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Dataset of Geo—Hazards in Fengjie Mapsheet
(1:50, 000), Chongqing

LI Gang, YANG Xiuyuan, LI Hao, LE Qilang

(Center for Hydrogeology and Environmental Geology of China Geological Survey, Baoding 071000, China)

Abstract: Situated in China’s Three Gorges Reservoir Region, the Fengjie County is prone to
frequent geo-hazards. This area features big topographic relief, well-developed structures and soft
rocks, and relatively fragile geological environment. This paper employs field geological surveys to
ascertain the distribution regularities of geo-hazards and geo-hazard breeding geological setting in
the studied area. The dataset of geo-hazards in Fengjie Mapsheet (1:50, 000), which has integrated
the data in geo-hazard, geology and geography, has been constructed for the first time, along with
the compilation of the same-scaled geo-hazard maps of Fengjie County Mapsheet. This paper has
also classified the data sources, data collecting methods, and processing techniques, so as to provide
practical application case of the geo-hazard maps dataset, and meanwhile present references for the
data processing and application in this type of geological survey.

Key words: Geological Hazard; Fengjie mapsheet; Three gorges reservoir region; Geo-hazard
complex; Geodatabase

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

1 Introduction

Located in northeast of Chongqing, Fengjie County is a vital part of the Three Gorges
Reservoir Region along the Yangtze River. Dotted with interlacing streams, Fengjie
County is situated in the transitional zone of Sichuan Basin, with mountain land on the
side of the basin. It features undulating hills, rising and falling terrain, and a large area of
mountain land. Its landform is dominated by mountain lands and hills. Under the impact of
formation lithology, geological structure, slope structure, rainfall and human engineering
activities, landslide and other geological hazards are frequent in Fengjie County. It is prone
to geological hazards in the Three Gorges Reservoir Region.

Fengjie County Mapsheet (H49E006007) is one of the target mapsheets of the geo-
hazard survey in the urbanized northeastern mountainous areas of Chongqing in 2016.
Spreading over an area of 440 km’, and primarily covering Caotang Town, Baidi
Town, and Yongle Town, its geographic coordinates are within 109°30'E-109°45'E and
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31°00'N-31°10'N. The landform is dominated by eroded mid- and mid-to-low height
mountains, and eroded hills. The topography features high cliffs and steep slopes with
obvious vertical reliefs. The peak elevation is 1, 865m, and the lowest is the water surface
(175 m water level) of the reservoir, with a height margin of 1, 690 m. The mapsheet is
located in the core part of Bamianshan arc-shaped tectonic zone, where is profoundly
influenced by the landforms, tectonics and soft strata, and has well developed folding
structures and geo-hazards.

The survey aims to ascertain hazard-inducing geological settings, and grasp the
regularities of development of controlling hazard factor (Wang Dewei et al., 2017). Dataset
of Geo-Hazards in Fengjie Mapsheet (1:50, 000) has been compiled on the basis of 2016
survey results. It is significant for comprehensive disaster prevention and reduction in the
survey area. Refer to Table 1 for basic information of the dataset.

Table 1 Metadata table of Database (Dataset)

Items Description
Database (dataset) name Dataset of Geo-Hazards in Fengjie Mapsheet (1:50, 000), Chongqing
Database (dataset) authors Li Gang, Geological Survey Center for Hydrogeological Environment of

China Geological Survey

Yang Xiuyuan, Geological Survey Center for Hydrogeological
Environment of China Geological Survey

Li Hao, Geological Survey Center for Hydrogeological Environment of
China Geological Survey

Le Qilang, Geological Survey Center for Hydrogeological Environment
of China Geological Survey

Data acquision time 2016—2017

Geographic area Fengjie County, Chonggqing

Data format *.gdb

Data size 1.13 MB

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

Fund project Geological Survey Program of Survey Program of China Geological

Survey: Survey of geological disaster in mountain towns of Northeast
Chonggqing (DD20160277)

Language Chinese

Database (dataset) composite  The dataset includes 1ArcGIS File Geodataset file (including 9 layer
files): layer file of geo-hazard complexes (GA20H49E006007), layer file
of rock formation’s boundary of hazard geology (GA10H49E006007),
layer file of landslide characteristic point (ZAOOH49E006007), layer
file of landslide characteristic plane (ZA20H49E006007), layer file
of landslide characteristic line (ZA10H49E006007), layer file of
collapse characteristic point (ZBOOH49E006007), layer file of collapse
characteristic plane (ZB10H49E006007), layer file of structural line
(DA10H49E006007), and layer file of water system (LB2049E006007).
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2 Data Acquisition and Processing Methods

2.1 Data Acquisition
Dataset of Geo-Hazards in Fengjie Mapsheet (1:50, 000) has been compiled under the

guidance of the Trial Version of Technical Requirements for Survey and Evaluation of
Geological Hazards (1:50, 000) published by China Geological Survey in April 2014.
Meanwhile, the Technical Requirements for Information-based Results of 1:50, 000
geo-hazard Survey published by China Institute of Geological Environment Monitoring in
February 2010 acts as the basis for the geo-hazard map dataset.

