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Abstract: The database of 1 :50 000 mineral geological map of Hongshi Map-sheet
(K46E009008) in Kalatage Copper (-Zinc) Deposit, Hami, Xinjiang (also referred to as the
Database) was developed through field geology-specific mapping using the digital mapping
system in accordance with the Technical Requirements of Solid Mineral Geological Survey
(1 : 50 000) (DD2019-02) and other standards and requirements in the geological industry.
Meanwhile, the results of previous 1 : 200 000 and 1 : 50 000 regional geological surveys
were fully utilized, and indoor and outdoor mapping/compilation was also carried out during
database building. In this database, the suites of the Daliugou Formation of Middle-Upper
Ordovician Huangcaopo Group as well as Lower Silurian Hongliuxia and Kalatage formations
were reclassified. Moreover, the formation time of intrusive rocks in the map-sheet area was
determined as Silurian, Devonian, and Permian, and the evolutionary sequence of magmatic
rocks was established. There are eight large, medium and small mineral deposits and ore
occurrences in the map-sheet area, the metallogenic epoch of which is concentrated in the
Silurian and Carboniferous. The ore-hosted wall rocks are pyroclastic and subvolcanic rocks.
The dominant mineral resources in this area are copper, zinc and gold, and their deposit types
are mainly VMS type and subvolcanic hydrothermal vein type, which are distributed in the
southeastern zone of the map-sheet area. In addition to metallic minerals, there are bentonite

deposits with good prospecting potential. With a data size of about 15.1 MB, this database
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contains the data of five stratigraphic units and three stages of magmatic rocks. These data
fully reflect the demonstration results of 1 : 50 000 mineral geological survey of this map-
sheet and provide references for the research and exploration of mineral resources in the survey
area.

Key words: Hongshi Map-sheet; mineral geological map; database; special mapping; Kalatage
Copper (-Zinc) Deposit; mineral geological survey engineering; Hami; Xinjiang

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

1 Introduction

The East Tianshan Mountains extend from Xiaorequanzi in eastern Xinjiang to the border
between Gansu and Xinjiang. It is an important part of the accretion-type Central Asian
Orogenic Belt and experienced the tectonic evolution such as multi-block splicing, accretion-
subduction, and collisional orogenesis during the formation, evolution, and extinction of the
Paleo-Asian Ocean (Fig. la; Sengdr et al., 1993; Xiao WIJ et al., 2004). It consists of three
tectonic units, namely the Central Tianshan Block, Jueluotage Orogenic Belt, and Harlik Island
Arc Belt from south to north (Qin KZ et al., 2002). Among them, the Jueluotage Orogenic Belt
is mainly composed of Paleozoic volcanic rocks and sedimentary rocks, including
Dananhu-Tousuquan island arc belt, Kanggur—Huangshan ductile shear zone, and Agqishan—
Yamansu tectonic belt (Fig. 1b; Wang JB et al., 20006). It bears rich and diverse metallogenic
systems, such as Tuwu—Yandong Porphyry Copper Deposit (Han CM et al., 2006; Zhang LC et
al., 2006; Shen P et al., 2014; Xiao B et al., 2018; Wang YF et al., 2018), Honghai-
Xiaorequanzi Volcanogenic Massive Sulfide (VMS) Copper-Zinc Deposit (He XH et al., 2020;
Mao QG et al., 2020), orogenic Kanggur Gold Deposit (Du L et al., 2019), Caixiashan Lead-
Zinc Deposit (Li DF et al., 2016, 2019), and Huangshan—East Huangshan Magmatic Copper-
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Fig. 1 Sketch of Central Asian Orogenic Belt (a, modified from Sengor etal., 1993)
and the distribution of structures and deposits in East Tianshan Mountains

(b, modified from Wang JB et al., 2006)
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Nickel Sulfide Deposit (Wu CZ et al., 2018). The study area in this paper is located in the
Kalatage area of East Tianshan Mountains and belongs to the Dananhu island arc belt (Fig. 1b).

