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Phosph ate coated orig ina lly aragonitic mollu sc she lls and calcitic mach aeridi an
scleri tes contribute significa ntly to foss il assemblages of the ex treme ly co ndensed
M6jcza Lim estone , providin g an almos t co ntinuous record of the faunal dynami cs of
these gro ups from the end of Arenig to the beginn ing of Ashg i11. Except for the
topmost bed , which contains a relatively war m- water faun a, the M6jcza Limestone
and the ove rlying Zalesie Formation co nta in mollu scs of Gondwanan affinities, pres­
umabl y co ld-water. Machaerid ians are repr esent ed by at least six lineages. Four
lineages of septemchitonid polypl acoph orans, twelv e bellerophontids and gas tropods ,
five rostro conchs and bivalv es, and eleve n hyolith s continue across significa nt part s
of the sec tion. Aulacolepos elongatum sp. n., Sarkachiton kielcensis gen. et sp. n.,
Solen ocarididae fam . n., Bursata santacrucensis sp. n., and Mojczatheca triangularis
gen. et sp. n. are prop osed .
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The most celebrated issue in paleontology of the earliest Phanerozoic is the allegedly sudden
appearance of numerous skeletal fossils at the base of the Cambrian. The reported earliest Cambrian
fossil assemblages are mostly composed of secondarily phosphatized and originally phosphatic minute
fossils , the so called "small shelly fos sils" (see BENGTSON et al. 1990 for recent reviews) . Paradoxi­
cally, the same kind of punctuated occurrence and preservation of minute skeletal fossils in the
Ordovician and Silurian, known for decades , remains almost unnoticed, except for students of the
Baltic Ordovician geology. The pattern of distribution of "small shelly fossils " in the whole early
Paleozoic suggests that their abundance in some horizons (including the Tommotian) was controlled
by preservational factors and had little to do with biological evolution. The widely accepted opinion
that the suddenness of the basal Cambrian faunal change was a unique evolutionary event resulted
mostly from concentration of micropaleontological research on the basal Cambrian rocks, as con­
trasted with neglection of similar faunas in the Ordovician.

Occurrences of Cambrian, Ordovician, and Silurian phosphatic microfossils are generally restricted
in time and space, being confined to narrow horizons in some geographic regions . The cephalopod
limestone rock facie s is their most typical source. In all cases they are associated with numerous
sedimentary discontinuities , at which skeletal detritus was exposed long enough to the action of sea
water to undergo phosphatization (DZIK and PISERA 1994). In thi s respect the rocks of the Arenig in
the Baltic region and the Tommotian of the Siberian Platform are closely similar. Phosphatic nuclei
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of minute shells, the most co mmon way of preservation of micr ofossils in both region s , fre quently
fi ll cavities in hard-grounds, and on ly locall y in areas where sedime nt was deposit ed at higher rate,
can ad ult specimens of the same species be found (DZIK 1991). In so me ex tre me cases almost a ll the
organic detri tus seems to be enveloped in th in phosph atic lin ings, and in such stra ta any benthic
macrofossils are rare or virtua lly lacking. Th is is the case wi th the Chinese Meishuc un assemblag e of
the basal Camb ria n (QIAN and BENGTSON 1989), the Poli sh Ordov ician M6jcza assemblage, but also
the Silur ian Kok assemb lage of the Ca rn ic Alps.

It seems crucia l for better understa nding of the ea rly Phanerozoi c metazoan evolution to have more
da ta on fauna l assemb lages pos t-da ting the basal Cambrian "s ma ll she lly fossi ls" assemblages but
correspo ndi ng to them in respect to the mode of preservation . Phosphatized and ph osphate-covered
m icrofossil s of molluscan and probl em atic affiniti es fro m the M6jcza Limeston e represent such a
"s ma ll she lly fossi ls" assemblages of Ordovician age. They are the subject of the present paper.

Ack nowled gements. - I am ve ry grateful to Stefan BENGTSON for his thorou gh and helpful
rev iew . I appreciate also the work done by an anonymous reviewer, who indi cated se ve ral termino­
logical mi stakes in the manuscript , even if I wa s not able to make use of his mo re gene ral comments.
Mr. Wojciech SKARZYNSKI ass isted in taking SEM pictures at Nencki 's Institute of Experimental
Biology in Warsaw.

TAXONOMIC DESCRIPTIONS

Class Machaeridia WITH ERS, 1926
Order Turrilepadida PILSBRY, 1916

In the Carnbrian, along with the first true polyplacophoran mo lluscs, several other groups of foss il
organisms are known which had bodies covered with an armor of sc leritized plates or scales . Th e only
large r gro up of this kind in the Ordovician are the mac haeri d ians, probabl e successo rs of the Cambrian
tom mo tiids (BENGTSON 1970). Zoolog ica l affinities of the Mac hae rid ia remai n unclear (poss ibly they
are primit ive articulates, as discussed below) but an alternative molluscan co nnectio n cannot be
defini tely excluded (DzIK 1986).

The e longa ted body of the pos t-Cambrian turrilep adi d mach aerid ian s was cover ed with four rows
of ca lcitic (ins tead of phosphat ic in the possibl y related Ca mbrian tommotiid s) sc lerites (BENGTSON
1978). At least in the most primitive family of the turril ep adids, the Plumulit idae JELL, 1979, the two
first bod y segme nts had probably only the medial pair of the sclerites and the subseq uent three had
their lateral sclerites morph ologically different from the fo llo wing thoraci c segme nts (JELL 1979). Thi s
appa rent tag rnatio n may suggest affi nities of the Mach aer id ia to the arti cul ates rather than molluscs.
In the most primi tive arthro pods the anterior part of the body was tagmatized in a similar way. The
two firs t segments for m the sensorial tagma in the arthro po ds (oc ular and antennular segments) , while
the fo llowing thr ee differ morphologicall y and func tiona lly fro m the rest of the bod y rep resenting the
primary oral segments (second antennae, mandibl es, and first maxillae).

Of special interest for und er standing the nature of the ma ch aeridian sc ler ites is new dat a on the
microm orph ology of their surfaces (PI. 52: 10-1 2). Th e radial ornamenta tion appears not to be a
specia l fea ture of only the Carboni ferou s machaeridian s (EuAs 1958). It cha rac terizes at least all the
turrilepad ids and lepidocole ids. In the Ordovician for ms, as we ll as in Siluri an Au lakolepos fro m the
Ca rn ic Alps, there are radial microfissures that transect complex system of co ncentric microrugae ,
deve loped especially we ll in the furrows separa ting rugae. Ma rg ins of the rugae at least in Mojezalepas
are smooth, except for tha t radia l microfi ssures co ntinue across them .

Distribution. - Th e Ordov ic ian species of the Machae ridia are gene ra lly lon g- ran gin g. In the
M6jcza Lim eston e particul ar spec ies of Deltacol eus and Mojeza lepas occur virtua lly throughout the
who le sec tion, fro m the top of the Arenig to the Early As hg ill wi tho ut an y ide ntif iable cha ng es in the
morphology of their scle ri tes (Tex t-fig. I). They usuall y eo-occur with eac h oth er. Remarkabl e is their
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Fig . 1.

Distr ibution of machaeridians and polyplacophorans in the M6jcza Limestone sec tion at M6jcza, Holy Cross Mount ains,
Poland .

abundance in beds from about 1.3 m to 1.7 m above the bentonite where four genera are represented
in great numbers of specimens. Thi s is also the level of the last occurrence of the robu st Plicacoleus
and the first appearance of the delicate, tubul ar Aulakolepos .
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Famil y Turrilepadidae CLARKE, 1896

Diagnosis. - Elon gated , box-shaped bod y with about 30 tran sverse sets of paired angular dor sal
sclerites and smalle r, flat lateral sclerites ; scle rites thick wa lled, each with a distin ct mu scle scar
(modified after DZIK 1986; see also AORA IN et al. 1991 for different treatment ).

Genu s Mojezalepas DZIK, 1986

Type species: Mojczalepas multilamellosa D ZIK, 1986.

Diagnosis. - Dorsal scle rites with concave inner and convex outer areas and relatively deep and
wide medial sinus at the anterior margin.

Remarks. - As pointed out by AORA IN et al. ( 199 1) except for two spec ies of Turrilepas no other
turrilepadid is known with an articulated skeleton. Preservation of individual scle rites is rarely
satisfactory and this conc ern s also the M6jcza sclerites of Mojezalepas. However, the den se high rugae
at the surface of sclerites mak es them quite distinct from cooccurring species of Deltacoleus and this
alone seems to substantiate their generic distinctivene ss.

Massive acute sclerites with a medial furrow cooccur rarely with Mojezalepas sclerites in some
samples from Balti c erratic boulders (DZIK 1986) and deep boreholes at the margin of the East
European Platform, but they have not been identified in M6jcza. Thi s weakens the original sugges tion
that the scleritome of Mojezalepas was different from that of Deltacoleus in havin g also lateral
sclerites . Actually they remain unknown in both these genera. The validity of the genus has been
questioned by AORAIN et al. ( 199 1), who generally believe that machaeridian taxa should be based
only on articulated speci me ns. Nevertheless, I continue to use this name for the type species becau se
it is morphologically dist inct from cooccurring mach aeridians in the orname ntation of its scle rites,
more distinct than it is usual for spec ies of the same genus in this group.

Mojezalepa s mult ilamellosa DZIK, 1986
(PI. 52 : 4, 6-7 , 12; Text-fig. 2a)

1986: Mojczalepas multilamellosa sp. n.; D ZIK, p. 132, Figs 5A-B, 6A, 8e.

Holotype: ZPAL V.XIIj2: Fig. 5A-B in D ZIK ( 1986), PI. 52: 4 here.
Type horizon and locality: Late L1anvirn of the M6jcza Limestone at its type locality (sample MA-29 ), E. reclinatus

or E. robustus Subzone.

Diagnosis. - Sclerites orname nted with den sely spaced, high rugae. Outer area of dorsal sclerites
with semicircular lobe at the anterior margin, inner area with medial shallow sinus and marginal
narrow lobe (after DZIK 1986).

Distribution. - From the base of the M6jc za Limestone (latest Arenig), to the base of the Zalesie
Formation (Early Ashgill ) in the M6jc za section; Llanvirn and Llandeilo of the Balti c region .

Genu s Deltacoleus WITHERS, 1926

Type species: Deltacoleus crass li S WITH ERS, 1926.

Deltacoleus cf. crassus WITHERS, 1926
(PI. 52: 8- 10; Text-fig. 2c-d)

Remarks. - Species identity of these turrilepadids remains uncertain. Their scle ri tes are dearly
separated from coo ccurring Mojezalepas by a morphologic hiatus. Th ey may represent more than one
spec ies that differ from each other in fea tures diffi cult to identi fy in this mode of preservation (see
DZIK 1986: Fig. 8).

Distribution. - From the base of the M6jcza Limestone (latest Arenig), to the base of the Zalesie
Formation (Early Ashgill ) in the M6jcza section; Llanvirn to Late Caradoc of the Baltic region.
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Fig. 2.
a . Mojcza lepas multilamellosa D ZIK, 1986; dorsal scle rite from sample MA-29 (loose block, E. robustus Zone, Llanvim)
(see also PI. 52: 6). b . Deltacoleus laevis sp. n.: dorsal? sclerite from sample MA-43 (see also PI. 52: 5). c, d . Deltacoleus
cf. crassus W ITHERS, 1926; dorsal sclerites from sample MA-99 (see also PI. 52 : 8-9). e- f. Plicacoleus robustus D ZIK,

1986; dorsal sclerites from sample MA-52 (see also PI. 52 : 2). g-h. Aulakolepos elongatum sp. 11. ; dorsa l scle rites from
sample MA-85 (see also PI. 53: 2-3).
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Deltacoleus laevis sp. n.
(PI. 52: 5; Text-fig. 2b)

Holotype: ZPAL Y.XII/26; PI. 52: 5.

