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Abstract: The Dongliumafang Map-sheet (KS0E023002) is located in the Hengshan-Sanggan
high-pressure granulite belt at the junction of Shanxi, Hebei and Inner Mongolia. The 1 :

50 000 Geological Map Spatial Database of Dongliumafang Map-sheet was compiled in
accordance with the Technical Requirement for Regional Geological Survey (1 : 50 000) (DD
2019-01) newly issued by China Geological Survey and other relevant uniform standards and
requirements, by using modern mapping technology for metamorphic rock area and digital
mapping acquisition system. The map-sheet gave a detailed definition of the strata, magmatic
rocks, metamorphism and tectonic structure in the Neoarchean-Cenozoic era in the area: four
tectonic-lithostratigraphic units of the Neoarchean Sanggan Group and the Paleoproterozoic
Jining Group, and 13 Mesoproterozoic-Cenozoic stratigraphic units have been established; the
evolutionary series of Neoarchean-Paleoproterozoic and Mesoproterozoic-Mesozoic
(metamorphic) intrusive rocks have been established; the structural deformation style of three
periods of Early Precambrian, and the fracture structure in the Mesozoic-Cenozoic Indosinian,
Yanshanian and Himalayan periods have been identified; two types of high-pressure basic
granulites with different protolith properties have been identified, with metamorphic periods
divided. The map-sheet uses special line segments and patterns to express the plastic

rheological characteristics and structural deformation style of deep crustal rocks in the ancient
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1 : 50 000 Geological Map Database of the Dongliumafang Map-sheet at

GIOLOG NGNS the Junction of Shanxi, Hebei and Inner Mongolia

orogenic belt, and has reconstructed the evolution process of Paleoproterozoic orogenic
tectonics. The database adopts a MapGIS format and comprises 1 : 50 000 geological map
library, map appearance and corner maps, and contains nine data pieces of zircon U-Pb age,
with a data volume of 53.8 MB. The 1 : 50 000 Geological Map of Dongliumafang Map-sheet
has innovated the mapping techniques for high-grade metamorphic areas as well as map
expression methods, setting an example for mapping work on high-grade metamorphic rock
areas.

Key words: Dongliumafang Map-sheet; 1 : 50 000; geological map; database; north China
Craton; mapping of metamorphic rock area; geological survey engineering

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

1 Introduction

As one of the few ancient cratons in the world with rocks > 3.8 Ga (Liu DY et al., 1992,
2008; Wan YS et al., 2005, 2012; Wang YF et al., 2015; Zhang JH et al., 2013, 2018), the
North China Craton records the complete geological history of the Archean—Proterozoic era,
and represents a natural laboratory for studying Precambrian geological evolution in China.
During formation of the North China Craton, emplacement of large-scale newly produced TTG
magmatic rocks in the late Neoarchean (~ 2.5 Ga) (Geng YS et al., 2010), and associated
tectonic-metamorphic-magmatic events are the most important geological events, marking the
amalgamation of the North China micro-continental blocks and the early cratonization process
(Zhai MG et al., 2000; Zhai MG, 2011; Wang HC et al., 2011; Wan YS et al., 2017), laying the
foundation for the evolution of the North China Craton. During the Proterozoic, the geological
evolution of the North China Craton can be divided into the Paleoproterozoic breakup-collision
orogenic event, Mesoproterozoic-Neoproterozoic large-scale mafic dike group emplacement
and non-orogenic magmatism developed against an extensional background, and the volcanic-
sedimentary event of the rift trough. They are considered to correspond to the convergence and
breakup events of the Columbia supercontinent (Zhai MG, 2014). These two global events
representing different tectonic meanings are the main basis for China to divide the
Paleoproterozoic and Mesoproterozoic boundaries ( ~ 1.8 Ga).

The junction area between Shanxi, Hebei and Inner Mongolia represents a typical
granulite facies high-grade metamorphic area of the Early Precambrian in the North China
Craton. It can be divided into two sets of high-grade metamorphic rock series along the
Datong-Xinghe line, i.e., the granulite series in the southeast and the khondalite series in the
northwest (Fig. 1b). The khondalite series is a set of special combination of graphite-
sillimanite-garnet bearing metamorphic argillaceous rock of granulite facies and marble, which
are better exposed in the Jining-Fengzhen area, now referred to as the Jining rock group. The
granulite series is mostly distributed in the Datong-Tianzhen-Huai'an-Xuanhua area and was as
a whole referred to as the Sanggan gneiss or Sanggan complex in early geological work. It was
regarded as metamorphic strata in the 1 : 200 000 regional geological s.ulrvey09 carried out in

the early 1970s, and classified as part of the Sanggan Group formed in the Archean. Since the
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Fig. 1 Paleoproterozoic tectonic zoning map of North China Craton (a, modified from Zhao GC et
al., 2005) and early Precambrian geological diagram of the junction area between Shanxi,
Hebei and Inner Mongolia (b)

