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FLUCTUATION IN COMPOSITION OF GIVETIAN PHYTOPLANKTON ASSEMBLAGES
FROM THE HOLY CROSS MOUNTAINS (POLAND)
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ABSTRACT. Givetian samples have yielded well preserved prasinophytes, acritarchs, and coenobial algae. Four successive palynofacies
are distinguished: (1) a spore dominated palynofacies lacking in acritarchs, (2) palynofacies with acritarchs, (3) palynofacies with abun-
dant leiospheres, and (4) palynofacies dominated by thick-walled sphaeromorphs. The palynofacies changes are possibly related to
eustatic sea level fluctuations, but changes in surface water circulation may have also been an important factor.
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INTRODUCTION

Well preserved palynological material was recovered
from the Givetian deposits exposed in the £ysogóry
(northern) region of the Holy Cross Mts. The investi-
gated sequences include the topmost part of the shaly-
marly-limey Ska³y beds, the siliciclastic Œwiêtomarz
beds, and the lower part of the clayey-marly Nieczulice
beds, from the Œwiêtomarz-Œniadka and Ska³y-W³ochy

sections (Fig. 1). The stratigraphy and age assignment
of these strata are established on various fauna, and on
miospores (see Malec & Turnau 1997, and Turnau &
Racki in press). The phytoplankton discussed in this pa-
per has been obtained from late Givetian deposits rang-
ing from the Middle varcus to (at least) hermanni-

cristatus zones.
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The strata under discussion are part of a ca 2 km thick
siliciclastic to carbonate-argillaceous Devonian sequence
of the £ysogóry intrashelf basin. The Œwiêtomarz beds
reflect a brief stage of siliciclastic sedimentation in the
mostly carbonate shelf setting. These shallow marine de-
posits are interpreted as having formed due to regression
(Malec & Turnau 1997) in accordance with the Eura-
merican eustatic pattern (final stage of pre-IIa regres-
sion; see Johnson et al. 1985). There are other sugges-
tions as to the origin of these beds, such as conditions of
activation of eastern land area as a source of fine terrige-
nous material, probably due to a tectonic event (Czar-
nocki 1950) or a climatic change (K³ossowski 1985).

The Nieczulice beds including fine-grained and dark
deposits generally correspond to a deeper subtidal,
chiefly pelagic sedimentary phase, probably associated
with the sustained transgression (e.g. Kowalczewski &
Malec 1990, Racki 1993, Malec & Turnau 1997) during
the worldwide Taghanic inundation (IIa T-R cycle of
Johnson et al. 1985).

MATERIAL AND METHODS

More than one-hundred samples were processed using standard
palynological techniques. Forty samples contained well preserved
organic residues which were filtered through 10 m screens. Two
slides were prepared from each sample.

All slides were scanned for the presence of various kerogen
types using normal transmitted light and reflected fluorescence
light. Counts were made to determine the ratios of various palyno-
morph groups for selected samples. These ratios were determined
by counting the first 250 identifiable palynomorphs.

PHYTOPLANKTON FLUCTUATIONS

COMMENT ON TAXONOMY

The important element of some of the palynofacies
described here are thick-walled sphaeromorphs. They do
not display any perceptible wall perforation diagnostic of
the genus Tasmanites, and are morphologically close to
Hemiruptia (see Ottone 1996).

The coenobial algae represent a new genus and spe-
cies which has been described in detail in Wood & Tur-
nau (in press). The species name is Musivum gradzinskii.
The coenobia are square to slightly rectangular, single-
layered, equant, planar colonies 29 to 93 mm in diame-
ter, with maximum number of coenocytes = 256.

DESCRIPTION OF PALYNOFACIES STUDIED

Four palynofacies can be distinguished in our mate-
rial. They differ one from the other in the presence/ab-
sence and proportions of palynomorph groups: spores,
coenobial algae, leiospheres, thick-walled sphaero-

morphs, herkomorph and prismatomorph prasinophytes
and acanthomorph acritarchs.

