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Abstract: The spatial database of the 1 : 500 000 digital geological map of the southern
Shanxi — western Henan Region was compiled based on the results of the 1 : 250 000, 1 :
200 000 and 1 : 50 000 regional geological surveys of the Zhongtiaoshan area in the southern
Shanxi Province and western Henan Province, among other research results in recent years,
while having systematically investigated key geological problems. Guided by the theories of
plate tectonics and geodynamics and using the MapGIS 6.5 platform, the current project has
achieved high mapping accuracy and satisfactory quality, with a data size of approximately
476 MB. During the comprehensive mapping and research process, 118 pieces of isotopic
chronological data and petro-geochemistry data of 409 samples have been obtained and thus
the eras of key strata and magmatic rock have been updated. For the latest and most innovative
achievement, a new scheme was proposed for the middle —upper Proterozoic stratigraphic
subdivision and the tectonic division of the Qinling orogenic belt.

Key words: spatial database; geological map; tectonic framework; middle—upper Proterozoic;
southern Shanxi; East Qinling Mountains; geological survey engineering

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

1 Introduction

The geodetic location of the southern Shanxi—western Henan region is in the southern
margin of the North China Block and Qinling orogenic belt. The region is bounded by the
Luanchuan-Weimosi-Minggang fault, its northern part lies in the North China Block and its
southern part lies in the Qinling orogenic belt (Fig. 1). In the long history of geological
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evolution, it has experienced multiple tectonic changes, with an extremely complex tectonic
structure, unique development and evolutionary process (Fig. 2). Within the region, areas such
as the Zhongtiaoshan, Dengfeng — Lushan — Xiaoqinling and Eastern Qinling orogenic belt
have always received much attention from geologists (Sun DZ, 1993; Bai J et al., 1997; Xu
7Q, 1988; Jia CZ et al., 1988; You ZD et al., 1991; Gao LD et al., 1991; Zhang HF et al.,
1996; Xu JF et al., 1996; Zhang GW et al., 2001; Zhang BR et al., 2002; Yang JS et al., 2002;
Zhao TP et al., 2004; Zhao FQ et al., 2006; Wang ZQ et al., 2009; Wang XX et al., 2015; Zhai
MG et al., 2000; Liu L et al., 2013; Yang Y et al., 2013, 2017; Dong YP et al., 2014; Yang CH
et al., 2015; Li CD et al., 2018; Yang WT et al., 2018; Wu K et al., 2018; Cao Y et al., 2018;
Zhang J et al., 2018; Li WZ et al., 2018; Niu SW et al., 2018; Xu ZQ et al., 2020).

To compile the 1 : 500 000 digital geological map spatial database of the southern Shanxi
— western Henan region (Table 1, Zhao LG et al., 2020), we consulted the results of the 1 :
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Fig.1 Diagram of the tectonic unit division in the southern Shanxi — western Henan region

I — North China Block; I} — Xiong’er Meso — Neoproterozoic Rift; I, — Paleozoic epicontinental sea and carbonate
platform in Shanxi and Henan; I; — Mesozoic intracontinental basin; I, — Linfen — Yuncheng Cenozoic rift basin;
II —Qinling orogenic belt; II; —Kuanping Neoproterozoic — Early Palaeozoic continental marginal sea basin;

11, —Erlangping early Palaeozoic island arc and back-arc basin; II; —Zhu — Xia early Palaecozoic ophiolite
mélange; 11, —Zhaigen — Shuanglong early Palacozoic high pressure — ultra high pressure metamorphic zone
(North Qinling microcontinent); II5 —Zhenping — Guishan (Shang — Dan) early Palaeozoic subduction —
accretionary complex; II; —Douling — Dabie Proterozoic microcontinent
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Fig.2 Geological diagram of the southern Shanxi — western Henan region

