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Abstract: The integrated application of existing borehole data has become an urgent need with
further prospecting of sandstone-hosted uranium deposits. In this paper, a comprehensive
borehole database of Jurassic —Cretaceous strata in Dongsheng area (also referred to as the
Database) was established under the guidance of the new ideas and methods of “secondary
development and utilization of existing coalfield borehole data” and ‘“coal-uranium joint
exploration”. In detail, the borehole attributes of Dongsheng area were collected. Then key
borehole data related to coalfields and uranium deposits were successively collated, scanned,
converted into desired data types, input into data tables, and integrated into databases
according to unified standards and requirements. As a result, the Database was established,
achieving unified management of borehole data from multiple sources. The Database consists
of three Access databases and corresponding result maps. Each of the Access databases
contains eight data tables, namely Basic information of a borehole, Beds based on
comprehensive histograms, Beds based on lithologic description, Names and codes of strata,
Data from logging curves, Configuration of logging curves, Bending degree measurement of
boreholes, etc. These data tables respectively contain detailed data of the lithology from
geologic records, beds, rock colors, logging curves, hydrogeological beds, borehole sampling,
and bending degree measurement. According to application and practices, the Database enables
a quick generation of critical basic geologic maps such as well profiles and the isoline maps of

the elevations of roofs and floors, stratum thickness, sand-body thickness, and sand content of
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target strata bearing coal and uranium. This will increase the data utilization efficiency and
provide critical data for the exploration and research of uranium deposits.

Key words: Borehole dataset; 3D geological model; sandstone-hosted uranium deposit;
uranium deposit exploration; Dongsheng; Odors Basin

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

1 Introduction

The geological surveys of coalfields and oilfields in the Dongsheng area in northeast
Odors Basin (also referred to as the study area) started in the 1950s—1960s, covering oil,
geology and minerals, and coal. The geological survey of the uranium deposits in Odors Basin
began in the 1950s. However, no breakthrough was made during prospecting of uranium
deposits in the basin until the early 21st century, when several large—superlarge sandstone-
hosted uranium deposits were successively discovered, such as Daying, Nalinggou, and
Zaohuohao deposits. Since 2010, the Tianjin Center of China Geological Survey have
organized and implemented the program titled Geological Survey of Multiple Minerals such as
Coal and Uranium in Major Basins of China, the project titled Determination of Exploration
Areas of Uranium Deposits in the Middle West Odors Basin, and the project named Survey
Engineering of Sandstone-Hosted Uranium Deposits in North China based on the
unconventional concept of spanning exploration. As a result, a series of important prospecting
breakthroughs were made in the basins of North China and 14 newly-discovered uranium
deposits were initially reported (Jin RS and Tan ZA, 2013; Miao PS et al., 2017; Jin RS et al.,
2017; Chen LL et al., 2018; Tang C et al., 2018; Wei JL et al., 2018; Feng XX et al., 2019; Jin
RS et al., 2019, 2020). Meanwhile, under the guidance of metallogenic theory of in-situ
leachable sandstone-hosted uranium deposits, an innovative idea of “quick uranium exploration
based on secondary development of existing borehole data” was proposed according to
geological background and conditions for mineralization (Jin RS and Tan ZA, 2013; Miao PS
etal., 2017; Jin RS et al., 2017; Zhang TF et al., 2016, 2018, 2019).

