrations of Map Compilation: With respects to
the complex characteristics of China’s geological conditions, more than 10 representative
areas are selected to exemplify the typical operating processes of map compilation under
the guidance of the Technical Requirements of Researches on Geological Settings of
Metallogenesis. In this way, the technical requirements are further improved after several
rounds of discussions and revisions based on typical demonstrations.

(3) Hosting Training Courses on Map Compilation Techniques: On the basis of the
aforementioned demonstrations, the research group has compiled thematic training
textbooks, and offered centralized training to provincial-level research groups. In addition,
the experts have further paid numerous on-the-spot visits to organize seminars and solve
problems encountered in filed map compilation.

(4) Acquiring Comprehensive, Systematic and Reliable Data: The research group has
strictly required that all first-hand data used by provincial-level research groups should
be comprehensive, systematic, and reliable. Moreover, the national research group
on comprehensive data integration has compiled relevant technical requirements for
maintaining and updating basic geological databases, and issued unified relevant basic
geological database for nationwide application. Furthermore, the research group has
mobilized the relevant administrative forces to help to collect the essential geological
data as completely and correctly as possible, thus ensuring the first-hand data’s being
comprehensive and reliable.

(5) Compiling Serial First-hand Data Map-sheets Before Compiling Serial Suite-
Tectonic Map-sheets: The provincial groups are required to strictly follow the Technical
Requirements of Researches on Geological Settings of Metallogenesis (Ye Tianzhu et al.,
2010); the serial first-hand data map-sheets which should meet quality requirements should
be firstly compiled, based on which the serial suite-tectonic maps also beyond quality
requirements are then compiled, with no exception and omission; thereby the technical
requirements of map compilation are credibly ensured.
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4.2.2 Strict Quality Control over Database Construction

In terms of quality control over database construction, the research group has formulated
strict, well-organized, effective, controllable and feasible database-construction technical
routes, working methods and quality assurance measures, thus ensuring the quality of
database construction by provincial research groups. A brief description of the measures
taken therein is as follows:

(1) Preparing Technical Requirements for Database Construction: The national research
group for comprehensive information integration has organized authoritative industry
experts and scholars to study and formulate database-construction technical requirements,
involving data model of mineral resources’ potentials assessment.

(2) Sponsoring Field Technical Demonstrations of Database Construction: Field
technical demonstrations of database construction have been held while that of map
compilations are sponsored. Based on such demonstrations, the technical requirements for
database construction are improved after several rounds of discussions and revisions.

(3) Hosting Technical Training Courses on Database Construction: On the basis of
demonstrations of improved and mature technical requirements of database construction,
the research group has organized experts to prepare thematic training materials and has
offered multiple technical-intensive training courses to provincial-level research groups on
geological settings of metallogenesis. Besides, the experts have paid on-the-spot visits to
organize seminars and solve problems encountered in database construction.

(4) Developing a Quality Controlling Model: In line with the data characteristics of
geological maps, data models of mineral resources’ potentials assessment, and basic
principles of geological data quality inspection and evaluation, the research group has
established a technical system of data quality inspection and assessment (Zuo Qunchao et
al., 2013b). The core of this technical system features “singular map compilation quality
model + singular map spatial data quality model + singular map attribute data quality
model + singular map metadata quality model + singular map quality model + map subset
quality model + map set quality model” (i.e., “Seven-stepped Quality Controlling Model”
in short). Meanwhile, supporting software (GeoMag, GeoTok, GeoDQC) has also been
developed to facilitate data self-inspection, mutual inspection, sample inspection and
revision of map databases. The unified inspection standards for automatic quantitative
assessment have greatly improved the efficiency of quality inspection and evaluation,
reduced operational costs, and ensured that the quality of database construction meets the
technical requirements (see Fig. 11 and Fig. 12).
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Fig. 11 _Seven-stepped Quality Controlling Model of Geological Maps
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Fig. 12 Framework of the “Seven-stepped Quality Controlling Model” of Geological Maps

4.2.3 Quality Control in Acceptance Checking for Database Construction
The method of “two-stepped acceptance checking” has been applied in quality

acceptance checking of database construction, ensuring that the data used in map
compilation is consistent with that in database construction. The process is briefly
described as follows:

Prior to the quality acceptance checking for database construction, the expert group has
firstly checked the map compilation results to ensure that each map can pass the quality
acceptance checking. The maps being identified as with quality problems are not allowed
to the process of database-construction quality acceptance checking until they are properly
revised and confirmed by the provincial-level research groups, who need to follow the
modification instructions issued by the map-compilation acceptance checking expert
group.

Later on, database construction results have been checked by the exclusive acceptance
checking expert group to ensure that each map-sheet database can pass the quality
acceptance checking of database construction. The map-sheet databases being identified
as with quality problems cannot be used for database collection and integration until they
are properly revised and confirmed by the provincial-level research groups, who need
to follow the modification instructions issued by the database-construction acceptance
checking expert group.

If a quality problem in a certain serial map-sheet base can be traced back to the map-
compilation quality problem which is failed to be detected or unintentionally omitted in
the process of map-compilation quality acceptance checking, this quality problem should
be returned to the first step (i.e., the map-compilation quality acceptance checking) and be
well solved; all these problems should be re-treated recurrently till each of the serial map-
sheet base is qualified ®.
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4.3 Overall Quality Review of Map Compilation and Database Construction

The geologic data used for map compilation and database construction is comprehensive,
systematic, and traceable. In addition, the suite-tectonic analysis method used to study
map compilation objectively represents the original lithology or rock assemblages and
the physical tracks and lineaments of geological structures, and systematically reflects the
geological processes and their evolutionary characteristics; it is undoubtedly better than
the traditional System- and Formation-level geological maps. Furthermore, aided by the
GIS technology, the technical system of data quality inspection and evaluation methods
for geological maps with the core of “Seven-stepped Quality Controlling Model”, as well
as the two-stepped quality acceptance checking (map compilation + database construction
acceptance checking) method are used effectively. In this way, the research group ensures
that the quality of the SDSSTMMC meets the technical requirements completely ®.

