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Abstract: Wanjia—Lancun area in Shandong Province is located between Laiyang depression
and Zhucheng depression in Jiaolai Basin. The spatial database of 1 : 50 000 digital geological
maps of Wanjia Town (J50E021024), Nancun Town (J51E021001), Gaomi City
(J50E022024), and Lancun Town (J51E022001) map sheets, Shandong Province (also referred
to as the Database) was established according to the unified standards and requirements of the
‘Guidelines for 1 : 50 000-Scale Regional Geological Survey in Quaternary Coverage Area
(Trial)’ and the ‘Guidelines for 1 : 50 000-Scale Regional Geological Survey (Trial)’ by
relying on the project titled ‘7 : 50 000-Scale Regional Geological Survey of Wanjia Town,
Nancun Town, Gaomi City, and Lancun Town Map Sheets, Shandong Province’ initiated by
the China Geological Survey in 2016. During development of the Database, previous
geological data were fully utilized, a digital mapping system was adopted for field geological
mapping, and standard 1 : 50 000 geological maps and work instructions were developed by
means of indoor map preparation combined with field geological mapping. The aim of the

Database is to complete the lithologic mapping of early Cretaceous strata, including
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Spatial Database of 1 : 50 000 Digital Geological Maps of Wanjia Town
(J50E021024), Nancun Town (J51E021001), Gaomi City (JS0E022024)
and Lancun Town (J51E022001) Map-sheets, Shandong Province

GEOSCIENTIFIC DATA & DISCOVERY(3)

Yangjiazhuang Formation and Ducun Formation of Laiyang Group, Bamudi Formation of
Qingshan Group, and Xingezhuang Formation of Wangshi Group. A volcanic edifice was
discovered for the first time in Xingezhuang Formation of Wangshi Group, and the zircon
U-Pb ages of volcanic intercalations in Xingezhuang Formation were determined to be early
Cretaceous. The paleogeographic characteristics of Cretaceous lithofacies of
Lidangjia—Mashan dome was restored according to the previous drilling data of Well JC—1,
Well JC -2 and Well JC —3. Furthermore, the sedimentary tectonic framework of
Wanjia—Lancun area was established. The database contains four standard 1 : 50 000
geological maps, with a data size of about 22.3 MB. LA-ICP-MS zircon U-Pb isotopic ages of
three volcanic rocks, and three optically stimulated luminescence (OSL) datings and four e
isotopic ages of Quaternary were obtained in Jiaolai Basin The maps were prepared under the
CGCS2000 national geodetic coordinate system and Gauss-Kruger projection. The Database
fully reflects the results of 1 : 50 000-scale regional geological survey and will provide basic
geological maps for research, environment and energy exploration in Wanjia—Lancun area,
and therefore, is of great significance.

Key words: geological survey engineering; 1 : 50 000; digital geological map; Wanjia Town
map-sheet; Nancun town map-sheet; Gaomi city map-sheet; Lancun town map-sheet;
Shandong

