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Abstract. — Abundant but not very well preserved uppermost Cambrian Obolidae

King, genus Lingulella Salter dominating, was recovered from recent boring in the

Holy Cross Mountains (Géry Swietokrzyskie). One of the aims of this study was

to define and discuss some of the available diagnostic characters for species within

lingulellids. Obolus sp. and two species of Lingulella Salter were recognized, Lin-

gulella lepis Salter represented by numerous valves, and L. cf. davisi (M’Coy) oc-
curring spcradically.

INTRODUCTION

In the northern region of the Holy Cross Mountains (Géry Swieto-
krzyskie), Liysogoéry belt, in deep borings made recently by the Geolo-
gical Institute, Warsaw, uppermost Cambrian and lowermost Ordovician
beds in continuous transition have been recovered. These deposits con-
tain a rich and greatly differentiated assemblage of trilobites, on which
their stratigraphy was based (Tomczykowa, 1968), as well as numerous
inarticulate brachiopods of the familly Obolidae King, representing the
genus Lingulella Salter (L. lepis Salter, L. cf. davisi (M’Coy)) and speci-
memns of Obolus sp.

The uppermost Cambrian fauna in the Holy Cross Mountains was first
recognized by Czarnocki (1927) and mentioned by Samsonowicz (1956)
in the districts of Machocice and Baczkowa. They stated the presence the-
re of trilobites characteristic for the zone of Pelture saarabeoides scara-
beoides, as well as numerous brachiopods of the genera Lingulella Salter,
Acrotreta Kutorga, Orusia Walcott and Eoorthis Walcott. According to
Czarnocki (1927) and Samsoncwicz (1956), uppermost Cambrian and lo-
wermost Ordovician are absent in the Holy Cross Moumntains.

The Cambrian obolids from Poland are mot, up to mow, well known.
Only some species have been described or mentioned from the Holy
Cross Mountains (Gilirich, 1892, 1896; Siemiradzki, 1886; Walcott, 1912;
Czarnocki, 1927; Samsonowicz, 1956; Orlowski, 1964), but these were not
of uppermost Cambrian age.

The stratigraphical part of this paper has been prepared by the se-
cond author (E. Tomczykowa, Geological Institute, Warsaw), the remain-

der by the first author (G. Biermat, Palaecozoological Institute, Polish
Academy of Sciences, Warsaw).
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All the core material of inarticulate brachiopods made available to the
first author for detailed studies comes from the Geological Institute,
Warsaw, where the collection is deposited, for which the abbreviation
I. G. 1108/I1. is used.

An acknowledgement is made to Dr. A. J. Rowell, University of Kan-
sas, U.S.A., for sending photocopies of selected pages of M’Coy’s (1851)
and Salter’s (1866) papers. The photographs were taken by Miss M. Czar-
nocka, the ink-drawings by Mrs. K. Budzynska, both from the Palaeozo-
ological Institute, Polish Academy of Sciences, Warsaw.

STRATIGRAPHY

The uppermost Cambrian deposits in a continuous transition to the
Lower Ordovician in the northern part of the Holy Cross Mountains, na-
med Lysogéry beds (Tomczykowa, 1968), were found in ten bore holes
between the localities Kajetan6w in the West, and Opatow, some sixty
kilometres distant to the East (Fig. 1). These borings, taken as a whole,
furnish a full profile of the deposits of the uppermost Cambrian and
lowermost Ordovician (Tremadocian) of total thickness 200 m, not pre-
viously known in Poland.

Sandomierz

Fig. 1. — Upper Cambrian of the Eysogéry beds in the Holy Cross Mountains (Gory

Swietokrzyskie), according to Tomczykowa, 1968; I Eysogoéry beds on the northern

slope of the main belt, 2 location of bore hole, 3 Upper Cambrian of Machocice

beds, 4 extent of Palaeozoic deposits in the Holy Cross Mountains, 5 boundary bet-

ween the Bysogéry (northern) and Kielce (southern) regions, according to Czar-
nocki, 1957.

The Lysogory beds comprise, according to the Scandinavian division,
the upper part of zone 5c and zone 6 (Westergard, 1922; Henningsmoen,
1957) and the lowermost Tremadocian — 2ea (Strand & Henningsmoen,
1961) (Table 1).
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Table 1

Stratigraphy of the uppermost Cambrian and the boundary with Ordovician in the Holy Cross

Mountains
Norway i Poland |
(Henningsmoen, 1957) j (Tomczykowa, 1968) |
| Tremadocian | Dictyonema ‘ Dictyonema
e ——a e — . |
! S e e Parabolina | Parabolina 6d
f acanthura | acanthura
.z | Westergardia Parabolina Parabo_llana 6c | .
< heres lata bukowiana
=T R - | &
l :é Parabolina | Beltella 6b m
| = Peltura costata heres heres | rotundata |
< | %
© Acerocarina ‘ Parabolina ‘ 6a o
o ‘ Peltura transiens micropyga | latilimbata g
m | |— R (N N =RENT R = ol o2
-} | ‘ . -
; ’ Peltura paradoxa Beltella convexa | _J
R e e |
| |
| 5¢ | Parabolina lobata lobata | Parabolina 5c
| Pel beoid i lobata lobata
| t es westergardi .
| erIura searaeotdes westers Peltura scarabeoides |
cf. westergardi |

The lithology of deposits is, in general, very monotonous, developed
as gray and dark-gray siltstones with intercalations of micaceous mud-
stones. The mudstones are, sometimes, very sandy or replaced by gray
and compact quartzitic sandstones. The fauna is, in general, rich and in
the case of trilobites well preserved. In the Lysogéry beds, brachiopods
represented mainly by Lingulella Salter are abundant throughout, while
trilobites, though numerous and very differentiated, occur only in some
levels (Fig. 2). Fragments of gastropods, Hyolithes and spicules of spon-
ges sporadically occur. Near the top of the Lysogéry beds, fragments of
rhabdosome of Dictyonema sp. are recorded.

