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1 : 50 000 Geological Map Database of Beiliutumiao
Map-sheet, Inner Mongolia

LIU Yang, TENG Fei*, WANG Wenlong, YANG Zeli, WANG Shugqing,
HU Xiaojia, GUO Shuo, HE Peng

(Tianjin Center, China Geological Survey, Tianjin 300170, China)

Abstract: According to the ‘Technical Requirement for Regional Geological Survey (I :

50 000y’ (DD 2019-01) and other uniform standards and requirements, and making full use of
the data for 1 : 200 000 regional geological and 1 : 50 000 mineral survey, the 1 : 50 000
Geological Map of Beiliutumiao Map-sheet (K49E011021), Inner Mongolia was compiled by
adopting the Digital Geological Survey System (DGSS) in combination with Spot, ETM, Aster
and other remote sensing images to continuously verify and modify tectonic and lithologic
boundaries. As an achievement with important value of reference in the Wenduermiao-
Bainaimiao area of Inner Mongolia, the map provides detailed information on the rock
composition and tectonic association of the Bainaimiao island-arc belt. We re-divide
sedimentary formation into different types, i.e., Silurian, Permian, Cretaceous, and classify
intrusive rocks in the region into four phases, establishing a relatively complete tectonic
evolutionary series. The map database includes three informal mapping units, 10 formal
stratigraphic units, four periods of magmatic events and two tectonic deformations, as well as
the whole rock analysis of 176 samples, and zircon U-Pb ages of 10 samples, with a data size
of 28.9 MB. The map details the tectonic and magmatic evolution process of the Bainaimiao
subduction belt formed in the southward subduction of the Wenduermiao tectonic belt in the
north. Reflecting the latest results of the 1 : 50 000 regional geological survey, the database
holds important scientific value regarding the Paleozoic tectonic evolution of the Wenduermiao
orogenic belt. It may also serve as an important reference for subsequent geological surveys in
the region. As the first pilot map of China Geological Survey to apply comprehensive regional

geological survey mapping, the present project represents the first time to realize whole-
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process field investigation in China’s regional geological surveys.
Key words: Inner Mongolia; Beiliutumiao Map-sheet; 1 : 50 000; geological map; database;
Xing’an-Mongolia orogenic belt; geological survey engineering

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

1 Introduction

The Xing’an-Mongolia orogenic belt has recorded a large amount of important
information such as the subduction of the Paleo-Asian Ocean, the collision of the Siberia plate
and North China plate (Xiao W] et al., 2003; Jian P et al., 2008; Xu B et al., 2015). Its tectonic
evolution process is closely related to tectonic movement of the Paleo-Asian Ocean (Windley
BF et al., 2007; Han BF et al., 2011; Xu Z et al., 2012; Zhang XH et al., 2012; Wang SQ et al.,
2019; Zhao Y et al., 2010). The process of subduction-accretion orogeny and suturing of
terranes has resulted in the existing framework of the Xing’an-Mongolia orogenic belt
(Coleman RG, 1989; Windley BF et al., 1990; Allen MB et al., 1993, 1995; Sengor AMC et
al., 1993; Gao J et al., 1998; Jahn BM et al., 2000; Windley BF et al., 2007; Xiao W] et al.,
2004, 2010; Li YJ et al., 2018, 2020; Yuan Y et al., 2018; Zhao L et al., 2019; Zhao C et al.,
2020). A correct understanding of the evolution of the Xing’an-Mongolia orogenic belt is of
great significance to restoring the tectonic history of the central Asian orogenic belt (CAOB).
In recent years, a large number of scientific studies have been conducted on important
geological issues in the northern margin of the North China plate, obtaining abundant data (Wu
F et al.,, 2014; Zhang W et al.,, 2012; Zhang W et al., 2013; Liu M et al., 2016). At present,
most scholars believe that the Paleo-Asian Ocean experienced a two-way subduction on the
north and south sides in the Early Paleozoic (Xu B et al., 2013; Li YL et al., 2014; Liu YJ et
al., 2017), forming two corresponding island-arc subduction zones (Jian P et al., 2008), of
which the southern subduction zone, located in the Bateaobao —Bainaimiao —Winduermiao
region, has relatively complete subduction records and includes the Wenduermiao subduction-
accretionary complex and the Bainaimiao island-arc igneous rock belt.

The area of the 1 : 50 000 Geological Map of Beiliutumiao Map-sheet, Inner Mongolia is
located on the Bainaimiao island-arc igneous rock belt originating from the southern
subduction belt to the north of the northern margin of the North China plate (Fig. 1). The
regional geological survey of Xianghuang Banner Map-sheet (1 : 200 000)“ was first carried
out in 1976 by the regional geological survey team of the Geology and Mineral Resource
Bureau of Inner Mongolia Autonomous Region, with complete and systematic review of the
stratigraphic framework, magmatic activity and tectonic evolution in the area. In 2008, the
Geology and Mineral Exploration Institute of Inner Mongolia completed four 1 : 50 000
geological and mineral surveys@, including Taigushengmiao in Xilingol League, Inner
Mongolia. In 2012, the Inner Mongolia Geological Exploration Institute of China Chemical
Geology and Mine Bureau completed four 1 : 50 000 regional mineral geological surveyse in
the Temurtei area of Ulangab City, Inner Mongolia. The Geological Survey Institute of Inner