The 1 : 50 000 regional geological surveys of the Kalatage area began in the 1990s, and
the 1 : 50 000 regional mineral and geological surveys of Hongshi Map-sheet were conducted
by the China Non-ferrous Metals Resource Geological Survey in 2014-2017, during which
1 :50 000 gravity surveys and 1 : 50 000 induced polarization (IP) surveying were also
completed. In 2014-2015, the Beijing Institute of Geology for Mineral Resources conducted
1 :50 000 debris geochemical surveys and 1 : 50 000 magnetic surveys in this area. In
addition, the tectonic environment, rock characteristics, and metallogenic regularity in
Kalatage area were extensively studied (Qin KZ et al., 2001; Tang JH et al., 2006; Mao QG
et al., 2010, 2017; Deng YF et al., 2017; Long LL et al., 2019; Mao QG et al., 2019; Sun Y et
al., 2019; Deng XH et al., 2016, 2020). All these surveys and studies lay a basis for the
preparation of the mineral geological maps of Hongshi Map-sheet. As a demonstration map of
mineral geological surveys initiated by the China Geological Survey, the 1 : 50 000 mineral
geological map of Hongshi Map-sheet was prepared in order to reflect the new achievements
made in geological survey, mineral exploration, and scientific research in the new round of
geological surveys. In addition, it is to provide basic geological maps for deposit research and
mineral exploration in this area, and to offer useful references for scientific research and field
geological surveys. The brief metadata table of the Database (Wang FF et al., 2020) is shown
in Table 1.

2 Methods for Data Acquisition and Processing

2.1 Data Bases

In accordance with the Technical Requirements of Solid Mineral Geological Survey
(1 :50 000) (DD 2019-02) and under the guidance of prospecting prediction theory of
exploration areas, the 1 : 50 000 mineral geological map of Hongshi Map-sheet in Kalatage,
Hami, Xinjiang was developed through the systematical collection and comprehensive analysis
of previous geological, geophysical, geochemical, remote sensing, and mineral data. This also
involves the full utilization of new results obtained from the 1 : 50 000 mineral geology-
specific mapping of Hongshi Map-sheet conducted in this study. The geographic coordinate
system adopted is the National Geodetic Coordinate System 2000, and relevant data were
processed by applying existing technical standards and computer software such as the digital

mapping system (DGSS) and MapGIS.

2.2 Data Processing
2.2.1 Data Preparation

The data preparation was conducted as follows: (1) The metallogenic geological
conditions such as sedimentation, volcanic activities, magmatic intrusion, and tectonic
activities in the Hongshi Map-sheet were analyzed and studied; (2) Previous data on geology,
geophysics; geochemistry, remote sensing, and mineral resources were systematically collected

and comprehensively analyzed; (3) The geological maps-collected were vectorized to form the
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Table 1 Metadata Table of Database (Dataset)

Item Description

Database (dataset) name Database of 1 : 50 000 Mineral Geological Map of the Hongshi Map-
sheet in Xinjiang

Database (dataset) authors Wang Fengfeng, Beijing Institute of Geology for Mineral Resources
Deng Xiaohua, Beijing Institute of Geology for Mineral Resources
Li Dedong, Beijing Institute of Geology for Mineral Resources
Wei Xiaofeng, Beijing Institute of Geology for Mineral Resources
Lyu Xiaogiang, Beijing Institute of Geology for Mineral Resources
Wan Yanchao, Beijing Institute of Geology for Mineral Resources

Data acquisition time 2017-2018

Geographical area 91°45'-92°00'E, 42°30'-42°40'N

Data format *wl, *.wt, *.wp; *.pm, *.Im, *.tm

Data size 15.1 MB

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

Fund project The project entitled Prospecting Prediction and Technological

Application Demonstration of Integrated Exploration Areas (No.:
121201004000 160901-66) initiated by the China Geological Survey
Language Chinese