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

1 Introduction

Jiaolai Basin is a late Mesozoic—Cenozoic superimposed down-faulted basin in Shandong
Province (Liu YQ, 2001; Li JL et al., 2007; Peng N et al., 2015; Xu KM et al., 2017).
Wanjia—Lancun area (also referred to as the study area) is in the coverage area of Jiaolai Basin
(Fig. 1). Geotectonically, it lies in the North China plate—Jiaoliao Uplift—Jiaolai Basin and
crosses four fifth-order tectonic units, namely Xiagezhuang depression, Pingdu depression,
Lidangjia—Mashan dome, and Gaomi depression (Li GQ and Fan DJ, 1994; Song MC, 2008;
Zhang ZQ et al, 2014; Sun WQ et al., 2019; Xu WX, 2019). The outcrops in this area mainly
include the Cretaceous and Quaternary and a relatively small amount of surface bedrock, and
most of the area is covered by the Quaternary (Fig. 2). There is a set of Cretaceous continental-
facies clastic rock—volcanic sedimentary formations (Liu MW et al., 2003; Tang FH et al.,
2003; Tong YM, 2007; Zhang YQ et al., 2008; Cao K, 2010; Du SX et al., 2020). The strata
are underdeveloped in this area owing to paleogeographic constraints and tectonic
transformation. Only the cap rock structures of the Mesozoic and later eras are distributed in
this area, and they mainly include NW-trending faults. According to regional gravity and
magnetic data (Chen QH et al., 1994; Huang TL, 2000), there exist Qiji (Town) fault, Dalan
fault, and Gaomi fault in NW trending, as well as Zhaoyuan—Pingdu fault in NNE trending.
Magmatic rocks are undeveloped in this area, and the magmatic-tectonic events are represented
by the Mesozoic volcanic eruption and NE-trending emplacement of intermediate-basic vein
rocks (Xu WX, 2019).
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Fig. 1 Geotectonic location map of Wanjia—Lancun area in Jiaolai Basin, Shandong province
(modified after Zhang ZQ et al., 2014)
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The regional geological survey of the study area was carried out during 1990-2000. The
1 : 200 000-scale regional geological survey of Qingdao, Gaomi, and Lingshanwei map-sheets
was completed in 1992, the 1 : 250 000-scale regional geological survey of Weifang, Qingdao
City, and Lingshanwei map-sheets was completed in 2004, and the 1 : 200 000-scale regional
geophysical and geochemical exploration and artificial heavy concentrate survey were mainly
carried out in the 1980s—1990s. The multiple strata divisions of the study area were conducted
by previous researchers, the lithostratigraphic framework was established, and intrusions were
divided according to lithodemic units. However, previous studies on Jiaolai Basin tended to
focus on Laiyang depression (Li RH et al., 2001; Zhai SD, 2003; Peng WQ et al, 2014; Zhou
JB et al., 2016; Zhang JL et al., 2017) and Zhucheng depression (Zhang ZQ, 2000; Ji YN,
2010; Kuang HW et al., 2014; An W et al., 2016; Zhang YX et al., 2018), while the central
coverage area of Jiaolai Basin between them lacks adequate basic geological research. The
1 : 50 000-scale regional geological survey of Wanjia Town (J50E021024), Nancun Town
(J51E021001), Gaomi City (JSOE02 2024), and Lancun Town (JSIE02 2001) map-sheets in
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Fig.2 Geological sketch of Wanjia—Lancun area in Jiaolai Basin, Shandong Province (according
to Xu WX, 2019)

1—Quaternary; 2—Early Cretaceous Xingezhuang Formation; 3—Early Cretaceous Bamudi Formation; 4—Early
Cretaceous Ducun Formation; 5—Early Cretaceous Yangjiazhuang Formation; 6—Early Cretaceous Houkuang
Formation; 7—Paleoproterozoic Jingshan Group; 8— Late Cretaceous diabase dike; 9—Late Cretaceous subvolcanic
rock (basalt); 10—Andesite; 11—Basalt; 12—Basaltic trachyte; 13—Rhyolitic tuff; 14—Trachyandesite;
15—Trachybasalt; 16—Basaltic trachyandesite; 17—Olivine basalt; 18—Borehole; 19—Stratigraphic attitude;
20— Geological boundary; 21—Angular unconformity boundary; 22—Normal fault; 23—Faults inferred from
geophysical exploration; 24—U-Pb zircon dating

Wanjia—Lancun area of Shandong Province was carried out based on previous survey results.
The 1 : 50 000 geological maps achieved are the results of the geological survey project
initiated by the China Geological Survey in 2016—2018. Great efforts have been made to allow
them to reflect the achievements of the geological survey and scientific research obtained from
a new round of mineral surveys. The purpose is to provide basic geological maps for resource
and environmental research and energy exploration in the area and to provide references for

scientific research and field geological survey. The brief metadata table of the Database (Xu
WX et al., 2020) is shown in Table 1.