Mongolia has completed a survey of mineral prospects in the Chaganhadamiao-Bieluwutu
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Fig. 1 Geotectonic location of Beiliutumiao map-sheet (K49E011021), Inner Mongolia
(modified from Xiao WJ et al., 2003)

region of Inner Mongoliao. In addition, in recent years, a large number of scientific studies
have been conducted and rich data have been accumulated revolving around the Paleozoic
evolution of the Wenduermiao orogenic belt (Liu CF et al., 2014; Li JJ et al., 2015; Qian XY et
al., 2017). These studies have laid a solid foundation for the compilation of the geological map
of the Beiliutumiao Map-sheet.

The 1 : 50 000 Geological Map of Beiliutumiao Map-sheet represents a pilot project of
regional geological survey mapping. It aims to describe in detail the Paleozoic tectonic
evolution of the Bainaimiao island-arc belt with objectively expressed field geological facts by
incorporating previous geological surveys, mineral exploration and latest research results, by
adopting advanced mapping approaches and geological mapping methods combined with
tectonic analysis of the orogenic belt (Bai J, 2003). The 1 : 50 000 Geological Map Database
(Table 1, Liu Y et al., 2020) of Beiliutumiao Map-sheet, Inner Mongolia systematically reflects
the attributes of sedimentary formation, tectonic association and eras of Bainaimiao Paleozoic
geobodies, thus providing useful reference materials for geological research and field

geological surveys in the Wenduermiao area.

2 Data Acquisition and Processing Methods

2.1 Data Source

In line with the ‘Technical Requirement for 1 : 50 000 Regional Geological Survey’ (DD
2019-01) and based on the original data (including geological sketches and remote sensing
interpretation images) of the 1 : 50 000 mineral geological survey project, the 1 : 50 000

Geological Map of Beiliutumiao Map-sheet, Inner Mongolia is created according to actual field
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Table 1 Metadata Table of Database (Dataset)

Items Description

Database (dataset) name 1 : 50 000 Geological Map Database of Beiliutumiao Map-sheet, Inner
Mongolia

Database (dataset) authors Sedimentary rocks: Liu Yang, Tianjin Center, China Geological Survey
Volcanic rocks: Teng Fei, Tianjin Center, China Geological Survey
Igneous rocks: Wang Wenlong, Tianjin Center, China Geological
Survey
Metamorphic Rocks: Yang Zeli, Tianjin Center, China Geological
Survey

Data acquisition time 2016—2018

Geographic area 113°00'-113°30" E, 42°00'—42°20' N

Data format MapGIS

Data size 28.9 MB

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

Fund project China Geological Survey project named “Regional Geological Survey
in Wenduermiao-Xianghuang Banner Area, Inner Mongolia”
(DD20190038)

Language Chinese

Database (dataset) composition The 1 : 50 000 Geological Map Database of Beiliutumiao Map-sheet
includes: 1 : 50 000 geological map, mosaic maps and map
decorations. The geological map includes sedimentary rocks, volcanic
rocks, intrusive rocks, Quaternary, structural feature, geological
boundary, attitude, mineralized spot, alteration, lithological pattern and
various codes. The mosaic maps include comprehensive stratigraphic
columns, intrusive rock mapping units, map cross sections and
geotectonic locations. Map decorations include map sheet indices,
legends of master maps, an author information table

data (actual material map and section map). It represents the latest 1 : 50 000 geological
mapping result of the Beiliutumiao Map-sheet. Its geographical base maps adopt the latest
geographic data of National Geomatics Center of China (NGCC) and applies existing technical
standards and computer software such as Digital Geological Survey System (DGSS) and
MapGIS for data processing.

2.2 Data Processing
2.2.1 Pre-research Database

The pre-research database includes various remote sensing images, satellite images,
geophysical and geochemical exploration maps. After being validated, the images are
calibrated and projected to a 1 : 50 000 standard frame and digital topography. Gauss-Kruger
projection is adopted for field base maps and China Geodetic Coordinate System 2000 (CGCS
2000) is adopted for data samples. Geological sketches are compiled by incorporating the data
of the 1:200 000 geological map and the 1 : 50 000 mineral geological map. All sub-map
numbers and rock codes are standardized according to the ‘Legend of 1 : 50 000 Regional
Geological Map’ (GB 958—99). Work is deployed on this basis, and field mapping units are

preliminarily divided based on the lithostratigraphic clearing in Inner Mongolia and previous

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2020, Vol.47 Supp.(1) | 89



1 : 50 000 Geological Map Database of Beiliutumiao Map-sheet, Inner
Mongolia

GEOLOGY IN CHINA
research results to compile a dictionary database for digital mapping so as to provide reference
for field geological surveys.