1—Huai'an complex; 2—Khondalite series; 3—Porphyritic granite; 4—Alaskite; 5—Xuwujia metamorphic mafic dike;
6—Fault or tectonic contact

1980s, the geological framework of Archean tonalitic-trondjemitic-granodioritic gneiss (TTG
gneiss) or grey gneiss complex has been gradually established in this area. The geological
framework is mainly composed of an Archean tonalitic-trondjemitic-granodioritic gneiss
complex, with scattered supracrustal rocks “floating” in gneiss complexes as layered xenoliths
(Liu YG and Guo JH, 1993). Today, the early Precambrian metamorphic complexes in this
area are collectively referred to as Huai’an complexes. Due to the deep metamorphism and
complicated structural deformation in this area, and the fact that it is generally characterized by
metamorphism-anatomy, it is difficult to divide and compare the mapping units of various
rocks. At the same time, there has long been debate over the following issues: 1) whether the
time limit of peak metamorphism of high-pressure basic granulite with retrogressive “white
eye rim” structure widely exposed in the area is ~ 1.85 Ga (Zhao GC et al., 2005, 2008; Guo
JH et al., 2002, 2005), or ~ 1.95 Ga (Zhai MG, 2009; Zhang HF et al., 2016); 2) whether the
tectonic origin of the ~ 1.85 Ga granulite facies metamorphism event is collision orogeny
compression background (Zhao GC et al., 2012) or post-orogenic uplift and cooling (Zhai MG,
2009; Wei CJ et al., 2014); 3) whether the khondalite belt and the central orogenic belt
represented by the Huai'an complex are two different Paleoproterozoic orogenic belts, and
whether there is a tectonic boundary between them (Zhao GC et al., 2010; Wang LJ et al.,
2015; Liao Y and Wei CJ, 2019).

In the last 20 years, a series of 1 : 250 00099 and 1 :50 00066 regional geological
surveys have been carried out in the junction areas of Shanxi, Hebei and Inner Mongolia,
systematically dividing and defining geological units and laying an important foundation for

geological and mineral mapping in this area. From 2016 to 2018, the Tianjin Center of the
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China Geological Survey organized and implemented the “Geological and Mineral Survey in
Fengning and Tianzhen Areas of Yanshan-Taihang Metallogenic Belt” project in an attempt to
investigate the genesis and metamorphic dynamics of high-pressure basic granulites in the
Tianzhen-Huai'an area at the junction of Shanxi, Hebei and Inner Mongolia and ultra-high
temperature argillaceous granulites in the Tuguiwula area of Inner Mongolia. It contains the
geological map database (Table 1; Zhang JH et al., 2020) of Dongliumafang Map-sheet
(K50E023002), which is located in the Hengshan-Sanggan high-pressure granulite belt at the
junction of Shanxi, Hebei and Inner Mongolia, within the Paleoproterozoic orogenic belt
defined by Zhao et al. (2005), and adjacent to the khondalite belt (Fig. la). With great
geological tectonic significance, it has been a classic area for studying high-pressure granulite
facies metamorphism at home and abroad, and in particular, a key to understanding the
material composition of the deep crust, the structure of the lower crust and the tectonics of the
paleo-plate through studying the genesis and tectonic setting of the high-pressure granulite.
Building on previous research, the 1 : 50 000 Geological Map of Dongliumafang Map-sheet

(Fig. 2) uses modern mapping techniques for the metamorphic rock area, and redivides and

Table 1 Metadata Table of Database (Dataset)
Description

Items

Database (dataset) name 1 : 50 000 Geological Map Database of the Dongliumafang Map-sheet

at the Junction of Shanxi, Hebei and Inner Mongolia

Database (dataset) authors Zhang Jiahui, Tianjin Center, China Geological Survey
Wang Huichu, Tianjin Center, China Geological Survey
Tian Hui, Tianjin Center, China Geological Survey

Ren Yunwei, Tianjin Center, China Geological Survey

Yang Jiyuan, Hebei Institute of Regional Geological Survey
2016—2018
114°15'—114°30" E, 40°10'—40°20' N

Data acquisition time

Geographic area

Data format *wl, *.wp, *.wt*
Data size 53.8 MB
Data service system URL http://dcc.cgs.gov.cn

Fund project

Language

Database (dataset) composition

China Geological Survey Project “Geological and Mineral Survey in
Fengning and Tianzhen Areas of Yanshan-Taihang Metallogenic Belt”
(DD20160042)

Chinese

The database (dataset) is composed of 1 : 50 000 geological map
library, map appearance and corner maps. The geological maps include
sedimentary rock, magmatic rock, metamorphic rock, Quaternary
System, dike, tectonics, geological boundary, attitude, sample,
photograph, isotopic age, lithologic column, and mapping unit. Map
appearance includes the columnar section of sedimentary rock, cutting
profile, legend, index map and duty table. Corner maps include
columnar section of structural-lithostratigraphic unit, columnar section
of intrusive rock evolution sequence table, structural outline map, high-
pressure basic granulite and P-T path map, metamorphic facies division
map, Paleoproterozoic tectonic evolution model map, geotectonic
location map of the survey area, map name, emblem of the China
Geological Survey, and scale

