
INTRODUCTION

The bivalves are the group of molluscs that is

commonly used to decipher the palaeoenvironment

of fossil benthic assemblages (Kaim 1997, 2001

and references therein). This is favoured by the

fact that bivalves are fairly common animals in al-

most all Mesozoic and Cainozoic marine environ-

ments. Additionally, bivalve shells in most cases

are, at least partially, composed of calcite that usu-

ally preserves well in the fossil record. Further-

more, bivalve shells are relatively easy to extract

from the majority of host rocks. The functional

morphology and/or ecology of Recent species is

well researched, giving us a powerful tool for

palaeoecologic investigations (e.g., Stanley 1970).

In contrast, scaphopods are much less researched

and their Mesozoic fossil counterparts are rela-

tively poorly known. Papers dealing with the tax-

onomy and phylogeny of Recent scaphopods are
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relatively new (Steiner 1992; Lamprell and Healy

1998; Steiner and Kabat 2001; Reynolds 2002) and

these topics are still a matter of debate. Addition-

ally, the environmental preferences of particular

fossil and Recent scaphopods need further and more

detailed studies (compare Reynolds 2002). This

paper offers some distribution patterns of both bi-

valves and scaphopods and attempts to contribute

palaeoecological information for reconstruction of

the depositional environment of the ore-bearing

clays (an informal lithostratigraphic unit compris-

ing marine dark-coloured clay with horizons of

siderite concretions) in southern Poland.

MATERIAL AND METHODS

The material analysed herein comes from the large

brick-pit “Gnaszyn” located on the western outskirts of

Częstochowa (Text-fig. 1). The section exposes mainly

Middle Bathonian clays of Subcontractus, Morrisi, and

Bremeri zones age (Matyja and Wierzbowski 2006). The

samples from Gnaszyn were taken from three different

quarry walls (Text-fig. 2). Samples from the north-east-

ern quarry wall (Text-fig. 2; samples Gns32–38 and

Gns1–13) are from the lower and middle part of the suc-

cession. Samples from the southern area (Text-fig. 2;

Gns24–31) document the uppermost part and samples

Text-fig. 1. Simplified geological map of the Częstochowa area (A – after Majewski 2000) and location of the Gnaszyn clay-pit (B – after Matyja and Wierzbowski 2003)



from the north-western wall (Text-fig. 2; Gns14A–22) du-

plicate the middle part of the succession. For more details

on sample locations see Gedl and Kaim (2012 this issue).

The samples (about 5kg each) were taken from each

lithologically distinctive horizon of the section. They

were washed with hot water and washing powder on a

sieve (mesh size 0.375 mm) and the fossils were picked

from residues under the microscope. All bivalves were

counted and identified to generic and/or family level

whenever possible, whereas the scaphopods were di-

vided into four morphological groups. Gastropods and

shark teeth from the same samples were the subject of

separate studies (Kaim 2012 this issue; Rees 2012 this is-

sue).

THE SUCCESSION OF BIVALVE AND SCAPHO-

POD ASSEMBLAGES IN THE GNASZYN SECTION

Bivalves and scaphopods from Gnaszyn are repre-

sented by 4715 and 2402 specimens respectively. Bi-

valves are represented by twelve families and scaphopods

have been attributed to four morphological groups (Table

1). In most cases, the shells are preserved with primary

microstructure but most of the specimens are juveniles

and/or fragmented. Adult or adolescent specimens of

both bivalves and scaphopods were found only in the up-

per part of the succession (samples Gns27–28). Surface

collecting was also attempted; however, larger bivalve

specimens are very rare and only a few specimens of
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Text-fig. 2. Lithological logs and sampling of the Gnaszyn sections (from Gedl and Kaim 2012)
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Bositra, Pholadomya, Pinna, Pleuromya and Goniomya
have been recovered. In some levels (see below), how-

ever, some astartids attain larger sizes. A rarefaction

analysis performed on the samples from Gnaszyn

(Text-fig. 3A) has shown that in the more diverse sam-

ples (e.g., Gns14A, Gns27, Gns28, Gns33, Gns34)

75% of taxa are contained in a subsample of 50 to 100

specimens while in the less diverse samples (Gns1,

Gns2, Gns4, Gns17, Gns19, Gns20) a subsample size

of 30 specimens contains the full diversity. Out of 40

samples investigated, 8 contain less that 30 specimens

(Gns6, Gns16A, Gns23, Gns24, Gns26, Gns29, Gns35,

Gns37) though even in some of these (e.g. Gns16A)

the rarefaction curve flattens off nicely (Text-fig. 3A).

