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Abstract: The 1 : 500 000 Geological Map Spatial Database of the Xiwuqi and Bainaimiao
Areas in the Erlian-Dongwuqi Metallogenic Belt is developed as part of China Geological
Survey’s project ‘Geological and Mineral Survey of the Xiwuqi and Bainaimiao Areas in the
Erlian-Dongwuqi Metallogenic Belt’ during 2016 to 2018. The stratum of the Paleozoic,
Mesozoic, Paleogene and Neogene are divided into different formations, while the intrusive
rocks are expressed in the form of ‘lithology + era’ based on 777 LA-ICPMS and SHRIMP
zircon U-Pb ages. The geological map spatial database is rich in geological information with a
data size of 210 MB, including 4 682 stratigraphic and 1938 intrusive rock surface entities, all
of which are associated with their corresponding attributes. The following achievements have
been made during the mapping process: the Paleozoic stratigraphic division has been revised
considering biota and key tectonic boundaries, with newly established and re-defined important
stratigraphic units and an improved Paleozoic stratigraphic framework; the temporal-spatial
distribution and properties of Paleozoic intrusive rocks have been clarified, with the Early and
Late Paleozoic two-stage magmatism being responses to corresponding subduction-accretion
orogeny; newly identified ophiolitic mélanges, such as Early Paleozoic Sayin Aobao, Changtu
and Late Paleozoic Erdaojing-Diyanmiao and Wulangou, have been expressed on the map,
which shows the structure of the accretionary orogeny formed by the Early Paleozoic North
and South bi-direction subduction. The final closure of the Paleo Asian ocean at the end of the
Late Paleozoic was constrained and the tectonic units were re-divided. These achievements and

data may shed light on scientific issues with diverging views regarding the Xing’an—Mongolian
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1 : 500 000 Geological Map Spatial Database of the Xiwuqi and

Bainaimiao Areas in the Erlian— Dongwugqi Metallogenic Belt GEOSCIENTIFICDATA & DISCOVERY(9)

orogeny, such as the division of the Paleozoic tectonic units and late Paleozoic tectonic setting.
As the latest and most complete 1 : 500 000 geological map database in the middle part of the
Xing’an—Mongolian orogeny so far, this spatial database reflects the latest achievements of
geological surveys and research in this area.

Key words: middle part of Xing'an-Mongolian orogenic belt; Erlian-Dongwuqi metallogenic
belt; 1 : 500 000 geological map; geological database; Paleozoic tectonic unit; ophiolitic
mélange

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

1 Introduction

The Erlian —Dongwuqi metallogenic belt is situated in the middle part of the Xing’
an—Mongolian orogeny, which refers to the vast area between the north of the Chifeng-Bayan
Obo fault, which lies on the northern margin of the North China plate, and the China—Mongolia
border, which is situated on the southeastern part of the Central Asian Orogenic Belt (CAOB)
(Fig. 1). There are terranes of different tectonic affinities such as micro-continents, ophiolites,
island arcs and accretionary wedges (Xiao WJ et al., 2003, 2015; Xu B et al,, 2013; Liu Y
J et al., 2017), attracting significant attention for studying accretive orogenic belts. As an
important metallogenic belt in northern China, the Erlian—Dongwuqi metallogenic belt has
undergone complicated geological evolution processes including arc-basin system
development, back-arc expansion, arc-micro-continent collision and final collision orogeny
caused by subduction since the Early Paleozoic. It comprises the lead-zinc ore exploration area

in Dongwuqi of Inner Mongolia, which is a National Integrated Exploration Area. In recent
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Fig.1 Geological map of the Xiwuqi and Bainaimiao areas in the Erlian-Dongwugqi metallogenic
belt (modified from Miao LC et al., 2008)
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years, large porphyry-type Mo deposits, such as the Wulandele Porphyry Molybdenum
Deposit, and large lead-zinc deposits, such as the Bayern Daba and Goerqi, have been newly
discovered in this area providing rich potential for future prospecting.

