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Middle Triassic juvenile terebratulids 
Angustothyris .angustae!ortnis (Boeckh) 

from .t:heZebrak borehole, eastern Poland 

AB&TRA~T; EQur . early Sita.ge .(xf .· ibracl1idi'lllIl1deveIqpnient are it'eooga:iLza,ble in 
juvenile , terebratulids attributable ' ,0 the species: Angu$tothyris angil.staeformis 
(Bgeckh). from the Middle Triassic (Lower MU$chelkalk) pIerced by the Ze,brak 
borehole, podlasiere.gion, viz.: (1), precEmtronelliform, (2) centronelliform, (3) Close 

to quasipremagadiniform and (4) clOrSe to qua:sima,gadiniform. 

INTRODUCTION 

The .sediro.entarysequence of the upper part of the Lower · Muschel
kalk in the borehole Zebrak 1(1--1 near Siedlce, Podlasie region, eastern 
Poland (Text-fig. 1), conta~ numerous juvenile terebratulids, the length 
of which ranges from 0.25 to 4.0 ~ . . Their preservation state enabled 
the studies of the tinternal m.orphology, as such yo'Ung specime~ . of 
Triassic tere'Qratulids wel'je found for the first time in Poland (P,opiel
-Barczyk & Senkowiczowa 1981). They are also rare in other countries; 
for instance, the smallest juvenile terebratulids of· Lo.werr .~ Middle 
Triassic age in the Soviet U)nIion (north-western Caucasus, south-eastern 
Pamir) and Bulgaria, analy:zed by Dagis (1972), were slightly over 1 n1!ln 

long. 

The juvenile terebratulids are. also known from the Paleozoic formatiOiIlS: 
Upper CalibOlIlliferoU& iMa~dalena FormatiOln of New :Mexico (Uruted States) where 
primitiveterebratulids: . of the ' family Mutationellidae Cloud, 1941, were foUIid 
(Cooper: 1957), anq pe.rrilianof the .CaUs,asus ,(Soviet· Uhi~n), for Which Dagis (1972) 
described'the rep.resentatives ~fthefi<Illily Labaiida~ LiJkharev, 1960. 
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The Mesozoic fOmlations contain also the juvenile terebratulids. The falffiily 
Zeilteridae Rolier, 1915, is lmownfrom the Middle JurasSic d~pQSits of England 
(Baker 1972), whilst within the Upper Cretaceous chalk Of the Isle of · RUgen, the 
;representatives of the families Terebratulidae Gray, 1840, CanceHothyridae Thom
son, 1926, DaUinidae Beeeher, 1893, and TerebratelZidae King, 1850, were recognized 
(Steinich 1965). 

In the borehole Zebrak I~l the Midtdle Triass:ic sediments with 
juvenile terebratulids occur at the depth of 976.0-1010.0 m and are 
represented by limestones, maxIs ~~d clayey marlstones. At the depth 
of 1005.0 m there occurs a shel1y oonglomerate, composed of . shell pieces 
of the terebratulids, spiriferids and of the pelecypods, particularly Pla
giostoma striatum (Schlotheim), associated with such abundant. micro
fossils as Spirorbis valvata Berger, holothurian sclerites, crinoid ossicles, 
echinoid spines, fragments of ophiuroids, spiCules of calcareous sponges, 
and foramipifers, ostiacodes, fish iSCales an~Lteeth (Senkowiczowa 1958, 
1972). Theseidimentary areaof the Podlasie 1"egiqn was located (Senlw
wiczowa & SZyPerlro-Sliwczynska 1972) within a littoral zone at the 
eastern shores of the Middle Triassic sea that occupied Central Europe 
at that time (Text-fig. 1). 