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



1 : 50 000 Geological Map Database of the Dongliumafang Map-sheet at

the Junction of Shanxi, Hebei and Inner Mongolia GEDSCIENTIIC DATA & DISCOVERY{S)

Fig.2 Schematic diagram of 1 : 50 000 geological map spatial database of Dongliumafang map-
sheet at the junction of Shanxi, Hebei and Inner Mongolia

redefines the Neoarchean-Cenozoic strata, magmatic rocks, metamorphism and structures in
the area, achieving a series of important progress. It provides a new basis for the division and
correlation of regional geological events, while at the same time offers an example for the
geological mapping of high-grade metamorphic rock areas with its new map expression

methods.

2 Data Acquisition and Processing Process

2.1 Basic Data Acquisition

The Geological Map Database of Dongliumafang Map-sheet (K50E023002) is based on
the 1 : 50 000 topographic map (1971) of the Bureau of Surveying and Mapping of the People’s
Liberation Army General Staff Department. The 1 : 50 000 topographic map was vectorized
by computer software such as MapGIS, forming a 1 : 25 000 topographic map. For the
vectorized data of point (wt), line (wl), area (wp), the topographic data conversion parameters
(scale: 1 : 25 000, unit: mm, coordinates type: rectangular coordinate system, projection type:
Gauss-Kruger projection, ellipsoid parameter: Xi’an 80/1975 1.G.U.U) were used for
projection conversion, forming a background layer of the 1 : 25 000 map-sheet. The present
project adopted the DGSS digital mapping system for mapping. While strengthening the
investigation of strata, rocks and structures in the survey area, we studied in detail the material
composition and structural deformation characteristics of high-grade metamorphic rocks and
the process of metamorphism-anatexis. For metamorphic plutonic rocks, the mapping method

of “characteristic metamorphic minerals+protolith lithology+structure” was used to highlight
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the expression of protolith lithology and emphasize the structural deformation style and
characteristic metamorphic mineral composition. For metamorphic supracrustal rocks, the
mapping method of “diagnostic metamorphic mineral+rock association+structure” was used to
effectively distinguish early Precambrian metamorphic supracrustal rock units of different eras

and genesis types.

2.2 Data Processing
2.2.1 Field Geological Mapping

In the process of field original data acquisition, the 1 : 25 000 topographic map under the
jurisdiction of the Dongliumafang Map-sheet was taken as the background layer. Through field
actual geological route investigation, information such as geological point (P), geological route
(R), geological boundary line (B), sample, sketch, attitude, and photography were
systematically collected, and the master field library of the digital mapping system was initially
established.

Geological point (P): divided into boundary point, structural observation point and
lithology control point. In the field geological survey, its attributes were carefully filled in the
mobile digital system, including route number, geological point number, micro-
geomorphology, outcrop weathering degree, mapping unit, rock name, contact relation and
lithology description.

Geological route (R): attributes such as route number, geological point number, R code,
mapping unit, rock name and geological information along the way were filled in the system in
the field. Among them, azimuth, distance of the station, and accumulated distance were
automatically calculated and filled in by the system.

Geological boundary (B): route number, geological point number, B code, R code,
boundary type, left mapping unit, right mapping unit, contact relation and field evidence were
filled in the system in the field.

During field investigation, important attributes of sample, sketch, attitude, photograph and
other features collected along the geological route were imported.

2.2.2 Indoor Data Sorting and Database Construction Process

(1) Firstly, the field data collected by the mobile digital system was imported into the
computer-based digital mapping system, and various geological features of the field route were
edited and refined. At the same time, the data quality was checked by programming. After
correcting the errors prompted in the logic check, data was sorted and modified according to
relevant specifications:

Geological point (P): geological point was adjusted to overlap with GPS point. Its
geological attributes and location description were added and refined. This includes the name
of slice identification, which would be filled in after the identification results become available.

Geological route (R): laboratory-based route mapping was conducted to reflect the actual
field route as accurately as possible. The R-line segment was smoothed, and adjacent R-line
segments were connected at geological points or boundaries through adjustment by method of

junction point.- The R-line segment distance must be recalculated after finishing, and the
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“segment head” must be clicked to fill in.

Geological boundary line (B): a length of 1-3 cm was reserved according to the actual
strike of the boundary and the V-like rule, and the attitude of the geological boundary was
added. The strike of the geological boundary for faults of an unknown nature and the
Quaternary boundary was added. The features of other faults and integrated boundaries could
be supplemented by referring to adjacent attitude. The linear parameters were changed
according to the different types of boundary.

Description of sample, sketch, attitude, and photography was then completed and refined,
and the sketch map was finished. Geological point, sample, and attitude were marked
separately. The sample symbols were finished according to the actual sample category. The
lithologic code and mapping unit code were marked on the point free layer, and a string was
used to add leads to the free line layer.

