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Abstract: The 1:5000000 International Geological Map of Asia (IGMAS5000) under the aegis of the
Commission for the Geological Map of the World (CGMW) is a cooperative project which involves
more than 100 geologists from 4 subcommissions of CGMW as well as geological surveys and
institutions of 20 Asian and European countries. IGMAS5000 is the first digital Asian geological map
built on the ArcGIS platform and compiled in accordance with international standards and also the
first map that displays the off-shore and on-shore geology within the map area, and therefore the
compilation of the map is extremely arduous and challenging. The map area covers whole Asia and
its adjacent regions from the Alps in the west to the Mariana Trench in the east, and from the Arctic
Ocean in the north to the Java Trench in the south. The amount of data in the spatial database is
2.14 GB. The paper introduced the basic construction of ICMAS5000. Its successful completion will
surely lay a solid foundation for researches on the tectonics, metallogeny, resources and geological
environment of Asia.

Keywords: IGMA5000; Asia; CGMW; ArcGIS; spatial database

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

1 Introduction

The 1:5000000 International Geological Map of Asia (IGMAS5000) is an international
cooperative project approved by the Chinese Geological Survey (CGS) and implemented
by the Institute of Geology, Chinese Academy of Geological Sciences, according to the
resolution of the Commission for the Geological Map of the World (CGMW). President
Jean-Paul Cadnet and Vice-President Ren Ji-shun of CGMW are the General Coordinators
of this project. CGMAS5000 was initiated by the resolution of the CGMW Paris Conference
2002, which entrusted Prof. Ren Ji-shun (President of the Subcommission of South and
East Asia of CGMW) to put forward a work proposal for IGMAS5000. Prof. Ren Ji-shun’s
proposal was approved by the CGMW Florence Conference in 2004.

IGMAS000 is jointly compiled on the ArcGIS platform in accordance with international
standards by over 130 scientists from four subcommissions of CGMW (the Subcommission
of South and East Asia, the Subcommission of North Europe and Asia, the Subcommission
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of the Middle East and the Subcommission of Submarine Maps) and 20 geological surveys
and institutes of European and Asian countries, namely, China, France, Russia, Kazakhstan,
Mongolia, North Korea, South Korea, Japan, Iraq, Iran, Pakistan, India, Burma, Laos,
Thailand, Vietnam, Malaysia, Indonesia and the Philippines. The Subcommission of South
and East Asia of CGMW is in charge of the project. IGMAS5000 is the first up-to-date
international geological map of Asia displaying both offshore and onshore geological data.
After eight years of effort, the project team finally completed the compilation of the digital
1:5000000 International Geological Map of Asia and the construction of the spatial database.

IGMAS5000, achieving a variety of important results and developments, is a milestone
in the history of Asian geological research. It is the first geological map of Asia that fully
reflects both the Asian mainland and adjacent oceans; the first Asian geological map of
Asia that is compiled under uniform guidance in accordance with uniform international
standards and specifications; the first digital geological map of Asia that has a spatial
database, and it has taken a solid step forward for the realization of digital Asian geology.
IGMAS5000 is compiled with the most up-to-date and complete data in the world, in
combination with thematic researches (Ren Jishun, et al., 2013).

IGMAS5000 covers the Asian mainland and the adjacent oceans from the Mariana Trench
in the east to the Alps in the west (Fig 1), and from the Arctic Ocean in the north to the
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Java Trench in the south, including the entire Asian mainland and adjacent mainland, a part
of Africa, Europe, North America and Oceania, the Arctic, the North Atlantic, the West

Pacific and North Indian Ocean.
The metadata of IGMAS5000 is shown in Table 1 below:

Table 1 Metadata table of dataset(s)

Items

Description

Database (dataset)
name

Database authors

Data acquisition time

Geographic Area

Data format
Data size

Data service system
URL

Language

Database(set)
composite

The Spatial Database of the 1:5000000 International Geological Map of Asia

Wang Jun, Institute of Geology, Chinese Academy of Geological sciences
Jiang Lan, Sinopec Petroleum Exploration and Production Research Institute
Niu Baogui, Institute of Geology, Chinese Academy of Geological sciences
Ren Jishun, Institute of Geology, Chinese Academy of Geological sciences

He Zhengjun, Institute of Geology, Chinese Academy of Geological sciences
Jin Xiaochi, Institute of Geology, Chinese Academy of Geological sciences
Xie Liangzhen, Institute of Geology, Chinese Academy of Geological sciences
Zhao Lei, Institute of Geology, Chinese Academy of Geological sciences

Liu Renyan, Institute of Geology, Chinese Academy of Geological sciences

2003—2010

Covering the Asian mainland and the adjacent oceans from the Mariana Trench
in the east to the Alps in the west and from the Arctic Ocean in the north to
the Java Trench in the south, including the entire Asian mainland and adjacent
mainland, a part of Africa, Europe, North America and Oceania, the Arctic, the
North Atlantic, the West Pacific and the North Indian Ocean.