2.2.2 Field Original Database

Based on the comprehensive analysis of the existing data and geological sketches, we
established key working areas and general working areas, and identified volcanic rocks and
igneous rocks in the Bainaimiao island-arc as the key contents of mapping, and densely
deployed routes in complex areas. The original database as a whole can be divided into digital
mapping data and digital section databases.

Digital mapping is based on a 1 : 25 000 base map. Through actual route survey in the
field, we collected information on geological spots, geological boundaries and geological
routes in the digital mapping system. Information such as the properties of different spots,
lithology, and attitude were observed and entered to form free hand field maps. The free hand
field map library stores various types of data of geological routes, and represent the most
important first-hand original database. After having checked the free hand field map database
for accuracy, all contents of geological routes were entered into the library and integrated to
form a field PRB general library, and the physical observation data point, line layer and label
layer were further inherited into the actual material library. In general, free hand field maps
were processed through the following steps:

(1) Standardized processing of free hand field maps: imported map data collected in the
field into the computer, and supplement and refine the contents regarding geological spot (P),
geological route (R), geological boundary (B), attitude, sampling, photo and attribute, while
maintaining overall coordination and consistency to ensure objective and accurate description.

(2) Finishing processing of free hand field maps: adopt topography and remote sensing
data in drawing boundaries. Regarding the “V-shaped” route, boundaries on both sides must
correspond to each other. On this basis, processing shall be carried out to meet requirements
for line type, sub-map number and color, with smooth finishing, and lithological annotation
added between spots to facilitate subsequent mapping.

(3) Comprehensive arrangement of free hand field maps: summarize field routes for each
task, systematically process information on strata and igneous rocks, with special treatment of
contact relation and tectonic deformation, and conduct data quality inspection and self-check
before submission for mapping.

The digital section database is developed by means of digital cross section survey. Taking
the free hand field maps as the base maps, and on the basis of full geological reconnaissance,
we selected sections with complete outcrops and recorded information regarding lithology,
sample, attitude, photo and tectonic deformation in a layer-by-layer approach, and drew cross
section sketches based on field notes, which were stored with automatically generated
document names or customized file names as needed. In general, after the complete cross
section is measured, the section recorder would carry out preliminary processing of the section
and make a brief summary of field work, and draw section maps and column maps while

taking indoor slice identification results into account.
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2.2.3 Actual Material Maps

The actual material maps represent important original data using spatial entities including
points, lines and planes to represent the density of distribution of various geological elements
such as geological spots, geological boundaries, segmented routes, geobodies, samples,
attitude, and GPS points. In principle, 1 : 25 000 map-sheets are required for the original data
of the 1 : 50 000 regional geological survey, including actual material maps. Free hand field
maps were arranged with the following steps:

(1) Formation of geobody boundary. The file name of the line layer used for mapping in
the actual material library is Geoline.wl. To establish topological relation and form geobody
surface, in addition to geobody boundary line, the file includes internal map frame lines, planar
water bodies, snowy mountains, deserts and other boundaries, of which the latter were directly
copied from relevant map layers. Note: Finishing boundaries that do not divide geobody
surfaces were not classified into Geoline.wl layers, such as some lithofacies boundaries,
unconfirmed remote sensing images of faults, and metamorphic facies zones.

(2) Formation of geobody surface. After the formation of geobody boundaries, geobody
surface entities can be formed through topology. Topological reconstruction and error checking
were carried out mainly through the line-arc sections of geobodies. The newly generated
temporary area file had no attribute structure and was merged into the geobody area file of the
actual material library.

(3) Attribute assignment. After the line and surface files of digital material maps were
formed and assigned attribute structure, it is necessary to supplement and refine their content,
including extraction of geobody boundary attributes, extraction of geobody surface entity
attributes, assigning geobody codes on the left and right sides of the boundary according to
geobody surface, and browsing and editing actual material map attributes.

(4) The arrangement of actual material maps includes uniform coloring of different
geobodies according to their attributes, modification of different types of geobody boundary
lines and corresponding parameters in line with relevant standards and specifications,
annotation of different geobody codes according to requirement, and finishing of the map
border, with an emphasis on refinement of the legend. Useless empty files automatically
generated by the system were deleted from the map library.

2.2.4 Original Drawing

The original manuscript is equivalent to the geological map. The 1 : 50 000 original map
was formed on the basis of the 1 : 25 000 actual material map, after which normative and
standardized processing is needed. Specifically, it includes the processing of geobody
boundary layer, geobody surface layer, attitude layer, geological map finishing layer, geobody
labeling, off-map finishing layer, original library files and other layers and documents. Useless
empty files automatically generated by the system were deleted from the map library. Field
geological layer files were deleted from the original engineering files, and only the layer files
related to the geological map were kept.

2.2.5 - Spatial Database

The spatial database includes several categories, including basic element, comprehensive
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element, object and independent element, among which element database is a collection of
elements sharing the same spatial reference system, and is composed of geological spot,
surface and line entities in the geological map data model. In the geological map data model,
generally one element category corresponds to multiple object categories. Basic element,
comprehensive element and object have complete data item attributes.

