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ABSTRACT

Fulgurites are glasses formed when electrical discharge hits a target material made of soil, sand, or
rock. Due to their formation conditions, fulgurites inform how high-temperature processes and rapid
quenching of rocks result in peculiar mineralogical assemblages characterized by the presence of reduced
phases. Fulgurites can be either natural or artificial, with the latter occurring when the electrical discharge
is not due to lightning but a downed power line. They are also anthropogenic if the target material is not
completely natural, allowing for a wide range of temperatures and materials involved in their formation.
Artificial and anthropogenic fulgurites are far less characterized than natural ones. In thiswork, we studied
a fulgurite from Seffner, Florida, U.S.A., formed by the action of a downed power line. The fulgurite also
contains a piece of a metal conductor, thus providing the interesting opportunity to characterize the inter-
face between themetal and the silicatic portion of the sample. The Seffner fulgurite contains a huge variety
of reduced phases, comprising metallic silicon, iron silicides, and Al-Fe-Si and Fe-Si-Ti compounds. The
occurrence of iron silicides points to an environment rich in silicon and exposed to relatively low tem-
peratures, as is typical in artificial fulgurites. Al-containing phases are found close to the metal conductor,
suggesting that Al metal in the wire could play a major role in determining the mineralogy of the Seffner
fulgurite and in driving the formation of reduced phases. Conversely, Fe-Si-Ti phases occur in the whole
fulgurite fragment containing the metal conductor, suggesting the action of another source of reduction,
most probably organic carbon. Notably, analysis of other portions of the fulgurite samples far from the
metal conductor shows a minor presence of reduced phases, supporting the role of Al as a fundamental
driver of the reduction.

Keywords: Seffner, fulgurite, iron silicides, silicon, phosphides, Al-bearing conductor, reduced
phases

INTRODUCTION

Fulgurites are glassy rocks formed when electrical discharge
travels through a target material, such as soil, sand, or rock. Their
name itself, lightning tubes or fulgurites, from fulgur, the Latin
word for lightning, bears a connection to lightning (Withering
1790; Fiedler 1817; Arago 1821; Petty 1936). However, the def-
inition of fulgurite in geological context has been recently
extended to include artificial discharge sources and target mate-
rials not typically found in nature (Pasek and Pasek 2018),
following a usage already established in engineering (e.g.,
Lakshiminarashima et al. 1978; Barrow et al. 1991). In this clas-
sification scheme, a fulgurite is described as artificial if it results
from a non-natural source, such as the discharge of a downed
power line, and anthropogenic if the target material contains
human-made components, usually a metal conductor (Pasek
and Pasek 2018).

Natural fulgurites are well known to show an unusual min-
eralogy, which strongly depends on the composition of the target

materials and on the alteration caused by high temperature and,
more rarely, high pressure (Essene and Fisher 1986; Block 2011;
Pasek et al. 2012). In particular, the target materials, especially
their compositions and water contents, affect the heating and
cooling rates, which in turn influence the final morphology
and petrology of the system. These variations result in five dif-
ferent types of fulgurites (Pasek et al. 2012). The maximum tem-
perature reached during the formation of natural fulgurites is not
exactly known, but probably ranges from a few to tens of thou-
sands of degrees (Essene and Fisher 1986; Uman and Krider
1989; Pasek et al. 2012). Such heating is very rapid, within tens
of microseconds (Uman and Krider 1989), and can be associated
with transient high pressures, as suggested by the presence
of shocked quartz features in some fulgurites (Carter et al.
2010b, 2010a; Ende et al. 2012; Gieré et al. 2015; Chen et al.
2017). These highly variable conditions are responsible for
the peculiar mineralogy found in fulgurites, comprisingminerals
strictly related to a highly reducing environment such as metallic
silicon, iron-silicon alloys, silicides, and phosphides (Essene
and Fisher 1986; Pasek and Block 2009; Stefano et al. 2020;
Feng et al. 2021; Rappenglück 2022). Even more exotic
phases have been reported in fulgurites, comprising fullerenes

* Corresponding author E-mail: luca.bindi@unifi.it Orcid https://orcid.org/0000-
0003-1168-7306
†Orcid https://orcid.org/0000-0002-5724-9216

0003-004X/25/0007–1149$05.00/DOI: https://doi.org/10.2138/am-2024-9558 1149

mailto:luca.bindi@unifi.it
https://orcid.org/0000-0003-1168-7306
https://orcid.org/0000-0003-1168-7306
https://orcid.org/0000-0003-1168-7306
https://orcid.org/0000-0002-5724-9216
https://doi.org/10.2138/am-2024-9558

	Mineralogical characterization of the Seffner fulgurite, Florida: Insights into lightning-induced petrogenesis
	Introduction
	Materials and Methods
	Results and Discussion
	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