2 Data Acquisition and Processing Methods

2.1 Basic Data Acquisition
The four 1 : 50-000 regional geological maps of the study area were prepared based on

the geological mapping results of 1 : 50 000-scale regional geological surveys of Wanjia Town
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Table 1 Metadata Table of Database (Dataset)

and Lancun Town (J51E022001) Map-sheets, Shandong Province

Items

Description

Database (dataset) name

Database (dataset) authors

Data acquisition time
Geographic area
Data format

Data size

Data service system URL

Fund project

Language

Database (dataset) composition

Spatial Database of 1 : 50 000 Digital Geological Maps of Wanjia
Town (J50E021024), Nancun Town (J51E021001), Gaomi City
(JSO0E02 2024) and Lancun Town (JS51E02 2001) Map-sheets,
Shandong Province

Xu Weixiang, Shandong Provincial No.4 Institute of Geological and
Mineral Survey

Gao Meixia, Shandong Provincial No.4 Institute of Geological and
Mineral Survey

Zhang Deming, Shandong Provincial No.4 Institute of Geological and
Mineral Survey

Hu Bing, Shandong Provincial No.4 Institute of Geological and Mineral
Survey

Zhang Kai, Weifang Foundation Engineering Corporation, Shandong

2016.07-2018.12

119°45'-120°15"' E, 36°20'-36°40' N

MapGIS 6.7; vector formats (*.wt, *.wl, *.wp), *.msi
299 MB

http://dcc.cgs.gov.cn

The project titled 1 : 50 000-Scale Regional Geological Survey of
Wanjia Town, Nancun Town, Gaomi City, and Lancun Town Map-
sheets, Shandong Province initiated by the China Geological Survey
(No.: DD20160044-4)

Chinese

The Database consists of four regional geological map libraries in
MapGIS format of Wanjia Town, Nancun Town, Gaomi City and
Lancun Town map-sheets. Each of these maps consists of a master
map, mosaic maps, and map decorations and legends. The contents in a
master map mainly include geological polygon entities; geological
(boundaries) lines; attitude; craters; isotopic dates; shorelines of rivers,
lakes, seas, and reservoirs; volcanic facies zones; standard map frames
(inner map frame); geological labels; attitude annotation; geological
leader lines; and isotope annotation. The mosaic maps include synthetic
histograms, geological profiles of master maps, geotectonic maps,
sedimentary cross sections of Lidangjia—Mashan dome, histograms of
key boreholes, CSAMT profiles, lithofacies paleogeographic maps, the
Quaternary isopach maps, paleochannel distribution map, geological
structure outline maps, stratigraphic sedimentary framework maps, and
volcanic edifice diagrams. The map decorations and legends include
legends of master maps, legends of mosaic maps, index map, duty
table, the emblem of the China Geological Survey, and map-sheet index

(J50E021024), Nancun Town (J51E021001), Gaomi City (J50E02 2024), and Lancun Town
(J51E02 2001) map-sheets, Shandong Province according to the requirements of the
‘Guidelines for 1 : 50 000-Scale Regional Geological Survey (Trial)’ and the ‘Guidelines for
1 : 50 000-Scale Regional Geological Survey in Quaternary Coverage Area (Trial)’ and the
guidance of the ‘Notice of Intensifying 1 : 50 000-Scale Regional Geological Survey of
Metallogenic Belts’ issued by the China Geological Survey. The geographic base maps of the
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four maps are the 1: 50 000 topographic map updated in 2013 issued by the National
Geomatics Center of China, with Xi’an 1980 and National Height Datum 1985 adopted as the
coordinate system and the elevation system, respectively. The original data was acquired using
the Xi’an 1980 coordinate system. The result maps were then converted to CGCS2000 national
geodetic coordinate system according to national applicable requirements. The geological
survey was conducted along routes with a length of 1779.25 km, and the Digital Geological
Survey Platform (DGSS) was adopted amid geological mapping. The four 1 : 50 000 regional
geological maps were prepared, whereby the strata, rocks, and structures were reflected in a
more detailed way. The data acquired were classified into four types according to their formats,
namely image files (.msi), polygon files (.wp), line files (.wl), and point files (.wt) (Pang JF et
al., 2017; Lyu L et al., 2018).