The integrated application of existing borehole data has become an urgent need with
further prospecting of sandstone-hosted uranium deposits (Zhang Y et al., 2016; Zhou XX et
al., 2016, 2019; Lyu ZC et al., 2018; Zhang TF et al., 2016, 2018, 2019). Three-dimensional
models allow more accurate expression of various geological phenomena than traditional 2D
presentation of geological data, and borehole data serve as the most intuitive and accurate
means to obtain 3D geological information. Furthermore, massive coal-oil-uranium borehole
data and logging data of the study area have been accumulated, providing credible data for the
building of borehole databases and 3D geological models of this area (Jiao YQ et al., 2006;
2018; Lu C et al, 2018). Most importantly, high-density exploration well network and
abundant borehole data were achieved in this area as two large uranium deposits named
Nalinggou and Daying, which are newly discovered. Therefore, the study area is qualified for
the establishment the borehole databases and underground 3D geological models (Zhang TF et
al., 2016, 2019). To this end, in the aforementioned project titled Survey Engineering of
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Sandstone-Hosted Uranium Deposits in North China in 2015 -2018, the pilot work was
deployed to establish borehole databases of uranium deposits in the study area and to conduct
3D geological modeling based on the borehole data (Yu RA et al., 2020; Zhang TF et al.,
2020a). This project was conducted based on previous borehole data of coalfields and uranium
deposits in the study area, during which the borehole attributes were comprehensively acquired
on a large scale for the first time. Then key borehole data related to coalfields and uranium
deposits were successively collated, scanned, converted into desired data types, input into data
tables, and integrated into databases according to unified standards and requirements. As a
result, the Database was established. This will provide data and information technology for the
survey of uranium deposits and the metallization research of sandstone-hosted uranium
deposits. Furthermore, it is greatly significant for subsequent utilization of borehole data based
on secondary development of the data. The brief metadata table of the Database (Zhang TF et
al., 2020b) is shown in Table 1.

The geologic setting of the study area is as follows. The magmatic activities are

undeveloped and the outcrops mainly include Mesozoic and Cenozoic strata (Fig. la; Liu CY

Table 1 Metadata Table of Database (Dataset)

Items

Description

Database (dataset) name

Database (dataset) authors

Data acquisition time
Geographic area

Data formats

Data size

Data service system URL

Fund projects

Language

Database (dataset) composition

Borehole Database of Jurassic—Cretaceous Strata in Dongsheng Area,
North Odors Basin

Zhang Tianfu, Tianjin Center, China Geological Survey
Zhang Yun, Tianjin Center, China Geological Survey

Sun Lixin, Tianjin Center, China Geological Survey

Ma Hailin, Inner Mongolia Geological Investigation Institute
Cheng Yinhang, Tianjin Center, China Geological Survey

2015-2017

Dongsheng area, Odors City, Inner Mongolia

xIs and.mdb for the databases;.bwi and.jpg for the atlas
2.99 GB

http://dcc.cgs.gov.cn

Jointly funded by a project initiated by the China Geological Survey
(No.: DD20190813), the National Key R&D Program of China (No.:
2018YFC0604200), the National Program on Key Basic Research
Project of China (973 Program, No.: 2015CB453000), and the
International Geoscience Program (IGCP675)

Chinese

This Database contains three Access databases. Each of the Access
databases contains eight data tables, namely Basic information of a
borehole, Beds based on comprehensive histograms, Beds based on
lithologic description, Names and codes of strata, Data from logging
curves, Configuration of logging curves, Bending degree measurement
of boreholes, etc. These data tables respectively contain detailed data of
lithology from geologic records, beds, rock colors, logging curves,
hydrogeological beds, borehole sampling, and bending degree
measurement. The result maps mainly include the isoline maps of
stratum thickness, sand-body thickness, burial depth of roofs and floors,
and sand content of target strata.
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et al., 2008, 2009; Jiao YQ et al., 2012; 2015). The Triassic and Jurassic strata in this area are
mostly distributed on the margin of Odors Basin, and the outcrops are mostly visible in the
Dongsheng and Jungar areas on the northeast margin of Odors Basin (Li ST et al., 1995; Jiao
YQ et al., 2005, 2016). The Cretaceous strata are mostly distributed in the left of the basin
(Fig. 1b). The Middle—Lower Jurassic Yan’an Formation (J,,y) and Middle Jurassic Zhiluo
Formation (J,z) serve as the focus of this study, with relatively complete stratigraphic

sequences (Fig. 1c).