On the other hand, some other samples (e.g. Gns26)

are clearly too small (Text-fig. 3A) to represent the full

diversity at that level. The sample rarefaction curve

(Text-fig. 3B) flattens off nicely at the 10

th

sample, at-

taining a bivalve diversity of 10 taxa in the Gnaszyn

section.

Text-fig. 3. Rarefaction curves and neighbour joining clustering for bivalve samples in Gnaszyn obtained using PAST software (Hammer et al. 2001). A – Curves for indi-

vidual samples. Not all curves enumerated, prefix Gns omited from the sample numbers for the clarity of image. Note that nuculid-corbulid-dominated samples (e.g., Gns1, Gns2,

Gns4, Gns17, Gns19, Gns20) flatten off at a much smaller sample size and are of lower diversity than astartid-oxytomid-dominated samples (e.g., Gns14A, Gns27, Gns28, Gns33,

Gns34). B – Sample rarefaction curve of the bivalve samples from Gnaszyn with 95% confidence intervals. Note that the curve flattens off after the 10

th

sample attaining the 

diversity of 11 bivalve taxa. C – Neighbour joining clustering, Morisita similarity measure with root final branch algorithm. Note good clustering of the astartid-dominated 

samples next to a cluster containing astartid-oxytomid-dominated samples followed by mixed-composition samples and finally nuculoid-corbulid-dominated samples 



Bivalves

Bivalves in the sieved samples: Bivalves in the Gnaszyn

section are moderately common, of low diversity, and

the number of valves in individual samples ranges from

4 to 366. Many samples yielded only a few bivalves

(Gns06, Gns16A, Gns23, and Gns35). Only a few sam-

ples provided more than 100 valves (Text-fig. 4) and this

usually coincides with the mass occurrence of deposit

feeding nuculoids (mainly Nuculana, Mesosaccella and

subordinately Palaeonucula) which constitute 60% of

all bivalves found in a sample. Less common, but in

some samples abundant, are astartids (17%), corbulids

(10%), oxytomids (5.2%) and trigonioids (1.2%). The

contribution of other groups (arcoids, inoceramids, os-

treids, pectinids, pteriids and veneroids other than as-

tartids) is usually less than 1% (Text-fig. 4). 

The lower part of the succession (samples Gns32-34

and Gns14A) is dominated by deposit-feeding nuculoids

and shallow infaunal suspension-feeding veneroids

(mainly astartids) and corbulids, with a significant con-

tribution of epibyssate oxytomids (Text-fig. 4). The higher
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Table 1. Distribution of bivalves and scaphopods in the Gnaszyn section



sample (Gns35) is impoverished in the number of spec-

imens, most probably due to diagenesis, as gastropods in

the same sample are also rare and usually re-crystallised

(Kaim 2012, this issue). The overlying sample (Gns36)

contains diverse bivalves (nuculoids, astartids, oxyto-

mids, trigoniids, inoceramids, pectinids, pteriids, corbu-

lids and arcoids), but its most striking feature is an abun-

dant appearance of juvenile ostreids. Higher up, the

bivalve fauna is significantly impoverished in taxonomic

diversity and heavily dominated by nuculoids and cor-

bulids. This is clearly visible in both sets of samples en-

compassing this part of the succession (samples Gns37–

08 and Gns17–22). Still higher, corbulids decline and

nuculoids are the sole dominant group, with some addi-

tion of inoceramids, pteriids, oxytomids and trigoniids

(samples Gns09–10 and Gns24–25). Slightly higher

(samples Gns11–12 and Gns26–27), similarly to the low-

est part of the section (samples Gns32–34 and Gns14A),

the astartids become again one of the dominant groups.

