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Abstract: The 1 : 50 000 geological map database of Yuanqu map-sheet (I49E005015),
Shanxi Province was developed in accordance with the standards and requirements of
geological surveys proposed by the China Geological Survey and the unified standards and
requirements applicable to the geological industry, for which the achievements obtained from
previous 1 : 200 000 and 1 : 250 000-scale regional geological surveys were fully utilized.
Meanwhile, the Digital Geological Survey System (DGSS) was adopted for geological field
mapping. A total of 54 samples for petrochemical analysis and seven samples for isotope
dating were collected in the field. The following achievements were obtained by establishing
the Database. The material composition of the metamorphic basement in Zhongtiao Mountain
area and the tectonic framework of the area were ascertained by breaking up the Sushui
complex in the area. The Paleoproterozoic boundary of Zhongtiao Mountain was redetermined
and a new division scheme of the boundary was put forward. The volcanic structures, lithology
and lithofacies, and volcanic strata of the Mesoproterozoic Xiong’er Group were mapped, and
isotopic dating was conducted for the group. As a result, the age of Mesoproterozoic lower
boundary of Zhongtiao Mountain was restricted. Furthermore, the characteristics of
metamorphic rock formations were systematically summarized, and three stages of tectonic
superimposition patterns of the Paleoproterozoic in Zhongtiao Mountain were proposed. All
these will provide important guidance for the research on metallogenic rules and controlling
structures of the Hu-Bi type copper deposits in the core Cu mining area in Zhongtiao
Mountain.
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1 Introduction

Yuanqu map-sheet, Shanxi Province is located in the northern part of Zhongtiao Mountain
(Fig. 1). Zhongtiao Mountain lies on the southern margin of the North China Plate, bordering
the eastern block of North China in the east, adjacent to Odors Block in the west, and next to
Qinling Orogen Belt in the south, thus boasting a unique geotectonic location. It falls within
the central orogen of the North China Plate according to the division scheme of the
Precambrian tectonic framework (Zhao GC et al., 2002). The Precambrian geological research
of Zhongtiao Mountain is significant for exploring the Precambrian tectonic framework and
tectonic evolution of the North China Plate (Zhao FQ, 2006).

The metamorphic basement of Zhongtiao Mountain is mainly composed of Sushui
complex and the Paleoproterozoic rocks. The Sushui complex serves as the most ancient
geological unit in Zhongtiao block. According to zircon U-Pb chronological research on
different lithologic units of the Sushui complex, the main magmatic activities of the Sushui

complex took place in the Paleoproterozoic, although it contains some Archean rocks (Sun DZ

™ 7

Fnzndn Tiren

Fig. 1 Geological map of the northern part of Zhongtiao mountain
(modified after Zhao FQ et al., 2006)

1—Neoarchean — Paleoproterozoic Sushui complex; 2—Paleoproterozoic Lengkou Formation; 3—Paleoproterozoic

Pingtouling Formation; 4—Paleoproterozoic Tongwa Formation; 5—Paleoproterozoic Houshancun Formation;
6—Paleoproterozoic Yuantoushan Formation; 7—Paleoproterozoic Shujinggou Formation + Xijinggou Formation;
8—Paleoproterozoic Luotuofeng Formation; 9—Paleoproterozoic Jiepailiang Formation; 10—Paleoproterozoic Longyu
Formation; 11—Paleoproterozoic Yuyuanxia Formation; 12—Paleoproterozoic Bizigou Formation;
13—Paleoproterozoic Yujiashan Formation; 14—Paleoproterozoic Wenyu Formation; 15—Paleoproterozoic Wujiaping
Formation; 16—Paleoproterozoic Songjiashan Formation;17—Mesoproterozoic Xiong’er Group; 18—Mesoproterozoic