The deposits corresponding to zone 5¢, about 35 m in thickness, were
stated in the bore holes of Wilkow, Jeleniow 3 and in all probability in
the top of the section of borings: Brzezinki 1, 2, 3, and Bukowiany 1, la.
This zone has been recognized on the base of trilobites representing new
species, such as: Parebolina parve Tomczykowa, Beltella convexa Tom-
czykowa, B. lata Tomczykowa, B. czarnockii Tomeczykowa and numerous
brachiopods of the species Lingulella lepis Salter and L.cf. davisi
(M’Coy).
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The Lysogéry beds corresponding to zone 6 attain a thickness of about
150 m (Fig. 2) and were found in all sections of the above mentioned
bore holes. They have been divided into four subzones.
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Fig. 2. — Lithology and stratigraphy of the Upper Cambrian in L){sogéry belt; I silt-
stones with limestone concretions, 2 siltstones with intercalations of mudstones
and sandstones.
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Subzone 6a contains abundant trilobite fauna occurring mainly in
the bore hole Jeleniow 3 at a depth of 150—125 m. This fauna contains
among others: Parabolina latilimbata Tomczykowa, Beltella lata Tom-
czykowa, B. czarnockii Tomczykowa, accompanied by numerous brachio-
pods Lingulella lepis Salter and rare Obolus sp. In the other bore holes,
in the parts of profiles corresponding to subzone 6a, only fragments of
trilobites were recorded, brachiopods of Lingulella lepis Salter being
numerous.

Subzone 6b, about 25 m thick, is characterized by an abundant and
differentiated fauna of trilobites as well as by numerous brachiopods.
The cores yielding the richest fauna come from the bore holes Jeleniow
3, Bukowiany and, to a much lesser extent, Brzezinki.

In the boring Jeleniéw 3, in subzone 6b, occur trilobites, among others:
Beltella lata Tomczykowa, B. czarnockii Tomczykowa with Acero-
curina sp. in the lower part of the profile, and Acerocare sp. at the top.
The inarticulate brachiopods are represented by Lingulella lepis Salter.
In the bore holes Bukowiany and Brzezinki occur specimens of Peltura
sp., Parabolina sp., and very rare Lingulella cf. davisi (M’Coy). The sub-
zone 6c comprising sediments about 50 m thick is, in general, very weakly
documented by faunal assemblage. Recorded here were single spe-
cimens of Peltura sp., Parabolina sp., Beltella sp. and numerous frag-
ments of Lingulella Salter and Obolus Eichwald. Complete valves of
these latter are extremely rare.

Uppermost Cambrian, subzone 6d, has been recorded in the profiles
of boring Jeleniéw 2 and at the top of bore hole Jeleniéw 3, this subzone -
attaining a thickness of about 50 m. The index trilobite fauna, found
only in Jeleniéw 2, at a depth of about 194—192 m, contains specimens
of about 189 m, some 3 m above Parabolina acanthura (Angelin). Also
remnants of brachiopods.

In Jeleniéw 3, remnants of Dictyonema sp. have been found at a depth
of about 189 m, some 3 m above Parabolina acanthura (Angelin). Also
cccurring here is an accumulation of small valves (=young) of in ali
probability Lingulella lepis Salter. On the basis of the small lithological
differences (the rock slightly more micaceous) and the rare concretions
of limestone, a boundary of about 7 m thick, between the uppermost
Cambrian and Tremadocian has been suggested in the section of Jele-
niéw 2 at a depth of about 190 m. In boring Brzezinki 1, a fault is
present at the uppermost Cambrian-Tremadocian boundary. The Trema-
docian occurs at a depth of 91.7—73.0 m, remnants of Dictyornema sp.
being found at a depth of about 79 m.
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REMARKS ON CORE LINGULELLIDS

All lingulellids come from selected portions of cores from the follo-
wing bore holes: Brzezinki, Bukowiany, Jeleniow (2,3) Wilkéw (Fig. 1).
They occur at different depths: Brzezinki 79—181 m, Bukowiany
238—241 m, Jeleniow 2 195—241 m, Jeleniow 3 27—180 m, Wilkow
796—952 m. The Cambrian deposits of the core Jeleniéw 3 are of the
greatest thickness, the most complete and yield abundant inarticulates.

All the assemblage of brachiopods is dominated by lingulellids such
as Lingulella lepis Salter and L. cf. davisi; Obolus sp. is much less
numerous.

In each mentioned core, the composition of species as well as the
number of valves only slightly differs. In Bukowiany, Brzezinki and
especially in Wilkéw occur mainly Lingulella cf. daevisi (M’Coy) and
Obolus sp., and in Jeleniow 2,3 — L. lepis Salter and very rarely
Obolus sp.

The quantitative distribution of brachiopod valves is judged to be
rather uniform throughout all cores, contrary to trilobites which are
abundant in some levels (see p 163). In general, the valves of lingu-
lellids occur regularly, approximately 20 valves to each 30 cm of core,
approximately 10 ¢m in diameter. In only some cases is their number
much reduced, occasionally even to a single valve or its fragment (comp.
Jeleniéw 3 at a depth of 30 m, 144 m, etc.).

