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The Permian flora of Irian Jaya (West New Guinea)
Sporophyte taxa and conclusions
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Pecopteris spp. dominate the sporophytes in variety, the most
common being morphologically very simple. They are distinct
from species of the Permian fern rich floras in southeast Asia
from Jambi, Sumatera (Djambi, Sumatra) and the Cathaysian-
related floras from Malaysia and elsewhere. A distinctive
Cladophlebis occurs. The species Trizygia speciosa Royle, and
Fascipteris aldunae Rigby also occur.

The total flora is strongly aligned with Gondwana floras
due to the presence of a number of species of Glossopteris
and Vertebraria indica. The presence of Gigantonoclea iriani
and Fascipteris aidunae depended on a land connection
with Cathaysia. This was not possible using a plate
tectonics reconstruction for southeast Asia, but only by
using an earth expansion reconstruction.

Time relationships of pre-break-up Gondwana
magmatism
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Jurassic magmatism in western Gondwana produced the
most voluminous episode of continental volcanism in the
Phanerozoic. During the Early-Middle Jurassic some 2%-3
million km?® of dominantly basalt and, to a lesser extent,
rhyolite were erupted onto a supercontinent in the early
stages of break-up. Ninety percent of the volcanic rocks
were emplaced during a short, 2-3 Ma burst {ca 183 Ma,
Fig. 1, see facing page).

The major silicic portion of the Gondwana magmatic
province is exposed in Patagonian South America,
extending into the Antarctic Peninsula. The volcanic rocks
of Patagonia have been collectively termed the Chon-Aike
Province and constitute one of the largest silicic provinces
known. The volcanic rocks are predominantly pyroclastic,
dominated by ignimbrite units of rhyolite composition.
Volcanic rocks exposed along the east coast of the
Antarctic Peninsula (Mapple Formation) are also dominated
by rhyolitic ignimbrite flows, with individual units up to 70
m in thickness, and a total thickness of ca 1 km. The
ignimbrites vary in degree of welding, from high-grade
rheomorphic ignimbrites with parataxitic textures, to
unwelded, lithic rich ignimbrites. The silicic rocks from
Patagonia and the Antarctic Peninsula are chemically and
isotopically indistinguishable, which strongly suggests a
continuum between the two regions.

New SHRIMP data on zircons from two silicic ignimbrite
units, sampled from near the top and base of the Mapple
Formation of eastern Graham Land (Antarctic Peninsula)
yield provisional ages of 165+2 and 171 +2 Ma (Fig. 1,
see facing page) and are considered to bracket the eruptive
episode. These analyses provide the first high precision
ages from the northern Antarctic Peninsula and date a
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voluminous burst of silicic volcanism, which forms the
base of the so-called Antarctic Peninsula Volcanic Group.
The dates complement high precision ages from
neighbouring silicic provinces, the southern Antarctic
Peninsula (Fanning and Laudon, 1997) and the Chon-Aike
Province (Pankhurst et a/., in press).

There is significant chronological variation across the Chon-
Aike Province (Pankhurst et a/., in press). The Marifil
Formation in the north of the region shows the greatest
age range of 169 to 188 Ma (Fig. 1, see facing page), but
a tight cluster of ages at 181-183 Ma. The remainder of
the Chon-Aike Province records younger ages, from ca
170 Ma to 145 Ma (Pankhurst and Rapela, 1995). The
component Chon-Aike Formation has been dated at 168 +2
Ma in the eastern part of the region and dates from the El
Quemdao-lbariez-Tobifera Formations yield still younger
Late Jurassic to Early Cretaceous ages.