Ruyang Group; 19—Fault; 20—Location of Yuanqu map-sheet
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and Hu WX, 1993). However, the Sushui complex was believed to have formed subject to
Archean continental magmatic arcs according to regional geological analysis (Bai J et al.,
1997). Based on detailed research on the lithogeochemistry and isotopic chronology of the
granite in Beiyu Village, Yuanqu County, Shanxi Province, the main part of the Sushui
complex in Jiang County was considered to have formed in the Paleoproterozozoic (Zhao FQ
and Tang M, 1994; Zhao FQ, 1997). Furthermore, as two stages of Neoarchean TTG rocks
were newly identified in the Sushui complex in Zhongtiao Mountain, it was inferred that two
stages of continental crust growth events occurred in Zhongtiao Mountain in the Neoarchean
(Zhang RY et al., 2012, 2013, 2015).

Complete Paleoproterozoic metamorphic strata are exposed in Zhongtiao Mountain, with
a number of metamorphic volcanic strata being interbedded. They are extremely rare in other
areas of the North China Plate, and thus are ideal for chronostratigraphic research (Zhao FQ et
al., 2006). The Paleoproterozoic in Zhongtiao Mountain includes metamorphic volcanic rocks,
Jiangxian Group, Zhongtiao Group, and Danshanshi Group, which was agreed by the majority
of scholars (Yang CH et al., 2018). As indicated by a series of research results obtained in
recent years, sedimentary and volcanic activities in Paleoproterozoic rift setting are widely
distributed in Zhongtiao Mountain. Meanwhile, The tectonic interfaces formed owing to
Paleoproterozoic major geological events were kept and tectonic-thermal events are very
developed in Zhongtiao Mountain. Therefore, Zhongtiao Mountain serves as an ideal area for
the research on the structure and evolution of Paleoproterozoic lithosphere.

Yuanqu map-sheet, Shanxi Province is located in the core part of Zhongtiao Mountain
metallogenic area, thus boasting favorable geological conditions of mineralization. Since the
1920s when the geological and mineral survey began in this area, previous researchers had
conducted extensive research on the sedimentary and volcanic rock formation, the
characteristics of metamorphic rocks, metamorphic structures, and chronology of the area
through mineral surveys of different properties and extent, thematic researches, as well as
regional geological surveys, and geophysical and geochemical exploration on different scales
(Sun DZ et al., 1991; Sun JY et al., 1995; Bai J, 1993; Bai J et al., 1997; Zhao FQ et al., 2006).
As a result, rich geological and mineral data were obtained, setting a foundation for the 1 :
50 000-scale regional geological survey in this study. With introduction and development of
new geological theories and technologies in recent years, some breakthroughs have been made
in the achievements and understandings of the Wutai-Hengshan-Lyuliang area. However, there
are still several critical geological issues in terms of metamorphic basement and metallization
in Zhongtiao Mountain—one of the typical early Precambrian areas in the North China Plate.
The main issues include: the material composition and formation eras of the Sushui complex;
the re-understanding, redefinition, and re-division of a Paleoproterozoic stratigraphic system;
the definition of the properties, tectonic background, eras, and ore-bearing features of
important tectonic interfaces; the division scheme and regional correlation research of

Mesoproterozoic and Neoproterozoic boundaries; the confirmation of the properties and
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formation eras of critical Mesoproterozoic and Neoproterozoic interfaces; the relationship
between the volcanic structures of Xiong’er Group and copper deposits; research on the
tectonic framework of Zhongtiao Mountain, and the building of the chronological framework
of Zhongtiao Mountain. In addition, it is necessary to conduct in-depth research on the
geological setting under which different types of copper deposits were formed in Zhongtiao
Mountain since main mining areas are facing resource exhaustion with the copper deposits in
this area being explored with more efforts in recent years. Therefore, the China Geological
Survey conducted a fine 1 : 50 000-scale geological survey and assessment by taking the
golden area of Zhongtiao Mountain as a demonstrative zone, which centered on key mineral
types such as Ag, Au, and Mo and highlighted the complicated early-Precambrian geological
setting of the area. The purpose was to support strategic actions for prospecting breakthroughs,
solve geoscientific technical challenges in Zhongtiao Mountain, and serve the fulfillment of
major requirements of social and economic development.