Chongqing has completed the measurement of 1:10, 000 topographic data (published
in 2006) of the entire city. The form line data used in this map come from DWG format
data provided by Chongqing Bureau of Geographic Information. Meanwhile, 1:50, 000
DLG data of Mapsheet of Fengjie County (H49E006007) are provided by the National
Administration of Surveying and Mapping. At the same time, 1:50, 000, 1:200, 000
regional geological survey reports and other data have been collected from the National
Geological Archives of China, while the geo-hazard hunt data have been collected from
Fengjie Bureau of Land and Resources of Chongqing. These data are regarded as the
basic base map data for the compilation of Dataset of Geo-Hazards in Fengjie Mapsheet
(1:50, 000).

Surveying and mapping by 1:50, 000 topographic maps have been adopted for carrying
out geological survey for this mapsheet. In addition, the ground survey map adopts 1:10, 000
topographic map and open remote sensing image map.

The arrangements of the observation routes and the density of observation points in the
survey are considered according to the complexity of geological conditions, importance
of the threatened objects, and the density of the geo-hazard points; the average number of
survey point in the focused area is 0.2-1 points/km’. In the area with much less geo-hazard
points, the qualitative controlling point surveys on geological environmental conditions
have been accordingly designated. On the 1:50, 000 scaled hand map, for the geological
body or geo-hazard complex, if the diameter is bigger than 2mm (planar geo-hazard) or
the length is larger than 2mm (linear geo-hazard), they are shown by real-scale entity
delineation. If the actual sizes of the area or shape cannot be drawn, the specified symbols
are adopted. Meanwhile, the landslide point is drawn in the middle of real landslide’s rear
edge, and the collapse point is drawn at the front edge of the real collapse. In this survey,
121 landslide points and 15 collapse points have been collected in total.

Moreover, the geological map and structural line data have been digitalized by using
geological maps. They have also been corrected according to the field survey.

2.2 Data Processing

The data processing for Dataset of Geo-Hazards in Fengjie Mapsheet (1:50, 000) and
geological map is as follows:

2.2.1 Processing of Background Base Map

Mapsheet of Fengjie County (H49E006007) involves about 20 1:10, 000 mapsheets (see
Table 2). The mapsheet uses Xi’an 80 Coordinate System. The central meridian of Row A
data is 108 and the central meridian of Rows B-D data is 111.
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The coordinate system used in this result map is China Geodetic Coordinate System
2000 (CGCS2000), which has a deviation from the purchased data. According to the
comparisons among the datum points of on-the-spot surveys, a certain assigned surveyed
point has 100m deviation along the east-west direction as shown in the two different
coordinate systems. Therefore, correction is to be done so as to ensure the precision
coordination. In other words, multiple (more than three) datum points should be
respectively selected in both the Xi’an 80 Coordinate System and the CGCS2000, and
three parameters for the correction should be calculated out through the coordinate data of
the original kilometer grid of datum points.

When 1:10, 000 topographic map was used in ArcGIS (ArcToolBox > Data Management
Tools > Projections and Transformations Tools), the data whose central meridian was 108
in Row A should be projected and transformed into the central meridian of 111. Then,
20 maps involved were pieced together. By virtue of ArcGIS, high precision DEM and
mountain shade were generated, which acted as the background base map.

Table 2 Topographical Map Involved in 1:10, 000 Fengjie Mapsheet

A B C D
H49G021024 H49G021025 H49G021026 H49G021028
H49G022024 H49G022025 H49G022026 H49G022028
H49E023024 H49E023025 H49E023026 H49E023028
H49E024024 H49E024025 H49E024026 H49E024028

2.2.2 Data Processing Method of Geo-hazard Complex

(1) After the completion of mapsheet survey, according to the mapsheet survey dataset,
several geological elements, which have the highest relevance to the hazard development
in the area, were calculated, such as slope direction, gradient, elevation, and engineering

geological rock formation (see Figs. 1 to 4).