The free hand cutting profile was then added, the route summary was compiled, and
multi-level manual quality inspection was carried out to complete the digitalization of a single
route.(2) The data of field geological route and measured geological profile were projected to
the 1 : 25 000 actual material maps for mapping by correctly adopting the V-like rule. After
finishing four 1 : 25 000 actual material maps, all 1 : 25 000 actual material maps were
projected to generate the 1 @ 50 000 original map.

(3) The 1 : 50 000 original map data were integrated into the spatial database, and the
topological consistency of the map, the expression of geological features and the map structure
were checked to ensure that they fully meet the requirements of geological map finishing and
spatial database. Then the data of the basic feature class, complex feature class and object class
were imported in order.

(4) Lastly, the quality of the spatial database was systematically and comprehensively
checked to ensure, for example, that there were no overlapping lines, no overlapping
coordinates, and no lines with untouched endpoints. By following the above steps, a complete
1 : 50 000 geological map (Fig. 2) and spatial database of Dongliumafang Map-sheet were
compiled.

2.2.3 Map Appearance Compilation

(1) Columnar section: the lithologic combination and sedimentary facies of
Mesoproterozoic-Cenozoic sedimentary stratigraphic units in the map were comprehensively
analysed to compile a columnar section of sedimentary rocks; a “structural-lithostratigraphic
unit columnar section” was compiled according to the characteristics of “diagnostic
metamorphic  mineral+rock association+structure” for Neoarchean-Paleoproterozoic
metamorphic strata; the “columnar section of intrusive rock evolution sequence table” was
compiled for Neoarchean-Paleoproterozoic metamorphic plutons according to the
characteristics of “diagnostic metamorphic mineral+protolith lithology-+structure”.

(2) Cutting profile: the main direction of the structural line in the map is E-W or NW-SE.
In order to effectively reflect the overall formation and structural characteristics in the map-

sheet, two NE-trending cutting profiles were arranged, one of which runs through the whole
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region and controls the Neoarchean metamorphic plutons, Neoarchean-Paleoproterozoic
metamorphic supracrustal rocks, Mesoproterozoic sedimentary cap rocks, Mesozoic intrusive
rocks and Cenozoic loose deposits in the area; the other mainly controls the newly recognized
Paleoproterozoic Huangtuyao Formation composed of high-pressure basic granulite and marble
exposed in the Xizhaojiayao area.

2.2.4 Corner Map Compilation

(1) Structural outline: based on the analysis of Early Precambrian deformation structure,
three periods of structural deformation style in the Neoarchean and Paleoproterozoic have been
determined. The first period of deformation (D1): formed at the end of the Neoarchean
(2.55-2.5 Ga). The tectonic style in this period was greatly altered by Paleoproterozoic
orogeny. Its structural style cannot be identified, but is dominated by the tectonic pattern of the
Archean granite-greenstone belt. The second period of deformation (D2): occurred in the early
stage of Paleoproterozoic subduction orogeny. The crustal rocks at the root of the thickened
orogenic belt began to undergo viscous layered flow deformation, resulting in near S- or SSE-
trending laminar flow in the lower crust, with well-developed flow surface structure (S2), and
were only partially preserved in TTG rocks and metamorphic supracrustal rock tectonic
agglomerates (metamorphic basic rocks+BIF assemblage). The attitude of foliation (S2) in this
period is 175°—-190° £ 25°-45°; the attitude of lineation (L2) is 150°-160° £ 45°-60°. The third
period of deformation (D3): formed in the late stage of Paleoproterozoic orogeny. During the
exhumation process, differential uplift resulted in wide-ranging foliation structures (S3), SW-
trending mineral stretching lineation and A-type folds in the region. The general foliation
attitude (S3) dip is 150°-210°, and the dip angle varies greatly in different lithologies. The dip
direction of lineation (L3) points SW (210°-250°) and the dip angle is 15°—50°. At the same
time, the brittle Mesozoic-Cenozoic fault structures were systematically summarized: the
Indosinian (Late Triassic) structural line is EW-trending, and the structural features of this
period are partially preserved; the Yanshanian (Late Jurassic-Early Cretaceous) tectonic line is
NE, NEE and NW, which is characterized by Taihangshan uplift. The Himalayan
(Miocene—Pliocene) tectonic line is mainly NE-trending and partially NEE-trending, with
dextral shearing, forming Shanxi Graben system. The structural outline of this map-sheet was
compiled by comprehensively considering different tectonic features.

