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ABSTRACT: The Greensood expoSed at NasU6w 00JCl Booh()t.nica netalr Kaziroierz­
-on-Vdstu:lra (Middle V:iJstula VaUey, Cenlbra~ PoIMld) ccmtaialls di'\TOOSIe u~ 
Maalstmchti:aJnaOO. Dani:aJn fossils. One may here Idi~h the phJol;ij)hatized 
M:aaJs't!richtialIl, wnphosphlatized Malastlt'ichtial!l alnid the DaIlliiam assemblages. Theiir 
()CCUNence in the GreensaJI1id i:s a resu[t of cOIndensation and mixing processes, 
aIOOl1ig which the most . ~t were: the formation of the Il'esidual :tag cwnpa';ed 
of fossils anidcc)TI<cretio.ns, amd the verltical disjplaceme.nJt of sed!i:ment · I8JI1d foosils 
by iJnfaruInaIl organisms. · The !l.'ec.ogmrt.ion of the complex hmtory of fossdll atssemblages 
in COM.ectiiool with ~meal.lj;ologicaIJ. data ;permiits to. place the OretalCeOlll$lTertiary 

ibOUIlidaa.'y withilll. the Greensarui, just below the ;reslidual lag. 

INTRODUCTION 

In the fastyeatsour understanding of the condensation and mixing 
phenomena has increased significantly · (see WENDT 1970; FtffiSICIi 
1971, 1978; BAIRD 1978, 1981; SEILACHER 1985; MARCINOWSKl &: 
WALASZCZYK 1985; WALASZCZYK 1987). In the present paper the 
authors demonstrate these phenolIlena and their meaning for the local 
stratigraphy on the example . of the uppermost Maastrichtian/Danian 
G;reensand exposed at Nasil:6w and Bochotnica near Kazimierz-on-Vistula 

. .' - . ... . .. 

in the Middle Vistul~, Valley, Central Poland (Text-fig. lA), The occur~. 
rence of Maastrichtian ;, and Danian assemblages in this unit caused up 
to now si:gnificant divergences in op'inions on its strntigraphical posit1cm 
(KONGIEL ·1935,' 1958; . POZARYSKI 1938; POZARYSKA 1952; POZA­
RYSKI. &POZARYSKA 1960; POZARYSKA· 1965; BLASZKIEWICZ 
1980; KRACH .1974, ·,1981; RADWAN'SKI· 1985; ABDEL-GA,WAD 1986). 
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GEOLOGICAL SETTING 

The" Gr~,en$ahd exposed at Nasil:6w and Bochotnica ·terminates'th~ 

mid- and Upper Cretaceous sequence exposed along the Middle Vistula 
Valley, between Annopol-on-Vistula and Pwawy (POZARYSKI 1938, 
MARCINOWSKI & RADWANSKI 1983). Geotectonically, this sequence 
belongs to the Border Synclinorium (see MARCINOWSKI & RADWAN­
SKI 1983), forming a simple monocline with a gentle regional dip of 
about 3° to NE (POZARYSKI 19.38) 

The Greensand overlies the sequence of siliceous limestones (so-called opokas) 
capped with a hardground of the uppermost Maastrichtian age (BLASZKIEWICZ 
1980, ABDEL-GA W AD 1986) , and is overlain by the gaizes and limestones of the 
so-called Siwak (Text-fig. 1). The Siwak was regarded as of Danian age by KON­
GIEL (1935, 1958), POZARYSKI (1938), POZARYSKA (1952); RAt)'W ANskt(1985) 
and ABDEL-GA WAD (1986). On the contrary, POZARYSKI & POZARYSKA (1960), 
WOZNY (1964), POZARYSKA (1965), KRACH (1974, 1981) regarded this unit as 
being of Montian age. 

The authors accept the Upper Danian age of the Siwak as stated 
recently by RADWANSKI (1985). This age is confirmed by the authors' 
own investigations of planktic , f.oramJnifers being the mOst meaningful 
gr~up , for ' the iowermost T'ertiary stratigr~phy~ ' 'Among this . grotip, ' in 
the samples ,from Nasil:6w and Bochotnica .the following taxa werere~ 
corded: Globoconusa daubjergensis (BRONNIMA:NN),Subboti'na . pseudo; 
bulloides(PLUMMER), S. trivialis (SUBBOTINA), S.' varianta (SUBBO­
TINA).They a,11 form a t.ypical Danian assemblage (see HANS~N 1970ai 
b, SALAJ; 1980, MOORKENS 1982). The assemblage of G. daubjergensi~ 
(BRONNIMANN) from the Siwak has the mean dialrieter value of the 
last whorl 160-170 J.l.m; these values are comparable with those obtained 
by HANSEN (1970a) for the populations from Middle/Upper Danian of 
Denmark. Many benthic foraminifers cited by POZARYSKA (1965) as! 
indicating the Montian age of the Siwak were found later in the un­
questionably Danian deposits (SALAJ &. al. 1976,HAGN & al. 1981) 
and some others are aragoniticones and as such tbey are not good 
guide fossils (HANSEN 1970b). 