The anaIyzedcollection is stored in the Musewn of the Geological Survey of 
Poland, WaTsaw, at a catalogue number MUZ IG 1398 II. Photos of specimens 
were doneiby D. OIeksiak and K. nska, ~logi.cal Sm-vey, and by M. Malachow
ska-Kleiber -and L. Dwornik · in the Museum of the Earth, Polish Academy of 
Sciences. 
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Fig, 1.. Location and lithologic profile of Triassic deposits pierced by the borehole 
Zebrak IG-l; indicated is the sea extent of the LOwer. Muschelkalk in Poland 

1 sandstones. 2 marlstOll.eS and claystones. 3 marls-, 4 Hmelltone&. S wavy iimestones. 6 oolitic 
llmeston$,7 coquJonas. 8 horizon with juvenile terebratullds 
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MATERIALS AND METHODS OF INv"ESTIGATION 

After a clayey marlstone was dissolved in water, about 200 specimens at. tere
bratulids were received. Their shell length ranges from 0.25 to 20.0 m. Among 
the analyzed material there are common juvenile specimens (shell length to 4.0 m), 
rare young specimens (sh~l length of 4.o-:.-10.0:ixi.m), and a few adult specimens. 

4.n a,ttdbuti~ of the speclaneris with their shell lengths ~er 10.0 mm for the 
mature ones :i.Sarr;bitrary, as some genera of TriasSic terebratulids possess a mature 
loop already in the shells 10.0 mm long (Dagis 1972), whereas the loopdevelopmen~ 
in some :JuraJSSic specimens happens at much smaller lengths of the shells (Baker 
1972). ," 

The , juvenile specimens have a ,diversified outer shape. Some of them dis.play 
a circular or slightly 'tTaInSversally oval brachial valve whereas the others; have 
It longitudinally oval (Text'-fig. 2 and Pl.l, Figs ' 1..:....s). 

Fig. 2 

Variability of shell outlines of juvenile tere.., 
bratulids from Zebrak: A -specimens with 
oval brachial valves,B - Specimens with 

Circular brachial valves 
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After being boiled m balsam,' the s.pecimens filled with sediments were sectioned 
perPendicularly to the lateral commissure. The specimens with empty interiors 
were iPhot<>graphed in a transmitted light in immersion liquids. Among the sectioned 
specimens, 11 could be reconstructed: 6 repreSented the juvenile specimens wfieTeas 
2 were young and 3 were mature ones. 

Observations of the shell mteriors of the empty specimens and the reconstruc
tion of those " sectioned enable to recognize the 'very early devel{)pment stages of 
the brachidium. 
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DEVELOPMENTAL STAGES' OF BR.ACWDIUM 

STAGE I 

Juvenile specimens with their . shell lengths fr:omO.25 to 1.0 mm, 
with distinct triangular shapes and a, sulcus . on' the !anterior of the 
brachial valve, prove in a transparent light a presence of iwo longitu
dinal ribbon-like lamellae that hang freely at a hinge margin' insi4€ the 
valve. These elements are not cOllI\iected !With each other (Text· .. fig. 3A 
aIld . PI. 2, Figs 9-12) . . They are Considered for the initial growth stage 
oif two desc~ing bra~hes of the loop, still before they got jointed. 

The comparable early developmental stages of the loop were noted in: 

Upper Cretaceous juveniles~cimens of Chatwinothyris subcardin~lis ' Sahni 
and Magas chitiniformis (Schlotheim) from the Isle of Riigen (Steinich, 1965, p. 43 
and 190, Text-figs 29-30 and 287-292) with their shell length !to 2 mm; 

Middle Jurassicterebratellids from the south-western England (Baker 1972, 
p. 456;. Text-figs 2A; 3A and PI. 83, Figs 13-16), viz. in ZeiHeria Zeckenbyi (Da
vidson), the minimum shell length of which was about 1.0 mm; 

Upper Carboniferous terebratulids from the NOTth America, viz. dn Crypta
canthia prolifera Cooper, the minimum shell length of which was equal 1.0 m 
(Coope:\. 1957, p. 8; PI. 2A, Fig. 1). 