At some depths, however, occur great accumulations of small
(=young) valves, as well as inarticulate debris which is almost impos--
sible to identify. The largest accumulation of small valves (of Lingulella
lepis Salter about 2.0—3.8 mm long) has been recorded in bore hole Jele-
niow 2, at a depth of 184—192 m, in deposits probably belonging to
Tremadocian (see p. 163). Inarticulate debris have been found several
times in all cores at different depths, e.g. Jeleniow 3 at a depth of
168 m, Brzezinki — 142 m. In general, however, specimens in different
state of preservation and of different size are intermingled together.
This suggests some destructive activity of gentle sea currents and some
hut unimportant deplacement of valves or their remnants in the Cambrian
sea basin.

The state of preservation of the studied lingulellids is not so good
as at first seemed. They are all embedded in soft siltstones, not very
{avourable for good preservation of these thin-shelled and phosphatic
brachiopods. All specimens are preserved as simple, more complete or
less complete, external or internal moulds of single valves only, the
brachial ones being much more numerous. The valves range in length
from approximately 2 to 20 mm. The smallest valves (2—4 mm) and the
largest (16—20 mm) are in the minority.

This abundant fossil material, comprising over 300 single wvalves,
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contains only 2 complete shells of Lingulella lepis Salter of small size,
with both valves almost opposite each other, found in the Jeleniéw 3 bore
hole (Pl. 1, Fig. 6). In general, valves show their natural outline, often
their original convexity which, as a rule, is low, especially in the
pedicle valves. Valves distorted tectonically, sometimes strongly occur
mostly in Wilkéw (Pl. I, Fig. 11; Pl. IV, Fig. 15). Specimens free of
matrix are completely lacking. They cannot be obtained by mechanical
preparation (because of the mature of matrix and their state of preser-
vation). Also the acid etching method cannot be applied for fossils pre-
served as moulds or imprints.

On many valves, larger or smaller fragments of phosphatic shell,
composed of two thin and very fragile layers are preserved. Reconstruc-
tion of the surface ornamentation from the fragments shows that the
surface of each layer has a slightly different surface ornament (a feature
supposed, among others, to be of diagnostic value for e.g. lingulellids
(Rowell, 1965, p. H266)). The preserved external layer bears concentric
microlines and much thicker macrolines, the former, very delicate in
appearance, are regularly disposed, the latter being arranged in longer
or shorter intervals. In some cases, there are traces suggesting radial
striation which is characteristic for Lingulella lepis. The second, inner
layer, being highly polished, is in general very thin, closely adhering
te the upper surface of matrix. It is covered by traces of radiating striae,
sometimes expressed more distinctly, sometimes less. This layer is mostly
preserved in our fossils. The visceral area often preserves its pustulous
character.

The elements of internal structure are, as a rule, not preserved
because of the thinness of shell (an additional feature characterizing the
majority of inarticulates, i.e. lingulellids). Weakly marked on internal
moulds are: médian dorsal ridge of slightly varying length and some
muscle scars of four brachial valves of Obolus sp. and a fragment of
a pedicle valve of Lingulella lepis Salter (Pl. II, Fig. 9; PL III, Figs. 1—3).
Their uncovering with a thin needle, is extremely difficult and yielded
very poor results, the matrix becoming scratched by the dissecting
needle. Of the other structural details, the ventral pedicle groove, the
ventral and often dorsal pseudointerareas, which usually very closely
adhere to the inmer surface of the valves, can be observed, but are
weakly marked. This applies mainly to pseudointerareas, often very
inconspicuous because of the varying degree of exfoliation of the umbonal
portions of valves. The lack of internal structure much reduces the
palaeontological value of this material. Detailed information regarding
the muscular area and pallial sinuses, so far not well known in Obolidae,
could not be obtained.

The biometric method could only in part be used for the studied
fossils (Fig. 3). Some measurements, e.g. valve length to valve width,
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apical width to the anterior width (see p. 173), showed two main morpho-
logical types (but with intermediate individuals): 1) longitudinally ovate,
and 2) roundly outlined. Such measurements, as length of pedicle groove,
its width posteriorly and anteriorly, height and width of ventral and
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Fig. 3.— Measurements; l.g. length of pedicle groove, l.p. length posteriorly, w.p..
width posteriorly, l.v. valve length, w.v. valve width, a.w. anterior width, a.l. an-
terior length; approx, X 10.
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dorsal propareas, height and width of median dorsal segment, were
however not sufficiently accurate due to the poor material, hence
not very suitable for comparison.

REMARKS ON THE DIAGNOSTIC CRITERIA FOR SPECIES
OF LINGULELLA SALTER ON THE BASIS OF THE STUDIED MATERIAL

Recognition of the fossil species of Lingulella is not easy. The known
species are not well defined, the few morphological characters that may
differ, e.g. shell outline and shape, appearance of umbonal portions,
appearance of anterior margin and surface ornamentation, show minor
quantitative changes only.

It is difficult, on the present material, to estimate the taxonomic
value of the surface ornamentation of lingulellids. Its pattern in the
studied specimens is, generally speaking, very similar, composed of (so
far as can be judged from moulds and fragments of shell, comp. p. 165)
concentric microlines and macrolines, and in some cases very faintly
marked radial ornamentation. The fine concentric microlines are almost
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identical being similarly expressed and regularly disposed over all the
shell surface. The concentric macrolines, distinct to different degrees,
are more or less irregularly arranged with intervals wusually better
accentuated on the anterior half of the shell. Besides, there occur spe-
cimens with surface undulations of varying intensity, disposed on the
anterior half or two-thirds of the valve length, fairly distinct on the
moulds (Pl. I, Figs. 2, 4). The wavy character of the shell surface, together
with usually thicker macrolines, was considered by Salter as a feature
sufficiently distinct to characterize Lingulella ferruginea Salter (Salter,
1867, p. 340). The presence of concentric waves may have some value as
an additional diagnostic character for species, but not, probably, the
pattern of their arrangement on the shell surface. These waves appearing
at marked intervals can be conmected with the rate of growth (which
may be slightly different for specimens within a population), being an
expression of periods of intensive activity followed by temporary arrest
of growth process. This latter may be judged perhaps as evidence of
seasonal growth.