THE GREENSAND 

The base for the Greensand is formed by an intensively burrowed 
hardground which terminates the uppermost Maastrichtian siliceous 
limestones (Text-fig. 1B-C and Text-fig. 2). Following the classifiCation 
of KENNEDY & GARRISON (1975a, p. 325) it is an incipient hardground 
with a cemented part up to 1 m thick and with soft, strongly brecciated 
opoka cover ca. 20 cm thick (Text-fig. 2A-B). The most characteristic 
fea ture of the hardground are well visible burrows Thalassinoides ' sp. 
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A - GeologkMskekh-malP of the studded area, B - Lilthostratd:graphic column 
of the sequence, C - Close-up view of the GreensaJnd (phoSlPhaiic layer 1,s anowe d) 
and the ,underlying hardgrQUlnid as exposed in t'he Bochotll1ica qua,rry (taken from: 

ABDEL-GAWAD 1986, Text-fig. 10) 

hg - hardground capping the siliceous limestones, G - Greensand, S - Siwak 
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As~emblage of phosphaJUzed Maa·strich1;oian fOSlSil.s Drom the GreensCIlnd 

All specimens from Nasil6w, except of 10 and 13 from Bochotnica; taken in nat. size, except 
otherwise stated 

1-3 - Sponge fra,gments ; 4 - CrasateHa sp.; 5 - MutieUa coarctata ZITTEL; 
6 - Nucuta truncata NILSSON, X 2; 7 - Hoptoscaphites constrictus (SOWERBY), 
X 2; 8 - ? Micraster vistulensis KONGIEL, X 1.5; 9 - MerkHnia variabitis (v. HA­
GENOW); 10 - NeoHothyrina obesa (DAVIDSON); 11 - TU'rriteHa ISIP.; 12 -

Imbricaria timburgensis BINKHORST; 13 - CElI'ithHd .g·a s.trOjpod, X 1.5 



fMAASTBICBTIANIDANIAN GREENSAND 

and Ophiomorpha saXonica ' (GEINITZ) filled with the greensand. Parti­
cularly 'intensive burrowing is confined to the soft opoka cover :which, 
as a result acquires abreccia appearance (pseudobreccia -se,nsu ' BROM­
LEY 1975, BOTTJER 1985). 

The Greensand itself is about 0.5 m thick layer of marly glaucoriitic 
sandstone, pale to dark green in, color, and composed 'of angular quartz;' 
glauconite 'and microfossil tests (mainly of the foraminifers) set' in the 
marly matrix. 

The foraminifers are 'represented primarily by the benthic ,forms., 
Among the planktic ones the typically Cretaceous Heterohelicidae do­
minate, though there also occur (cf. POZARYSKA 1965) such Danian 
forms as Globoconusadaubjergensis , (BRONNIMANN) and Subbotina 
pseudobtilloides(pLUMMER). 

The greensand' bears no depositional textures and only in some 
deeper and , larger burrows within the underlying hardground the 
primary lamination is preserved (Text-fig. 2B). It is worth noting that 
in the laminated parts the Danian foramindfe:r:s are completely absent. 

I f~~iburrOW5"SPOnge~,~o-
, , " " , , morpha ' 

'. I·:~;I~;:l faun~lrem~ins 
P1ig. 2. Detai!led views of the Ckeensand 8IDId the underlying ~0UDd 
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Numerous burrow~ Thalassinoidessp.,Chondutes sp. , and,~" 'Spon·ge .. 
libmorpha" 'annulata KENNEDY are ' present within ,:the sediment -,(Text ... 
-fig. 2). They were also found in the earlier-burrow fillings in the under..;: 
lying hardground. , 

In the, upper part of the Greensand , there is :a ,distinct, layer : (Text­
-fig. ', 1B-C and , Text-~ig. 2) with abundant nodular phosphates ' ,and 
very rich unphosphatized Maastrichtian , and Danian, fossils (see KON~ 
GIEL 1935, KONGIEL & MATWIEJEWOWNA 1937, KONGIEL 1962; 
POPIEIrBARCZYK 1968, KRACH 1981, RADWANSKI 1985, ABDEL­
-GA WAD 1986). ; ;, ' 

THE FOSSIL ASSEMBLAGES 

Three groups of fossils may be distmguished within the Greensand 
basing on their stratigraphical ranges and state of preservation. These 
are: the phosphatized Maastrichtian assemblage, the unphosphatized 
Maastricl),tian,assemblage, and the ,Dania:n assemblage. 