M Due North
M North East M Gradient (°)
M Due East M 0-15
M South East 15-30
M Due South o 30.45
I South West
W >45
I Due West

I North West

Fig. 1

Statistical Diagram of Hazard and
Slope Direction

Fig. 2 Statistical Diagram of Hazard and
Gradient

(2) Several elements with the highest relevance were selected according to the statistical
results of geological hazards and induced hazard development elements and in line with
the understanding of hazard development in the field survey. In 1:50, 000 Mapsheet of
Fengjie County, gradient, elevation, and engineering geological rock formation were

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2018, Vol.45 Supp.(1) | 163



GEOLOGY IN CHINA Dataset of Geo-Hazards in Fengjie Mapsheet (1:50, 000), Chongqing

selected as three related geological elements.

M Elevation (m)

M Rock
Formation
I 100-200
Wil
1 200-500 I12-3
M 500-1000 59% Il 4
M 1000-1865
Fig. 3 Statistical Diagram of Hazard and Fig. 4 Statistical Diagram of Hazard and
Elevation Engineering Geological Rock Formation

Legend
' 1Types of hazard geological complex

(1)Quaternary loose carth Hazard
geological complex

2.Classfication for the degree of the hazard
geological complex impacting on occurrence

po
AR
© -

| 3hazardsandothers

Fig. 5 Geo-hazard Map of Fengjie Mapsheet

(3) Pursuant to the collected geological data and drilling data, as well as engineering
geological features of formation lithology in the field survey, the geo-hazard rock
formation of mapsheet has been divided into seven geo-hazard rock formations.

(4) Different values are respectively given to the different rock formations according
to the influences of their geological factors exerted to the geo-hazards. By statistics,
overlaying, analysis and other means, each geo-engineering rock formation has been
divided into low, medium, high and extremely high grades, and they are expressed by light
green, light yellow, orange and red (4 spectrum colorings), respectively. Each spectrum
coloring represents a specific type of geo-hazard complexes. Moreover, Fengjie Mapsheet
has been divided into such 2 geo-hazard complexes as: (1) Quaternary loose earths, (2)
layered clastic rocks, and (3) carbonate rocks (3 categories and 7 subcategories, as shown
in Fig. 5). The concrete value-giving method adopts the proneness evaluation mode of
information volume method. The assessment was made by using geo-hazard point or
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grid quantity as the parameter. As far as Fengjie Mapsheet is concerned, the assessment
was made by using the geo-hazard point density as the parameter. Based on the statistical
pie chart of geo-hazard breeding factor and geo-hazard development, and by virtue of
the calculation formula of information volume method, the rock formation, gradient and
elevation that primarily affect the geo-hazard development are graded and classified per
pie chart; meanwhile, the information volume values of different zones are calculated. In
the next step, the grid overlaying analysis is done. And the four-graded scheme of geo-
hazard complexes are then divided.

2.3 Distribution and Characteristics of Hazard Breeding Grades of Geo-hazard
Complexes

Geo-Hazards in Fengjie Mapsheet (Fig. 5) is formed through overlaying calculation.
Based on this map, we can roughly analyze the distribution of high, medium and low
hazard breeding grades of various geo-hazard complexes in Fengjie County so as to
provide a fundamental basis for prevention of geological hazards in Fengjie County. The
distribution locations and characteristics of hazard breeding grades are shown in Table 3
below.

Table 3 Distribution and characteristics of Geo-hazard breeding grades on Fengjia Mapsheet

Geo-hazard . .
. o . Gradient Elevation
breeding Distribution scope ~ Geo-hazard Rock Formation Stratum © (m)
m
Grade
112 Weak thin-thick layered sandstone,
powdery sandstone and mudstone;
Two sides of the Yangtze II3 weak medium-thick layered T,b'- T,b",
. . . . . 30-45° <500
River mudstone with thin layered mudstone or  T,d - T,d
powdery sandstone; II 3 hard medium-
thick layered dolomite, karst and breccia
I[2 weak thin-thick layered sandstone,
Extremely . . . powdery sandstone and mudstone;
. Two sides of the Meixi . . . B
high Ri I3 weak medium-thick layered T,b—T,b 30-45° <500
iver

mudstone with thin layered mudstone or

powdery sandstone

12 Weak thin-thick layered sandstone,

powdery sandstone and mudstone;

113 weak medium-thick layered T,b'-T,b*  30-45° <500
mudstone with thin layered mudstone or

