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Abstract: Hebei Province is rich in geological heritage resources due to its diverse landforms 
and unique natural conditions. However, detailed investigation and study of the resources 
are still limited, and a systematic survey conducted on a small scale has not been fully 
implemented. In this paper, the resource types and characteristics of the geological heritage in 
Shunping County are systematically discussed, on the basis of field investigation and scientific 
evaluation. With reference to the existing criteria for geological heritage resources survey, 
the heritage values and corresponding levels were assessed by using multi-factor quantitative 
evaluation approach. The results show that there are 33 geological heritage sites in Shunping 
County, which fall into 3 categories, 10 classes and 17 subcategories. Among them, 2 heritage 
sites are above the provincial level, 14 heritage sites are at the provincial level and 17 ones are 
below the level. These heritage sites are not only natural resources with great tourism potential, 
but also valuable asset in geological research, human history, ecological conservation, scientific 
education and some other aspects. It is hence of great significance to conduct the scientific and 
reasonable appraisal for having a better understanding, good protection and development of 
the geological heritage resources in Hebei Province.
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Introduction

A geological heritage, formed by various 
internal and external geological processes and 
developed in the long geological history, con-
stitutes one of precious and non-renewable natural 
resources (Ministry of Land and Resources, 
2017). In order to have a better understanding 
of the resources prospect, a nationwide survey 
of geological heritage sites in China has been 
completed via a project hosted by China Geological 
Survey (DONG Ying and CAO Xiao-juan, 2019). 

However, detailed and small-scale investigations 
to the resources were only conducted in some 
national geological parks (ZHANG Huan-xin et 
al. 2018) and limited scenic areas with economic 
significance (FU Yin-hong, 2020). In line with the 
national strategies of “ecological civilization” and 
“rural revitalization”, as well as the development 
of geological tourism, detailed geological heritage 
investigations are urgently needed (ZHONG Zi-
ran, 2018; DING Hua et al. 2020). 

 Due to its diverse landforms and unique 
natural conditions, there are many geological relics 
in Hebei Province (NIU Ping-shan et al. 2004; 
XIAO Gui-zhen et al. 2007; ZHANG Zhao-yi et 
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al. 2018; CHEN Bin et al. 2019). However, the 
value of the resources which have great potential 
for exploitation around Yan Mountain, Taihang 
Mountain and the coastline is yet unknown (LI 
Yan-chen, 2018). In this paper, basic geological 
background and various values of the geological 
heritage resources in Shunping County are ela-
borated and presented, which would set up a repre-
sentative example for detailed geological heritage 
investigation and assessment in a county scale.

1 Geological background of Shunping 
County

Shunping County, located in the center of the 
economic circle of Beijing, Tianjin, Shijiazhuang, 
Baoding and Taiyuan, has great advantage of 
geographical location. On geomorphologic aspects, 
it is located at the intersection zone of Taihang 
Mountain and North China Plain, with the Taihang 
Mountain in the northwest and the North China 
Plain in the southeast. Because of the unique 
geological conditions and long-term tectonic 
evolution, it has abundant and diverse geological 
heritage resources (XIAO Gui-zhen et al. 2007).

The topography and landform within the 
county are relatively simple. It is mainly composed 
of low mountain and hilly areas, alluvial plain 
The terrain of Shunping County gradually drops 
from the northwest to the southeast. Two major 
rivers, Jie River and Tang River, run through the 
mountain area and form a series of valleys and 
river landscape belts. In terms of geotectonic units, 
the area is situated at the contact zone of Shanxi 
fault uplift and Yanshan fold belt in the Sino-
Korean para-platform (WANG Hong-lei et al. 
2016). The strata expose in this area are mainly 
carbonate rocks of the Precambrian, Cambrian and 
the Ordovician, localized Pre-Sinian gneisses, as 
well as unconsolidated sediments of the Paleogene 
and Quaternary periods.