Type horizon and locality: Llanvirn (sample MA-43, 0.2 m above the discontinui ty) of the M6jcza Limestone at its
type sec tion, E. reclina tus Zone.

Diagnosis. - Dorsal scle rites with den sely distributed but low rugae.
Remarks . - Although rare, scle rites of this spec ies are easy to di stingu ish because of their smooth

(espec ially under light microscope) app earance. They are also less co nvex and thinner than in other
coocc urring turrilepadids . A possibil ity that the se are ac tually lateral sc lerites of some other turrile­
padids cannot be ex cluded, but it is not likely because of an ang ular bending along their midline
(lateral sclerites in bett er known turrilep adid mach aer idians are usually almos t flat).

Distribution. - From the base of the Mojcza Lim estone to 1.0 m abov e the di scontinuity in the
type section (la tes t Arenig to latest L1anvirn ).

Fam ily Lepidocoleidae CLA RKE, 1896

Diagnosis. - St ron gly e longa ted, laterall y co mpressed bod y with up to 60 se micy lindrical se ts of
scle rites. Large dorsal sclerites meet ventra lly in closed positi on. Late ral sc leri tes reduced in size or
lacking.

Ge nus Plicacoleus DZIK, 1986

Type species: Plicacoleus robustu s DZIK, 1986.

Diagnosis . - Dorsal scle rites thick -walled , with ver y co nvex outer area sepa rated by a prominen t
cres t from the win g shaped inner area . Sclerites weakl y orname nted. (Mod ified after DZIK 1986.)

Plicacoleus robustus DZI K, 1986
(PI. 52: 1- 3; Tex t-fig. 2e-f)

1986. Plicacoleus robustus sp. n.; D ZIK, p. 132, Figs 6E, 9A-B.

Holotype: ZPAL Y.XII/3, Fig . 9A-B in D ZIK ( 1986), here PI. 52: Ia-b.

Type hor izon and local ity: Late Llanvirn of the M6jcza Limes tone at its type locality (samp le MA-29), E. reclinatus
or E. robustus Zone.

Distribution . - From the base to 1.3 m above the bent onite layer in the M6jcza sec tio n (la tes t
Areni g to Earl y Caradoc), L1an virn and L1 and eil o of the Balti c region .

Genu s Au/ako lepos WOLBURG, 1938

Type species: Aulako lepos gleidorfense W OLBURG, 1938.

Diagnosis. - Dorsal scle rites with thin wa lls, a narro w concave dorsal area and wide lateral area,
regularl y convex in dor so-vent ral plane.

Aulakolepos elongatum sp. n.
(Pis 52 : 11 ; 53 : 1- 3; Text- fig. 2g-h)

Holotype: ZPAL Y.XII/12; PI. 53: 1.

Type horizon and locality: Early Caradoc of the M6jcza Limesto ne at its type locality (sample MA-85 ; 1.5 m above
the bentonit e), A. tvaerensis Zone .

Diagnosis . - Dorsal sclerites with higher lon gitudinal than dorso- ventral dimen sion , orna me nted
with sparce but regul arly spaced rugae.

Description . - All the ava ilable dor sal sc lerites fro m Mojcza are incomplete but the co urse of
rugae at the ex terna l surface of the scle rites allows us to restore their shape . It appea rs then that they
we re of rectangul ar shape , with alm ost strictly tran sver sel y straight anterior margin and ge ntly convex,
cy lindrica l appea rance. Scl er ite len gth was somewhat lon ger than its height. The surface rugati on was
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relativel y den se but low with rather distinct conce ntric mi cro-furrows (PI. 52 : 11 ), which mak es thi s
species different from und escribed lat e Silurian species of the Carnic Alps.

Remarks. - Th e M6jcza populations of Aulako lepos are hardly di fferent fro m those from the
L1anvirn of the Baltic area (see DZIK 1986) and all probably represent the oldest known spec ies of
the genu s. From ge olog ically younge r spec ies of the ge nus (see BENGTSON 1977) A. elonga tum sp . n.
differs in ha ving more e longated sclerites . In thi s respect it resembles the cooccurring, usu all y split
in hal ves, intermediate sc lerites of the chiton Bu rsata. Th ey ca n be safe ly distin gui shed only if the
co nvex dorsal area, typi cal for the lepidoc oleid s, is preserved.

Distribution. - From about 1.0 m above the bentonite in the M6jc za Limestone to the base of
the Zales ie Formation in the M6jcza sec tion (Ea rly Caradoc to Early Asgi ll) .

Phylum Mollusca C UVIER, 1797
Subphylum Amphineura IHERING, 1877

Class Polyplacophora DE BLAINVILLE, 1816

Distribution. - Phosph ati zed valves of chitons are restricted in their di stribution to the upper part
of the M6jcza Lim estone, pr acti cally being confined to the uppermost bed (Tex t-fig. I ). Onl y a few
specimens have been fo und below it, the o ldest one in the late A . tvaere nsis Zo ne of the Earl y Carad oc
(sa mple MA-85). In the topmost layer of lat est Caradoc or ea rly Ashgill age (sa mple MA- 99 ) fo ur
spec ies are represented , the mo st co mmo n being Sarkachiton kielcens is sp. n. Bursata san tacrucens is
sp. n. is the sec ond in number , while Priscochiton sp. and Chelodes sp. are quite ra re.

Order Septemchitonida B ERGENHAY N, 1955
Family Septemchitonidae BERGENHAYN, 1955

Emended diagnosis. - Valves V-shaped in cross sec tio n and with smooth inner surface, the tail
valve being of s im ilar len gth as the intermedi ate ones .

Remarks . - ROLFE ( 198 1) sho we d that the se ptemc hi tonids , despite of their nam e, actuall y
po sessed eight val ves and that the enigmatic Late Ordovic ian So lenocaris is rel ated to them . Isol ated,
phosphat ized valves from the M6jcza Limestone and from the Silurian Kok Formation of the Carnic
Alps suggest that with in the orde r.Septemchitonida two rather di stinct gro ups ca n be distingui shed .
Septemchiton and its proposed anc estor from the Earl y Ordovician, Sa rkachiton ge n. n. , show bod y
organiza tion more or less sim ila r to othe r Paleo zoi c chiton s, d ifferin g mostl y in their high , angul arl y
bent val ves, and thu s roughl y trian gul ar transverse cross sec tion of the bod y. Bursata , representative
of the group of Solenocaris , appears to be a ve ry unusual pol ypl acophoran with the ve ntra l ope ning
of its scleritome slit- like (in Ordovici an B. san tacrucensis sp . n. ). In its probabl e Silurian successor
Carnico leus gazdz ickii DZIK, 1986 the va lves were almost co mplete ly closed ventra lly. Th e foot was
thu s reduced and the anima l was hardl y able to cree p over substrate, as usu al for typi cal polyplaco ­
phorans. In the place of the foot an aplacophoran-type furrow mu st hav e dev el oped to transfer food
and oxygen with passin g water. Thi s apparent an atomical similarity to Recent aplacophorans puts in
question their generall y accepted ancestral position in the phylogen et ic tree of the molluscs (SCHEL­
TEMA 1988; HASZPRUNAR 1992 ).

Genera included: Priscochiton D ALL, 1882, Sarkachiton gen. n., Septemchiton B ERGENHAYN, 1955.

Genus Sarkachi ton ge n. n.

Type species : Helminthochiton aequivoca ROBSON, 1913.

Diagnosis. - Intermediate va lves re lat ive ly sho rt and thick , with their len gth only slightly exceed­
ing height. Interior of the tail valv e with a conical cav ity pen et rating to its apex .

Remarks. - From Paleochiton SMITH, 1960 (poss ibly sy no nymous with Ivoechiton SMITH , 1960
and Eochiton SMITH, 1960 ) the new ge nus differs in the highl y V-shap ed cross section of the valves,
typical for the Septem ch itonidae. From Septemch iton , as well as other adv anc ed Septem chitonida it
differs in that the tail valve has its apex in the midlen gth as we ll as in mu ch shorter intermediate
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va lves. Th e structu re of the tail va lve seems to be a trait of rel at ion sh ip to (pe rhaps descendance fro m)
th e Late Cam brian Matthev iidae (see DZIK 1986 ). Amon g several specime ns of the type species hou sed
at the Narodni M uzeum, Prague , at least two are ar ticula ted, but not more th an four valves are in th e
orig ina l ar rangeme nt. Th e head va lve has not been fo und and its sha pe given in th e rec on struction of
th e who le armor (DZIK 1986: Fig . 14C) is quite co njec tural.

Species included: S. aequivoca, S. kielcensis sp. n.

Sarkachiton kielcensis sp. n.
(P I. 53 : 8- 10; Text-fig . 3c-g)

Holotype: Spec ime n ZPAL V.XII/l 0, PI. 53: 9a-b (a lso DZIK 1986: Fig. 15).

1986. Septemchiton aff. aeq uivoca ( ROBSON 1913); DZIK, Fig . 15 (note that actua l magnifications is not x Iaa, as given
in figure explanations but abo ut x 65; figure size was reduced by the printer).

Type horizon and locality: M6jcza Limestone, 1.5 m above the bentonite (samp le MA -5), A . tvaerensis Zone, Ea rly
Caradoc.

Diagnosis. - Len gth of int ermediate valves si mi lar to height, a ll va lves thin-wall ed, su rface
ornamented with prominent tubercles po inting backward . Probable tail va lve approximatel y tw o times
as lon g as h igh.

Remarks . - Th e new species resem bles in the va lve morph ol ogy S. aequivoca ROBSON, 191 3
fro m the Sarka Formatio n (Early L1an virn ). T he Bohem ian species has, however, much thi cker va lves
and es pecially the ta il va lve resembles in its internal organiza tion the Cambrian chito ns Matth evia
(see QZIK 1986). Tail va lves of S. kielcensis sp. n., kn own from the Early Carad oc of th e Lesieniec I
borebole at th e m argin of the East European Pl at form , are sim ilar in ex te rnal shape to those of S.
aequivoca but wi tho ut any deep inte rnal cavit ies. Th e species, w ith its re latively thin and elo ngate d
va lves, may thus appear tran sition al bet ween Ea rly Ordovic ian S. aequivoca and typi cal Septernchiton
of the Late Ordovician (see ROLFE 1981 ).

Distribution . - Upper part of the M6j cza Limestone (from 1.5m abo ve the bentonite to th e to p;
Earl y to Late Caradoc) , Late L1an vi rn of the Balti c area.

Genus Priscochiton DALL, 1882

Type species : Chiton canadensis BILLI NGS, 1865.