Important findings have been made in recent studies on Paleozoic tectonic evolution
(Xiao WJ et al., 2003, 2015, 2018; Li JY, 2006; Jian P et al., 2008, 2010; Chen B et al., 2009;
Xu B et al, 2013, 2015; Xu Bei et al., 2014, 2018; Wan B et al., 2018), important ophiolitic
belts (Miao LC et al., 2008; Jian P et al., 2012; Zhang ZC et al., 2015; Luo ZW et al., 2016;
Liu YJ et al., 2017; Li YJ et al., 2018, 2020), Paleozoic magmatism (Zhang SH et al., 2007,
2009, 2014; He FB et al., 2017; Wang JF et al., 2018; Wei RH et al., 2018; Guo XY et al,,
2019; Wang SQ et al., 2019) and micro-continents (Zhou JB et al., 2018; Sun LX et al., 2017,
2018). These findings have provided important information and constraints for understanding
the spatial distribution and interaction of terranes with different properties, such as Paleo-Asian
oceanic island arcs and micro-continents in this region, as well as the ocean-continent
transition process. Recent studies on ophiolite and island arc magmatism show that subduction
was initiated as early as the Cambrian (Jian P et al., 2008; Wang SQ et al., 2016) and
experienced a long period of subduction in addition to arc-arc and arc-continent collision.
However, there are still controversies about tectonic setting and evolution in the Late
Paleozoic. There are now two competing views: one is that the ocean evolved from the Early
Paleozoic all the way to the Late Paleozoic, with final ocean closure and collision in the Late
Permian-Early Triassic (Xiao WJ et al., 2003, 2015, 2018; LiJY, 2006; Liu JF et al., 2013; Liu
YJetal,2017; LiJY et al., 2019a, b; Liu YJ et al., 2010, 2019); other researchers argued that
the ocean was closed in the Devonian era and experienced an intracontinental evolution stage
in the Late Paleozoic (Bao QZ, 2007; Xu B et al., 2014, 2018; Xu B et al., 2013, 2015; Shao J’
A et al., 2014, 2015). Most of the above studies represent in-depth studies of local areas, but
lack relative comprehensive analysis about stratigraphic division and correlation, regional
tectonic-magmatism and the understanding of tectonic evolution. In addition, in terms of
regional mapping, the scale of previous regional geological maps was relatively small (mostly
less than 1 : 2 000 000). Views also differ on stratigraphic division and tectonic division. For
example, lithostratigraphic in Inner Mongolia (Li WG et al., 1996) is largely based on
biogeographic flora and does not take into account much of tectonic boundaries-ophiolite.

The geological survey carried out in the middle part of the Xing’an—Mongolian orogeny
has obtained, in recent years, a lot of new data on Paleozoic stratigraphy, magmatism, tectonic
boundary and orogeny structure. However, integrated publications remain lacking, particularly
in geological map databases. With data mainly derived from the 1 : 50 000 regional geological
survey completed in the area from 2008 to 2018, and guided by plate tectonics theory, we
compiled a 1 : 500 000 spatial database of the geological maps of the whole region (Table 1,
Wang SQ et al., 2020). The main conclusions of the present project are as follows: the era of
key stratum such as the Wenduermiao Group, Bainaimiao and Amushan formations have been
re-defined; and the Diyanmiao ophiolitic mélange- belt is- re-expressed. By considering the

ophiolitic belt, key stratum correlation and tectonic magmatism, we revised the tectonic units
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Table 1 Metadata Table of Database (Dataset)

Items Description

Database (dataset) name 1 : 500 000 Geological Map Spatial Database of the Xiwuqi and
Bainaimiao Areas in the Erlian-Dongwuqi Metallogenic Belt

Database (dataset) authors Wang Shuqing, Tianjin Center, China Geological Survey
Hu Xiaojia, Tianjin Center, China Geological Survey
Yang Zeli, Tianjin Center, China Geological Survey

Data acquisition time 2014—2018

Geographic area 110°00'-120°00' E, 41° 40'00"-46°40'00" N

Data format MapGIS

Data size 210 MB

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

Fund project China Geological Survey project named ‘Geological and Mineral

Survey of the Xiwuqi and Bainaimiao Areas in the Erlian-Dongwuqi
Metallogenic Belt” (DD20160041)

Language Chinese

Database (dataset) composition This geological map spatial database includes a 1 : 500 000 geological
map database, geographical map, system database and font database.
The geological map database consists of a main map, auxiliary map and
map appearance. The main map includes strata, intrusive rocks, dikes,
geological boundaries, faults, annotations, fault properties and isotopic
age. The auxiliary map includes tectonic unit division and stratigraphic
division. The map appearance includes a legend, drawing frame,
drawing parameters and the author information.

and strata with unified boundaries, thus providing reliable basic data for the study of orogenic

belts and the analysis of metallogenic geological background.