About 200 specimens (separate valves) of all cores were closely exa-
mined for size and morphology. An additional 100 separate brachial and
80 pedicle valves coming from Jeleniéw 2,3 and Bukowiany were mea-
sured (see p. 172, Remarks). By using standard measurements (see Fig. 3)
and a simple graphical method it is not possible to split the measured
collection into distinct specific categories according to some morpholo-
gical characteristics such as: shell outline, appearance of antero-lateral
margins etc., although the specimens on visual inspection are not quite
uniform morphologically. In consequence, one can conclude that the
imeasured collection represents one species only — Lingulella lepis Salter.

Although all lingulellids are generally longitudinal-ovate, there occur
some differences in the shell outline. These were observed by Walcott
(1912, p. 470) who distinguished 5 groups within lingulellids: acuminate,
subacuminate, ovate-elongate, ovate-subtriangular, subtriangular, and
considered the outline of the pedicle valve in particular, as one of the
diagnostic characteristics for the species of Lingulella Salter.

The studied collection includes almost all shell outlines mentioned by
Walcott, but it is difficult to divide the specimens into distinct groups
in Walcott’s meaning, as there occur intermediate specimens which
obliterate the boundaries between these ,,types” of shell outline. In addi-
tion, within one species only, Lingulella lepis Salter, there occur spe-
cimens ranging from subacuminate, more roundly ovate to subtriangular
(Pis. I, II, 1V). Hence, the above feature has not, in the case of the
studied collection, diagnostic value for the species.

In general, the valve outline depends much upon the degree of elon-
gation of the ventral umbo, its width posteriorly and the appearance of
the antero-lateral margins. As a rule, with greater the valve width, the
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more obtuse and wider the umbo, and reversely, the more acute and
elongate the umbo, the smaller the valve width.

The appearance of the anterolateral margins, i.e. the degree of exterior
arching was, in general, considered as having taxonomic value for the
species. The lateral margins may be parallel or almost parallel to each
other (Lingulella ferruginea Salter, L. ovalis Salter), or arched and
divergent to different degrees (narrowed anteriorly L. davisi M’Coy,
broadened anteriorly L. lepis Salter). In addition, the anterior margin
may be straight or almost straight (L. davisi M’Coy, L. lingulaeformis
(Mickwitz)), or in varying degrees rounded (L. lepis Salter, L. vistulae
Giirich).

In the case of our specimens, the above mentioned differing characters
are judged to be not significant for the species. They occur, in different
degree, in Lingulella lepis Salter the dominant species in the uppermost
Cambrian of the Lysogory belt (see p. 172). )

It is assumed here that these variations being gradual are of quanti-
tative, and not of qualitative value (see p. 173). It seems that the time
of sedimentation during the uppermost Cambrian and lowermost Ordo-
vician of the Lysogoéry belt was not sufficiently long for the establishment
of more distinct and better delimited differences in the external morpho-
logy of our lingulellids. This all is apparently correlated with the degree
of environmental stability. The environmental conditions in which these
animals lived, were stable, and can, to some degree, be considered as
,,Sstagnant”, the monotonous lithology of the uppermost Cambrian —
lowermost Ordovician deposits being evidence of this latter (see p. 161)
therefore the lack of more ,,abrupt” and consequent morphological
changes in lingulellids.

In addition, in the case of the very simple external morphology of
the lingulellid shell, the possibility of changes are very limited, and the
rate of change was extremely slow.

REMARKS ON GROWTH

The large lingulellid faunule does not furnished a complete growth
series. It comprises, in general, valves from about 2 to 20 mm long, but
these dimensions, e.g. 3 mm to about 5 mm in length, are extremely rare
or occur in single valves. They, in all probability, existed in a much lar-
ger number on the sea bottom, but were easily broken during or after the
deposition of sediments. Valves, 7 to 12 mm long, are the most abundant,
the smallest ones being in a minority.

Growth series, although incomplete, is suggested by the fact that in
all considered bore holes, valves usually of different size occur inter-
mingled together. This latter may also indicate that they were found, in
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all probability, in their life environment, being the mormal occupant of
this part of the sea bottom on which they had accumulated.
Unfortunately, the small valves interpreted here as counterparts of
young individuals are, similarly as adults, preserved as internal or exter-
nal moulds, very rarely showing traces of post mortem deformation, ex-
cept breakage. The mentioned growth series are ascribed to Lingulella
lepis Salter, the most numerous species in the collection. The young age
of specimens about 2 mm long is suggested especially by their oval shell
outline, delicate concentric lines of uniform appearance, not yet different-
iated into microlines and macrolines, regularly disposed over the valve
surface, and their moderate valve convexity. All these features, together
with macrolines, characterize the adult lingulellids, and in this case L.
lepis Salter (no other features, except the mentioned, are preserved).

Specimens ranging from about 2 mm to about 15 mm in length show
great regularity in the growth process. This regularity is evidenced, abo-
ve all, by the uniformly arranged concentric microlines, in general faintly
expressed and by slightly thicker macrolines in larger specimens, from
about 4 mm long.

