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Occurrence and significance of reworked palynomorphs

M. Streel! & M. J. M. Bless?

ABSTRACT

Palynomorphs are dispersed by wind or water. The number of palyromasphs that eventually is deposited in a cerain environment is reduced by

oxidation processes during this transport. Even after deposition, their number may be further reduced by oxidation within the sediment.
Post-depositional erosion or mass transport of the sediment in which the palynomorphs have been preserved may rework the same into deposits of
a stratigraphically different age. Most commoniy. these are reworked into stratigraphically younger deposits.
The oceurrence of reworked plant microfossils is considered as mere contamination by some biostratigraphic workers. However, reworked palyne-
morphs may help to trace tectonic movements. Mercover, they may yield a key for the source area of the sediment in which they have been rewor-
ked. Therefore, they are considered as valuable tocls for the reconstruction of pateogeographic events.

1. INTRODUCTION

Scanning the literature for papers on reworked palyno-
morphs necessarily leads to the conclusion that these are
far too often considered as a by-product of biostratigraphi-
cal research. For example, the only contribution to the
“*San Francisco Symposium on Palynology in Oil Explora-
tion’’ (Cross, ed., 1964a) on this subject mentioned the
phenomenon as ‘‘contamination in palynology’’ (Cross
1964b). Also the special issue “‘Paiynological Contributi-
on to environmental geology’’ (MANTEN, ed., 1967) in-
cludes only one paper dedicating exactly four lines to the
record of resvorked plant microfossils {(Hare & NoRTON
1967).

Nevertheless, there exists an extensive literature which
proves that reworked palynomorphs are a widespread phe-
nomenon. However, few papers have tried to summarize
the palynomorph reworking process (ANANOVA 1960,
WiLsoN 1964, Kepves et al, 1966, Mur 1967) and still
less have emphasized their great potentiality for palecenvi-
ronmenta} and paleogeographical applications.

The present report will try to summarize the several
aspects of reworking and will be completed by a briefty an-
notated - although not exhaustive - bibliography.
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3, LATERAL DISPERSAL OF PALYNOMORPHS

Palynomorphs include continentally produced spores
and pollen grains as well as one-celled dinoftagellates and
acritarchs (presumably representing stages in the life cy-
cles of marine plants).

Spores and pollen grain walls consist of a very refractory
C-H-O compound called **sporopollenin’’ which is practi-
cally undestructible. Also dinoflageliates and acritarchs
have an organic, very resistant wail. They can only be
destroyed by oxidation processes.

Their size matches that of coarse silt particles, but their
density is considerably less inasmuch as their organic wall
is empty, or - at best - is filled with protoplasm.

Therefore, their hydraulic equivalent is that of particles
of 2 much smaller size. Palynomorphs are produced in tre-
mendous amounts each year, the marine ones since the
Pre-Cambrian, the continental ones since Silurian time.

3.1. WIND TRANSPORT

Wind transport of pollen and spores from the plant into
the surrounding environment is a peneconiemporancous
process. In general, dispersal is restricted to relatively
short distances, most pollen being deposited within a few
kilometers. Long distance transport by wind is known to
occur but apparently it is exceptional.

Depending on atmospheric circulation, coastal pollen
rain has sometimes been estimated to range from 100 to
1000 grains/cm?/year (Dyakowska 1948). The rate of
potlen accumulation in lacustrine environments is compa-
ratively high. Local variations between 1000 and 40.000
grains/cm?/year are known (Davss 1967).

3.2. FLUVIAL TRANSPORT

Fluvial transport is probably the major means of spores
(often produced by smaller plants) and pollen dispersal into
lacustrine, lagoonal and marine deposits (MuLLER 1959).
It has been proven, that locally more than 90% of the pol-
len assemblage had been supplied by stream transport
(Peck 1973). '
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The travel time from their source (the area of the parent
plants) towards the mouth of a river can be very long, sin-
ce they are transported over some distance, temporarily
deposited and retransported again several timmes. This in-
tricate process results in a homogeneous mixture of grains
from different sources (JoNgs 1958). Therefore, the pollen
spectra of suspended sediments (500 to 8000 grains/liter
of water in the Deleware Estuary, U.S.A.; GrooT 1966)
are similar to those of the bottom sediments in a river,
Both spectra reflect the regional vegetation of the area
drained by the river system rather than local plant com-
munities. This becomes particularly true downstreams for
the estuarine environment (GrooT 1966).

3.3. MARINE TRANSPORT

The relative amount of pollen and spores occurring in
marine sediments depends on many factors (BoTTEMA &
VAN STRAATEN 1966). It is often supposed that it decreases
considerably with increasing distance to the coast {MULLER
1959). However, sometimes an increase is observed wi-
thin a few to more than hundred kilometers from the sho-
refine (STANtEY 1965b).

Dinoflagellates and other presumably marine planktonic
forms such as acritarchs may also show an increase of their
absolute frequencies with increasing distance from the
shoreline with a maximum in slope-rise zone deposits
(WaLt et al. 1977). The relative or absolute frequency of
dinoflagellates and acritarchs is influenced by their depen-
ce on special marine environments and hydrodynamic be-
havior in the sea water, This influence seems to be quite
different for different morphological types (WiLLians &
SARJEANT 1967).

Marine currents are the main agent of transport in
oceans and seas, These mix continental and marine paly-
nomorphs. Differences in the relative energy level of the
environment may produce more local, size-sorted assem-
blages.

3.4, OXIDATION

Eventually, the number of palynomorphs decreases.
Normally, only relatively few grains are deposited in basi-
nal environments (IKorenovA 1957). This is probably due
to the decomposition of the palynomorplt grain - caused by
oxidation during transport. BRusH (1966) suggested that
also an environment of reducing conditions and high pH
may be responsable for the absence of pollen from appa-
rently favourable sediments. As already stated above
(3.2.), the grains may be deposited and transported several
times. During that period they are exposed to oxidation
processes of the water environment. Even if the grain has
reached its final deposit, it may take a relatively long peri-
od before enough sediment has been accumulated on the
grain to protect it from this oxidizing environment. Exam-
ples are so-called ''relic sediments’’ (EMERY 1968), which
have been recognized at a depth of 150 m on the continen-
tal platform east of the U.S.A. and which are about
15.000 years old {EmeErY & GARRISON 1967).
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4, REWORKING OF PALYNOMORPHS

Under the term ‘‘reworking’’ we understand the re-
working of palynomorphs into sediments of a stratigraphi-
cally different age. In practice, this may result in a mixed
assemblage of palynomorphs of different ages or - in rare
cases - the age of the palymorph assemblage is completely
different from the sediment in which it has been reworked.

We will exclude artificial mixing due to deficient collec-
ting or processing techniques (Wiison 1964), as well as
contamination of cuttings or drilling mud in a borehole
(Travegse et al. 1961).

4.1, REWORKING INTO OLDER DEPOSITS
(*‘STRATIGRAPHIC LEAKAGE'")

Downwashing of patynomorphs in fissures or cavities of
a karstified rock is easily recognized. Examples are modern
pollen in Mississippian Limestone of northwestern Kan-
sas, Pennsylvanian spores and pollen in Devonian Li-
mestone of Hiinois, lowa and Missouri, Devonian spores
in Silurian reef limestone of lllinois (GUENNEL 1963, Wit-
soN 1964, UpsHaw & CreaTH 1965),

Spores and pollen grains may be downwashed from a
sandy soil into underlying deposits (DinpiEsy 1957). The
recognition of this process was used by MunAuT (1967) in
his research on Quaternary paleoecology.

Bastin (1971) has shown that Lombricides (worms)
transported Holacene pollen into the uppermost part of a
Pleistocene loess.

AgYoL (1975) describes contamination of Lower Perm-
ian rocks in Sariz (Turkey) by Jurassic palynomorphs
which had been transported by a recent fluvial system,
Maybe these Jurassic palynomorphs have been downwas-
hed into open joints or fissures of the Permian rocks?

Downwashing of palynomorphs into older deposits
should be distinguished from cases where apparent guide
fossils turn out to have a much earlier *‘first occurrence’’
in the geological history, An example of the latter was des-
cribed by Burss et al. (1977) from the Upper Westphalian
C of Haaksbergen (the Netherlands). They observed seve-
ral spore species in strata of a proven Westphalian C age
which up to then had been considered characteristic for
Stephanian or even younger sediments. This surprising
find was ascribed to a special hinterland facies.

4.2, TECTONIC MELANGE

This is a relatively rare case where allochthonous blocks
of diverse sedimentary and stratigraphical units are mixed
by intricate tectonic movements. The Franciscan Rocks -
on which San Francisco, California, is built — contain a
melange of palynomorph assemblages of transitional Ju-
rassic/Cretaceous, Upper Cretaceous and late Paleocene
age (Traverse 1972, 19706).

4,3, REWORKING INTO YOUNGER DEPOSITS

At some places, spores might have migrated upwards
into younger sediments via transport by formation water,




oil or gas (DE JERSEY 1965, GROSSGEYN 1971, 1973).

In normal cases, however, reworking into younger de-
posits is attributed to erosion/denudation of rocks in a
source area and subsequent redeposition in a different sedi-
mentation area, This reworking process will constitute the
main topic of this paper.

The criteria for recognizing such reworked palyno-
morphs will be discussed in chapter 5.. These criteria ap-
ply, of course, also to the less frequent cases of mixed as-
semblages mentioned above as well as to cases where the
entire microflora consists of reworked patynomorphs (cf.
FunckHAUsER 1064, Owens 1972, Wison 1964).

5. RECOGNITION OF REWORKED
PALYNOMORPHS

If we consider the fact that most patynomorph grains are
subject of an intricate process of repeated transport and de-
position, we must presume that most fossil palynomorphs
are allochthonous. This is particularly obvious for pollen
and spores found in marine or desert sediments which
could not have been produced in such environments {Ros-
siGNOL et al. 1979). But even peat (DAVIS 1961) and other
swamp deposits (Birss 1970, CusHING 1964) - particularly
in coastal environments - hardly escape lateral contamina-
tion (the ‘‘incursion phase’’ of Saurit 1962).

