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Abstract. Big data and artificial intelligence (AI) have provided new methods and 
opportunities for many applications in geology. Nevertheless, big data and AI-based 
geoscience applications are still in their infancy, and the methods and objectives are still 
scattered, lacking a unified theoretical and application framework. This study reviews the 
application of big data and AI in geology and analyzes and summarizes the current status, 
development trends and existing problems of ongoing studies from the perspectives of geology. 
This study can provide a reference for the future research and development of the application 
of big data and AI in the field of geology. 

1.  Introduction 
Geology is the discipline of the Earth's evolution and development characteristics. The main object of 
geology is the lithosphere below the surface, and its research content includes the composition, 
internal structure and evolution of the Earth’s history, among other subjects [1]. Because of the large 
and complex nature of geological research objects, traditional geological research often has problems 
related to complex data sources and low precision [2]. With the rapid development of science and 
technology, huge numbers of new technical methods have been cited in geological studies, such as 
geophysical exploration methods[3], geochemical exploration methods[4-5], isotope geology 
methods[6], remote sensing geology methods[7], etc. These technologies improve the accuracy of 
geological data and expand the data volume. 

Artificial intelligence (AI) is a branch of computer science. It refers to the intelligence displayed by 
a system made by humans [8]. AI can be divided into two categories: strong AI and weak AI [8]. The 
perspective of weak AI is that intelligent machines that can reason and solve problems cannot be built 
[9]. The strong AI view is likely to create truly intelligent machines that are capable of reasoning and 
problem solving; such machines would be considered sentient and have a sense of self [9]. The 
research fields of AI include expert systems, machine learning, natural language recognition, computer 
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vision and recommendation systems [10]. Among them, machine learning is the branch that has 
developed the fastest and can best reflect intelligence [11]. 

Machine learning is the algorithmic study of how computers simulate or implement human learning 
behavior, characterized by the ability to automatically improve through experience. Through machine 
learning algorithms, we can acquire new knowledge or skills. In order to solve the bottlenecks 
encountered in the development of machine learning, such as multiple model types, extensive training, 
difficulty in determining parameter weights and a large range of parameters, deep learning technology 
has emerged and been widely used, and it has become the key field of AI development[12]. 

Deep learning is a kind of machine learning technology. It uses deep neural networks to solve the 
learning process of feature expression. The main goals of a "deep learning" neural network are to 
simulate the human brain’s learning process through a deep neural network algorithm and combine 
low-level features into a higher-level abstract representation through the nonlinear relationship 
between input and output to finally reach the level of mastery and application[13]. 

The richness of data plays a very important role in the training effect of an AI model [14]. The 
concept of big data emerged with the explosive growth of information data and the rapid development 
of network computing technology, which provides the data foundation support for AI [15]. Big data is 
a large-scale data collection, and it is difficult for traditional database software tools to collect, store, 
manage and analyze it [16]. It refers not only to the large amount of data but also to the wide variety of 
data types and low value density [15]. Big data technology can help companies from all walks of life 
to dig out the user's demand information from mass data with low value density, and as a result, the 
data can be changed from quantitative to qualitative and truly generate value[15]. 

In recent years, with the rapid progress of big data and AI, there is a certain degree of application in 
geology [17]. With the improvement of computing performance, especially the rapid development of 
GPU high-performance computing technology, the constraint of computing power on big data and AI 
has been largely solved [18]. This relieves the pressure of big data and AI technology at the computing 
level and broadens the application space and development prospects of both in the fields of geology 
[19]. AI usually serves a purpose for geological reconnaissance and resource exploration, such as 
mineral identification and geochemical anomaly detection [20]. This paper discusses big data and AI 
in geology. 

2.  Application of big data and artificial intelligence in geology 
Geological big data is a new concept resulting from the introduction of big data theory to the field of 
geology [17]. In geological research, geological data come from a wide range of sources. With the 
application of various new technologies, the reduction of data storage costs and the accumulation of 
historical data, geological data have begun to have the characteristics of big data in terms of quantity, 
value, diversity and timeliness [2]. The traditional data processing methods are gradually becoming 
unable to meet the requirements of geological data processing methods and processing speed [17]. Big 
data and AI theory have provided the geological industry with an effective method to deal with 
geological big data, especially the development of high-performance computing technology, which 
means that the AI models have a broader application space in the geological industry.  