The Database (Table 1; Sun H et al., 2020) is one of the achievements obtained from the
geological and mineral survey of Zhongtiao-Xiongershan metallogenic area undertaken by the

Tianjin Center of China Geological Survey.

Table 1 Metadata Table of Database (Dataset)

Items Description
Database (dataset) name 1 : 50 000 Geological Map Database of Yuanqu Map-sheet, Shanxi
Province

Database (dataset) authors For sedimentary rocks: Sun Hua, Shanxi Institute of Geological Survey
For volcanics: Hou Donghong, Shanxi Institute of Geological Survey
For magmatites: Liu Weidong, Shanxi Institute of Geological Survey
For metamorphic rocks: Zhao Jianxin, 214 Geological Team of Shanxi
Provincial Geological Prospecting Bureau

For geological structures: Li Jianrong, Shanxi Institute of Geological

Survey
Data acquisition time 2016-2018
Geographic area 111°30-111°45" E, 35°10'-35°20' N
Data format MapGIS
Data size 69.2 MB
Data service system URL http://dcc.cgs.gov.cn

Fund project

Language

Database (dataset) composition

Funded by the geological survey project titled 7 : 50 000-scale
Regional Geological and Mineral Survey of Jiang County Map-sheet,
Yuanqu Map-sheet, and Tongshan Town Map-sheet, Shanxi Province’
initiated by China Geological Survey (No.: DD20160043-01)

Chinese

The Database consists of 1 : 50 000 geological map databases and map
decorations. The geological map databases include the data of
sedimentary rocks, magmatites, volcanics, metamorphic rocks, the
Quaternary, dikes, structures, geological boundaries, attitude, lithologic
patterns, and various geological codes. The map decorations include
index map, histograms, legends, transverse cutting profiles, an intrusion
table, and a duty table
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2 Methods for Data Acquisition and Processing

2.1 Data Basis

The 1 : 50 000 geological map of Yuanqu map-sheet, Shanxi Province was prepared
under the guidance of the ‘Technical Requirements for Regional Geological Survey (Scale:
1 :50 000)° (DD2019-01), with the ‘Standard on Spatial Databases for Digital Geological
Maps’ (DD2006—-06) as the basis for the building of the Database. The data for Digital Line
Graphic (DLG) of Yuanqu map-sheet were provided by National Administration of Surveying,
Mapping and Geoinformation of China, while the data of topographic lines were provided by
the Shanxi Administration of Surveying, Mapping and Geoinformation in the format of DWG.
Relevant data was processed according to existing technical standards by using the software

such as the Digital Geological Survey System (DGSS) and MapGIS.

2.2 Data Processing

The Gauss-Kruger projection and Xi'an 1980 were used as the projection system and
coordinate system of this map-sheet, respectively. The digital mapping (PRB) database was
preliminarily established based on field route survey, during which the points and lines such as
geological points, boundary points, geological boundaries, and routes were plotted in the
DGSS in the palm-sized personal digital assistant, with the 1 : 25 000 digital topographic map
as the base map. Meanwhile, the properties, lithology, and attitude of these points and lines
were also observed and input into the DGSS. Afterwards, all of the PRB data of geological
points were imported into computers. Then they were processed and mosaic maps were
prepared in accordance with applicable specifications. In this way, the 1 : 50 000 geological
map of Yuanqu map-sheet, Shanxi Province was completed. In addition, the primitive data
maps were plotted with the PRB data acquired in the field. Then the boundaries and formation
patterns of stratigraphic units, as well as tectonic morphologies reflecting various formations,
were plotted based on the primitive data maps. Afterwards, the boundaries of newly formed
geological units were formed by point connecting. As a result, the formation and structure map

was prepared (Fig. 2).