The tectonic movements of multiple periods 
and in different directions have created abundant 
and diverse landscapes in relation to crust tecto-
nics, especially those derived from the Indo-China 
movement, Yanshan movement and Himalayan 
movement. As a result, large-scale NEE and E-W 
trending reverse faults and NE trending normal 
faults are overwhelming, with some small-scale 
NW and SN trending faults over the county. 

Folding structures in the area are dominated by 
NEE and E-W ones with axial plane dipping to SE 
(Fig. 1) (XING Wei-guo, 2009).

 The thick carbonate rocks have formed unique 
karst landscapes such as canyon, cliff, mountain 
peak, stela, karst cave, pictographic rock and etc, 
which are geomorphologically typical in nor-
thern China and important tourism resources of 
Shunping County.

Fig. 1 Geological sketch of Shunping County 
(modified after XING Wei-guo, 2009)

2 Types of geological heritage in Shun-
ping County

According to the specification for geoheritage 
investigation, the geological heritage in Shunping 
County can be divided into 3 categories, 10 classes 
and 17 subcategories (Table 1). The heritages in the 
county include all five classes of basic geological 
category, four classes of geomorphologic landscape 
category, and one class of geohazard category. 
The characteristics and spatial distribution of these 
geological heritages are discussed as follows.

(1) There are a large number of geological 
heritages with different types.

The geological heritage is in large quantities 
and high concentration in Shunping County, com-
paring with that of other country (DENG Ya-dong 
et al. 2019). The landscape of the study area is 
very representative in the Taihang Mountain area, 
which contains almost all the typical geo-heritage 
subcategories (WANG Hui et al. 2018) (Fig. 2). 

(2) The geomorphologic landscape is the do-
minant geoheritage, which is valuable and essential 
for tourism development.

presinian system ganeiss

Tertiary clastic rocks

Anticlinal axis Synclinal axis

Ar Chg-Jxw €-O

10

QE

Changchen-Jixian
system arbonate rocks

Cambrian-Ordovician
carbonste rocks

Yanshannian dikes

Fault Attitude

Quaternary sediments

Journal of Groundwater Science and Engineering    Vol.8 No.4: 349—357



http://gwse.iheg.org.cn 351

Table 1 Classification of geological relics in Shunping County, Hebei Province

19 geoheritage sites fall in the geomorphologic 
landscape category which have great scenic value, 
accounting for 57.6% of the total geological 
heritage resources in Shunping County (Fig. 2a). 
Among them, the rock-soil landforms and water 
body landforms are of great potential for tourism 
purpose. So far, only limited geological heritages 
have been developed into scenic spots, which 
include the beautiful Sanmiao Peaks with the 
presence of abrupt and grotesque rocks, the deep 
and tranquil Zhaigou valley with gurgling flow 
at the bottom, the large and magnificent pothole 
group in Baiyintuo Mountain, and the clear 
and mysterious winding Tang River. However, 
many other geological heritage resources leave 
undeveloped, such as the magnificent stone pillars 
of Wanqing Mountain, various forms of karst caves 
and etc; they are all of great view value and large 
potential for tourism development.

(3) Distribution concentrates with distinct 
regional differences.

The geological heritage in Shunping County has 
relatively concentrated distribution characteristic 
with obvious regional differences. These resources 
are mainly distributed in the middle-low mountain 
and hilly areas, which contain all the 10 heritage 
classes. However, the number of geological heritages 
on alluvial-diluvial plain is limited, with only one 
geological hazard. In respect of spatial distribution, 
most of the geological heritages mainly occur in 

Shennan Town, located in the northwest of the 
county. Meanwhile, some of the heritages appear 
in Dabei Town, Anyang Town and Hekou Town, 
with few ones in Taiyu Town and Yaoshan Town 
(Fig. 2b). 