Also corbulids reappear in this part of section but, sur-

prisingly, only in the southern quarry wall (samples

Gns26–27) and not in the north-eastern quarry wall

(Gns11–12; Text-fig. 4), showing that there is some lat-

eral variation in this part of the section. In the highest ob-

served part of the section (samples Gns13 and Gns28–31)

still dominant are nuculoids, shallow burrowing astartids
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Text-fig. 4. Most common bivalves in the Bathonian (Middle Jurassic) ore-bearing clays in Gnaszyn. A, B – Pinna sp., subadult specimen collected in life position

above sample Gns24; C, D – Grammatodon (Cosmetodon) sp., juveniles from sample Gns17; E – Parainoceramus sp., juvenile from sample Gns23; F – Corbulid

(most probably Varicorbula sp., juvenile from sample Gns14A; G – Myophorella sp., juvenile from sample Gns14A; H – Mesosaccella sp., juvenile from sample Gns16;

I – Nuculana sp., juvenile from sample Gns20; J – Oxytoma sp., juvenile right valve from sample Gns14; K – Oxytoma sp., juvenile left valve from sample Gns31; 

L – Unidentified ostreid from Gns24; M, N – Nicaniella (Trautscholdia) sp., juvenile from unregistered sample corresponding to sample Gns27 



and byssate oxytomids. Pectinids, pteriids and trigoniids

also contribute significantly to the overall diversity of

these samples. It should be noted that the astartids in the

upper part of the succession are represented by fully

grown, complete shells of Nicaniella (Trautscholdia) spp.

Other bivalves: Some other bivalves have been found

but were not observed in the processed samples. These

include epibenthic Bositra and infaunal bivalves of the

genera Pholadomya, Pleuromya and Goniomya (Gedl

et al. 2003 and our own data). Some of them possess

delicate shells which probably could not survive the

processing on the sieve. These bivalves, however, are

sparsely distributed and do not occur in large numbers.

Some bivalves, e.g. hiatellids and epibyssate bakevel-

lids have been found only in the wood-fall associations

described from Gnaszyn by Kaim (2011) and Schnei-

der and Kaim (2011).

Scaphopods

The scaphopods in the Gnaszyn section are moder-

ately common apart from samples Gns27–28 where

they appear in large numbers (Text-fig. 5). A striking

feature of the scaphopods in Gnaszyn is that they usu-

ally do not attain large sizes. The only relatively large

scaphopod has been found in a sunken wood associa-

tion (Kaim 2011, fig. 3D) between samples Gns18 and

19. We divided the scaphopods into four morphologi-

cal groups. The most common is the Laevidentalium-

type group (46.5% of all scaphopods) which dominate

the samples where scaphopods are less numerous (sam-

ples Gns38–05, 10–13, 16A–21, 24–26, and 29–31).

The Dentalium-type group (23.5%) appears in the sam-

ples with more numerous scaphopods. It occurs espe-

cially in samples Gns34, 37, 07–08, 16A, 21–22, and

27–28, apparently in levels close to siderite concretion

horizons (Text-fig. 5). The absence of scaphopods at

some concretion horizons (samples Gns35, 09, 16, and

23) resulted, most probably, from diagenetic processes

that apparently also affected the bivalves (see above)

and gastropods (Kaim 2012, this issue), which are both

rare or absent. The Plagioglypta-type group (29.9%) is

common only in a few samples with the most numer-

ous scaphopod fauna (Gns06–08, 21–22, and 27–28).

This group is especially abundant in sample Gns28,

where over 600 specimens were counted. The

Episiphon-type group is represented by a single speci-

men from sample Gns06.

BIVALVE AND SCAPHOPOD ECOLOGY IN THE

GNASZYN SECTION

This chapter summarises information on the ecol-

ogy of the bivalves and scaphopods occurring in

Gnaszyn section by comparisons with their living

counterparts.

Bivalves

Nuculoida: Nuculoids are protobranch infaunal bi-

valves, collecting food using palp proboscides (Reid

1998). We recognised members of two nuculoid fami-

lies: Nuculidae (Palaeonucula) and Nuculanidae (Nu-
culana, Mesosaccella). The nuculids burrow to a very

shallow depth, remaining close to the sea bottom (Reid

1998). The nuculanids have a foot forming two large

lateral flaps which allow rapid burrowing. Detritus

feeding might be supplemented by suspension filtration

using the gills (Reid 1998). As the ecology of both fam-

ilies is similar we treat them together in our analysis.
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Text-fig. 5. Scaphopod morphologic groups recognised in the Bathonian (Middle Jurassic) ore-bearing clays in Gnaszyn. A, B – Plagioglypta -type, most probably Plagio-

glypta undulata (Münster, 1844), sample Gns28; C, D – Laevidentalium-type, sample Gns1; E, F – Dentalium-type, sample Gns27; G–J – Episiphon-type, sample Gns6



Arcoida: Arcoids in the Gnaszyn section are repre-

sented by members of the family Parallelodontidae

(mostly Grammatodon). Our arcoids are represented

by elongated morphotypes (Text-fig. 6C–D), strongly

suggesting an epifaunal mode of life (Stanley 1970),

most probably as byssate epifaunal nestlers (Newell

1969; Boyd 1998).