2.2 Data Processing
2.2.1 Regional Geological Maps

Regional geological maps consist of separate layers, and three data formats (i.e., points,
lines, and polygons) are used to splice different maps (Zhou HZ et al., 2019). The contents to
be presented on the maps mainly include strata, magmatic rocks, and structures. The
sedimentary rocks are mainly distributed in the Cretaceous and Quaternary strata. The strata
were divided into different formations and members, and lithostratigraphic maps of these strata
were plotted, whereby much attention was paid to the presentation of informal mapping units.
The magmatic rocks mainly include volcanic rocks and dikes. The volcanic rocks were mapped
by two mapping methods, namely lithostratigraphic and volcanic facies. During the mapping,
the volcanic rocks were divided according to volcanic lithology and rock association, and
much attention was paid to the expression of sedimentary intercalations. The dikes were
represented by age combined with lithology. The structures were mapped based on geological
activities. Several concealed faults were interpreted according to the characteristics of regional
gravity and magnetic anomalies, and Zhaoyuan—Pingdu fault was effectively verified by a
controlled source audio-frequency magnetotellurics (CSAMT) method. The 1 : 50 000-scale
regional geological survey covered an area of 1657 km’.
2.2.2 Mosaic Maps

(1) Synthetic histograms: used to express in detail the lithologic characteristics and biotic
association characteristics of lithostratigraphic units in the master map. They were prepared
through comprehensive research on the relationship between lithologic association
characteristics and biotic association characteristics of lithostratigraphic units in the map-sheet.

(2) Geological profiles of the master map: Transverse cutting profiles throughout the
whole study area were arranged along the overall trend vertical to main formations and
structures in the map-sheet to effectively reflect the overall characteristics of formations and
structures in the map-sheet. They determine the Cretaceous continental-facies
sedimentary —volcanic strata and the Quaternary. In terms of expression methods, positions

were represented using standard profile line types combined with standard codes, the lithology
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of each layer was expressed using corresponding patterns, and attitude factors were also
expressed on the geological profiles.

(3) Histograms of key boreholes: The Cretaceous strata above the basement in the study
area were studied based on the comprehensive logging data of Well JC-1, Well JC-2, and Well
JC-3 implemented by the Shengli Petroleum Administration Bureau, including research on
rock association characteristics, stratigraphic sequence division, and research on sedimentary
facies. Based on this, the histograms of Well JC—1, Well JC-2, and Well JC-3 were prepared
(Fig. 3).

(4) Sedimentary cross section of Lidangjia—Mashan dome: The sedimentary cross section
of Lidangjia—Mashan dome (Gaomi volcanic depression) was prepared by comparing the
logging data of Well JC-2 and Well JC-3 and combining the overall regional geology (Fig. 4).
It can be concluded that Lidangjia—Mashan dome was a large lake in the late stage of Early

Cretaceous. It subsided for a long time, and as a result, a set of huge thick lacustrine sediments
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Fig. 3 Histograms of boreholes drilled in the study area (prepared based on comprehensive
logging maps of Well JC-2 and Well JC-3 implemented by the Shengli Petroleum
Administration Bureau)
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Fig. 4 Sedimentary cross section of Lidangjia—Mashan dome
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1—Sandy conglomerate; 2—Pebbly sandstone; 3—Arkose; 4—Sandstone; 5—Siltstone; 6—Shale; 7—Sedimentary tuff;
8—Gypsum; 9—Andesite; 10—Rhyolitic tuff; 11—Trachyte; 12—Adamellites; 13—Early Cretaceous Laoshan sequence;
14—Early Cretaceous trachyte; 15—Early Cretaceous Xingezhuang Formation of Wangshi Group; 16—Early
Cretaceous Bamudi Formation of Qingshan Group; 17—Early Cretaceous Houkuang Formation of Qingshan Group;
18—Early Cretaceous Qugezhuang Formation of Laiyang Group; 19—Paleoproterozoic Jingshan Group; 20—Boundary
between strata; 21—Boundary between formations; 22—Unconformity boundary; 23—Basement depth
(m) revealed by drilling

were formed. This set of sedimentary strata constitutes Houkuang Formation and Bamudi
Formation of Qingshan Group, and Xingezhuang Formation of Wangshi Group according to
the analysis of rock association characteristics. Regionally, the sedimentary time of the
lacustrine Xingezhuang Formation corresponds to the early stage of the Shiqianzhuang
Formation—Fanggezhuang Formation—Linjiazhuang Formation—Xingezhuang Formation—
Hongtuya Formation in the area, thus revealing the Cretaceous sedimentary characteristics of
the paleo-dome.