As to the macrolines, they are at first disposed at short regular inter-
vals which become longer and more or less irregular with progressing
growth, e.g. in specimens about 5 mm long.

Also valves of different size are similarly outlined (Fig. 4). The chan-
ges during growth are minimal, shell remains almost uniform in outline,
outline variation being restricted mainly to a progressive increase of the
longitudinal and transverse elongation of both valves, the convexity of
valves remaining very low.

DESCRIPTION

Family Obolidae King, 1846
Subfamily Lingulellinae Schuchert, 1893
Genus Lingulella Salter, 1866

Type species: Lingula davisi M’Coy, 1851, p. 405; Upper Cambrian, Wales.

Remarks. — The morphological characters of the here recognized spe-
cies together with the ventral and dorsal pseudointerareas are virtually
the same as those of Lingulella davisi (M’Coy), type species of the genus
Lingulella Salter. Also, thin-shelled specimens, elongate shell outline,
low convexity especially of the pedicle valve, differentiated ornamenta-
tion of each shell layer being marked in L. davisi (M’Coy) are typical
of representatives of lingulellids, all mentioned features being recorded
in our species.
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Occurrence. — Throughout the world, in the deposits of Cambrian-Or-
dovician (?Middle Ordovician).

Lingulella cf. davisi (M’Coy, 1851)
(PL. 111, Figs. 4—10)

Material. — Twenty five moulds of the pedicle and brachial valves.
Locality: Brzezinki, Bukowiany and Wilkow.
Approximate dimensions (in mm):

Cat. No. I. G. 1198 | Valve length | Maximum [ g0y

i 1 width
11.8, brachial valve 11.0 6.7 Brzezinki
! 11.9, brachial valve 10.0 6.2 |  Brzezinki

Description. — Elongate-ovate in outline, moderately biconvex, all
shell margins moderately rounded, anterior margin slightly narrower
than the greatest shell width, which occurs at mid-length of shell. Pedicle
valve minimally longer with pointed umbo, pedicle groove widening an-
teriorly, propareas badly conspicuous. Shell surface ornamentation with
concentric microlines to about 6 in 1 mm, concentric macrolines someti-
mes of wavy character.

Remarks. — Identification ‘with the British species has been made on
the similarities in the thin shell structure, almost ,,symmetrical” oval
shell outline, nature of both umbones and to some extent of the surface
ornamentation.

Our specimens much resemble in general morphology specimens of
Lingulella davisi (M’Coy) figured by Salter (18686, Pl. 2, Figs. 7—12; P1. 4,
Fig. 14) and Rowell (1965, Fig. 161, 3). In the description of L. davisi gi-
ven by M’Coy (1851, p. 405) and Salter (1866, p. 333), the mentioned
authors define some external characters: shell outline ovate to pentagonal
or broadly subtrigonal (,,satchel-shaped”, according to M’Coy), the surfa-
ce ornamentation as composed of numerous and faint concentric undula-
tions of growth accompanied with irregular concentric and imbricating
laminae, and the pedicle groove being linear and well pronounced.

This so characteristic ,,satchel-shaped” shell is not well shown in spe-
cimens illustrated by Rowell (1965, Fig. 161, 3 a-b); specimens on Fig.
161, 3c-d are more quadrate in outline and very short, as a result of being
flattened, and it is difficult to judge to what degree this flattening has
influenced the general shell outline.

In Salter’s paper (1866, Pl. 2, Figs. 7-12; Pl. 4, Fig. 14) and in that of
Davidson (1866—1871, Pl. 4, Figs. 1-9, 11, 13-16) the illustrated specimens
cf Lingulella davisi (M’Coy) show a widely pentagonal or even subquad-
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rate outline. It is quite possible that the above species also varies in its
external shell outline, similarly as L. lepis Salter (comp. p. 167). Some
characters appear to be almost constant in L. dawvisi (M’Coy), i. e. appea-
rance of the anterior margin, which is straight to very gently rounded,
moderately elongate and conspicuous ventral umbo and lack of radial
striation.

Our specimens possess all of the mentioned morphological features cf
L. davisi (M’Coy), differing only slightly in having more rounded anterior
margin.

Occurrence. — Europe, Upper Cambrian.

Lingulella lepis Salter, 1866
(Pls. I; Pl. II, Figs. 1—9; Pl. IV, Figs. 1—13; Text-fig. 4)

1866. Lingulella lepis Salter; J. W. Salter, The geology..., p. 334, Fig. 11.

Material. — About 200 moulds of separate valves, many fragments.
Locality: Bukowiany, Jeleniéw and Wilkow.
Approximate dimensions (in mm):

Cat. No. I. G. 1108 Valve length Max.lmum Locality
width
I1.8a, brachial valve 8.9 7.0 Jeleniow 3
\ I1.8b, brachial valve 8.9 7.8 ., :
‘ 11.8c, pedicle valve 8.3 6.2 .

I1.8d, pedicle valve 9.3 7.9

Description {emend.). — Moderately biconvex, inequivalve, ornamen-
tation of fine concentric growth lines, more distinct on the anterior shell
half, concentric waves of different degree of distinctness, as a rule mar-
ked on the anterior half of shell; delicate radial striation only sometimes
observed on the shell surface.