The phosphatized Maastrichtian assemblage is represented mainly 
by sponges? internal. ~oulds of ,brachippods, "bivalves and g!lstropods, 
ancl, also by, beleWnite guards' , w.ith' phQspha~~z·e~.alveola:r ' ~illings , as 'Ye~l 
as, by 'Tare sha~kteethandvertebrae ''(Ta/b~e'-l ' ~nd , Pl.l,' ;Figs i~i3,>. 

' Numerous , ~pizoa~ '(Spondyhl!s, Placunopsis ':and Pyc~odcinte) ' ~n~ 
boringlll. :(iChnogene~a" T(llp~:na and Trypanites) are present' in the be­
lemnite ' gti~rds; ' :a~d ' forlr?-er ',oones also , on ' th,e ' ~p,onge~ (fi. , 2, ' ~ig: :' 3). 
S~uouS, surface: j!anals occurring ori' , ~ome, ' of: 'tl?-~ .. rri.o,~~~: are ' rat:b;e~ 
burrows produced':priot: tothe~ filling became hard' aIid\llhen the , shell 
was still preSenf(eomp~ref.'ORSICH & al. ,1981, HENDERSON &. McN.N.-
MARA 1985), :,,' '" ' ' ,. ~ " ' , : " ,:,'::< 

One fe~ture::'of the phQspli'atized asse':tl:).blage ~eserves spe,cial ,atten­
tion. '. Tl'rls ' aS~emblag~ ' is ,, ~ignW~antly , dif£~rent ".fro~: . that ' preserved 
Wi~hin Jhe unde~lyillg' hardgroun.d. The ' upp~rtnost ', Ma.astri~ht~~~ , h~rd­
giOUnd. ' assemblage' ' is dominated" (see ABDEL-GA WAD 1985):,.J)Y,: bi­
valves ': and ga~~rop~4S of, the ' ge~er~ , A1?~rrh'd8~, Lyropecten, Limop,¥ts 
TiLrrltella; and , Dpi8;'-as well as anm,ionites HopZo8~aphites constntitis 

, ", 1 ' 

(SOWE!.tBy) ' and Bdculites spp;" Very characteris~ic are also : giant "ga;-
strop6ds votutisP£r~a k~zimiri(KRACH) ~ and so~e bivalves, like" Phola:" " t ~ ~. . . .;, . . I .. ~ . ' . ' , : 

domya,and ' Pa'ttopea: j Th~~e ,fprms are absent : pr ' very; 's(j!~rc~ : ~ : ijl~ 
phosphatized assemblage (with exclusion of Lyropecten): Thi$ 'concern~ 
above all the 'ammonites. The authors fourid- -only two fra'gm.~pt~x:y 
specimens of ,Hoplos~aphites , co~trictus (SQ~RBY)"~eirig ' the ; fir~ 
ammonite finding in the Greensand (PI. 1, Fig. 7). On the 'o1!:hel'"hand, 
some forms not ,known -wI(hifi~ t~~ hardgr()up,d ,~ppea,r_ {~ee . T!l~lf)l.)¥ 
the phosphatlzed' falina,fOtinBtance Crasatellaap: arid ' Imbr~~rta";li1hi-
burgen~~ .,~}.NK.:l!Q~t$'f~ 
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Pthos.pha tized Maas/ta'ichtiran c<JIl1cretions from the Greensamd 
All specimens from Nasil6w. except of 1 from Bochotnica; taken in nat. size 

1-2 - Bw-row fillings; 3 - concre't!ionedSlpom,ge with artlt-ached Spondylus .s,p.; 4 -
bU:m'lOwed and scraltched ooncretiOl11.; 5 - aJIlOlther caIlJCretdon with a bull'll'OW in it'S 
cent-re (note scratch markis iIns:de the burrow); 6 - the same concreti<Jll1 :f.ro.m the 
o.ppos-i-te side; 7 - IPOI~9hed section, to Ishow 1Sit1'ongrly phoSIPhatized zone along the 

,ffia!l'g,i/n of the (;OIllc:retion 

I 

I 
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Assemblage of Da.ndan fossils firom the Greensa'lld of Bochotnica 
1 - Ampulosptra austrtaca (TRAUB); 2 - Scaphella crentstrta (KOENEN); 3 - Clavtttthes 
sp.; 4 - Cucullaea volgensts BARBOT; 5 - Dtplodetus depressus (KONGIEL} 

Assembla'ge of unphos,phatized Ma,astri·ahiiaJIl frus'Hs from .the Green·sand of Bo-
ehobnilCa 

6 - Belemnella kaztmtrovtensts (SKOLOZDROWNA); 7 - strongly abraded and bored 
fragment of a Belemnella guard; 8 - Oxytoma dantca (RAVN), X 2; 9 - Netthea sexcostata 
(WOODWARD); 10 - Mtmachlamys sp. ; 11 - Lyropecten acutepltcatus (ALTH); 12 - pycno­
donte vestculare (LAMARCK) 
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Some phosphatized Maastrichtiart' fossils are enclosed in phosphatic 
concretions. These concretions bear numerous burrrows with scratch 
marks ,(P12,Figs 4-:::-:-6), . suggestizlgc:r:ust~.ceans, as , pr.o~ucers (compare 
F'(ffiS!CH . '1979, BA..tRP . 1981, ' FtJRSICH~I,& "at ' .. 1981)~ Some tubullar 
Specimens up to 10 cm long represent probably fillings of larger burrows 
(PI. 2, Figs 1-:-2). 