(5) Cretaceous lithofacies paleogeographic maps of various stages. According to data
from Well JC—-1, Well JC-2, and Well JC-3, as well as the surface survey results, early
Cretaceous lithofacies paleogeographic maps of the study area were restored, including one
map of Yangjiazhuang Formation and Ducun Formation of Laiyang Group, one map of
Houkuang Formation of Qingshan Group, one map of Bamudi Formation of Qingshan Group,
one map of Xingezhuang Formation of Wangshi Group, and one map of Hongtuya Formation
of Wangshi Group - Paleogene, providing new ideas for the restoration of the prototype basin
and lithofacies paleogeographic characteristics of the entire Jiaolai basin.

(6) Quaternary isopach map and paleochannel distribution maps: The variation in the
thickness of the Quaternary strata in the study area was researched based on previous

hydrological-engineering-environmental borechole data. Accordingly, the Quaternary isopach
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map was prepared. It was revealed that the Quaternary basin formed in Xiazhuang-Jiangzhuang
area. Furthermore, the paleochannel transition map of Jiaohe River was restored according to
the investigation and verification conducted based on Records of Gaomi Water Conservancy
(1993) and other data.

(7) Cagniard apparent resistivity depth profiles determined by CSAMT: A CSAMT
profile was prepared to study the location and spatial distribution characteristics of
Zhaoyuan—Pingdu fault in the concealed area. It basically determines the deep electrical
characteristics of the fault along the extending direction of the fault. An effective depth of
1500-2000 m was verified.

(8) Taijiacun volcanic edifice: The volcanic structures in the study area are covered by the
circum-Pacific Meso-Cenozoic volcanic activity zone (I), Liaoning-Shandong Meso-Cenozoic
volcanic zone (II), Mesozoic volcanic eruption area in east Shandong (III), and Gaomi volcanic
depression (IV) (Song MC et al., 2003). Volcanic activities were undeveloped. A fifth-order
volcanic edifice was discovered for the first time in Xingezhuang Formation of Wangshi
Group, which was a small central volcano developed along fissures in the volcanic depression.

(9) Sedimentary framework map of Cretaceous strata: Stratigraphic framework helps to
analyze the formation mechanism, sedimentary model, and structural evolution of basins. The
stratigraphic framework of the study area was established based on first-hand field data as well
as the regional structural characteristics and data from adjacent map-sheets. The profile lines of
stratigraphic framework start from Yaogezhuang Town, Gaomi Town and pass through Well
JC-1, Heya, Jiaolai River, Well JC-3, Wanjia Town, and Landi Town, with a general trending
of NNE 12°. According to the stratigraphic framework map, the Mesozoic continental-facies
strata in the study area are as thick as 3 000 m, and the NW-trending Gaomi fault determines
the sedimentation of the Qingshanian and Wangshian basins. Dalan fault and Qiji fault jointly
form a step-shaped fault, which determines and destroys the Qingshanian and Wangshian
basins. Meanwhile, Qiji fault serves as the boundary between Mashan dome and Pingdu

depression and determines the sedimentation of Pingdu depression.

3 Description of Data Samples

3.1 Naming of Data
The data in the Database is mainly named in three formats, namely *.wp, *.wl, and *.wt.
The Cagniard apparent resistivity-depth profiles determined by CSAMT in mosaic maps were

imported in.msi format.

3.2 Contents in Map Layers

The contents in master maps include geological polygon entities (_GeoPolygon);
geological (boundaries) lines (_GeoLine); attitude (_Attitude); craters ( CRATER); isotopic
dates (_Isotope); shorelines of rivers, lakes, seas, and reservoirs (_Line Geography); volcanic
facies zones (_Volca Facies); standard map frames (inner map frame) ( Map. Frame);
geological labels (GEOLABEL.WT); attitude annotation (A ATTITUDE.WT); geological
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leader lines (A_ GEOLINE.WL); isotope annotation (A_ISOTOPE.WT).

Contents of the mosaic maps include synthetic histograms, geological profiles of master
maps, geotectonic maps, sedimentary cross sections, CSAMT profiles, lithofacies
paleogeographic maps, the Quaternary isopach maps, paleochannel distribution map of Jiaohe
River, geological structure outline maps, stratigraphic sedimentary framework maps, and

volcanic edifice diagrams.

3.3 Data Classes
Names of entity classes: points, lines, and polygons.
Points: symbols and labels of various geological bodies, and lithologic patterns.
Lines: fault structures, geological boundaries, lithofacies boundaries, etc.