2 Data Acquisition and Processing Methods

2.1 Data Source

Guided by plate tectonics theory, the Geological Map Spatial Database of the Xiwuqi and
Bainaimiao Areas in the Erlian-Dongwuqi Metallogenic Belt made use of data derived from
the 1 : 50 000 geological and mineral resources surveys between 2008 and 2018. For areas
without a 1 : 50 000 regional geological survey, 1 : 250 000 geological maps were adopted in
some parts, and 1 : 200 000 geological maps in others, while fully incorporating research
progress from recent years. The data for the compilation were updated to December 2018. The
existing technical standards and the commonly used computer software were applied for data
processing and management in order to build the geological map database, whilst keeping in
line with the accuracy requirements on a scale of 1 : 500 000. In terms of the data used, this
geological map database differs from previously compiled geological maps for this area in two
major ways: (D guided by plate tectonics theory, the ophiolite was taken as the main and
consistent boundary for stratigraphic and tectonic divisions; ) the latest 1 : 50 000 regional
geological surveys were adopted as the basic data source. At present, 1 : 50 000 is the largest
scale of standard geological mapping that has the highest data accuracy. More than 90% of the

data of the bedrock area in our mapping are derived from the 1 : 50 000 regional geological
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surveys that have been completed over the last ten years, containing the most up-to-date
information; in particular, a lot of efforts in high-precision zircon U-Pb dating (LA-ICPMS or
SHRIMP) were made for intrusive and volcanic rocks with the aim of re-determining the era of
many terranes, especially controversial ones. Moreover, the temporal-spatial framework of
tectonic-magmatism is now re-established. Therefore, the data of this geological map spatial

database is relatively new and complete.

2.2 Data Processing
2.2.1 Data Pre-processing

The vectorized 1 : 50 000 and 1 : 250 000 geological maps of the study area were firstly
projected to an unified 1 : 500 000 scale, while 1 : 200 000 geological maps were adopted for
areas lacking 1 : 50 000 and 1 : 250 000 geological maps. The processing of 1 : 200 000
geological maps was done according to the following steps: the paper maps were firstly
scanned and saved as.TIFF files; and point and line files were manually vectorized, after
correcting spatial information using the standard map frame in the image analysis module of
the MapGIS platform; then a topological area was created to generate WT, WL and WP files,
before applying projection using unified parameters.
2.2.2 Dovetailing of Projected Maps

The 1 : 50 000, 1 : 250 000 and 1 : 200 000 vectorized geological maps, which were
projected to a scale of 1 : 500 000, were dovetailed based on latest geological survey and
research results. In particular, data acquired in recent years of the ophiolite-tectonic mélange,
strata and magmatic rocks in the orogenic belt were expressed on the geological map.
Ophiolitic belts such as Erlian—Hegenshan, Erdaojing—Diyanmiao and Suolun—Wulangou—
Xilamulun were highlighted; and ophiolites with a diameter less than 2 mm were amplified to 5
mm. The strata were re-sorted, revised and merged according to ‘Lithostratigraphy of Inner
Mongolia Autonomous Region’ (Li et al., 1996) in addition to recent geological surveys and
publications, and their age was revised according to the latest zircon age and paleontological
data. The intrusive bodies were classified into different stages using the latest petrographic and
geochemical data, and the era of the intrusive rocks was re-determined according to zircon
U -Pb aging. Then, line elements were vectorized under the MapGIS software system to
generate. WL files. The annotation code was entered to generate. WT files, which were
modified, edited, reviewed and output on the screen before preliminary examination. After
topological area creation, color filling and trimming, WP files were generated, using the
editing process shown in Fig. 2.
2.2.3 Preparation of Attribute Sheet

The attribute table was output on the MapGIS 6.7 platform and Excel was used for the
modification, supplementation and code conversion of attributes. Then the attribute table was
printed out and manually checked before being correlated with graphic data.
2.2.4 Attribute Data Check

Attribute data, including attribute structure, type and content, were manually checked to

minimize error rate to the largest extent possible.
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Fig.2 Work flow of map compilation and database construction

3 Data Sample Description

3.1 Map Surface Structure

The 1 : 500 000 digital geological map database of the Xiwuqi and Bainaimiao areas in
the Erlian —Dongwuqi metallogenic belt is comprised of master map, auxiliary maps, map
frames and legends. The master map and the auxiliary maps are placed in the map frame, with
the legend on the right side of the map frame. The auxiliary map includes the Paleozoic
stratigraphic and tectonic division maps of the middle part of the Xing’an—-Mongolian orogeny.
The legend includes strata, magmatic rocks, sub-volcanic rocks, dike rocks, among others.
Strata is arranged according to era and stratigraphic sub-region. Magmatic rocks are arranged
in the form of tables, with horizontal coordinates representing rock type and vertical

coordinates representing era.

3.2 Map Layer Name
Geological and geographical maps are divided mainly according to element types and

stored as documents.