However, there are still 2 deficiencies in this round of map compilation and database
construction:

Firstly, Only Partial Coverage. There are still some vacant regions without any
geological mapping data in Mainland China; hence, the research group has no way to
obtain the necessary data for this round of 1:250, 000 scaled map compilation and database
construction. In this sense, the maps and databases can only be reckoned as “have almost
completely covered” the Mainland China.

Secondly, Coordinate System. For the sake of the source data, the Beijing-1954
Coordinate System and the Huanghai-1956 Elevation System are adopted in this map
compilation and database construction; as defined by China’s laws, the China-2000
Geodetic Coordinate System and the China-1985 Vertical Datum are the legal regulations,
the SDSSTMMC should be updated (transformed to the newly issued standards) in the
near future so as to better service the national economic growth.

5 Conclusion

Relying on the thematic program of China’s national mineral resources’ potentials
assessment (2006-2013), the research group has finished the map compilation and database
construction of serial suite-tectonic map-sheets (at scale of 1:250, 000), mainly with the
following 5 fundamental results and technical innovations:

(1) For the first time, the SDSSTMMC has been established with a total data volume
of 16.6 GB, including 729 sheets of 1:250, 000 scaled standard serial suite-tectonic map-
sheets as well as their corresponding compilation explanatory notes and mapping metadata
documents. The data of each individual map’s database is in MapGIS 6.7 format; the
compilation explanatory notes are in MS Word 97-2003 format, and mapping metadata
documents in TXT\XML format.

(2) The basic geological data used for map-compilation and database construction are
systematic, comprehensive, and reliable. In addition, all the collected data have been
ensured to be as of the end of 2013. The data include those from regional geological
surveys (scales at 1:50, 000, 1:200, 000, and 1:250, 000 respectively), geological scientific
research results and monographs, integrated inferred results from geophysical, geochemical
and remote sensing prospecting (1:50, 000, 1:200, 000, 1:250, 000, and 1:500, 000), and
online professional academic literatures.
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(3) The suite-tectonic analysis method has been adopted in map compilation. In the
compiled 1:250, 000 serial suite-tectonic map-sheets, the basic mapping elements in the
principal map are the quasi-Member lithological units that are under the Formation-level
unit, which objectively represent the real physical tracks and lineaments of rock suites and
geological structures; the mapping methodology of using different patterns to represent
different rock suite according to their occurrences, has greatly excelled the traditional
System or Formation-predominated mapping ways, which is convenient for direct map-
reading and has meanwhile systematically reflected the multiple geological processes
and their temporal-spatial evolution. In general, this database can provide fundamental
information for the compilation of 1:500, 000 or smaller scaled tectonic map-sheets, can
directly offer essential factors for 1:250, 000 and smaller-scaled regional mineral resources
prediction, and can supply thematic base maps of geological structures for 1:250, 000
and smaller scaled minerogenetic regularity researches. It has also held extensive and
long-term values for duplicative utilizations in geological survey and ore-prospecting,
geo-hazard mitigation, hydrological/ engineering/ environmental geological surveying,
geothermal resources exploration, and ecological conservation.

(4) The research group has developed a complete series of technical requirements for
comprehensive research, map compilation, and database construction, and a logically
integrated set of such methods and technical systems as geological data models, quality
controlling models, and two-stepped acceptance checking procedure. Meanwhile, the
group has also developed a set of supporting computer software or systems that are simple,
flexible, and effective. These methods, technologies, and software have exerted extensive
influence and achieved multiple benefits.

(5) The research group has also developed an effective mechanism of innovative
cooperation that activated all the nation’s research organizations and agencies to participate
in the Program, under which the group has guided and finished the complicated and
gigantic engineering of compiling and constructing the Spatial Database of Serial Suite-
Tectonic Map-sheets of Mainland China (1:250, 000). The Program has based itself on
the first-handed data, adopted the administrative approach of standardizing technical
requirements from national level downwards, and meanwhile executed the academic
measures of concluding and synthesizing the basic research results from the provincial
level upwards. In this bi-directional way, the geological experts and IT professionals and
scien-tech managers from China’s 30 provinces and municipalities and autonomous regions
as well as the 6 regional branches of China Geological Survey, are organically assembled
as a union; this powerful talent group has experienced the whole processes of calibrating
the map-compiling regulations, technical training, data collecting, data processing, map
compilation researching, quality-controlling, result accepting-and-pooling, and finally
to the results integration and database construction; each of the steps and links is highly
harmonized, which has greatly helped to yield the precise, standard, effective, and reliable
accomplishment.

Acknowledgments: During the development of Spatial Database of Serial Suite-
Tectonic Map-sheets of Mainland China (1:250, 000), the research groups on geological
settings of metallogenesis and comprehensive information integration from Beijing,
Tianjin, Hebei, Shanxi, Shandong, Henan, Inner Mongolia, Heilongjiang, Jilin, Liaoning,
Jiangsu, Anhui, Zhejiang, Jiangxi, Fujian, Hubei, Hunan, Guangdong, Guangxi, Hainan,

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2018, Vol.45 Supp.(1) | 31



GEOLOGY IN CHINA Spatial Database of Serial Suite-Tectonic Map-sheets of Mainland China (1:250, 000)

Sichuan, Chongqing, Yunnan, Guizhou, Tibet, Shaanxi, Gansu, Ningxia, Qinghai, and
Xinjiang (30 provinces, municipalities, and autonomous regions), working under the
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