Polygons: sedimentary rocks, volcanic rocks, intrusions, Quaternary system, etc.

3.4 Data Attributes

The Database contains the data of geological entity features, geographical features, and
features of geological map decorations. The data of geographical features were organized by
following the attribute structures adopted by the National Administration of Surveying,
Mapping and Geoinformation of China to collect data. The attributes of the Database were
organized based on the attribute structures according to the requirements of Code of Geological
Information Metadata (DD 2006-05) and Spatial Database Establishment Code of Digital
Geological Maps (DD 2006-06). The detailed attribute structures are as follows:

The attribution structure of a geological polygon entity (_GeoPolygon): the ID No.,
original code, type code (geological code), name, era, minimum age, maximum age, and
subtype ID of the geological polygon.

The attribution structure of a geological (boundary) line (_GeoLine): feature ID No.;
original code; the code and type of the geological boundary (contact); codes of geological
bodies on the left and right side of the geological boundary; the strike, dip, and dip angle of the
interface; subtype ID.

The attribution structure of attitude (_Attitude): feature ID No.; original code; the name
code and name of attitude type; the strike, dip and dip angle of the attitude; subtype ID.

The attribution structure of an isotope for isotopic dating (_Isotope): feature ID No.,
original code, No. and name of the sample, dating method, age dated, the unit and code of the
geological body dated, and the unit and date of dating analysis.

The attribution structure of a shoreline of rivers, lakes, seas, and reservoirs
(_Line Geography): feature ID No.; original code; primitive type and name; subtype ID.

The attribution structure of a volcanic facies zone (_Volca Facies): feature ID No.;
original code; the type and code of volcanic lithofacies; units and codes of strata produced; the
rock type, rock texture, and rock structure of volcanic lithofacies; attitude of planar flow
structure; attitude of streamlines; formation era; ore-bearing features; subtype ID.

The attribution structure of a standard map frame (inner map frame) ( Map Frame): map

name, code of map-sheet, scale, coordinate system, elevation system, left longitude, lower
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latitude, and map units.
The attribution structure of a crater ( CRATER.WT): feature ID No.; original code; the
type, name and size of the crater; the unit and code of geological bodies produced in the crater,

the rock types and formation era of the crater; subtype ID.

4 Data Quality Control and Evaluation

The Database was established based on rich, complete, and reliable data, with the
mapping accuracy achieved by field survey according to the Guidelines for 1 : 50 000-Scale
Regional Geological Survey (Trial) and the Guidelines for 1 : 50 000-Scale Regional
Geological Survey in Quaternary Coverage Area (Trial). Geological points were collected on
the principle of fully controlling the key geological blocks, informal mapping units, special
geological maps, and major geological boundaries. In general, the required contents to be
presented on the map face only included sealed geological blocks with a diameter greater than
100 m, linear geological bocks with a width greater than 50 m and a length greater than 250 m,
and fault structures with a length greater than 250 m. All special geological blocks and
informal mapping units were present in the map, regardless of their sizes. Among them, those
with a small thickness were presented with appreciable patterns or symbols after being
amplified or incorporated. The error 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. The mapping accuracy met the specific requirements of 1 : 50 000-
scale regional geological survey and mapping. Relevant tests were completed at the experiment
and testing lab of the Tianjin Center of the China Geological Survey and the labs of Testing
Center of Shandong Bureau of China Metallurgical Geology Bureau, Shandong Institute of
Earthquake Engineering, and Beta Analytic Inc. The above data were acquired from reliable
sources, and the attribute databases were completely established. The maps were modified and
prepared in accordance with the requirements of Geological Legends Used for Regional
Geological Maps (GB/T 958-2015), Standard and Principle of Coloring in Geological Map
(DZ/T 0179-1997), and Specification for Preparation of 1 : 50 000 Geological Maps and
Geographic Base Maps (DZ/T 0157-95).