2 Methods for Data Acquisition and Processing

2.1 Data Acquisition

Borehole attributes are critical data in the Database. However, the attribute structures
differ a lot owing to different sources, long time span, and different data standards of borehole
data acquired. The boreholes involved include not only the ones drilled for verification in
recent years but also the ones drilled and documented on paper in earlier years. Thus, it is
necessary to massively digitalize previous borehole data recorded on paper. Only by this way,
can the data be input into databases. Therefore, massive scanning and intellectual digitalization
are required in retrospective building of the Database. Most especially, high-accuracy
digitalization of logging curves cannot be acquired manually but should be traced and

identified automatically using machines.
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Fig.1 Tectonic location map (a, modified after Yang JJ and Pei XG, 1996), generalized geological

map (b), and borehole histogram (c) of the northeastern margin of Odors Basin
1—Quaternary; 2—Neogene Pliocene; 3—Lower Cretaceous Zhidan Group; 4—Middle Jurassic Zhiluo Formation;

5—Mid-Lower Jurassic Yan’an Formation; 6—Upper Triassic Yanchang Formation; 7—Middle Triassic Ermaying
Formation; 8—Lower Triassic Heshanggou Formation; 9—Lower Triassic Liujiagou Formation; 10—The study area;
11—Sandstone-hosted uranium deposit; 12—Coal seam; 13—Mudstone; 14—Siltstone; 15—Fine-grained sandstone;

16—Medium-grained sandstone; 17—Coarse-grained sandstone; 18—Conglomerate
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According to analysis of the histograms of different types of boreholes, the Database was
mainly built retrospectively to achieve comprehensive histograms of boreholes as result maps.
The observed and interpreted entity data used in building the Database were determined
according to related drilling specifications and standards and comparative analysis of massive
borehole data. The observed entity data include lithology data from geologic records, beds,
rock colors, logging curves, hydrogeological beds, borehole sampling, and bending degree
measurement; geophysical exploration records of cores (y and y+f); images of cores (minerals),
and other attributes (such as important alteration and bedding). The interpreted entity data
include lithologic data from logging interpretation, logging interpretation results, and basic
chemical analysis results. After the entities and their relationships were determined, the
relationship mode was converted in the stage of logical structure design, and as a result, all
relationships between observed and interpreted entities were incorporated into the entities at
the other corresponding ends (Zhou XX et al., 2016). Eight data tables were finally designed
for building a coalfield borehole database (Fig. 2) and a maximum of 18 data tables were
designed for retrospective acquisition of data from boreholes in sandstone-hosted uranium
deposits (Fig. 3). The main fields in the borehole attribute data tables and the logical structure
of the data tables are shown in Fig. 3. The borehole data were acquired using a database
application system and data for logging curves were obtained using digital software. The

Tianjin Center of China Geological Survey developed a database application system based on

Borehole data Basic information of a borechole

Beds based on comprehensive histograms

ILithologic dat%l—

Beds based on lithologic description

Data of strata Names and codes of strata

Database

Stratum colors

Attributes Configuration of logging curves

Bending degree measurement ol boreholes

Logging ]
attributes Data from logging curves

Fig.2 Data acquired for the Database
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Fig. 3 Logical structure of borehole attribute data tables (modified after Zhou XX et al., 2016)

C/S architecture for borehole data acquisition. A series of functions were provided in this
system, including data inputting, data editing, batch data importing and exporting in
customized formats, data query, and conversion of MapGIS maps, thus allowing users to easily
and quickly import data into the Database (Zhou XX et al., 2016).

The borehole data in the Database originated from the Reconnaissance Survey Report of
the Coal in Nalinxili Minefield, Dongsheng Coalfield, Inner Mongolia, and the 195 boreholes
were drilled by Inner Mongolia Coal Construction Engineering (Group) Corporation. In this
study, only the eight data tables (Fig. 2) were filled with the data acquired while other data

tables are empty owing to limited original borehole data.