Pterioida: Pteriidae: Pteriids are represented by Pteria
and some other forms with unidentified generic affiliation.

Pteriids possess elongated hinge lines, a character that

possibly serves to separate the inhalent and exhalent cur-

rents (Stanley 1970). Many of the Recent winged pteri-

ids live on alcyonarians (Stanley 1970) and/or attached to

seagrass and clumps of dead shells (Butler 1998).

Pterioida: Inoceramidae: The inoceramids in Gnaszyn

are represented by juveniles of Parainoceramus sp.

(Text-fig. 6E).

Pterioida: Pinnidae: The shells of Pinna in Gnaszyn

were encountered in two layers (just above Gns14 and

in between Gns24 and Gns25) in life position (Text-fig.

6A–B) but they were not found in the rock samples

analysed herein.

Ostreoida: Ostreoidea: The ostreids in Gnaszyn are

represented mainly by juveniles of both Ostreidae

(Text-fig. 6L) and Gryphaeidae (possibly Liostrea).

Pectinoida: Oxytomidae: Oxytomids are an extinct

group of inequivalve pectinaceans that most probably

were byssally attached to the substrate. Duff (1975,

1978) regarded these bivalves as ‘pendent’ species

byssally attached at some distance above the sea floor.

He suggested that they could have lived as pseudo-

plankton on floating algae (Duff 1978, p. 11), while

Oschmann (1994) suggested that oxytomids lived

byssally attached to the tests of ammonites resting on

the sea floor. Kaim (2001) found that occurrences of

oxytomids are strongly correlated with occurrences of

cementing oysters. It is thus not necessary to assume

a pseudoplanktonic mode of life. Moreover, Stanley

(1970) argues that bivalves with inequivalve shells

usually rest on one side with the sagittal plane either

horizontal, or at an oblique angle to the vertical. Oxy-

tomids are represented in Gnaszyn by Oxytoma (Text-

fig. 6J–K) and Meleagrinella.

Pectinoida: Pectinidae: Pectinids in the Gnaszyn sec-

tion are represented by Camptonectes and some other

unidentified forms with auricle asymmetry. This latter

character and the low umbonal angle strongly suggest

that these bivalves were byssally attached to the sub-

strate. Johnson (1984) provides an extensive discussion

on the ecology of Camptonectes, stating that its Juras-

sic species were apparently byssally suspended (tightly

fixed). He also suggests that some species of Camp-
tonectes frequently occur in association with Pinna, the

latter serving as a byssal attachment site.

Trigonioida: Trigoniidae: This family is the only liv-

ing branch of the Trigonioida, an order that was much

more diverse in the Mesozoic (Newell and Boyd 1975;

Francis and Hallam 2003). The Recent Neotrigonia is
a highly active burrowing mollusc that dwells in

coarse shallow-marine sediments. It lives with the

posterior margin of the valves projecting above the

sediment (Darragh 1998; Francis and Hallam 2003).

Although the majority of Jurassic trigoniids are in-

terpreted as shallow water, numerous species are con-

sidered to have lived in quiet and relatively deep en-

vironments (Francis and Hallam 2003). Trigoniids in

Gnaszyn are represented by Trigonia and Myophorella
(Text-fig. 6G). 

Veneroida: Astartidae: Recent astartids are sluggish

shallow-burrowers, active at night (Slack-Smith 1998b).

They live with the posterior margin of the shell close to

the sediment surface (e.g., Zakharov 1970; Slack-Smith

1998b). Astartids in Gnaszyn are represented by the gen-

era Astarte, Neocrassina and Nicaniella (Trautscholdia)

(Text-fig. 6M–N). The latter subgenus is known to live

in organic-rich muddy environments; its articulated

shells were also found associated with a complete ple-

siosaur skeleton in the Callovian (Middle Jurassic) Ox-

ford Clay (Martill et al. 1991). This might suggest that

these suspension-feeding bivalves were able to tolerate

conditions depleted in oxygen.