  
Fig. 2 Characteristics of geological heritage 

distribution in Shunping County

3 Assessment of geological heritage 
resources in Shunping County

The assessment was done with reference to the 
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Category (Ⅰ) Class (Ⅱ) Subcategory (Ⅲ) Number

Basic geological type 
(12)

Stratigraphic section (1) Typical section (1)

33

Rock section (1) Intrusive section (1)

Structural section (6)
Unconformity surface (2)

Folding and deformation (2)
Fracture (2)

Important fossil site (1) Fossil site of ancient plants (1)

Important source of rock and ore (3)
Typical ore deposit outcrop (1)

Mining sites (2)

Geomorphologic 
landscape type (19)

Rock-soil landform (9) Karst landscape (9)

Water body landform (7)

River (2)
Lake (1)

Waterfall (1)
Spring (3)

Glacier landform (1) Ancient glacial relic (1)
Tectonic landform (2) Canyon (2)

Geohazard type (2) Geological hazard (2)
Landslide (1)

Ground collapse (fissures) (1)
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geoheritage assessment at a county and mun-
icipal level (DENG Ya-dong et al. 2018), for 
which multiple factor and quantitative evaluation 
approach was used.

The quantitative evaluation includes two com-
ponents, i.e. geoheritage value evaluation and 
geoheritage environment evaluation. According 
to the specification for geoheritage investigation 
(Ministry of Land and Resources, 2017), the 
indexes of the former include (1) scientific value, 

(2) aesthetic value, (3) rarity, (4) integrity, (5) 
preservation degree and (6) protectability, while 
the indexes for the latter contain (7) accessibility, 
(8) exploitability, (9) historical and value values 
and (10) safety. The level of each geoheritage site is 
determined by the combination of points of different 
evaluation factors and ranks with assessment of 
associated categories. On this basis, the evaluation 
results are listed in Table 2. 

Table 2 Evaluation criteria and result of geological heritage in Shunping County

Evaluation 
model

Weighted 
score

Evaluation 
factor

Point of different ranks Weight of different types
Below the 
provincial 

level

At the 
provincial 

level

Above the 
provincial 

level

Basic 
geological 

type

Landform 
landscape 

type

Geological 
hazard 

type

Value  
comprehensive 

assessment
80

Scientific value <4 4~7 7~10 3 1 2
Aesthetic  

value
<4 4~7 7~10 1 3 1

Rarity <4 4~7 7~10 1 1 1

Integrity <4 4~7 7~10 1 1 2
Preservation 

degree
<4 4~7 7~10 1 1 1

Protectability <4 4~7 7~10 1 1 1

Condition 
comprehensive 

assessment
20

 Accessibility <2 2~4 4~5 1 1 1

Exploitability <2 2~4 4~5 1 1 1
Historical and 
cultural value

<2 2~4 4~5 1 1 1

Safety <2 2~4 4~5 1 1 1

The level of geological heritage can be divided 
into three ranks: Above the provincial level, at the 
provincial level, and below the provincial level. 
The specific classification criteria are described as 
follows:

Above the provincial level: Geological heritage 
with outstanding values and national or regional 
 (cross-provincial) significance with a com-
prehensive score of 70~100.

At the provincial level: Geological heritage 
with prominent value and regional significance for 
province with a comprehensive score of 40~70.

Below the provincial level: Geological heritage 
with general value and regional significance for 
city and county with a comprehensive score of < 
40.

The result shows that there are 2 heritage 
sites as above the provincial level (6%) which are 

potholes and glacial landform in Baiyintuo scenic 
spot, 14 heritage sites as provincial level (42%), 
and 17 heritage sites as below the provincial level 
(52%). 

4 Value of geological heritage resources

Geological heritage resources in Shunping 
County are non-renewable natural resources which 
have experienced a long term evolution driven by 
internal and external geological forces. They are of 
great significance in terms of earth science value, 
aesthetic value, cultural value, ecological value 
and public education value.