ArcGIS

2.14GB

http://dcc.cgs.gov.cn

Chinese

IGMA.GDB is designed in ArcGIS to store various data of IGMAS5000. In
consideration of the massive amount of data of IGMAS5000, File GeoDatabase
is used here and ArcCatalog is used for maintenance and management of the
database. For convenience of data management, the following three datasets
are constructed in IGMA.GDB: 1. Mainland (for storing mainland geological
data); 2. Offshore (for storing offshore geological data); 3. Topobase (for
storing geographic base map data). A variety of geological elements, annotation
and topological rules are stored in the three datasets of GDB. In addition, the
sea area topographic data bathymetry.tif (Raster format) is stored in IGMA.
GDB.

2 A General Description of the Construction of the IGMAS5000
Database

IGMAS5000 is a digitized geological map based on GIS. The database is an important
part of the outcomes of IGMAS5000. For software compatibility, IGMAS5000 uses ArcGIS
as a platform for the compilation of the geological map and construction of the database,
ArcMap as a data editor and display platform and ArcCatalog as the database management
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platform. ArcToolbox provides many useful functions for the editing and organization of
the map data. Some extension functions of ArcGIS such as MAPlex and Spatial Analyst
are used for graphic visualization and post application. ArcGIS Ver.9.1, 9.2, 9.3 and 10.0
have been used in succession for IGMAS5000. New technologies of ArcGIS in database and
mapping have been used in the development of IGMA5000.

The design of the IGMA5000 Database conforms to the following principles: (1)
Standardization. International generally-accepted terms are used in the geological content
of database attribute items, and a Special Terminology Dictionary for IGMAS5000 has been
created. Detailed attributes filling specifications have been developed for those geological
attributes that cannot be expressed in special terms; (2) The Geodatabase (GDB) of ArcGIS
is used for the storage and management of data. The internal consistency and coherence
of spatial data and attribute data are ensured through the unique Domain, Subtype and
Topology of Geodatabase; (3) Reasonable design of database. Mapping specifications,
mapping rules and labeling rules were developed in ArcMap, the IGMAS5000 Dedicated
Style Library has been designed, and Representation technology has been utilized to
improve automation in a digital mapping work mode.

3 Database Structure
3.1 Data Model

The design of the IGMAS000 Database has gone through three stages of modeling,
namely, conceptual modeling, logic modeling and physical modeling. During these
stages, the mapping details and legends were continuously revised, and the design of the
database was adjusted and improved, according to the discussions of geologists from the
participating countries.

First, the project team conducted in-depth research on the mapping details and legends
of IGMAS5000 and obtained a full understanding of the mapping ideas, based on which
the conceptual model for the IGMAS5000 Database is built (Fig 2). Then, based on the
conceptual model, the logic model for the IGMAS5000 Database was designed in UML
using Microsoft Viso software. Finally, on the basis of the above conceptual model and the
logic model, the IGMAS5000 Database in Geodatabase (GDB) was designed on the ArcGIS

platform.

3.2 The IGMAS000 Database in Geodatabase (GDB)

IGMAS5000 is a digital geological map based on a database constructed with GIS. It
displays both onshore and offshore geological data. The geological contents displayed on
the map include stratum, magmatic rock, volcanic rock, ophiolite, metamorphic rock and
special rocks (rocks with special geological significance such as kimberlite, eclogite and
glaucophane schist) and Quaternary special genesis (desert and loess), fault mainland,
crater and impact structure, etc. In the oceanic part of the map, oceanic crust, accretionary
complexes, magnetic anomaly lineation, dilation axis fracture and typical drilling sites
are displayed. In addition, geological content such as Cenozoic deposition isopachs
are displayed for the adjacent seas. Various types of geological entities are expressed
with elements of point, line or polygon, depending on their characteristics. The spatial

relations between the map elements are established by topology. The map elements are
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connected with the real world through a coordinate system, and reflect the characteristics

of geological entities through the relations database (attributes database).
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P_RIVER =
— ISOBATH
Topobase
b 4
Fig2 1:5000000 international Asian geologic map data model

The geological elements of IGMAS5000 are summarized in Table 2. The GMA.GDB
(File GeoDatabase), which is designed on the platform ArcGIS, and ArcCatalog, are used

for maintenance and management of the database. For convenience of data management,
the following three datasets are constructed in IGMA.GDB: (1) Mainland (for storing
mainland geological data); (2) Offshore (for storing offshore geological data); (3)

Topobase (for storing geographical base map data). A variety of geological elements,

annotation and topology rules are stored in various datasets of GDB. In addition, the

topographic data for sea area bathymetry.tif (Raster format) is stored in IGMA.GDB. The

database management system is shown in Fig 3.