Priscochiton? sp.
(Tex t-fig.3a-b)

Remarks. - In the sha pe of its va lves th e species is intermediate bet ween Sep ternchiton and
Chelodes being high ang u lar in tra nsverse se ctio n and ro ug hly triangular in outline . From th e typ e
spe cies of the ge nus th at occurs in th e Earl y Carad oc Leray-Rockl and beds of Can ad a (WILSON 1951 :
p. 16 : PI. 1: 1- 3) it di ffer s in being much nar ro wer and higher. Its valves are eve n m or e ac ute ly vaulted
th an in th e associated S. kie lcensis and th is feature allows easy distincti on of even very fragmentary
specime ns . Th e on ly two kn own specimens of P. canadensis are consi de red by WILSON ( 195 1) to
represent the head va lves. It is tempting to match the M6jcza spec ime ns, wi th the ir tri an gular late ral
outline, with the eo-occurri ng rhombo id va lves of Sa rkachiton as more ante rio rly located va lves . It
seems unlikel y, howev er, that th ey represented the same arm or. Even if thi s would be the case a
presen ce of an add itio na l va lve, a small o ne of the kind ident ified by ROLFE ( 198 1) has to be ass umed.

Di stribution. - This is a rel at ivel y rare species in th e M6jcza Lim eston e, restricted to its upper
part (fro m 1.5 m abo ve the benton ite to th e top ; Ea rly to Late Caradoc).

Fa m ily Solenocarididae fa m. n.

Diagnosis . - Valves U-sha ped in cross sectio n wi th pseudo po ro us (aesthe tae?) wall, stro ng ly
elo ngated, es pecia lly th e ac ute tai l va lve .

Genera included . - Bursata RHOADS, 1962 , Carnico leus DZIK, 1986, Solenocaris YOUNG in
YOUNG and YOUNG, 1868.
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Fig. 3.
a-b. Priscochiton't sp.; intermediate valves from sample MA-99. c-g. Sarkachiton kielcensis sp. n.; interm ediate valves

from sample MA-99.

Genus Bursata RHOADS , 1962

Type species: Bursata iowaensis RHOADS, 1962.

Remarks. - Before complete valves had been found in the M6jcza Lime stone, the main source
of information on skeletal morphology of the solenocaridid Septemchitonida were medially split
intermediate valves of Carni coleus from the Ludlow Kok Formation of the Carnic Alps (DZIK 1986;
more recently also complete intermediate and tail valves have been identified). In such a mode of
fragmentation they are very similar to dorsal sclerites of Aulakolepos, and because of this similarity
the genus was then provisionally included in the machaeridian family Lepidocoleidae. As now under-
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stood, Bursata is transiti on al between Septemchiton and Solenocaris, bein g closer to the latt er ge nus
in its vermiform sha pe and strong elongat ion of valves, more or less approaching eac h othe r ventrall y.

Bursata santacrucensis sp . n.
(PI. 53 : 4-7; Text-fig . 4a-i )

Holotype: Tail va lve ZPAL V.XII/ 18, PI. 53: 7.

Type horizon and locality: Topm ost bed of the M6jcza Limestone in its type locality.

Diagnosis . - Tubular body with relatively short intermediate valves, the tail valve triangular in
lateral profile, alm ost thr ee tim es longer than high. Surface orname nted with indi stinct and irr egularly
distributed growth lines.

Remarks. - Lik e the type spec ies of the ge nus, B. santacrucensis sp. n. has the internal surface
of its valves pitted with num erous pseudopores (RHOA DS 1962), which are typical al so for the Silurian
Carnicoleus . The M6jcza spec ies differs from slight ly younger B. iowensis of the Maquoketa Shale
in less elongated bod y (see RHOADS 1962; SANDERS 1966). Intermediate valves of the new spec ies do
not see m to differ in elongation from the typ e spec ies of Septemchi ton (see ROLFE 1981), and some
very short val ves (PI. 53: 6; Text-fig. 4a ) may, by analogy, represent its cephalic va lves . The associated
tail valves are , however, quite different from tho se of Septemchiton, being of Solenocaris appearance,
even if much shor te r than in S. solenoides YOUNG et YOUNG (see ROLFE 1981 ). "Anatifopsis" elongata
HADDING, 1913 from the Late Llanvirn to Early Caradoc of the Baltic area (HADDlNG 1913, 1915 ;
ROLFE 1981 ; SMITH and HOARE 1987) seems to be a related spec ies but the cross section of its
intermediate valves as well as the shape of its tail va lve remains unknown, which leaves unce rtainty
whether it belongs to Bursata or Septemchiton,

Distribution . - Topmost bed of the M6jcza Limestone in its typ e locality (sample MA-04: I
specimen, sample MA-99 : 29 spec imens), Late Carad oc.

Order Chelodida B ERGENHAYN, 1943
Family Chelodidae BERGENH AYN, 1943

Genus Chelodes DAVIDSON et KING, 1874

Type species: Chelodes bergmani D AVIDSON et KI NG, 1874.

Chelodes sp.
(PI. 53: Ila-b)

Remarks. - Th e valves of Chelodes from M6jcza are of rath er ge ne ralize d morphology. Th ey
may represent a new speci es which is hard to compare with other Ordovician spec ies of the genus
(BERGENHAYN 1960; RUNNEGAR et al . 1979 ) bec ause of rather limited published evide nce on the
morphologic vari ability of valves within the scle ritome .

Distribution. - Only the topmost bed of the M6jcza Limestone at its type locality (sa mp le
MA -99: 6 spec ime ns), Late Caradoc.

Subphylum Cyrtosoma R UNNEGAR et P OJETA, 1974

Conchiferan molluscs are known from the M6jcza Limestone a lmos t excl us ively from phosphatic
linings and nuclei of juvenile conch s. Only a sing le macroscopic spec ime n of a possibl e monoplaco­
phoran has been found in the basal part of the section (see PI. 6 : 14 in DZIK and PISERA 1994). This
makes an y taxonomic judgement very di fficult, as pre sumably similar ju venile stages charac terize d
species that were quite different at the adult stages. Th e lack of any published data on similar
ass emblages with adult she lls represented mak es it ev en more problematic. Possibl y, the M6j cz a
gastropods rep resent a new fauna of the Early Paleozoic. All the taxonomic decisions presented bel ow
are thu s onl y tentative and many ge neric names are used solely to indi cate s im ilarity in the she ll form.

Th e M6jcza Limestone assemblages of the cy rtosome mollu scs are different ecol ogically from
tho se of the coeval Baltic cephalopod lim estone . While in the Balti c Ordovician the abundance of
minute phosphatic ste inke rns of ga stropod , hyoliths, and bellerophontid conch s (see HYNDA 1986)
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Fig. 4.
a-i. Bursata santacrucensis sp. n.; head (a), anterior intermediate (b, c), medial intermedi ate (d- f), and tail (g- h) valves

from sample MA-99; reconstruction of the annor from ventral and lateral sides (i) .
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seems to be a result of an increa sed mortali ty at the metamorphosis of the ve liger larvae and sett lement
(DZIK 1978), in M6jcza mo st gastropod specimens represent api cal parts of juvenile teleoconchs. This
wa s evident ly caused by an extreme ly low rate of sed imentation that resul ted in the destruction of any
objec ts too large to be co vered with the sediment in rea sonable time (see DZIK and PISER A 1994). In
effect v irtually no macrofossil can be found in the M6jc za Lim estone. which is not the ca se with the
Bal tic cepha lopod limestones .

Distribution. - Two distinct mo llusc fau nas can be di stinguished in the M6jcza Limestone (Text­
fig . 14). The older one , represe nted in almost the whole section except for the topmost bed, is of a
very low dive rsit y and clear Boh emian affini ties. Two Gondwanan, cold-water mollusc s prevai l, the
be lleropho ntid Modestospira and sinistrally coi led Mim ospira (see JELL et al . 1984 ; FRYDA 1988). It
is quite unl ike the younger assemb lage of the top most M6jcza Lime stone , whic h is of high diversi ty,
wi th man y species co ntribu ting to it at simi lar percentage . The only other area in whic h at least simi lar
fo rms ca n be identified is the No rth Ame rican Midcontinent (see WILSON 195 1; ROHR 1980). T he
yo unger M6jcza fauna seems to be unique in being do mi na ted by smooth-shelled gastropods . Even if
the bell erophontids fro m this asse mblage are possib ly co nge neric with those of. the coeval stra ta of
Canada, any of the typi cal M idcontinent gastropods are m iss ing . This co nce rns es pec ia lly prominentl y
orna me nted, supposedly warm-water for ms.

Within the Mimo spira - Modestospira dom inated part of the M6jcza sec tion, two subunits ca n be
dis ting uis hed. In the lower part of the sec tion up to about 1.5 m above the d iscontinuity surface ,
virtua lly all specimens of the phosp ha tized mollu scs be long to these two ge nera. Interest ingl y, both
of them are also known fro m the Boh emian Klabava Forma tion (FRYDA 1989 ) which is si mi lar to the
M6jcza Limestone in conta in ing also an assemblage of pre sumably cold-wate r conodonts (DZIK 1984 ).
The Klabava Formation is s ignificant ly o lder than the base of the M6jcza Limestone .

Above a barren horizon, close to the top of the M6jcza Limestone, severa l new mo llu scs appear
marking the introduction of the yo unge r M6jcza fau na . Even if some older e lements seem to survive
the cha nge , they are of very mi nor importance. being subdued by smooth -shelled ga stropods of
generalized shape but very high spec ies diversity. Modestospira is lacking in the assemblage but
instead , severa l be llerophontid s of possibly North American affinities ha ve been identified.

In the overlying Za lesie Formation again onl y Mim ospira and rare, undeterminable ho lopeids(?)
occur. T his seems to mark a reestablishing of the co ld water regime after a brief warmi ng at the end
of the sed imentation of the M6jcza Limestone.

Class Monoplacophora K NIGHT 1952
Order Bellerophontida U LRICH et SCOFIELO, 1897

Remarks. - It is still a matter of dispu te whe ther a ll or only so me of the be lle ropho ntids are
monopl acophoran s (see HORNY 1991 ; PEEL 1991 ).

Fa mi ly Bucaniidae ULRICH et SCOFIELD, 1897
Gen us Modestospira YOCHELSON, 1964

Type species: Modestospira poul seni Y OCHELSON. 1964.

Modestospira sp.
(PI. 55: 1-3 ; Text -fig . 5a-c)

1978. Modestospira sp.: O ZI K , Fig. 40.

198 1. Modestospira sp.; O ZIK , Fig. 4C.

Remarks. - Presumably larval she lls of thi s kind are quite common in the lower ha lf of the
M6jcza Limestone . They seem to represent a sing le lineage possibly directly re lated to Modestospira
polonica (GOR ICH, 1901 ) from the underlying Buk6wka Sandstone (see YOCHELSON 1964 ) which, in
turn , may be a derivat ive of the somewha t o lder Bohem ian spec ies M. merg li FRYDA 1989 (see FRYDA,
1989). In the Bornholm strata coeval to the lower part of the M6jcza Li mes tone M . poulsen i occurs.
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Fig. 5.
a-e . Modestospira sp.: partially exfo liated phosphatic envelope of a ju venil e conch from sample MA-45 (a), nucleus
and phosphatic envelope of ju venile conchs from sample MA-58 (b, c). d-f. Kokenospira sp. [cf . K. esthona ( KO KEN)]

or Tetranota sp.; phosphatic envelopes of juvenile conchs from sample MA-99 (f, see also PI. 55: 5). g. Cyrtodiscus'l
sp.: phosphatic enve lope of a ju venile conch from sample MA-99 (see also PI. 55 : 7). h-j . Tropidodi scus sp.; phosphatic

envelopes and nucleus of juv enile conchs from sample MA-99 (i, h, see also PI. 55: 4, 6).

In the lack of adult stages in the M6jcza material it is not possible to decide whether they are
conspecific or not.