(2) High-pressure basic granulite and P-T path diagram: the high-pressure basic granulites
in the area generally show porphyry-like crystalline structure, with the porphyroblast being
garnet. The garnet varies in size, generally 3—-10 mm, and may reach up to 15-20 mm.
Microscopic observation shows that the garnet porphyroblast contains a large number of
inclusions. These inclusions include plagioclase, hornblende, clinopyroxene and quartz,
representing early mineral composition. In addition, around the garnet are “white eye rim”
symplectite or coronal structure. The coronal body is generally light in color. The common
mineral association is orthopyroxene+tplagioclase symplectite or orthopyroxene+plagioclase+
clinopyroxene coronal body. In addition, plagioclase and hornblende symplectite are grown

around some garnet. The matrix is mainly composed of plagioclase and hornblende. In
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addition, fully retrogressive high-pressure basic granulites are common in the field, as
manifested in a large number of spherical light-colored mineral aggregates that can be seen in
the rocks, with a size of 5—15 mm. Microscopic observation shows that the main mineral
composition of spherical aggregates is plagioclase+clinopyroxene+orthopyroxene+hornblende,
with residual small-particle garnet crystals in the core in certain parts, which indicates that the
spherical light-colored mineral aggregates were formed by garnet retrogressive metamorphism.
According to this study, four periods of metamorphism were identified in the high-pressure
basic granulites. Considering previous research results in this area and its neighboring areas, a
clockwise P-T path dominated by near-isothermal decompression characteristics (ITD) was
outlined.

(3) Metamorphic facies division map: characterized by a high metamorphic degree
overall, the metamorphic rocks in the area are subject to high amphibolite facies-granulite
facies metamorphism, with the occurrence of high-pressure granulite facies metamorphism in
certain parts. The metamorphic rocks are mainly of a regional nature with strong anatexis. In
addition, another special metamorphic rock type in the area is the garnet-bearing high-pressure
basic granulite with a “white eye rim” structure, which reflects high-pressure granulite facies
metamorphism at its peak. To compile the metamorphic facies division map, the metamorphic
degree experienced was determined according to the mineral association in the rock, and the
metamorphic facies of the rock was determined according to the highest metamorphic grade.

(4) Paleoproterozoic tectonic evolution model map: the metamorphic facies and
metamorphic stages and deformation structures in the survey area were re-sorted, and the
Paleoproterozoic breakup, subduction, collision and uplift processes were simulated while
considering the regional tectonic evolution process. The tectonic evolution periods were
divided, and the Paleoproterozoic tectonic evolution model map was comprehensively

compiled.

3 Data Content Review
The 1:50 000 Geological Map Database of Dongliumafang Map-sheet is mainly

composed of basic feature class, complex class, object class and independent feature data.

3.1 Basic Feature Class

This map contains seven kinds of basic feature data, namely geological polygon,
geological boundary line, attitude, sample, photograph, isotopic age, and river-lake-sea-water
coastline.

There are 550 entities in “geological polygon”, and their attributes include the following
contents: geological polygon identification number (composed of type, map-sheet number and
data code in the area); geological polygon feature type (geological code); geological polygon
name; geological polygon era; and other attributes (Table 2).

“Geological boundary line” has a total of 1367 entities, and its attributes include the
following contents: feature identification number; geological boundary line (contact) code

(geological code); boundary name; code of geobody on the left side of the boundary or

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2020, Vol.47 Supp.(1) | 211



1 : 50 000 Geological Map Database of the Dongliumafang Map-sheet at

GIOLOG NGNS the Junction of Shanxi, Hebei and Inner Mongolia

Table 2 Attribute table of geological polygon in the geological map of Dongliumafang map-sheet

Serial number Data item Standard code Data type Examples

1 Geological polygon FEATURE ID String AK50E023002000003234
identification number

2 Geological polygon feature FEATURE TYPE String Ix; g1
type (geological code)

3 Geobody polygon name GEOBODY_NAME String ¥ Member of

Gaoyuzhuang Formation of
Lower Jixian System

4 Geobody polygon era GEOBODY_ERA  String Ix;

hangingwall; code of geobody on the right side of the boundary or hangingwall; strike; dip
direction; and dip angle (Table 3).
“Attitude” has 214 entities, and its attributes include the following: feature identification
number; attitude type code; attitude name; strike; dip direction; and dip angle (Table 4).
“Sample” contains 56 entities, and its attributes include the following: feature
identification number; sample code; sample type code; sample name; and rock name (Table 5).
“Photograph” has 822 entities, and its attributes include the following: feature
identification number; photograph code; photograph title; and photograph note (Table 6).
“Isotopic age” has a total of nine entities, and its attributes include the following: feature

identification number; sample code; sample name; age measuring method; age; unit and code

Table 3 Attribute table of geological boundary in the geological map of Dongliumafang map-sheet

Serial Number Data item Standard code Data type Examples
1 Feature identification number FEATURE ID String AKS50E02300200
0005998
2 Geological boundary line (contact) FEATURE TYPE String 11
code (geological code)
3 Boundary name BOUNDARY NAME String Intrusive contact
4 Code of geobody on the left side of LEFT _UNIT CODE  String Pt]N2
the boundary or hangingwall
5 Code of geobody on the right side RIGHT UNIT CODE String PuPt,
of the boundary or hangingwall
6 Strike/° STRIKE Integer 280
7 Dip direction/® DIP_DIRECTION Integer 10
8 Dip angle/® DIP_ANGLE Integer 36