Database (dataset) composition The Database consists of a map library, corner maps, and map
decorations of 1 : 50 000 geological map. The map library covers
sedimentary rocks, intrusive rocks, volcanic rocks, structures,
geological boundaries, attitude, mineral deposits (ore occurrences),
mineralized alternation, samples for isotopic dating and their dated
ages, lithologic patterns, and various lithologic codes. The corner maps
include histograms of comprehensive suites, sedimentary rock suites,
intrusive rock suites, and volcanic rock suites. Besides, they cover
structures, volcanic rock facies, geological sections, cross-sections,
plans of typical deposits (mining areas), mineral legends, mineral
deposit list, mineralized alternation legends, and the map of
metallogenic zone/belt location. The map decorations include an index
map, the logo of the China Geological Survey, map name, scale,
coordinate parameter, and signature

files of geological points, lines, and polygons in the format of MapGIS; (4) The relationships
between the mineral characteristics and suites in the study area were analyzed, based on which
main ore-bearing suites in the study area were determined; (5) The 1 : 50 000-scale standard
map frame was created according to the range of Hongshi Map-sheet, with the Gauss—Kruger
projection serving as the projection system and the National Geodetic Coordinate System 2000
(CGCS 2000) adopted as the coordinate system.
2.2.2 Preparation of Suite-structure Draft Map

The outcrops in the Hongshi Map-sheet area were primarily classified by referring to and
analyzing the field route records in the regional geological survey results of the map-sheet.
Then the field records were presented on the map in the forms of lithologic suite pattern points
or lines.

The mapping units of the suites in the map-sheet were primarily determined according to
a comprehensive analysis of 1 : 50 000 regional geological survey data along with the regional

mineral resources.data and the study data specific to the deposits in the Hongshi Map-sheet.
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Then the suite-tectonic draft map was complied accordingly. Moreover, the background map
layers of DGSS were prepared, the study area was preliminarily divided into major survey sites
and minor survey sites, and the reconnaissance routes and section locations were arranged.

(1) Suites

Suites were expressed on the suite-tectonic draft maps according to the Standard and
Principle of Coloring in Geological Map (1 : 50 000) (DZ/T 0179-1997). In detail, they were
represented using suite patterns and colors, with similar colors being used to denote the rock
suites in different members of the same stratigraphic unit and different colors being used to
denote eras.

(2) Structures

Structures were expressed in red color according to the unified standard of coloring, and
fault properties were represented by different line types.

(3) “Trinity” prospecting model

Previous data were collected and comprehensively analyzed, based on which the overall
working idea was determined and the prospecting models of VMS deposits and subvolcanic
hydrothermal deposits were preliminarily built.

2.2.3 Field Geology-specific Mapping

According to previous geological, geophysical, geochemical, and remote sensing data,
three types of survey sites (i.e., major, minor, and amendment survey sites) and two levels of
surveys (i.e., 1 : 50 000 mineral geology- specific survey and 1 : 10 000 comprehensive
inspection) were determined on the suite-tectonic draft map. Meanwhile, prospecting
predication was deployed and carried out in Kalatage area on the premise that VMS deposits
and subvolcanic hydrothermal deposits serve as the main prospecting deposits in the Hongshi
Map-sheet. Taking the Standard on Spatial Databases for Digital Geological Maps (DD
2006—06) as the basic requirements, the database of digital mapping results was built by
successively compiling the suite-tectonic draft map, draft data map, suite-tectonic map, and
mineral geological map using the geological survey GIS platform of the DGSS.

2.2.4 Indoor Data Collation

The geological points, routes, and boundaries were plotted through indoor data collection
and collation along with field survey, with the data being collated according to relevant
specifications. The lithofacies and rock associations of the lithostratigraphic units once divided
were further classified through specific mapping, and the attributes of subvolcanic rocks such
as rhyolite porphyry were roughly figured out, including rock types, mineral composition,
structure, texture, geochemical characteristics, occurrence and contact relationships, and spatial
distribution.

