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(o, r or./s: l:orrn iniferr, Crlìgellicl:rc, lixonorn, Biosl rrt igr r-
ph1,, Paheobiogeograph!.. l']il.1cozoic. ()Ltx,nitcf ous.

Aba <1. Iù:ale'tt;theca lrs interprc'recl ,:s a nicroproblcnr.rtì
cun. r foranrinifer.rl test, or . svzygirl cv\t. Argr.rnrcnts ,rrc listcd r cr-

sus sl zygi.rl clsts or ordinrrv for rnrinìier.rl rgtlurin.ìrcs. i,ìd ioÍ p.11ì,r-

nent cvsrs s irh pr obrble ìnf.run.rl liie. Plot,,rrrsol,:ttìtbcat Jirdanentt n.

gen. n. sp. is described, r'hich lirks 1,rm1cr;ritler; rnd thc C.rligellid.re.

Sonre clemcnrs ol nonrcncì.rrure.rre introduced to dcscril.e rhc p,rnìc-

ulrr tcsrs ol rhc C.rlìcellidae. I hcse trxr could be b;rsiu:rìlv rcprcscnLcd

bv .rn ini.run,rl nrkcd or chirinrceous ior.rniniicr. sììch sccrerr's during
irs lifcrnrcrc.rlcilied pcrimereldenoorinrrcdrìrcchimner.tnh pre'cnr
in the C.rligcllìdae. To this inirirl secrcrion.rre.rddecl tst tlpcs oi "rg-
glurinrrcd" .rnd br,,crocled tcsts' the irrnd.rrnenr tl io Protr'ntolotitlt,:c.t
.rnd lrs"lcrrirlca..rnd rhe bricks. in /,ro/i'rtitlra onlr'.

Rit *,ttt,'. I u.nL ut rl'er.r c . r.rr,, inrcrt'rtrrr,' . nnrc un nri, ro
problenr.rico. un guscio di for.rnrinifcro oppurc un.r cìsti sìgizirlc. ln
quesro rùricolo sono elcnc.ì!i qli rrgonrcrri contro linterpret.rzion.'di
cisti sigiziale o di un nornr.rle for:rninifero.rsglurinrnre, c sono opo-
sriquelli:r f.rvore di un,r cisri per-mrncnte con probrbiìe virr inf.iLrrr.rlc.

Vi.ne Jc.crrr.r P. /^i\<.1-tI t\,. 1h\J,r,'/,'/1.r n. i.i(n. î. \p.. rr(rìu .l

colleg:rrc hr,/ertriea .rlle Cal;gcllidrc. Sono inttoilotti rlcuni elenenri
di nonenclarura pcr dcrcrivcre il guscio p.rnlcolare dellc C;ìligellidre.

Questi taxa possono csser(' sosr,ìnzi.rlmenrL' rrpprcsenlrt; dr uo l()rr
miniiero infrun.rlc nudo o chirinoso, che sccelnr durrnrc la su.r vir.r un

perimetro c.rlcific.rro clcnonìina!o ci,rìino, prescnLe sol,, nellc Crlirel-
lidire. A quest.r sccrezioDe inìziìle si.rijgiungoro riuc tipi di ruscio rg-
elurinero e biireÍo$: lc fondanrent:r P'orouroltrrithect c hnlcntìtLe
.d. e i nr.ìtr-ori nclli solt Lxolenttthet,t.

lntroduction

Vachard (1994) rssisned rhe conrrovcrsiirl gcnùs

InsoLentìtheca Vachard in Bcnsaid et al., 1979 lo the Ca-
ligellidae (Foraminifera, l"usulinida), because o{ the lack

oI proloculus end apertul e, ind rl]c fcselrblince \\'ith rlìe
gcneral rìlorphologv of this group, espcct^lly Bditu&otel-
/.r. The cliscoverl ol the gcnr.rs Protot, solett itlt<a n. gen.,

confirms this intcrprct,rt ion. Ourenrrllsis of lrsr.,learirle-
c,1^nd Pntoìrsoleu llf/reca contributes ne\\,insight into rhc
C,rligcÌlidae, end thcir ìnterprct:rtJou iìs a specirl llroup
oi forantinifera. Basìca,lly Irsolentithcc,r is sirìril.rr to Cr-
IigelLt or Baitugatelà, lith:ìn irreijul;ìr "test", nithotrt
proloculus, rcpctitilc septlrtion :rnd term;nliì ipeltuÌ c. Lrut