The database constructs its graphic database and attribute database in conformity with
‘Digital Geological Map Layer and Attribute File Format’ (D/Z 0197—1997) among other
standards, and determines the expressions of color, map decorations, legend and symbols
according to ‘Standard and Principle for Coloration of Geological Map’ (DZ/T 0179—1997)
and ‘Geological Symbols Used for Regional Geological Maps’ (GB 958—99).

2.2.6 Preparation of Various Mosaic maps

The main mosaic maps of the 1 : 50 000 Geological Map of Beiliutumiao Map-sheet
(K49E011021), Inner Mongolia include: comprehensive stratigraphic column, intrusive rock
mapping unit, map cross section, geotectonic location map and other mosaic maps (Fig. 2).

(1) Comprehensive stratigraphic column: the characteristics of sedimentary formations of
different lithostratigraphic units were expressed in detail, and the characteristics of
stratigraphic sequence and rock association of various stratigraphic units in the map were
systematically processed to comprehensively reflect their sedimentary background and era
attributes in combination with zircon dating.

(2) Intrusive rock mapping unit: four magmatic evolutionary series have been identified:
(D subduction rocks (about 500 Ma) represented by grey-white fine-grained garnet-bearing
gneissic muscovite granite in the Late Cambrian; (2) the late Silurian is dominated by medium-
coarse-grained, medium-grained, and medium-fine-grained tonalite (425 Ma), and medium-
grained and medium-fine-grained porphyry tonalite (423 Ma), representing the rock
combination of an Early Paleozoic island-arc tectonic setting; (3 the early Middle Permian was
Geological Map

-
Fig.2 Schematic diagram of 1: 50 000 geological map of Beiliutumiao map-sheet
(K49E011021), Inner Mongolia
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dominated by medium-fine-grained quartz diorite and medium-fine-grained granodiorite (about
268 Ma), representing a compressive tectonic setting in the early stage of the Middle Permian;
@ the late stage of the Middle Permian was dominated by monzonitic granite (medium-grained
and medium-fine-grained) (about 263 Ma), representing the conversion of a tectonic setting
from compressive to extensional.

(3) Map cross section: the general strike of the formation and structure in the map is near-
NW-NW. To visually display the contact relation and spatial position of geobodies in the
region, two map sections are arranged to comprehensively control the contact relation of
geobodies across the map-sheet: (D the large-scale section of Early Paleozoic island-arc
volcanic rocks, combined with large-scale tectonic analysis, reflects in detail the material
composition and tectonic sequence of Early Paleozoic island-arc volcanic rocks; (@) the cross
section is arranged in the north-west direction and mainly controls the spatial position of
granite and other geobodies in the whole Paleozoic.

(4) Geotectonic location map: it represents the location of the Beiliutumiao Map-sheet in
terms of regional geotectonics, and the division of geotectonic units. The geotectonic location
map reflects the tectonic location of the trench-arc-basin system formed by the southward
subduction of the Early Paleozoic Wenduermiao Ocean and the working area.

(5) Other mosaic maps: dike rocks, geological codes, geological symbols and lithological

pattern, and compile legends and table of responsibility.

3 Data Sample Description

3.1 Data Naming Method

Geological surface.wp, geological line.wl, geological spot.wt.

3.2 Layer Content

The main map includes sedimentary rock, volcanic rock, intrusive rock, Quaternary
System, structural feature, geological boundary, attitude, and various codes.

The mosaic map includes the comprehensive stratigraphic column, intrusive rock mapping
unit, map cross section, and geotectonic location map.

Map decorations include charts, legends, and table of responsibility.

3.3 Data Type

Entity type name: dot, line and surface.

Point entities: symbols and marks of various geobodies, geological patterns,
mineralization and alteration;

Line entity: fracturing structure, geological boundary, lithofacies boundary, tectonic
boundary, and patterns for special marker layer;

Surface entity: sedimentary rock, volcanic rock, metamorphic rock, intrusive rock,

Quaternary System.

3.4 Data Attribute
The 1:50 000 Geological Map Database of Beiliutumiao Map-sheet contains
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information on geological entity element, geographical element and finishing element. The
geographical element attribute is given according to the data attribute structure provided by
National Geomatics Center of China (NGCC). The geological entity element attribute is
divided into four major rock types according to the requirements for special geological
database construction of the 1 : 50 000 regional geological survey, namely, sedimentary rock,
volcanic rock, intrusive rock, and metamorphic rock, fracturing structure, attitude elements,
and mineral area, with separately established database attributes.

The attribute of sedimentary rock formation includes: chronostratigraphic unit,
lithostratigraphic unit, formation name, formation code, lithologic combination, stratigraphic
era, formation thickness, ore-bearing, rock structure, sedimentary structure, rock color, type of
sedimentation, sedimentary facies type, and synsedimentary structure.

The attribute of volcanic rock formation includes: chronostratigraphic unit,
lithostratigraphic unit, formation name, formation code, stratigraphic age, stratigraphic
division, lithologic association, formation thickness, ore-bearing, volcanic eruption cycle,
volcanic eruption type, genetic type of volcanic rock, special lithologic interlayer, volcanic
rock facies type, and isotope age.