2.2 Data Inputting into Database

During borehole data acquisition, data for each borehole was recorded in one complete
Excel file. Each Excel file contains a maximum of 18 tables, and eight tables were filled with
the data acquired in this study. Access databases are traditional relational databases. They are
lightweight and adopt file-level storage, and are easy to use and suitable for the building of
distributed databases. Therefore, in this study, Access databases were adopted to summarize
the Excel files of borehole data, and data for 195 boreholes drilled in the Daying—Nalinggou
area were used to build the databases. 195 Excel files of borehole data were generated and
were integrated into three Access databases. These databases have been successfully applied in

metallogenic research and 3D geological modeling of sandstone-hosted uranium deposits.
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2.3 Description of Data Samples

Coalfield borehole data of the study area were stored in Excel tables and Access
databases, including 195 Excel files and three Access databases. The Excel files were
designated by “work area code (121201 150137012) + borehole No.” in a united manner. Each
Excel file (Fig. 2) corresponds to a borehole and contains eight tables of borehole attributes,
such as the basic information of the borehole, lithologic description from geological records,
strata division, rock colors, and logging curves. Each table has a unique code in the databases,
and are comprised of the first letter of Chinese pinyin of the table name. For example, the code
of the table Basic information of a borehole is “TABLE ZKJC” since the Chinese pinyin of
the table name is “zuan kong ji ben xin xi”, and similarly, the code of the table Beds based on
lithologic description is “TABLE_YXMSFC”. The resulting maps of rock series bearing coal
and uranium are in the format of *.bwi, and mainly include three kinds of map layers, namely
borehole location, isoline, and human geographical features. The map layers of the borehole
location mainly include the locations of the boreholes to be mapped and related attributes. The
isoline map layers were plotted according to the acquired borehole attributes. The human
geographical features refer to the point locations on the ground and names of geographical
features such as habitations at levels of towns and counties. Different map layers can be
presented either separately or after being incorporated with other map layers. The 3D geologic
structural model is in the format of the Eclipse model data (*.txt) after being exported. It can
intuitively display the landform shapes of various strata, the thickness distribution and lefts of

sediments, and paleo-uplift denudation zones (Fig. 4).

3 Application of the Database

3.1 Preparation of 2D Maps
The 2D maps can be quickly developed based on the borehole databases by using the plan

data management module and mapping module of the software Gxplorer developed in China,

Mx“‘a * 3 - Zhiluo Formation
xx‘“‘m // Fault

o A

Fig. 4 3D spatial distribution morphology of the strata and paleo-landform of middle Jurassic
Zhiluo Formation in the Husiliang—Daying—Nalinxili area, northeast Odors Basin
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including the regional borehole distribution maps, stratum thickness isoline map (Fig. 5),
tectonic maps of roofs and floors of target strata, and the maps of physical properties of
reservoirs (such as lithology, porosity, permeability, and saturation). Superimposition and
comparison between map layers can be achieved using different gridding algorithms and

variation models.

3.2 Preparation of Profiles
Well profiles, sand-body comparison profiles, and the fence-shaped well profiles in any
direction (Fig. 6) can be quickly developed based on borehole databases, thus facilitating the

comparative analysis of strata and reservoirs.

3.3 3D Geological modeling

The study area features weak tectonism in general, with fault structures not developing
and stratigraphic attitude gently inclining. Therefore, the 3D geological modeling of this area
can be achieved using an automated modeling module of the software Gxplorer. In detail, the
3D geological models of different types and scales can be precisely built based on the borehole
databases. In this way, the 3D spatial distribution relationship between different geological
metallogenic factors and uranium mineralization can be further presented.

Three-dimensional visualization of the structures of regional geological bodies and the
restored paleo-landforms can be obtained at a small scale (Fig. 4), while 3D models of uranium
reservoirs and mineralized bodies can be achieved on a large scale. As for the 3D modeling, a
series of maps in temporal dimensions and profiles on different scales in spatial dimensions
were combined, and the attribute restrictions of the 3D modeling include structures of the roofs
and floors of target strata, the regional well profiles, sand-body data revealed by boreholes,

data from logging curves, and 2D seismic data. In this way, the 3D models were precisely