36 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2017, Vol.44 Supp.(1)



The Spatial Database of 1:5000000 International
Geological Map of Asia

GLOBAL GEOLOGY DATA(1)

Table 2 Geological Elements of the 1:5000000 International Geological Map of Asia

Geometric Features Elements Remark
Polygon Geo Mainland Mainland
Fault Mainland Mainland
Line Dyk Mainland
ImpactStructure_Line Mainland
BSEC Mainland
) Kimberlite Mainland
Point
Crater) Mainland
ImpactStructure Point Mainland
Polygon Geo_Offshore Ocean
Fault Offshore Ocean
Line MagneticAnomaly Ocean
Isopach Ocean
Point Drilling Site Ocean
P LAKE Geography
Polygon P_RIVER) Geography
P_COAST Geography
L RIVER Geography
L COAST Geography
Line
Bounder Geography
ISOBATH Geography
) T CORAL Geography
Point
T SETTL Geography

IGMAS5000 uses the following projection parameters:

Spheroid: WGS—84
Spheroid: WGS—84

Map projection: Lambert Azimuthal Equal Area

Projection center: AE90°, pN40°

3.3 Data Standard

The data specifications for IGMAS5000 are developed in reference to the small scale

digital geological map standard set by DIMAS of the Commission for the Geological Maps
of the World ® the 1:5000000 Geological Map of Europe and Adjacent Area®, NGMDB
of North America® and CGI of the International Union of Geological Sciences ® The
Attributes Data Library for IGMAS5000 is created for the geological attributes of various
elements of the IGMAS000 Database, such as geological age, name of rock, name of fault

types, sedimentary facies, Quaternary genesis, special rock constitution and metamorphic

grade, in accordance with the generally-accepted geological research achievements and

international standards. To ensure standardization of expression, all geological attributes
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Fig3 “1:5000000 Asian geological map” GeoDatabase

that can be expressed in entry must be expressed in entry, and uniform filling specifications
were developed for those geological attributes that cannot be expressed in entry.

3.4 Attributes Structure

The attributes structure is designed for geological elements in accordance with the
mapping details of IGMAS5000. Mainland geological polygon features are the principal
spatial elements of IGMAS5000. Table 3 shows the attribute structure of the mainland
geological polygon features of the Asian geological map by field name, description of
attribute item, data type, length, constraint condition and domain. The attributes structure
of other elements and the Domain in Table 3 are detailed in the database description.
In general, the attribute items are classified by functions into three types, namely,
identification attribute, geological attribute and parameter attribute.

(1) Identification attribute: for example, ‘IGMA _ID’, is used for recording the source
of data, the ‘UserID’ item is the main identified field and is used for establishing the
correlation between map and database.
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Table 3 The attributes table structure of Geo_Mainland

. s Length
Fiel D t Data T tat
ield escription ata Type Jbytes Status
IGMA_ID To record the data source Text 8 Optional
UserID Identification number Text 10 Mandatory
Name Name of main stratlgrapl.nc.umts, intrusive Text 100 Optional
rocks or ophiolites
Type Type of geological unit Text 40 Mandatory
Subtype Subtype of geological unit Text 40 Mandatory
Litho_1 Text 30 Mandatory
Litho_2 To record at most 5 main lithologies of Text 30 Optional
Litho_3 geological units in order from the most to less Text 30 Optional
Litho 4 important Text 30 Optional
Litho 5 Text 30 Optional
Top Age To record the symbol. of the.youngest age of Text 40 Mandatory
geological units
T d th bol of the oldest f
Bottom_Age O recor@ e sym f) © .e oidestageo Text 40 Optional
- geological units
Age Evidence Age evidence for. geologica.l units, isotopic Text 254 Optional
dating or fossils
T th t hi fi
Meta_Grade o record the n.le amorp. ¢ grafie o Text 50 Optional
metamorphic geological units
Facies Facies or environment of geological units Text 50 Optional
Description To record other impqrtant characteristics of Text 254 Optional
geological units
. . By Editoral
Symbol Symbols of geol 1 unit Text 30
ymbo ymbols of geological units ex Group
By Editoral
Label Annotation of geological units Text 80 y wditora
Group