The attribute of intrusive rock formation includes: formation name, formation code,
lithologic combination, ore-bearing, rock structure, intrusion stage, rock mass attitude, plane
morphology, section morphology, emplacement structure of rock mass, contact zone
characteristics, genetic type, and isotopic age.

The attribute of metamorphic rock includes: chronostratigraphic unit, lithostratigraphic
unit, formation name, formation code, lithologic combination, stratigraphic age, formation
thickness, ore-bearing, rock structure, rock fabric, protolith formation, metamorphic facies, and
metamorphic type.

The attribute of fracturing structure includes: fracture name, fracture type, fracture
extension, fracture elongation, fracture width, strike, surface dip, surface dip angle, fracture
distance, surface shape, tectonic rock characteristics, movement mode, active period, and
mechanical properties.

The attribute of attitude includes: attitude type, dip, and dip angle.

See Table 2 for the attribute list of each data item of the basic element category,

comprehensive element category and object category of the geological map.

4 Data Quality Control and Evaluation

Overall, field mapping is carried out in conformity with the accuracy standard of the
‘Technical Requirement for Regional Geological Survey (1 : 50 000)’ (DD 2019-01). In the
actual mapping process, we implemented the key requirements in the pilot draft of the
‘Technical Requirement for Regional Geological Survey (1 : 50 000)’ (DD 2019-01) issued by
China Geological Survey, and adopted intensive route deployment for the bedrock area, and
remote sensing interpretation supplemented by field verification for the-Mesozoic—Cenozoic

stratigraphic area. Routes and tracing routes are intensively deployed in key areas, achieving
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good results. Geological spot acquisition is based on the principle of fully controlling

important contact relations such as geobody boundary, major tectonic boundaries, tectonic

deformation, and special lithology.

In the geological mapping of the 1 : 50 000 Beiliutumiao map-sheet, the field routes of

total 385 km were surveyed, together with 993 geological points, 1 702 geological boundaries,

Table 2 Data attribute of the geological map spatial database

Data type Name

Standard code

Attribute of data item

Basic elemen Geobody
surface

Geological
boundary line

Attitude

Sample

Photo

Sketch

Fossil

_GeoPolygon

_GeoLine

_ Attitud

_Sample

_Photograph

_Sketch

_Fossil

Isotopic dating Isotope

Crater

Spring

River, lake,
sea and
reservoir
coastline

_ Crater

_Spring

_Line Geograph

Geobody surface identification number, geobody
surface type code, geobody surface name, geobody
surface era, lower age limit of geobody surface,
upper age limit of geobody surface, sub-type
identification

Element identification number, geological boundary
code, geological boundary type, code of geobody on
the left side of the boundary, code of geobody on the
right side of the boundary, interface strike, interface

dip, interface dip angle, sub-type identification

Element identification number, attitude type code,
attitude type name, strike, dip, dip angle, sub-type
identification

Element identification number, sample number,
sample type code, sample type name, sample rock
name, sub-type identification

Element identification number, photo number, photo
title, photo caption, sub-type identification

Element identification number, sketch number,
sketch title, sketch description, sub-type
identification

Element identification number, fossil sample
number, biological category of fossil, genus or
species of fossil, fossil horizon, code number of
fossil-bearing stratigraphic unit, fossil era, sub-type
identification

Element identification number, sample number,
sample name, age determination method, measured
age, unit and code of measured geobody, unit
conducting measurement and analysis, date of
measurement and analysis, sub-type identification

Element identification number, crater type, crater
name, crater size, unit and code of geobody with
crater, crater rock type, crater formation era, sub-
type identification

Element identification number, spring type code,
spring type name, spring flow rate, spring
temperature, unit and code of geobody with spring,
sub-type identification

Element identification number, map element type,
map element name, sub-type identification
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Continued table 2

Attribute of data item

Datatype =~ Name Standard code
Comprehensi Tectonic _Tectzone
ve element  deformation
zone
Altered zone _ Alteration_Polygon
Volcanic _Volca_ Facies
facies belt
Standard frame Map Frame
(inner frame)
Object Lithostratigrap _Strat
hic unit of
sedimentary

(volcanic) rock

Geochronologi _Intru_Litho Chrono
cal unit of
intrusive rock

Fault _Fault
Dike rock _Dike Object
(face)

Element identification number, code of deformation
zone, type of deformation zone, deformation zone
rock name, structural characteristics of deformation
zone, mechanical characteristics of deformation
zone, formative era, active period, ore-bearing, sub-
type identification

Element identification number, alteration type code,
alteration type name, mineral association and
content of alteration, ore-bearing, altered geobody
code, sub-type identification

Element identification number, volcanic lithofacies
type and code, stratigraphic unit and code,
lithofacies type of volcanic rock, rock structure, rock
fabric, flow surface attitude, flowline attitude,
formative era, ore-bearing, sub-type identification

Map name, map-sheet code, scale, coordinate
system, elevation system, left longitude, lower
latitude, graphic unit

Element category, stratigraphic unit name,
stratigraphic unit symbol, stratigraphic unit era, rock
association name, main color of rock association,
main sedimentary structure of rock formation,
biological fossil zone or biological assemblage,
stratigraphic thickness, ore-bearing, sub-type
identification