Pedicle valve varying in outline with maximum width about mid-
length of valve or anteriorly to it; valve posteriorly moderately and uni-
formly narrowed; anterolateral margins gently rounded. Brachial valve
usually less elongate ovale, maximum width near mid-length of valve, po-
sterolateral and anterolateral margins slightly more rounded than those
of the opposite valve, umbonal regions, in all probability, slightly con-
vex. Pseudointerarea of the pedicle valve only weakly and rarely mar-
ked and, judging from the material, strongly adhered to the inner valve
surface; pedicle groove marrow, its maximum width at the anterior end
about 0.1 mm, its length about 1.5 mm, this groove occupying about one-
-seventh of all valve length; flexure lines on propareas present. Muscle
scars and pallial sinuses not preserved. Pseudointerarea of the brachial
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valve similarly closely adhered to inner surface of the valve, not dis-
tinctly defined; median segment narrow, dorsal propareas half the size
cf those of the opposite valve. Muscle area and pallial sinuses not pre-
served.

Fig. 4.— Separate valves of Lingulella lepis Salter in different size, Jeleniéw-3;

1 a-c brachial valve view, 1d internal mould with slightly marked pseudointer-

area; 2 a-d pedicle valve view, pedicle groove bordered by propareas present,

flexuosity of lines not very distinct; 3 specimens with both valves slightly dis-
placed; approx. X 7.5.

Remarks. — This species originally described by Salter (1866) from
the Upper Cambrian of Wales includes specimens of slightly varying
shell outline, ranging from widely ovate to almost subquadrate (Salter,
l.c., Text-fig. 11). Similar variability in the shell outline occurs also with-
in this species from the Lysogéry belt of the Holy Cross Mountains.
Measurements (100 brachial valves and 80 pedicle valves measured) of
the valve length and maximum width show the index ratio of width to
length changing in the limits of 0.6—1.0, with maximum at 0.7 (54.5%0)
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for brachial valves and 0.8 (46.4%0) for the pedicle valves. Valve outline
is, as a rule, ovate to roundly subtriangular for the brachial and pedicle
valves, the latter being more subacuminate.

Index ratio of the apical width to maximum valve width only slight-
ly changes in both valves, in the limits of 0.2—0.5 with maximum at
0.3 (64.5%) for the brachial valves and 0.4 (55.4%0) for the pedicle ones.
The ventral apex is distinctly subacuminate, apical width one-fourth to
one-fifth of maximum valve width.

Index ratio of the anterior valve width to maximum valve width chan-
ges in the narrow limits of 0.6—0.9 with maximum for both valves at
0.8 (58.2% for brachial valves and 61.8% for pedicle ones). The maximum
width of valves occurs at mid-length or anteriorly to it.

All these small variations are expressed (in graph) in terms of an
unimodal distribution curve.

One of more changing characters, which may have some diagnostic
value for species, appears to be the apical width in relation to the ante-
rior width. Index ratio for both valves changes in the limits of 0.2—0.6,
but there occur two maxima, one at 0.3 (43%e for brachial valves and 47
for pedicle ones). The second maximum occurs at 0.4 (38%/o for the bra-
chial valves and 40%0 for the pedicle ones). While the difference between
the two maxima is not very great, it can, in all probability, give rise to
a bimodal curve. The anterior margin width of specimens with an index
ratio 0.3 is almost three times greater than the apical width and the ma-
ximum shell width is, on an average, 2 mm greater than the anterior
shell width.

All characters occurring in our specimens are in agreement with those
mentioned by Salter (l.c., p. 334) in the short diagnosis of his species
which was supplemented by Walcott (1912, p. 514). The only feature, not
very comparable, is the radial ornamentation which is in our specimens
very poorly preserved or absent. Only in some cases are the fragments
of radial striae shown, suggesting presence of the same kind of ornament
as in British specimens of Lingulella lepis Salter.

The considered species is very close to L. vistulae Giirich (= L. siemi-
radzkii Walcott, 1912), described by Giirich (1892) from the Middle Cam-
brian sandstones of the Pepper Mountains (Géry Pieprzowe), in vicinity
of Sandomierz, Poland. The general shell outline of specimens of both
mentioned species is almost the same. The differences are small, L. vistu-
lae Giirich being more triangular in outline is not radially striated, also
shell probably is less biconvex.

In addition to L. lepis Salter from the Holy Cross Mountains also in-
cluded are specimens slightly deviating from widely ovate to subquadrate
specimens which dominate in our collection. These differing specimens
are characterized by a more acutely-elongate posterior part of pedicle
valve and a slightly more trigonal shell outline. These specimens are few,

2 Acta Palaeontologica Polonica nr 2/68
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coming from Jeleniow 3, at a depth of about 100—112 m (see e.g. Pl. IV,
Fig. 6). However, the differences are too small, and specimens too few
to consider them as an eventual new taxon.

Occurrence. — Europe, Upper Cambrian.

Obolus sp.
(Pl. 11, Figs. 10—12; Pl. III, Figs. 1—3; Pl. IV, Figs. 14—15)

Material. — About 20 internal and external moulds of brachial valve,
several fragments, more complete or less.

Locality: Brzezinki, Jeleniéw and Wilkow.

Approximate dimensions (in mm):

| ———— — —_—
Cat. No. I. G. 1108 Valve length | Max.lmum | Locality |
width |
|—— — 1 — — e St =Py e R — e R R e M LT |
! 11.9g 9.1 : 9.0 | Wilkéw
i I1.9h 9.9 i 9.8 s
11.9k 14.4 17.8 Brzezinki

Remarks. — The very rounded outline suggests the genus Obolus
Eichwald for specimens which are not numerous in our core material.
The preserved anterior and central adductor scars and very weak median
ridge are judged to be characteristic for Obolus, although similarly de-
veloped characters are seen also in specimens of the genus Lingulella
(e.g. Walcott, 1912, PL. 29, Fig. 1-t).