Table 4 Attribute table of attitude in the geological map of Dongliumafang map-sheet

Serial number Data item Standard code Data type Examples

1 Feature identification number FEATURE ID String  AKS0E023002000001878
2 Attitude type code FEATURE TYPE String 3

3 Attitude type name ATTITUDE NAME String  Gneissic foliation

4 Strike/° STRIKE Integer 60

5 Dip direction/® DIP DIRECTION Integer 330

6 Dip angle/® DIP. ANGLE Integer 45
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Table 5 Attribute table of sample in the geological map of Dongliumafang map-sheet

Serial number Data item Standard code Data type  Examples

1 Feature identification FEATURE ID String AKS50E023002000000241
number

2 Sample code SAMPLE CODE  String D9001 1

3 Sample type code FEATURE TYPE String b

4 Sample name SAMPLE NAME  String b Section

5 Rock name ROCK NAME String

Grey-black medium-fine-
grained hornblende-
plagioclase-pyroxene
granulite

Table 6 Attribute table of photograph in the geological map of Dongliumafang map-sheet

1

Serial number Data item Standard code Data type Examples
Feature identification FEATURE_ID String AK50E023002000003309
number
Photograph code SOURCE _ID String D7603 2
Photograph title SAMPLE CODE String Interbedded dolomite and purplish
red shale
Photograph note PHOTO TITLE  String Macrogeological characteristics of

rock association of Dahongyu

Formation

of measured geobody; measuring and analysing unit; and measuring and analysing date
(Table 7).

There are 32 entities in the “river-lake-sea-water coastline”, with the following attributes:

feature identification number; feature type; and feature name (Table §).

Table 7 Attribute table of isotopic age in the geological map of Dongliumafang map-sheet

Serial number  Data item Standard code Data type Examples

1 Feature identification FEATURE ID String AKS50E0230020 0000 0001
number

2 Sample code SAMPLE CODE String TW8040 1

3 Sample name SAMPLE NAME String Grey-white medium-fine-

Age measuring MEASURING KINDS String
method
Age AGE String

Unit and code of GEOBODY_CODE String
measured geobody

Measuring and UNIT String
analysing unit

Measuring and FEATURE ID String
analysing date

grained pyroxene—magnetite
quartzite

Zircon U-Pb

2480+24 Ma(D)/1847+
15 Ma(M)

Ar@3y.$ibr

Isotope Laboratory of
Tianjin Center, China
Geological Survey

November 14, 2017

Note: @ indicates subscript; $ denotes superscript.
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3.2 Complex Feature Class

This map only contains two kinds of complex feature data: metamorphic facies belt and
standard frame (internal map frame).

The “metamorphic facies belt” consists of 282 entities, with the following attributes:
feature identification number (composed of type, map number and data number in the area);
geobody code in metamorphic facies zone; metamorphic facies zone type; metamorphic type;
metamorphic  degree; metamorphic temperature-pressure conditions; rock name of
metamorphic facies zone; rock color of metamorphic facies zone; rock texture of metamorphic
facies zone; rock structure of metamorphic facies zone; and mineral association and content of
metamorphic facies zone (Table 9).

“Standard frame (internal map frame)” has four entities, with the following attributes:

map name; sheet code; scale; coordinate system: height system; left longitude; lower latitude;

Table 8 Attribute table of river-lake-sea-water coastline in the geological map of
Dongliumafang map-sheet

Serial Number Data item Standard code Data type Examples

1 Feature identification number FEATURE ID String AKS50E023002000000021
2 Feature type FEATURE TYPE String 21010

3 Feature name FEATURE NAME String Perennial river

Table 9 Attribute table of formation-structure layer in the geological map of
Dongliumafang map-sheet

Serial Number Data item Standard code Data type Examples

1 Feature identification Feature Id String AKS50E023002000002742
number

2 Geobody code in Feature_Type String Arsgn’™
metamorphic facies zone

3 Metamorphic facies zone META MORPHIC  String Granulite facies
type TYPE

4 Metamorphic type META TYPE String Regional medium-high

temperature
metamorphism

5 Metamorphic degree META DEGREE String High-grade

6 Metamorphic TP_CONDITION String Medium pressure and
temperature-pressure high temperature
conditions

7 Rock name of ROCK _NAME (Biotite) tonalitic gneiss
metamorphic facies zone

8 Rock color of COLOR Grey-white, grey-yellow
metamorphic facies zone

9 Rock texture of ROCK TEXTURE Lepido-granoblastic
metamorphic facies zone texture

10 Rock structure of ROCK _STRUCTURE String Gneissic or banded
metamorphic facies zone structure

11 Mineral association and ASSOCIATION 60%—65% plagioclase,
content of metamorphic less than 5% perthite and
facies zone 10%—16% biotite
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and coordinates unit (Table 10).