Also marine palynomorphs will rarely fossilize exactly
on the place where they had been originally deposited on
the sea floor, Some slope-rise assemblages from the Medi-
rerranean and Caribbean seas include “tsecondary’’ ele-
ments which are interpreted as allochthonous (due to dis-
placement of shallow-water organisms into offshore sedi-
ments). These might also represent redeposition from ol-
der estuarine-neritic sediments into the outer continental
shelf and slope zones (WaiL et al. 1977).

In a strict sense, the transport of palynomorphs from
one sediment trap into another is a reworking process. In
that strict sense, we may consider also the mixing process
of palynomorphs from different sources - 5o helpful for bi-
ostratigraphic interpretations - a reworking phenomenon.

In practice, however, the term “‘reworked’ " is restricted
to these palynomorphs which can be distinguished as
being stratigraphically older (or younger) than the deposit
in which they occur. This difference in stratigraphic age
may be very smalt and only detectable by special methods
or indirect deduction.

— The most sophisticated method is certainly the fluorescence mi-
croscopy (VAN GuzeL 1967} The fuorescence of pollen and spores
changes in colour from blue to red and decreases in intensity with in-
creasing age. No special equipment has necessarily ta be used for deter-
mining the flucrescence colours and intensities, because these can be
determined by eye if only obvious differences are accepted as significant
(PHILLIPS 1972),

— Plant microfossils of different ages may show & different acceptance
to biolagical staining (staining mothod of MULLER 1959, STANLEY
1965a, 1966b}. Usually, safranin-0 is used.

— Differences in the specific density of the exine of a palynomorph
are caused by differences in age as has been shown by JuviGNe (1973).

These methods are usually only successfully applied to Quaternary
and Tertiary rmateriat.

Indirect deduction that reworked palynomorphs are present has been
used in the following examples:

- Abnormal variations in the quantitative distribution of species
with a well-known distsibution pattern {e.g. i such a species serves as
guide for special climates in Hotocerie or Pleistocene deposits) have
been interpreted as being caused by reworking (IVERSEN 1936).

__ Seatistic association of a species with known resorked material
{(SCHUMACKER-LAMBRY 1978}, e.g. associated with a well-known rewor-
ted fossil, with reworked clay minerals or in reworked rock pebbles
(flints. coal, clay clasts).

— Repeated occurrences with coarse detritic sediments (VENKATA-
cHalA 1969).

— Incompatibility of the presumed paleoecological dependence of a
microfossil with the paleoenvironment of the sediment in which it is
fourd. Lycospora was su ggested by PEPPERS (1964) to be possibly rewor-
ked in the highest parts of the Upper Pennsylvanian in the UJ.5.A., where
this genus is restricted to clastic deposits. PEPPERS argumented that this
genus is only autochthenaus in coals of the underlying sediments {from
where it was dispersed Taterally into the envelopping clastic sediments).
However, in the highest Peansylvanian coals the genus doesn’t occur.
Therefore it might have been reworked into these highest Pennsylvani-
an clastics from the still unconsolidated older Pennsylvanian strata.

The same argument may be used if the occurrence of a species is in
contradiction with the normal patters of Tateral dispersat (e.g. if marine
microfessils are preserved in non-marine sediments), it seems more jogi-
cal to believe that these are seworked rather than to peesume that they
were introduced by an incursion of the sea (cf, WiLsox 1964, RICHARD
son & Rasur 1978, VANGUESTAINE 1979,

The difference in stratigraphic age may be obvious if the
age of the sediment in which the reworked fossil occurs is
clearly different from the known range of the latter,

KebvEs et al. (1966) distinguish four categories of re-
working:

— simple: sediment contains one single reworked assemblage of one
single ‘‘age’’

Z complex: sediment contains 1wo of AlofC seworked assermblages
(Wison 1964)

— primary; one of hore assemblages were reworked directly into the
sediment from their original deposit(s)

— secondary; the reworked material swas reworked two or more ti-
mes into different deposits before it was finally sedimented in the strata
in which it is recognized nowadays (STAPLIN 1969, BIRKS 1970, Zat-
wipNy & VEENSTRA 1966, SCHUMACKER—LAMBRY 1978).

A particular case of reworkiny is the **geological age in-
version”® of reworked fossils {WiLsON 1964, STANLEY
1966b), which may be explained by a gradually deeper
cutting erosion in the source area. In that case, the strati-
graphicaily youngest reworked fossils occur in the oldest
beds, whereas the stratigraphically oldest reworked fossils
{which were derived from the source area when the erosi-
on reached the deeper and older stratigraphic deposits) oc-
cur in the youngest beds (fig. 1)-
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Indirect methods for the recogaition of reworked paly-
nomorphs of rather different age can also be used:

— Differences in the coalification degree of palyno-
morphs usually reflect differences in age. Most curiously,
coalified spores may be more resistant to reworking (wea-
thering, transport) than non-coalified specimens (MuLLer
1959, Muir 1967, Gray & Boucot 1975). Differences
in the degree of coalification are reflected in difference in
the colour of the palynomorphs (STarLin 1969, Gray &
Boucot 1975).

— Plant microfossils of different ages may be distin-
guished by their differential preservation. Within each
group of organisms, certain morphological structures are
destroyed at a different rate (Witson 1964, WiLIAMS &
SARJEANT 1967, FUNKHAUSER 1969).

—An exceptional case was desweribed by WinpLe (1979), who obser-
ved that in some Jurassic deposits the contemporaneous Jurassic me-
gaspores could be distinghuished from reworked Carboniferous
megaspores by a differential compression of the spore-wall.

5.8 CLASSOPOLLIS

Classopollis is an easily distinguished pollen grain, fre-
quently dispersed in tetrads, which is extremely abundant
in Jurassic deposits, It is easily recognized in reworked
pollen assemblages (recorded in 16 papers reviewed in this
report).

Classopollis was also common in the early Cretaceous of
lower paleolatitudes where their parent plants must have
been predominant in some equatorial areas, where they
died out in late Cenomanian time (Courgr 1964, HucHEs
1976).

Classopollis has been mentioned from the Upper Creta-
ceous of North America by several authors, but was rarely
recognized as a reworked form derived from older deposits
(cf. Norron & Harl 1967), But nowhere, Classopoliis
was recognized in Upper Cretaceous sediments in the
enormous quantities that were observed in the Upper
Maastrichtian near Maastricht, where many samples from
the basal portion of the Vylen Limestone (**Craie grise’’,
lowest member of Gulpen Formation) in the North and
Hallembaye Quarries (NE Belgium) yielded up to 100
grains per gram of sediment (VANGUESTAINE 1966). The
Vylen Limestone is a transgressive unit overlying the
Campanian  “‘Zeven Wegen Limestone’” (*‘Craie
blanche™’). Associated with high numbers of extant dino-
flagellates we distingunish three groups of pollen and spo-
res, of which at least two have been reworked:

— bisaccate and porate pollen

— Classopallis and Zonalapollenites

-~ badly preserved spores amongst which Lycoespora and Densospori-
tes

Bisaccate and porate pollen were linked to the silty frac-
tion of the sediment (VANGUESTAINE 1966). They might
be reworked. But we assume that the large amount of
Classopollis is better explained by accepting that these pol-
len grains were reworked from Jurassic or Lower Cretace-
ous sediments. A possible source area might be the
western part of the Roer Valley Graben which was uplifted
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by inverse movements during the Upper Cretaceous. The
specimens of [ycospora and Densosporites may have been
derived from Carboniferous outcrops in South Limburg

(the Netherlands),

5.2. SPELAEOTRILETES LEPIDOPHYTUS

Spelacotriletes lepidophytus is restricted to the upper-
most Devonian (uppermost Famennian or Strunian). The
species is quite abundant in deposits of this age across the
world and can easily be distinguished by its morphology. It
is also readily recognized in reworked spore assemblages.
We found seven records in the literature.

We presume that S. Jepidophyius has been recognized in
younger stratigraphic units, but incorrectly was assigned
to other (new) taxa.

Discontinued ranges of a species are often good arguments
for the recognition of reworked palynomorphs. WINDLE
(1979} has shown that frequently two possible solutions
are choosen:

— The spore is correctly identified and the *‘range’’ of the species is
extended,

— The reworked species is not correctly identified and assigned to
ather (often new) species,

In contradiction with the former opinion expressed by one of us in
Owens & STREEL (1967), Hymenozonotrilotes nolestus and H. menti-
fus from Visean deposits of the Dnieper-Donetz Basin (U.S.5.R., IscEN.
KO [958), as well as Retispora florida from the Visean strata of Alberea,
Canada (STAPLIN 1960) should be considered as reworked specimens of
S lepidophytus derived [rom uppermost Famennian sediments.

The two specimens of Endosporites lacunosas from the lower part of
the Tournaisian (Cuyahoga Formation) in Ohio (UJ.S.A., Witsen 1962)
may also be reworked specimens of 5. lepidophiytus.

A special case is the occurrence of S. lepidophytus in
the Hangenberg Shales (Honnetal area, Rhenish Massif,
Germany) which may be partly due to reworking.

The Hangenberg Shales are deep-water deposits irregu-
larly intercalated in between Devonian and Dinantian cep-
halopod limestones. The age of these shales is post-Tnla
{dated by PaprotH & Street 1971 by means of indepen-
dent arguments), They contain large amounts of S. /epi-
dophytus with size characteristics corresponding to those
of mixed Fa2d to Tnla populations. We believe that this
assemblage belonged to a relatively nearshore (no marine
acritarchs occur!), shallow water sediment of Fa2d/post-
Tnla age which was introduced into the basin by mass-
gravity transport during the post-Tnla.

6. ANNOTATED LIST OF REWORKED
PALYNOMORPH OCCURRENCES

Some 100 cases of reworked palynomorphs are revie-
wed below, of which 36 refer to Quaternary deposits.
They are listed according to the depositional environment
in which they have been redeposited. These environments
range from lacustrine to deep-sea sediments. For a more
detailed description of the cases mentioned below, the rea-
der is referred to the original papers.