in contrlst Insolettitheca is ablc to collect, cert'rcnt ancì

l:ioclodc some ior,rminiierll tests pre\ iousll. l,.rc.rtcd at

the uater/sedinrcnt interf;rcc or \\'ithin the seditnent.
Groles ( 1 937, 1 983) interpretcd,/,t sL) l e7t i î he cn ils .1

svzl gial cvsr ol lorrnìiDiicri. Hov, cver, ]ìranI taphororri-
c,rl ,rnd p,rl,rconrological lrgunrents .rrc incorlsistcrlt $ ith
thìs h1'pothesis. Our posirion in this p.rpcr is: (l) laso-
lextitlteca and C;rligellidre rre lorxnìniferi of thc ordcr
liusulinidl bccause thev secretc' :r nricrogranuÌar sheleron;
(2) Insolentithec,t is not .r svzl,girl cvsr' (.3) Iisolcùtithecd
is not a tl.pical iq{lutiniìrecl test; (-l) no proloculLrs oc-
curs; (5) no $'ide rperture occurs, but soùre snrîll conl-
nrunìcitions .ìrc obscr lccl; ((') rrrorpholoeicrl sirrjl.rritics
cxist wjth cvsts of some foraminifer,r: (7) the gron th oi
Insolertithec:,t andCaligellidac is not represeÍrtative of the
building of r true tcsr, ,rnd docs no! correspord to errct
outlines o{ the protoplasnr; (8) conrplete ltsolentitheca
shorv inrernal bjoerosion xlfecting s),stenìiìticrììl,v rhe in
corporrrted milreriirlì (9) thc irregularitl ;ìnd as)'nìmetr\-
of Itsolentitbeca are totxlil unkno\\'n irmong tlpicrl fo-
raminifcral tests; (10) dcspitc thc rel;rtilch,lrrgc', n'icle rnd
rhìn-n'rlled (interplcrecl to be nor resis[anr to degr-rding
hldraulic proccsses produced o\,er the \\'lrer/sedime'nt
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interface), it never occurs to be externall,v abradcd, nrc-
chtrnic.rlly broken or encrusted. Herce Insolentithec,t ts

probabll- an ìnlaun:rl trxon, as those foraminifer,r l hich
arc liling in rhe uppe'r feu ccntincters of bottorr scdi-
menr (e.g. Jones & Chrrnock 1985; Mu..av l99l; Dc-
bcna)-er al. 1996).

Consequentlr', ll.so Ientitbeca is considered ls r per-
manent c)'sr (a norion introduced bI Le C;rllez l911ì,

for the Recenr qenus l'irli,r ) oI an infaunal chitinaceous
naked foreninifel. This pernrirncnt cyst needs for its dc-
scriptìon a new rlonlcncliìturc (Fig. 1). It is nor directlv
adhcsivc to the cytopìlsrrr (Fiii. 2.1). This cvst, r-cpìrcing
the test, ìs developed in:rll thc Crlisellidae (Fig.2.2-15).
but particuÌarÌv rdr,rnccd in Insolentìtheca.

Thc ainr of rhis s'ork is: (r) to discuss the preli-
ous inrerpretations oi I nsolentítlteca; (b) to pr.opose :r

ncrv nomenclature <tf lrcolertitlrcca: (c) to epph ;r p.rrr

of this nonrencl:rture ro tlre Crliscllidre enend. (Fiq. 2);
(d) ro highlighr nes,inrerprctrtions of sone generr of
the family Caligellidne; (e) to describe: nen genus, Pr-o-

toinsolentitbeca n. gcn.; (î) to summarìzc the geogrrphic
and stratìgraphic distribution o'i I nsolcntttbeca.

Previous work on ,nsorenlifheca

The loraminiferal test
The firsr dc'scribc'd species oi Insolettitl:teca hl..,c

been interpleted,rs tcst of ior,rminifera, and assignccl tc>

the questionable Annobatulites or to a ne\\' subgcnus

H aplophragtn íta (H aplophragw ides) (Brazhr.rikolr et,rl.
1967; Aizcnvcre cr aì. l9iì3;Perrct 1993). Adachi (19S0)

describcd simiÌ:rr specinrcns iìs three ne$' foniminifcrll
genera of ,r unkÍìowr'r fa,nilt: [uÌeuiia, Ichinotattia, Par,t-

haplophragnella. Most authors s1'nonvmize these threc
gcnera with lasolortlrlcca (Locblich 8i Tappan 1956, 1988;