3 Description of Data Samples

3.1 Naming of data
The .wp, .wl, and .wt are the suffixes of the files of geological polygons, geological lines,

and geological points, respectively.

3.2 Contents in Map Layers

The contents in the master map include sedimentary rock formation, volcanic formation,
intrusive formation, metamorphic rock formation, Quaternary, structures, geological
boundaries, attitude, and various codes.

The map decorations include index map, histograms, legends, transverse cutting profiles

and duty table.
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Fig.2 The 1 : 50 000 formation and structure map of Yuanqu map-sheet (I49E005015),
Shanxi province

3.3 Data Types
Names of entity types: points, lines, and polygons.
Points: symbols and labels of various geological blocks, and geological patterns.
Lines: fault structures, geological boundaries, lithofacies boundaries, etc.

Polygons: sedimentary rocks, volcanics, metamorphic rocks, intrusives, Quaternary, etc.

3.4 Data Attributes

The Database includes the data of geological entity elements, geographical elements, and
decoration elements of geological maps. As for the attributes of the geographical elements, the
attribute structure used for data collection by the National Administration of Surveying,
Mapping and Geoinformation of China was followed. The attributes of geological entity
elements were created according to rocks of four major types (sedimentary rocks, volcanics,
intrusives, and metamorphic rocks), fault structures, and attitude elements according to the
requirements for establishing databases of geological mapping of 1 : 50 000-scale regional
geological survey.

The data attributes of sedimentary rock formation mainly include: chronostratigraphic
units, lithostratigraphic units, formation name, formation code, lithological association,
stratigraphic eras, formation thickness, formation-related ore-bearing features, rock texture,
sedimentary structure, rock colors, sedimentation type, sedimentary facies type, and
synsedimentary structure.

The data attributes of volcanic rock formation mainly include: chronostratigraphic units,
lithostratigraphic units, formation name, formation code, stratigraphic eras, stratigraphic
division, lithological association, formation thickness, formation-related ore-bearing features,
volcanic eruption cycle, volcanic eruption type, volcanic rock genetic type, special lithologic
intercalations, volcanic facies type, and isotopic age:.

The data attributes of intrusion formation mainly include: formation name, formation
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code, lithological association, formation-related ore-bearing features, rock texture, rock
structure, intrusion stages, rock mass attitude, plane morphology, profile morphology, structure
features of rock mass emplacement, contact zone characteristics, genetic type, and isotopic age.

The data attributes of metamorphic rock formation mainly include: chronostratigraphic
units, lithostratigraphic units, formation name, formation code, lithological association,
stratigraphic eras, formation thickness, formation-related ore-bearing features, rock texture,
rock structure, protolith formation, metamorphic facies, and metamorphism type.

The data attributes of a fault structure mainly include: fault name, fault type, fault length,
fault depth, fault width, fault strike, fault surface dip, fault surface dip angle, fault plane dip
angle, fault throw, fault surface morphology, tectonic rock features, movement modes, activity
stages, and mechanical properties.

The data attributes of attitude include: attitude type, dip, and dip angle.

4 Quality Control and Assessment of Data

The geological mapping was conducted in accordance with the ‘Technical Requirements
for Regional Geological Survey (1 : 50 000)’ (DD2019 —02). The areas with complicated
geological conditions were surveyed along denser routes to ensure that the information in the
field can be presented on the geological maps completely and objectively. The geological
points were acquired on the principle that key geological boundaries, tectonic boundaries,
geological blocks related to mineralization, and mineralized alteration zones were fully
controlled. To prepare the 1 : 50 000 geological map of Yuanqu map-sheet, Shanxi Province,
the field survey covered a total route of 587.8 km, 868 geological points, and 1 169 geological
boundaries. Thus there is one geological point or one boundary every 304 m of the route on
average. Meanwhile, different scales of profiles with a length of 44.9 km were surveyed, trace
and rare earth element analysis of silicate were both carried out for 50 samples, thin section
identification was conducted for 174 samples, artificial heavy concentrate survey was
conducted for 7 samples, and zircon U-Pb dating was conducted for 7 samples. In addition,
400 attitudes and 216 photos were involved as well.