6.1. LACUSTRINE AND PEAT DEPOSITS

— Permian polten and spores in Tertiary kignites of northern Kerala,
southern India (POTONIE & 5AH 1960, VENKATACHALA 1969)

— Up to 60% of Mesozoic and Cenozoic spores, pollen {(including
Classopallis) and dinofiageliates in late glacial (Bolling to Allerod) sandy
facies with clay flakes (*‘galets mous'”) in lacustrine deposits near Fri-
burg, Switserland {Jan pu CHENE 1973)

— A few “‘pre-Quaternary’’ pollen {including Clissopailis) and spa-
res (distinguished as reworked by fluorescence microscopy) in three
Pleistocene samples from Lincolnshire and Nordfolk, Great Britain
(PHeLIPS 1972)

— Cretaceous pollen, spores and dinoflagellates in fate-Wisconsin sil-
ty deposits of Glacial Lake Grantsbury, east-central Minnesota, US.A.
(CusHiNG 1964)

— Up to 40% unidentified reworked pollen and spores (distinguis-
hed only by staining method) in Albian(?} coals of northern Alaska
{STANLEY 19673)

— Late Cretacecus to Tertiary poller: in basal silty portion of late gla-
ciat peat bog near Teunton, Massachusetts, U.S.A. (DAvVIS 1961)

-~ Tertiary pollen and dinoflagetlates in late glacial minerogenic se-
diments of Denmark (FVERSEN [936)

— Miocene pollen in *‘dituvial’’ peats of Silesia, Poland (KrAuser
1923).

6.2. FLUVIATILE TO SHALLOW MARINE ENVIRONMENTS

- Tremadocian and Wenlockian acritarchs in Lower Devonian (Old
Red Sandstone) deposits of Wales, Great Britain: (EDWARDS et al, 1978,
THOMAS 1978)

— Tremadocian, Ordovician and Silurian acritarchs in Emsian (Old
Red Sandstone) deposits in Witney borehole, Oxfordshire, Great Britain
(RicHarDsoN & Rasur 1978)

— Tredadocian and Middle to Late Silurian acritarchs in Dinantian
strata of Irefand (SMttH 1977)

— Ordovician acritarchs in Llandoverian, Wenleckian and Ludlovi-
an strata south of the Brabant Massif, Belgium (MAaRTIN 1969, 1974)

— QOrdovician snd Silurian acritarchs in Siegenian and Emsian epi-
continental deposits, Dinant Nappe, Belgium (VANGUESTAINE 1979)

— Mississippian shale with Devonian spores overlain by Mississippi-
an shale with Ordovician acritarchs and chitinozoa in Oklahoma,
US.A. (Wieson 1964). This phenomenon is called here **geological
age inversion’” {fig. 1)and suggests gradually deeper cutting erosion in
source area

— Ordovician acritarchs, Devonizn, Mississippizn and partly Penn-
sylvanian potlen and spores in Peansylvanian of southern Oklahoma,
US.A. (WitsoN 1964, 1965)

— Silurian{?), Lower Devonian and Lower Famennian acritarchs in
uppermost Famennian marine sediments of eastern part of Dinant Nap-
pe, Belgium (VANGUESTAINE 1978)

— Generally unidentified polten and spores (distinguished only by
staining method) in Quaternary clays from bottom core (length of core:
5.6 m}) of southwestern Atlantic continental platform (water-depth 70
m). Reworked sporomorphs make up 30% of microflora (STANLEY
1967b)

— Up to 40% of Paleozoic to Mesozoic spores and poilen {including
Classopolfis) and a few Tertiary pollen in three Holocene bottom cores
{length I m) of Quter Silver Pit area (North Sea, water-depth 34 to 80
m). Assemblage presumably derived from now submerged Pleistocene
boutder clay in same area which originated from British Isles (ZagwiN
& VEENSTRA 19606)

— Reworked miospores (age unknown) in Permian and Triassic sedi-
ments of Pechora Basin, U.S.S.R. (VIRBITSKAS & KHAYTSER 1977)

— Paleozoic pollen and spores in late Cretaceous sediments of
eastern Montana, U.S. A, (FatL & Norrox 1967)

— Generally unidentified reworked pollen and spores (distinguished
by staining method) in Holocene/Pleistocene clays from four cores {0.6
to 46 m in length) taken from bottom sediments at depths between 18
and 165 m of the northeastern Atlantic continental platform (STANLEY
1966a). In the longuest core (46 m), reworked microfossils occur in the
foltowing order: Lower Tertiary forms occur in the lower part of the co-
re, Mesozoic palynomorphs (including Clzssepoilis) in the middle parr,
and Paleozoic microfossils in the upper part of the core, This phenome-
non is called here ** geological age inversion”” {fig. 1) and suggests gra-
dually deeper cutting ercsion in source area (STANLEY 1966b, GrooT &
GRooOT 1964)

— Devonian 2nd Dinantian spores in Lower Permian of Yuken Ter-
ritory, Canada (Barks 1967)

— Middle Devonian spores in Westphalian C non-marine deposits of
Neerocteren borehole, northeastern Belgium (STREEL in: Bless &
STRegL 1976)

— Upper Givetian to Middle Frasniar spores (up to 50% of palyno-
morph assemmblages) in late Frasnian to Famenatan evaporitic deposits
in southern Pripyat Depression, U.S.S.R. (Kepo et al. 1975)

— Some 50 species of Middle Devonian to Lower Westphalian spo-
res {including S, Jepidophytus) and acritarchs (up to 2.5% of total mi-
croflora) in Westphalian € non-marine sediments of Jabeek borehole,
South Limburg, the Netherlands (BLess & Streee 1976)

— Upper Devonian, Tournaisian and Visean sporomorphs in Visean
deposits of Swiebodzice Depression, Poland (KRAWCZYNSKA-GROCHOLS:
KA 1973)

— Upper Devonian megaspores in red and grey Early(?) Triassic
muds, Meville Island, Arctic Canada (HiLES & WALLACE 1970}

— Famennian {incleding S. Jepidophytus), Dinantian and Triassic
pollen and spores, Jurassic and Cretaceous polien, spores and dinoflagel-
lates (up to 30%) in Upper Paleocene estuarine 1o lagoonal deposits of
Nahecls Formation of southwesternt Alabama, U.5. A, (McLean 1968)

— Uppermost Devonian {including . lepidophytus) miospore assem-
blage in Permo-Triassic beds (without other plant microfossils) overly-
ing Permo-Triassic beds with Upper Carboniferaus spores in South De-
ven (Exmouth Sandstone and Mudstone Formation), Great Britain
Owens 1972). This sucession is interpreted here as ** geological age in-
version®” (fig. 1) and suggests gradually deeper cutting ercsion in sour-
ce area

— Carbeniferous spores in Rhaeto-Liassic deposits of Democratic Re-
public of Germany (SCHULTZ 1967)

— Carboniferous Lycospora(?) in Rhaeto-Liassic of southern Sweden
(NiLsson 1958, WinDie 1979)

— Carbeniferous mega- and micspores in Rhaeto-Liassic of south-
eastern Luxemburg (HaGEmaxN 1967}

— Carboniferous mega- and miospores in Lower Liassic of southern
Denmark (BERTELSEN & NUCHELSEN 1970, Lunb 1977)

— Carboniferous micspores in Liassic strata of Yorkshire, Great Bri-
tain (WiLkiNsoN 19753)

- Carboniferous miospore (Tripartites trilinguis) in Upper Liassic of
Baltic part of U.5.5.R. (VIENOZINSKIENE & Vasiseva 1971)

— Carhoniferous spores in Liassic plant-bearing clays of Grojec near
Krakow, Poland {Muir 1967)

— Carboniferous spores in Liassic of Luxemburg (HitMaANN 1967)

— Carboniferous mega- and miospores and pollen in Liassic WINDLE
1979) and Lower Kimmeridgian (Upper Jurassic) of northeastern Scot-
land (LAns & PoRrTER 1977)

— Carboniferous miospore {Tripartites trilinguis) in Middle Jurassic
of southern Sweden (Guy 1971, WiNDLE 1979)

— Carhoniferous megaspores in Middle Jurassic sands of Oxfordshi-
re. Great Britain (WivDLE 1979)

— Carboniferous spores in marine Paleocene strata of Arkansas,
US.A. (Wison 1964)

— Lower Pennsylvanian or possibly Mississippian spores in Tertiary
silty shales of Wyoming, U.S.A. (WiLsoN 1964)

— Carboniferous and Rhaetizn pellen and spores in Liassic of eastern
Nethertands (HERNGREEN & DE BOER 1974)

— Carboniferous spores in coal pebbles reworked into Cretaceous
fiysch deposits of Carpathians (HAVIENA 1936, TURNAU 1962, 1970,
ZErNDT 1932)

— (Carboniferous and Mesozcic pollen znd spores in Holocene salt
marshes {surface samples} of Norfolk, Great Britain {RUTHERFORD
1975

— )Eocene Green River deposits containing Upper Cretaceous polien
and spores, overlain by deposits of same age with Middle to Upper Me-
sozoic pollen and spores overlain by beds of same age containing Upper
Paleozoie pollen and spores in eastern Utah, U.S.A. (STANLEY 19660).
This succession suggests **geoogical age inversion’” (cf. fig. 1). due to
gradually deeper cutting erosion in source area

— Lower Namurian spores in reworked coal pebbles occursing in
Westphalian B-C beds of non-marine Upper Silesian Coallieid, Poland
(DeMBOWSKE & JacHowicz 1964)

— Westphalian B-C miospores in coal pebbles reworked into Neoco-
mian (Wealdian) deposits of Lower Saxony, Federal Republic of Germa-
ny (Kreme 1953, Potonig & KReMP 19535}

— Westphalian B-C megaspores in reworked coal pebbles cccurring
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in Senonian marine limestone of South Limburg. the Netherlands
(DijrsTRA 1950)

— Probably Westphalian smegaspores in Eocene plant-bearing sandy
deposits of Hampshire, Great Britain (Dukstaa 1950)

— Peesian pollen and spores in Upper Jurassic deposits. Kutch. In-
dia (VENKATACHALA 1969)

- Permian pollen and spores in Lower Cretaceous deposits near Se-
hora, Madhya Pradesh, India (DEV 1959, VENKATACHALA 1969

— Permian and possibly Triassic miospores in mostly marine carbo-
naceous sedimems ranging from Upper Cretaceous to Eocene in Victo-
ria, Australia (CoorsoN 1953)

— Permian, Mesozoic (including Classapollis} and lower Paleccene
pallen and spores in late Miccene {Upper Pannonian) beds of Hungary
(KEpves et al. 1966), These authors studied 803 samples from four co-
res!