Flg 5 Stratum thickness isoline}{map dlf middle Jurassic Zhiluo Formation in the
Daying—Nalinggou area~
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characterized. After users select lithologic data to be analyzed, Gxplorer can automatically
divide profile data into different groups by different regions and angles and then combine the
profiles in each group by applying 3D visualization technology. As a result, the discrete 3D
lithologic models (Fig. 7) and longitudinal profiles in different directions (Fig. &) are

Lo
24 4%

ELR1]

Fig. 6 Comparison profile of Jurassic—Lower Cretaceous strata in the Wanlichuan—Chaideng
area on the northeastern margin of Odors Basin

1—Lower Cretaceous Zhidan Group; 2—Upper member of Middle Jurassic Zhiluo Formation; 3—Lower member of
Middle Jurassic Zhiluo Formation; 4—Member No. 5 of Mid-Lower Jurassic Yan’an Formation; 5—Members Nos. 3-4
of Mid-Lower Jurassic Yan’an Formation; 6—Members Nos. 1-2 of Mid-—Lower Jurassic Yan’an Formation; 7—Coal

seam; 8—Mudstone; 9—Siltstone; 10—Fine-grained sandstone; 11—Medium-grained sandstone; 12—Coarse-grained
sandstone; 13—Pebbly coarse-grained sandstone; 14—Conglomerate; 15—Stratum bearing Uranium deposit. Note: the

colors of lithologic patterns in the stratigraphic histogram denote the colors of core

Reaide, od Vo R
A d"[rl

—Sumdy by I||_|.r_|| L P—
Pty benided fver

Uranum mineral e
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Fig. 7 Relationship of the 3D attribute model of lithology and grain size to uranium
mineralization in the lower member of middle Jurassic Zhiluo Formation in
the Daying—Nalinggou mining area
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Fig. 8 Relationship of 3D spatial distribution of skeleton sand bodies and sedimentary systems
with uranium mineralized bodies in the Daying—Nalinggou area

Notes: there exists regional transition of sedimentary facies in the Daying—Nalinggou area. The sedimentary system
transits orderly from pebbly braided river facies to sandy braided river facies and further to braided river delta facies
toward west and south from the Husiliang area. The uranium mineralization in the Daying area (red) is mainly
developed in the lithologic transition interface between the braided river sand bodies and the braided river delta

generated. They can be used to analyze the discrete relationship of lithology and grain sizes.
The atlas developed can be used to intuitively analyse the lithologic distribution in the study
area in 3D space from multiple angles, thus providing credible models for the metallogenic rule

research and exploration deployment of the sandstone-hosted uranium deposits in the area.

4 Data Quality Control

4.1 Quality Control of Borehole Data

All of the borehole data were acquired in accordance with the uniform standard Technical
Requirements for the Building of Borehole Database of Sandstone-hosted Uranium Deposits in
Major Basins of North China (Trial) to ensure that the data were authentic, accurate, logically
consistent, standardized, and integral. All necessary modifications and changes were fully
demonstrated by the project team, with corresponding records and reasonable explanations
being kept. The data quality control and the review and acceptance check of the databases were
sufficiently performed from the project team to the organization responsible for the project.
The self-check rate and mutual check rate were both 100%, the inspection rate at the project
level was 60%, and the rate of the spot check conducted by higher-level organizations was
15%. In the case where problems occurred during the inspection or check, the reasons were
quickly found and the problems carefully rectified. In this way, the error rate of the database
data reported was less than 0.3%. Meanwhile, the inspection records and modification
explanations of the database were kept. In summary, strict quality control was implemented
both in the stage when the data were collected and input into the database and in the stage of

data processing, thus ensuring high quality of data.

4.2 Quality Assessment of Atlas and 3D Geological Models
All of the borehole data used to develop the result maps and 3D geological models
originated from boreholes-used to-build the borehole databases. Therefore, they are credible.