Myoida: Corbulidae: Corbulids are shallow burrowers

living up to depths of 350 m (Lamprell et al. 1998).

They commonly build shell-beds slightly beneath the

sediment surface (Lewy and Samtleben 1979) which

are known in the fossil record since the Triassic (e.g.,

Kaim 1997). The burrowing rate of corbulids is very

low, so they usually have difficulties in escaping after

a burial event (Lewy and Samtleben 1979) but other-

wise they are opportunists which are capable of cop-

ing with different adverse conditions e.g., salinity,

oxygen and turbidity (Lewy and Samtleben 1979;

Homes and Miller 2006; Hrs-Brenko 2006; Wesselingh

2006). The corbulids in Gnaszyn are represented by

Corbulomima and Varicorbula (Text-fig. 6F), which

are believed to have been attached to the substratum by

byssal threads (Duff 1978).
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Text-fig. 6. Sample size and vertical variations in relative abundance (%) of the most common bivalves in the ore-bearing clays in Gnaszyn; for stratigraphy see 

Matyja and Wierzbowski (2006) and Gedl and Kaim (2012). A – Section A; B – Section C; C – Section B
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Text-fig. 7. Sample size and vertical variation in relative abundance (%) of scaphopods divided into morphological groups in the ore-bearing clays in Gnaszyn; for 

stratigraphy see Matyja and Wierzbowski (2006) and Gedl and Kaim (2012). A – Section A; B – Section C; C – Section B
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Scaphopods

Detailed taxonomical study of the scaphopods from

the Gnaszyn section is still pending. The most common

are scaphopods with smooth shells (with only growth

lines visible), weakly curved, increasing slowly in di-

ameter, and widely elliptical in cross-section. We re-

ferred this group to the Laevidentalium-type (Text-fig.

7C–D). The scaphopods with longitudinal ribs we re-

ferred to the Dentalium-type (Text-fig. 7E–G), and

small, strongly curved shells, slightly triangular in cross-

section in the anterior part and ornamented with dense,

inclined anterior annulations, we referred to the Pla-
gioglypta-type (Text-fig. 7A–B). The fourth, Episiphon-

type (Text-fig. 7G–J) group, is represented by a single

specimen having a small shell, triangular in cross-sec-

tion and with an irregularly longitudinal pattern on its

surface. All scaphopods are euhaline benthic micro-

carnivores inhabiting all types of soft bottom environ-

ments (Palmer and Steiner 1998). Scaphopods range

from the littoral to the abyssal zones (Palmer and Steiner

1998) and most of them consume foraminifers (Dina-

mani 1964; Reynolds 2002). Duff (1975) noted negative

correlation between the abundance of scaphopods and

foraminifers in the Oxford Clay. A similar pattern was

observed by Kaim (2001) in Valanginian clays from

Poland. According to Wignall (1990), scaphopods de-

cline rapidly in abundance in organic-rich facies, sug-

gesting low tolerance to oxygen depletion. On the other

hand, some scaphopods are known to be associated

with ichthyosaur skeletons (Martill 1987) and methane

seeps (Goedert and Squires 1990).

PALAEOECOLOGY OF THE BOTTOM ENVIRON-

MENT AS INFERRED FROM THE SUCCESSION

OF BIVALVE AND SCAPHOPOD ASSEMBLAGES

The full-marine salinity of the section is proved by

the continuous presence of diverse echinoderms (Gedl

et al. 2003, 2006) including crinoids, ophiuroids, aster-

oids, holothurians and echinoids. Gedl (2012, this issue)