— One early Mesozoic spore species and perhaps a pollen species in
coarse clastic deltaic sediments of Middle jurassic age of Yorkshire,
Great Britain (MUIR 1967)

. Buntsandstein dinoflagellates, Cretaceous, Paleocene and Upper
Eocene spores, pollen and dinoflagellates in Lewer and Upper Oligocene
molasse deposits of Inn Valley, Bavaria, Federal Republic of Germany
(SCHNABEL & DRAXLER 1976}

— Mesozoic to Pleistocene dinoftagellates, spores and pollen {up to
13%) in (late Pleistacene?)-Holocene deposits of the Black Sea {loor
near Danube Delea (Roman 1974), Reworked palynomerphs were reco-
vered from 3 cores.

— Rhaeto-Liassic palyromorphs in early Cretaceous deposits of Sval-
bard (SMiTH et al. 9706}

— Liassic and later Jusassic pollen, spores and atritarchs from ter-
restrial to marginal marine sediments reworked inte more marine Callo-
vian (Middle Jusassic) deposits of Yorkshire, Great Britain (MuR &
SARJEANT 1978)

— Classupollis and ather Jurassic palynomorphs in lagoonal to estua-
sine Paleocene (**Sparnacian’'} Woolwich Beds of Kent, Great Britain
(Gruas CAVAGNETTO 1970)

~ Turassic spores and pullen (including Classopollis) in Paleocene
and Eocene clays (Ypresian, Landenian) of Compiggne, nostheastern
France (KEDVES 1907, 1968)

— Jueassic spores andd pollen (inclnding Classapollis) in early Tertia-
ry deposits (without extant sporomorphs!) of western Scouland (PHiups
1974)

— Jurassic pollen in TFertiary deposits of Tian Chan, Kazachstan.
US.S.R. (Barsasinova & PicuLovsky 1953)

— Middle to Upper Jurassic and Lower Cretaceous spores, polien. di-
noflageltates and acritarchs (the latter making up to 17%) in Eocene
Londen Clay of southern England (Wiliams 1963)

— Upper Jurassic (Kimmeridgian) spores, pollen {including Classo-
poilisy and some dinoflagellates in Evcene (Ypresian) marine sands and
clays near Bray, northern France (CAVELIER & CHATEAUNEUF 1971)

~ Upper Jurassic dinoflagellates in Eocene of West Pakistan {SAR-
TEANT in: WILLIAMS & SARJEANT 1967)

— Cretaceaus palynomorphs in Paleocene deposits of Colorado,
US.AL (NEwMAaN 1966)

— Late Cretaceous microfossils in Paleocene Fort Union Formation
of Wyoming, U.S.A. (FUNKHAUSER 19G9)

—Late Cretaceous dinoflagetfates (ap to 2%) in Paleocene (Lower
Landenian} sediments of Gelinden, Belgium {SCHUMACKER-LAMBRY
1978)

— Upper Cretaceous spores, pollen (including Classopollis) and dino-
(lagellates in bottem sediments of northern part of Gulf of California,
AMexico. some 80 km southesst of Colorado Delta (Cruss 1972). Rewor-
ked palynomerphs make up to 20% of microfloral

— Late Cretaceous to Eocene pollen, spores and dinoflagellates in
Middle Pleistocene deposits of New Zealand (Wisen 1973)

_ Latest Cretaceous microfossils in Eocene beds without other mi-
crofossils of Venezuela (FUNKHAUSER]969)

— Farly Tertiary pollen and spores in Middle(?) Tertiary deposits
near Euskirchen, Federal Republic of Germany (THoMsON 1952)

— Tertiary (and Pleistocene?) pollen grains (up to 17% of total paly-
nomorph sum) in recent delta levee deposits of Orinoco Basin (MUELLER
1959)

— "Tertiary and Pleistocene palynomorphs {up to 8%} in recent ma-
rine bottorm sediments of Trinidad. Reworked material derived from
Tertiary and Pleistocene cliffs {MutLer 1959)
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6.3. RELATIVELY DEEP-MARINE DEPOSITS

- Paleozoic, Mesozoic and Cenozoic spores and pollen from Holoce-
ne(?) bottom core of Biscay Abyssal Plain (water-depth more than 4000
m), eastern Atlantic (GrooT 1963)

— Upper Devonian (Tnla) spores (including 5. lepidaphyins) in up-
permost Devenian (basal Tnlb) rurbidites of Honne Valley. Rhenish
Massif. Federal Republic of Germany (Pagrorr & STREEL 1971)

— Assemblages of smalt Upper Carboniferous miospores (poor in
species) in thin coal intercalations in Middle Jurassic {Aalenian} {lysch
of Branisko Series of Pieniny Klippen Belt., Poland: presumably derived
from soft coals which easily desintegrated and subsequently were trans-
ported from coastal area into basin by turbidity currents together with
sand and clay (BIRKENMAJER & TURNAU 1962)

— Pennsylvanian and a few Cretaceous pollen and spores in Pleisto-
cene red deposits in deep continental margin of northwestern Atlantic
{waterdepth 455 to 4398 m; NEEDHAM el al. 1969)

— Mesozoic Ovalipollis and Classopallis in two Holocene(?) bottom
cores (length T m) of Japanese Trough {water-depth respectively 4500
and 9200 m: Boutouard & DELAUZE 1966)

— Up w0 3% of Mesozoic 10 Pleistocene spores and pollen in {late
Pleistocene?)-Hulocene sediments from one bottom core of Black Sea
floor (water-depth abont 2000 m), some 150 km east of Bulgarian coast.
Also some reworked dinoflagetates were found (Roman 1974)

— Up to 15% of Late Cretaceous and Early Tertiary pollen and
other plant microfossils in late Pleistocene silts and clays from two com-
plementary bottom cores of Black Sea floor (water-depth more than
2000 m; TRAVERSE 1974)

— Up to 100% of Upper Cretacecus, late Tertiary and presumably
Older Pleistocene (recognized only by staining method) plant microfos-
sils in Quaternary clays from two bottom cores {fength respectively 8.6
and 9.6 m) of Gull of Mexico (water-depth respectively 3484 and 3625
m: STANLEY 1966a, 1966b)

— Up to 108% of unidentified reworked pollen and spores (distin-
guished only by staining methed) in Quaternary clays from seven bot-
tom cores (length between 3.9 and 8.7 m) of northwestern Atlantic
{water-depth between 1410 and 5508 m; STANLEY 19662)

— Up to 100% of unidentified pollen and spores (distinguished onky
by staining method) in Quaternary clays from one bottom core {length
4.8 m) of equatorial Atlantic (water-depth 3320 m: STANLEY 19663)

— Upto 40% of unidentificd reworked pollen, spores and dinoflagel-
lates {distinguished only by staining method) in Quaternary clays from
five cores (length 7.4 to 11.9 m) of southwestern Atlantic {water-depth
between 3726 to 5885 m; STANLEY 1967}

6.4. GLACIAL DEPOSITS
6.4.1,  Continental glacial deposits

— Millions of Devonian Tasmaniles in recent clays of Lake Michigan
pear Chicago, Winois, and Milwaukee, Wisconsin, U.5.A. (JuHNsON &
THoMAS 1884, WinsLow 1962, Wison 1964). HoucH (1934) reports
that Tasmanites (called Sporangites hurgnensis by that author) was even
discovered in the Chicago city water supply as early as 1863, long befo-
re this species was described from Devonian black shales in Lake Huron

— Coal pebbles with Carboniferous megaspores in placial deposits
near Ann Arbor, US.A. (BARTLETT 1928)

— Carbonilerous and Jurassic spores in Pleistocene boulder clay
near Outer Sitver Pit area of the North Sea {grab sample). This boutder
clay was presumably derived from British Isles (ZAGWIN & VEENSTRA
1966)

— Mesozoic spores, pallen (including Classapollis) and dincflagella-
tes in Pleistocene silty clays (reworked from underlying boulder clay) of
East Anglia, Great Britain (FURNER 1970}

— Jurassic spores, pollen and dinoflagellates in Late Weichselian
limnic clays of Isle of Skye. Great Britain (BIrxs 1970)

— Wealdian, Paleacene, Miocene, Pliocene and Middle Pieistocene
pollen and spores in Saalian boulder clay of Scandinavian origin in the
Netherlands (ZAGWHN & VEENSTRA 1966)

— Late Cretaceous to Pateocene pollen and Tertiary{?) dinoflagellate
in varved clay near Taunton, Massachusetts, LS.A. (Davis 1961)

— Tertiary polien and dinoflagellates in Pleistocene boulder clay and
varved clay of Denmark (IVERSEN 1936)

— Eemian tree pollen in early Weichselian sandy gyttja deposit near
Amersfoort, the Netherlands (ZaGwiN 1961)

— lInterstadial of interglacial marine Pleistocene(?) plant microfos-
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sils in tills and glacial silty clays of Cape Cod, Massachusetts, U.S.A.
(MATHER et al. 1942, Sayies & Knox 1943}
6.4.2.  Marine glcial deposits

— Permian, early Cretaceous and late Cretacecusfearly Tertiary pot-
len and spores and late Cretaceousfearly Tertiary dinoflagellates in nine
Holocene(?) samples from Weddell Sea, Antarctica (Kemp 1972a)

— Permian, early Cretaceous {including Classopollis) and late Creta-
ceous/basal Tertiary pollen and spores and Lower Tertiary dinoflaggella-
tes in muds of three Holocene(?} grab samples (one sample containing
also pebbles up to 0.5 cm) from West lce Shelf Sea, East Antarctica
(Kemp 1972b)

— Permo-Triassic potlen and spores (and Tertiary? microfossils) in
Holocene(?) muds from fous grab samples collected from Ross Sea floor
{water-depth between 500 and 1300 m), Antarctica (WitsoN 1968)

— Upper Cretaceous to Paleovene(?) pollen {transported by ice-
bergs?) in late to post-glacial clays of southwestern Sweden (FRIES &
Ross 1950}

7. AGE OF HOST ROCKS

The ages of sediments containing reworked palyno-
morphs (“*host rocks’’) are not randomly distributed on
the geological scale (fig. 2). Distinct peaks occur in the
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ked palynomorphs (*‘host rocks®”) and main orogenic evems and Qua-
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Quaternary, Lower Tertiary, Neocomian, Rhaet/Dogger,
Westphalian, late Devonian/Dinantian and Lower Devoni-
an. The fact that these peaks become smaller - and therefo-
re maybe less convincing at first sight - is easily explained,
if we consider the circumstance that the number of papers
dealing ‘with palynomorphs is much lower for older than
for younger deposits,

We do not believe that this curious distribution of the

reworked palynomorph record is due to a haphazard litera-
ture compilation. This rather suggests that there were pe-
riods in history during which the reworking process was
intensified by geological phenomena. We presume, that a
correlation can be made between these peaks and the main
orogenic events inasmuch as Tertiary and older deposits
are concerned, and with glaciations and base level changes
(sea level changes) during the Quaternary.

