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ABSTRACT

The identification of the genetic type of amineral deposit, based on the compositional characteristics
of specific minerals, has long been a focus of interest for economic geologists and mining companies.
Traditional binary plots, due to the limitation of their dimensions, fail to encompass the whole element
information, potentially introducing bias to the discrimination results. This is particularly the case in
classifying Zn-Pb deposits. The current study employs four widely used machine learning algorithms
(random forest, extreme gradient boosting, support vector machine, and multi-layer perceptron) to train
4908 sets of element data for sphalerite compiled from five distinct Zn-Pb deposit types (VMS,
SEDEX, MVT, skarn, and epithermal). The data are then visualized and interpreted through principal
component analysis and t-distributed stochastic neighbor embedding, which indicate that reducing
sphalerite element data to a two-dimensional projection leads to the loss of significant feature informa-
tion, hindering the ability to effectively distinguish the genesis of the deposit. The machine learning
results show that all four models havemacro F1-scores above 0.95 on the test set, demonstrating robust-
ness and excellent generalization ability, which reflects the reliability of using sphalerite geochemistry
to distinguish Zn-Pb mineralization types. The SHAP value analysis highlights the key role of Mn, Fe,
Ge, Cd, and Co concentrations in facilitating the differentiation of deposit types through machine learn-
ing algorithms. Our models show an accuracy rate of 83% in predicting the combined results on an
external, independent data set. The models have also been applied to classify three Zn-Pb deposits
of unknown types, and the results are consistent with geological observations. The models’ parameters
have been further exported and programmed into an Excel macro program and a user-friendly software
application, which can be accessed via https://sdeakii.github.io/machine-learning.
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INTRODUCTION

Sphalerite (ZnS) is the major sulfide mineral in Zn-Pb depos-
its, which frequently hosts elements such as Fe, Mn, Cu, Cd, In,
Sn, Ga, Ge, Sb, Tl, Bi, Pb, and As (Huston et al. 1995; Cook et al.
2009; Pfaff et al. 2011; Zheng et al. 2023; Chen et al. 2024a; Wu
et al. 2024). The concentrations of these elements in sphalerite
exhibit substantial variability among different deposit types.
Notably, the concentrations of Cu, Ag, In, Sn, Pb, and Bi may
exhibit variations spanning several orders of magnitude (Ye et al.
2011; Zhang et al. 2022; Li et al. 2023). Due to the differences in
source of the ore-forming materials, ore formation conditions
(e.g., fluid temperature, pressure, and pH), fluid migration paths,
and fluid-rock interaction intensities, the element concentrations
of sphalerite from deposits of different genetic types vary signifi-
cantly (Huston et al. 1995; Cook et al. 2009). As a consequence,
sphalerite composition can be used to deduce the genetic type of a
Zn-Pb deposit (Cook et al. 2009; Ye et al. 2011). Significant

progress has been made in investigating the compositional
characteristics of sphalerite, aiming at classifying the deposit
type and extracting ore-formation messages (Huston et al. 1995;
Beaudoin 2000; Monteiro et al. 2006; Gottesmann and Kampe
2007; Ishihara and Endo 2007; Wang et al. 2010; Hu et al.
2014; Wei et al. 2018; Oyebamiji et al. 2020, 2023). However,
since sphalerite often incorporates information from more than
ten elements, it is challenging to accurately represent the compo-
sitional nuances of numerous elements within traditional 2D
diagrams. The omission of a substantial portion of feature infor-
mation results in less-than-satisfactory discrimination outcomes.

“Big data” refers to information assets characterized by high
volume, velocity, and variety, which necessitate specialized
technologies and analytical methods for transforming them into
valuable insights (DeMauro et al. 2015). Geological big data is a
novel concept that emerged from integrating big data principles
into the field of geological sciences (Chen et al. 2020). Geologi-
cal data are derived from diverse and heterogeneous sources. For
example, the GEOROC Database is a comprehensive collection
of published analyses of igneous and metamorphic rocks
and minerals (https://georoc.eu/). As of December 2024, it has
archived over 22 750 papers, data from 685 660 samples, 2

* Co-corresponding author E-mails: qshu@cugb.edu.cn Orcid https://orcid.org/0000-
0002-7203-6008, djun@cugb.edu.cn
†Orcid https://orcid.org/0000-0002-2883-6921

0003-004X/25/0011–1756$05.00/DOI: https://doi.org/10.2138/am-2024-9575 1756

https://sdeakii.github.io/machine-learning
https://georoc.eu/
mailto:qshu@cugb.edu.cn
https://orcid.org/0000-0002-7203-6008
https://orcid.org/0000-0002-7203-6008
mailto:djun@cugb.edu.cn
https://orcid.org/0000-0002-2883-6921
https://doi.org/10.2138/am-2024-9575

	Genetic types of Zn-Pb deposits revealed by sphalerite geochemistry
	Introduction
	Data and Methods
	Data compilation
	Machine learning algorithms
	Machine learning framework
	Data pre-processing
	Data splitting
	Tuning hyperparameters
	Retraining and testing the estimators
	Data visualizing
	Model persistence

	Library

	Results
	Data set distribution
	Models' results
	Grid search
	Models' performance evaluation


	Discussion
	Limitation of 2D space
	Shortage of PCA and t-SNE visualizing
	Feature importance of the machine learning models
	Applications in discrimination for Zn-Pb deposits with unclear genetic types

	Conclusions and Implications



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Web Preset MSA update'] for MSA website and GeoscienceWorld)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 2400
        /PresetName (CenveoFlattener_Preset)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 20.879999
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