(2) Geological attributes: ‘Type’ and ‘Subtype’ are used to indicate different geological
entities, ‘Name’ indicates the group name or rock names of geological polygon features,
“Top Age’ and ‘Bottom Age’ are used to indicate the upper limit and lower limit of the
age of geological entity. Geological polygon features in the same geochronologic period
are only indicated in ‘Top Age’. The IGMAS5000 Age Code (Table 4) is developed
in accordance with the International Stratigraphic Scale (2004, 2008, 2010) and the
Precambrian Stratigraphic Classification Scheme put forward by the integrated research
group based on Precambrian comparison of Asia, providing convenience for query and
search by ages in the later stages of development. ‘Age Evidence’ is used to indicate
evidence of geological age. ‘Lithol’, ‘Litho2’ and ‘Litho3’ indicate the main rock types
of geological polygon feature by significance. ‘Litho4’ and ‘Litho5’ indicate the minor
or other special rock types of geological polygon feature. ‘Facies’ indicates the main
sedimentary facies of sedimentary geological polygon feature, ‘Meta Grade’ is used to
indicate the main metamorphic degree of metamorphic geological polygon features.
‘Description’ is used to indicate other important properties of geological polygon features.

(3) Parameter attributes: including filling parameter ‘Symbol’ and labeling parameter
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‘Label’, the former is used for graphic symbolization and the latter for graphic labeling.
These two attributes, related to mapping, are added by the working team. The infill is
automatically generated by the computer program, in accordance with the above geological
attributes, mapping details and symbols.

Table 4 The age symbols and code of the 1:5000000 International Geological Map of Asia

Eonothem Erathem System Series Stage
(Eon) (Era) (Period) (Epoch) (Age)
(11110) Qh
3
(11100) Q (11121)Qp2
(11120) QP (11122) Qp
(11123) Qp'
(11000) Cz ooy (20N,
(11220) N,
(11310) E,
(11300) E s we—
(11400) AnE _ (1320E,
(11330) E,
(12111 K,?
12110) K.
(12100) K ( VK, (12112) K,'
(12130) AnK (12121) K/
(12120) K, (222K
(12000) Mz (12210) J;
(12200) J Ewe—
(12240) AnJ _ (122005
(12230) J,
(12310) T,
(12300) T D —
(12340) AnT _ (123200T,
(12330)T,
(10000) PH (13110) P,
(13100) P B ——
(12140) AnP _ (3120)P,
(13130) P,
(13000) Pz (13200) C (13210) G,
2 (13230) AnC (13220) C,
(13310) D,
(13300) D B e—
(13400) AnD _ (133200D,
(13330) D,
(14110 S,
(13001) Pz (14100) S (14120) S,
(14150) AnS (14130) S,
(14140) S,
(14210) O,
(14200) O —
(14240) AnO _ (14220006,
(14000) Pz, (14230) O,
(14310) €,
aLone  (1420€
(14350) An € (14330) €,
(14340) €,
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Continued from Table 4
Eonothem Erathem System Series Stage
(Eon) (Era) (Period) (Epoch) (Age)
(21100) Pt,*
(21200) Pt;’
(21000) Pt,
(21300) Pt
(21400)Pt,'
(22100) Pt,’
(22200) Pt,’
(20001) Pt (22000) Pt,
(22300 Pt (22301) Pt,"”
. e
(2000) (22302) Pt,"
Pre € (23100) Pt,*
(23200) pt,’
(23000) Pt,
(23300) Pt
(23400) Pt,'
(31000) Ar,
(32000) Ar,
(30000) AR
(33000) Ar,
(34000) Ar,

4 Data Integration

IGMASO000 is an integration of multi-source heterogeneous data, involving wide
mapping scope, numerous participants, huge amounts of data and diverse formats of data
from different sources.

4.1 Data

The main data sources of IGMAS5000, among numerous others , include: (1) data
submitted by the working teams, (2) the up-to-date geological maps of the relevant Asian
areas collected by the project team, (3) the following data collected by the project team:
the 1:5000000 Geological Map of Europe and Areas Neighboring Asia (hard copy), the
1:5000000 Geological Map of the Arctic (PDF), Database of the 1:5000000 Geological
Map of the Arctic (ArcGIS format), the 1:5000000 Geological Map of Australia (hard
copy), the 1:5000000 Geological Map of Africa (hard copy), the 1:20000000 Geological
Map of the World (hard copy) and the Tectonic Map of the Indian Ocean (Al format).