Generally, the contents presented on the map face only include sealed geological blocks
with a diameter greater than 100 m, linear geological blocks 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.
All mineralized alteration structures and other mineralized geological blocks were plotted on
the 1 : 50 000 geological map, regardless of their size. The ones with smaller thickness were
expressed by using appropriate patterns or symbols after zooming in or merging. The error in
the location of a geological point (i.e., the difference between its location calibrated on the
freehand field map and its actual location) should not exceed 25 m in general.

As for the data quality, the self-check rate and mutual check rate of the survey routes for
geological mapping were both up to 100%, and the rate of spot inspection conducted by the
project team was.30%, thus meeting the requirements of quality management of geological

survey projects. During October 26—29, 2016 and November 10-14, 2017, the Tianjin Center

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2020, Vol.47 Supp.(1) | 191



1 : 50 000 Geological Map Database of Yuanqu Map-sheet, Shanxi

GEOLOGY IN CHINA Province

of China Geological Survey organized relevant experts to conduct double quality checks in the
field. In detail, complete spot inspection was carried out for the work implemented since the
commencement of the project, including the progress and quality of the work, main physical
workload finished, the achievement progress obtained, and inner quality management.
Meanwhile, the work quality was assessed, and the quality check level was rated excellent.
During October 22-27, 2018, the Tianjin Center of China Geological Survey organized experts
to conduct acceptance check on the survey site of the map-sheet through indoor inspection
along with field inspection. As a result, the Yuanqu map-sheet (I49E005015) was scored 92

points according to the comprehensive assessment of the experts.

S Data Value

The 1 : 50 000 geological map of Yuanqu map-sheet (I49E005015), Shanxi Province is
one of the demonstrative maps prepared during a new round of geological surveys initiated by
the China Geological Survey. It was prepared aiming to survey critical geological issues that
had existed in Zhongtiao Mountain for many years. On the basis of field geological study, the
geochemical data of 54 samples and isotopic chronological data of 7 samples were obtained
(Table 2). The time limits and significance of Wutai and Lyuliang (Zhongtiao) tectonic events,
especially the tectonic and magmatic thermal events, were explored as a focus by mainly
employing the research means of isotope chronology, geochemistry, and metamorphism based
on field geological research. Through in-depth research and dissection of the key issues, great
progress was made in the properties, eras, and attribution of the Sushui complex; the
redefinition, division, and the geological structural research of Proterozoic boundaries, and the
division and formation eras of Mesoproterozoic Changcheng System. Meanwhile, the types
and characteristics of protolith formation of the metamorphic rocks in the map-sheet were
ascertained (Table 3), the formation and tectonic map was plotted correspondingly, and the
types and metamorphic facies of the metamorphism were researched in detail. In addition, the
mineral association was carefully analyzed, and the metamorphic facies zones were reasonably
divided. All these have provided basic data for geological prospecting in the map-sheet, and
played a leading role in scientific and technologic innovation. Meanwhile, they have enhanced
the capability of mineral and geological survey to serve resource security, social and economic

development, and building of ecological civilization.

Table 2 Test and analysis data of the geological map spatial database of Yuanqu map-sheet
(I49E005015), Shanxi province

Data type Data volume Basic characteristics of data

Petrochemical analysis 54 pieces 14 major elements of volcanic and intrusive rocks
Trace element analysis 54 pieces 14 trace elements of volcanic and intrusive rocks
Rare earth element analysis 54 pieces 15 rare earth elements of volcanic and intrusive rocks
Isotopic age 7 pieces

LA-ICP-MS zircon U-Pb isotopic ages of volcanic and
intrusive rocks
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5.1 New Understanding of Sushui Complex

The Sushui complex in Yuanqu map-sheet, Shanxi Province was broken into different
geological units of the Neoarchean and Paleoproterozoic, providing bases for re-understanding
the formation and evolution of metamorphic basement in the map-sheet.