Two sides of Caotang
River

powdery sandstone

Surroundings of Ziyang
Village - Da'lwan Village ." 1 weak med.ium—th'ick litharenite i)z 15-30°  500-1000
— Baishui Village — intercalated with argillaceous sandstone

Dongxi Village

High Surroundings of Baishui [l 2 weak thin-thick layered sandstone,
Village — Xiangshan powdery sandstone and mudstone;
Village — Dongpo 113 weak medium-thick layered T,b'-T,b* 15-45° 500-1000
Village —Maoping mudstone with thin layered mudstone or
Village powdery sandstone
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Continued table 3

Geo-hazard ) )
. e . Gradient Elevation
breeding Distribution scope ~ Geo-hazard Rock Formation Stratum .
Grade ©) (m)
High Surroundings of Tuanjie Il | weak medium-thick litharenite Txj 15.30°  200-500
Village intercalated with argillaceous sandstone
Surroundings of Bailong
Village — Shimiao o
L aseT 114 hard thin-thick limestone T,j' 15-30°  200-500
Village — Linzheng
Village
Surroundings of
Medium Zhongping Village — 1T 1 weak medium-thick litharenite i 15-30° 5001000
Xinfang Village — intercalated with argillaceous sandstong
Maoping Village
Surroundings of
Xiangshan Village 11 weak medium-thick litharenite Taxj 15-30°  500-1000
— Dongxi Village — intercalated with argillaceous sandstone ’
Longguan Village
Center and wings
Low  of Qiyao Mountain 114 hard thin-thick limestone T,j' >45¢ >1000

anticline

3 Description of Data Samples

3.1 Layer Name

The geological map and geographic base map layers have been mainly divided per
element type: GA20H49E006007 (Geo-hazard Complex), GA10H49E006007 (Rock
Formation’s Boundary of Geo-hazard), ZAOOH49E006007 (Landslide Characteristic
Point), ZA20H49E006007 (Landslide Characteristic Plane), ZA10H49E006007
(Landslide Characteristic Line), ZBOOH49E006007 (Collapse Characteristic Point),
ZB10H49E006007 (Collapse Characteristic Plane), DA10H49E006007 (Structural
Line), and LB2049E006007 (Water System). They have been stored in File Geodataset
(H49E006007GD.gdb) in the form of a file.

3.2 Layer Number

The layer number is composed of three or four characters. The basic geographic layer
number is subject to the data layering and naming rules of digital line graphic map of the
National Administration of Surveying and Mapping. The layer number of this dataset
adopts 4 characters (see Table 4 for details). The layer number of professional layer, except
the basic geographic layer, is composed of the map category code and layer code, and the
layer number is character(s) (see Table 5 for details).

166 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2018, Vol.45 Supp.(1)



Dataset of Geo-Hazards in Fengjie Mapsheet (1:50, 000), Chongqing GEOSCIENTIFIC DATA & DISCOVERY(2)

Table 4 Layering and Naming of Basic Geographic Data

Map

Map Layer Code
Category
Category ——————  Layer Name Layer No. Expressed Content
Initial
Name Code g:)t:ii Final Code
Basi
aste Water System B 2 LB2 Water System Surface
Geography
Table 5 Related Geological Professional Layer Number
Map
Map Category Layer Code
Category —  Layer Name Layer No. Expressed Content
Initial
Name Code 2;:11 Final Code
Basi
aste D Structure A 1 DA1 Structural Line
Geology
Rock fi ion’
Rock Formation 1 GAl ock formation's
Hazard G A boundary of geo-hazard
Geology Geo-hazard ) GA2 Classification of hazard-
Complex breeding Possibility
0 7A0 Landslide characteristic
point
Landslide characteristic
L li A 1 ZA1
andslide line
Geological , ) 7AD Landslide characteristic
Hazard plane
0 7B0 Collapse characteristic
point
Collapse B 5 782 Collapse characteristic

plane

3.3 Mapsheet Number

The mapsheet number adopts 1:50, 000 standard mapsheet number. It is composed of 10
characters. For example, this mapsheet number is is H49E006007.

3.4 Element Type Name

It includes name of entity type point (landslide point and collapse point); line entity
(landslide hazard characteristic line, rock formation’s boundary of geo-hazard, structural
line and so on); and plane entity (comprehensive geological body, landslide body, collapse
body and so on).