7.1. QUATERNARY

Several cases can be correlated directly with glacial phenomena (cf.
6.4.). Many other cases are to be associated with increased erosion du-
ring placial periods (STANLEY 1965a, 1966a). This may be especially
true for most of the occurrences in marine environments,

In somne sediments, all or practically ail plant microfossils seem to be
reworked,

In a few cases, the reworked palynomorphs were secondarily derived
from glacial deposits into which they had been reworked earlier {ZAG-
wiN & VEENSTRA 1966, cf. 6.4.1.)

7.2. LOWER TERTIARY

This peak seems to correspond to molasse deposits related to the Lara-
mian {and maybe late Subhercynian) orogenesis. One of the best exam-
ples is from Bavaria (Germany) described by ScHNABEL & DRAXLER
(1976).

The percentage of reworked patynomorphs is usually much lower
than that in some Quaternary deposits.

7.3 NEOCOMIAN

A barely perceptible peak of reworked palynomorph records may be
related 1o the Late Kimmerian movements, KREnP (1962) summarized
several cccurrences of reworked plant microfossils from the German Lo-
wer Cretaceous.

7.4. RHAET/DOGGER

This distinct peak is clearly related to Early Kimmerian movements.
Most of the cases recorded are within the north-European sedimentary
area (WINDLE 1979}

1.5. WESTPHALIAN

Reworked palynomarphs were derived [rom the mobile Variscan
{Appalachian belt in NW Europe and Nerth America. All the eccurren-
ces are clearly related to Asturian movemenss which influenced especi-
ally the Upper Westphalian sedimesntation.

7.6. UPPER DEVONIAN/DINANTIAN

Reworked spore occurrences can be related 1o the Bretonian crogene-
sis. Several cases are known that latest Devonian (Strunian) palyno-
morphs were reworked in the Dinantian.

7.7. LOWER DEVONIAN

Occurrences or reworked palynomorphs in Lower Devonian sedi-
ments are restricted to the area south of the Wales-Brabant Massif in
NW Furope. These cases are clearly linked to late Caledonian move-
ments.

8. AGE OF PRIMARY SOURCE ROCKS

The age of the primary source rock from which palyno-

‘morphs have been derived is frequently poorly defined in

literature. In several cases only the occurrence of rewor-
ked palynomorphs is mentioned, but no reference to a spe-
cific age of the same is given. In other cases, reference is
made to e.g. Paleozoic spores or Carboniferous spores.
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Exact age determinations are relatively rare.

Therefore, a table with the ages of the reworked palyno-
morphs as referred to in literature necessarily contains a
strong *‘background noise’’ that obscures the details (fig.
3). The increase of this background noise into younger
stages may be due to the general increase of palynomorphs
in younger stages.
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b

ree maxima may be distinguished, of which the most
obvious one corresponds to the Carboniferous period, the
second to the Jurassic/Middle Cretaceous and the third
one to the late Cretaceous to Paleccene.

This Carboniferous maximum is easily explained by the
extremely prolific vegetation that spread across the earth
during the Carboniferous. At many places, repeatediy peat
formation occurred. Subsequently, these peats evoluated
into partly workable coal seams. Mio- and megaspores
{and subordinate pollen) are quite abundant in the coals as
well as in many clastic deposits of this period.

In many cases, Carboniferous spores have been recove-
red from reworked coal pebbles cecurring in younger stra-
ta. But they may also be found in small reworked shale
fragments. In some cases, there are arguments to believe
that they occur as single, reworked specimens as well.

The peak for the Jurassic to Cenomanian on figare 2
may be partly explained by the fact that palynomorph as-
semblages of this age are characterized by the very com-
mon and easily recognizable pollen grains of Classopollis.
It is indeed remarkable, that Classopollis is frequently cited
in the literature on reworked palynomorphs, even if no
other reworked grains are specifically mentioned.

Also the peak for the Turonian to Paleocene may be ex-
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plained by the fact that palynomorph assemblages of this
age include a commonly occurring and easily distinguis-
hed group of pollen: *‘Normapolles™’.

9. DISTRIBUTION OF REWORKED
PALYNOMORPHS

Correlation of the age of the host rocks and the presu-
med age of reworked palynomorph assemblages seems o1
ly justified if the environment of the host rocks is more or
less comparable. Analysis of the data in chapter 6 learns
that glacial deposits, deep-sea environments or lacustrine
to peat bog facies with reworked plant microfossils are
practically all - with very few exceptions - of Quaternary
age. This is not so surprising since glacial deposits and
deep-sea environments of pre-Quaternary age are relative-
ly rarely preserved. This would influence a correlation ta-
ble in such a way that the figures on the same are no lon-
ger comparable.

A second problem is the already mentioned ‘‘back-
ground noise’® produced by inaccurately known ages for
host rocks or reworked palynomorphs, We have therefore
excluded cases where the age of the host rock is poorly de-
fined {e.g. Cretaceous) or the age of reworked sporo-
morphs is extremely vague (e.g. Paleozoic to Mesozoic,
unidentified).

The remaining cases have been plotted in the correlati-
on table of fig. 4 and refer to reworked palynomorphs in
fluviatile to shallow marine sediments of more or less
known age.

This table shows five maxima, which correspond to pe-
riods characterized by or directly following the main oro-
genic events of fig. 2. Remarkable is that only the Neoco-
mian peak of fig. 2 cannot be traced in this table.

The first maximum corresponds to Lower Devonian
host rocks of the area south of the Wales-Brabant Massif
in Wales and Oxfordshire (Great Britain) and Belgium,
which contain reworked acritarchs derived from Cambro-
Siturian source rocks (in the north the Old Red Continent
and in the south the Ardennan massifs) which had been
uplifted by late Caledonian movements. VANGUESTAINE
(1979) was able to distinguish individual source rock areas
because of differences in the regional acritarch assembla-
ges during the Silurian period.

The second maximum corresponds to the Dinantian
host rocks of Oklahoma and Ohio (U.S.A.), Alberta (Ca-
nada}, the northern European sedimentary basin (Ireland,
Poland} and the Dnieper-Donetz Basin (U.S.S.R.). Five of
the six reworked palynomorph assemblages include sporo-
morphs derived from Upper Devonian sediments (in three
cases including the guide fossil for the uppermost Devoni-
an: S, lepidophytus; cf. 5.2.). This suggests that the uplift
caused by the Bretonian movements was not very impo-
tant, because only the youngest deposits were usually re-
moved by the subsequent (Dinantian) erosion,

The third maximum refers to the Westphalian host
rocks of Oklahoma (U.S.A.), Poland, northeastern Belgi-
um and the southern Netherlands and can clearly be rela-
ted with synsedimentary late Variscan/Appalachian move-
ments. The erosion during this period is much more im-
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Fig. 4. Correlation between age of reworked palynomorphs and age of host rocks in fluviatile to shallow marine environments.

portant than during the Dinantian as can be deduced from
the fact that in three of the four regions Middle Devonian
or even older palynomorphs occur in the reworked plant
microfossil assemblages. This supports the general impres-
sion that late Variscan/Appalachian movements were
much more important than the early (Bretonian) move-
ments.,

The fourth maximum refers to the Rhaeto-Dogger host
rocks of northern Europe (Baldc UJ.S.S.R., Poland, sou-
thern Sweden, Denmark, northeastern Germany, eastern
Netherlands, Luxemburg, Yorkshire, Devon and nor-
theastern Scotland) which contain sporomorphs in coal
pebbles derived from Carboniferous source rocks. The ear-
ly Kimmerian movements increased the relative relief in
northern Europe. The subsequent Rhaeto-Liassic erosion
desintegrated the outcropping Carboniferous coals into
small fragments which were easily transported along the
margins of the sedimentary basin (cf. Winote 1979, fig.
1)
The fifth maximum corresponds to the Lower Tertiary
(Paleocene/Eocene) host rocks of W. Pakistan and Ka-
zakstan in Asia, Alabama, Colorado and Utah in the
U.S.A., and Scotland, southern England, northern France
and northeastern Belgium in northwestern Europe, which
contain reworked palynomorphs of preferably Jurassic

age. A minor peak can be observed for host rocks of the sa-
me age containing reworked Turonian-Senonian palyno-
morphs (Utah, Wyoming and Colorado in the US.A., Ve
nezuela). These occurrences prove the worldwide influen-
ce of the late Cretaceous/early Tertiary Alpine move-
ments.

Remarkable is the practical absence of Old Paleozoic pa-
lynomorph assemblages in post-Paleozoic deposits. The
few exceptions are found in glacial deposits or relatively
deep-water marine environments. The apparent occurren-
ce of Old Paleozoic plant microfossils in late Cretaceous se-
diments of Montana ({J.S.A.) is due to the poorly defined
age of the sporomorphs (dated as Paleozoic: HaLL & Nor-
TON 1967).