The 1 : 50 000 draft data map was compiled using the route data that were collected
indoor and in the field in this study. The stratigraphic units, suite patterns, and structural
morphology were amended and plotted according to the draft data map. As a result, the 1 :
50 000 suite-tectonic map was formed, which consisted of a master map, comprehensive suite

histogram, histograms of various suites, and legends of structures and mineralized alteration.
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The master map contains volcanic rock suites, suites and structures related to metallogenesis,
geological boundaries, faults, polygon features, line features, and suite patterns.
2.2.5 Preparation of Various Corner Maps

(1) Histograms of suites

This type of histogram is used to reflect detailed characteristics of the suites in the
lithostratigraphic units on the master map. The suite characteristics were denoted with patterns,
suite types, rock associations to specify the lithology of the lithostratigraphic units and
determine the contact relationships between the lithostratigraphic units. In the case of the suites
that are not exposed but related to metallogenesis, they were highlighted in the histograms
according to the borehole data (including mineralized alteration, ore-bearing elements, and
suites of ore-bearing layers) and their ore-bearing horizons were specified. The histograms of
comprehensive suites, sedimentary rock suites, intrusive rock suites, and volcanic rock suites
were individually prepared.

(2) Typical deposits

The corner maps of typical deposits include sections of Honghai VMS Deposit, sections
of Hongshi Subvolcanic Hydrothermal Deposit, and NS-trending geological sections from
Honghai deposit to Hongshi deposit. On these maps, the deposit types and ore body
morphology in the area are clearly presented. Meanwhile, the VMS ore-bearing horizons that
are not exposed are highlighted according to borehole data, and the control of structures over
VMS deposits is denoted.

(3) Geological section

A geological section with a strike of 30° north by east was employed to express the
association of Middle Permian Kalagang Formation, Silurian granodiorite, Silurian diorite,
Devonian syenogranite, the Daliugou Formation of Middle-Upper Ordovician Huangcaopo
Group (O, _3hd), and lower Silurian Kalatage Formation (S;k). On the geological section, the
positions and lithology of these strata are represented with “standard section line type +
standard code” and proper patterns, respectively. Meanwhile, the locations of ore occurrences
are labeled.

(4) Cross-sections

Two cross-sections were used to effectively reflect the relationships of overall
characteristics of suites and structures with mineralization in the Hongshi Map-sheet area.
They run across the main strata in the map-sheet area and Meiling Copper Deposit and
Hongshi Copper Deposit, and thus can reflect the characteristics of mineralized alternation of
various strata in the area and show the relationships between metallogenic conditions and
surface rocks.

(5) List of mineral deposits

To reflect the mineral resources in the Hongshi Map-sheet area, list of the mineral deposit
information in the area is presented in the corner part of the map face, including the name,
scale, type, and main ore-bearing suites of the deposits. This content was named as the list of

mineral deposits in the Hongshi Map-sheet area (Table 2).
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Table 2 List of mineral deposits in the Hongshi Map-sheet area

Main ore-bearing

No.  Mineral deposit name Scale Type suite

1 Hongshan copper-gold deposit in Kalatag Small Subvolcanic Subvolcanic
region, Hami, Xinjiang hydrothermal rocks

2 East Hongshan copper-gold deposit in Kalatag Ore Subvolcanic Subvolcanic
region, Hami, Xinjiang occurrence hydrothermal rocks

3 Meiling copper-zinc deposit in Kalatag region,Medium  Subvolcanic Subvolcanic
Hami, Xinjiang hydrothermal rocks

4 Hongshi copper deposit in Kalatag region, Small Subvolcanic Subvolcanic
Hami, Xinjiang hydrothermal rocks

5 Biyushan copper-gold deposit in Kalatag Ore Subvolcanic Subvolcanic
region, Hami, Xinjiang occurrence hydrothermal rocks

6 Honghai copper-zinc deposit inKalatag Large VMS Pyroclastic Rocks

region, Hami, Xinjiang

7 Jingling gold-zinc-copper deposit in Kalatag Medium  VMS+Subvolcanic Pytoclastic Rocks

region, Hami, Xinjiang hydrothermal
8 Shaerhu bentonite deposit in Kalatag region, Medium  Weathering Subvolcanic
Hami, Xinjiang alteration rocks

(6) Map of metallogenic zone/belt location

The corner map of this type is used to macroscopically present the location of structures in
the metallogenic zone/belt where the Hongshi Map-sheet lies, including the structures related
to metallogenesis. It was prepared as follows. The 1 : 500 000 mineral map of Xinjiang
collected was clipped according to the regional outline range of the Hongshi Map-sheet to
retain metallogenic belts of levels II-IV and main place names and mineral deposits.
Meanwhile, the coordinates of Lop Nur Wild Camel National Nature Reserve were projected
and represented with line segments on the map. Then the map was scaled to generate the map
of metallogenic zone/belt location (Fig. 2).