argues that subtle changes in dinoflagellate cyst distri-

bution in the middle part of the section may reflect

slightly reduced salinity in the surface waters but it

seems that it did not affect the bottom waters, which re-

mained fully marine. Although the depth of the basin is

a matter of discussion (Gedl et al. 2003; Wierzbowski

and Joachimski 2007), it seems that the clays were de-

posited on the outer shelf below the photic zone (Gedl

et al. 2003). The sediment surface was well-oxygenated,

as suggested by the continuous presence of scaphopod

molluscs (apart from samples Gns9, 23, 32, and Gns35,

in which the absence of scaphopods is most likely due

to diagenetic processes). Moreover, the majority of geo-

chemical environmental indices: (TOC/S, Ni/Co, V/Cr,

U/Th, (Cu+Mo)/Zn ratios, the content of authigenic

uranium, and the relationship between TOC-Fe-S), point

to oxic conditions of the sediment surface (Szczepanik

et al. 2007). Though the surface layer seems to have

been oxygenated, the deeper parts of the sediment were

most likely dysoxic/anoxic, as has been suggested by the

DOP (degree of pyritisation) and V/V+Ni indices

(Szczepanik et al. 2007). It is also likely that there was

some seasonal variation in oxygenation level (higher

levels of organic production in summer promote lower

levels of bottom oxygen), as proposed for the Kim-

meridge Clay by Oschmann (1994). It seems that the

presence of a relatively thin layer of oxygenated sedi-

ment might be responsible for the small size of the

molluscs (e.g. scaphopods) inhabiting the sea bottom.

Such reduction in size of the animals in stressed envi-

ronments is known from modern communities (Gray

1989). Nevertheless we could not observe any con-

vincing indications of stunting by adverse conditions, as

proposed for the Bathonian of England by Johnson et al.
(2007), albeit we cannot dismiss it unequivocally with

the data to hand. 

The bivalve associations in Gnaszyn section are

dominated by nuculoids. This group of deposit-feeding

protobranchs is present in all the samples analysed. This

dominance is especially well pronounced in the middle

part of the section, where nuculoids contribute to over

80% of the bivalve association. The other group pres-

ent there are corbulids. These bivalves are rather slow

infaunal suspension feeders with low capability to es-

cape after a burial event. It seems that the sedimenta-

tion rate was low enough to allow development of the

corbulid communities. In periods with dominance of

nuculoid and corbulid bivalves the scaphopods are rep-

resented mainly by Laevidentalium-type species. 

The nuculid-corbulid domination in the middle part

of the section suggests that the sediment they inhabited

was very soft, possibly with some variation in oxygen

content. The soupy bottom surface and oxygen-defi-

cient deeper sediment is also consistent with the sedi-

mentological and ichnological observations of Leonow-

icz (2012, this issue) who found out that the middle part

of the section contains the lowest amounts of the sandy

fraction, small amounts of shell detritus and the ubiq-

uitous occurrence of the ichnofossils Chondrites and

Trichichnus, considered as indicators of oxygen-poor

environments (Ekdale and Mason 1988; Löwemark

2003). The soupy sediment-water interface could also

have been responsible for the general paucity of the

epibenthic fauna (e.g., Rhoads and Young 1970; Etter
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1990). The presence of a few laminated horizons (albeit

secondarily obliterated by bioturbation) (Leonowicz

2012, this issue) and the uncommon occurrence of the

bivalve Bositra may suggest that, at least temporarily,

the bottom waters were deoxygenated (see e.g. Os-

chmann 1994; Wignall 1994).

The composition of the bivalve and scaphopod as-

sociations in the upper and lower parts of the sequence

is clearly different from that of the associations of the

middle part. The associations in the upper and lower

parts are dominated by astartid bivalves, with some

contribution of byssate oxytomids and a predominance

of Dentalium- and Plagioglypta-type scaphopods. The

occurrence of astartid-rich associations correlates well

with the coarsening of the sediment; Leonowicz (2012,

this issue) reported the highest amounts of the sandy

fraction in the uppermost and lowermost parts of the

succession. Moreover, the ichnofossil assemblages show

the highest diversity in these intervals. We noted also the

presence here of larger bivalves, including the mud-

sticking Pinna in life position as well as the infaunal

Pholadomya, Pleuromya and Goniomya, though we

have not encountered them in the analysed samples. The

samples displaying the domination of astartid bivalves

are also the most distinct both in neighbour joining

clustering (Text-fig. 3C) and principal component analy-

sis (PCA; Text-fig. 8). In the neighbour joining the as-

tartid-rich samples form a distinctive cluster (Text-fig.

3C) which consists of samples Gns11, Gns12, Gns14A,

Gns27, Gns28 and Gns34. A sister cluster contains as-

tartid-oxytomid samples (Gns13, Gns14, Gns30, Gns

32) next to mixed samples (Gns8, Gns29, Gns32,

Gns33, Gns36). The remaining samples form a nucu-

loid-corbulid cluster. The PCA shows a distinct group-

ing of astartid-dominated samples along the astartid

loading, especially clearly visible in the PC1-PC2 graph

(shaded area in Text-fig. 8A). The remaining samples

are distributed almost linearly along the nuculoids load-

ing. Therefore, it seems to be plausible that the factors

controlling the distribution of astartids and nuculoids are

the most important for sample composition. The first

two components in the PCA are responsible for as much

as 92.83% of the entire variation (Text-fig. 8D).