4.2 Data Integration and Graph Splicing

Although mapping specifications and a uniform data structure has been developed
for IGMAS5000, the geological data from different sources are radically different in the
following aspects:

(1) Except for a small quantity of data, most data use different mapping rules and
different geological elements for graphic representation, instead of a standard legend.

(2) The International Stratigraphic Scale is not used for geochronological classification.
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For example, the Cambrian period is divided into two or three series, the Precambrian
stratigraphic classification and correlation schemes of Asian countries require further
improvement, geological units of some data are classified into stages, instead of series, as
specified by the International Geological Map of Asia.

(3) Different classifications of igneous rock.

(4) Different projections.

(5) Different mapping software, including ArcGIS, MapGIS, Maplnfo, AutoCAD,
TNT, etc. In addition, much of the data is provided on hard copy maps, and need to be
vectorized.

(6) Different map layers. The specifications for IGMAS5000 requires the following layers
of data: geological polygon features, fault systems (line element) and special rocks (point
element), crater (point element), drilling site (point element), while data from different
sources have more or less layers.

(7) Different data structure. Although IGMAS5000 has set out a uniform data structure,
data from different sources have different structures.

(8) Different data quality. Data provided by Russia has a very good quality, while data
provided by other countries has many topological errors.

(9) Map scope overlap in data from difference sources.

(10) Not matching with the uniform geographical base map.

(11) Neighbor processing problems.

In order to develop a uniform and complete International Geological Map of Asia,
the integrated research group has had to standardize the data from different sources
in accordance with the specifications of IGMAS5000. In addition to geological
standardization, the following processing was required for the data:

(1) Unifying the data format. Maps compiled with different software are converted to
the ArcGIS platform and stored in FileGeoDatabase.

(2) Unifying map layers. Some layers are merged and some are deleted.

(3) Unifying data structure. In order to facilitate the development of the application
system of the database, data from difference sources must be converted to a uniform
structure.

(4) Unifying the projection type. IGMAS5000 involves a huge amount of data. As data
from different sources uses different projections, in the ArcGIS environment, dynamic
projection conversion will cost much time and affect the use of data, so it is necessary to
convert the different projections of data to a uniform projection.

(5) Unifying data quality, mainly including repair of geometric errors (Repair
Geometry) and repair of topological errors in data, especially Overlay and Gap errors of
polygon features and the intersection and overlay of line features, etc..

(6) Unifying the form of representation of the geological entity. ‘Symbol” and ‘Label’
items are completed with standard geological attributes data.

Most data processing can be summarized in the process as shown in Fig 4. First, data
in a different format is converted to an ArcGIS Shape file and, if exceeding maximum
size, is clipped. The next processing step is projection conversion. After that, geometric
errors are repaired in ArcGIS and then data is imported into a different GeoDatabase
(GDB), in which a dataset is created, and topology rules are created in the dataset. Next,
topology inspection is carried out and any topological errors are repaired. After repair of
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data errors, different conversion programs are developed according to the characteristics
of data from different sources to convert the major attribute items in accordance with the
specifications of the International Geological Map of Asia. This part of the processing is
mostly completed in ArcGIS with Map Calculation. Then, the attribute items ‘Symbol’ and
‘Label’ are created in the Attributes List. Based on key attributes such as geological age
and lithology, values are calculated and generated for these two items in accordance with
uniform rules. ‘Symbol’ items are used to match the Style library for map symbols, and
‘Label’ items are used to generate map labeling.

Clip
Convert Define Trojects Repair Export Create
ey 0 Bed O Bd O Bd  Bd gl

Create Convert
Symbol > Symbelogy to
Presentation

. Check Repair Join Table/
Topology b Topology b Map Calculation

Create ';Zonve'rt
Label

Annotation

Fig4 Part of the data processing process

In consideration of the fact that the geological map involves abundant data, the
processing of which is both time- and labor-consuming, some functions of ArcGIS are
utilized to develop applicable programs to improve the automation and efficiency of data
processing. According to the different characteristics of the data, different data processing
modules are developed in ArcGIS Catalog to automatically complete data processing.
A data processing module developed in ArcGIS Catalog is shown is Fig. 5. After data is
input, this module can perform data projection conversion, repair geometric errors and
store the data into the corresponding GeoDatabase.