500 000 and 1 : 250 000 regional geological surveys in recent years, and conducted a
geological profile survey and systematic sampling of key strata and magmatic rock; and in the
process, redating some key strata. For example, through the LA-MC-ICPMS zircon U—Pb
dating of the tuff of the Luoyukou Formation in the Luoyu Group, the ages that were obtained
were 1634+10 Ma and 1638+8.8 Ma, thus classifying it into the Changcheng System (Li CD
et al.,, 2017), initially establishing the middle —upper Proterozoic stratigraphic correlation
framework in this area. The original Guishan Formation was determined as a subduction—
accretionary complex within the Eastern Qinling orogenic belt, which is composed of
Neoproterozoic and early Palacozoic rock blocks and matrices, which signifies that the eastern
extension of the Shangdan Subduction Belt was formed in the early Palacozoic (Chang QS et
al., 2018; Li CD et al., 2019); the Zimugou Formation is not a stratigraphic unit, but is in actual

fact a subduction mélange in the Zhuxia Subduction Belt and was categorized into different
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Table 1 Metadata Table of Database (Dataset)

Items Description

Database (dataset) name Spatial Database of the 1 : 500 000 Digital Geological Map of
Southern Shanxi—Western Henan

Database (dataset) authors Zhao Ligang, Tianjin Center, China Geological Survey
Li Chengdong, Tianjin Center, China Geological Survey
Xu Yawen, Tianjin Center, China Geological Survey
Xu Teng, Tianjin Center, China Geological Survey
Zeng Wei, Tianjin Center, China Geological Survey
Zhai Wenjian, Henan Institute of Geological Survey
Ren Jiande, Henan Institute of Geological Survey
Li Jianrong, Shanxi Institute of Geological Survey
Fang Huaibin, Henan Institute of Geological Survey

Data acquisition time 2010-2019

Geographic area 110°20" - 116°40'E; 31°15' — 36°20'N

Data format MapGIS

Data size 476 MB

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

Fund project China Geological Survey Project titled ‘Geological and Mineral
Resource Survey in Zhongtiao—Xiong'ershan Metallogenic Area’
(DD20160043)

Language Chinese

Database (dataset) composition The database includes 1 : 500 000 geological map library and map
appearance. The geological map library includes sedimentary rock,
igneous rock, magmatic rock, metamorphic rock, dike, tectonics,
geological boundary line, attitude, and various codes. Map appearance
includes legend, stratigraphic subdivision map and table, and duty table

eras. Therefore, a new scheme for the structure and evolution of the Eastern Qinling orogenic
belt was proposed. Based on the isotopic chronological data from publications and regional
geological survey work in recent years, the era of the magmatic rocks in the region was

updated.

2 Data Acquisition and Processing Methods

2.1 Data Source

The 1 : 500 000 Digital Geological Map Spatial Database of the Southern Shanxi —
Western Henan Region is guided by the theory of plate tectonics and geodynamics. The
database is based on the 1 : 500 000 geological maps of Henan Province and Shanxi Province,
which made full use of the findings from the 1 : 250 000 and 1 : 50 000 regional geological
surveys as well as the research results in newly published papers and monographs, and also
adopted the latest 1 : 1 000 000 international sheet division (2002 edition) of the National
Geomatics Center of China (NGCC) for geographical base maps. The collected geological data
were from as recent as December 2018, while some journal papers were published up to the
end of 2019. The existing technical standards and commonly used computer software in China

and abroad were adopted for data processing and management. The / : 500 000 Digital
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Geological Map Spatial Database of the Southern Shanxi — Western Henan Region was created

in conformity with the accuracy requirements of geological maps ona 1 : 500 000 scale.

