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Editorial on the Research Topic

The effects of early diagenesis in various marine environments on the
stable isotope records of environmental conditions and biogeochemi-
cal processes

Early diagenesis in marine sediments is predominantly driven by microbial respiration
of organic matter, coupled to the reduction of a sequence of electron acceptors with
progressively decreasing free energy yield (e.g., Froelich et al., 1979). These biogeochemical
processes govern the chemical composition, oxidation state and pH of sediment pore fluids,
as well as the geochemical and isotopic composition of minerals in sediments and
sedimentary rocks. A nuanced understanding of early diagenetic processes is vital for
the establishment of paleoenvironmental proxies or for the retrieval of paleoenvironmental
information from sedimentary archives. Similarly, as diagenesis governs the sinks of many
elements from the surface environment (ocean-atmosphere), an understanding of
diagenesis is key for construction of global mass balances of elements and isotopes.

Stable isotopes and redox-sensitive trace elements are powerful probes of
environmental conditions and biogeochemical processes. Traditional stable isotope
systems (e.g., sulfur and carbon isotopes) have greatly improved our understanding of
the co-evolution of life and the environment on Earth’s surface (e.g., Berner, 1984; Strauss,
1997). Insights from these isotope systems are continuously being deepened by targeted
studies of modern, application to new sedimentary archives, and modeling techniques of
increasing sophistication. New isotopic tools (e.g., multiple sulfur, iron, molybdenum,
uranium, carbonate and methane clumped isotopes) have shown exciting prospects for
exploring biogeochemical cycles and Earth’s surface environment, but our understanding
of these new isotopic systems during marine diageneses is still limited (e.g., Anbar and
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Rouxel, 2007; Johnson et al., 2008). This Research Topic includes six
original research studies, in which a diversity of geochemical tools
(e.g., speciation and isotopes of sulfur, oxygen isotopes, carbon
isotopes, methane clumped isotopes, redox-sensitive elements),
incubation experiments and numerical modeling were used to
assess the biogeochemical process, redox dynamics, and
sedimentary cycles of sulfur, carbon and iron during early
diagenesis in various marine environments.

Bioturbation, the mixing of sediments and ventilation by
benthic animals, enhances the exchange between the sea bed and
the overlying seawater and stimulates diagenetic reactions by
physically bringing together reactive compounds. Among other
effects, bioturbation thus influences the oxidation state of the
sediment and the biogeochemical cycling of sulfur within it.
Through a combination of microcosm experiments and a
numerical model, Riemer et al. showed that bioturbation
enhances the drawdown of sulfate from the water column into
the sediment. The critical finding in their study is that bioturbation
enlarges the sulfur isotope offset between the seawater sulfate and
pore water sulfide, the latter of which is preserved in sedimentary
sulfide minerals. The sulfate-sulfide sulfur isotope offset is often
used to constrain microbial activity within the sediments and
aspects of the global sulfur cycle, and an understanding of the
processes that control this geochemical signal is crucial for such
applications. Riemer et al. empirically demonstrate a long-held
assumption about the isotopic impact of bioturbation on the
geological record of sulfur isotopes and its environmental effects
in modern marine systems.

Sedimentary pyrite is the most common iron sulfide mineral in
continental margins and its formation is significantly affected by
local depositional conditions. Chang et al. investigated how local
depositional conditions impact pyrite formation and its sulfur
isotopic composition since marine isotope stage 5 in sediments off
the southeast coast of China. They suggested that the content of
pyrite sulfur is mainly controlled by the organic matter content and
sulfate supplement during glacial-interglacial intervals. The sulfur
isotopic composition of pyrite shows a large range. At the lower end
of this range, the authors propose a role for early-stage organiclastic
sulfate reduction. At the higher end, isotopically “heavy” pyrite
appears to be controlled by the combined influence of a sulfate
reservoir effect (isotopic distillation of porewater sulfate during
microbial sulfate reduction) and depositional factors.

Methane attracts great attention since it is an important energy
source and greenhouse gas, which plays a role in global carbon
cycling and climate. Thus, identifying its source and migration
processes is essential. In recent years, novel methane clumped
isotope analyses show promise as a tool for studying the origin of
natural methane. Sun et al. optimized the methane purification
method by gas chromatography for the determination of methane
clumped isotope compositions of natural gas. Their methods
yielded methane of exceptionally high purity (~98-99%) and
recovery (97-99%), and preliminary measurements of A'’CH;D
of the purified samples display precision comparable to the internal

precision of the measurement.
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Methane hydrates are widely distributed in continental
margin sediments, where they are stable under the local
pressure-temperature conditions. Changes in the sedimentary
environment caused by temperature and sea level variations can
lead to the destabilization and dissociation of methane
hydrates. Wei et al. suggest that abundant authigenic
carbonate minerals in the northern South China Sea formed
at ~130 ka due to natural gas hydrate dissociation. This
inference is based on multiple lines of evidence, including a
negative carbon isotope excursion, a positive oxygen isotope
excursion, U-Th dating, and an enrichment in redox sensitive
elements. Comparing their findings with a global negative
excursion of carbon isotope records during the penultimate
deglaciation (~130 ka), Wei et al. argue that methane
released by massive hydrate dissociation in the South China
Sea may play a role in accelerating the global increase of
atmospheric methane.