Several authors have traced the source areas of the re-
worked palynomorph assemblages. We may refer to e.g.
VANGUESTAINE {1979) for the Ordovician-Sulirian acri-
tarchs in the Lower Devonian of Belgium, Brrss & STREEL
(1976) for the Devono-Westphalian palynomorphs in the
Upper Westphalian of the southern Netherlands, OwENs
(1972) for the Strunian sporomorphs in the Permo-Trias-
sic of Great Britain, ScHNaBEL & DRAXLER {1976) for Tri-
assic to Lower Tertiary plant microfossils in the Oligocene
of Bavaria, and NEepHAM et al. (1969) for Pennsylvanian
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and Cretaceous sporomorphs in Pleistocene red deposits of
the northwestern Atlantic. These examples show that re-
worked palynomorph assemblages may not only reveal the
existence of base level changes in a source area (usually
due to orogenic movements in pre-Quaternary
formations), but also may help to unravel the origin of the
sediments in which they occur.

Therefore, systematic description and dating of rewor-
ked plant microfossils might yield a valuable contribution
to paleogeographic reconstructions. In our opinion, consi-
dering reworked palynomorphs as simple contaminations
is certainly an undervaluation of 2 useful component of se-
dimentary rocks.

10. REFERENCES

ANANOVA, Y. N.. 1964: On the redeposited complex of pollen. —
Moscow Assoc, Naturalists.. Bull. Sect. Biotogy. 63 (3), 132-135,

AXYOL. E.. 1973: Palvnologie du Permien inférieur de Sariz (Kayseri)
et de Pamucak Yavlasi (Antalya-Turquie) et contamination juras-
sique observée, due aux ruisseanx “‘Pamucak’ et 'Goynuk™.
~ Paollen et Spores, 17 (1}, 141-179.

Bagsasixova, V. N. & N. A, Piouiovskl), 1953: Pollen of Jurassic
flora in the Tertiary deposits of Tian Shan. — Ekevestija AN
Kazachskoj S.5.R. 124, sér. geol. 17, 131-143, .

Barss. M. S.. 1967: Hlustrations of Canadian Fossils; Carboniferous
and Permian spores of Canada. — Geol. Surv. Can, Paper 67-11.
194

BaxterT, H. H.. 1928: Fossils of the Carboniferous coal pebbles of
the glacial drift at Ann. Arbor. — Pap. Mich, Acad. Sci.. Arts
Lew., 9. 11-28.

BasTix. B.. 1971: Recherches sur 'évelution du peuplement vegetal
en Belgique durant la placiation de Wiirm. — Acta Geopraph.
Lovaniensia. 9, 1-136.

BrrTELsEN, F. & O, MicHELSEN, 1974 Megaspores and oseracods from
the Rhaeto-Liassic section in the boring Redby No. 1. southers
Denmark. — Danm. Geol. Unders.. Rackke 2 (94}, 3-38.

Bigxenyiajeg, K. & E. Turnav, 1962: Carbeniferous microspores as
secondary deposits in the Aalenian flysch of the Pieniny Klippen
belt (Carpathians). — Bull. Acad. Polon. Sci. Ser. Sci. Geal.
Géograph., 10 (2), 99-103.

Birks, H. 1. B.. 1970: Inwashed pollen spectra at Loch Fada, Isle of
Skye. — New Phytol.. 69, 807-820.

Birss. M. 1. M. & AL Streen. 1976: The occurrence of reworked
micspores in a Westphalian C microflora from South Limburg,
{the Netherlunds) and its bearing on paleogeopraphy, — Meded,
Rijks Gecl. Dienst, N.S. 27 (1), 1-39.

Biess. A, J. ML, S. Losoziak & M. STREEL. 1977: An Upper West-
phalian C **hinterland” " microflora from the Haakshergen-1 bore-
hole (Netherlands), — Meded. Rijks Geel. Dienst, N.S. 28-3,
135-147.

BoTTEMA, S. & L. L J. V. van STRAATEN. 1966: Malacotogy and
Palynology of two cores from the Adriatic Sea floor. — Marine
Geol., 4. 353-564.

Brusi. G. S.. 1966: The absence of pollen and spores in some Triassic
sediments. — Jour. Paleontol., 40 (5}, 1241-1243.

Boutorarn, C. & H. DELAuzE, 1966; Analyse palynoplanciologique
de sédiments préleves par le hathyscape '‘Archimede’ dans ln
fosse du Japon. — Marine Geol., 4, 461-466.

CaveLieg, C. & J. 1. CHATEAUNEUF, 197 1: Présence de microplancton
Kimmeéridgien remanié dans 1"Yprésien, au sud du Bray: preuve
de mouvements tectoniques paléocénes. — Bull. B.R.G.M. 2¢me
Série I {2), 63-60.

Cookson, L €. 1955: The occurrence of Palaeozoic Microspores in

Australian Upper Cretaceous and lower Tertiary sediments. — Aus-
tealian Jour. Sc., 18 (2}, 57-58.

Couper. R. A. 1964: Spare-pollen correlation of the Cretaceous rocks of
the northern and southern hemispheres. — Soc. Econ. Paleont.
Mineral. Spec. Pubk.. 11, 131-142.

Cross. A. T. (Ed.). 1964a: Palynalogy in Oil Exploration. a sympo-
sium. — Soc. Ec. Paleont. Mineral. Spec. Publ. 11.

78

Cross. A. T.. 1964h: Plant microfossils in geotogy: an introduction.
- Soc. Ec, Paleont. Mineral, Spec. Publ. 11, 3-13.

Cross. A T., 1972: Recycled fossil patynomorphs in marine sediments
{Abstract). — Geol. Soc. Am. Abstr. Progr. US. A 4 {7, 480.

CusHING. E. J.. 1964: Redeposited pollen in Late-Wisconsin pollen
spectra from east-central Minnesota, — Am. Jour. Sc. 262,
1975-1088.

Davis, M. B., 1961: The problem of rebedded polien in the late-
glacial sediments at Taunton, Massachusetts. — An. Journ. Sc..
259, 211222,

Davis. M. B., 1967: Pollen accumutation rates at Rogers Lake, Con-
necticut, during late- and postglacial time. — Rev. Palaeobot,
Palynol., 2, 219-230.

DeMBOWSKL, Z. & A, JACHOWiCZ, 1964: Redeposited coal fragments
and pebbles in the sandstones of the Orzesze and Laziska Beds in
the Miedzyrzecze 1G borehole. -~ Biul. Inst, Geol, 7 (184},
125-176.

Dev. 5. 1959 The fossil fore of the Jabalpur Series 3. Spores and
pollen grains. — The Palaeobotanist. 8 (1-2), 43-36.

DijKSTRA. 5. §.. 1950: Carboniferous megaspores in Tertiary and Qua-
ternary deposits of southeast England. — Ann. Mag. Hist., Ser.
1213). 865-877.

PisBLEBY, G. W., 1957: Polien analysis of Terrestrial soils. — New
Phytol., 36, 12-28. :

DYAKOWSKA, L, 1948: The pollen rain on the sea and on the coast of
Greentand. — Bull, Acad, Polon. Sci. lewtr. B, 1, 25-33

EpwagrDs, D.. J. B. Ricrarnson & R. G. THomas, 1978: Locality
B9 Heal Senni Quarry, Powys. — Im: Devonian of Scotland, the
Welsh bordertand zad South Wales™’. Ins. Symp. on the Devonian
system. Field guide, Edis. P.F. FRiEND & B. P. J. Wiitianis, The
Paleontological Associatien. 77-78,

EMEry. K. Q.. 1968: Relict sediments on continental shelves of world.
— Am. Ass. Petrol. Geol., Bull,. 52 {3), 445-464.

Enery. K. ©. & L. E. Garrisox. 1967: Sea levels 7.000 to 20,000
vears aga. — Science. 1537, 684-687.

Frigs. M. & N. E. Russ, 1950: Pre-Quaternary polien grains and
spores found in late-phacial and post-glacial clays in Bohuslin, SW,
Sweden. — Arkiv Mineral. Geol.. 1 (7). 199-210.

FUNKHAUSER, | W, 1969: Factors that affect sample reliability, —
In: **Aspect of palynology’™ R. H. Tsciupy and R. AL ScoTT
Edts.. 97-102,

GuzeL. P.. van. 1967: Palynology and Auorescence microscopy. —
Rev, Palacobot. Palynol., 2, 49-79.

Grav. 1. & A. J. Boucor, 1975: Color changes in Pellen and Spores:
a review. — Geal. Soc. Am. Bull., 86, 1019-1033.

GrooT. J. J.. 1963: Palynological investigation of a core from the
Biscay Abyssal Plain. — Science. 141 (3580), 522-523.

GrooT. ], ].. 1966: Some abservations or polten grains in suspension
in the estuary of the Delaware river. — Marine Geol.. 4. 409-416.

GrooT. ]. & C. Groot, 1964: Quaternary stratigraphy of sediments
of the Argentine Basin. — Trans, N.Y. Acad. Sc.. Ser. 2, 20
881-886.

GrossGevat, D A., 1971: In: Palinclogicheskiye issledovaniyz v Be-
lorussii i drugikh rayonakh $SSR {Palynologic Studies in Belorus-
sia and Other Regions of the USSR), Nauka i Tekhnika Press,
Minsk, 1971,

Grosscevat, D. A.. 1973: In: Metodicheskiye voprosy palinologii
{Procedural Aspects of Palynology), Nauka Press, 1973.

GRUAS CaVAGNETTO, C., 1970: Microflora et microplancton des Wool-
wich heds (Swanscombe, Kent). — Pollen et Spores, 12 (1), 71-82.

GuEnnEL. G. K., 1963 Devenian spoies in a Middle Silurian reef, —
Grana Palynologica, 4 (2), 245-261.

Guy. D. 1. E.. 1971: Palynologicat investigations in the Middle Juras-
sic of the Vilhelmsfalt boring, southern Sweden. — Publ. Inst.
Min. Palaeontol, Q. Geol,, Lunds Univ,, 168, 1-104.

HaGEMANN, H. W, 1967: Umgelagerte Karbonsporen aus den Riit-
lias-Schichten S.E. Luxemburgs. — Puebl. Serv. Geol. Luxem-
bourg, 17, 207-221.

Hatt, J. W. & N. J. Norrox, 1967: Palynalogical evidence of floristic
change across the Cretaceous-Tertiary boundary in Eastern Mon-
tana, L1.S.A. — Palaeogeogr. Palaeoclim, Pataeoecol,, 3, 121-131.