Palaeozoological Institute
of the Polish Academy of Sciences
Warszawa, Zwirki i Wigury 93
and
Geological Institute
Warszawa, Rakowiecka 4
November, 1967
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GERTRUDA BIERNAT & EWA TOMCZYKOWA

RODZAJ LINGULELLA SALTER Z GORNEGO KAMBRU GOR
SWIETOKRZYSKICH

Streszczenie

Brachiopody Inarticulata, bedace przedmiotem niniejszego opracowania, pocho-
dzg z wiercen wykonanych przez Instytut Geologiczny (Warszawa) w podinocnej
czeSci Gor Swietokrzyskich, w miejscowosciach: Brzezinki, Bukowiany, Jeleniéw
i Wilkow (Fig. 1). W tych otworach wiertniczych po raz pierwszy zostaly stwier-
dzone osady najwyzszego kambru w Goérach Swietokrzyskich (Tomczykowa, 1968),
odpowiadajace najwyiszej czeéci poziomu 5¢ i poziomowi 6 w Skandynawii (Wes-
tergard & Henningsmoen, 1957), z przejsciem ciaglym do najnizszego tremadoku —
poziom 2eu« (Henningsmoen, 1961). Stratygrafia osadéw tych wiercen zostala oparta

Pad
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na faunie trylobitowej oraz Dictyonema sp. (Tbl. 1 i Fig. 2), (Tomczykowa, l.c.').
Poza trylobitami stwierdzono obecnoéé licznych brachiopodéw, reprezentujgcych
rodzine Obolidae King, ponadto igly gabek, hyolitesy, fragmenty gastropodéw i Dic-
tyonema sp. .

Brachiopody sa liczne, lecz taksonomicznie bardzo slabo zréznicowane. Wyste-
puja one we wszystkich rdzeniach i sg rozmieszczone mniej lub bardziej réwnomier-
nie w calej ich migzszosci. Ich stan zachowania nie jest najlepszy. Okazy zacho-
waly sie jako cale lub fragmentaryczne wewnetrzne lub zewnetrzne odlewy po-
szczegdlnych skorupek, bez zachowanej struktury wewnetrznej; ornamentacja po-
wierzchni skorupek zachowana jest tylko fragmentarycznie. Fauna brachiopodowa
jest bardzo monotonna, reprezentowana przez Lingulella lepis Salter, Lingulella cf.
davisi (M'Coy) i Obolus sp.

Zmierzono 100 skorupek brachialnych i 80 ndézkowych Lingulella lepis Salter.
Pomiary te wykazaly pewnag zmiennos$é, istniejgca w obrebie tego gatunku, prze-
jawiajgcag sie szczegoélnie w roéznym zarysie: od wydiuzZonego owalnie do szeroko
trojkatnego lub pélkwadratowo zaokraglonego, o do§¢ umiarkowanie wydtuzonym .
dziobie brzusznym 1 najwigkszej szerokosci muszli przypadajacej na polowe jej
dlugosci, lub nieco przesunietej' ku przodowi. Ponadto analiza pomiaréw wykazala
ze w przypadku Lingulella lepis Salter z Gor Swietokrzyskich, takie cechy morfo-
logiczne, jak ogdlny zarys muszli,'wyglad apikalnej cze$ci muszli i brzegéw przed-
nio-bocznych itp., nie majg znaczenia taksonomicznego.

TEPTPYJA BEPHAT & 3BA TOMYMKOBA

POJ LINGULELLA SALTER V3 BEPXHEI'O KEMEBEPUSA
CBEHTOKPXKUCKHUX TOP (ITIOJILILLIA)

Pe3zone

OmucaHyble B HacTosAleil pabore Opaxmononbl Inarticulata mpoucxomar us 6y-
POBBIX CKBaXXWuH, NpoBeJAeHHBIX I'eonormyeckuMm MHcTiTyToM (BapiuaBa) B CeBEpPHO
yactu CBeHTOKPKMUCKUX T'op, B MeCTHOCTAX: BpxKe3uHKY, BYKOBAHbI, Ejenos U Buib-
KyB (dur. 1). B aTux CKBaxKMHAX BrEPBbIE KOHCTATUPOBAHO OCAJKM CaMOI0 BEPXHEro
xemOpusa B CBeHTOKPKUCKUX [opax (ToM4uKoBa, 1968); COOTBETCTBYIOT OHM CaMbIM
Bepxam ropu3oHTa 5¢ M ropus3oHTy 6 B CranauHaBuu (Westergard & Henningsmoen,
1957), ¢ IOCTENEHHbIM IIEPEeXOAOM K CaMOMy HMMKHEMY TPEMajoKy — TODPWU30HT 2ed
(Henningsmoen, 1961). Crpaturpacbusa OTJIOXEHMI U3 STUX CKBaXXMH OCHOBaHa HAa
Tpunoburax u Dictyonema sp. (Tab. 1 u dwur. 2), (Tomyurosa, 1968). Kpome Tpuaobu-
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TOB, KOHCTAaTMPOBAHO INPMCYTCTBUE OOUJIBLHBIX Opaxmuorion un3 cemeiictBa Obelidae
King, a Takxke cnukynb! ryboxk, Hyolithes, ¢oparmeHnTn! ractponon m Dictyonema sp.