2.2 Data Processing

The data processing of the 7 : 500 000 Digital Geological Map Spatial Database and
geological maps of the southern Shanxi — western Henan Region is similar to other digital
geological maps (Pang JF et al., 2017; Li CY et al., 2019; He GW et al., 2019), with the
detailed process as follows:

(1) Firstly, the 1 : 500 000 geological map databases of Henan and Shanxi were adopted,
which were cut and merged according to the mapping scope. The latest data and
comprehensive research were referred to and the latest theories, methods and techniques of
geophysics were applied in order to group and merge the strata according to both
‘Lithostratigraphy in Shanxi Province’ and ‘Lithostratigraphy in Henan Province’; the eras of
strata and magmatic rock were consequently redated according to the latest data. In conformity
with the mapping requirements of 1 : 500 000 geological maps, the latest 1 : 250 000 and
1 : 50 000 geological maps were scanned to generate.TIF files, and line elements were
vectorized, modified and merged to form.WL files, and generate. WT files after entering
annotation codes. The files were matched with the processed 1 : 500 000 geological base map
through projection conversion and error correction. The samples were output, examined and
modified before being revised, edited, checked and output onto the screen for preliminary
examination. Then topological area creation, color filling and finishing were completed to
generate. WP files. See Fig. 3 for the compilation work flow.

(2) The attribute tables were compiled. On the MapGIS 6.5 platform, the attribute tables
were output and other software (e.g., Excel) were used to modify and complete attributes, and
convert codes, before outputting attribute tables. The attribute contents were manually checked
before being correlated with graphic data.

(3) The geological content was strictly matched with the geographical base map. Thirty-
five correction control points were selected for each map-sheet to ensure that the errors of the
graticule and the point of map border were less than or equal to 0.1 mm.

(4) Data edge matching: projection transformation was carried out on the geological map
database, and was firstly matched with the given theoretical framework after being transformed
to a geographical coordinate system, before edge matching with the adjacent map-sheet. The
specific steps are as follows: i) ensure that the geological contents are consistent; ii) in order to
smoothly input the geological map into the database, each edge line head is aligned when
matching with geological boundary lines in the adjacent map-sheet for a seamless connection.

(5) Uniform requirements were adhered to for the exterior finishing of the 1 : 500 000
geological map and uniform specifications were adopted for the location and font size of the
legend. The legend’s contents were arranged in the order of strata, intrusive rock, volcanic
rock, special geobody, Quaternary genetic types and patterns, volcanic rock patterns,
geological boundary line, and tectonic boundary.

(6) Attribute data examination. The project team developed a piece of software for
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Fig. 3 Work flow of 1 : 500 000 geological map spatial database of
the southern Shanxi — western Henan region

attribute examination, which includes the examination of attribute structure, attribute type,

attribute contents, among others. This measure, coupled with manual examination, would help

to minimize error rates.

3 Data Sample Description

3.1 Layer Name

Geological map and geographical base map layers were mainly divided according to the

feature types and stored in the form of files.

3.2 Naming Method of Geological Map Data

‘Province + Geological Polygon.WP’, ‘Province + Geological Line. WL’ and ‘Province +

Geological Point. WT’.

3.3 Feature (Entity) Type Name

Entity type name: point, area, line segment.

Point entity: isotope, geobody note, geological symbol, geological pattern.

Area entity: strata, intrusive body, etc.

Line segment entity: fracture structure, conformity, unconformity, parallel unconformity,
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lithofacies boundary, etc.

3.4 Attribute List

The 1 : 500 000 Digital Geological Map Spatial Database of the Southern Shanxi —
Western Henan Region includes the information on the geobody feature and geographical
feature. The attributes of the geobody include: stratigraphic surface element attribute table,
fault line attribute table and geobody boundary line attribute table.

The geobody surface element attribute table includes strata and intrusive rock units, with
the following structure: ID (identification code); area; perimeter; SYMBOL (geological code);
formation name; lithology; complexion CLR (color label): filling in color label; pattern code
(filling in pattern code); pattern color (filling in pattern color code); pattern height (filling in
pattern height); pattern width (filling in pattern width).