The borehole databases involve an area of about 420 km” and 195 boreholes were used in
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modeling. The boreholes are evenly distributed in general, mostly with a grid density of 2 km x
2 km. Meanwhile, the reasonability of stratigraphic boundaries was examined by preparing the
well profiles of many strata, comparison profiles of skeleton sand-bodies, and the fence-shaped
well profiles, as well as logging curves and seismic sections. Once unreasonable strata division
was discovered, it was modified based on demonstration, and then the borehole databases were
updated accordingly. The result maps were automatically corrected based on the updated
databases, thus guaranteeing accurate comprehensive maps. In addition, the 2D well profiles
and sand-body profiles can also be involved in the 3D modeling as restrictions. In mid-
December, 2018, the Tianjin Center of China Geological Survey organized experts to review
the database, building and 3D geological modeling of the Dongsheng area, and as a result, field

acceptance was passed.

S Data Value

The Database built in this study enables unified management of borehole data of the study
area, thus increasing the efficiency of the integrated application of the data. Furthermore,
automated mapping of the borehole data, based on the borehole databases, was achieved by
using the 3D modeling software Gxplorer. In this way, massive borehole attributes can be
presented more quickly and intuitively. They can be rapidly expressed in a 3D visual way and
quickly queried according to multiple conditions. All these will provide data and information
technology for the exploration of uranium deposits and the integration of exploration results,
and also offer a good reference for the building of borehole databases and 3D modeling of
other areas. The Access borehole databases built in this study are traditional relational
databases. They are lightweight and adopt file-level storage, easy to use. Additionally, they

feature good compatibility and can be directly used in other 3D modeling software.

6 Recommendations on Data Usage

In this study, the databases are in.mdb format and the atlas is in.bwi and according.jpg
formats. The result maps and the 3D models were developed using the 3D modeling software
Gxplorer developed by Xi’an Shiwen Software Co. Ltd., in which the Ezwell module was used
for data processing and interpretation, as well as result analysis.

The Ezwell module features object-oriented operation style, making comprehensive
interpretation of single-well logging data and the editing of map faces intuitive, flexible, and
efficient. Meanwhile, aesthetically pleasing single-well result maps in various forms with rich
contents can be generated. The operations of the Ezwell module are simple, fast, and easy to
learn, including adding map tracks, editing map tracks, editing curves, and setting filling and
displaying ways. The Ezwell module is equipped with strong drawing template technology.
The style being used can be saved as a template and added into the template library in order to
be used for other boreholes. The templates can be changed anytime into new image formats
when necessary. Meanwhile, the template technology enables the quick generation of multiple

types of result maps. Data pre-processing functions are also very strong in the module,
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including curve editing, curve depth correction, curve splicing, curve filtering, deviated well
straightening, data preview, data calculating, data analysis and statistics, and core location.
Two- or three-dimensional cross-plots can be generated using these functions. In addition,
images can be saved into abundant formats in this module. Various result maps (such as
comprehensive histograms of strata, typical curves, composite diagrams of core,
comprehensive interpretation maps, and cross-plots) can be saved as vector diagrams (such as
EMF, CGM, DXF, and PDF) and bitmaps (BMP, JPEG, JPG, GIF, TIF, and TIFF).

7 Conclusion

(1) The Database was developed based on previous borehole data of coalfields and
uranium deposits, during which borehole attributes were comprehensively acquired on a large
scale for the first time. Key borehole data related to coalfields and uranium deposits were
collated, scanned, converted into required data types, input into data tables, and integrated into
databases according to unified standards and requirements. As a result, the Database was
established, achieving unified management of borehole data from multiple sources and
providing credible data for the “quick uranium exploration based on secondary development”
of existing coalfield borehole data of the Dongsheng area.

(2) Critical basic geological maps can be quickly generated based on the Database by
using 3D modeling software, including well profiles and the isoline maps of the elevations of
roofs and floors, stratum thickness, sand-body thickness, and sand content of target strata
bearing coal and uranium. By precisely building the 3D geological models of different types
and scales, the 3D spatial distribution relationship between different geological metallogenic
factors and uranium mineralization were presented from multiple angles. This will provide
credible models for the metallogenic rule research and exploration deployment of the
sandstone-hosted uranium deposits in the study area.
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