Geological science is an observational discipline; it is performed through the summarized analysis 
of observed geological phenomena by reasoning on the whole face [18]. Because of the difficulty in 
obtaining comprehensive data and the limitation of researchers' own experience and knowledge, it is 
difficult to perform analyses and make judgments that are quite consistent with the real situation. 
Compared with traditional geological research methods, big data and AI can take advantage of the vast 
amounts of geological data to summarize geological characteristics; explore the rules of geological 
activity; analyze geological phenomena objectively, impartially and quickly; and provide more 
scientific results for geological work [19]. Therefore, geological big data technology research will 
inject new vitality into the development of geology. 

Geological big data is characterized by having multiple sources, multiple types and large volumes, 
which make the application of big data theory and related technologies in the geological industry 
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possible, but this also causes many problems [2]. For example, the multi-source nature of geological 
big data makes data mining more difficult. Because there are different sources, types and quantities of 
data, data processing methods and analysis models are also different, so it is difficult to define the 
weight of the impact on the results. The value density of geological big data is relatively low, and the 
final mining results may not be reliable, which has a huge impact on mineral resource exploration, 
geological disaster monitoring and other aspects. There are not many studies on geological big data in 
China, so it is difficult to guarantee the quality of geological data with low value density, and the 
accuracy and preservation of the data face many problems[19]. 

To date, many scholars have tried to apply technological methods related to big data and AI to the 
research field of geology. In the field of geology-related scientific research, because of the increasing 
use of new technologies, the field of resource exploration has more economic benefits, more data 
sources, and greater data volume. Therefore, this field is more suitable for the application of artificial 
intelligence and theoretical methods of big data. The artificial neural network (deep learning model) is 
one of the most widely used artificial intelligence models in this field. Artificial neural networks (deep 
learning models) have proven to be powerful tools for classifying and identifying minerals [20,23]. 
Cracknell and Reading compared five machine-learning algorithms for geological mapping, proving 
that random forest was the preferred classifier of lithology [24]. In recent years, the research on key 
technologies of machine learning applied to the field of Mineral Prospecting and Mapping (MPM) has 
received widespread attention. Several supervised classification methods have been used in the 
mapping of mineral prospects. Rodriguez-Galiano et al. (2015) used an artificial neural network, 
decision tree, random forest and support vector machine separately for mineral exploration mapping. 
By comparing the four results, they found that random forest was superior to the other three machine 
learning methods [25].  

In addition, because of the complexity of the geological environment and the unknown distribution 
of geochemical data, traditional mathematical and statistical methods are not effective in identifying 
geochemical anomalies. Thus, some machine learning methods have been applied experimentally to 
geochemical anomaly identification [4-5]. These methods have the advantage of not making 
assumptions about the distribution of data and dealing well with the nonlinear relationship between 
geochemical data. For example, Twarakavi et al. (2006) used a support vector machine and a robust 
least squares support vector machine to plot the concentration of arsenic trioxide using the 
concentration distribution of gold present in Alaskan sediments [4]. Beucher et al. used artificial 
neural networks to map soils in the downstream Sirppujoki region of southwest Finland [26]. Chen et 
al. (2014) used southern Jilin, China, as the study area and successfully identified geochemical 
anomalies in the area using the continuum-limited Boltzmann machine method [27]. Gonbadi et al. 
(2015) used supervised machine learning to identify Cu-related porphyry geochemical anomalies 
using Kerman Province, Iran, as a study area [5]. Chen et al. (2019) presented a spatially constrained 
multi-autoencoder approach-based NN model to effectively improve the ability of a neural 
network/deep learning to carry out multi-dimensional anomaly identification in exploration 
geochemistry [28]. Chen et al. (2019) presented a multi-convolutional auto-encoder approach that 
adopted a non-interactive net structure to accurately recognize geochemical anomalies [29]. The above 
studies show that the machine learning model is an effective tool for the recognition of multivariate 
geochemical anomalies. 

In addition, AI and big data also have great potential in geological research fields such as 
geological sample identification, ore mineralogical study and earthquake monitoring. In the field of 
geological sample identification, the relevant theoretical techniques of big data can be well applied. 
The data classification standard of geological sample identification is clear, and the data sources are 
wide-ranging. Historical identification data have good reference value for current geological sample 
identification [19]. Using historical data, an AI model can be trained with geological big data, and the 
model can be used to discriminate the types of samples, which can not only greatly improve the 
efficiency but also increase the accuracy and avoid the errors caused by artificial discrimination[24]. 
To date, the deep learning model has been applied in the field of mineral sample identification, and the 
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results have been good [30]. It is believed that in the future, the application of big data and artificial 
intelligence methods in geological sample identification will also have a broad development prospect.  