4.1 Earth science value

(1) Baiyintuo glacier geoheritage
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The major features in the Baiyintuo paleo-
glacial relic include moulins, sheepback stones, 
glacial boulder and etc. It is one of the two 
geoheritage sites in Shunping County identified 
during the previous geoheritage survey in Hebei 
Province (ZHANG Zhao-yi et al. 2018). In fact, 
the presence of many moulins in the middle-low 
mountain areas of Hebei Province was already 
reported by HAN Tong-lin et al (1999). However, 
it is yet uncertain whether or not they are the relics 
of paleo-glacier (LV Hong-bo et al. 2010; SHI Ya-
feng, 2010). It is hence necessary to conduct a 
further investigation into the glacial remains in this 
area, from which the new findings will be helpful 
for the study of paleo-glacial activity in eastern 
China.

(2) Structural peak forest
The presence of karst peak cluster and peak 

forest, in the vicinity of Longtan Lake (Fig. 3a) 
and Sanmiao Mountain (Fig. 3b) in the northwest 
of Shunping County, is a result of long-term 
geological evolution that the carbonate rocks of 
the Mesoproterozoic Gaoyuzhuang Formation and 
Wumishan Formation has experienced. The feature 
of these karst landscape is similar to the structural 
peak forest of marble in the Baishishan national 
geopark located in adjacent Laiyuan County. It is a 
unique landscape in China of important scientific 
value (NIE Ze-tong et al. 2002; LI Ying et al. 
2009).

(3) Important mineral resources
Resulting from weathering and leaching of 

country rocks, the mineral resource is represented 
by the porcelain clay deposit in Dalinghou Village 
of Shunping County, which is highly representative 
in the northern area of the Taihang Mountain  as an 
important mineral resource (TIAN Teng-fei, 2016). 
The clay deposit, containing minerals as kaolinite, 
montmorillonite and illite, was formed through the 
hydrolyzation of acidic dikes consisting of quartz 
albite porphyry in the condition of low pressure 
and low temperature. The dykes are intrusive 
rocks formed in the period of the Yanshan tectonic 
movement. The porcelain clay deposit in Shunping 
County is distributed in the NWW direction along 
the dike (Fig. 3c), with a length of about 10 km. 
These sites are ideal for the study of characteristics 
and genesis of the porcelain deposits in the area.

4.2 Aesthetic value

(1) Pothole group
There are 15 potholes that appear in a beading 

shape or a gourd shape in the 3 km long canyon of 
the Baiyintuo scenic spot. Each pothole is mostly 
round and partially oval with smooth walls similar 
to huge natural bathtub. The largest pothole has a 
diameter of 5 m and a depth of 6 m in the shape 
of a pot with a small mouth but a large belly (Fig. 
3d). A great number of potholes in large scale 
with the impressive beauty can be compared with 
the pothole landscape in some other national 
geological parks (YANG Tao et al. 2015; PAN Ya-
hui et al. 2016). In a word, this kind of geoheritage 
is rare in the north China and has important 
aesthetic value.

(2) Carbonate rock landform
The bedrock exposed in Shunping County is 

mainly composed of carbonate rocks, which provi-
des basic condition for the development of karst 
landforms. There are in total ten karst geoheritage 
sites identified in this survey, accounting for about 
30% of all the geoheritage sites. Among them, 
some sites with prominent karst features have 
been developed into scenic spots, such as the 
Xingtanggou Class 3A Tourist Spots. However, 
the Niumowang cave in Anyang Village and the 
light-through cave and stone pillar in Wanqingshan 
Village (Fig. 3e), with magnificent landscape and 
great potential for tourism, are yet undeveloped.

4.3 Cultural value

(1) Jie River
One of the important rivers in Shunping 

County is Jie River, which is originated from the 
Baiyinwa Village in the east of Yi County. It passes 
through Longtan Lake and flows into Daqing 
River. The river landscape belts and the terraces 
along the river are not only valuable resources, but 
also suitable living localities with a long history 
(Fig. 3f). During the Warring States Period (475 
BC to 221 BC), the Jie River used to be the boundary 
between the states of Yan and Zhao. In the 1960s, the 
Longtan Lake and associated irrigation canals were 
built along the Jie River, presenting the spirit of “self-
reliance and hard struggle” of the people in Taihang 
Mountain area. 

