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Motivation
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Rock Sample Media

• Geological Observation

— Lithology

— Alteration

— Ore Characterization

• Geological Context

— Regional and Tectonic Setting

— Metallogenic Belts

• Geochemical Results

— Rock Classification - Alteration

— Lithogeochemistry

— Pathfinders elements 
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Motivation
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• Other Sample Media

— Soils

— Sediments

— Biogeochemistry

— Termites Nest

— Others

• Biasing the sample

— Sieving or other mineral separation

— Strong and weak digestions

• Multielement Data Analysis
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Mathematics
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• Workflow

— EDA

— Imputation

— Transformation

— Principal Component Analysis

— Machine Learning Technics

• Supervised and Unsupervised

− Regressions Models

− Tree Classification

− Random Forest Classification-Regression

− Neural Networks

− Clusters



right solutions. right partner.

Imputation and Transformation
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• Imputing below detection limit values.

— ½ Detection Limit ?

• No theorical base

• Can lead to bias

• Use of other methods

— Distributional Methods

— Robust Methods

• Zcompositions R package

• Transformation

— Normalization N(0,1)

— Centered Log Ratio
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Unsupervised Example
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• Soil Samples

— 4800 soil samples

— Horizon A

— Geochemistry,          Aqua 
Regia and ICP-MS
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Exploratory Data Analysis
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• Useless Analytes

— Due to the geochemical method not all analytes 
has good distribution.

• QQ plots

— Distribution of results.

— 8 analytes were censored: 

• Bi, U, In, W, Re, Sn, Ta, Te
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Clustering 
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Clustering 
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Cluster Dendrogram 
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Relationship between soil and rocks under
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Relationship between soil and rocks under
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Supervised Example - Decision Tree Models

Data Analysis

• Lithology prediction. 

• Splitting data:

• Training Data 70%

• Testing Data 30%

• Splitting by target
attribute.

• Aqua regia digest and ICP-
MS
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Decision Tree 
Models

Data Analysis

• Lithology prediction:

• 53% over the test group.

• In four acids is over 90%.

• Different Splitting 
process results in 
different trees.
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Decision Tree 
Models

Data Analysis

• Lithology prediction:

• Another tree: 52% in test 
group.

• Why not to use several 
trees?
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Random Forest
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• Hundreds of trees from splitting 
train data randomly.

• Every tree has their own “weight” 
according to test results.
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• Over 75% of data well assigned in test data.

• Near - Black box
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Random Forest

Data Analysis
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Cautionary Tales
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• “Blind” Sample Media, apples and pears.

• Collecting comparable samples with 
comparable assays.

• Example,  prediction models using different 
analytical methods:

— ICP-MS and ICP-AES

— Bi example
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Cautionary Tales
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• Predicting, wolfs 
and dogs.  

• About geological 
context and 
geochemical 
signals.
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Thanks!
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