The geological big data theory has a broad application prospect in mineralogical studies. The use of 
big data technology and AI models to analyze and mine geological big data can help geologists to 
understand the deposit model, analyze the deposit formation process, discover the metallogenic rule 
and realize the purpose of assisting mineral exploration and development[24]. Earthquake monitoring 
is related to the national economy and people's livelihood, and seismic exploration is also an important 
technical method in the geological industry. The development of science and technology, the 
application of new technology in earthquake monitoring areas and seismic exploration areas have 
produced a huge amount of data. Using data with the characteristics of big data and using big data and 
AI technology with high-performance computing technology will greatly improve the accuracy and 
efficiency of seismic data analysis. It will be of great help to seismic monitoring and field exploration 
operations.  

3.  Opportunities and Challenges 
AI and big data have been widely used in computer science and data science, but they are still in their 
infancy in geology. There is no complete set of theories and systems that combine the theoretical 
problems of geology with machine learning. 

The relevant achievements of geology include geochemical anomaly detection [4-5], mineral 
identification [20, 23] and many other areas. This proves that big data and AI have a very wide range 
of research prospects and application value in geology. Spatial big data have the advantage of 
reflecting the fine-grained "Earth–time" relationship [30], and the "from down to up" approach can be 
used to model the traditional geology problem. If AI is used as the means, big data are used as the 
input and problems are used as the purpose, results with higher accuracy can be effectively obtained 
compared with traditional statistical methods. However, the uncertainty of AI, especially deep learning, 
makes development uncertain in the fields of geology [22]. 

Multi-scale effects, spatiotemporal heterogeneity and spatiotemporal correlation are important 
features of geology [31]. The research of geology sciences has developed rapidly from single-scale to 
multi-scale and from static to dynamic [31]. In the process of development, the need for new models 
and new data is very urgent. AI and big data provide opportunities to meet this need. Therefore, data 
validity, data bias and model reliability have become the focus of future research. 

In view of the four characteristics of big data—a massive data scale, diverse data types, low value 
density, and rapid data generation [15]—the analysis of big data is different from the traditional 
technical means of data analysis and research, requiring greater computing power and more efficient 
processing methods. As the bottom layer of AI and big data analysis, high-performance computing has 
greatly improved the computing capacity [107], which plays a very important role in the analysis and 
processing of big data and the realization of complex models of AI. Powerful computing power will be 
the basis for effectively constructing the spatiotemporal database of geology and solving the big data 
features of multi-source spatial data, which are massive, heterogeneous, multi-source and multi-
temporal. In addition, the issue of how to effectively build an artificial intelligence platform based on a 
spatiotemporal database to support the big data environment and thus carry out the analysis and 
research of multi-source spatial data is a scientific and technical problem to be solved in the future. 

4.  Conclusions and Prospects 
This paper summarizes the current research status of big data and AI in the field of geology. The 
following conclusions were reached. 

Because of the diversification of geological data acquisition methods, the reduction of storage cost 
and the accumulation of historical data, geological data have gradually acquired the characteristics of 
big data. The introduction of big data and AI theory has provided more diverse data processing 
methods to the geological industry and the possibility for mining the geological rules hidden in the 
massive geological data. At present, resource exploration is a mature scientific research field of big 
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data and AI technology in geology, and the artificial neural network is one of the most widely used AI 
models in this field, which has been proved to be a reliable tool in the classification and identification 
of minerals. In the field of geochemistry, some anomaly detection techniques based on machine 
learning have been put into practice and achieved good results. In the fields of geological sample 
identification, mineralogical study and earthquake monitoring, AI models can be trained with 
historical data and experience to improve efficiency, reduce errors and improve accuracy. 

AI and big data are in their infancy in the geology. A complete set of theories and systems for AI 
and big data theory have not established in the field of geology. The application has shown advantages 
such as precision and efficiency in modeling. However, the uncertainty of AI, especially deep learning, 
makes development uncertain in the fields of geology. 

The continuous development of big data and AI has offered many new technologies and methods, 
which provide a good opportunity for innovation in geology. In the development trend of "from 
single-scale to multi-scale, from static to dynamic", an important problem to be solved in the future is 
how to establish the spatiotemporal database and artificial intelligence platform of geology according 
to the research characteristics of geology. To solve this problem, geology scientists need to get rid of 
the shackles of traditional thinking, learn about the relevant theories of big data and AI and actively 
carry out interdisciplinary cooperation.  

The application of big data and AI in the geology has become increasingly popular and achieved 
interesting results, but it has also encountered many opportunities and challenges. There is no royal 
road to scientific research, and interdisciplinary research is even more difficult. However, we have 
reason to believe that, with continuous in-depth research and analysis, geology sciences will certainly 
make great progress with the help of big data and AI.  
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