4.3 Data Check and Data Quality

Inspection and quality control are implemented over geological attributes in ArcGIS by
Domain and Subtype. Spatial data are inspected by topological rules.

Based on the characteristics of IGMAS5000, two types of topology rules, namely, ‘Not
Have Gaps’ and ‘Not Overlay’, are created for geological polygon features and for line
feature data (mainly fault data), rules such as ‘Must Not Overlap’, “‘Must Not Intersect’,
‘Must Not Self-Overlap’ and ‘Must Not Self-Intersect’ are created, and topology inspection
and repair are conducted on the data by using the topology inspection tools in ArcMap.

ArcGIS creates topology rules in Dataset. To facilitate data management, data of
IGMAS5000 are respectively stored in two datasets, i.e. Mainland and Offshore. Data in
these two datasets such as geological polygon features have spatial relations and thus
topological inspection is required. Data in Mainland and Offshore are classified according
to the coastline of the geographical base map, therefore, the coastline is taken as a common
boundary in data processing and editing, so as to ensure that the mainland data and
offshore data maintain a correct and complete spatial relationship.

The correctness of attributes is controlled mainly by Domain. Final data will be re-
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inspected with Data Review, an extension module of ArcGIS, to ensure the correctness of
input attributes.

5 ArcGIS Mapping Based on Database

The result of data integration is vector data with spatial locations organized according
to certain rules. Map visualization is required for these data before a geological map
is generated in accordance with defined rules with different colors, patterns, lines and
symbols representing different geological entities. The map legend is not only a highly
concentrated representation of geological mapping ideas, but also a graphical epitome on
how to clearly, accurately and artistically reflect geological content on a map. The legend
set by the project team for IGMAS000 was introduced in the first international work
conference in 2005 and has been continuously revised since then.

Visualization of the geological map is completed in two parts, namely, symbolization
of map elements, and map labeling. By introducing the advanced idea of ‘attribute driven
mapping’, the project team developed a set of effective methods for map visualization in
ArcGIS.

5.1 Symbolization

5.1.1 Quick Symbolization Realized by Symbol Item

The IGMAS000 Style Library (Fig. 5) is created in ArcGIS according to the legend.
The Style Library includes various map fills, colors, patterns, lines, point symbols, etc. In
the Style Library, 783 patterns, 38 lines and 10 sub-graph symbol styles are created. For
easy management, different geological patterns are stored in separate catalogues, and each
pattern in the library has a standard name: for example, Permian strata is represented by ‘P’,
Permian granite by ‘yP” and Permian basic volcanic rock by ‘fP’.

Various entities create association with the Style Library through the ‘Symbol’ item
designed in the attribute field. In ArcGIS, ‘match to symbol in a style’ (Fig. 6) is used
to ensure a quick graphical representation of different geological entities. The ‘Symbol’
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Fig5 Part of IGMAS000 Style Library is created in ArcGIS
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Fig 6 Attribute items to match the method to achieve symbolization in ArcGIS

item in the attribute library is defined by the geological attributes in the library such
as geological age, rock types, sedimentary environment and metamorphic grade, in
accordance with the mapping rules and legends. The Symbol items are automatically
generated by a corresponding program developed in the attributes library on the basis of
other geological attributes.

As it can quickly complete symbolization of spatial data, this method has great
advantages over traditional methods. Especially during the mapping process, the legend
scheme will often be modified for various reasons, colors and patterns will change
accordingly. When the legend is modified, only the corresponding content of the Style
Library needs to be modified, and the ‘Symbol’ item in the attribute library is generated
from the geological content and will not change with the color or pattern. So, map
symbolization can be realized just by re-matching, without the need to change the data
itself. In this way, the efficiency of data processing is improved dramatically, achieving the
effect of attribute-driven mapping. This method has even greater benefits in pattern and
color scheme debugging during the later mapping stages.

5.1.2 Quality of Symbolization Improved by Representation

Beginning from V9.2, ArcGIS developed Representation, a set of flexible, rule-based
and advanced intelligent mapping representations. Stored in GDB as attributes of elements,
Representation can symbolize the data in a rule-based structure, share and reuse the
mapping scheme in a multi-user environment, migrate spatial data, and flexibly modify
symbolized local elements by using Free Representation. In particular, the mapping
representation of ArcGIS is closely related to the attributes of entities in most cases, so that
some attribute-based fields attain map representation by setting certain rules. In addition,
map representation and data are usually stored in the same GDB, so that when the attribute
fields change, the corresponding map representation changes accordingly, achieving
attribute-driven mapping.