Element category, name of rock mass mapping unit,
rock mass mapping unit symbol, rock name
(lithology), rock color, rock structure, rock fabric,
lithofacies, primary minerals and content, secondary
minerals and content, contact relation with
surrounding rock, surrounding rock era, strike of
contact surface with surrounding rock, dip direction
of contact surface with surrounding rock, dip angle
of contact surface with surrounding rock, attitude of
flow surface, attitude of flowline, formative era, ore-
bearing, sub-type identification

Element category code, fault type, fault name, fault
number, fault nature, code of hanging wall of fault,
code of heading wall of fault, fault fracture zone
width, fault strike, fault dip, fault plane dip angle,
estimated fault distance, fault formative era, active
period and sub-type identification

Dike rock classification code, dike rock name, dike
rock symbol, lithology, color, structure, tectonics,
main minerals and content, secondary minerals and
content, strike of contact surface with surrounding
rock, dip direction of contact surface with
surrounding rock, dip angle of contact surface with
surrounding rock, formative era, ore-bearing
property and sub-type identification
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Continued table 2
Datatype  Name Standard code Attribute of data item
Informal _INF_STRATA Element category code, informal stratigraphic unit
stratigraphic code, lithology, rock structure, biological fossil zone
unit or biological assemblage, outcrop width or

thickness, ore-bearing, symbol of stratigraphic unit,
sub-type identification

Planar water =~ Water Region Element category code, map element type, map

area element name, map element feature, sub-type
identification

Basic _Sheet_Mapinfo Topographic map number, map name, scale,

information of coordinate system, elevation system, left longitude,

map-sheet right longitude, upper latitude, lower latitude,

mapping method, investigation unit, map acceptance
unit, scoring grade, completion time, publication
time, data source, data collection date

343 samples for microscopic petrography observation, 176 samples for whole-rock analysis, 10
samples for zircon U-Pb dating, 1043 photos, the actural measured 1 : 20 000 stratum profiles
of 15 kilometers and 1 : 50 000 intrusive profiles of about 37 kilometers. The overall accuracy
of the mapping meets the specific requirements of the 1 : 50 000 regional geological special
mapping in China.

Generally, only closed geobodies larger than 100 m in diameter, linear geobodies with a
width greater than 50 m and a length greater than 250 m, and fault and fold structures with a
length greater than 250 m, are represented on the map. Rocks in the ophiolite tectonic mélange
belt are appropriately enlarged and expressed by merging similar rocks. Generally, the error
between geological spots marked on the free hand field map and their actual positions shall not
be greater than 25 m.

In terms of data quality, self-inspection and mutual inspection of mapping routes reached
100%, random inspection by project team reached 30%, which meets relevant quality
requirements. The Tianjin Center of China Geological Survey organized experts on October
24,2016, August 10, 2017 and October 1, 2018 for quality inspection on the progress of the
original data and achievements of the project team in the field and indoors. From October 1 to
6, 2018, the Tianjin Center of China Geological Survey organized experts to carry out field
work acceptance of the project through a combination of indoor and site inspection. The
project was rated as excellent. The final results of four regional geological survey sub-projects,

including the 1:50 000 Beiliutumiao Map-sheet, Inner Mongolia, were rated as excellent.

5 Data Value

The 1:50 000 Geological Map of Beiliutumiao Map-sheet (K49E011021), Inner
Mongolia is one of the representative maps of the latest geological surveys of China
Geological Survey. On the basis of in-depth investigation of rock combinations, sequences and
tectonic deformation in this map-sheet, and guided by the latest mapping approaches for
orogenic-belts, the map is continuously improved in surface structure and layout in conformity

with the latest ‘Technical Requirement for Regional Geological Survey (I : 50 000)’ (DD
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2019-01). Finally, with Early Paleozoic island-arc structures as its core content, a complete
Paleozoic tectonic-magmatic-stratigraphic evolutionary series of the Beiliutumiao area is
systematically established based on the analysis of sedimentary formation, magmatic

evolutionary series, and tectonic style.

5.1 Characteristics of Sedimentary Formation

In-depth investigation is carried out in the area to identify the material composition,
stratigraphic sequence, sedimentary environment and formative era of each stratigraphic unit.
The lithostratigraphic framework of the survey area is systematically established, and informal
lithostratigraphic units have been mapped. Considering their tectonic setting, we have
established the different types of sedimentary formation with detailed description (Table 3).
We re-divide the Bainaimiao Formation into two member-level lithostratigraphic units, and
identify the material composition, basic sequence, sedimentary environment and deformation
and metamorphism characteristics of each unit. The bioclastic limestone, gravelly sandstone
and siltstone with Bouma sequence in the Beiliutumiao area are re-classified as Sanmianjing
Formation, which is further divided into two lithologic sections. A large number of fusulinid
and crinoid fossils have been newly collected from the limestone of the first member of
Sanmianjing Formation, providing paleontological basis for chronostratigraphic division. In
view of the characteristics of fossil assemblages and regional correlation, we believe that the

formative era is the Early Permian.