The embryonic shell of Modestospira was smooth, ornamented onl y with indistinct growth lines
(PI. 55 : 2-3). The ornamentation typical for the genus appears suddenly at the second coil. The
frequently occurring complete spec ime ns with about 1.5 coil s are perhaps veliger conchs (PI. 55: 1)
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but the eviden ce for an incre ase in mo rtalit y at thi s stage is very weak. The proposed ve lige r conchs
have the se lenizone di stinctly se parated by spiral ridges, like small specimens of M. mergli and
Peelerophon oehlerti (BERGERON, 1889 ). Larger spec ime ns of P. oehlerti show a much more angularl y
shaped inci sion in the aperture , which mak es them clo sel y similar to the adults of Modestospira
polonica (see PI. 6: 10-13 in DZIK and PISERA 1994). A ge neric d istinction of P. oehlerti from the
species of Modestospira seems thu s rath er doubtful.

Distribution. - Very common in the middle part of the M6jc za Limestone ( 139 juve nile spec i­
men s), from the di scontinuity surface up to 1.5 m above the bent onite (L1 anv irn to Earl y Caradoc).

Genus Kokenospira BASSLER, 1915

Type spec ies: Bucanella esthona K OKEN, 1889.

Kokenospira sp. [cf. K. esthona (KOKEN, 1889)] or Tetranota sp.
(PI. 55 : 5a-b; Text-fig . 5d-f)

Remarks. - Th e mo st typi cal bell erophontid conchs for the top of the M6jcza Lim estone (sample
MA-99) are globular and sp irally orna me nted. Similar forms are common also in the Baltic cephalopod
limestones (DZIK 1978; HYNDA 1986 ) where they can be matched with adult specime ns of Kokeno ­
spira . This is not possibl e in M6jcza so the real affinity of the juveniles remains unknown. If the
ribbing pattern of the ju venil es continued to later stages, it would res ult in a morphology clo se to that
of K. esthona (se e KNI GHT 1941: PI. 8 : 2a-b). Another similar form is the Midcontinent Tetran ota,
especially T. hisulcata (HALL) from the Earl y Carado c Leray-R ockland bed s of Canada (see WILSON
1951 : p. 30, PI. 55 : 1-2 ).

Distribution. - Top of the M6jcza Limestone (Late Caradoc, sa mples MA-4, 98 , 99: 64 speci­
men s) and at the bentonite (L1andeilo, samples MA-67-69: 7 spec ime ns) . Perhaps these are popula­
tion s of different spec ies.

Family Tropidodiscidae KNIGHT, 1956
Genu s Cyrtodiscus PERNER, 1903

Type species: Oxydiscus (Cyrtodiscus) procer PERNER, 1903.

Cyrtodiscus? sp.
(PI. 55: 7, ? 14; Text- fig . 5g)

Remarks . - These rare discoidal but rath er globose spec ime ns are hard to determine even at the
generic level. A fragment of a some what old er co nch (ZPAL Gal/83; PI. 55 : 14) may represent the
same spec ies but its pleurotomariid nature cannot be exc luded. Trematodiscus? disculu s (BILLINGS)
from the Cobourg beds of Canada (WILSON 1951 : p. 32 , PI. 4: 24- 25) is somewhat similar to the
M6jcza ju veniles.

Distribution . - Onl y 5 spec ime ns in the topmost bed of the M6jcza Limestone (Late Ca radoc,
sample MA-99).

Genus Tropidodiscus MEEK et WORTHEN, 1866

Type species: Bellerophon curvilineatu s C ONRA D, 1842.

Tropidodiscus sp.
(PI. 55 : 4 , 6; Text- fig. 5h-j)

Remarks. - These flat di scoidal conchs with a deepl y incised ventra l sinus cannot be determined
specifically at the ontogenetic stages re presented in the M6j cza materi al. They pre sumably represent
the cosmopolitan genus Tropidodiscus. Similar species of the genus ca n be found both in Bohemia
(HORNY 1963 ) and the Balti c reg ion (HYNDA 1986).
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Fig. 6.
a--e. Mimospira sp.; envelope of a pathologic(?) specimen from sample MA-43 (a); early postembryonic conch from
sample MA-34 (b); juvenile specimens with different shapes of embryo nic parts from sample MA-45 (c, e); nucleus
possibly represe nting a newly hatched larval conch of this species , prior to developing the columella, from sample

MA-95 (d).

Distribution. - Top of the M6jcza Limeston e (Late Ca radoc, sa mple MA -99: 6 spec ime ns) .
Possibly represented also by singular spec imens in the Lat e L1anvirn part of the sect ion (sample
MA-58) and c lose to its base (sample MA-37 ).

Order Mimospirida D ZIK, 1983

Remarks. - These are orig ina lly sinistral gastropods that probably developed independently of
other, originally dextral on es, alrea dy in the ea rlies t Cambrian (LINSLEY and KIER 1984). Wh ether
the y are to be classified as gas tropo ds or monoplacophorans is a matter of conve ntion . I place them
here among monoplacophorans just to indicate their uncert ain taxonomic position.

Family Clisospiridae MILLER, 1889
Genu s Mimospira KOKEN, 1925

Type spec ies: Mimospira helmhackeri PERNER, 1900 .

Mim ospira sp .
(PI. 55: 8-12; Text-fig. 6a- e)

1983. Mimospira sp.; D ZI K, Fig. 3A-E.

Remarks. - Like the Balti c population s of the ge nus (DZIK 1983), the Mim ospira spec ime ns in
M6jcza show an ex traordina ry var iability in the shape of their apica l parts and the she ll orname ntation.
The embryonic she ll in Mim ospi ra is orn amented only with grow th lines. In some samples (MA-25,
95 ) nucle i of possibly newl y hatched larval she lls occur. Th ey are vi rtu ally symme trical bil aterally
and without any columella. In specime ns a little old er (sample MA-34) the columella develops forming
a slightly oblique she lf that cov ers half of the co nch ape rture . Onl y afte r thi s stage regular coiling
starts . The ba sal part of the she ll rem ain s complete ly smooth, ev idently it was covered with soft tissue.
A sing le specimen of an unu sual horn-lik e shape (Tex t-fig . 6a ; sample MA-43) seems to represent a
malformation of Mim ospira rath er than a new mollusc group.
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Fig. 7.
Distribut ion of hyoliths in the M6jcza Limestone section at Mojcza, Holy Cross Mountains, Poland.

The surface ornamentation of the Mimospira conchs from M6jcza is generally coarse and very
variable in eac h sample. Without bio me trics , which is rathe r hard to do with the variously preserved
M6jcza material , I am not able to rec ogn ize any apparent evolutio nary change in the sec tion. Rela­
tionships to the Baltic species defined on the basis of adult specime ns by WANGBERG-ERIKSSON (19 79)
are not clear .
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Distribution. - Occurs throu ghout the section, both in the M6jcza Limestone and the Zalesie
Formation. Most common in the interval betwee n the discontinu ity surface and bentonit e.

Class Hyolitha M AREK, 1963

Hyolith s are exc lusively Paleozoic organisms with con ical aragonitic shells of cross -lamellar
micro structur e (RUNNEGAR er al. 1975) closed with a calcareous operculum. Their embryonic and
larval conchs are of variable but typically molluscan morph ology (DZIK 1978). The opercula, with a
compl ex inner side (MAREK 1966), are ca lcified in a way closely simi lar to that in the neritid
gas tropods and show analogies to them also in the distribu tion of the muscular attachments and
processes (DZIK 1980). Intestins of hyoliths may be prese rved filled with sediment (MA REK 1966;
RUNNEGARer al. 1975; MESHKOVAand SYSSOtEV 1981; BABCOCKand ROBI SON 1988) and this, together
with the flatten ing of a one side of their shells, indicate that they spent most of their life lying passively
on the sea bottom in a way similar to the Recent turritellid gas tropods. A paired dorsal muscle
attachment scar, located in proximity of the aperture , fits spatially the pair of clavic les at the opercu­
lum. Despite relatively well known morph ology, relationships of the hyolith s are still hotl y disputed
(see YOCHELSON 1987).

Like man y other tall conical shells the hyolith conchs also have their apical parts separated by
diaphragms. The periodic secretion of the dia phragms, as in cephalopods, sometimes result s in a
periodicity in the thickenin g of the conch wall and in the preservation of a ser ies of the muscle scars.
A strange feature of the hyolithi d diaphragms is the variability of their shapes. Usually they are more
or less flat, sometimes with pointed structures deforming their centers . Thi s seems to be of little
taxonomic importance, and generally the morphology of the hyolith conchs has a limited value in
distinguishing genera, especia lly among the hyol ithids (MAR EK 1966).

Distribution. - In the M6jcza Limestone the hyoliths are common foss ils but, from some un­
known reason, except for the topmo st bed only their phosphatized opercula occ ur in grea ter numbers,
the conchs being known only from few fragments (Text-fig. 7). Almost all of these opercula belong
to the orthothecid hyolith s. Even if in the topmost bed quit e a diverse assemblage of the hyolith s
appear s, it is still domin ated by the orthothec ids. Thi s is unlike all other known hyolith assemblages
of the Ordo vician, eve n the most similar fauna of the Kraluv Dvur Formation of Bohemia (MAREK
1989).

Order Circothecida S YSSOIEV, 1968

Diagnosis . - Conchs with "ventral" surface not flattened; opercula with promin ent cardinal pro­
cesses and a circular rim sometimes showing incipient differentiation into clavicles.

Family Circothecidae MISSARZHEVSKY, 1968

Diagnosi s. - Conch s with circular or ova l cross sections.

Genus Circotheca SYSSOIEV, 1958

Type spec ies: Hyolithes (Orthotheca) sty111.1' HOLM, 1893 .

Remarks. - The type spec ies of the genus is Lite Cambrian in age. Its operc ulum bear s two
promin ent cardinal processes (HOLM 1893: PI. 6: 6-9). Morphologically similar Early Cambrian
hyolith s had quit e different opercula and it remain s unclear whether the Middl e Ordovician Baltic
species with tubular conchs can be classified in this genus eve n if their larval shells are similar to
those of the type spec ies of Circotheca (compare DZIK 1980: Figs 3C and 7). The generic identifi cation
of the M6jcza spec ies is thus also conjectur al.

Circotheca cf . neptis MAREK, 1989
(PI. 54: I; Text-fig. Sa, i)

1989. Circotheca neptis sp. n.; MAREK, p. 4 1, PI. I: 1- 2.
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Fig. 8.
a , i. Circotheca cf. neptis MAREK, 1989; partially exfoliated phosphatic enve lope of a conch from sample MA- 99 (a,
see also PI. 54 : I); nucleus of the apical part of a conch possibly belon ging to this species, same sample (i). b-h.
Mojczatheca triangularis gen. et sp. n.; conchs from sample MA- 99 (b-e, 11) and MA -4 (d); operculum possibly

belon ging to the species, sample MA- 99 (e; see also PI. 54: 8); nuclei of apices from the same sample (f-g).

Remarks . - The fragmentary tubular conchs with a transverse aperture and virtually circular cross
section from the sample MA-99 ma y represent hyoliths of this genus, mo st probably the almost coeval
Bohemian species from the Kraluv Dvur Formation . Neith er the apical part s of the con ch nor opercula
have been identified in the M6jc za mat erial.

Distribution. - Late Caradoc, 4 conch fragments in sample MA-99.

Family ?Tetrathecidae SY SSOIEV, 1968
Genus Mojczatheca gen . n.

Type species: M. triangularis sp. n.

Diagnosis. - Elongated, gently curved conchs with regularly triangul ar cro ss section, flanks and
venter being gentl y con vex . Operculum flat , with wide cardinal processes.