Fault attribute table: ID (identification code); length; FEATURE ID (attribute code);
CHFCAC (graphic element code); GZBD (contact relation); PKIGJ (source).

Geobody boundary line attribute table: ID (identification code); length; FEATURE ID
(attribute code); CHFCAC (graphic element code); GZBD (contact relation); PKIGJ (source).

4 Data Quality Control and Evaluation

The 1 : 500 000 Digital Geological Map Spatial Database of the Southern Shanxi —
Western Henan Region was compiled based on the 1 : 250 000 digital geological map database
and referred to the results from geological surveys (e.g., 1 : 50 000 geological maps), previous
important research findings in the study area, as well as the research results of the current
project. Specifically, the collected data include the 6 newly completed 1 : 250 000 geological
maps such as the Zhengzhou City Map-sheet, Luoyang City Map-sheet, Neixiang County Map-
sheet, Pingdingshan City Map-sheet, Zaoyang City Map-sheet and Xinyang City Map-sheet; it
also includes sixteen 1 : 50 000 geological maps (Table 2) completed from 2010 to 2016,

Table 2 List of sixteen 1 : 50 000 geological maps of western Henan completed from 2013 to 2016

Serial number Name of Map-sheet Completing unit Work cycle

1 Dakouji Map-sheet (I49E009019) Henan Institute of Geological 2010-2012
Fudian Map-sheet (I49E009020) Survey; Henan Polytechnic
Jiangzuo Map-sheet (I49E010019) University
Dajindian Map-sheet (I49E010020)

2 Guanzhuang Map-sheet (149E019022) No.3 Institute of Geological & 2012-2014
Biyang County Map-sheet (I149E020022)  Mineral Resources Survey of
Pingshi Map-sheet (149E021021) Henan Geological Bureau
Madao Map-sheet (149E021022)

3 Xichengliu Map-sheet (I49E006018) Henan Institute of Geological 2012-2014
Jiyuan Map-sheet (I49E006019) Survey

Beimatun Map-sheet (I49E007018)
Yeshuzhen Map-sheet (I49E007019)

4 Shimen Map-sheet (I49E017018) Henan Institute of Geological 2014-2016
Neixiang Map-sheet(I49E018016) Survey
Zhenping Map-sheet (I49E018017)
Angao Map-sheet (I49E018018)
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while referring to eight 1 : 50 000 geological maps completed in the same time period, i.e., the
Jiangxian County Map-sheet (I49E004015), Yuanqu County Map-sheet (I49E005015),
Tongshanzhen Map-sheet (I49E005016) in Shanxi Province, Erlangping Map-sheet
(I49E015015), Xiaoshui Map-sheet (I49E016015), Xiaguan Map-sheet (I49E016016), Baitujie
Map-sheet (I49E01 2014) and Sanchuan Map-sheet (I149E013014). In addition, 479 reference
items from monographs and journal papers published since 2019 were referenced.

In terms of data quality control, a complete work log table was established. Each operator
had to fill in the work log as required on a daily basis and fully record the daily work, which
was then approved and signed by the operation team leader. A complete self-examination and
mutual inspection form was created. Each operator carried out 100% self-examination when
creating a map, and truthfully and fully recorded the results of the self-examination and
revision, which was then approved and signed by the operation leader. With regards to self-
examination, the person in charge of the project had to organize mutual inspections among
other operators with an inspection rate of 60% or above. The results of mutual inspection and
revision had to be truthfully recorded, and then approved and signed by the operation leader.
After each map was completed, 10% of it was sampled for project inspection, while ensuring

that all the inspection contents met relevant quality requirements.