Very rare borings (ichnogenus Gastrochaenolites) and epizoans (Gry~ 
phaeostrea) were found in some concretions. 

The moulds .and .concretions vary. from pale brown to black ineolor; 
They are built of phosphatized (with fluorapatite as revealed by X-ray 
diffraction analysis), occasionally highly glauconitic limestone. IIi most 
specimens the strong phosphatization is confined · to the marginal zone 
(PI~ '2; Fig. 7); ' 

The whole phosphatized material is well comparable to" those des": 
cribed from the lithologically similar Cretaceous sequences of England 
(KENNEDY & GARRISON 1975b) and the USA (FtrRSICH & al. 1981)~ 
Concretions and moulds represent probably early diag~netically cement": 
ed carbonate m.aterial which subsequently underwent superfi~ial phos": 
phatization, similarly as demonstrated by KENNEDY .& GARRISON 
(1975b) for the Cenomanian Glauconitic Marl phosphorites. 

Among the rich fauna noted in the Greensand ther~ Qccur many 
;Uppermost Maastrichtian forms being not phosphatized (Table 2; PI. 3; 
Figs 6-12). This concerns mainly single valves of calcitic bivalves and 
prachiopods, isolated plates and spines of ethinoids, belewnites and 
sponge fragments . . Some double-valved brachiopods and bivalves are 
'filled , wIth opoka, · viz. N eoliothyrina obesa (DA VIDS.ON), Carr,Leithyris 
spp;; · Kingenella kongieliPOPIEL-BARCZYK, Cretjrhynchia limbatct 
(SCiILOTHEIM), Lyropecten (lcuteplicatus (ALTH). The " others~re fill ... 
ed ' \Yith greenSand, for instance Neoliothyrina o~esa (DAVIDSON), Car':' 
'ne~hyris spp. Kingenella kongieli POPIEL-BARCZYK, Cretirh.ynchia, 
woocf,wardi (DA V~DSON) and Gyropleura inaequirostrata(WOOD. 
WARD)., ';' 

Whe*eas the majority of fossils are fragmentary, th,e state of pre1 . 
servation of oihers is very good (cf. KONGIEL 1958, ' POPIEr;..BAR~ 
CZYK 1968, RADWANSKI 1985), as evidenced mainly by brachiopods 
with· complete brachidia and belemnite guards with very thin alveolar 
walls. j 

. . . . -- .:,, ; .... i 
A distinct group, regarding its state of preservation, is represented 

by aragonlticbivalves arid gastropods ocCurring ~as 'me mo.utds·· aind im­
prints (PI. S, Figs 1-4). These which were determilrled to the species 
level are ineqUivocally of the Danioo age (Table 3; see als6 KRACH 1981). 
In the ~okof coniti'adi~torYp~(:t1i~ .,~uth~ aBS\lJri~. theDanum'a~ 
for the il"emaining fauna' with 1;he;; same":Siate .Of ~ation(.Table , :8->': 
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Table 1 

Assemblage oflPhosphaitilZed Ma8iS'trdOOtian fossillts from the . GreOO.saoo 

,. 

» (1) 
bII ' 

~ Trophic s:: as 
Systematic, groups 50 category 

.r-. 

(1) 41 
r-. ·bII· 
r.:. < 

, . 

SPONGES ' . . "A ep. SF 
, , 

SOLITARY CORALS: 

Caryophyllia sp. R ep. SF/C ., KIT 
Trochocyathw;; sp. A ep. SF/C KIT 

POLYCHAETES: 

Sclerostyla septenaria 0 ep. SF K 

BRACHIOPODS: , . 