Remarks . - The morphology of the embryonic conch almost identical with that of Circotheca
suggests an evolutionary proximity to this genus . Conchs of the early Cambrian Gracilith eca SyS-
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SO IEV, 1968 also have an acute ly triangul ar cross section but they are wide and hav e a typi call y
or thothec id co ncave vent er.

Species included: Only the type species. Perhaps also the specimen from the Late Cambrian of the Baltic region
identified as a juvenile of Decoritheca cxca vata (HOLM . 1893) by DZI K( 1980: Fig. 88) represents a species of the genus,
which requires that associated apices belong to another form. HINZ (1987: p. 72. PI. 14: 37-38. Text-fig. 31) identi fied
morphologically undistinguishable shell fragments from the Early Carnbrian of England as Alia/w rites composi tus
MISSARZHEVSK Y, 1969. but any similarity of at least the M6jcza material to these problematic fossils is rather superficial.

Mojcza theca triangul aris sp. n.
(PI. 54 : 22, ?8a, b; Tex t-fig. 8b- h)

Holotype: Fragmentary conch ZPAL GaI/45 (PI. 54: 22).
Type horizon and locality: Top of the M6jcza Limestone in its type section, Late Caradoc.

Diagnosis . - As for the genus.
Description. - The thickenings at the three edges of the co nch form its so le longitudinal orn a­

ment. Growth lines are not apparent but they seem to show a strictly tran sver se course. With a
decreasing diam eter tow ard s the apex the co nch flank s became more and more convex and the apica l
part se ems to be almost c ircular in cross section (at least its interi or, as sho wn by phosphatic nuclei ).
Th e conch is generally gently bent; only its tip curves strongly tow ard s the dorsum . Th e em bryo n ic
co nch is e longa ted, with a mu cro , approximate ly 0.12 mm in di ameter.

The only operculum that matches the aperture of Mojcza theca conchs (PI. 54: 8a-b) is completely
fla t from the outs ide (even its embryonic part) . From the ins ide its dorsolateral s ide s are bordered by
long bases of the cardina l processes, that are triangul ar in profile but incomplete ly preserved. Th e
medi al area is gently co nca ve.

Remarks. - Th is is the most unu sual of the M6jcza hyoliths. Its highl y e longated conch with the
strict ly regul ar, tr iangul ar cross section makes it unl ike any othe r hyolith s.

Distribution. - Lat e Ca radoc , topmost bed s of the M6jcza Lim estone , 90 co nchs from the sample
MA -99, I from MA-98 and 2 fro m MA-4; the sing le operculum from MA-99 ma y also belong here .

Order Orthothecida M AREK, 1966

Diagnosis. - Con chs with a flat or concave ventral surface; op ercula with large, flat cardinal
processes but without any clavi cles. In hyol ith s of thi s order a tighly sigmoida l, sediment-filled
intes tinum !Sknown to occur while an y min erali zed appendages (helens) are missing.

Family Orthothecidae SYSSOIEV, 1958

Diagnosis. - Con chs with flat or co ncave ventral surface and transverse ape rture.

Genus Nephrotheca MAREK, 1966

Type species: Orthotheca sarkaensis NOVAK , 1891.

Diagnosis. - Shell e longa te, kidney-shaped in cross section. Wid e ca rdina l processes nearl y
reaching lateral margins of the operculum (mod ified after MAREK 1966).

Remarks. - Except for the single spec imen tentat ively attributed to Mojczath eca , no operculum
with Nephrotheca-like ca rdina l processes (see MAREK 1966, 1967 ) has been found in the M6jcza
Limestone. Opercul a occurrin g abundantly in the lower part of the se ction inv ariably bear long cardinal
processes of Bactroth eca-type. They are ass oc iated with fragme nts of conchs with orn ament ation
identi cal with that of coeval Baltic "Orthotheca" den s HOLM, 1893, closely similar to the Bohemian
type species of Nephrotheca. It is not unu sual among hyoliths that co nchs of similar genera lized
morphology have very different, taxon omi cally diagn ost ic opercula . Th erefore any att ributions of the
M6jcza hyoliths to Nephro theca are highl y tent at ive .
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Fig. 9.
a . Bactrotheca cf. de/eta NOVA K, 1891; phosphatic envelope of a conch from sample MA-99. b. Bactrotheca sp. 3;
conch from sample MA-99. c. Nephro theca'l sp.; conch from sample MA-99. d-e. Panitheca'! sp.; opercula possibly

belonging to the species from sample MA-118 (d) and MA-34 (e).

Nephrotheca? sp.
(PI. 54: 3, 21 ; Text -fig . 9c)

Remarks. - The se orthothecids differ from associated species in almost smooth conchs with
concave vent er. An indi stinct longitudinal striation can be discerned only und er SEM (PI. 54 : 3).
Another feature that make s this spec ies distin ct is a relatively wide apical angle at later ontogenetic
stages .

Distribution. - Late Caradoc, sample MA- 99: 32 conchs, sample MA-4: sing le nucleus.

Genu s Panith eca MAREK, 1967

Type species: Panitheca collector M AREK, 1967, Zahorany Formation.

Panitheca? sp. (aff. "Orthotheca" dells H OLM, 1893)
(Text-fig. 9d-e)

Remarks. - The conch fragments with den se, basally undulated riblets from samples MA-5, 10,
46 , 49 , 84 may belong here. Identical ornamentation occur s in Bohemian Panitheca collector but no
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Fig. 10.
3. Bactro theca sp. 2.; conch from sample MA-99 (see also PI. 54: 14). b-e. Bactrotheca sp. I; conch from sample

MA-99 (b; see also PI. 54: 12) and possibly conspecific operculum from samp le MA-86 (c).

speci men in the M6jc za material is preserved well enough to show the cross -section, which is
diagnostic for the genus.

Possibl y opercula with gently convex dorsal margin from samples MA-8, 33 , 34, 11 8 represent
one of the two above describ ed orthotheci d species . If th is is the case these spec ies hardl y belon g to
Nephrotheca or Panitheca.

Genus Bactrotheca NOVAK, 1891

Type species : Hyolithes teres B ARRAND E, 1867.

Diagnosis. - Conchs with rounded trapezoidal cro ss-sect ion .

Bactrotheca cf . de/eta NOVAK, 1891
(PI. 54: 23; Text- fig. 9a)

Remarks . - The conchs attri buted here are more elongated than in preceding spec ies and or­
namented with num erous longitudinal ribs, a little more densely distr ibut ed at the ventral side. Their
cross sec tions are gently rounded dor sally but thei r ventra l surface is also a little convex, as in the
fo llowing spec ies . The opercula from samples MA-8, 33, 34, 118, closely simi lar to thos e of B. de/eta
from the Kraluv Dvur Form ation (MAREK 1989: PI. I : 10), may belong to thi s spec ies.

Distribution. - 22 conchs in sample MA-99.

Bactrotheca sp. I
(PI. 54: 5-6, 10-1 2; Text-fi g. lOb- c)

1978. Circotheca sp. ; O ZIK , Fig. 70 .



236 JERZY DZIK

Remarks . - Thi s spec ies differs from B. cf. de/eta in its more robu st ornamentation and in much
high er conchs with a convex vent er. Jud gin g from its cro ss sec tion most of the opercula of Bactrotheca
in the M6j cza Limestone represent this species.

Distribution. - 11 conchs in sample MA-99; num erous opercula occurring throughout the sec­
tion .

Bactrotheca sp. 2
(PI. 54 : 14; Text- fig. lOa)

Remarks . - Unlike the above two spec ies, thi s one has a smooth venter and strong ly ornament ed
dorsum of the conch. The conch cro ss section is rounded trapezoidal.

Distribution. - 6 spec ime ns in sample MA -99 .

Bactrotheca sp. 3
(PI. 54: 13; Text-fig. 9b)

Remarks. - The stro ng, basall y undulated main ribs separated by more delicate, num erous inter­
calatory ribs make this spec ies distinct from the assoc iated orthothec ids.

Distribution. - Sin gle specime in sample MA- 99 and some she ll fragments.

Genu s Quadrotheca SYSSOIEV, 1958

Type species: Hyolithes (Orthotheca) quadran gularis H OLM, 1893.

Diagnosis. - Conchs with trapezoid al cross sec tion with thi ckened co rne rs .

Quadrotheca cf. aetherica (MAREK, 1989)
(PI. 54: 4 , 7, 9; Text-fi g. 1I a-g)

Remarks. - None of the M6jcza spec ime ns show any remnant s of longitudinal orn ament, so it
seems that the she ll surface was almos t smoo th. The conchs of Bactrotheca aetherica MAREK from
the Kraluv Dvur Formation at ea rly ontogenetic stages show strong ly thickened corne rs, a typic al
fea ture of the Quadrotheca, that disapp ears later in the ontogeny (MAREK 1989: PI. 1: 11). Its
operculum is of an almos t identical morphology as in the prominentl y ornamented Q.? rediviva MAR EK
from the Zahor any Formation of Bohemi a (MAREK 1967).

Num erous opercula from the M6jcza Lime stone show a co mplete spec trum of shapes from a wide
one of Quadrotheca-type to a high assoc iated with Bactrotheca. Thi s was the basis of synonymi zing
severa l genera of the orthothecids (DZIK 1980) but onl y the str ict corre lation of conchs with opercula
may co rrobo rate thi s prop osal.

Distribution. - Conchs of Quadrotheca are known only fro m the topmost strata of the M6jcza
Limestone, in the sample MA-99 represent ed by 38 speci mens, MA-98 and MA-4, 2 spec ime ns in
each. Th e opercul a that potenti all y may belong to the ge nus are even more widely distributed but there
are some probl em s with discrimination of opercula belonging to Quadrotheca and Bactrotheca.

Order Hyolithida M ATTHEW, 1899

Diagnosis. - Mineralized appendages (he lens) present. Conch with rounded ly subtrigonal cross­
sec tion; the ventra l margin of the conch aperture protruding (l igul a); operculum with sma ll cardinal
pro cesses and massiv e clav icles.

Family Hyolithidae NICHOLSON, 1872

Diagnosis. - One pair of clav icles .

Genu s l oachimili tes MAREK, 1967

Type species: Joachimilites novak i M AREK, 1967, Zahorany Formation (Caradoc).
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Fig . 11.

a-g. Quadrotheca cf . aetherica (MAREK, 1989); conchs from sample MA-99 (a, b) and MA-4 (c); possibly conspecific
opercula from sample MA-85 (d), MA-43 (e, g), and MA-46 (f; see also PI. 54: 7).

Diagnosis. - Operculum with one pair of long, simple cardinal processes diverging at an acute
angle. Central process ridge-like, cardinal teeth present (modified after M AREK 1967).
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9

Fig. 12.

a-d. Joachimilit es sp.: conch from sample MA-99 (a); phosphatic enve lopes of apical parts, samples MA-85 and MA-45
(b-e): operculum from sample MA-99 (d: see also PI. 54: 19). e--h. Recilites sp.; conchs from sample MA-99 (e, f; see

also PI. 54: 17); nucleus of the apex from the same sample (g); operculum, same sample (h; see also PI. 54: 18).

l oachimilites sp.
(PI. 54: IS, 19; Text-fig. 12a-d)

Remarks . - Two fragmentary opercula from the sample MA-99 resembl e those of 1. novaki in
the shape of clavicles with an add itio na l basal ridge and narrow cardina l processes (only their bases
are preserved ). Thi s does not prove the ge neric affiliation because the dorsal part , whic h in l oachi­
milites bears structures d istinguishing it fro m the related genus Elegantilites MAREK, 1966 (see also
KASE et al. 1987), rema ins unkn own. It is also di fficult to match the se opercula with the asso ciated
conchs. Perh aps those with a rounded cross sec tion and curved apex belong to the same species . They
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Fig. 13.
a-f. Carinolithes sp.; conc hs from sample MA-99 (a-b); opercula from the same samp le (c- e): conch apex, same

sample (f) .

di ffer from the Bohemian species of .Ioachimilites (MAREK 1967 , 1989) in having a much larger apical
angle. In this respect they rath er resemble coe va l species tent ati vely attributed to Elegantilites by
MAREK (1967 , 1983).