A three-level quality inspection system consisting of self-check, mutual check, and spot
check was strictly implemented during the construction of the Database. Self-check and mutual
check were conducted for all of the original records of mapping routes, primitive data maps,
and attribute inputting of recorded data. The inspection at the level of the project team was
organized by the project manager. Necessary indoor inspections were carried out based on self-
check and mutual check, with a spot-check rate of 70%, meeting the requirements of quality
management for geological survey projects. The inspection at the level of the organization
responsible for the project was arranged by the Shandong Provincial No.4 Institute of
Geological and Mineral Survey, during which the project team provided active support. The
spot-check rate at this level was 31%. Quality inspection records were made for all levels of

inspection and revisions by the author. The organization responsible for the project reviewed
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all the comprehensive maps. It instructed relevant person in charge to solve existing problems
and consulted experts to solve important and difficult problems. In October 2018, the Tianjin
Center of China Geological Survey organized experts to conduct an overall field acceptance
check of the project by indoor inspection combined with field inspection. In March 2019, the
Tianjin Center of China Geological Survey reviewed the Database, during which the results of

this project were unanimously approved by the experts and the Database was rated good.

5 Data Value

(1) A breakthrough was made in the study of the division and redetermination of the
Cretaceous strata. The study area lies in the potential coverage area of Jiaolai Basin, with a
Quaternary thickness of 0.5-30 m. The lithostratigraphic units of continental-facies near-
surface “red beds” were still in doubt owing to previous low exploration level of the study area
(Xu WX, 2019). With the geological mapping along survey routes and the in-depth analysis of
previous borehole data (Well JC-2 and Well JC-3) conducted in this project, it can be revealed
that the lithology of the “red beds” mainly consist of purplish-red mudstones and siltstones,
interbedded with fine-grained sandstones and rhyolitic tuff locally and thinly laminated sandy
conglomerate associations occasionally, indicating a set of lacustrine fine-grained clastic rock
sediments. Based on this, as well as LA-ICP-MS zircon U —Pb dating of sporo-pollen
association and rhyolitic ignimbrites as volcanic intercalations, the lithostratigraphic unit of the
“red beds” was determined to be early Cretaceous Xingezhuang Formation of Wangshi Group.

(2) The Cretaceous lithofacies paleogeographic characteristics of Lidangjia—Mashan
dome in Jiaolai Basin were restored. The study area is widely covered by the Quaternary, with
discontinuous bedrock. The surface survey was carried out on dotted artificial outcrops.
Comprehensive logging data of key boreholes were acquired and utilized to study the
Cretaceous sedimentary-volcanic strata above the basement, including Well JC -1 (depth:
1 576.46 m, not penetrating into the basement), Well JC-2 (depth: 1 703.27 m, penetrating into
the basement), and Well JC-3 (depth: 1 703.27 m, penetrating into the basement) implemented
by the Shengli Petroleum Administration Bureau in the 1980s. The precision of strata division
of the Cretaceous sedimentary-volcanic strata reached 0.5 m, completely meeting relevant
precision requirements. The Cretaceous lithofacies paleogeographic characteristics of
Lidangjia—Mashan dome in Jiaolai Basin were finally restored based on the study and analysis
of the rock association, sequence stratigraphy, and sedimentary facies revealed by the
boreholes mentioned above, especially the stratigraphic unit division and regional comparison
revealed by Well JC-2 and Well JC-3. This will provide new ideas for the restoration of the
prototype basin and the study of lithofacies paleogeographic characteristics in the entire Jiaolai
Depression.

(3) The age of volcanic intercalations in Xingezhuang Formation of Wangshi Group was
determined by high-precision LA-ICP-MS zircon isotopic dating (Table 2). The zircon U-Pb
isotopic-ages of the trachybasalts (intercalations) in Louzicun, the basalts (intercalations) in

Xiaowanggezhuang, and the rhyolitic tuff (intercalations) in Qiaojiatun were determined to be

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2020, Vol.47 Supp.(1) | 237



Spatial Database of 1 : 50 000 Digital Geological Maps of Wanjia Town
GEOLOGY IN CHINA (J50E021024), Nancun Town (J51E021001), Gaomi City (JS0E022024)
and Lancun Town (J51E022001) Map-sheets, Shandong Province

119.82+0.71 Ma, 116£1.5 Ma, and 118.32+0.71 Ma, respectively (Xu WX, 2019), indicating
that Xingezhuang Formation where these volcanics are developed was formed in the early
Cretaceous.