N eoliothyrina obesa F ep.SF K 
Carneithyris spp. A . ·ep. SF KIT 

BIVALVES: 
, 

Nucula trimcata F · iJn. DF K 
Nucula sp. F ~n. DF KIT 
Arca SIP· R ep. SF . KIT 
Lyropecten acuteplicatus A ep. SF K 
Merklinia variabilis R ep. SF K 

. Neithea sexcostata R ep. SF K 
Spoodylus sp_ R ep. SF . KIT 

, Placunopsis sp. R' ep. SF K 
Limea granulata R ep. SF K 
Limatula sp. 0 ep. SF KIT 
Pycnodonte vesiculare 0 ep. SF K 
Gryphaeostrea canaliculata R ep. SF KIT 
Rhynchostreon suborbiculatum R . ep. SF, K 
Lucina sp. R in. SF KIT 

Fimbria sp. R in. SF KIT 
>, 

Mutiella coarctata R in. SF K 

Crasatella ,sp. 0 in. SF KIT 
. Pleuriocardia noeggerathi 0 in. SF K 
Tellina sp. R 'in. SF KIT· 
Trapezium trapezoidale R in. SF K 
Gyropleura inaequirostrata It ep. SF K 

.; .. 
" '" 

. FBEQUEl\ilCY: R :-:-' rare, 0 ...,.. occasionai, F -fr~quent. A - abundant 

, Trophlc 'categories after W ALKER& .. BAMBACH (1974): ep. - epifaunal,ID~-,.. 
infauIlal, . sL-:-, semiilifaunill,"D · ~riectic; SF, - ,suspensiotf feeder, DF .:..... deposit 
fc!eder, B -browser; 8' ~ scavanger. ,0 -;" carnivore . .. ' 
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. ' , . - , ~ .. " . . . ... 0 '· . 
.. 

" 

~ 
Cl) 

. -. . .. -.. . .- - --_ . " --" 110 

Systematic' ; ~ lTophic ~ 
groups ::I category 

I-t 
C' 

~ ~ 
Cl) 
I-t rz, . " 

, 
GASTROPODS: 

Pleurotomaria sp. R ep. B KIT 
Emarginula sp. R ep. B KIT 

; 
Cerithiidae indet. 0 B KIT. ep. 

. , 

Turritella plana R si. SF K 
l TUrtitelila R sf. 'SF 

. .. 
KIT , sp. , 

Vermetklae indet. ,R si. SF KIT 
, ~e~phora sp. R ep. B KIT 

NatiCa cretacea 0 in. C K 
" 

! 
i TritOnJ.:um sp. 0 ep., C KIT 
i 

Imbricaria Hmburgensis R ep. C K , 
F ~ Ringicula sp. ep. C KIT \ 

Cylichna sp. 0 ep. C KIT 

CEPHALOPODS: 

Belemnella kazimiroviensis F n. C K --. ; 

constrlCtus 
! 

Hoploscaphites R n. C K , 

: ECHINOIDS: , 
?MicraSlter vistuleI1JSis R si. , DF end. 

, 

F~SHES: 
' , 

I Sha:r:k teeth and vertebrae 0 n. C 

! AGE: KIT - forms passing the Cretaceous/Tertiary boundary, 'K - forms re- , 
stricted to the Cretaceous, T - forms restricted t~ the Tertiary, end. - endemites 

, TAXONOMY of the fossils and their ranges based on: l..OPUSKI (1911-1912), ' 
KRACH (1931, 1981), KONGIEL (1935, 1949, 1962), KONGIEL & MATWIEJEWOW- ; 
NA (1937), POPIEL-BARCZYK (1968), PUGACZEWSKA(1977),ABDEL.;.GAWAD 
(1986) as we:1J. as: WOODS (1889,.1913), ROSENKRANTZ (1960), GLIBERT (1973), 
GLIB;E:RT & VAN de pOEL (1973), HElNBERG(1979), BELYAKOVA & al. (1981), 
AMITROV & al. (1981), DHONDT (1982). ' 

To this assemblage there must be included also some echinoi~ (PI. 3, 
Fig. 5), ,oysters, serpuli:ds and perhaps also the moulds of some 'solitary 
coral,Sas may be coo.cluded basing on their presence in 'the Siwak. 

The distribution .of the Danian maorofossils within the Greensan.d is 
uneven. The majority of the specimens are to be found in the phosphatic 
layer; · while only 'few (mainly bUril"owing Nucula arid Cucullaea) occur 
beneath. 

6 
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Table 2 
Assemblage of UIrl;PhOSlPhatize:d MaBSbricbtlan fossi:ts from the Greensand (ex,plaina­

tiOIllS the same as for Table 1) 

I 
, >. ' ,. Q) 

Systematic ~ Til"opbic § 
groups g. lot 

category 
Q) 

~ ~ 
., -, 

SPONGES 
, " 

A ep. SF 

POLYCHAETES: , ," ' " , ', 

Sclerootyaa septenaria F ep. SF K 
Glomerula gordialis 0 ep. SF KIT 

" 

BRACHIOPODS: 

Neoliothyr.iJna obesa F ep. SF K 
Carneithyris spp. A ep. SF , . .;. KIT 
'Kingenella kongielJi F ep. SF K 
Cretirhynchia limbata F ep. SF K 
Cretirhynchia woodward! R ep. SF K 

CIRRIPEDES: 

Cretiscalpellun'l sp. R ep; SF ," K 
", . 