HAVLENA, V., 1956: Spory karbonskych valovnu kenetového uhli 2
karpatské kridy (Plant spores of the Carboniferous cannet coal peb-
bles from the Carpathian Cretaceous). Engh. summ, — Cas. Miner,
Geol. Ceskosh., 1 (4), 344-351.




Hernerirn, G. F. W. & K. F. pE Bogr, 1974: Palynology of Rhaetisn,
Liassic and Dogger strata in the eastern Netherlands. — Geol.
Mijnb., 53, 343-368.

Hiss, L. V. & S, Watrack, 1970 Reworked Devonian megaspores
from the Triassic Bjorne Formation, Melvitle Island, Arctic Ca-
nade. — Bull. Can. Petrol. Geol., 18 (1), 113-114.

Hittatann, W., 1967: Uber die Sporenfithrung des Kernprofils des
Bohrung Contern, F.G.11. (Umterer Lias Luxembourg). — Publ.
Serv, Géol. Lusxembourg, [7, 136-2006.

HouaH, | L., 1934: Redeposition of microscopic devonian plant fossils.
- Jour. Geol., 42 (6), G46-648.

Hughes, N, F., 1976: Palacobiology of angiosperm origing, Problems
of Mesozoic seed-plant evolution. — In: Cambridge Earth Sc.
Series, Cambridge Univ, Press, Cambridge, 1-242,

Isticenko, A. M., 1938: Spore-pollen analyses of the Lower Car-
boniferous sediments of the Dnieper-Donetz Basin, — Tr. Inst.
Geot. Nauk, Ak. Nauk Ukr, 8. 5. R.. Ser. Stratigr. Paleontol.,
17, 1-188 {in Russian).

IvERsEN, ., 1936: Sekundire Pollen als Fehlerquelle. — Danmarks
Geol. Undersog., Raekke 4, 2 {15), 3-25.

Jan pu CHENE, R., 1975: Etude sédimentelogique et paléontologique
d'une coupe tardiglaciaire des environs de Morat {Fribourg,
Suisse). - Arch. Sc. Gengve, 28 {1), 53-006.

Jersey. N, J. pE. 1963; Plant microfassils in some Queensland Crude
Oit samples. — Geol. Surv. Queensland, 329, 1-9,

Jonrxzsox, Ho AL & B. W. THoMmas, [884: Report of the committee
on the microscopic organisms in the border clays of Chicago and
vicinity. — Chicago Acad. Se. Bull,, 1 (4). 35-40.

Jones, D. J., 1958: Displacement of microfossils. — Jour. Sed. Petrol..
28, 453467,

Juvicxt, E.. 1973 Densité des exines de quelques espéces de poliens
et spores fossiles, — Ann. Soc. Géol, Belgique, 96, 363-374.
Kreo, G, 1, N. S, NekrRyaTa & S. A. Kruchek, 1973: Redeposited
spores in Devonian sediments of Belorussia (in Russian). — Dok-

lady Akad. Nauk S3.3.R., 255 (53), 1152-134.

Kroves, M., 1967: Ewdes palynologigues des couches du Tertiatee
inférieur de la région parisienne, L. Spores. — Pollen et pores, 9 (3).
$521-552. )

Kroves, M.. 1968: Ewdes palvnologiques des couches du Testivire
inférieur de 1a région parisienne. 1. Tableaux de quelques especes
et types de sporomorphes. — Pollen et Spores, 10 (1), FE7-128.

Keoves, M., L. Exorent & Z. SzEtey, 1966: Probiémes patynologi-
ques concernant le remaniement des sédimems paléo- et méso-
zojques dans des bassins du Paanonien supériens de Hongrie.
— Pollen et Spores, 8 (2), 315-336.

Kease, E. M. 1972a: Recycled palynomorphs in contineatal shelf
sediments from Antirctica. — Antarct. Jour, LS., 72(7-5). 190-
[91. .

Kesp, E. AL 1972h: Reworked palynomorphs from the west sea
shelf ares. Fast Anearctica, and their possible peological and
palaceclimatologicat significance. — Marine Geol., 13, 145-157.

Korenova, E. V., 1957: Spore-pollen analysis of bottom sediments of
the Sea of Okbotsk. — Tr. Inst. Okeanol. Akad. Nauk S.5.5.R..

Krauser, R., 1922 Ein Beitrag 2ur Kenmnis der Diluvialtiora von
Ingramsdorf in Schlesien, — Neues Jahrb. Miaeral, Geol, Palion-
tol., 104-1 10,

Krawczynska-GrocHotska, H., 1973: Zbiorowisko Sporomoerf w
problach piaskowcow i mulowcow z chwaliszowa w depresji swie-
bodzic (Sudety Srodkowe). — Iast. Geol. Biul., 264, 211-218.

KRrenp, G.. 1933: Das genauere Alter einiger Karbonkohlen-Gerélie
aus der Unterkreide des Nicdersiichsischen Beckens anf Grund
ihrer Mikroflora. — Z. Deut. Geol, Ges,, 104, 468-473.

Laa, K. & R. Porten. 1977 The distribution of palyremorptis in the
Jurassic recks of the Brora Ontlier, N.E. Scotland. — Jour. Geol,
Sec. Lond.. 134 (1), 43-57.

Lunp, J. J., 1977: Rhaetic to Lower Liassic palynology of the cnshore
south-eastern North Sea Basin. —- Danm. Geol. Undersog..
Raekke 2, 109, 1-128.

MaNTEN, AL AL {Ed.), 1967 Palynological contributions to environ-
mental geology. — Spec. fssue, Palaeogeoge. Palacoclim. Patae-
cecol., 3 (1).

MarTin, F., [969: Les acritarches de 1'Ordovicien et du Silurien
belges. Détermination et valeur stratigraphique. — Mém. Inst.
roy. Sc. Nat. Belg., 160, 1-175.

Martix, F., 1974: Ordovicien supérieur et Siturien inféricur & Deer-
lijk {Belgique) — Palynofacies et microfacies. — Mém. Inst. voy.
Sc. Nat. Belg.. 174, 1-71.

MaThER, K. F., R. P. GototawalT & L. R, THIESMEYER. 1942: Pleis-
tocene geology of western Cape Cod, Mass. — Geal. Soc. America
Bull., 33, 1127-1174.

MeLEay, Do M., 1968: Reworked palynomorphs in the Paleocene
Naheola Formation of Southeast Alabama. — Jour. Paleentol., 42
{6), 1478-1485.

Muir, M. D., 1967: Rewerking in Jurassic and Cretaceous spore
assemblages, — Rev. Palaecbot.Palynol., 5, 145-154.

Mur, M. D. & W. A. S, SarJeant, 1978: The palynology of the
Langdale beds (Middle Jurassic) of Yorkshire and its stratigra-
phical implications, — Rev. Palaeobot. Palynal., 23, 193-239.

MuLLer, .. 1939 Palyrology of the Recent Orinoco delta and shelf
sediments. — Micropaleontology, 3, 1-32.

MUNAUT. A, V., 1967: Recherches paléo-écologiques en basse et
movenne Belgique. — Acta Geograph. Lovanieasia. 6. 1-191.
NeeoHaM, H. D., D. Hasis & C. B. Heezen, 1969 Upper Cacboni-
ferous palynomorphs as a tracer of red sediment dispersal patterns

in the Northwest atlantic. — Jour. Geol., 77, }13-120.

Nrwamaxn, K. R. 1966: Redeposited Cretaceous palynomorphs in
Paleccene rocks, Moffat and Rio Blanco counties, Colorado. —
Geol, Soc. Am., Programm. Ann. Meeting, 150-151.

Nissox, T.. 1958: Uber das Vorkommen einres Mesozoischen Sapro-
pelgesteins in Schonen. — Acta Univ, Lund, N.F., 2, }-112.
Norton. N. J. & J. W. Hawt, 1967 Guide sporomorphae in the
Upper Cretaceous - Lower Tertiary of eastern Montana (U.5.A.).

— Rev. Palacobot. Palynol.. 2, $9-110.

Owens. B, 1972 A derived lower Tournaisian miospore assernblage
from the Permo-Triassic deposits of South Devon, England. —
C.R. 7e Congr. Intern. Strat. Geol. Carbon. L. 3569-363.

Owexs. B. & M. Strieil. 1967: Hymenozonotrifetes fepidophytus
Kedo. its distribution 2nd significance in relation to the Devonian-
Carboniferous bourdary. — Rev, Palsecber. Palynol., 1, 141-150.

ParrotH, E. & M. STreEL. 197 1: Corrélations biostratigraphiques prés
de 1 limite Deévonien/Carbonifére entre les facies hittoraux wrden-
nais et les facies bathvaux rhénans., — In: **Colloque sur la strati-
graphie du Carbonifere™” Ed. M. Streel & R. H. Wagner — Con-
grés et cotlogues de I"Universite de Licge, 55, 365-398.

Peck. R.. 1973: Pallen budget studies in & small Yorkshire catch-
ment. — I H. J. B. BIRKS & P. G. WesT (Edis.). Quaternary
Plant Ecology. Wiley, New York. 43-60.

PerrERs. R. A., 1964: Spores in strata of fate Pennsylvanian cyclothems
in the Hlinois Basin, — llinois State Geol, Surv., 90, 1-89.

Prtees, L., 1972 An application of flsorescence microscopy to the
problem of derived pollen in British Pleistocene deposits. — New
Phytol. 71. 735-7062,

Praues. L., 1971 Reworked Mesozoic spores in Tertiary leaf beds on
Mualk. Scotlund, — Rev, Palacobet. Palynol., {7. 221-232,

PotoxIE. R, & G. KRrexp, 19553 Die Sporae dispersae des Ruhrkarbons
— Ihre Morphographie und Stratigraphie mit Ausblicken auf
Arten anderer Gebiete und Zeitabschnitte, — Palacontographica
B. 98, 1-136: 99, 85-191: 100, 65-121.

Poronie, R & S. C. D, San. 1958: Sporse dispersae of the lignites
from Cannarore Beach on the Mafabar coast of India. — The
Palaecbotanist, 7 (2) 121-133.