(7) Others

Map decorations were made for geotectonic legends and the legends of volcanic rock

facies, mineralized alteration, and others.

3 Description of Data Samples

3.1 Data Naming
File names of geological polygons: *.wp, *.pm; file names of geological lines: *.wl, *.Im;

file names of geological points: *.wt, *.tm.

3.2 Contents on Map Layers

The maser map include the layers of sedimentary rock suites, intrusive rock suites,
volcanic rock suites, Quaternary, structures, geological boundaries, attitudes, mineral deposits,
samples for isotopic dating and their dated ages.

The corner maps include an index map, suite histograms, legends, geological sections,
cross-sections, typical deposit maps, a list of mineral deposits, map of metallogenic zone/belt

locations, signatures.
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—

3.3 Data Types

Names of geological entity features: points, lines, and polygons.

Geological points include symbols and labels of various geologic blocks, geological
patterns, mineral deposits, and mineralized alteration.

Geological lines include fault structures, geological boundaries, and mineralized alteration
zones.

Geological polygons include sedimentary rocks, intrusive rocks, volcanic rocks, and the

Quaternary sediments.

3.4 Data Attributes

The Database includes the data of geological entity features, geographical elements, and
geological map decorations. For the data of geological entity features, the database attributes
were individually established for three major types of rocks (sedimentary rocks, volcanic
rocks, and metamorphic rocks), fault structures, attitudes, and mineral deposits according to the
requirements for the establishment of geology—specific mapping database of 1 : 50 000
mineral geological surveys. The attributes of geographical elements follow the attribute
structures used by the National Administration of Surveying, Mapping and Geoinformation of
China to collect data. The geological map decorations were collated by referring to the mineral
geological map example in Annex I of the Technical Requirements. of Solid Mineral
Geological Survey (1 : 50 000) (DD 2019-02).
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Main data attributes of a sedimentary rock suite include chronostratigraphic unit,
lithostratigraphic unit, suite name, suite code, thickness, suite type, and lithologic associations.

Main data attributes of a volcanic rock suite include chronostratigraphic unit,
lithostratigraphic unit, suite name, suite code, stratigraphic era, thickness, lithologic
associations, mineralized alteration characteristics, isotopic ages, and volcanic edifices.

Main data attributes of an intrusive rock suite include suite name, suite code, thickness,
lithologic associations, and isotopic ages.

Main data attributes of a fault structure include the name, type, extension, and strike of the
fault; the dip and dip angle of fault surface.

Main data attributes of an attitude include the type, dip, and dip angle of the attitude.

Main data attributes of a mineral deposit include the no., name, scale, type, main ore-

bearing suites of the mineral deposit.

4 Data Quality Control and Assessment

According to the detailed requirements on 1 : 50 000 mineral geology-specific mapping,
the surveyed geological routes and the geological routes for amendment survey in a map-sheet
should not be less than 500 km in total, among which the surveyed geological routes should not
be less than 300 km. The map in this study was prepared through field mapping and indoor
compilation according to the Technical Requirements of Solid Mineral Geological Survey
(1 : 50 000) (DD 2019-02). In addition, minor survey sites were mapped based on the primary
data in the 1:50 000 Regional Mineral and Geological Survey of Six Map-sheets
(K46E008007, K46E008008, K46E008009, K46E009007, K46E009008, and K46E009009) in
Kalatage Copper (-Zinc) Deposit Integrated Exploration Area in Hami, Xinjiango.
Meanwhile, geological points were collected on the principle of fully controlling the geologic
blocks related to mineralization, mineralized alteration zones, and major geological boundaries.
The preparation of the 1 : 50 000 mineral geological map of Hongshi Map-sheet involved 594
km of geological routes in total, 796 geological boundaries, 949 geological points, and 478
sample points. The geological routes consist of 248 km of geological routes obtained by
collecting previous data, 272 km (40 lines) of surveyed routes, 73.2 km (24 lines) of routes
achieved by large-scale mapping. Therefore, the total mapping precision met the specific
requirements of 1 : 50 000 mineral geological mapping.