The Neoarchean metamorphic rock series was divided into four geological block units,
namely Chaijiayao supracrustal rocks, Xiyao gneiss (TTG), Xiezhou calc-alkaline gneiss (CA
series), and metamorphic gabbros. The Chaijiayao supracrustal rocks (metamorphic rhyolites)
yielded a new age of 2 511 + 13 Ma. Xiyao gneiss was determined to be intruded by Zhaizi
gneiss, Donggou gneiss, and Henglingguan metamorphic granite at 2 553 £ 21 Ma, 2 543 +
21 Ma, and 2 551 + 2.7 Ma, respectively in this study. Based on the new age of Chaijiayao
supracrustal rocks, as well as the intrusion information of Xiyao gneiss including the
geological bases, intrusion ages, and petrochemical characteristics, Xiyao gneiss was
considered to have possibly formed owing to the partial melting of juvenile crust in the late
Archean (~2.7 Ga). Xiezhou gneiss (2 530 + 13 Ma; this study) was identified in the map-sheet
for the first time. As indicated by the petrochemical characteristics, Xiezhou gneiss was
comprised of I-type, high-K, calc-alkaline granite and was possibly formed due to the partial
melting of juvenile crust occurring at 2.5-2.8 Ga. This further proved that the Neoarchean
block in Zhongtiao Mountain was formed in the island-arc tectonic system. Therefore, it can be
inferred that continental crust accretion events may have occurred in the map-sheet at ~2.5 Ga
(i.e., the map-sheet had been cratonized at the end of the Archean).

A stage of magmatic thermal event at 2 350—2 200 Ma was newly discovered. It was
broken into different rock units such as the Beiyu gneiss, Donggou gneiss, Henglingguan
gneiss, metamorphic ultramafic intrusions, and metamorphic gabbros. The Beiyu metamorphic
trondhjemites and Henglingguan metamorphic granite yielded new ages of 2 313 + 13 Ma and
2 235 £ 13 Ma, respectively. As for petrochemical characteristics, Donggou gneiss and Beiyu
gneiss were found to be similar to Archean TTG rocks and adakites in general, showing the
characteristics of synorogenic granites. Meanwhile, Henglingguan metamorphic granites
exhibit the geochemical characteristics of typical calc-alkaline granites, and thus possibly

represent the products of synorogeny — post-orogeny stage.

5.2 New Understanding of Jiangxian Group

The Jiangxian Group in Yuanqu map-sheet, Shanxi Province was divided into
Henglingguan and Tongkuangyu subgroups, and their formation age was adjusted from the
Neoarchean to the Paleoproterozoic. The Henglingguan subgroup of the Jiangxian Group was
ascertained to be in angular unconformable contact with the Zhongtiao Group. The volcanics
of Shujinggou Formation of Jiangxian Group yielded new ages of 2 137 + 16 Ma and 2 147 +
13 Ma, thus accurately constraining the lower sedimentary boundary of the Jiangxian Group.
All these provided data for research on the sedimentary setting and time limits of Hutuo rift

basin.
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5.3 New Understanding of Xiong’er Group

The Mesoproterozoic Xiong’er Group in Yuanqu map-sheet, Shanxi Province was divided
again. Jidanping Formation was identified in Zhongtiao Mountain for the first time by
mapping, and the contact relationships of the top and bottom of the Xiong’er Group were
ascertained. Furthermore, a batch of chronological data was newly obtained, and thus the time
limits of volcanic activities in the Xiong’er Group were determined. All these provided the
bases for determining the properties and regional tectonic significance of the “Lyuliang
Movement”.

In this study, the subvolcanic rhyolites that intruded Xushan Formation yielded new ages
of 1 788 £ 14 Ma (Dongzhoujiawa) and 1 777 + 15 Ma (Louzizhuang). Meanwhile, the acidic

volcanics (lava) in Jidanping Formation yielded a new age of 1 777 = 14 Ma (Jiabaoshan).