BIVALVES: 
Oxytoma dandca 0 ep. SF " . K 

, Mimachlamys cretosa 0 "'ep~ SF K 
Mimachlamys sp. (close to fonns 

from opoka) F ep. SF K 
Lyropecten acuteplicatus A ep.:iSF . ... ' K 
Lyropecten pulchellus R ep. SF K 
Neithea sexcostata R ep.. SF K , 
SPOI!ldylus rerratus R ep. ,SF K 
Atreta niIssooi 0 ep. SF K 
Plagiostqina cretacea R eP. SF K 

" 
Plagiostoma hoperi F ep.SF K 
Limatuia sp. R ep. SF , KIT 
Pyenodonte vesiculare , ' , A ' ep. SF K 
Hyotissa lunata R ep. SF K ' 
Hyotissa semiplana R ep. SF K 
Gryphaeootrea canalicu1ata A ep. SF KIT 
Gyropleura inaequiros-trata R ep. SF K 

CEPHALOPODS: 
, Belemnella kazimiroviensis ,A n.C K 

Belenmella pensaeIlJSis R n. C K 

ECHINOIDS: 

Typocidarisserrata A ep. B/S/C K 
Phymosoma sp. " 0 ep~ B/S/C 'K 

.' 
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. Table 3 
Aissemblage . ol DIindan ·rossils fl"O'm the · Greensand (exp1aOOtians the same as ftJlr 

. ll'aIble 1) 

Systematic groups 

" . 

. ; . 

SOLITARY CORALS; 

Stephanocyathys , sp. 

POLycHAETEs: ; . 
GIQmerula gordialis 

BIVALVES:r ' 

Nucula sW: . 
. CueuIlaea voIgensis 

'., GTyiphaeOstrea ' eanaliculata 
Cyrena ' sp.· . :.. . .. 

: Crasatella 1krachi 
Crasatella SIl. 

' PholadoII,lya , sp. '(close to forms 
from Silwak) 

:GASTROPODS: 

; .1.'. Cerithiidae indet. 
Rhinoclavis sp. 

,Aropulospira austriaca 
'EuSpira' . detriia 
AttllogeS gracilis ' . 
Col:um!i>al'ium ' heber,ti ' 
Clavilithes Sip. 

ScaphePa crenistria . 
l:;t!rcula lip. . . "" . ,: : , 

ECHINOiDs: 

: :i>ipJOd~Us ' depressUs 
EChinocorYs cf. rectus " 

;.. 
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FAUNAL CONDENSATION AND MIXING 
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The uppermost · Maastrichtian unphosphatized fosS:i.1s filled witlb. the 
g]auconitic:o,sedjment .represent indigenous animals which lived dU!l'ing 
sedimentation of the glauconitic sands in the latest Maastrkhtiansea 
(compare KQNGIEL 1958,POPIEL-BARCZYK 1968, RADWANSKl-1985). 

. ! 
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The same may be probably stated. also on the majority of other Maas­
trichti'anunphosphatized: fOsslls, -especi:ally' on.those.characiep:zed. by 
a very good state of preservation." 

. The' Source of ph~hatized fO&'ills is more problematical, but ~form~~ 
~ion: ' on their origin is provided by an analysis of lithology and tam"; 
poniic composition 'of the phosphatized assemblage .. 

The phosphates could have nOJt been formed originally within the 
preensand. This is indicated by, the original lithology. of the phosphatized: 
~aterial; being completely different from 1ihe SUl'l'Iounding sandy sedi-' 
jrnent. They could have 'not been formed also through the ph~hatiza~ 
~ion:of the op6.ka fi'agments from the underlying hardground; what was 
~uggested recently by RADWANSKI (1985). This is eviden,c~ py: m high; 
glauoonite content in some nodules not observ.able in . the hardgi-otin,d,: 
~d (ii) >differences ' iJn t'axonOmic c·ompoS1ition of'~thephoophatized and! 
hardground faunal assemblages. Thus, two possibilities conceroing .the' 
!birth; place of ,the phosphatized concretions and fussilsmay ~ con"'; 
~idered: (i) theiphosphates come from any place -qutside, tl;1e"9tudied! 
~,or ' (ii) they' are derived from a call'bo:t;l,ate Unit . form~rly._' present 
jnthe discussed area and: removed later by er<OSion withr-emaining: 
early cemented nodules and fossils forming a :kind' Of the ' 'residual l:ag 
(comPare POZARYSKA 1965, RAD'YANS~I198~) deposited along the; 
~urface at which the ~0Il had stopped., The authorS accept th~ 
~econd possibility as any significant lat~l transport should be excluded 
basing on a lack of any differentiation ,in sizel or in state otpreservation: 
oftQe phosphatized. material between the outcrops, .an<i on t~e lack of' 
their rounding.' . 