3.3 Element (Entity) Type Name
Entity type name: point, surface and arc segment.

Point entities: geological body annotation, isotope, fault nature, tectonic unit annotation,
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stratigraphic division annotation, legend annotation and geographical map frame.

Line entity: geological boundary, fault, lead, geographical map frame, tectonic unit line,
stratigraphic division line and legend line.

Surface entities: documents and legend regarding strata, intrusive bodies, dikes and sub-

volcanic rocks, stratigraphic zones and tectonic unit area, and geographical area documents.

3.4 Attribute List

The 1 : 500 000 digital geological map database includes information on geological entity
elements and geographical elements. Geological entities are mainly surface element attributes
and isotopic ages.

The geobody surface element attribute table includes stratigraphic and intrusive rock
units, of which the stratigraphic surface element is structured as follows: ID (identification
code), area, circumference, geological code, formation name, layer, surface color CLR (color
label), pattern number (fill pattern number), pattern height (fill pattern height), pattern width
(fill pattern width) and pattern color (fill pattern color number).

The surface element attribute of intrusive rocks is structured as follows: ID (identification
code), area, perimeter, geological code, surface color CLR (color number), pattern number (fill
pattern number), pattern height (fill pattern height), pattern width (fill pattern width), pattern
color (fill pattern color number), map layer, era and isotope age.

The isotope attribute is structured as follows: age, testing method, lithology and intrusion

name.

3.5 Projection Parameters
The map parameters of the Geological Map Spatial Database of the Xiwuqi and

Bainaimiao Areas in the Erlian-Dongwugqi Metallogenic Belt are shown in Table 2.

4 Data Quality Control and Evaluation

The 1 : 500 000 geological maps of the Xiwugi and Bainaimiao Areas in the Erlian-
Dongwugqi Metallogenic Belt are mainly based on the newly completed 1 : 500 000 and
1 : 250 000 digital geological map databases. Incorporating research results in recent years

regarding ophiolite tectonic magmatism and orogenic belt evolution in the Xing’an—Mongolian

Table 2 Parameters of the geological map spatial database of the Xiwugqi and Bainaimiao areas in
the Erlian-Dongwuqi metallogenic belt

Coordinate L Ellipsoid Scale Coordinate ~ Parameter
Projection type . . .

system type parameter denominator _unit proportion

Projection Coordinate system of Beijing 500 000 mm 1:1

rectangular ~ Lambert isometric conical 54/Ellipsoid

coordinates  projection Krasovski 1940

First standard Second standard longitude Longitude of Latitude of  Frame Frame latitude

longitude and and latitude central meridian projection longitude range

latitude origin range

42°50'00" 45°40'00" 114°00'00” 41°30'00" 109°56'00"— 41°33'00"—

119°56'00”  46°53'00"
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GEOSCIENTIFIC DATA & DISCOVERY(3)
orogeny, the strata and tectonic units are re-divided, and geological maps and databases are
compiled.

Whilst compiling the spatial data of the geological maps, the team prioritized data quality,
with data quality control and evaluation ensured in two primary aspects: source data and data
processing.

(1) In terms of source data, this project mainly uses the 1 : 50 000 and 1 : 250 000
geological maps and geological and mineral maps completed from 2008 to 2018. All 1 :
50 000 geological maps are in accordance with ‘General Provisions for Regional Geological
Surveys’ (1 : 50 000), ‘1 : 50 000 Technical Requirements for Regional Geological Surveys’,
‘Standards for Digital Geological Map Spatial Databases’, ‘Technical Requirements and
Detailed Rules for Implementation of 1 : 250 000 Regional Geological Map Spatial Database
Construction’, ‘Standards for Geological Information Metadata® (DD2006-05), ‘Legend of
Regional Geological Maps’ (GB/T958 —2015), among other standards for data collection,
collation, storage and establishment of spatial databases. Furthermore, 100% self-checks and
mutual checks were carried out on the original data collected from the field, and the database
has been checked and accepted by an expert group with senior professional titles, which helps
to ensure the quality of the source data used in mapping.

(2) In terms of data processing, firstly, the spatial information of all source data used for
mapping is checked for accuracy, and data that had a spatial position which deviated or were
lost were then revised to the correct position with a standard map frame; secondly, following
dovetailing of projected maps, geobodies that failed to dovetail as a result of inconsistencies in
certain 1 : 50 000 and 1 : 250 000 geological maps completed by different teams were verified
in field work. In addition, in terms of data processing, the team carried out 100% self-checks
and mutual checks on the processed data, especially the manually input attribute table, and
modified the database after being checked and accepted by experts. The above measures ensure

the quality of the database regarding source data and processing.