5.4 Large Extensional Detachments and Metamorphic Core Complex being Newly
Identified

A stage of Paleoproterozoic large extensional detachments and metamorphic core
complex were identified in Yuanqu map-sheet, Shanxi Province, which control the spatial
distribution of the whole Hutuo system in Zhongtiao Mountain (including the Jiangxian and
Zhongtiao Groups) and the formation rule of Hu-Bi type copper deposits. Affected by the main
stage of Paleoproterozoic structures, they display complex structural patterns in terms of spatial
morphology, which vary in different structural zones. In general, they can be generalized as the
Beiyu metamorphic core complex, the extensional ductile shear zone between the Sushui
complex and the overlying Jiangxian Group (Zhongtiao Group), and the detachment system in
the area of “Shangyupo brachyanticline”.
5.4.1 Formation Era of Main Shear Zone Being Restricted to the Early Paleoproterozoic

The bottom horizon of the Jiangxian and Zhongtiao Groups was ascertained to be in
contact with the underlying gneiss basement through ductile faults, with serious stratigraphic
gap. The footwall has been strongly transformed into mylonite schist and mylonite gneiss, with
massive rocks being fully foliated. As a result, typical mylonite and structural schist series
were formed. In contrast, as for the overlying Jiangxian and Zhongtiao Groups, bedding
recumbent folds and a bedding foliated zone represented by a folding layer system have been
formed within them. As indicated by a large number of marks of shear movements, the shear
direction of the main shear zone is the normal sliding of the hanging wall (SE-trending) along a
NW-SE trend. The Henglingguan rock mass near the main shear zone yielded an age of
2 231 £ 86 Ma, the metamorphic volcanic rocks of Tongkuangyu subgroup of Jiangxian Group
yielded the ages of 2 137 £ 16 Ma and 2 147 + 13 Ma, and the Yanzhuang adamellites that
intruded into the Tongwa Formation of the Jiangxian Group yielded an age of 2 128 + 14 Ma.
All these restricted the formation era of the main shear zone to the extensional stage of the
early Paleoproterozoic.
54.2 Confirmation of the Structure and Boundary Fault Characteristics of Beiyu
Metamorphic Core Complex

The main body of the Beiyu metamorphic core complex is composed of the rock mass
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(core) of Beiyu gneiss and detachment faults. The Beiyu gneiss shows a dome-shaped uplift,
with the rocks exhibiting strong plastic deformation as well as obvious flow structure and
schistosity. The rocks inside the shear zone are typical mylonites or ultramylonites (similar to
structural schist in the field), which were formed in the Paleoproterozoic (2 313 + 13 Ma,
newly obtained in this study). The detachment faults occur between the Beiyu gneiss rock mass
and the Jiangxian Group. The Jiangxian Group suffers serious stratigraphic gap in the lower
horizon and strong brittle and ductile deformation. The difference in the deformation behaviors
reflects the long-term uplifting of the metamorphic basement. According to analysis of the
features of the shear zone such as two sausage structures, S—C fabric, and small folds, the shear
zone was formed subject to the left-lateral shearing mechanism, which is the activity
mechanism of normal faults featuring the eastern (hanging) wall sliding downward and the
western (foot) wall moving upward.
543 The Detachment System in the “Shangyupo Brachyanticline” Area Being
Determined to Feature Three-Layer Structural Pattern

The Shangyupo brachyanticline in the Yuanqu map-sheet shows complicated structural
framework, which is mainly caused by later fold superimposition onto the regional detachment
faults of this stage. The main fault system is a multi-level large-scale ductile detachment fault
system that has developed after inheriting different lithologic features of the Zhongtiao Group.
It is composed of a main fault and several branch faults. There are three key faults, among
which the one at the bottom of the Zhongtiao Group is the main detachment fault and the two
on the top and bottom interfaces of the Bizigou Formation are branch detachment faults. All of
them jointly constitute the detachment fault system. They are arranged in parallel (in plane
view) and form a three-layer structural pattern (in profile view) after the later fold

superimposition is removed (Fig. 3).