In sPite of an excellent documentation, such early sta,ges of a loop 
development have not been named by Steinich (1965) either for terebra
tulids or for terebratel1ilds. The terms of early stages of the loop' develop
~nt applied by Baker (1972, p. 459) for Middle Jurassic terebrat€llids, 
cannot be used for the specimens from, Zebrak ,as the latter do npt 
posse&!! in these stages any elemenrt at the floor IQf the brachial valve 
Therefore, the te.rm"precentronellifo;rm", applied by Cooper for the 
terebratulid genus Cryptacanthia seems to be most adequate for the 
smalle~t and probably the youngest spec~ens from Zebrak, with their 
loop described as the stage 1. Dagis (1968, 1972, 1974) when dealing with 
the' ontogeny of· Triassic terebratulids, has ,I¥>t analyzed the stages 
preceding the "centronelliform" stage. 

STAGE II 

The mai,ority of juvenile speci,:meIlS' With their length from LO ,to 
4.0 mm POSSess triangular-shaped sliellswitha ' $u~cusat tbeanteriior 
of the brachia'! valve. The empty las well as sectioned . shells oontain loops 
at the "centronelliform" stage (Text-figs 3B and 4; PI. 3, Fig~ 1-7). 
A. :loop, >c0mp(')sed ~,oftwo ' jointed de$c~ding ' branches, ha.s.· a small 
eeliffUtfitifh!.llike"swelling- iri'thecerttre 'of the frontal part. It was noted 
i~Jtnpfi~E~C##~l}~,:the ·le.ng~h .?f ,'Yhich . w~ up .tq2 mm~ Slilghtiy larger 
sectiOned 'specimenS' (over 2.0 'mm) beara well dev.e.~oped vertic~tplate 
{T:ext"7!ig::; ,?}:3 "a;r:td . ~) .. ~ loop length ()f. smaller as. wel~ as of )a~ge:r 
s~Ciin.e~. i!3. Gl()~~jo .. orgre~t~ than: 1;1. hplf length of the brachial val.ye. 
The '· ~~'~tiloned iPeclmens 'present also other el~ments of . the.interna:l 
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morphology: high inner socket ridges and early developedSeptaUum in 
the· brachial valve, as well as a diStinct .pedicle collar and · hinge teeth 
without dental plates in the pedicle valve (Text-fig. 4). 

The cenU:OiIlellifonn stages of the loop developmeptare noted. Jar many gepera 
of fOssil terebratuUds (Cloud 1942); Cooper 1957; Dagis 1968, 1972, 1974; Usnarska 
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Fig. 3. Development stages· of. brq.chid,ium·of· juvemil~ . Ang'Ustothyris angustaeformis 
(Boeckh) from Zebi"ak; A - drawirigs from empty sPecimens with the loop at the 
"precentronelliform" Silage, B - reconstructions from sectioned specimens with the 
loop at the "centronelliform" stage,. C - reconstruction from a sectioned specimen 
with the loop at ;the stage close to the "quasipremagadiniform" stage, D - recon
struciion from a sectioned specirrlen with:the . loop at the· stage close. tothe · "qua~i-

magadiniform"· ·slage 
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-Talerzak 19&1) . . Among· the Triassic forms, the material from Zebrak can be 
compared, there are the following genera: Angustothyris .Dagis, Coenothyris Dou
ville, Fletcherithyris Campbell,and J>lectoconc.ha Cooper. 

Basing on internal shell characters of the ,sectioned spe.cimens from 
Zebrak, the · greatest similarities were found to occur -With youp~ speci
nl,eriS -ofAngtLstothyris angtLstaeformis (Boeckh) from the Anisian de
posits of the north-w.estern Caucasus (Dagis 1972, p. 34, Text-figs. 
11-14). Among the above mentioned genera, Coenothyris displays also 
a great conformity of the loop appearanCe in the . centronel1iform stage 
with the one of ;the specimens from 2ebmk. In the genus Coenothyris, 
hO,wever, this stage was noted for the specimens considerably larger, 
4.9 mm :il11. shell len.ght (Usnarska-Talerzak 1981). Besides, the presence 
of dental plates .l.n;. this genus has not yet been· clarified. The two other 
genera display the centl'onelliform stages at slightly smaller dimensions 

1m 

Fig. 4. Serial transverse sections of juvenile spedmen A. angustaeformis (Boeckh) 
with the loop at the "centronlellifonn" stage; shell is 2.2 mm long and 2.0 mm wide 
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of the SheiH.ln Fletcherithyris, the specimens with their sh~ll , lengtihs 
Off 2.5 mm have d;enW pla1tes (Dagis1972, -p. 32, Fig; 9a), whilst Plecto
concha has no septaJlilUID btlitis weN ribboned (Dagis 1972, p. 28, 
Figs.5c-6). 