RicHARDSON. J. B. & S. M. Rasut. 1978: Palynological evidence for the
age and provenance of the Lower Old Red Sandstone from the
Apley Barn Borehole, Witrey, Oxfordshire. — Proc. Geol. Ass..
90 (1), 27-42.

Ronmaxn, S.. 1974: Palynoplanktologic analysis of some Black Sea
Cores, — Am. Ass. Petr. Geol., Mem., 20, 396-410.

RossiGhoL-STRICK, M. & D. Duzer, 1979: West-African vegetation
and climate since 22.500 BP from deep-sea cores palvnology. —
Pollen et Spores, 21 ¢1-2), 105-134.

RuTHERFORD. K. J.. 1975: Reworked Palaeozoic and Nesozoic mio-
spores in the Blakeney salt marshes, Norfolk. — Proc, Geol. Ass..
86 (1 77-80.

Savies, RO W, & A. S, Kxox. 1943: Fossiliferous tills and intertill
beds of Cape Cod, Mass. — Geol. Soc. America Buil., 54, 1569-
1612,

ScunaBel, W, & 1 DrRaXLER. 1976 Sedimentologische, patynolo-
gische und Nannolossil-Untersuchungen in der Inneralpinen
Molasse des Unterinntales unter besonderer Beréicksichtigung

79




von Umlagerungsfakeoren. — N. Jahrb. Geol, Paléont. Abh.. 1531,
325-357.

Schuitz, E., 1967 Sporenpalaecntoiogische Untersuchungen Rito-
Liassischer Schichten im Zentralteil der Germanischen Beckens.
— Palaeontographica, Abh. B, 2 (3), 427-633.

SCHUMACKER-LAMBRY, J., 1978: Palynologie du Landenter inférieur
(Paléocene) 4 Gelinden-Overbroeck/Belgique. Relations entre les
microfossiles et le sédiment, — Lab. Paléobot, Palynol. {ed.) Univ.
Liege, 1-157.

SaTH, A, H. V., 1962: The palaececology of Carboniferous peat based
on the miospores and petrography of bituminous coals. — Proc.
Yorkshire Geol. Soc., 33 (4), 423-474.

Saures, DL G.. 1977 Lower Palaeozoic acritarchs in an Irish Lower
Carboniferous stttstone. — Abstr, Colog. Int. Palinologia, Léon,
Espana.

Sarrd, D G., W. B. Haroanp, N, F. HucHes & C. A, G, PickTon,
1976: The geology of Kong Karls Land, Svalbard, — Geol. Mag.,
113 (3), 193-232.

Stantey, E. A., 1960: Cretacecus and Lower Tertiary Sporomor-
phae from Northwestern South Dakota. — Thesis, Univ. Pennsyl-
vania, University Park, Pa,, US.A., 1-319.

STantey, E. A., 1963a: The use of reworked pollen and spores for
determining the Pleistocene-Recent and the intra-Pleistocene
boundaries. — Nature, 206, 289-291.

STanLEY, E. A., 1965b: Abundance of pollen and spores in marine
sediments off the eastern coast of the United States. — Southeast.
Geol.,, 7 (1), 25-33.

Staniey, E. A., 1966a; The application of palynology to oceanology
with reference to the north-western Adantic. — Deep-Sea Res..
13, 921939

Stantey, E. A., 1960b; The problem of reworked pollen and spores
in marine sediments, — Marine Geol,, 4 (&), 397-408.

Srantey, E. A, 1967a: Cretaceous pollen and spore assemblages
from Northern Alaska, — Rev. Palaecbot. Palvnol., 1, 229-234,

STantey., E. AL, 1967b: Palynology of six ocean-bottom cores from
the South-Western Atlantic ocean. — Rev. Palaeobot. Palynel.,
2, 195-203.

Stapun, F. L., 1960: Upper Mississippian plant spores from the Gelata
Formation, Alberta, Canada. - Paleontographica, B, 107, 1-40.

Starun. F. L., 1969: Sedimentary organic matter. 6rganic metamos-
phism, and oil and gas occurrences, — Canad. Peir, Geol. Buli.,
17 (1), 47-66.

Thomas, R, G., 1978: Locality B16 Huscle Bridge Quarry, Nevland,
S5.W. Dyfed. — In: **Devonian of Scotland, the Welsh bordertand
and South Wales'", Int, Symp. on the Devonian system. Field gui-
de, Edws. P. F. Friexp & B. P, J. Winanms, The paleontoiogical
Association, 89-91.

THompsoN, P. W, 1952 Sekundire Umlagerung pflanzlicher Mikro-
fossifien in kiastischen Sedimenten. — Geol. Rundschau, 44 (1.2),
286-287.

TrRAVERSE, A., 1972: A case of marginal palynology: 2 study of the
Franciscan melanges. — Geosoience and Man, 4. 87-90.

TRAVERSE, A., 1974; Palynologic investigation of two Black Sea Cores.
— Am. Ass. Petr. Geol., Mem., 20, 381-388.

TRAVERSE, A., 1976: Further Franciscan forays (abstract). — Geo-
science and Man, 15, 146,

Traversg, A., K. H. Cuissy & F. Foreman, 1961; Pollen in drilling-
mud *‘thinners*’, a source of patynological contamination. —
Micropaleontology, 7 (3), 375-377.

Turnav, E., 1962; The age of coal fragments from the Cretaceous
deposits in the Quter Carpathians, determined on microspores, —
Bull. Acad. Polon. Sci., Sér. Geol. Géograph., 10 (2), 85-90.

Turnat. E., 1970: Plant microfossils and palacogeography of the
Carboniferous coal deposits in Polish Carpathians. — Instyt, Geol.
Biul., 235, 163-244,

TurnEgs, C.. 1970: The Middie Pleistocene deposits at Marks Tey,
Essex. - Philos. Frans. Roy. Soc. Lond,, B257, 373-437,

UpsHaw, C. F. & W. B. CReaTH, 1963: Pennsylvanian miospores from
a cave deposit in Devonian limestone, Caliaway County, Mis-
souri. — Micropalecntology, 11 (4), 431-448.

VANGUESTAINE, M., 1966: Etude palynologique quantitative dans deux
carrieres du Crétacé supérieur de la Vallée de la Meuse. — Acad.
roy. Belg., Classe des Sciences Se Serie, 32 (11), 1534-1548.

VANGUESTAINE, M., 1978: Acritarches du Famennien supérieur du
sondage de Tohogne (Belgique) et corrélation biostratigraphique

80

transcontinentale. — Palinologia, 1, 481-489.

VANGUESTAINE, M., 1979: Remaniements d'acritarches dans le Siege-
nien et F'Emsien (Dévonien inférieur) du synclinorium de Dinant
(Belgique), — Ann, Soc. Géol, Belgique, 101, 243-267.

VENKATACHALA, B, 5., 1969: Palynology of the Mesozoic sediments
of Kutch, W. India. 7. Reworked permian pollen from the Upper
Jurassic sediments - a discussion, — The Palaeobotanist, 18 (1),
45-49.

VIENOZINSKIENE, A. & N. VasiLEva, 1971: Palynological indications
of the early Jurassic deposits in the southern part of the Balticam,
— In: Palynological Researches in the Baltic Soviet Republic.
Riga, 19-31 {in Russian),

VIRBITSKAS, A. B. & L. L. KHAYTSER, 1977: Redeposited miospores in
Permian and Triassic sedimentary rocks of the Pechora Basin.
- Mosk. O-vo Ispyt. Prir. Byull, Otd. Geol., 52 (6), 115-121.

WaLe, D., B. Date, G. P. Lopsany & W, K, Saith, 1977: The
environmental and climatic distribution of dinoflagellate cysts in
modern marine sediments from regions in the North and Sonth
Atdlantic oceans and adjacent seas. -— Marine Micropal., 2, 121-
200,

WikinsoN, G. C., 1975: Palynomorphs from the Toarcian and Lower

Bajocian Sediments of the Yorkshire Basin, — Dissertaticn, Univ,
of Sheffeild, 241 pp.

Wittians, D, B. & W. A, 5. SARJEANT, 1967: Organic-walled micro-
fossils as depth and shoreline indicators, — Marine Geol., 5,
389-412.

Witams, G. L., 1963: Organic-walted Microplankion of the London
Clay. — Thesis, University of Sheffield, 423 pp.

Witson, G. J., 1968: On the occarrence of fossil microspores, pollen
grains, and microplankton in bottom sediments of the Ross Sea,
Antarctica, — N.Z. Jour. mar. Fresh Wat. Res., 2, 381-389.

Wusox, G, J., 1973: Palynology of the Middle Pleistocene Piki bed,
cape runaway, New Zealand. — N.Z. Jour. Geel. Geophys., 16
(3). 345-354.

Wiisox. L. R., 19644: Recycling, stratigraphic leakage, ard fauity tech-
nigues in Palynology. — Grana Palynol., 5 (3}, 425-430.

Wison, L. R., 1965: Palynologicat age determination of 2 rock section
in Ti valley, Pittsburg County, Oklahoma. — Oklahoma Geol.
Notes 25 (1), 11-18.

Winpie, T. M. F., 1979: Reworked Carboniferous spores: an example
from the Lower Jurassic of Northwest Scotland. — Rev. Palaeobat.
Palynol., 27, 173-184,

Winstow, M, R., 1962: Plant spores and other microfossils from Upper
Devonian and Lower Mississippian rocks of Ohio. — Geol. Surv.
Prct. Pap., 364.

ZAGWIN, W. H., 196}: Vegetation. climate and radiocarbon datings
in The Netherlands. Part I Eemian and early Weichselian, —
Meded. Geol. Sticht,, N.S.. 14, 15-45.

Zacwin, W. H. & H. J. VEENSTRA, 1966: A pollen-analytical study
of cores from the cuter silver pit, North Sea, — Marine Geol,. 4,
539-551.

ZERNDT, |, 1932: Versuch eirer stratigraphischen Bestmmung von
Steinkohlen-Gerdlten der Karpaten auf Grund ven Megasporen.
Bulk. Acad. Polon. Sci. Lett., Ch Sci. Math. Nat., Sér. B.. 1-9.