— 1307

Husfiayu copper deposit
|

Fig.3 Hujiayu copper deposit-Laobaotan geological structural profile in Yuanqu map-sheet
1—Biotite-hornblende-plagioclase gneiss; 2—Quartzite; 3: Calcareous sericite schist; 4—Calcareous slate;
5—Metamorphic rhyolite tuff; 6—Metamorphic rhyolite; 7—Metamorphic dacite; 8 —Metamorphic conglomerate;
9—Calcareous two-mica schist; 10—Garnet-bearing two-mica schist; 1 1—Biotite-hornblende schist; 12—Plagioclasite
hornblende (schist); 13—Dolomite marble; 14—Stromatolite marble; 15—Gneissic granite; 16—Detachment fault in the
basement of Zhongtiao Mountain; 17—Reverse fault
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5.5 New Achievements made in Geographic Base Map and Database

The geographic base map of Yuanqu map-sheet with high precision and new data was
developed based on the new 1 : 50 000 digital geographical base map and database by fully
absorbing and complementing the latest geographic information in recent years, with Xi’an
1980 as the unified coordinates system. Meanwhile, the spatial database was established. The
databases established and delivered include the PRB database of four 1 : 25 000 map-sheets,
the database of primitive data map, and the spatial database of 1 : 50 000 geological map
achievements, with complete various data being achieved and the expression means of map
face meeting relevant specifications (Li HY et al., 2018). In this way, relevant technical
requirements of database building were met and these databases will provide data to enhance

the social service of regional publicly available geological data.

6 Conclusion

(1) The 1 : 50 000 geological map of Yuanqu map-sheet (I49E005015), Shanxi Province
is a demonstrative map developed during the geological and mineral survey deployed in the
core mining area in Zhongtiao Mountain by the China Geological Survey. A new round of
geological mapping was conducted in order to address major geological issues existing in
Zhongtiao Mountain, during which the expression of metamorphic geology and tectonic results
were highlighted. The 1 : 50 000 geological map will provide important guidance for research
on basic geological setting and mineral geology of Zhongtiao Mountain.

(2) The material composition of the metamorphic basement in Zhongtiao Mountain was
primarily ascertained by breaking up the Sushui complex in the area. The Paleoproterozoic
boundary in Zhongtiao Mountain was re-determined and a new division scheme of the
boundary was put forward. The volcanic structures, lithology and lithofacies, and volcanic
strata of the Mesoproterozoic Xiong’er Group were mapped, and isotopic dating was
conducted for the group. As a result, the lower boundary of the Mesoproterozoic in the area
was restricted. Furthermore, the characteristics of metamorphic rock formation were
systematically summarized, and three stages of tectonic superimposition patterns of the
Paleoproterozoic in Zhongtiao Mountain were proposed. The new results and data are of high
value for re-evaluating the stratigraphic tectonic framework of Zhongtiao Mountain.

(3) The 1 = 50 000 geological map of Yuanqu map-sheet was completely prepared and the
corresponding spatial database was established. Meanwhile, the PRB database of four 1 :
25 000 map-sheets and the database of primitive data map were also established and delivered.
In this way, complete various data were achieved, the expression means of map face met
relevant specifications, and relevant technical requirements of database building were met.
These databases will provide data to enhance the social service of regional publicly available
geological data.

Acknowledgments: The 1 : 50 000 geological map of Yuanqu map-sheet, Shanxi
Province is a collective achievement, for which frontline geological staff have made great

efforts in the field. Meanwhile, many geological experts provided substantial guidance during
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the implementation of the project. Most especially, Li Chengdong, Zhao Ligang, Zeng Wei,
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