A more advanced stage of ~e loop development was noted· in one of 
the empty specimens, wiith irt;s leIlJght below 2.0 mm (PI. 4, Fig. 4). This 
stage is comparable . wirththose descrdhed below and 'typical of the 
specimens over 4.0 mm long. The specimen is triangular, w1ilh a trans
versa1ly,oval-Shaped brachial valv,e. 

STAGE III and folloWing 

The specimens with she11.1ength close to 4.0 mm or Slightly larger, 
po.$eSS accessory el'ements on . tIh.e vertical plate: 8wel1ings vis~b1e in 
loops of empty specimens (Pl. 4, Figs l~)and appendices in the sec
tioned. specimens (TeX't-fig. 3C): The frontal pa,rt of iflhe loop in specimens 
with ;their Shells over 5.0 mm) long isaaso distinctly divided into the 
left and right side (TeXJt-fig. 3D and PI. 4, Figs 4-5). The other 

/fl '" 
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Fig. 5. Serial transverse sections of juvenile ' specimenA. angustaeformis (Boeckh) 
with the loop at the stage close to the "quasi,premagadiniform"; shell is 3.8 mm long 

and 3.0 mm wide 
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elements of the intern all mol'!PlhO'logy, i.e. high inner socket ridges, septum 
and teeth devoid of dental plates, remain without any change. 

The internal', characters of the investigated shells are similar to those 
of Angustothyris angustaeformis (Boeckh), described by Dagis (1972, 
p. 45) as the stages foll(jWing the "centr<>neHifonn" stage. For-1he la1lter, 

... , ~'\ '\ '\ '\ \" QQ 'Q "~..,..",' \ , ' , (~(lC~, if'Q1 " ~ .J 0.1 ~, op eu 

o.'C'C::CQ ... \ 

\ " \ \ I , \ i 
, , • ' . "J l? I , '1' ~ \ Q l I 

00 O;1~O.1~.1~.1 ' 0.1 

0.1 

a~ 
_Fig. 6. Serial transverse sections of young specimen A. ang'Ustaeformis (Boeckh) 
with the loop at the stage close to the ·quasimagadiniform";, shell is 6.8 mm long 

and 4.8 mm wide , 

Dagisintroduced the terms that suggest sinii1ar~t1ies to typical develop
mental stages Of the loop inthedai:linids' and terebratel1.lidB. Thus, the 
loops of the empty specimens (Pil. 4, Fi:gs 1---,3) and of' a sootioned one 
(Text-figs 3Cand 5) are considered as close to -tlbe"quasiJpremagadini
form" Sltage at which ' the acceaso~ hood .. li!ke elements srtaTt grow1i.D/g. 
They are 'compaTable with loops-labelled as 4b Iby Dagis 1(1974, p. 45, 
Ftg. 163). The loopiS, with a marked initiaJl division into right and left 
sides (Text":figs '3D, 6 and ' PI. 4"'Figs 4-5) alI"e considered; as close to 
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the "quasimagadiniform" stage, ,comparahlewith loops 4g in the Dagis's 
scheme. 

{\ 

\ / 

Fig; 7: Serial trans:vel1se sectiQns of mature specimen Wit~ deritalplates; :sh:elli£ 
13.7 'mm long and 12.5 mm widemd presumably belongs to ZeiLleriaedbtngeri 

(Aissmann) 
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The mature forms of Angustothyris angustaeformis (Boeckh) have 
a shcmt loop, wi<thOUJt a distinct divisioo of its ibrandhes into descending 
and ascending ones, develqped according to the scheme COIIlsidered by 
Oagis (1974) as ·the "angustothyrid" type of the loop·. 
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Fig. 8. Serial tramverse sections of mature specimen without dental plates; shell 
is 13.0 mm long and 13.1 mm wide and presumably belongs to Ang1J.stothuri.~ 

angustaeformis (Boeckh) 
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FINAL REMARKS 