(4) The Quaternary was deeply studied. Twelve formations were determined according to
the lithology, distribution pattern, and formation era of the sediments as well as landform
features and overlapping relationship. The “c isotopic ages of Quaternary Baiyunhu
Formation were determined to be 1540 a B.P., 2280 a B.P., and 2320 a B.P. The “c isotopic
age of Heituhu Formation was determined to be 3 780 a B.P. The luminescence ages of Dazhan
Formation were determined to be 95.8 ka B.P., 89.3 ka B.P., and 33.8 ka B.P. All these provide
favorable evidence (Table 2) for the time of the Quaternary.

The Database will provide basic data for survey of the geology and resource environment
in the study area and will play a leading role in scientific and technical innovation, and thus

can be used as important references.

6 Conclusion

(1) The 1 : 50 000 regional geological maps of the four map-sheets in Wanjia—Lancun
area in Shandong Province are the results of a new round of geological and mineral surveys
initiated by the China Geological Survey. The project team actively explored innovative means
to present regional geological mapping results, and four regional geological maps of
Wanjia—Lancun area were formed, setting a model for regional geological surveys.

(2) Multiple strata division and redetermination were made for the Mesozoic continental-
facies sedimentary strata. The strata in the study area were divided into the Paleoproterozoic
Jingshan Group, the Laiyang Group, the Qingshan Group, and the Wangshi Group of the
Mesozoic, and the Quaternary. Special lithologic strata were highlighted and 17 formations and
seven special lithologic strata were determined. The spatial overlapping relationships of
Mesozoic formations in the study area were ascertained, and the lithostratigraphic framework
of Laiyang Group, Qingshan Group, and Wangshi Group was established. The lithology-
lithofacies and volcanic structures of the volcanic rocks in the study area were mapped. As a
result, five types of lithofacies were identified, namely explosive facies, effusive facies,
eruption-sedimentary facies, subvolcanic facies, and intrusive facies. Meanwhile, Taijiacun
volcanic edifice —a fifth-order small central volcanic edifice —was also identified, which

intruded into the sedimentary strata of Xingezhuang Formation of Wangshi Group.

Table 2 Test and analysis data of the spatial database of 1 : 50 000 geological maps of Wanjia
town, Nancun town, Gaomi city and Lancun town map-sheets, Shandong province

Data type Data volumn Basic characteristics of data

Zircon U-Pb isotopic dating data 3 samples  LA-ICP-MS zircon U-PD isotopic ages of
volcanic rocks

Optically stimulated luminescence (OSL) 3 samples  OSL ages of Pleistocene loess
dating data

14 . o o
C isotopic dating data 4 samples !¢ isotopic ages of Holocene carbonaceous clay
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(3) The data records of Well JC-1, Well JC-2, and Well JC-3 were collated again and the
Cretaceous lithofacies paleogeographic characteristics of Lidangjia—Mashan dome were
further restored based on the survey of rock association characteristics, sequence stratigraphy,
and sedimentary structures of Mesozoic strata. The sedimentary sequence, sedimentary facies,
and provenance of the Mesozoic continental basin were determined. Furthermore, the changes
of sedimentary environment in different periods of the Cretaceous and the evolutionary pattern
of the Mesozoic continental-facies basins were summarized in combination with the regional
structural characteristics and paleontological characteristics.

(4) The deep electrical resistivity structures of Zhaoyuan—Pingdu fault along its
concealed direction of extension were basically determined by CSAMT profiles. In this way,
the route along which the southern section of Zhaoyuan—Pingdu fault extends into the study
area is ascertained. It is believed that Zhaoyuan—Pingdu fault enters the Quaternary coverage
area from Malan Town, Pingdu City, then continues to extend into Lidangjia—Mashan dome
along a SW direction after passing through Pingdu depression, and then extends into the study
area and arrives at Beichenjia Village, Liaolan Town, where it is offset by Qiji fault.
Zhaoyuan—Pingdu fault and the Jiaohe fault are the same fault in the south of Qiji fault. It
extends along NNE trend and is successively offset by NW-trending Dalan fault and Gaomi
fault. Then it passes through the east side of Well JC—1 (forming the boundary of Ducun
Formation of Laiyang Group and Xingezhuang Formation of Wangshi Group), and then
extends beyond the study area in a similar direction to the Moshui River.
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