Distribution . - Along with the ope rcula ment ioned above, 2 1 conchs in the sample MA- 99, and
sing ular spec ime ns from MA-45 and 85.

Ge nus Carinolithes SYSSOIEV, 1958

Type species: Hyolithes pennatu lus H OLM, 1893.

Diagnosis . - Operculum platyclavicul ate, ca rdinal processes fused . Co nch with low angular dor­
sal side and strongly co nvex venter.

Carinolithes sp.
(PI. 54: 2, 20 ; Text-fig. 13a- f)

Remarks . - Fragm ent ed septate cl avicles of these hyol iths resemble corals. Comp lete opercul a
with clavicl es of this kind are known from Bohem ia (M AREK 1967 , 1974), erratic boulder s of Balti c
origin and from boreholes at the SW margin of the East Europea n Plat form. In the specimens fro m
the erratic boulder E-0 85 of Late L1anvim age (OZIK 197 8: Figs 3, 7E), the cardina l processes are still
recognizable, bein g conn ected with a prominent medi al process. In approxi mate ly coeval operculum
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fro m the Lesien iec I borehole, NE Po land (sa mple 129), the ca rdi na l processes are fused into an arc h
bordering the dorsa l ma rg in of the operculum.

A co nc h associated wi th operc ula in the sample MA-99, whic h can be tentati vel y matched with
the opercula under disc uss ion, differs quite signif ica ntly fro m both the Baltic type spec ies and
Bohemian C. ? tantulus MAREK 1967 fro m the Libeii Fo rmation. Its most characteristic fea ture is a
fla t dorsum and longitudinal ribbing. In these respects it rese mb les a littl e "Hyolithes sp. No. 12" of
HOLM ( 1893) of Early Llan virn age but even in thi s species of Carinolithes rib s are res tric ted to the
lateral s ides of the co nch. A close ly re la ted, if not co nspec ific , spec ies of Car inolithes wi th a
co mp lete ly ribbed co nc h, more prominentl y at the dorsal su rface and deli catel y at the venter, occurs
in erra tic boul ders of the Back steinkalk type. Unfortuna te ly, in th is form ontogene tic stages co m­
parable to those represented in the M6jcza Limestone are unknown.

Distribution. - 18 frag me nts of opercula (mostly clavic les ) in sample MA-99, 3 fragmentary
co nchs in the same sample and ano ther one in sa mp le MA-4 .

Fa mi ly Pauxillitidae MAREK, 1967

Dia gno sis . - Operculum with more th an one pair of clavicles.

Ge nus Recil ites MAREK, 1967

Type species: Hyolithes solitarius BARRAND E, 1867.

Diagnosis. - Co nch of low-su btr igon al sec tion. Ope rcu lum tric lav icu late, ca rd ina l processes
broad and short, ce ntra l process broad and de ntate (mod ified after MAREK 1967 ).

Recilites sp.
(PI. 54 : 16-1 8; Tex t-fig. 12e-h)

1978 . Leolites sp .: D ZIK , Fig. 7A.

Remarks . - An almo st co mplete mould of the ex terna l surface of operculum fro m the samp le
MA-99 shows a morph ology c lose ly sim ilar to that of R. solitarium, wit h fuse d cardi na l processes .
Assoc iated juvenile co nc hs are less simi lar to those of the typ e species of the genus, in being
ornamented by less de nse ly d istributed ribs, as in Leolites paucicostatus MAREK from the Kraluv Dvu r
Formation (MAREK 1989). It is hard to say whe the r th is is an ex pression of early ontogenetic stage or
of spec ific di stinct iven ess .

Distribution. - Fragmentary opercula in samples MA-4 and MA-99 , a co mplete nucleu s in the
latte r sample; 18 co nchs in MA- 99 and 4 in MA- 4.

Class Gastropoda CUVIER, 1797

All the M6jcza and coeval Balti c gastropods have rel ati vel y loose ly coi led pro tocon chs, usu all y
with dist inct growth lines indica tive of an ea rly calc if ica tion. Amo ng the Recent arc haeogastro pods
onl y the ner itids preserved the primitive ea rly calcificatio n and the resulting presen ce of growth lines
at the surface of both the embryonic and larval she lls (BANDEL 1982) altho ugh already in the Tri assic
they we re mu ch more tightly coi led (BANDEL 1992 ) than in any of the known early Paleozo ic
gastropo ds . Altho ug h the morph ol ogy of embryo nic and larval she lls is known in supposed Devon ian
re lative of the neritids Naticonema (DZIK 197 8), similar ities are remo te . This we ll ex poses the
d ifficulties in the attr ibution of Ordovician gastro po ds to hi gher-ran k zoo logical groups (see HASZ­
PRUNAR 1988 for di scu ssion on classificati on ).

Th e most rem ark abl e feature of the M6jcza gastro pod fa una is a rathe r low diversi ty of prot ocon ch
morpholog ies whe n co mpared with the coeval Balt ic faunas . Th e who le assemblage see ms thu s to be
represented by species related to each other. It is highly prob abl e that most of them belon g to ye t
un nam ed ge nera. Th erefore, in reviewing the M6jcza ga stropods only thei r tentati ve ge neric assign­
ments are given, witho ut any reference to higher-rank taxonom y.
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Fig , 14,

Distribution of rnonoplacophorans and gastropods in the M6jcza Limestone section at M6jcza, Holy Cross Mount ains,
Poland ,

Distribution. - In the basal part of the M6jcza Limeston e true dextrally-coil ed gastropods are
virtually miss ing (Text-fig. 14). Beginning from the level 1.5 m above the discontinuity surface, some
simple, smooth-shelled gastropods appear in greater number, but up to the bentonite layer they are of
min or importance. Only with the general change in the fossi l assemblages observable imm ediately
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Fig. 15.
a-b. Cyclonemal sp.; conchs from sample MA-99. c-d. Siluriphorus sp.; conchs from sample MA-99.

abo ve the bentonite layer, does the holopeid gastropods begin to dominate . Thi s seems to continue,
de spite the poor record in the middle , up to about 1.0 m abo ve the bentonite where the previous
structure of the community see ms to be restored . Thi s topmost L1andeilo-EarIy Caradoc event may
be related to the Nemagraptus grac ilis warm period that resulted in a eustatic event and a decrease
in the geographic ex tent of the Mediterranean faunal e leme nts .

A characteri stic feature of the M6jcza assemblage of gastropods is the domination of smooth­
she lled Straparollus-like forms , while any pleurotomariids and mu rchisoniids are virtually abse nt. In
the best known coev al faunas from the equator ia l North Ameri can Midcontinent (WILSON 1951 ),
temperate Baltic area (KOKEN 1925; YOCHELSON 1962 ), as well as from the high-latitude Bohemian
(PERNER 1903) and South French massives (BABIN et al. 1982), such gastropods contribute only
subord inately to assemblages . Somewhat unexpectedl y the Baltic ga stropod faunas are not similar to
any of the Mojcza ones, although some rare species clo sely related to tho se of the old er fauna probably
occurred there, too . The Baltic ga stropod faunas in the Middle Ordovician were dominated by the
euomphalids and pleurotomariids, which seem to be rare , perhaps even missing in M6jcza. In the
assemblages of ju venile gastropod conchs from the Baltic area (see DZIK 1978 ; HYNDA 1986 ), as well
as from Sp itsbergen (alleged " worms" of BOCKELlE and YOCHELSON 1979 ), embryonic shell morpho­
logies are represented that are unknown in M6jcza. Perhaps the generally low taxonomic diversity of
the older mollusc fauna should be blamed for thi s, but even in the diverse gastropod assemblage from
the top of the M6jcza Lim estone almost all spec ies represent the same kind of earl y ontogeny.

Genus Umbonellina KOKEN, 1925

Type spec ies: Umbonellina infrasilurica K OKEN, 1925 .

Umbonellina? sp.
(PI. 55: 13, 15; Text-fig. 16e- f)

Remarks. - These globose she lls with a narrow apex of the co il and open umbilicu s resemble
later Naticonema in shape. Th ey differ from other ga stropods of the Mojcza Limestone in hav ing a
somewhat more loo sely coil ed protocon ch with sma ll subspherical apex. Conchs of thi s kind continue
throughout the whole Mojcza section possibly representing several species of the same genus, which
is also sug gested by some variability in the coiling of the first who rl (see PI. 55: 13 and 15). Similar
in shape are also the larval she lls from Volhyni a nam ed Holopea? pusilla by HYNDA ( 1986) . Th e only
adult ga stropod from the Baltic Ordovician that remotely resembles the Mojcza form is Umbonellina
infrasilurica KOKEN(see KOKEN 1925: p. 203 , PI. 32: 10-12). Perhaps Straparollina eurydice BILLINGS
from the Leray-Rockland bed s of Canada (W ILSON 1951 ) is related to the M6j cza species . It changes



MOLL USCS OF T HE MOJCZA LIMESTONE 243

Imm

Fig. 16.
a-b. Loxonema'l sp.; conchs from sample MA- 99. c-d. Holopea cf. glindmeye ri ROHR. 1980; co nchs from sample

MA-99 . e-f. Umbonellina't sp.; nucleus and phosphatic envelope of a co nch from the sample MA-99.

its shape during on toge ny to high- trochi form. Another Canadian species with a sim ilar ju ven ile shape
that is preserved also in adults , is Holopea inform is W ILSON fro m the Lowville beds.

Distribution. - Rare in the par t of the M6jcza Limes tone above the discont inu ity surface .

Genu s Gyronema ULRICH in ULR ICH and SCOFIELD, 1897

Type species: Trochonema (Gyronema) pulche llum U LRICH in U LRICH and S COFIELD, 1897.

Rem arks. - Two dist inct gro ups see m to be represented amo ng the highl y trochoid al conchs with
a spira l stria tion occ urring in the topmost strata of the M6jcza Lim estone. They differ in the pro­
minence of the orna mentation, and these with more prom inent ribs may belong to a spec ies of
Trochonema (a pleurotom ariid) or Gyrone ma (a holopeid). No speci me n has been found with the apex
preserved well enough to co mpare its embryo nic she ll with those of the coeval pleu rotom ariid s and
holopeid s.
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Gyronema'l sp.
(PI. 56: 3)

Remarks. - The con ch surface is prominentl y ribbed in this species . The character of ribbing is
hard ly discernible at the surface of the nucl ei, and onl y rare, fragmentary spec imens with the pho s­
phatic coating can be attributed to this spec ies .

Distrib ution. - Fragmentary spec ime ns in the topmost bed s of the M6jc za Limestone.

Genus Cyclonema HALL. 1859

Type species: Pleurotomaria bilix CO NRA D, 1842.