Bpaxnonoanl OGHMIABLHBIE, HO B TaKCOHOMMYECKOM OTHOLIeHUN caabo amdde-
peHuupoBaHbl. HaXogATCA OHe BO BCEeX KEePHAX U PACHOJOXKEHbl MeHee uam Gosee
B Uesioit ux MolHocTM. COXPaHHOCTL MX He O4eHb xopowmad. O6paslbl COXpaHeHbI
B BUIE UEJBLIX MJIM YAaCTMYHBIX BHYTPEHHMX JUGO HapyKHbIX OTTHMCKOB CTBOPOK, Oe3
BHYTPEHHero ux crpoeHmus. CKyJnbIlTypa CTBOPOK COXPaHEHA TOJbKO vacTnyHo. OueHb
MOHOTOHHasA (payHa Opaxuomnony npexacraBiaena Lingulella lepis Salter, L. cf. dawisi
(M’Coy) u Obolus sp.

Mamepeno 100 cnmMHHBIX M OpPIOIIHBIX CTBOPOK Lingulella lepis Salter. Wiame-
PeHMA 3TM YKaszajiM HEKOTOPYI0 M3MEeHYMBOCTb CYILECTBYIOWIYI0O B Ipejgejax 5Toro
BUJ@; NPOABJIAETCA OHa OCOOEHHO B pPa3HOM OYEePTAHMM: OT OBAJIBHO-YAJMHEHHOrO
K mnpoko-Tpeyroanomy, MJIM Xe IOJYKBaApPaTHO-OKPYIJICHHOTO, C YMEPEHHO YAIU=
HEHHOV OpIOIIHOM MAaKYMIKOA M Haubosbliel IIMPUHOM DaKOBMHB! B IIOJIOBUHE ee€
AJUHBI, MJIMU K€ 4YYThb IIePeABMHYTOM K Imepeau. Kpome 5TOro, aHaim3 MN3MepeHU
yKasaJ, yto B caydae Lingulella lepis Salter u3 CBeHTOKpPKUCKUX I'Op, Takue MoOp-
cdonornyeckme NpmM3HakKy, Kak obuiee odepraHue PAKOBUHBLI, CTPOEHME €€ alMKaJb-
HOI 4acTM M nepefAHe-0OKOBBIX KPaeB M T.II., HE MMEIOT TAaKCOHOMMYECKOro 3HaueHUA.
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Plate I

Lingulella lepis Salter
(bore hole Jelenidow 3)

f?ig. 1. Internal mould of the pedicle valve with marked surface undulations (I. G.
1108/11.41); X 4.

Fig. 2. Internal mould of the brachial valve, the undulations marked (I. G. 1108/I1.
16); X 4.

Figs. 3—5. Three external moulds of the brachial valve (I. G. 1108/II. 14, 8, 5); X 4.

Fig. 6. Almost complete specimen with both valves slightly displaced (I. G. 1108/II.
17); X 6.

Figs. T7—10. Four external moulds of pedicle valve, showing pedicle groove and
pseudointerareas (I. G. 1108/I1. 7, 7a, 39, 10); Figs. 7—9 X4, Fig. 10 X6,

Fig. 11. Fragment of core showing accumulation of brachiopod debris (I. G. 1108/II.
11); approx. X 4.
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Plate II

Lingulella lepis Salter

Figs. 1—8. Brachial valve view of specimens in different state of preservation:
1—6, 8 Jeleniow 3 {.G.1108/I1. 12a, 12b, 12c¢, 43, 11, 36, 35); 7 Jeleniow 2
(I.G.1108/11. 34); Figs. 1, 3—8 X 4.5, Fig. 2 X 3.

9. Posterior half of the pedicle valve; Jeleniow 3 (I.G.1108/II. 12); approx.
X 4.5.

Fig.

Obolus sp.

Figs. 10—12. Brachial valve view of different specimens; 10, 12 Jeleniéow 3 (I1.G.
1108/11. 42, 33); 11 Bukowiany (1.G.1108/II. 42a); X 4.



Plate III

Obolus sp.

‘Figs. 1—3. Brachial valve view of specimens with partly preserved central and
‘ anterior adductor scars and weak median ridge; Jelenidow 3 (I.G.1108/II.
38, 10, 32); X 6.

Lingulella cf. davisi (M’Coy) -
Figs. 4—8. Brachial valve view of specimens of different dimensions, Fig. 7—
brachial valve greatly deformed; Wilkéow (1.G.1108/I1. 27, 28, 25, 26, 18);

~ Figs. 47 X 2, Fig. 8 approx. X 3.5.
Figs. 9, 10. Brachial valve view of different specimens; Fig. 9 — Jeleniow 3 (I.G.

1108/11. 22), Fig. IO—Bukowiany (I.G.1108/II. 31; X 2.
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Plate IV

Lingulella lepis Salter

Figs. 1-8. Pedicle valve view of different specimens (I.G.1108/I1. 39, 39a, 39D, 29, 30,
7, 7a, 9). Figs. 1, 2, 4, 6-8 — Jeleniow 3; Fig. 3— Jeleniow 2; Fig. 5 — Brze-
zinki; Figs. 1-7 X 4, Fig. 8 X 2.

Figs. 9-12. Brachial valve view of different specimens (1.G.1108/11. 24a, 19, 24b, 24);
Fig. 9 — Jeleniow 2; Fig. 10 — Wilkow; Figs. 11,12 — Jeleniow 3; Figs. 9, 10
X 4, Figs. 11, 12 X 2.

Fig. 13. Specimen with both valves partly preserved; Jeleniow 2 (I1.G.1108/1I.50);
approx. X 4.

Obolus sp.

Figs. 14, 15. Brachial valve view of two specimens. Fig. 14 — Jeleniéw 3 (I1.G.1108/I1.
45), X 4; Fig. 15 — Bukowiany (1.G.1108/11. 21), X 2.

Fig. 16. Fragment of core showing accumulation of valves; Jeleniow 2 (I.G.1108/II.
51), X 2.
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