Pinard & Mamer I998). l-oeblich E: Tappan (1986) erect-
cd rhe subfamilv Insolentirhecinae, s-hich l'es sttcccssile-

lv considered as rcl;rtcd to the fanih'Archaesphaeridae
(Locblich & Tappan 1986, 1983, 1992), Chernyshincllicl:re
(Lìpina 1989), Caligellidae (Vachard & Beckery'1991; Vr-
chard 1994), and Panthuranrntjnacc:r (Perret 1993). More
r ecently, the rìiùìle ltsoleúithcc,t has nexly bccn rculrdcd
as valìd but not ncccssarily belonging to the for:rrrinìferrt
(Mamct et:rl. 1993; Vrcìr,rrd 1994; MaInet 1996; Rauzcr-

Chcrnousova et al. 1996, Mirmet & Isaacson 1997; Pinard
& Mamet 1998; Vdovcnko 2000; Sebbar 2000).

Groves (1987) hls vet surnmarizcd the argulnents

againsr rhe' rrulr agglutinated ioranriniicra, shich arc

recognized bl the prtalìcl orientatìon oi the aggluti-
nated particles, the thick cirlcareous laler of cement in-
cluding completcll the particlc. the snrall nunrber ol rg-
glutinated tests,:ìnd thc wcak selectivitl. ì\,loreover, no

calcisphaerid Pacbysphaerina hes been obser-ved in .1zso-

lentítheca. Although H aplopbragmina ard I n soletttitlrcc't

can be n.rorphoJogically' simil:rr [compare: pl.4'1 and'15

of Brrzhnjkova et a1. (196/); pl. 3, figs. 1-10 and pl. 3,

fig. ll of Aizenvers et:rl. (1983); pl. FV, fìe. 12-16 and
pl. F! figs. I 7 20 of Perrc.t (199-3); pl. 43, fies. 6-8 and

pi. 1J. figs. 9-12 of Pinrrd & M.rrrret (.1998)), Haplohrag-
ailr,r differs b1,its spheric.rl proloculus end a planispi-
rel jur cnariuln, sell developcd sepra, end rather regular
chanrbcrs and aper tures.

The initìrl proposed :rttribution of Insolentitbeca to
AnnrobaculLtes (?) can rlso correspond to a morphologi-
crl sinrilaritl' due to thc inf,runal ljfe of Amtnobaculites
(e.g. Tones & Charnock 1985; Murray 1991). According
t<r Bignot (1999), rhc frrgìle tests of Ammobaculites te
broken by post-mortcnr !rrnsporlsi but they can easily'

fossilized in situ, ir.r the scdimcrrr rvhere rhey lived. The
fossilization oi Irsolenritlnc,t is probabh identical.

The problematicum
Insolentitbeca n'rrs creatc'cl as a problematicunr and

,r plobable result of activirv of a protista (Bensaid et al.

1979), for insr:rnce nn enc)'stnìcnt or rnoulting stage. Ac-
cording to Delvolvé t< Pcrret (1987), Insolentitbeca is ;'.

"pseudoforanrìnifcr". Pinrrcl 3: Manret (1998) provide
a good recent summarv of thc hjstor-v oi Insolentitheca,
consìdered also as inceltre sedjs rvithin tlle protozo.ns.

The svzygial cyst
After the interprer:rtion as a sr-ztgial cvst b) Grorcs

(1987),Groves (1988) lndTappan & Loeblich (1988) r'e-

g,rrded Insolentithc cin.\e .\n.l Iltsole titl)ecz es inappropri-
me names, for n'hich the rules of the Code of Internir-
rionaì ZoologicrÌ Nomencl:tture clnnot be uscd. Conse-
quentlv {or ten years, "syzyij;al clsts" rcplaced l,soleri-
titheca in rhe litcr:rturc (T:rpprn E: l.ocblich 1988; Villa
& Sínchez de Posad;r 1991; Ucno et al. i994; Altìner tt
Salini 1995; Einor et el. 199(r; lìruzer-Chernousova ct aÌ.

1996). Tl.re argunrcnrs for the svz,vgial c1'sts rvere: (a) the

llck oI characteristic forrminiferal featurcs. including the
proloculus, the apertule's,rnd the septetion; (b) rhe strp-

posed monospecificitv of rhe linked tcsts; (c) the great

nunber oi tcsts parriciprtirrg to such cvsts, up to 1'l in
Patellina corrugata rù/illiarrson (see Lee et al., t991); (d)

:r supposed alternrtion of smrll ,rnd large tests, represent-
ing sexual c{imorphisn; (c) rhe internal dìssolution of the
lgglutinated tesrs.