3.3 Object Class Data

This map-sheet contains 49 object class data, which are divided into 7 types, namely:
sedimentary (volcanic) stratigraphic unit (STRATA); informal stratigraphic unit
(INF_STRATA); intrusive rock lithochronological unit (INTRU LITHO CHRONO); dike
(area) (_ DIKE OBIJECT); fault (FAULT); metamorphic rock stratigraphic (formation) unit
(METAMORPHIC); and basic information of map-sheet ( SHEET MAPINFO).

3.4 Independent Feature Class

The independent feature class in this map-sheet includes sedimentary rock columnar
section, cutting profile, legend, index map, duty table, and columnar section of structural-
lithostratigraphic unit, columnar section of intrusive rock evolution sequence table, structural
outline map, high-pressure basic granulite and P-T path map, metamorphic facies division
map, Paleoproterozoic tectonic evolution model map, geotectonic location map of the survey

area, map name, emblem of the China Geological Survey, and scale.

4 Data Quality Control and Evaluation

During the construction of the 1 : 50 000 Geological Map Database of Dongliumafang
Map-sheet, the technical standard for geological survey "Digital Geological Map Spatial
Database" (DD 2006-06) issued by the China Geological Survey was strictly implemented.
Specific quality monitoring measures include:

(1) Process monitoring: after each step was completed, the database developers would
carry out 100% self-examination and the project team shall carry out 100% mutual inspection,
mainly checking the correctness of the edge connection attribute and the topological
relationship, the completeness of map-sheet presentation after being input into the database, as
well as the correctness of attribute, surface element color, and filling pattern according to
legend and map layer.

(2) Attribute data check: checking the standardization degree of layer naming, the

completeness of the layer attribute table, the completeness of records, the accuracy of attribute

Table 10 Attribute table of standard map frame in the geological map of
Dongliumafang map-sheet

Serial Number Data item Standard code Data type Examples

1 Map name MAP NAME String Dongliumafang

2 Sheet code SHEET CODE String KS50E023002

3 Scale SCALE String 50 000

4 Coordinate system COORDINATE SYSTEM  String China Geodetic Coordinate
System

5 Height system HEIGHT _SYSTEM String Yellow Sea Height System

6 Left longitude LEFT LONGITUDE String 1141500

7 Lower latitude LOW_LATITUDE String 401000

8 Coordinates unit ~ COORDINATES UNIT String mm
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code, the correctness of attribute format, the data item content, and the correlation between
graphic elements and attributes. During the construction of the database, multi-level and multi-
stage quality inspection and supervision were carried out to ensure data accuracy.

(3) Map surface quality inspection: geological experts were engaged to conduct over three
examinations of the notes of the internal and external finishing parts of the full-feature color
inkjet geological map output by MapGIS, the standardization of sub-maps, the color of the
geological map, overlapping relation, and the drawing of corner maps, etc.

The 1 : 50 000 Geological Map of Dongliumafang Map-sheet was rated as an excellent
map in the "2018 National Exhibition and Evaluation Conference on Excellent Maps of

Regional Geological Survey" of the China Geological Survey.

5 Data Value

The 1 : 50 000 Geological Map Database of Dongliumafang Map-sheet is based on
previous regional geological surveys and research work, and adopts innovative mapping
techniques for metamorphic rock areas, achieving the following results: (1) the early
Precambrian metamorphic supracrustal rock stratigraphic units in the investigation area have
been re-determined; the Yanggao Formation of the Neoarchean Sanggan Rock Group and the
Huangtuyao Formation of the Paleoproterozoic Jining Rock Group have been identified, and
four lithologic segments have been further divided (Table 11; Zhang JH et al., 2019a, 2019b;
Tian H et al., 2019). (2) the early Precambrian metamorphic plutons have been classified into
various mapping units, i.e., Neoarchean two-pyroxene quartz dioritic gneiss, (biotite) tonalite
dioritic gneiss, charnokite trondjemitic gneiss, monzonitic gneiss and gneissic monzonitic
granite, and Paleoproterozoic garnet monzonitic granite, dike-type high-pressure basic
granulite and two-pyroxene granulite (Table 12). (3) the Mesoproterozoic sedimentary
stratigraphic sequence in the survey area has been established, with two mapping units
identified, namely the Dahongyu Formation of the Changcheng System and the Gaoyuzhuang
Formation of the Jixian System. (4) three magmatic events of the Late Triassic, Late Jurassic
and Early Cretaceous were newly recognized and a Mesozoic magmatic evolution sequence
was established. (5) two types of high-pressure granulites with different protolith properties
have been determined, namely, Paleoproterozoic mafic dike-type granulite and basic volcanic-
rock-type granulite (Table 13; Zhang JH et al., 2019c), providing basic data for the study of
Paleoproterozoic orogenic belts. (6) three tectonic layers of the early Precambrian,
Mesoproterozoic and Mesozoic-Cenozoic have been newly determined, the characteristics and
periods of the tectonic deformation of each tectonic layer have been investigated in detail, and
the tectonic evolution framework of the Paleoproterozoic has been preliminarily established.
(7) The mapping unit approach characterized by ‘“diagnostic metamorphic mineral+rock
association (protolith lithology)+structure” in high-grade metamorphic rock areas has been
preliminarily established, and the research methods and identification marks of metamorphic
plutonic rocks and metamorphic supracrustal rocks have been systematically reviewed.

