
DISPLAY B4

Production from Muschelkalk carbonates (Triassic, NE
Netherlands) – Unique play or overlooked opportunity?

Michael Pöppelreiter (Shell, U.S.A) & Ravi Borkhataria & Thomas
Aigner (University of Tübingen, Germany) & Koos Pipping (NAM,

The Netherlands)

The Triassic Muschelkalk carbonates are a unique play in NW Europe
producing hydrocarbons onshore the Netherlands. This paper aims at
comprehensively describing these relatively unknown reservoirs and
speculating on additional play potential outside of the current production areas.

The Muschelkalk formation consists of partially porous Lower and Upper
Muschelkalk carbonates separated by tight Middle Muschelkalk evaporites. The
100 meter thick Lower Muschelkalk holds 1.9 bcm gas in the De Wijk field. The
reservoir is a limestone-dolomite-marl succession producing from several
decimetres thick calcisilitic dolo-mudstones encased in tight lime-mudstones.
The reservoir shows a layer-cake-type architecture composed of sixteen cycles
with thin, but laterally continuous porous units. Good reservoir facies is
concentrated in the upper third of these cycles. Porosities vary from 6 to 27 %,
(average of 12 %) and permeabilities range from 0.01 to 32 mD (average 0.06
mD). The reservoir rocks represent inner ramp sediments of a storm-dominated
epeiric ramp. The 50 metres thick Upper Muschelkalk contains 0.8 bcm gas in
the Coevorden Muschelkalk field. The reservoir consists of decimeters thick
peloidal-oolitic dolo-grain- to packstones of good permeability interbedded with
lower permeable dolo-mudstones to wackestones. Porosity varies from 5 to 29
% (average 15 %) and permeability ranges from 0.01 to 57 mD (av. 1 mD). The
permeable dolo-grainstones occur chiefly around peak transgression and early
regression of the Upper Muschelkalk. The producing Upper Muschelkalk
deposits represent the inner ramp section of a storm-dominated homoclinal
ramp.

Numerous gas shows in the Lower and Upper Muschelkalk, scattered over the
onshore territory of the Netherlands, suggest missed-pay and possible upside
potential. The highest reservoir potential occurs in grainy dolomitic inner ramp
deposits. In Holland these are likely located close to the existing fields.
Additional, currently unrecognized potential could be present in Southern
Germany and Eastern Poland.



Plate A

Well:  Netherlands Coevorden-46     Interval: 1378.75 m - 1381 m

Upper Muschelkalk description:

Core slabs shows all 5 lithofacies composing the Upper Muschelkalk arranged
in one contionous depositional cycle:

- Peloidal-oolitic packstones to grainstones (Facies 1),
- Bioturbated mudstones to wackestones (Facies 2)
- Intraclast packstones to grainstones (Facies 3)
- Scoured argillaceous mudstones to wackestones (Facies 4)
- Heterolithic mudstones to wackestones (Facies 5)

Facies description:

Facies 1: Peloidal-oolitic packstones to grainstones.
Consists of amalgamated storm beds with angular intraclasts, low-angle
lamination and oscillation ripples covered by bioturbated mudstones. Facies 1
shows the best reservoir quality with permeabilities up to 57 mD. The facies is
interpreted as shoal/backshoal deposits.

Facies 2: Bioturbated mudstones to wackestones.
Consists of intensely bioturbated wackestones with Rhizocorallium burrow
testifying open marine conditions in these deposits. The fcaies is interpreted as
open lagoon deposists.

Facies 3: Intraclast packstones to grainstones.
consists of several stacked intraclastic layers, including bored intraclasts. The
facies is interpreted as amalgamated storm beds during maximum wave energy
in an interval of low net sediment accumulation.

Facies 4: Scoured argillaceous mudstones to wackestones.
Consists of scoured thin graded beds in places with small intraclasts
interbedded with muddy beds and irregular, crinkly lamination probably related
to algal lamination. The facies is interpreted as lagoonal to mudflat deposits.

Facies 5: Heterolithic mudstones to wackestones:.
Consists of thinly interbedded scoured and crinkly laminated layers with
desiccation cracks filled with early anhydrite. The facies is interpreted as
sabkha deposits.



Plate B

Well:  Netherlands Wijk-5B     Interval: 1409.74 m - 1417.49 m

Lower Muschelkalk - Description:

Core slabs shows all 6 lithofacies composing the Lower Muschelkalk arranged
in one contionous depositional cycle:

- Bioturbated lime-mudstones (Facies 1)
- Graded lime-mudstones (Facies 2)
- Bioclastic lime-packstones – to grainstones (Facies 3)
- Graded dolo-mudstones (Facies 4)
- Algal-laminated mudstones (Facies 5)
- Coloured marls and shales (Facies 6)

Facies description:

Facies 1: Bioturbated lime-mudstones:
composed of dark bioturbated lime-mudstones with a few preserved graded
laminae. Facies is interpreted as low energy inner-ramp deposits.

Facies 2: Graded lime-mudstones.
composed of millimeter thick graded beds composed chiefly of peloids. These
beds show a sharp erosive base, sometimes covered by intraclasts, low angle-
lamination in places followed by oscillation ripples. The facies is interpreted as
micro-tempestites deposited on the inner ramp.

Facies 3: Bioclastic lime-pack – to grainstones.
Composed of shells from only a few brachiopod and bivalve species and occurs
stratigraphically confined to maximum transgression in the Lower Muschelkalk.
Together with intraclast packstones to grainstones this facies forms tempestite
sheets. Facies is interpreted as high-energy inner ramp deposits.

Facies 4: Graded dolo-mudstones.
Similar to facies 3 but composed of dolomite, finer grained and intercalated with
algal-laminated facies. Facies is composed of millimeter thick graded beds
made up of peloids. Graded beds show sharp erosive base, sometimes
covered by intraclasts, low angle-lamination and oscillation ripples. Facies is
finer-grained than
The facies is interpreted as distal micro-tempestites deposited on the proximal
inner ramp.



Facies 5: Algal-laminated mudstones.
Comprised of thinly interbedded storm-generated scour surfaces and algal-
generated crinkly laminated layers with mudcracks. Facies 5 is interpreted as
sabkha deposits.

Facies 6: Coloured marls and shales.
composed of olive-green to purple coloured dolo-marls and shales. The
presence of floating grains, intense mottling and grains with micro fractures and
possible rhizco-brecciation, points to pedogenic processes. The facies is
interpreted as immature paleosoil.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