Arguments against a syzygial cyst
1. The conrponcnts of Insolentitbeca exisr strari-

graphic,rllv lareelv bcfore, and remain a'fter Insolentitbe-
ca itsclt- For instance, the distribution ol Tetrataxis in-
cludcd in .Fukujia" (= lusolentitheca) ry'prca subsp. B

Adachi, 1985 is l;rrc Tournrisirn to Late Permian, and

the genus Entlotbl'ranella that makes up the "test" of

"Fukujia" 4,pica subsp. A Aclachi, 1980 ranges only frorlt
hte Bashkirian to ìxte Exrly Permirn, whereas hsolett-
tithec,t is he Viséan to latcst Cerboniferous (earliest

Pernrìar.rl).

D. \itcltard .\i P Cózar



2. An evolution of InsoLentitheca exists. Ir is very
rare and incontpìerelr. dcleìoped during rhe late Viséan
(u,ith Protoinsolentitheca ar'd :r.ue I nsolentìtbeca l, t.r-pi.
cal and rclarivelv abundant during thc Middle Carbon-
iferous (Bashkiri:rn-Moscovien), rare asain in the Late
Carboniferous-Early Pcrnrian? interv,rl. Horveler, dur-
ing the Middle Carboniferous, Insolcntitbeca includes
somc short-rangcd taxr] e. !1. SenistafJèlla, Profusulinel-
la, AIjutoz,ella.

3. A new gcnus, ProtoittsoLentitheca, is interpreted
here as the ancestor of Insctlentitheca becausc morpho
logìcal similariries exisr, and because the "tests. are usu-
ally generatcd from one kind of included tcst, in some

cases lwo.
4. In modern equivalents, a syzygial cyst includes

oùe, or rarclv tn'o specics of the sanc genus (Le Callcz
l95a). ln I4soÌe ritÀe.J rso L,r rhrcc genrr.r 1or i.rnri-
lies) are conmonll' prescnt in the samc'specinren (Adlchi
1980, fig. 3. 7; pl. 29, fig. 4; Aìzenvcrg er al. 1981, pl. '1,

fig.2; Maner et al. 1993, pl. 16, fig. l6i Vichard 1994,

pl. 7, fig. 6) and sometinres their sizes are verv difierenr
(Vachard 1994, pl. z, fig.6). Small ioranriniferaÌ tesrs arc

doninant rn Insolentìtbeca, but e binrodaljn' is frequcnt
(MasÌov 1929, fig. l0; Brrzhnikova et:rl. 1967, pl. a5, fig.
1; Aizenverg er al. 1983, pl. a, fig. 2; Perrer 1993, pl. F5,
fig. 1 8; Vachard 199a, pì. 7, fig. 6). However, Itsolertithe
ca usually shows differcnt sizcs of for:tminjfc'ral tests. In
contrast ro rhe Groves' (1987) opinion as dinrorphism,
significant differ enccs in thc size has bcen on11' olign gl
in the svzygial c1.sts conrposed oi rwo spccinrens, and not
in nrulti specimer cysts. In a few cxceptions, all tl.re .rg-

gÌutinated tests arc large (Adachi 1980, pl.29, tigs. 1.1-14;

Loeblich & Tappan 1988, pl. 208, figs. l-3; Vilh & Sínchez
de Posada 1991, pì. 1, fìg.3; Vachard El Beckarv 1991, pl.
3, fig.2). ln fact, all thc intermcdiate sizes exist (Ad:rchi
1980 figs. 3, 1-ll, 4. 1-6; pl. 30, figs. l-20).

5. ln modern cquivalents, the cvst is composed of
a thìn wa1l, whìch is destroyed before the expulsìon of
the gamonts, so its preservation in rhe gcological lecord
should be extrenrely rare, while lzsolentitheca c$r lèe rel-
ativelv common,rnd widespread, in the Middle Carbon-
iferous.

6, No fossil examples of svzvqial c1'sts occur in
vounger periods, espcciall,v those of nraxin.ral diversity of
the foranrinifera, i. e. Jurassic, Cretaccous or Paleocene.

7. Most syzl'gial c1'sts comprise trochoidal gcn-

era (e. g. Discorbis, GlabratelLa, Rubratella, Patellina),

linked by the vcntral area. In Insolentitltecrl, nlost of
the forarniniferal morphologies and types of coiling are

present (e.g. endothyroid, ìenticular, biserial-coiìed, fusi-
forn.r, though rarely trochospiral bec:rusc this tlpe of coil-
ing is rare in the Carbonjferous-Pcrmian) and thc tests

are not linked by the ventral arcas, but randomll'or s'irh
the long axes radiating out.