Cyclonema? sp.
(PI. 56 : 1-2,5; Text-fig. 15a-b)

Rema r ks. - Usuall y the thick pho sphatic coatings obscure the spiral orn amentation in conchs of
this species , which are then recognizable only owing to an angulation at the middle of the exposed
part of every whorl of the spire. Nuclei are practically unidentifiable . It is also not clear to what degree
the ornamentation chan ges in the ontogeny.

This is the onl y species in the M6jc za assemblage in which a cle ar difference in ornamentation
between embryonic and post-embryonic conch is discernible, the latter being ornamented by both the
growth lines and a spiral striation. The embryonic conch seems to be completely smooth but this may
be due to the thickness of the phosphatic coatings that obliterates a delicate ornament. No significant
change in the ornamentation that would correspond to the metamorphosis is visible .

Distribution. - Common in the topmost beds of the M6jcza Limestone (Late Caradoc, samples
MA-98, 99: 103 specimens) tentatively identified nuclei rarely occur from the level of the bentonite
(Llandeilo-Caradoc).

Genus Holopea HALL, 1847

Type species: Holopea symme trica H ALL, 1847.

Remarks. - At least four spec ies (perhaps even genera) are represented in the uppermost M6jcza
Limestone by smooth conchs with a widely open umbilicus. The morphologic boundaries between
these species are difficult to indicate preci sely. All the form s vary in the he ight of the spire, size of
the apex , convexity of whorl s, and diameter of the umbilicus. Unfortunately, the mode of preservation
does not allow us to treat the material biometrically. Most of the specimens have their external
phosphatic linings at least partl y exfoliated, which makes any measurements unreliable. The proposed
subdivisions are thus based on a rather subjective assessment that tran sitional form s are infrequent
and the distribution of characters is multimodal.

Purely on the basis of a general shape simi larity they are cla ssifi ed here as the holopeids, an
assignement that is by no means certain. Perhaps only the highest trochoidal form deserves the generic
name Holopea.

BANDEL (1992) identified in the alleged late Triassic platyceratid "Orthonychia" alata (LAUBE,
1869) a larval shell of the neritid type. Ironically, larval shell s of this kind are unknown from the
Earl y Paleozoic and even that of the Devonian neritid Naticopsis is very different (DZIK 1978).
Possibly, "0 ." alata is rather an advanced neritid than a true platyceratid.

Holopea cf. glindmeyeri ROHR, 1980
(PI. 56 : 4, 11; Text-fig. 16c-d)

Remarks. - This is the highest trochoidal form among the supposed M6jcza holopeids, being
similar in shape to Holopea symmetrica HALL (KNIGHT 1941: PI. 51 : 6) and H. glindmeyeri ROHR
(ROHR 1980: PI. 9: 4-1 8) from the late Middle Ordovician of North America. Similar in shape (but
similarity in this particular case means ju st comparable simplicity) is also Holopella vesiculosa
(BARRANDE) (PERNER 1903: PI. 63 : 1-5).
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Fig. 17.
a . Pachystrophia ? sp.; conch from sample MA-99. b-c. Strap arollina? cf. circe BILLI NGS, 1860; conch s from samp le

MA-99. d-e, Holopea cf. brucei ROHR , 1980; conchs from sample MA-99.
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Distribution. - Spec ies common in the topm ost beds of the M6jcza Limestone (samples MA-4 ,
99 : 173 spec imens). Morpholog ica lly undistingu ishable singular spec imens occur throughout the
who le sect ion.

Holopea cf. brucei ROHR, 1980
(PI. 56 : 6,9; Text -fig . 17d-e)

Remarks. - The species next in the degree of opening of the umbil icus may be re lated to H.
bru ce i ROHR from the Midd le Ordovici an of Ca lifornia (ROHR 1980: PI. 9 : 25-27) . At least superfi­
c ially it resembles also Si lurian Umhospira nigricans PER NER (see KNIGHT 194 1: PI. 26 : 2a-c).
However, the apertu re does not seem to possess any sin us that wo uld subs tantiate its assigneme nt to
the pleurotom ariids. Another simi lar but also supe rf icially known spec ies is Straparollus horkholmen­
sis KOKEN (KOKEN 192 5: p. 132, PI. 16: 8; VOSTOKOVA 1955: PI. 4 : 9) and S. vortex EICHWALD
(VOSTOKOVA 1955 : PI. 4: 2) fro m the Ashg ill of Es ton ia.

Distribution. - Th is is the only holop eid morph ology that occ urs abunda ntly not only at the top
of the M6jcza Limes to ne (292 specimens in sa mple MA-99) but also in the middle of the section fro m
abou t 1.5 m above the discon tinuity to 1.0 m above the bentonite .

Genus Straparollina BILLINGS, 1865

Type species: Strapa rollina pelagica BILLI NGS, 1865.

Straparollina(? ) cf. circe BILLI NGS, 1860
(PI. 56: 7- 8; Text-fig. 17b- c)

Remarks . - Even wider umbilicus, lower spire , and more ro unded who rls characterize this
species whic h resembles the Late Paleozoic species of Straparollus. Co nchs of S. circe BILLINGS from
the Early Caradoc Leray-Rock land beds of Canada (W ILSON 1951 ) are virtually ide nt ica l in shape,
which does not seem to change stro ngly in the ontogeny. Superficiall y similar are species fro m the
Ordovici an of Norway and Ca liforn ia attr ibuted to Helicotoma by YOCHELSON (1962) and ROHR
(1980) . Perhaps H.? nor vegica (KOK EN), As hgi ll in age , is re lated to the M6jcza spec ies , but only
nuclei of adult conchs are kn own (YOCHELSON 1962: p. 157, PI. 4: 1- 2, 5, 7).

Distribution . - Common in the topm ost beds of the Mojcza Limes tone (sample MA -98 , 99 : 88
specimens) not uncommon in strata above the bent onit e.

Ge nus Pachystrophia PERNER, 1903

Type species : Eomphalus devexus E ICHWALD. 1859.

Pac hystrophia(?) sp .
(PI. 56 : 9- 10; Tex t-f ig. l7a)

Remarks . - The ex tre me ly low-spired , almost planisp ira l gastropod species from the M6jcza
Limes tone was initially c lassified as Leseurill a (DZIK 197 8). It was assum ed that the ang ulatio n,
typical fo r Leseurilla and other ea rly euomp ha lids , deve lopes later in ontogeny. This has not been
supported by observatio ns on additiona l, slight ly olde r spec ime ns . Moreover, the larval co nc h mor­
ph ology recently ide ntified in Eccy liompha lus, a clo se relat ive of Leseurill a is a lmost un co iled and
indicates affinities of the group to ea rly pleurotomariids .

Act ua lly, any euomp ha lid affinities of this spec ies and, co nsequently, its attr ibutio n to Pachystro­
phia , are also not very likely, but I am not able to find any better taxon om ic placem en t fo r it.

The embryonic conch is smooth in this species, as in other M6jcza gas tro pods . Us ua lly no
signif ica nt change in the orna me nta tio n that co uld correspond to hatching or met am orphosis is
discernible . In so me specime ns growth lines appear suddenly (PI. 56: 10) but whe ther th is co rrespo nds
to the boun dary be tween the embryonic and larval conchs remains uncl ear.

Distribution . - Topmost beds of the M6jcza Limeston e (Late Caradoc, samples MA -4, 98 , 99:
270 spec ime ns).
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Fig. 18.
a-e . Rostroconch gen. et sp. indet.; phosphati c envelopes of early postembryonic(?) conchs from sample MA-8S (a-c);

juvenile conchs from sample MA-84 (d-e). f . Jin onicella sp.; nucleus from sample MA-99.

Genus Loxonema PHILLlPS, 1841

Type species: Terebra? sinuosa SOWER BY, 1839.

Loxonema? sp.
(PI. 56: 12; Text-fig. 16a-b)

Remarks . - The species represented by narrowly coiled, acute juvenile conchs may belong to the
loxonematids. Similar, generalized larval conch morphologies are common in the Silurian and even
in the late Carboniferous (see HERCHOLZ 1992). Subulites, although its adult conch is of similar
appearance, fundamentally differs from them in having loosely coiled first whorl (see BOCKELlE and
YOCHELSON'S 1979 "worm tube" on their Fig . 5C ), resembling in this respect rather coeval eccyliom­
phalids.

The Triassic loxonematids described by BANDEL ( 199 1) do not show any closer similarity to thi s
Ordovician species.

Distribution. - The topmost bed in the M6jcza Limestone (sample MA-99: 136 spec imens),
singular spec imens in strata below may also represent the same lineage.

Genus Siluriph orus COSSMANN, 1918

Type species:T rochus gotlandicus LINDSTROM, 1884.
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Silurip horus sp .
(Text-fig. lSe-d .)

Remarks. - Onl y 8 speci me ns of th is Mimospira-l ike, but dextrall y coi led, gas tropod have been
fo und. The shell surface is almos t smooth, the base is flat with a ca llus clos ing the umbil icus. The
only other Ordovic ian pseud oph or id fro m the Ashgi ll of Alaska (ROHR and BLODGETT 1985) is
narrowly umbilicate, thus pres umably more primitive than the M6jcza species, which is now the oldest
know n rep resentative of its gen us.

Distribution . - Topmost beds of the M6jcza Limestone (sa mples MA- 4, 99 : 9 spec imens) .

Subph ylum Diasoma R UNNEGAR et P OJETA, 1974
Class ?Rostroconchia P OJETA et al., 1972

Order ?Ribeir iida K OBAYASHI, 1954
Gen . et sp. indet.
(Text-fig . 18a-e)

Remarks. - Two cup- like foss ils fro m the sample MA-84 resemble somewhat the early ribeiriid
ros troconchs in having a laterall y co mpressed aperture. Except for the presence of clear gro wth lines
and a circ ular shape of the earlier ontogenetic stages little can be obse rved in these spec imens . Sm aller
specime ns from the strati graphically fo llow ing sample MA -85 are almos t circular in outline, flat
conical. No apparent change in orname ntation that co uld correspo nd to the embryonic and larval stages
is visible, so even the mo lluscan na ture of these foss ils rem ain s uncertain.

Distribution. - Ear ly Caradoc of the M6jcza Lim estone.

Incertae classis
Order Jinonicellida P OKORNY, 1978

Remarks. - These pec uliar mo lluscs with subsphaerical emb ryo nic, curved or spira lly co iled
(Janosp ira) larval conch (POKORNY 1979), and tubular teleocon ch may be successors of Cambrian
Yoche lcionella (RUNNEGAR 1977 ). They are not unco mmo n in the Early Paleozoic, occ urring in the
Ordovician of Spitsbergen, NE Poland , Volhynia (Ukra ine), and the Holy Cross Mo untains, and the
Silur ian of Bohem ia and the Carnic Alps .

Fami ly Jinonicellidae POKORNY, 1978
Ge nus Jinonicella POKORNY, 197 8

Type species: Jinoni cella kolebabai P OKORNY, 1978.

.Iinonicella sp .
(Text-fig . 18f)

Remarks. - Rare nuclei of tubular co nchs that preserve elonga ted de press ions close to the tip
occ ur in the topm ost bed of the M6jcza Lim estone. Such steinke rns were identified by HYNDA ( 1986 :
p. 48, PI. 8: 3-4) as belongin g to .l. koleba bai. Th is species identity would require that the protoconch
was separated by a calcareo us septum fro m the tubular part of the she ll and the dep ression is the only
sign of its former presence.

Distribution. - Only in the topmost bed of the M6jcza Limestone (sa mple MA-99: 7 spec ime ns).

