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1. Introduction 
The term “foundation model” refers to large-scale machine learning models that are trained on 

massive amounts of unlabeled data leveraging self-supervised learning techniques (Bommasani et 

al., 2021). Foundation models are developed on the basis of a specific type of deep neural network 

architecture, namely Transformers (Vaswani et al., 2017), and form the basis for a wide range of 

downstream applications across diverse fields, such as natural language processing (Brown et al., 

2020), decision making (Yang et al., 2023), computer vision (Yuan et al., 2021), and multi-modal 

learning (Li et al., 2024). These models offer adoptability to multiple downstream tasks with little 

or no additional training and require much less labeled data for fine-tuning on specific tasks. These 

models can potentially outperform traditional task-specific models due to their scale and 

pretraining diversity (Bommasani et al., 2021).  

The Geological Survey of Canada (GSC) has recently developed several data-driven, geospatial 

predictive models (e.g., Parsa et al., 2024a; 2025a), with more expected to follow. Nevertheless, 

several challenges hinder the advancement of this initiative. First, the geoscientific phenomena, 

such as mineralization, targeted by geospatial predictive modelling tasks are typically rare events, 

which limits the effectiveness of conventional data-driven algorithms (Parsa, 2021). Second, 

training models from scratch for each task is both resource-intensive and time-consuming (Parsa 

and Cumani, 2025). The Canadian Geoscience Foundation model (CGF) offers a promising 

solution to the aforementioned challenges by providing a general-purpose, adaptable AI model 

trained on extensive, diverse, pan-Canadian geoscientific datasets. Parsa et al. (2025b) introduced 

the first version of the CGF—a transformer-based model trained on pan-Canadian 

geochronological, geological, and geophysical data. This report presents the CGF model, outlines 

the development process, and aims to make the model publicly accessible. 
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This report is structured into four sections. Following this introduction, the Methods section 

describes the input data and the model development process. The third section presents the released 

model and provides guidelines as to how use the model.  

 

2. Methods 
2.1. Input Data 
The dataset used to train the CGF is summarized in Table 1. In short, the dataset includes 

geophysical data, namely aeromagnetic and gravity data, derivatives of geophysical data, 

geochronological data indicating the minimum and maximum ages of bedrock geology units, and 

the embedding vectors derived from processing bedrock geology text data using a domain-adapted 

large language model developed and described by Parsa et al. (2025b). The geophysical and 

geochronological data were made publicly available in earlier publications (Parsa et al., 2024b; 

2025c). 

 

Table 1. Data used for developing the CGF. Data were converted to a matrix of 1,820,346 rows, representing H3 cells 

covering Canada, as and 790 columns. 

1st vertical derivative of gravity data 
Bouguer gravity 
Horizontal gradient magnitude of gravity data 
Vectors corresponding to gravity worms  
1st vertical derivative of magnetic data 
Horizontal gradient magnitude of aeromagnetic data  
Reduced to pole aeromagnetic data 
Tilt derivative of magnetic data 
minimum age (geochronology) 
maximum age (geochronology) 
Vectors corresponding to magnetic worms  
Bedrock geology map of Canada converted into numeric embedding vectors 
leveraging language modeling 

 

The original data were collected in the form of raster maps and subsequently transformed into 

a multi-dimensional vector format (Parsa et al., 2025c). This transformation involved applying 

zonal statistics to assign raster values to individual H3 level 7 cells. H3 is a global, hierarchical 
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hexagonal gridding system, with each level 7 cell covering approximately five square kilometers. 

For further details on the dataset used in the development of the CGF, readers are referred to Parsa 

et al. (2025b) and Parsa et al. (2025c).  

The dataset was fed into the CGF as a matrix of 1,820,346 H3 cells as rows and 790 columns, 

where rows correspond to the individual H3 cells covering Canada and columns represent 

individual datasets (Table 1). Vectors corresponding to proximity to gravity and magnetic worms 

constitute 12 different columns in the data matrix, whereas numeric embedding vectors derived 

from language modeling correspond to 768 columns. The rest of entries in Table 1 appear as single 

columns in the data matrix.  

The CGF operates exclusively on numerical data; however, bedrock geology data is typically 

presented in the textual format. As a result, the text must be converted into numerical format. Two 

methods have been used for this purpose: one-hot encoding (See Parsa et al., 2024a) and language 

modeling (Parsa et al., 2025a, b). While one-hot encoding is straightforward, it risks discarding 

important contextual information. In contrast, language modeling can capture and preserve most 

of the information embedded in the text. Parsa et al. (2025b) developed a domain-specific large 

language model by fine-tuning the original BERT model (Bidirectional Encoder Representations 

from Transformers: Devlin et al., 2019) using extensive geoscience text corpora. The language 

model transforms any input text, regardless of length, into a corresponding 768-dimensional 

embedding vector. Text data assigned to H3 cells from bedrock geology polygons was input into 

the language model, leading to a matrix of 1,820,346 H3 cells as rows and 768 numeric embedding 

vectors as columns.  
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2.2. Modeling Approach 
The CGF was trained using a self-supervised approach known as masked regression modeling, in 

which 15% of the input data was masked and the model was tasked with imputing the masked 

values. The effectiveness of this approach was evaluated using a loss function, with the model 

achieving a validation loss of 0.65.  

The CGF comprises several deep neural networks, including a regressor, Transformer layers, 

and a multilayer perceptron (MLP) head. The Transformer layers project each input data instance 

into a 790-dimensional numeric vector, which is then compressed by the MLP head into a 10-

dimensional representation. This compact representation facilitates the efficient storage and 

processing of CGF embeddings. Readers are referred to Parsa et al. (2025b) for details on the 

modeling approach.  

 

3. Vector Representations of the Model 
"The 50-dimensional representation vectors are provided in a comma-separated values file titled 

'Data.csv'. This file contains 1,820,346 rows, each corresponding to a unique H3 cell in Canada, and 

11 columns. The first column contains the H3 addresses, which users can utilize for mapping 

purposes. The remaining 50 columns, labeled R1 to R10, represent the vector embeddings generated 

by the CGF for each H3 cell. 
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