(2) Yiqi Mountain
It is said that Shunping is the hometown 

of Emperor Yao, which has been an important 

Journal of Groundwater Science and Engineering    Vol.8 No.4: 349—357



http://gwse.iheg.org.cn354

travelling mark around the local places. According 
to historical records such as “The Records of the 
Grand Historian” and “The Bamboo Annals”, 
Emperor Yao was born in Yiqi Mountain of 
Shunping County, establishing the foundation of 
the Yao culture. In the Yiqi Mountain, there are 
Yaomu cave and Yaomu spring, respectively, of 
which the former is actually a light-through cave 
developed from the erosion of carbonated rocks. In 
the light-through cave, the karst features are well 
developed, which add much to the cultural and 
ornamental values of the geoheritage site.

4.4 Ecological value

Due to the unique environments of topography, 
climate, soil and water, lush grasses and dense 
forests have been booming, which forms a favora-
ble vegetation system in the area. This made the 
Guanyintang and Niangnianggong Villages 
in Shennan Town selected as the first batch of 
National Forest Village in 2019. The good ecosy-
stem has brought to the area considerable tourism 
resources in different seasons. For example, the 
peach blossom festival in the spring has been 
successfully held for 20 years. In autumn time, 
the Baiyintuo scenic spot is an ideal place to 
view red leaves, where the red leave festival has 
been successfully held for 13 years. Both of the 
festivals are becoming an effective tourist sign. 
festivals in the county. In addition to the agreeable 
climatic condition, the superior ecosystem, 
characterized by large quantity of erosion surfaces, 
river terraces and alluvial plains in the front of 
Taihang Mountain, have yielded soils and water 
of high quality for agricultural activities. As a 
result, 99.39% of the cultivated lands without 
heavy metal contamination in the area can be used 
to development green agriculture and associated 
green food production.

4.5 Public education value

The knowledge of geological heritage in Shun-
ping County involves many geological disci-
plines, including sedimentology, stratigraphy, 
structural geology, quaternary geology, geomor-
phology, mineralogy, paleontology and etc. The 
geological phenomena and their connotations can 
be intensively displayed to the public, especially 

to the students to enhance their geo-scientific 
awareness. In addition, some geological disasters 
have been found in the transition zone between 
the mountain and plain, such as the landslide in 
Lisizhuang and the ground fissure in Yaoshan 
Town, can be be used as representative geohazard 
education sites.

On the other hand, the basic research and 
the protection of geological heritage resources in 
Shunping County are limited. In recent years, geo-
logical heritage resources are affected in different 
degrees due to the development of quarries and other 
illegal mining activities in the mountain areas. 
For example, the pictographic rocks in Pianluoyu 
Village have been suffered from destruction (Fig. 
3g). It is strongly suggested to establish unified 
identities and governance measures for effectively 
protecting and managing the geological heritage 
resources as soon as possible.

5 Conclusions

The geological heritage resources in Shunping 
County, Hebei Province are diverse and prominent 
in terms of resource types and features. On the 
basis of detailed resource survey, there are in total 
33 geological heritage sites with great potential 
and values for the development tourism industry. 
The investigation result shows that the geoheritage 
resources are typical in the area of Taihang Moun-
tain. For the resource quality assessment, the 
method of multi-factor quantitative evaluation 
was used. Analytical result shows that there 
are 2 geological heritage relics falling above the 
provincial level, 14 sites at the provincial level and 
17 ones below the level. These sites are of great 
value in scientific research, scenic tourism, cultural 
inheritance, ecological conservation and scientific 
popularization. It is suggested that the local 
government should not only protect the geological 
heritage resources, but also conduct in depth study, 
scientific planning and rational exploitation in 
combination with the values of geological heritage 
resources, so as to promote local economic deve-
lopment.
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