The tilmingof ·· the tesiduaI lag formatiOIl~~d ; the" ~l'Iosion of the 
carbonate unit is not obvious.' These phenomena could have taken place 
both in the uppen:nost MaastrichtialIl and in theLow~randior . Middle' 
panlan. The authors regard the second case as more'probahle :''due to 
the '~xistence of a strattgraphic gap in the sectiton, oomprisiilg .the,Lower 
aIllId Mliddle Danian. The Danian time of the erosional event is' evidenced' 
aLso by the lack of inequivocally MaastrichtialIl epibionts on t.he'surfaces 
of moulds and. concretions. Thus, the Cretaceousfrertia:ry ,_bou,ndary 

. should be placed within the Greensand. just below. the'layer with 
abundant phOSjphatesand fossi1s(Text-fig. lB). 

Danian :£ossils ooncentrated together with Maastirichtian ones in the 
uppermost part of the Greensand clearly 'l'epresent an 8S!3emblage co­
lonizing the sea-bottom after the 'erosional event. But 1ihe presence of 
the Danian micr,c).;. _ and milClrofosSils below the ' residual. ·lag ·.needS a 
sepaxate · discussion. Their spotty: or patchy occurrence, the presence 
among them of mainly burrowing bivalves, and the· 'OOCU1'l"eIlce· of the 
Danian 'foraminifers only in ' the burrowed (non-laminated) parts 'Of the 
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greensand well prove the secondary introduction .of the Danian elements 
ipto the MaastrichtiaiIl deposits through the activity of infauna. Ana­
~ogical cases have lI'ecently been recognized by FV'RSICH (1978), MAR ... 
CINOWSKI & WALASZCZYK (1985) and WALASZCZYK (1987). 

I The life activity of inf,auna is a very effective factor in mixing o~ 
the bottom sedimoot. It was demonstrated in many ~ecent shallo~ 
marme enviroiIlments (RHOADS 1967, CLIFTON & HUNTER 1973, 
ALLER 1982, TUDHOPE & SCOFFIN 1984). ' According to the expert';' 
mentSby CLIFTON & HUNTER (1973), du,e to ,an "undermining" 
activity of inf.auna the ' rock fragmentS' lying originally on the: bottom 
are introduced in short time into theserurnent down to 30 cm. Similat 
depth . of mixing w,as observed in the mid-Cretaceou;s sequence at Alino­
pol-on-Vistulli (MARCINOWSKI & WALASZCZYK 1985,. WALASZ­
CZYK 19~7). 

l':wo grou:ps ;0£· infauna had pr.obably the greatem; significance in the 
bioturbatianal process. These are bUrr.owing crustaceans, e.g. producerS 
9f the "SpongeLiomorpha" burrows (KENNEDY 1967) crossing both the 
residual lag alnd the pUire gree:nsand beneath (Text-fig. 2), and deposit­
':'feeding nniculids very commOIl in the Danian assemblage. In modern 
~nvi:r:onments the activity' of the latter group has a great bearing on the 
bottom , reworildng (see ALL ER 1982; and references in BAIRD 1981). 

THE' GREENSANDDEVELOPMENT , , 

':S~inm~rlzmg the above considerat~ons one' may cexnciudiethat the 
Gre€msand a,ppeam to. be a result of a complex history of redepooftion, 
condensation: ' and , ntixmg. : Four . stages of its . developmoot may he di­
stinguiShed basing on sedimentological and paleontologicalda.ta (Text:" 
-fig. 3). : ' . . . 

stage ;1; (upper~ost Maastricbtlan) 

Reneval of the sedimentation after its stop during the hwdground 
foormation, deposition of the greensand followed by the carbonate unit 
sedirpentation (Text.,.fig. 3A). 

. • ,~ ... j • , ', '. ' .... . .'-

stage 2 (uppermost Maastrlcbtian) 

Stop ·of sedimentation and the early diagenetic cementation ' of the 
sub;%rate, al~g V\Tilth burrowingO¥gan~ act~vity (Text-fig. 3B); 

Sta~~ '3 (L~wei' andior Middle · n.nlan) ... 
~': l' ; '1 : "d " : ' .... ... 

.. ·· Eroston:o£ the carbonate unit arid formatiexn of the residual lag(Text­
-fig. 3Q)alang WitlFphosphatizat1exn oft!he~ car~te ooncretions: .aIi.d 
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-.. - : .. -~ ., 

moulds in a way proba:bly analogical to that postulated by KENNEDY 
& GARRISON (1975). 

Stage 4 (Upper DaniaD) 
. . 