The palynofacies are named after the dominant paly-
nomorph types. The proportions of different groups of
palynomorphs and the succession of the palynofacies in
the studied sequences are shown in Fig. 2. The palynofa-
cies are as follows:

Spore palynofacies (S). It contains a high proportion of
land plant spores (89–99%) the assemblages of which in-
clude specimens of various sizes. Phytoplankton is repre-
sented mostly by leiospheres. Acritarchs are absent, and
algal coenobia may constitute up to 1 % of palynomorph
assemblage.

Leiosphere/spore palynofacies (LS). It interfingers
with, and follows the palynofacies S. Leiospheres and
spores are the two main components constituting
30–64%, and 21–57% respectively of the palynomorph
populations. The spore assemblages are not taxonomi-
cally diverse and dominated by small specimens. In
some samples, algal coenobia are the dominant compo-
nent constituting up to 45% of the palynomorph popula-
tions. Acritarchs are scarce to absent, and so are herko-
morph/prismatomorph prasinophyte phycomata, except
for the sample SS2/6. Thick-walled sphaeromorphs are
minor to conspicuous constituent of palynomorph popu-
lations so that the distinction between the LS and H
palynofacies is arbitrary (cf. Fig. 2).

Spore/acritarch palynofacies (SA). It is described from
the Nieczulice beds from Œwiêtomarz. These strata may
be the lateral equivalent of a part of the Pokrzywianka
beds (below the Nieczulice beds) of the section near
Ska³y, or a lowermost part of the Nieczulice beds from
that section which yielded the palynofacies LS. The pro-
portion of land plant spores in this palynofacies is high,
and proportion of acanthomorph acritarchs is higher than
in the other palynofacies though the acritarch assem-
blages are not taxonomically diverse. The assemblages
of spores are less varied than in the palynofacies S, and
large spore specimens are rare. Prasinophytes are repre-
sented by leiospheres which are not abundant. Coenobia
were found in one sample.

Hemiruptia palynofacies (H). This palynofacies is
dominated by prasinophytes of which thick-walled
sphaeromorphs (mainly of Hemiruptia type) are most
abundant. Acritarchs are almost absent (usually below
1%), and land plant spores are subordinate. Algal coeno-
bia have not been observed.

INTERPRETATION

The composition of palynomorph assemblages is of-
ten used as a tool for determining palaeoenvironments
and shoreline proximity. The criteria which are consid-
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ered most important are the spore/acritarch, or spore/
phytoplankton ratio (diminishing off-shore) and chang-
ing composition of phytoplankton assemblages (preva-
lence of morphotypes). This has been discussed compre-
hensively, among others, by Riegel (1974), Richardson
(1984), Richardson and Rasul (1990), and reviewed by
Tyson (1995) and Molyneux et al. (1996). The suggested
model which emerges from studies of the Palaeozoic and
Mesozoic phytoplankton and spore distribution is the
following: (1) nearshore assemblages – high dominance
(of simple, thin walled sphaeromorphs or short-spined,
cosmopolitan acanthomorphs), and high content of
spores and phytoclasts; (2) off-shore shelf assemblages –
phytoplankton taxonomically diverse, less thin-walled
sphaeromorphs, increase in longer-spined acritarchs, her-
komorph prasinophytes and netromorph acritarchs often
better represented, spores less abundant and sorted; (3)
deep water assemblages – reduced diversity, dominance
of thick-walled sphaeromorph taxa.

It should be noted that in the opinion of a number of
palynologists, the presence of sphaeromorphs in deeper
environments is caused by the spread of brackish waters
(see discussion in Tyson 1995, p. 305). Occurrence of
prasinophyte-rich assemblages is also thought to be re-
lated to high latitudes, reduced salinity waters of salinity
stratified basins, and to periods following pulses of terri-
genous input (Prauss & Riegel 1989), also to nutrient-

depleted (Tappan 1980, Tyson 1995) or nutrient rich en-
vironments related to anoxia (among others: Huysken
et al. 1992, Stasiuk 1993). Thus, the factors controlling
distribution of phytoplankton are very complex, and
therefore the above ideal model should be applied with
caution.