Dynamic methane seeps commonly result in variations in
geochemical and isotopic proxy archives through intensively
influencing the redox conditions in pore fluids. However, the
effects of dynamic methane seeps proxy records are incompletely
understood. Liang et al. analyzed stable isotopes and trace
elements of seep carbonate minerals in the northern South
China Sea. Unique patterns were identified in the chemical
composition and mineralogy of the carbonate samples.
Specifically, the carbonate concretion rims that are enriched in
Fe (oxyhydr)oxides are dominated by high-magnesium calcite,
whereas the rims enriched in Mn (oxyhydr)oxides are dominated
by aragonite. The authors propose that the chemical-
mineralogical patterns reflect the depth of formation of the
carbonate phases, pointing to depth-varying redox conditions
within the sediments. They forward that such carbonate archives
may be used to study the changes of redox conditions and
methane fluxes in marine seep systems.

Reduction of iron oxides has been frequently observed in the
sulfidic and methanic zones, deeper than is expected based on the
biogeochemistry of overlying sediments. However, the potential
consequence of this “deep” iron reduction on microbial elemental
cycles is still unclear. Yorshansky et al. experimentally quantified
the impact of iron oxides on sulfate-driven anaerobic oxidation of
methane (AOM) within the sulfate-methane transition zone of
marine diffusion-controlled sediments. Their study shows that
microbial hematite reduction can co-occur with sulfate-driven
AOM in the sulfate-methane transition zone. However, the
reduction of hematite seems to slow down sulfate-driven AOM,
in contrast to methane seep environments, where iron oxides
appear to stimulate sulfate-driven AOM. In the deep methanic
zone, the addition of iron oxides appears to inhibit
methanogenesis but does not appear to stimulate iron-driven
AOM as a competing process (to sulfate-driven AOM) for the
methane substrate.

Overall, this Research Topic improves our understanding on
the effects of early diagenesis on selected stable isotope proxies with
case studies from diverse environmental settings. The contributed
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studies further highlight new geochemical tools and modeling
applications for studies of early diagenesis.

Author contributions

All authors have made a substantial contribution to the work
and approved it for publication.

Acknowledgments

We are grateful for all the authors and reviewers who have
participated in this Research Topic, and the Frontiers in Marine
Science editorial office for its final production.

References

Anbar, A. D., and Rouxel, O. (2007). Metal stable isotopes in paleoceanography.
Annu. Rev. Earth Planet. Sci. 35, 717-746. doi: 10.1146/annurev.earth.34.031405.
125029

Berner, R. A. (1984). Sedimentary pyrite formation: An update. Geochim.
Cosmochim. Acta 48, 605-615. doi: 10.1016/0016-7037(84)90089-9

Froelich, P. N., Klinkhammer, G. P., Bender, M. L., Luedtke, N. A., Heath, G. R,
Cullen, D,, et al. (1979). Early oxidation of organic matter in pelagic sediments of the

Frontiers in Marine Science

03

10.3389/fmars.2023.1161577

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

eastern equatorial Atlantic: Suboxic diagenesis. Geochim. Cosmochim. Acta 43, 1075—
1090. doi: 10.1016/0016-7037(79)90095-4

Johnson, C. M., Beard, B. L., and Roden, E. E. (2008). The iron isotope fingerprints of
redox and biogeochemical cycling in modern and ancient earth. Annu. Rev. Earth
Planet. Sci. 36, 457-493. doi: 10.1146/annurev.earth.36.031207.124139

Strauss, H. (1997). The isotopic composition of sedimentary sulfur through time.
Palaeogeogr. Palaeoclimatol. Palaeoecol. 132, 97-118. doi: 10.1016/S0031-0182(97)00067-9

frontiersin.org


https://doi.org/10.1146/annurev.earth.34.031405.125029
https://doi.org/10.1146/annurev.earth.34.031405.125029
https://doi.org/10.1016/0016-7037(84)90089-9
https://doi.org/10.1016/0016-7037(79)90095-4
https://doi.org/10.1146/annurev.earth.36.031207.124139
https://doi.org/10.1016/S0031-0182(97)00067-9
https://doi.org/10.3389/fmars.2023.1161577
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Editorial: The effects of early diagenesis in various marine environments on the stable isotope records of environmental conditions and biogeochemical processes
	Author contributions
	Acknowledgments
	Referen
ces



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /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 [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /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