To ensure an aesthetically-pleasing appearance, IGMAS5000 utilizes Representation
technology to further optimize representation of the map. Below are a few examples.
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(1)Adjustment to Pattern

For patterns created according to uniform rules, the filling effect of most geological
polygon features are satisfactory, except for a few polygon features due to the irregularity
of the shape or the area of the geological polygon features being too small. In this case, one
can select the feature, and adjust it with the ‘Resize’ or ‘Move’ tools in Representation.
Fig. 10 shows the comparison between the polygon feature filling effect before and
after adjustment. In this figure, we can see that, before adjustment, only a portion of
the pattern is displayed for smaller geological entities, but after adjustment, the whole
pattern is displayed. For entities that are too small, the size of the pattern can be reduced
appropriately in order to achieve a satisfactory display result.

(2)Adjustment to Thrust Arrow

On the geological map, a thrust fault is usually expressed in a line segment plus an
arrow, which can be created in ArcGIS with the line tool. In most cases, thrust faults can
be satisfactorily displayed on the map except for specific cases, such as a sharp bend of
the line segment, where the arrow might separate from the line segment. In such cases,
appropriate adjustment can be made with related Representation tools.

First, change map representation to Representation, then adjust the representation rules.
Select ‘On vertices’ in ‘Maker Placement’, then select ‘On control point’ and ‘Angle to
line’, set appropriate offset values for arrow, apply Representation rules, and then just add
a control point to placement where the adjustment is needed, and a thrust fault arrow will
be displayed on the map. In this way, thrust faults can be completely displayed on the map.

The above examples show that the mapping representation of ArcGIS is very powerful,
and can fully meet the requirements of geological mapping.

5.2 Map Labeling

Map labeling is another important aspect of map visualization. IGMAS5000 involves
huge amounts of data, along with continuous addition and modification of data, thus
quickly generated map labeling is of prime importance for a geologist inspecting the map.

For this purpose, the ‘Label’ item is designed in the attribute library as a corresponding
attribute item for map labeling. The ‘Label’ item is calculated by features such as
geological ages, rock type and sedimentation type in accordance with certain rules. The
general process of map labeling is as follows: (1) calculate the ‘Label’ value, (2) label
with the ‘Label’ fields, (3) convert labeling to Annotation and store it into GDB, (4) make
further adjustments at a later stage.

Labeling with the ‘Label’ items is classified into three types using the label class
function of ArcGIS (Fig. 7), namely, (1) Normal Label, for geological entities with area
size meeting the labeling requirements, such labeling is made on the mass center of the
polygon; (2) label with a leader line, for important geological entities occupying too
small an area on the map to contain the label content: in this class of label, leader lines are
generated automatically by the label program to improve the readability of the map and,
in addition, significantly reduce both labor and time; (3) no label, mainly for unimportant
geological entities occupying a small map area.

The ‘Labeling’ tool set of ArcGIS is used for management of map labeling. Besides the
location, font, size and color of labeling, it also controls the labeling grade of different
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element layers by giving higher weight to major elements to ensure their correct labeling
location and that minor elements will automatically avoid the major elements. Maplex,
an extended module of ArcGIS, is fully utilized to provide more powerful and user-
friendly map labeling, and so simplify editing work at a later stage. The Maplex extended
module has the following three main functions: (1) control labeling location by options
of horizontal labeling, parallel labeling and bend labeling, control the labeling offset
value, label in direction of the latitude line (as commonly used in maps), and provide
dedicated solutions for the labeling of contour lines and rivers, easily select location
for point elements and control the rotational angle of labeling. (2) automatic labeling
adjustment rules, mainly including control of multi-line labeling, multi-element labeling,
automatically reducing labeling font size, automatically clipping labeling field and control
of size of elements not to be labeled. (3) control conflict, mainly including setting weights
for internal labeling and multi-element labeling separately, background labeling priority,
avoidance of repeated labeling at certain scales, and labeling buffer.

To accelerate the display speed, labeling is converted to Annotation and stored in the
database. In this way, dynamic Label is converted to static Annotation so as to dramatically
accelerate the display speed. Meanwhile, in the database, Annotation maintains association
with the ‘Label’ items in the Attribute Table. When attributes of relevant geological entities
are modified, the ‘Label’ attributes item will be modified appropriately, and the map
labeling is updated accordingly.
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Fig 7 Geological symbols are graded according to geological classification

The above-noted labeling application is simply a method used in mapping to improve
work efficiency. There are some differences between labeling that is automatically
generated by a program based on rules, and defining the best location manually . After
the map labeling is finished, manual adjustment should be made to the labeling that is
automatically generated by the programs. The above automatic labeling lays a sound
foundation for final manual adjustment and greatly reduces workload.
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In the meantime, other labeling functions of ArcGIS are used for labeling various
map features to improve the aesthetics of the map, for example, mountains and rivers are
labeled by curved lines, isobaths are labeled by the special contour labeling of ArcGIS.