Table 3 Division of lithostratigraphic mapping units
Division of

Chronostratigraphy Stratumcode

lithostratigraphic Lithologic description

i . name
Boundary System Series units

Cenozoic Quaternar Holocene Lacustrine sediment Qh[ Composed of grey-black,

System grey-green, sandy silt, clay
sand, and gravel.

Alluvium Qh” Located in the modern
riverbed, composed of
mottled and loosely piled sand
and gravel layers, medium
sand, and sandy clay.

Flood alluvium Qn™ Mostly forming low and
gentle platforms, with
deposits being mainly yellow-
brown gravel, sand and clay.
The gravel is poorly sorted
and has complex composition.

Upper Flood alluvium Qp™ The deposits are mainly

Pleistocene yellow-brown gravel, sand
and clay, poorly sorted and
rounded, with complex
composition.

Neogene  Miocene Hannuoba Formation N4 Grey and grey-black compact,

vesicular iddingsite basalt and
olivine basalt
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Continued table 3
Chronostratigraphy Division of Stratumcode
- lithostratigraphic Lithologic description
Boundary System Series units hame

Mesozoic Cretaceous Lower Series Guyang Formation  K;g

Jurassic

Paleozoic Permian

Silurian
System

Baiyingaolao Kb
Formation
Upper Series Manitu Formation Jsmn
Lower Series Sanmianjing Pls2
Formation
1
Pls

Upper Series Bainaimiao Second S3_4b2
Formation Member

First S 3_4[)]
Member

Grey conglomerate, sandy
conglomerate mixed with
mudstone, black mudstone
mixed with coal seam, rich in
plant fossils

Rhyolitic volcanic
agglomerate, rhyolitic breccia
tuff, rhyolitic crystal tuff,
rhyolite

Anesite-trachytic agglomerate
and agglomerate breccia,
pyroxene andesite, hornblende
andesite, andesite,
trachyandesite, volcanic
breccia-bearing andesitic
breccia lava, andesite-
trachyandesitic volcanic
breccia

Medium-coarse-grained
(gravelly) lithic feldspar
greywacke, medium-fine-
grained lithic feldspar
greywacke, fine sandstone
slate, argillaceous siltstone
Blue-grey, grey-yellow
fusulinid limestone,
carbonaceous slate,
carbonaceous limestone and
bioclastic limestone mixed
with blue-grey, grey-brown
argillaceous slate, silty slate,
medium-fine-grained lithic
feldspathic sandstone

Andesite-dacite tuff, volcanic
breccia, tuff fine-siltstone,
chlorite schist, metamorphic
andesitic tuff, epidote-chlorite
schist, sericite chlorite schist,
chlorite-albitite actinolite
schist, muscovite quartz-
schist, grey-black
metamorphic andesite,
metamorphic andesitic
agglomerate

Light-grey dacite, grey-white
rhyolite and andalusite-
sericite schist, schistositized
metamorphic sandstone,
chloritized biotite quartz-
sandstone, two-mica epidote
quartz schist, plagioclase
granulite, chlorite actinolite
schist

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2020, Vol.47 Supp.(1) | 99



1 : 50 000 Geological Map Database of Beiliutumiao Map-sheet, Inner
Mongolia

GEOLOGY IN CHINA
5.2 Structural Style Combination Characteristics
The structural framework and deformation sequence are studied in detail, and two periods
of fold deformation are identified in the area: the first period of deformation occurred at the
end of the Early Paleozoic and was an outcrop-scale buckle compound tight fold formed by a
strong contraction-collision structure in the near north-south direction; the second period of
fold deformation largely developed after the Late Paleozoic Sanmianjing period and
superimposed on the first period of folding, mainly represented by normal-broad folds on a

kilometer scale, with strong lamellar intersection and cleavage refraction.

5.3 Evolutionary Series of Intrusive Rocks

Based on the characteristics of field rock combinations and zircon U-Pb dating, the
intrusive rocks in the Map-sheet are divided into four eras (Table 4), including the Late
Cambrian, the Late Silurian, the early stage of the Middle Permian, and the late stage of the

Middle Permian, with the evolutionary series of igneous rocks established.

5.4 Significance of Geochemical Test Data

This database contains geochemical testing and analysis of rocks in the map-sheet area
(Table 5), and is able to reflect important information about petrogenesis and diagenetic age,
thus providing scientific basis for the study of regional geological background and evolution in
the Beiliutumiao area of Inner Mongolia. Early Paleozoic island-arc intrusive rocks, which
were previously classified as Ordovician, are re-classified as Silurian adakite originating from
subducted oceanic crust, with zircon U-Pb age ranging from 414.4 Ma to 434.2 Ma. The
identification of magmatic events in this period indicates that Early Paleozoic subduction in the
region has continued to the Late Silurian ( ~ 420 Ma), representing constraints for the evolution
of the Paleo-Asian Ocean and the Xing’an-Mongolia orogenic belt. The Late Paleozoic
intrusive rocks in the map-sheet area is Type I granite formed in the tectonic environment of an
active continental margin. Its emplacement age is the Middle Permian.