In general, the contents on a geological map only include sealed geologic blocks with a
diameter greater than 100 m, linear geologic bocks with a width greater than 50 m and a length
greater than 250 m, and faults with a length greater than 150 m. Meanwhile, all mineralized
geologic blocks such as mineralized alteration tectonic zones are all presented in the map,
regardless of size. Among them, those with a small thickness are presented with proper
patterns or symbols by zooming in or incorporating with each other. The errors in the location
of a geological point (i.e., the difference between its location marked 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
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geologic mapping were both 100% and the errors on the routes were corrected in time.
Meanwhile, the rate of spot inspection conducted by the project team was 40%, and
precautions for mapping were proposed during the spot inspection. In this way, the

requirements of quality management of geological survey projects were satisfied.

5 Data Value

The 1:50 000 mineral geological map of Hongshi Map-sheet in Kalatage, Hami,
Xinjiang (K46E009008) is a demonstration map in the new round of geological surveys
initiated by the China Geological Survey. The metallogenic background of the survey area is of
great significance, and the division of metallogenic zones is shown in Table 3. On this map,
according to the Technical Requirements of Solid Mineral Geological Survey (1 : 50 000) (DD
2019-02), the strata in Hongshi Map-sheet is divided into suites based on comprehensive
analysis and research of suites and structures, in-depth research on volcanic rock facies, and
the 1 : 50 000 geology-specific mapping results of this study. In detail, the Devonian, Permian
and Jurassic strata in the map-sheet area were reclassified and the volcanic rock stratawere re-
divided (Table 4). The Lower Silurian was divided into Kalatage Formation and Hongliuxia
Formation, three stages of volcanic rocks were defined, namely Silurian, Devonian and
Permian (Table 5), and the evolutionary sequence of magmatic rocks was established. All these
could provide basic data for geological prospecting in the map-sheet area and play a leading

role in scientific and technical innovation.

6 Conclusions

(1) With the specific mapping of 1 : 50 000 mineral geological map of Hongshi Map-
sheet (K46E009008) in Xinjiang, the metallogenic model of synchronous superimposition of
VMS deposits and hydrothermal vein-type deposits was put forward and the prospecting
prediction models of typical deposits were improved. This lays a foundation for metallogenic
prediction and resource potential assessment.

(2) The 1:50 000 mineral geological map and database of Hongshi Map-sheet
(K46E009008) in Xinjiang reflect the spatial distribution and altered mineralization
characteristics of ore-bearing suites. Accordingly, the geological conditions for the formation
of ore-bearing suites were ascertained, the metallogenic geological setting was identified, and
the suggestions on the deployment of further prospecting were proposed.

(3) The 1:50 000 mineral geological map and database of Hongshi Map-sheet
(K46E009008) in Xinjiang are the demonstration results in the new round of mineral and
geological survey projects initiated by China Geological Survey. The geological map was
prepared by actively exploring and innovating the presentence of mineral geology-specific
mapping results. This will serve as a demonstration in mineral and geological surveys.

Acknowledgements: The 1 : 50 000 mineral geological mapping of Hongshi Map-sheet
in Xinjiang is a collective achievement, for which the frontline geological workers have paid

many industrious efforts in the field. In the process of establishing the mineral geological map
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database, the authors have been guided by several geological and mineral experts. Thanks to all
the experts and all members of the field project team.

Notes:

@ China Non-ferrous Metals Resource Geological Survey. 2016. 1 : 50 000 Regional Mineral and

Geological Survey of Six Map-sheets (K46E008007, K46E008008, K46E008009, K46E009007,

K46E009008, and K46E009009) in Kalatage Copper (-Zinc) Deposit Integrated Exploration Area in

Hami, Xinjiang[R].
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