Class Bival via LINNAEUS, 1758

Dist ribution. - Bivalves are extre me ly rare in the M6jcza Limeston e. Except for the top of the
formation (sa mple MA-99) only a few fragmentary juveni le spec imens have been found, all in the
upper part of the section.
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Fig. 19.
a-b. Deceptrix? sp.; valves from sample MA-99 . c-d. Nuculoidea? sp.; nucleus of articulated valves and phosphatic
envelope with probably obliterated hinge, sample MA-99 . e--f. Modiolopsis? sp.; fragme ntary phosphatic envelopes of

the hinge area, sample MA-99.

Order Nuculida D ALL , 1889
Family Ctenodontidae W OHRMANN, 1893

Gen us Deceptrix FUCHS, 1919

Type species: D. carinata F UCHS, 1919.

Decept rix? sp.
(P I. 56: 13; Text-fig. 19a-b)

Remarks. - Both conch for m and dentition are similar to those of other Ordovician species of
Deceptrix (see P OJETA 1971 : PI. 5). All the co llected spec imens represent juvenil e postIarval stage
with several teeth developed at the hinge margin.

Distribution. - Topmost bed of the M6jcza Limestone (sample MA-99: 22 specimens, MA-9 8:
5 fragmentary valves , MA-04 : 2 valve frag men ts); perhaps also closed valves from 1.0 m above the
bentonite (sample MA-8 0) belong to this gen us.
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Famil y Nuculidae GRAY, 1824
Genus Nucu loidea WILLIAMS et BREGER, 191 6

Nuculoidea'l sp.
(PI. 56 : 14 ; Tex t-fig. 19c-d)

Remarks . - The hin ge is co mposed of two teeth anteriorly and a one poster iorl y of a depression
that may corres po nd to the resilifer. If thi s is true the spec ime ns may represent ea rly postl ar val she lls
of a nuculid with the hin ge still rather simple at thi s stage of on togeny.

Distribution. - Topmost bed of the M6j cza Lim eston e (sa mple MA- 99), 18 specime ns .

Order Mytilida FERRUSAC, 1822
Family Modiomorphidae MILLER, 1877

Genus Modiolopsis HALL, 1847

Type species: Pterinea modiolaris CONRAD, 1838.

Modiolopsis? sp.
(Tex t-fig. 1ge- f)

Remarks. - A fra gm ent of the right valve hin ge with a she lf- like protrusion see ms to represent
thi s genus (see POJETA 1971 : PI. 14: 3) . Two add itiona l hin ge frag ments that are more di fficult to
interpret may belong here , too.

Distribution. - Topmost bed of the M6jcza Lim eston e (sa mple MA -99), 3 specime ns .
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PLATE 52

Plicacoleus robustus DZIK, 1986 220

Fig.!. Dorsal sclerite ZPAL V.XII/3, sample MA-29, E. robustus Zone, Llanvim , x 60.
Fig. 2. Dorsal sclerite ZPAL V.XII/21, sample MA-52, x eo.
Fig. 3. ZPAL V.XII/22, sample MA-52, x 60.

Mojc zalepas multilamellosa D ZIK, 1986 2 18

Fig. 4a-b. Holotype ZPAL V.XII/2, sample MA-29, E. robustus Zone, Llanvirn, x 60.
Fig. 6. Dorsal sclerite ZPAL V.XII/23, sample MA-99, x 60.
Fig. 7. Dorsal sclerite ZPAL V.XII/24, sample MA-85, x 60.
Fig. 12. Dorsal sclerite ZPAL V.XII/25, sample MA-85, interior of a phosphatic lining showing negative print of

surface morphology of the sclerite, x 230.

Deltacoleus laevis sp. n. . 220
Fig. 5. Holotypeo, drsal sclerite ZPAL V.xII/26, sample MA-43, x 60.

Delta coleu s cf. crassus WITHERS, 1926 218

Fig. 8. Dorsal sclerite ZPAL V.XII/30, sample MA-99, x 60.
Fig. 9. Dorsal sclerite ZPAL V.XII/27, sample MA-99, x 60.
Fig. 10. Dorsal sclerite ZPAL V.xII/28, sample MA-99, interior of a phosphatic lining showing negative print of the

surface morphology of the sclerite, x 230.

Aulakolepos elongatum sp. n. . 220
Fig. 11 . ZPAL V.xII/29, sample MA-99, interior of a phosphatic lining showing negative print of the surface

morphology of the sclerite, x 230.
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PLATE 53

Aulakolepos elongatum sp. n. . 220

Fig. 1. Holotype ZPAL V.XII/12, sample MA-85, x 60.
Fig. 2. Dorsal sclerite ZPAL V,XII/13, sample MA-99, x 60.
Fig. 3. Dorsal sclerite ZPAL V.XII/14, sample MA-85, x 60.

Bursata santacrucensis sp. n. . 224

Fig. 4. Intermediate valve ZPAL V.XII/15, inner side, sample MA-99, x 60.
Fig. 5. Intermed iate valve ZPAL V,XII/16, sample MA-99, x 60.
Fig. 6. Intermediate valve ZPAL V.XII/17, sample MA-99, x 60.
Fig. 7. Holotype, tail valve ZPAL V.XII/18, sample MA-99, x 60.

Sarkachiton kielcensis sp. n 222

Fig. 8. Intermediate valve ZPAL V.XII/19, sample MA-99, x 75.
Fig. 9a-b. Holotype , intermediate valve ZPAL V,XII/lO, sample MA-4, Late Caradoc, x 60.
Fig. lOa-b. Intermediate valve ZPAL V,XII/20, sample MA-99, x 75.

Chelodes sp. . 224

Fig. II a-b. Intermediate valve ZPAL V.XII/lI , sample MA-4, x 75.
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PLATE 54

Circotheca cf . nept is M AREK, 1989 231

Fig. I. Conch ZPAL Gal/47 with partially exfoliated phosphatic envelope, sample MA-99, x 40 .

Carinolites sp. . 239

Fig. 2. Conch ZPAL Gal/ with partially exfoliated phosphatic envelope from ventral side, sample MA-99, x 60.
Fig. 20. Operculum ZPAL Gal/54, sample MA-99, x 50.

Nephrotheca? sp. . . . . . . . . . . . . . 234

Fig. 3. Conch ZPAL GaI/38, sample MA-99, oblique ventral view, x 60.
Fig. 21. Conch ZPAL Gal/40 with partially exfoliated envelope and phosphatized shell wall, sample MA-99, dorsal

view, x 60.

Quadrotheca cf. aetherica (MA REK, 1989) 236

Fig. 4. Conch ZPAL Gal/44 with phosphatized walls, sample MA-99, dorsal view, x 60.
Figs 7, 9. Opercula ZPAL GaI/58,23, samples MA-99, 29, respectively, x 60.

Mojczatheca triangularis gen. et sp. n. . 233

Fig. 8. Operculum ZPAL Gal/55, sample MA-99, a x 60, b x 150.
Fig. 22. Holotype, conch ZPAL GaI/45 with partially exfoliated phosphatic envelope, from dorsal side, sample MA-99,

x 60.

Bactrotheca sp. I 235

Fig. 12. Conch ZPAL GaI/43, sample MA-99, dorsal view, x 60.
Figs 5-6, ID-II. Opercula ZPAL Gal/56, 24, 23, 57, 25, samples MA-59, 18,57, 30, respectively, all x 60.

Bactrotheca sp. 3 . . . . . . . . . . .

Fig. 13. Conch ZPAL GaI/45, sample MA-99, dorsal view, x 60.

.236

Bactrotheca sp. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236

Fig. 14. Conch ZPAL GaI/42, sample MA-99, dorsal view, x 60.

l oachimilites sp. . 238

Fig. 15. Conch ZPAL GaI/39, sample MA-99, dorsal view, x 60.
Fig. 19. Operculum ZPAL Gal/52 , sample MA-99 , x 60.

Recil ites sp. . 240

Figs 16-1 7. Conchs ZPAL Gal/49, 48, sample MA-99 , dorsal view, x 60.
Fig. 18. Operculum ZPAL Gal/53, sample MA-99, x 60.

Bactrotheca cf. deleta N OVAK, 1891 235

Fig. 23. Conch ZPAL Gal/37, sample MA-99 , dorsal view, a x 60, b x 120.
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PLATE 55

Modestospira sp. . 226

Fig. 1. Phosphatic nucleus of a mature veliger(?) conch Ga 1/01, sample MA-5, x 60.
Fig. 2. Phosphatic envelope Ga 1/037 of early postembryonic (veliger?) conch, sample MA-5, x 60.
Fig. 3. Phosphatized early postembryonic (veliger?) conch Ga 1/, sample MA-4, x 60.

Tropidodiscus sp. . .

Fig. 4. Fragmentary conch Ga 1/80, sample MA-99, x 60.

Fig. 6. Ga 1/81, sample MA-99, x 60.

. 228

Kokenospira sp. [cf. K. esthona (KOKEN)] or Tetranota sp 228

Fig. Sa- b. Ga 1/62, sample MA-99, x 60.

Cyrtodiscus'l sp. . 228

Fig. 7. Phosphatized conch Ga 1/82, sample MA-99, x 60.
Fig. 14. Ga 1/83, sample MA-99, the spec imen may represent a fragmentary pleurotomariid conch, x 60.

Mimospira sp. . .

Fig. 8. Partially exfoliated envelope Ga 1/36, sample MA-20, x 60.
Fig. 9. Phosphatic nucleus Ga 1/33, sample MA- IO, x 60.

Fig. 10. Conch in phosphatic envelope Ga 1/35 , sample MA-4, x 60.
Fig. 11 . Ga 1/34, sample MA-29, x 60.
Fig. 12. Phosphatized conch Ga 1/32, sample MA- IS, x 60.

. . . 229

Umbonellina'l sp. . 242

Fig. 13. Conch in phosphatic envelope Ga 1/68, sample MA-99, x 60.
Fig. IS. Partially exfoliated envelope Ga 1/69, sample MA-99, x 60.
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PLATE 56

Cyclonema 'l sp. . . . . . . . . . . . . . . . . . . . . . . 244

Fig. I. Partially exfoliated phosphatized conch Ga 1/77. sample MA-99. x 60.

Fig. 2. Apex with dist inct embryonic conch Ga 1/75. sample MA-99. x 60.

Fig. 5. Partially exfoliated enve lope Ga 1/79. sample MA-99. x 60.

Gyronema 'l sp.

Fig. 3. Ga I/7S. sample MA-99. x 60.

. 244

Holopea cf. glindmeyeri R OHR, 1980 246

Fig. 4. Ga 1/72. sample MA-99. x 60.

Fig. I I. Ga 1/71, sample MA-99. x 60.

Holopea cf . bru cei R OHR , 1980 246

Fig. 6. Ga 1/67, sample MA-99. x 60.

Fig. 9. Ga 1/73, sample MA-99, x 60.

Straparollin a'l cf. circe B ILLI NGS, 1860 246

Fig. 7. Ga 1/61. sample MA-99. x 60.

Fig. S. Ga 1/70. sample MA-99. x 60.

Pachystrophia'l sp . . 246

Fig. 9. Ga 1/73, sample MA-99. x 60.
Fig. 10. Ga 1/2, sample MA-4. x 60.

Loxon ema 'l sp. . 247

Fig. 12. Ga 1/76, sample MA-99, x 60.

Deceptrix'l sp. . 249

Fig. 13. Left valve ZPAL Ga 1/. sample MA-4. x 60.

Nuculoidea'l sp 250

Fig. 14. Right valve ZPAL Ga 1/, sample MA-4, x 60.
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