The primarily juveniJe fonns of tlhe species Angustothyris angustae
jormis (BoeokIh) occur among the investigated terebratuJids. Although 
the inteTnal mell mO.rphology of three specimens, cO.nsidered for mature 
ones, has noo been reconstructed fully, these fOfl"lllS (Pl.1, Figs 6-.7), 
were' found to' represe:nJt even two ,genera as tlhe derrtaIl plates were 
either present O.r absent. Two specimens, provided for the dental plates 
(Text-f·ig. '7), may belong to the species Zeilleria edlingeri (Assmann). 
The thinispecimen, without dental plates (Ten-fig. 8), belongs pre
sumably to Angustothyris angustaejormis (Boeckh), the same as the 
juveni'les do. 

An attributiO.n of this specimen fu A. angustaejormis is partly 
st1p!pONed by a si.rilJi.larity O.f ' its shell width and thi'Cikiness indices to' 
these of Waldheimia angustaejormis descrlbed by Boeckh (1873, p. 173) 
from the Middle Triassic (Recoa:rokafllk) at Kov·eskala, Tihany Peninsula 
in Hungary. These indices show a great eT' Similarity than rthose of the 
specimen Angustothyris angustaejormis CBoecldl) from the Anisia:n of 
the Caucasus, reported by Dagis (1974, Pl. 48, Fig. 1) and of ,the specimen 

o 500 1000km 
L-' __ -!-.'---':_-I' 

Fig. 9. Occurrence of representatives of the family Angustothyrididae in Europe 
(after Dagis, '1974; modified) 

1 - extent of the marine sediments of Middle Tl'liassic age; 2 - localities with 
representatives of the family Angustothllrididae 
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Aulacothyris angustaeformis (Boeokh) from tthe turn of the Anisian and 
Ladinian of itJhe Ta~a Mts (Kotanski 1973,Pl. ~,F:i!g. 13). 

Ami'Cistthese three mature forms from. Zebrak there is no Coenothyris 
vulgaris (Schlortheim), 'oommOlIlly cited for Middle Triassic~ This ~pecies, 
Which haS not yet1been revised, proiba'bly caHOOts the specimens of 
va'rious species or even generaOlf similar- shaH Shapes. Some 'authors 
(KoschinSkY, 1878, Birttner lS9Q?: Kirohner 1934) mention for iTIstance 
aprese-nce of dental platesas' 4,~agnoStic ,feaiures of C.v'j.Llgaris, wheTe~ 
the others note their afbseIIlceJMuir-Wood 1965). There is ' also an opinion 
(Nowakowski 1972, Dagis 1974) 0IIl a varying deVelopment of dental 
plates in C. vulgaris. 

A preservation of juvenil~ specimens of An-gustothyris angustaeformis 
(Bo€ctkh) :proves them to hl:l.ve 'heelIl 'buried in the iSame place theY,had 
lived. Destr\lcted' and crumbled InaIW.,re specimens that form, " together 
with qther' faunil9tic remains, 'a ShellyrongIomeraJte, havebeenm~ 
probably traI1M>ortedfrom distant a(l"eas. 

The l"€'Cognitloo of juvenile sPecimens , of Angy.stothyris angustae
forrais(Boeckh) extends thegeQgi-~phicdistrihution. of this species in 
Poland 'from the Taira Mts (KotailB'ki 1973)' and Upper Silesia (Usnarska
-Tailerzak 1981) to !the Podlasieregion. It also ,extends the distribution 
of Ul.:e whole family Angustot1iyrid,idae sensu Dag:i!s <1974, Fig. 167) from 
the Tethyan realm further to the tlo:r:bh (Text-fig. 9). 