The abundance of heavily-ornamented sluggish as-

tartids suggests that the water-sediment interface was not

soupy, though still soft. The appearance of byssate bi-

valves and ostreids in some samples apparently indicates

the appearance of substrates for their attachment. More-

over, Witkowska (2012, this issue) argues that the iron

carbonate concretion layers in Gnaszyn, which precip-

itated from pore fluids of the host sediment during early

diagenesis, correspond to periods of better bottom oxy-

genation and a lower sedimentation rate.

COMPARISON TO OTHER BENTHIC ASSOCIA-

TIONS

Comparison of assemblages obtained from Gnaszyn

with published ones is somewhat difficult due to the dif-

ferent sampling strategy. Quantitative palaeoecological

studies are usually based on surface collecting (e.g.

Duff 1975; Wignall 1990; Oschmann 1994), which are

usually biased towards larger specimens (see discussion

in Brayard et al. 2011). Only rarely do the data come

from sieving the samples (Kaim 2001, 2011). Never-

theless, it seems that the bivalve associations from

Gnaszyn fit well into the pattern known from other

Jurassic bivalve black-shale associations. The most

similar is the Kimmeridgian–Tithonian Kimmeridge

Clay associations from England (Wignall 1990; Os-

chmann 1994). It seems that the astartid-dominated

associations in Gnaszyn are similar to the A14 (Cor-
bulomima/Neocrassina) or B3 (Trautscholdia/Corbu-
lomima) associations of Wignall (1990) and correspond

well to the bivalve associations from the lowermost Up-

per Valanginian of Poland (Kaim 2001).The nuculoid-

corbulid-dominated samples in Gnaszyn are more sim-

ilar to the “Nuculacean shell bed biofacies” of Duff

(1975) from the Callovian Oxford Clay. The latter as-

sociation comes from shell beds which are interpreted

as omission surfaces and therefore biased by time-av-

eraging. The presence of Bositra and laminated sedi-

ment in some layers (though not found in the analysed

samples) strongly suggests temporary dysoxic/anoxic

conditions, as suggested from analogous Lower Juras-

sic clays in Switzerland (Etter 1995, 1996) and some

horizons in the Kimmeridge Clay (Oschmann 1994).

Judging from the samples analysed herein and in Kaim

(2001), there is a distinct sequence in the occurrence of

small bivalves in clay sediments in relation to increas-

ing oxygenation and/or substrate consistency. The most

dysoxic/anoxic conditions are characterised by the

dominance of Bositra, which is subsequently replaced

by nuculoids, followed by astartids and then arcoids.

CONCLUSIONS

The bivalve and scaphopod assemblages in Gnaszyn

section suggest an outer shelf environment. The middle

part of the section is dominated by nuculoid and corbulid

bivalves and Laevidentalium-type scaphopods. The clay

in this part contains only a small admixture of the sandy

fraction and shell detritus (Leonowicz 2012). The abun-

dant presence of deposit-feeding nuculids associated

with corbulids and the general paucity of epibenthic bi-

valves strongly suggests a soupy water-sediment inter-



face. Moreover, it is quite likely that there were also

some restrictions and/or fluctuations of oxygen content

in the sediment. The continuous presence of small

scaphopod molluscs suggests, however, that at least the

surface part of the sediment was oxygenated. Such a sce-

nario is well supported by the geochemical (Szczepanik

et al. 2007), sedimentological and ichnological

(Leonowicz 2012, this issue) data. The lower and upper

part of the succession is dominated by astartid bivalves

and Plagioglypta- and Dentalium-type scaphopods.

These molluscs inhabited slightly coarser sediment with

a higher admixture of the sandy fraction and shell de-

tritus. The latter and also the presence of larger animals

(e.g. Pinna) on the seafloor allowed development of

more diverse epibenthic communities dominated by

oxytomid bivalves. The presence of larger bivalves and

ubiquity of scaphopods suggest a firmer substrate and

a thicker layer of oxygenated sediment.
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