The silicic volcanic rocks in the Lebombo-Nuanetsi region
of the Karoo present many similarities to the silicic rocks
of the Marifil Formation, north of the Gastre Fault Zone in
northeast Patagonia. Both provinces are typically older than
the continental margin rocks of South America and the
Antarctic Peninsula, and are characterised by a more
‘within-plate’ geochemical signature. The peak in eruptive
age for both groups is ca 180-183 Ma (Fig. 1, see facing
page), coinciding with the major Karoo event {Duncan et
al.,, 1997) and may suggest the heat source for lower
crustal melting (Pankhurst and Rapela, 1995) to produce
the Marifil Formation was provided by the peripheral effects
of the Karoo plume. The mechanism for the generation of
the silicic rocks from the remainder of the province is less
easy to define, given their considerable age range and a
geochemical signature distinct to that of the Marifil
Formation. The location of the province along the
palaeocontinental margin of Gondwana strongly suggests
a subduction influence, although remnant thermal effects
of the Karoo plume cannot be ruled out to account for the
peak of activity at ca 170 Ma (Fig. 1, see facing page).
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Revised age of the dinosaur-bearing Maevarano
Formation (Upper Cretaceous), Mahajanga Basin,
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Recent collecting from the uppermost part of the non-
marine Maevarano Formation of the Mahajanga Basin,



northwestern Madagascar, have quadrupled the known
species diversity of terrestrial and freshwater vertebrates
from the Late Cretaceous of the island (Krause et al., 1997).
Included in these collections are specimens of theropod
and sauropod dinosaurs that are beginning to play an important
role in interpreting the phylogenetic and biogeographic history
of Gondwanan faunas (Sampson et a/., 1997). Establishing
the age of the Maevarano Formation is crucially important in
order to cast phylogenetic and biogeographic hypotheses
within a meaningful temporal framework.

Geological setting

The tectonic and stratigraphical evolution of Madagascar’s
northwestern coast is recorded in the Mahajanga Basin,
which is filled with a succession of terrestrial and marine
sediments that range in age from Permo-Triassic to
Neogene. A thick (up to 400 m) succession of interstratified
tlood basalts has been recently dated to ~88 Ma and linked
to the onset of rifting between Madagascar and the
Seychelles Island Group (Storey et al/., 1995).
Approximately 960 m of Upper Cretaceous strata overlie
these Coniacian flood basalts in the northeastern portion
of the basin (near Antonibe). The section thins to the
southwest and, near the town of Mitsinjo, ~170 m of
Upper Cretaceous strata rest upon the basalts (Besairie,
1972). Traditionally, four Upper Cretaceous
lithostratigraphical units have been recognised above the
Coniacian flood basalts (Besairie, 1972). The basal unit is
referred to as the Ankazomihaboka Formation and includes
-50 m of cross-bedded sandstones and carbonaceous clay

shales that have yielded several small sampies of fossil
vertebrates (Curry, 1997). The overlying Marovoay
Formation consists of ~350 m of interbedded claystone
and sandstone that has also yielded some vertebrate
material. Variegated red, grey, and tan surface exposures
of the Marovoay Formation exhibit abundant fluvial cross-
bedding and evidence of pedogenesis. Besairie (1972) did
not differentiate between the Maevarano and Berivotra
Formations (Hartman et a/., 1994), but instead combined
both units as the ‘Maevarano series,” which he described
as ~155 m of interbedded claystone and sandstone. Our
work indicates that the Maevarano Formation is composed
primarily of coarse-grained sandstones of fluvial origin. It
is well exposed in the Berivotra region, between the
Masorobe and Anembalemba Plateaus, where more than
100 m of the formation are accessible in surface exposures.
Most of the Maevarano Formation consists of mottled red
and grey fluvial sandstones that show abundant evidence
of pedogenesis, including root traces and caliche. A
distinctive 15-20 m interval of white and green fluvial
sandstone caps the formation in the badlands around the
village of Berivotra. This upper facies tract is extremely
fossiliferous (Rogers et a/., 1997). The overlying Berivotra
Formation consists of yellowish-grey to pale olive
claystones that accumulated in a marine shelf setting.
Forams, ammonites, echinoids, and mollusks indicate the
Berivotra Formation is Maastrichtian in age (W. Elder, pers.
comm., 1995, 1997, K. McDougall and I. P. Silva, pers.
comm., 1998; Klinger and Hartman, in prep.; Néraudeau
and Hartman, /n prep.}.

Journal of African Earth Sciences 161








<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