5 Data Value

5.1 New Scheme for the Middle — Upper Proterozoic Stratigraphic Subdivision in the
Southern Shanxi — Western Henan Region

During the compilation process, regional chronological work was carried out with a focus
on key geological issues.

i) The U-Pb isotopic ages (ICP-MS) of zircon from the tuff interlayer of the Luoyu
Group’s Luoyukou Formation in western Henan Province were 1634410 Ma and 1638+
8.8 Ma, which indicates that the Ruyang Group and Luoyu Group belong to the Changcheng
System.

ii) The age of the alkaline volcanic rocks in the Dahongkou Formation of the Luanchuan
Group is 838+11 Ma, identifying the group as part of the Qingbaikou System.

iii) The age of the andesite interlayer of the Gaoshanhe Formation is 1754 Ma, which
constrains the lower limit of the formative era of the Gaoshanhe Formation (Group).

iv) The age of the earliest rhyolite of the Xiong'er Group is 1820+15 Ma, which confirms
that the bottom of the Xiong'er Group belongs to the Paleoproterozoic era and its bottom
boundary is greater than 1.8 Ga.

Based on the chronological work of the present project, a new scheme for the
Middle—Upper Proterozoic stratigraphic subdivision in the southern Shanxi — western Henan

region has been established (Fig. 4).

5.2 New Scheme for the Structural Division of the Qinling Orogenic Belt
The key strata and magmatic rock of the Qinling orogenic belt was systematically studied.

i) The original Guishan Formation was divided and determined as a subduction —
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Fig.4 New scheme for the Mesozoic — Neozoic stratigraphic
subdivision in the North China Craton

accretionary complex, which has no stratigraphic attributes and represents the eastern
extension of the Shangdan fault zone.

ii) The Qinling Group is composed of rock slices of different eras, including gneiss and
marble slices, among which large quantities of Neoproterozoic metamorphic intrusive rock
constitutes a huge block in the subduction—accretionary complex, which itself also experienced
deep subduction.

iii) The era of the Kuanping Group was originally determined as Neoproterozoic or
Neoproterozoic —Early Palacozoic, but has now been redetermined as Neoproterozoic —Late
Devonian, with its tectonic attribute being continental margin sea basin.

iv) The contact relationship among different formations in the Erlangping Group was
defined, proposing that the Huoshenmiao Formation is the earliest strata formed in the
Erlangping Group.

The Huoshenmiao Formation, Damiao Formation, Xiaozhai Formation and Baoshuping
Formation are not completely arranged as upper and lower strata; instead, parallelism and
contemporaneous heterotopic facies exist between them. Therefore, a new scheme for the
structural division of the Qinling orogenic belt (Fig. 1) was proposed, which also reflects the

innovation of this geological map’s compilation.

6 Data Application and Suggestions
The compilation of the 1 : 500 000 Digital Geological Map Spatial Database of the
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Southern Shanxi — Western Henan Region has fully incorporated the latest geological surveys
and research results. The database was established in the general format of MapGIS 6.7, with
an advanced mapping concept, rich content and effective visual presentation. It is highly
editable and can be superimposed, merged and reprocessed with the same type of data, thus
facilitating the management and information sharing of the database. The database
encompasses the latest regional geological research achievements and may be used as a basic

map for future geological research.

7 Conclusion

(1) The 1 : 500 000 Digital Geological Map Spatial Database of the Southern Shanxi —
Western Henan Region integrates the latest achievements of regional geological surveys and
research projects in the Zhongtiaoshan region in southern Shanxi, and the western and
southwestern Henan regions. Guided by the theory of plate tectonics and geodynamics, the
current project applies new technologies and methods such as a geographical information
system and geological mapping. The database was completed based on comprehensive
research and digital geological mapping in conformity with the required accuracy of 1 :
500 000 geological maps, and represents a new and innovative achievement.

(2) Revolving around major geological problems in the southern Shanxi — western Henan
region, a new scheme for the Middle — Upper Proterozoic stratigraphic subdivision was
established through the Middle — Upper Proterozoic stratigraphic correlation and exploration of
the structure and evolution of the Qinling orogenic belt, at the same time proposing a new
model for the structure and evolution of the Qinling orogenic belt.
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