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Abstract: Relying on the geochemical composition of the magma tectonic environment to understand the formation process of

magma is an important application in rock geochemistry. While the current works to make full use of rock geochemical components
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for the tectonic setting discrimination are not enough. In this study, the authors utilized four tree—based machine learning methods to

make magma tectonic environment discriminations and feature sorting on the 13 main ingredients of monoclinal pyroxene in mafic—

ultramatic rocks from global Cenozoic ocean island (OIB), island arc (IAB), and mid—ocean ridge (MORB). Through the comparison

of the four tree—based machine learning methods, the authors proved the validity of the tree—based methods for the identification of

geochemical components and derived the advantages and disadvantages of the four methods in dealing with the identification of rock

tectonic environments: decision trees gain better comprehensibility but have lower recognition accuracy, boosting algorithms

AdaBoost and GBDT have the best recognition accuracy but lower comprehensibility, and random forest is a better choice during

trading off and comprehensibility performance. Besides, Cr,Os, TFeO, TiO,, FeO and ALO; are figured out as the most important

ingredients for magma tectonic environment discriminations on this dataset.
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Fig. 1 Some classical magmatic environment discrimination diagrams
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Table 1 Major element content of clinopyroxene in mafic—ultramafic rocks in the dataset

- IABCE X i) OIB(EE & X ilE) MORBCAFEHH X ilA)
S HdEE CPREU% P BdEE CPEE% b BdER CFEE% %
SiO, 329 52.09 52.30 198 48.95 49.92 795 51.87 51.73
TiO, 324 0.36 0.20 198 1.72 1.24 784 0.16 0.10
ALO; 329 3.63 3.62 198 4.45 3.67 795 434 4.55
Cr0; 296 0.68 0.69 135 0.46 0.42 790 1.20 1.23
Fe,0; 52 1.27 0.99 1 3.34 3.34 10 1.46 1.65
TFeO 254 3.60 2.81 184 6.13 6.78 225 2.55 2.49
FeO 75 3.28 3.11 14 5.99 5.85 570 2.80 2.69
CaO 329 22.49 22.56 198 22.22 22.33 795 22.16 22.32
MgO 329 16.37 16.52 198 14.38 15.34 795 17.07 17.18
MnO 307 0.10 0.10 192 0.12 0.13 789 0.09 0.09
NiO 171 0.05 0.03 12 0.03 0.01 601 0.05 0.05
K.O 213 0.01 0.00 70 0.01 0.00 180 0.01 0.01
Na,O 320 0.43 0.39 198 0.55 0.34 778 0.31 0.18
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Z K Yk BENLARM  AdaBoost GBDT
max_features 0.55 0.36 0.08 0.03
max_depth 21 6 39 27
min_samples_split 2 5 3 4
min_samples leaf 4 3 2 2
n_estimators - 90 210 710
learning_rate - - 0.123 0.008
subsample - - - 0.52
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Table 3 Performance indexes on major element data

W EARFR REERY BEHLAR K AdaBoost GBDT
MaP 0.8393(+/-0.0357) 0.9120(+/-0.0268) 0.9219(+/-0.0179) 0.9224(+/-0.0292)
MaR 0.8416(+/-0.0347) 0.8904(+/-0.0398) 0.9023(+/-0.0345) 0.9057(+/-0.0302)
MaF 0.8389(+/-0.0294) 0.8997(+/-0.0305) 0.9108(+/-0.0241) 0.9130(+/-0.0243)

Accurcy

0.8715(+/-0.0199)

0.9212(+/-0.0280)

0.9302(+/-0.0193)

0.9315(+/-0.0227)
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