The most striking attribute of the palynofacies de-
scribed here is the dominance of prasinophytes com-
bined with low diversity or absence of acritarchs. Of
various explanations mentioned above regarding occur-
rences of prasinophyte dominated assemblages the most
plausible one in the present case is (recurrent ?) salinity
stratification of the sea in the late Givetian £ysogóry ba-
sin. The distinct reduction of benthic fauna in the Nieczu-
lice beds, and its lack at certain intervals may be consid-
ered as confirmation of this suggestion. The high
proportion of leiospheres in the leiosphere/spore palyno-
facies can not be explained as indicative of a near-shore
environment as the host deposits were formed in an in-
trashelf basin (see Introduction). Possibly, it is due to
basinward surface water circulation. This is supported by
the occurrence in this palynofacies of high proportion of
land plant spores and the coenobial algae which are gen-
erally considered as fresh-water or brackish organisms.

The differences between the palynofacies may be in-
terpreted in terms of sea-level falls and rises.

The direct cause of the very high content of land plant
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Fig. 2. Stratigraphical distribution and relative abundances of palynomorph groups from selected samples of the Œwiêtomarz and Ska³y-W³ochy
sequences. X = presence %. The percentages for samples do not add to 100 as some rare or undeterminable forms are omitted. Key to palynofa-
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spores in the palynofacies S must be the siliciclastic na-
ture of the Œwiêtomarz beds deposited in the regime of
increased input of terrigenous material. This regime fa-
voured an increased supply of land plant matter and in-
hibited the growth of phytoplankton. The deposition of
the Œwiêtomarz beds may be due to the eustatic sea-level
fall (see Introduction). The latter cause is favoured here
because the deposition of these beds in the conodont
Middle varcus Subzone seems to coincide with the end
of the pre-IIa regression of Johnson et al. (1985). Thus,
this palynofacies is considered as the shallowest of the
succession.

The appearance of acanthomorphs, and decrease of
the spore/phytoplankton ratio in the palynofacies SA and
LS may indicate a sea level rise. The shift from palyno-
facies S to SA or LS also in the Middle varcus Zone co-
incides with the facies shift thought to be equivalent of
the Taghanic (IIa) eustatic rise.

The shift from palynofacies LS to palynofacies H, i.e.
from the dominance of leiospheres to that of thick-
walled tasmanitids (of Hemiruptia type), increase of
relative abundance of herkomorph and prismatomorph
prasinophytes, and considerable decrease of abundance
of spores may reflect a sea-level rise. This shift does not
coincide with any conspicuous lithological change. It oc-
curs above the base of the conodont hermanni-cristatus

Zone, then it follows shortly the initial deepening of the
IIa2 T-R cycle (sensu Witzke et al. 1988).

To conclude, the described palynofacies shifts seem
to coincide with the eustatic sea level changes, i.e. the
end of the pre IIa regression, and base of the IIa trans-
gression as defined by Johnson et al. (1985). But other
causes than eustatic sea level fluctuations should be con-
sidered as well.

REFERENCES

CZARNOCKI J. 1950. Geologia regionu ³ysogórskiego w zwi¹zku
z zagadnieniem z³o¿a rud ¿elaza w Rudkach (Geology of £yso-
góry region in connection with the ore deposit at Rudki). Prace
Pañstw. Inst. Geol., 1: 1–404.

HUYSKEN K.T., WICANDER R. & ETTENSOHN F.R. 1992. Paly-
nology and biostratigraphy of selected Middle and Upper Devo-
nian black-shale sections in Kentucky. Michigan Academician,
24: 355–368.