Museum of the Earth, 
PoliSh Academy of Sciences; 

Al. Na Skarpie 20/26, 
00-488 Warszawa, Poland 

(E. Popiel-Barczyk) 
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E. POPIEL-BARCZYK i H. SENKOWICZOWA 

JUWENILNE TEREBRATULlDY SRODKOWEGO TRIASU 
Z OTWORU WmRTNICZEGO ZEBRAK NA PODLASIU 

(Streszczenie) 

,Przedmiotem procy jest analiza juwenilnych terebratulidów z osadów dolnego 
wapienia muszlowego napotkanych w wierceniu Zebrak IG-l na Podlasiu (fig. 1-2). 
Stan zachowania okazów pozwolił na .zOO,danie wnętrza muszli najmniejszych form 
o długości od 0;25 do 4,00 mm . metodą szlifów seryjnych (fig. 3-8) oraz prześwietla
nia w cieczach imersyjnych o.k:az6w pus,tych (pl. 2-4). Poznano w ten sposób har
dZiO wcr.e,sne stadia roo:woju apaifatu ramieni.lOlwego, jJdentyfiJkując wŚl'Óid nich 
następujące: 1 stadium "precentronelliform", 2 stadium "centronelliform", 3 "tadium 
zbliżone do "quasipremagadinifo;rm", o;raz 4- sta·dium zbliżone do "quasimagadini
form". Analiza, budowy aparatu :ramieniowego w stadiach 2, 3 i 4 pozwoliła stwier
dzić, że badane juwenilne terebra.tulidy należą do gatunku Angustothyris angustae
formis (Boeckh). Znalezienie A. angustaeformis (Boeckh) na obszarze Podlasia prze
suwa doty'chczas znaną granicę wys'tępowania tego gatunku w Polsce oraz roiZSz.e
rza zasięg rozprzestrzenienia rodziny Anguswthyrididae w Europie (fig. 9). 
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ACTA GEOl.-OOICA POLONICA, VOL. 33 POPIEL-BARCZYK & SENKOWICZOW A , PLo 1 

1- 5 - Angustothyris angustaeformis (Boeckh) , juvenile specimens with circular 
(1, 2, 5) and oval (3, 4) brachial valves; 5 - interior, visible are crura.l bases and 
high inm~r socket ridges; 1 and 5 - X 10, 2 and 3 - X 40, 4 - X 5; 6a - mature 
specimen presuma·bly of ZeiHeria edHngeri (Assmann), X 2.5; 7b - mature specimen 

presumably of Angustothyris angustaeformis (Boeck h) , X 2.5 
. a - brachial and b - pedicle valve vi·ews 



ACTA GEOLOGICA POLONICA, VOL. 33 POPlj;:L-BARCZYK & SEN~QWICZOWA, PLo 2 

1- 12 - Angu.stot hyris angu.staeformis (Boeckh), 1-5 - smallest juvenile specimens, 
6- 8 - interiors of brachial valves (SEM) ; 1 - X 78, 2 and 4 - X 90, 3 - X 120, 
5 - X 47, 6 - X 21, " - X 60, 8 _ X 51; ~12 ~ specimens with their loop at the 
"precentronelliform" stage (transmitted light), 9-11 - X 70, 12 - X40; 13 - interior 
of juvenile brachial valve, presumably of Zeilleri a edJingeri (Assmann) , X 32 (SEM) 



ACTA GEOLOGICA POLONICA, VOL. 33 POPIEL-BARCZYK & SENKOWICZOW A , PLo j 

1- 7 - Angustothyris angustaeformis (Boeckh), juvenile specimens with their loop 
at the "centronelliJo·rm" stage (transmitted light), 1 and 3 - X 47, 2, - X40, 4 and 

5 - X 50, 6 and 7 - X 60 



ACTA GEOLOGICA POLONICA, VOL. 33 POPIEL- BARCZYR & SENKOWICZOWA, Pt.. 4 

1-6 _ Angustothyris angustaeformis (Boeckh) , 1-3 - juvenile specimens with 
t heir loop at a stage close to the "quasipremagadiniform", 1 - X 50, 2 and 3 - X40; 
4 and 5 - j uvenile specimeJls with their loop at a stage close to the "quasi
magadiniform", 4 - X 55, 5 - X 17 (transmitted light); 6 - specimen from Fig. 5 

(refl~cted light), X 6 ' 
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