SedimenrtaJti.on · of thegaizes, i.~. theSiwak, and mottlilng of the·sedi..;. 
meIllt by dilVerse infaunal biota (Text-fig. 3D). leading to !!Ul intense 
rewor.king and vertical displacement of sediment g.raiJns, phos,phatic 
nodo1es and the DanianandMaa.s1:richti!a.nfossilS even into the burrows 
within the underlying '. halrdg].'!ound (btirrow-m:-bur,row strgcturesJ .. . :.;~ " 
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c 

D 

Fig. 3. Reconstruction of the Greerwmd deve1opment; detalled explamJtionS in 
the text 

SUMMARY AND CONCLUSIONS 

An analysis of the stn-atigraphical ranges and the preservation state 
and d:ist:ri!bution of the fossil assemblages preserved within th~ Gree.nsand 
provides a lot of i:nforma,tion about the history of sedD.mentatiQllof thiS 
UJnlit; Three assemblages are to JJedistinguished: unph()lSphatized Maas-­
trichtian, ·.phosphatized Maastrichtian and the Danian assemblage. The 
recognition of thecoroplex hiatory of these asSemblages permits to ·place 
the Cretaceous/Tertiary boundary just below the residual lag abounding 
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in phosphorites and fossils. Up to now the Greensand was regarded as 
of uppermost MaastrichtialJl age (KONGIEL 1935, 1958; POZARYSK~ 
1938; RADWANSKI 1985), or as of either Danian or Mcmtian age (PO­
ZARYSKI & POZARYSKA 1960, WOZNY 1964, POZARYSKA 1965, 
Bt.ASZKIEWICZ 1980, KRACH 19B1). Such a significant disagreement 
in opinions was caused by the fact thatt particular authors based their 
conclusions either -on Maastrichtian or -on Paleocene {Danian or Montian) 
elements present in the Greensand. In , the "Paleocene" interpretation 
the Maastrichtian fossils wereregrurded as redeposited from the under:­
lying deposits (e.g. POZARYSKA 1965, BLASZKIEWICZ 1980, KRACH 
1981). This ~tudy, like many others (e.g. FnRSICH 1978, SEILACHER 
1985, MARCINOWSKI & WALASZCZYK 1985), shows that a simple 
model may sometimes be unsufficient and that any stratigraphical and/or 
ecological concluSions must be preceded by a careful taphonomical 
analysis of the whole fossil assemhlage oontained in a given sedimentary 
unit. This also corroborates the significance of infaunal organisms in 
the formation of drasticlithological houndalries wtthin diverse sedi­
mentary sequences (see BAIRD 1978, 1981; EKDALE & BROMLEY 1984; 
MARCINOWSKI & WALASZCZYK 1985; WALASZCZYK 1987). 
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M. MACHALSKI i 1. WALASZCZYK 

KONDENSACJA I WYMIESZANIE ZESPOŁÓW FAUNISTYCZNYCH 
NAJWYZSZEGO MASTRYCHTU I DANU 

W PIASKOWCU GLAUKONITOWYM NASIŁOWA I BOCHOTNICY 

(Streszczenie) 

P.laiskOlWoiec glaukOlIlMowy odslandający się w ka,mienJiJołamacll w Na,saowie 
i Boohotnicy !koło Kazimieo:v.a IIlQJd Wisłą (patrz fig. 1-2) zaJWiera boIgaity i zrMm.i­
cowany zestaIW sikaJm:ieniaiości najwyższego ma,s'tryclJ.flu ! da;nu (por. POżARYSKI 
1938, KONGIEL 1962, POZARYSKA 1965, KRACH 1981, RADW AlIlSKI 1985, 
ABDEL- GAWAD 1986). Na podstawie ana1Lizy zasięgów wiekowych i staJnu zacho­
wania poszczególnych fOll'lIl1 wy:ró:lJnlić moŻiIlia trzy ~ Sk:amieniallości: sfOlSfaJty­
zawany ma&t4'ychdkJJ (patrz tab. 1 ora·z pl. 1), llIi.esfOlSfatywwany mastlryobclkd (patrz 
tab. 2 oraz PL 3, fig. 6--12) i dańslci. (patrz rtIaJbi. 3 00'arz. pl. 3, fig. 1-5). W~łwy­
stępawam.ie ilch IW pial!ikowcu ~aukonitowym jest :r~ procesów ilrondensacji 
i wylInies7JlllIllia" spośr6d lld;6:rycil najłwamiejsze było IPOW'Stande rezyduaBnej wamtwy 
lronkJrecji oraz piOIliO'We ;przenUeszaJl11e ooadiu' i skamien.iałOŚlCii pri7.eZ OO'~mny 

i.n.faUlIl8ilne (lSkorUlPiakd i małże). Oba :te procesy . rodały miejsce w danie. ReIron­
strulreja hiStOll'iii zespołów Skamieniałości w połączen.liu z wyndIkami anailizy sedy­
menłol.ogic7Jllej (patrz Pl. 2 oraz fig. 3) pazwaila umiejscawdć ganicę kil'Elda/b.'zecio­
rzęd w obrębie piaSkowca ~uko.ndtowego tuż poniżej :rezy1duahlej W&'lStwy z lli.cz-
nymi kanlm'ecjami II. fauną'. . . 
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