JOHNSON J.G. KLAPPER G. & SANDBERG C.A. 1985. Devonian
eustatic fluctuations in Euramerica. Geol. Soc. Amer. Bull., 96:
567–587.

K£OSSOWSKI J. 1985. Sedymentacja dewonu œrodkowego w re-
gionie ³ysogórskim (profil Œwiêtomarz/Œniadka) (summary: Sedi-
mentation of the Middle Devonian in the £ysogóry region
(Œwiêtomarz-Œniadka section). Przegl. Geol., 33: 264–267.

KOWALCZEWSKI Z. & MALEC J. 1990. Regionalne aspekty badañ
ska³ dewonu z otworu Podgacie IG 1 w Górach Œwiêtokrzyskich
(Regional aspect of study of Devonian rocks from Podgacie IG 1
borehole in the Holy Cross Mts). Kwart. Geol., 34: 561–563.

MALEC J. & TURNAU E. 1997. Middle Devonian conodont, ostra-
cod and miospore stratigraphy of the Grzegorzowice-Ska³y sec-
tion, Holy Cross Mountains, Poland. Bull. Pol. Acad. Sci., Earth
Sci., 45: 67–86.

MOLYNEUX S.G., LE HERISSE A. & WICANDER R. 1996. Chap-
ter 16. Paleozoic phytoplankton. In: Jansonius J. & McGregor
D.C. (eds). Palynology: principles and applications. Amer. Assoc.
Stratigr. Palyn. Foundation, 2: 493–529.

OTTONE E.G. 1996. Devonian palynomorphs from the Los Monos
Formation, Tarija Basin, Argentina. Palynology, 20: 105–155.

PRAUSS M. & RIEGEL W. 1989. Evidence from phytoplankton asso-
ciations for causes of black shale formation in epicontinental seas.
N. Jb. Geol. Palaeont. Mh., 1989 (11): 671–682.

RACKI G. 1993. Evolution of the bank to reef complex in the Devo-
nian of the Holy Cross Mountains. Acta Palaeont. Pol., 37(1992):
98–196.

RICHARDSON J.B. 1984. Mid-Palaeozoic palynology, facies and
correlation. Proc. 27th Int. Geol. Congr., 1. VNU: 341–365.

RICHARDSON J.B. & RASUL S.M. 1990. Palynofacies in a Late Si-
lurian regressive sequence in the Welsh Borderland and Wales.
Journ. Geol. Soc. London, 147: 675–686.

RIEGEL W. 1974. Phytoplankton from the upper Emsian and Eifelian
of the Rhineland, Germany – a preliminary report. Rev. Palaeo-
bot. Palynol., 18: 29–39.

STASIUK L.D. 1993. Algal bloom episodes and the formation of bitu-
minite and micrinite in hydrocarbon source rocks: evidence from
the Devonian and Mississippian, northern Williston Basin, Cana-
da. Int. Journ. Coal Geol., 24: 195–210.

TURNAU E. & RACKI G. in press. Givetian palynostratigraphy and
palynofacies: new data from the Bodzentyn Syncline (Holy Cross
Mts, Central Poland). Rev. Palaeobot. Palynol.

TYSON R.V. 1995. Sedimentary organic matter. Chapman & Hall,
London.

WITZKE B.J., BUNKER B.J. & ROGERS F.S. 1988. Eifelian through
lower Frasnian stratigraphy and deposition in the Iowa area, mid-
continent, U.S.A. In: McMillan N.J., Embry A.F. & Glass D.J.
(eds). Devonian of the world, vol. I. Can. Soc.: 221–250.

WOOD G.D. & TURNAU E. In press. New Devonian coenobial
Chlorococcales (Hydrodictyaceae) from the Holy Cross Moun-
tains and Radom-Lublin region of Poland: their palaeoenviron-
mental and sequence stratigraphic implications. Palynology, 23.

76



<<
  /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 /CMYK
  /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 /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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 /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

  /CreateJDFFile false
  /Description <<

  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /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