Automatic labeling with any GIS software cannot completely meet the requirements of
publication, and ArcGIS is no exception in this. Aprogram only screens the location for
labeling according to rules. Due to the complexity of geological maps, parameters that are
applicable at a particular scale of the map may not apply at another. Manual adjustment
at later stages is essential for a satisfactory result. The Annotation toolbar of ArcGIS is
used for adjustment of map annotation. This toolbar can be used to adjust the location of
annotation, font, color and word space of annotation, arrange annotation by curves, view
closed annotation and adjust the open/hide status of an annotation. During the process of
labeling adjustment, the annotation of a certain element, for example, size of fonts, may
be modified uniformly or adjusted separately. It is worth mentioning here that annotation
generated in ArcGIS is stored in GDB and associated with the original data: if the value
of the original data labeling item is modified, the map annotation will be modified
accordingly. This function greatly facilitates the modification of data later on. For example,
a geological polygon feature is originally in the Lower Triassic (T,) and its value in the
attribute field ‘Label’ is T,, on later inspection the value of ‘Label’ is modified to ‘T,.,’,
thus the map labeling will be automatically changed to “T,,’.

After the above map symbolization and labeling operation, IGMAS5000 in ArcGIS is
finally generated (Fig. 8).

Fig 8 The final ArcGIS version of the 1:5000000 international Asian geological map

48 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2017, Vol.44 Supp.(1)



The Spatial Database of 1:5000000 International
Goological Map of Asia GLOBAL GEOLOGY DATA()

6 Quality Assessment of the Database

The content and structure design of the IGMAS5000 Spatial Database conforms to the
requirements of the Mapping Details for IGMAS5000 and the design rules of GeoDatabase.
The data consist of four datasets, namely, basic geography, mainland geology, offshore
geology and offshore topographic image, including 13 element classes such as geological
entities, fault, drilling sites, alleviation structure, Cenozoic volcanic crater and their
corresponding attribute table and code table. The design of the database successfully
passed review by the International Working Conference for IGMAS000, and serves as a
guidance document for construction of the database.

The basic geographical data of the database are from the 1:5000000 geographical base
map data provided by the project base map compilation team. These data are abridged
from the 1:1000000 Topographic Map of Asia provided by the State Bureau of Surveying
and Mapping of China, and were discussed, modified and confirmed by the International
Working Conference for the project. As such, the data are authoritative, reliable and meet
the mapping requirements.

The primary data of the IGMAS5000 Database were provided by over 20 participating
countries. These data are quite different in structure, format, content details and quality,
with typical multi-source heterogeneous features. The project team defined a uniform
coordinate reference system applicable to map representation and integrated the data of
the different structures. For some attribute data lacking content details, the project team
collected additional data through various channels and built a uniform database that met
the mapping requirements. IGMAS5000, based on the database, passed the review by the
CGMW in April, 2012. Its high quality is testified to by its high appraisal from the CGMW.

7 Conclusion

The IGMAS5000 Spatial Database conforms to uniform mapping rules and legends,
and the basic principles of database design. It is a geological map database developed
in ArcGIS on the basis of data provided by the working teams, with reference to new
technology on domestic and international small-scale digital geological map compilation.
The database gathered, edited and integrated multi-source heterogeneous data. Quick
geological mapping in ArcGIS is achieved by developing mapping methods based on
a database in ArcGIS. IGMAS000 is the first geological map of Asia that fully reflects
the geology of both the Asian mainland and adjacent oceans, the first IGMAS000 that is
developed in accordance with international standards of the CGMW and the TUGS, the
first digital IGMAS5000 that has a spatial database constructed in ArcGIS, and is developed
with computer-aided mapping. The combination of mapping and thematic research is a
major feature of IGMAS000. A series of new discoveries and developments have already
been made through thematic research and the up-to-date results of research are applied
throughout the mapping.

In the IGMAS000 Database, incompleteness exists in the attribute content of data
provided by some countries. Some modifications have been made to data of the geological
map in the later stages of the project, but a few of them were not updated to the database
in time. It is expected that the follow-up project will continuously complement and
improve the IGMAS5000 Database.
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