This database, as a result of scientific innovation, provides basic data support for
subsequent geological surveys and research in the region, and improves the ability of
geological surveys to answer major scientific questions, ensure resource security, and facilitate

the development of society, economy and ecological civilization.

6 Conclusion

(1) The 1 : 50 000 Geological Map of Beiliutumiao Map-sheet (K49E011021), Inner
Mongolia represents an exploratory project of the new round of geological surveys of China
Geological Survey. The map adopts geological mapping to improve the expression of results,
and plays an exemplary and leading role in regional geological surveys, especially in
comprehensive geological survey mapping.

(2) In conformity with the latest technical requirements of China Geological Survey, the
1 :50 000 Geological Map of Beiliutumiao Map-sheet (K49E011021)is compiled in a

comprehensive and systematic way, with a spatial database established, in which the
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Table 4 List of evolutionary sequences of Paleozoic intrusive rock
Mapping  Main Main Shape and Main contact L.A-ICP_MS
Era . . o . . zircon U-Pb
unit lithology distribution attitude relation
age/Ma
Late stage x#nyP, Meat-red fine- Wenduerhutele- Rock Intrusion into 263.9+1.1
of Middle grained Naoganshangda foundation zxfnyP,, zxyfyoP,,
Permian monzonitic  area Pls1
granite
zxnyP, Meat-red Wenduerhutele- Rock Intrusion into
medium-fine- Naoganshangda foundation zxfnyP,, Pls2
grained area
monzonitic
granite
Early stage zxyfyoP, Grey-white  Guribanebolezhe-Rock Intrusion into 268.4+1.6
of Middle medium-fine- Ariyinwusu area foundation zcydoSs;, zydoSs,
Permian grained P lsl
hornblende
biotite
granodiorite
zxméoP,  Grey-white  Vicinity of Rock & AzxydoSs
medium-fine- Baohayinwobolezfoundation zydoS;.
grained he, Ariyinwusu Plsllntrusion into
porphyry 7X)00S3, Zyd0S;,
tonalite Pls1
Late zryooS;  Grey-white  Suji-Wuninaobao Rock Intrusion into 423.1£1.5
Silurian medium- area foundation zxydoS;, intruded by
grained xnyP,
porphyry
tonalite
zxmyooS;  Grey-white  Suji-Wuninaobao Rock Intrusion into
medium-fine- area foundation zxydoS;, intruded by
grained xnyP,
porphyry
tonalite
zcydoS; Grey-white ~ Hariaobao- Rock Intruded by 425.8£1.6
medium- Waurisheletu area foundation zzydoS;, zxmydoS;,
coarse-grained Intrusion into
porphyry zxfyoS,
tonalite
Zy00S; Grey-white  Hariaobao- Rock Intruded by 4342422
medium- Waurisheletu area foundation zmydoS;,
grained ZXTyooSs,intrusion
tonalite into zxfydS,
zxyooS;  Grey-white  Hariaobao- Rock Intruded by
medium-fine- Waurisheletu area foundation zmydoS;, zxmydoSs,
grained Intrusion into
tonalite zZXfyoS,
Late xygn€; Grey-white ~ West side of the Apophysis Intruded by zydoS;, 500.8+2.4
Cambrian fine-grained  northwest corner forms fault contact

garnet-bearing exit of

muscovite
granite

Bilutumiao

with Bainaimiao
Group

Note: x denotes fine-grained; z represents medium-grained; zc: medium-coarse grained; zx: medium-

fine grained.
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Table 5 Test and analysis data of the geological map spatial database of Beiliutumiao map-sheet,
Inner Mongolia (K49E011021)

Data type Data volume  Basic characteristics of data
Petrochemical analysis 176 pieces 11 major elements of volcanic and intrusive rocks
Trace element analysis 176 pieces 31 trace elements of volcanic and intrusive rocks

. . LA-ICP-MS zircon U-Pb isotopic ages of volcanic, intrusive
Isotopic age 10 pieces .
and clastic rocks

expression of various kinds of geological information is improved and standardized.

(3) Based on previous data and the results of the present project, we express the material
composition and tectonic association of the Bainaimiao island-arc belt through field
investigations of sedimentary formations and tectonic deformation sequence, and find that the
Bainaimiao island-arc belt is characterized by Silurian adakite emplacement originating from
the subducted plate, with intermediate-acidic volcano-sedimentary formation and near-EW
tight folds and steep cleavages developed in the strata.

(4) We reclassify the sedimentary formation, igneous rock and tectonic deformation
sequence of the Silurian, Permian, and Cretaceous eras in the Beiliutumiao map-sheet, and
establish a relatively complete tectonic evolutionary series. We systematically construct the
sedimentary formation and tectonic association of Paleozoic geobodies in the Bainaimiao area
and their eras. Early Paleozoic island-arc intrusive rocks, previously classified as Ordovician,
are re-classified as Silurian, with zircon U-Pb age ranging from 414.4 Ma to 434.2 Ma. The
Paleozoic intrusive rocks are concentrated in Middle-Permian emplacement, displaying
characteristics of continental margin arc granite.
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