The main features of the 1 : 50 000 Geological Map Database of Dongliumafang Map-
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sheet are as follows: the early Precambrian metamorphic basement features rheological
structural style and is represented by dashed flow line; for the Paleoproterozoic metamorphic
supracrustal rocks and Neoarchean metamorphic plutonic rocks, structural contact relation is
adopted, marked by red lines; the BIF interlayer in the Neoarchean Yanggao Formation is
represented by orange thick lines; the stable sedimentary cover area in the Mesoproterozoic is
represented by dolomite stratigraphic patterns; on both sides of the geological map, structural
outline, metamorphic facies map and petrographic characteristics of high-pressure basic
granulite (diagnostic rock type) as well as P-T path map are added, further enriching map
contents. The research result of the map-sheet can provide useful references for scientific
research and geological and mineral survey, while the adopted expression methods may serve

as an example for mapping in metamorphic rock areas.

6 Conclusion

(1) The 1 : 50 000 Geological Map of Dongliumafang Map-sheet (K50E023002) at the
Junction of Shanxi, Hebei and Inner Mongolia is one of the excellent maps compiled according
to the technical requirements and specifications for regional geological survey newly issued by
the China Geological Survey. It adopts modern mapping concepts and mapping expression
methods for metamorphic rock areas, providing an example for mapping of high-grade
metamorphic rock areas.

(2) In accordance with the work flow of digital mapping, the 1 : 50 000 Geological Map
Database of Dongliumafang Map-sheet (K50E023002) was systematically compiled, which
possesses the processing functions of query, retrieval, hierarchical extraction, splicing and
clipping, scaling and engineering output, and can be used as a basic database for compiling
geological maps and thematic maps of various scales.

(3) The map offers a detailed division and definition of the Neoarchean-Cenozoic strata,
magmatic rocks, metamorphism and structures in the area: it has established four structural-
lithostratigraphic units of the Neoarchean Sanggan Group and the Paleoproterozoic Jining
Group, and 13 stratigraphic units of the Mesoproterozoic-Cenozoic era; it has established the
evolution sequence of Neoarchean-Paleoproterozoic and Mesoproterozoic-Mesozoic
(metamorphic) intrusive rocks; and identified three periods of early Precambrian structural
deformation style and the fracture structure of the Mesozoic-Cenozoic Indosinian, Yanshanian
and Himalayan periods. Moreover, it has identified two types of high-pressure basic granulites
with different protolith properties and metamorphic periods. The research results can provide
basic geological data for geological prospecting and scientific research.

Acknowledgments: This article is the result of the sub-project of “1 : 50 000 Regional
Geological and Mineral Survey Project of Tianzhen Map-sheet (K50E022001), Huai’anzhen
Map-sheet (K50E022002), Dongliumafang Map-sheet (KS0E023002)”. The authors would like
to extend sincere appreciation to the relevant leaders and colleagues of the Tianjin Center of
the China Geological Survey for their concern and support, as well as the-project’s cooperative

unit Hebei Institute of Regional Geological Survey for its strong support. Our thanks also go to

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



1 : 50 000 Geological Map Database of the Dongliumafang Map-sheet at
the Junction of Shanxi, Hebei and Inner Mongolia

GEOSCIENTIFIC DATA & DISCOVERY(3)

Zhang Qingli, Xing Ligiang, Zhao Xilin, Shen Jinsheng and Zhai Dongli from No. 247 Nuclear

Industry Brigade, Tianjin North China Geological Exploration Bureau for their assistance in

the geological mapping process.

Notes:

o Regional Geological Survey Brigade of Shanxi Province. 1969. 1 : 200 000 Datong Geological Map
Manual (Internal Data).

(2] Regional Geological Survey Brigade of Hebei Province. 1970. 1 : 200 000 Tianzhen Map-sheet
Geological Map Manual (Internal Data).

(3] Regional Survey Institute of Hebei Institute of Geological Survey. 2008. 1 : 250 000 Zhangjiakou
City Map-sheet Regional Geological Survey Report (Internal Data).

O Shanxi Institute of Geological Survey. 2014. 1 : 250 000 Datong City Map-sheet Regional Geological
Survey Report (Internal Data).

@Regiona] Survey Team of Shanxi Provincial Geological and Mineral Prospecting Bureau. 1996.
Report on Regional Geological Survey of 1 : 50 000 Yanggao Survey Area (Internal Data).

O Shanxi Institute of Geological Survey. 2014. 1 : 50 000 Tianzhen Survey Area Geological Report

(Internal Data).
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