3.5 Attribute List

In ArcGIS, each layer should have the corresponding file and attribute list. Generally,
the files have been divided as point file, line file and plane file. The attribute lists have been
divided into the geo-hazard attribute list and geological attribute list (see Table 6). The
geo-hazard attribute list has been divided as Landslide Hazard Attribute List and Collapse
Hazard Attribute List. Meanwhile, the geological attribute list is mainly the plane attribute
list of comprehensive geological body.
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Table 6 Layer Attribute of Geo-hazard Dataset

File Dataset

Name Layer Name Element Content Content of Main Attribute of Element
Rock Formation’s
H49E006007
GA10H49E006007 Boundary of OBJECTID; Shape*;
GD.gdb
Hazard Geology
FID; Shape*; OBJECTID; gridcode;
ZHDZTMC(Name of Comprehensive
Geological Body); ZHDZTFH(Symbol
GA20H49E006007 Geo-hazard Complex of Comprehensive Geological Body);
ZHDZTDH(Code of Comprehensive
Geological Body); ZHDZTMS(Description
of Comprehensive Geological Body)
Shape*; OBJECTID; Name; Field No.;
Landslide County and CltyINo.;.Provmce; City;
ZAO00H49E006007 . . County; Township; Village; Group;
Characteristic Point . . .
Location; Longitude; Latitude; X
Coordinate; Y Coordinate
Landslide FID; Shape*; OBJECTID; Hazard Name;
ZA10H49E
OH49E006007 Characteristic Line  Field No.; Landslide Direction
H49E006007
. FID; Shape*; OBJECTID; Field No.;
GD.gdb Landslide
ZA20H49E006007 . Hazard Name; Plane Type; Degree of
Characteristic Plane . .
Certainty; Stability
Shape*; OBJECTID; Name; Field No.;
County and City No.; Province; City;
Collapse . .
ZB00H49E006007 . . County; Township; Village; Group;
Characteristic Point . . .
Location; Longitude; Latitude; X
Coordinate; Y Coordinate
Collanse FID; Shape*; OBJECTID; Field No.;
ZB20H49E006007 . p' Hazard Name; Plane Type; Degree of
Characteristic Plane .
Certainty
BJECTID; Shape*; ID; Type; Struct
DA10H49E006007  Structural Line Do e 11Ds Shape™; ID; Type; Structure
Name; Structure No.
LB20H49E006007 Water System Water Body Water Surface

4 Data Quality Control and Evaluation

The control point has been set up in the mapsheet. The reconnaissance point and
surveying and mapping point of major survey area in the mapsheet have been measured by
the total station, subject to the national measurement standard requirements. In addition, it
meets the precision requirements of the survey. Moreover, for the positioning of all kinds
of survey points, the handheld GPS CGCS2000 coordinate system reading, ground object
information, and topographic map surface information have been used to guarantee that
the survey point location meets 1:50, 000 geo-hazard survey precision.
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S5 Measures for Dataset Quality

This dataset is linked to the field capturing terminals; the field data can be directly
transferred into the dataset after capturing. To guarantee the integrity and accuracy of
the assigned attribute content and structure of map-compiling layers, the research team
adopted a three-graded calibrating-checking methodology during the datum-inputting
process in the capturing terminals; moreover, the data are one by one verified and checked
for the second time after being putting into the dataset. The second-round checking
covers whether the point, line and plane of the survey data are in the mapsheet, whether
the attribute lists are integral, and whether the descriptions are accurate. In the dataset
constructing process, regular self-inspections, reciprocal inspections and spot-checks are
conducted so as to ensure the data accuracy in the dataset.

6 Data Application Perspectives

This dataset has extensive application perspectives. It may act as a primary geological
information base for the compilation of various kinds of geo-hazard evaluation map series;
meanwhile, it provides a fundamental data support for the local geo-hazard prevention
and mitigation. This dataset has been constructed in basic-format ArcGIS with abundant
contents and convenient access, and being quite flexible in editing; it could be easily
overlain, combined, and re-processed with other datasets of the same type, providing an

easy way for management and data-sharing.

7 Conclusion

The main contents of the Dataset of Geo-Hazards in Fengjie Mapsheet (1:50, 000)
includes “Table of Geo-hazard Complexes Data”, “Table of Landslide Geo-hazard Data”,
“Table of Collapse Geo-hazard Data”, “Table of Geo-hazard Rock Formation’s Boundaries
Data”, and “Table of Geo-tectonic Lineation Data”. This dataset will be a guide for
geo-hazard assessment and geo-hazard prevention and control planning in the Fengjie
Mapsheet; furthermore, it will provide references for the geo-hazard assessment of the
same kind in the other places and will help to compile the geo-hazard maps.
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