5 Main Achievements and Data Value

5.1 Main Achievements

New understandings and data have been obtained based on the 1 : 50 000 regional
geological data and research results for this area since 2008, guided by plate tectonics theory,
on the magmatism of orogenic belts, Paleozoic stratigraphic division and tectonic unit division.
Also, the temporal-spatial framework, magmatic properties and tectonic background of
intrusive rocks in this area (the middle part of the Xing’an—Mongolian orogeny) have been re-
determined based on reliable isotopic ages obtained by high-precision in-situ zircon dating
Xing’an—Mongolian. Certain key stratigraphic units have been newly built and re-defined. In
addition to biological zoning, stratigraphic sub-regions have been re-divided, taking into
consideration important structural boundaries, and the Paleozoic stratigraphic framework has
been improved: The ophiolitic belts of the Early Paleozoic Sayin Aobao and Late Paleozoic

Erdaojing-Diyanmiao, Wulangou are newly identified and expressed on the map, with more
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details of the trench-arc-basin system of the Early and Late Paleozoic. Guided by plate tectonic
theory and accretionary orogeny theory, the tectonic units have been re-divided. The specific

achievements in map compilation are shown in Table 3.

5.2 Data Value

The 1 : 500 000 Geological Map Spatial Database of the Xiwugi and Bainaimiao Areas
in the Erlian-Dongwuqi Metallogenic Belt is based on the latest (2008 —2018) 1 : 50 000
geological survey data in this area. Guided by plate tectonic theory and geoscientific theories
regarding subduction-accretion orogenic belts, we have fully incorporated the latest research
achievements at home and abroad. This database may be applied in the following ways: (1) it
may be used to compile geological map databases on smaller scales and thematic maps such as
magmatic rock maps; (2) it may be used for the planning and management of regional
geological and mineral resources survey; (3) the compilation and integration of basic
geological survey data can provide a basis for the summary of metallogenic geological
background and conditions. This project provides reliable and detailed results, data in the
aspects of stratigraphic tectonic-magmatism and important tectonic boundaries of orogenic
belts. Thus, it can be used to promote the study of orogenic belt evolution, metallogenic
geological background and conditions in this area, and to reconcile current differences in the
understanding of the orogenic belt in this area, especially the Late Paleozoic tectonic

background (oceanic/intracontinental), as a result of incomplete data prior to this project.

6 Conclusion

The 1 : 500 000 Geological Map Spatial Database of the Xiwuqi and Bainaimiao Areas
in the Erlian-Dongwuqi Metallogenic Belt, based on the latest regional geological survey and
research work completed in this area in recent years, and guided by plate tectonic theory, was
compiled using new technologies and methods such as GIS and geological mapping. With
comprehensive research and compilation of digital geological maps, this database presents the
latest data from geological surveys and research in the Xing’an —Mongolian orogeny from
recent years. It also represents the most complete and up-to-date 1 : 500 000 geological map
database for the middle part of the Xing’an—-Mongolian orogeny. It provides basic data for the
study of the Xing’an—Mongolian orogeny and metallogenic geological background, as well as
national land and resource planning, paving the way for realizing the social value of basic
geological work.

(1) Several key Paleozoic stratigraphic units have been newly established and re-
determined in the Erlian—-Dongwuqi metallogenic belt, including the newly established Early
Devonian JilinBaolige Formation, Late Devonian Hanwulabage Formation, Early
Carboniferous Hanaobao Formation, and re-determined the Ordovician Wenduermiao Group
and Late Carboniferous Amushan Formation; it has re-divided three Paleozoic stratigraphic
sub-regions, including Xilinhot, Baoerhantu and Bainaimiao, by placing the Erlian-Hegenshan
and Suolun-Xilamulun - ophiolitic - belts —as boundaries, thus improving -the. Paleozoic

stratigraphic framework.
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(2) The present work has summarized the temporal-spatial evolution of Paleozoic
magmatic rocks, and re-determined the temporal-spatial distribution and properties of
Paleozoic intrusive rocks in the area. The Early and Late Paleozoic two-stage magmatism
represents a response to the Early and Late Paleozoic subduction and accretion orogeny.

(3) The Early Paleozoic Sayin Aobao, Changtu and Late Paleozoic Erdaojing-Diyanmiao,
and Wulangou Ophiolitic Mélange are newly identified and expressed on the map. The
structure of the accretive orogenic belt formed by the bi-direction subduction of the Early
Paleozoic ocean is described in detail; this project has also prescribed constraints to the
subduction and final closure of the late Paleozoic ocean basin, and re-divided the tectonic
units.
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