8. In s,vzygl', the dissolution of the tests is restrict-
ed ro the ventral ,rreas in contact. This dissolution affects

Insolentithcc:r errrcarl arrrl Protoinsolcnrirhec.r l- .gcl. i9i

randomly the tests constiruting lrr.rlertith eca. lt is proba-
blv a bioerosìon, s,hich ìs .rccomplished, before rhe incor,
poration of rhe foreisn resrs, by thc pseudopodia rhrou:h
cl.renrical dissolurion, rs speculirtcd for rhc Recent C'r,lr
l.,alopnrell,r tsrrrr rh l')ESr. P.,eudopodi.r rrr.rr pcnerr.rrc irr-
dividLrrlìy rnd in so'cral cljrecri6ns. This biocrosion b'
individualized pscudopodir night crphin rhc nrisshapen
morphology oi I nsolentitlseca.

9. The svzr,gr,can erplain the intcrnal clissolution,
bur cannor cxpÌain the sccretion of a microgrlnuler ce-
nrenr (nrodcrn cxlnrplcs of slzvgial cvsrs anronq hvllinc
ior:rminifcr,r are onh linked br',rn org,rnic ccnrent).

lA. IusoLettitbeca occurs rt the srrnre tinrc and in
diflerenr gcologicll basius n'irh constituents of nranr'

families (e. g. Enclothyridac, Tcrr'.raxidre, Biseri:rmnrini-
dae, Ozauaincllidac, Schubertellid,re. ProfusuìineÌliclae,
Fusulinidac). It could be an unicluc casc of "triÌns-frnrily"
evolutìon, u'ithout irny encient or nrodcrn equìr'aìents in
foranriniferirl evolution.

1 1. Thc selectìr,il, ol Iusolcntithectr is hiuh but not
exclusile (see abovc. argumenrs I rnd I0). In facr, rhe
selecrivity is still poorlv explaincd among the rrodern fo-
raminifere (Dcbenal er rl. 1996, p. 20).

New nomenclature tor lnsolentilheca, Protoinsolentithe-
ca and Caligellidae

As excmpliiiccl by the s,cll oricnted, rnd:rpprr-
entlv most courplere specimcns, found in Sp.rin (Vilìl E:

Síncl.rcz de Posad.r 1991, p1.2, figs. l,.l; V;rchard 199.1,
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pl. 7, fìt. 6), thc initi;rl piu r oi .hc pcn'nrrncnr clsr of ./l-
solentithcc,t,tppclrs conposccl of .r rclltilell largc rc.sr:

thc "funcl.rnrent.rl , (Fig. l). ,\ p.rlr oi rhc cìrdosrlLrcrLrre

oi thjs lìrnd.rnrr:ntal is stronqlr crocle.l. Tlre ,rbscnce oi
the fund.rrrent,rl mll be c.rusecl br obliquc sccrioÌrs. but
is prob.rbìv ch.rr.rctcristic of st,nre nror-photlpes (scc tlre
nrrrcri.rl oi Acl.rchi l9lj0, for. insrrrrcc fig. 1. 3, pì. 30, fìgs.
12, i6, I9). Sclcr-lì c.rscs ol"isol.tretl iurìchì'lrcnrrls" hilc
been illusrr.itcci in rhe litenturc (sec hclcrrfrer the sr-ronr'-
nrr list rrl l>t io ìtt solet t tii:ec,t Jitttl,ntcttt,t n- gen. n. sp.).

l_rorrr thc lrrrrd:rnrent.rì, ertcntls rt l.rr ge. nrorc or less

tubul;rr', closccì p.rlt n;rnred hcrein -chinrrrer'" (Fig. ll. 'fhc

chinrncl is ìroìLrn.;rnd its c.rr irr is rhc -flue-. The lluc is

nrol-e ()r'less ìrrtcrruptccl bt irrcorrtplcte. or r:rrch-conr-
pìctc 1'rscttcloscpLl. lncl gencrlllr clocs not sìron .r rliclc
lpcrtLrrc Lrut prcsents sonrctinlcs -pseuclolpcrturcs", i.

e. some intclllrptions or snr.rll ch.rnne ìs of thc ri,rll .rnci

sept:r (Grores l9iì7 iig. l. l. l9SS, iig. I.-t; Pclrct 199J.

pl. F \i ligs. I7, lOl Pin;ircl & l\hnrer 199S. p. l.l2). 1'hc

inner suli.rcc ot tlr.- ilue in Irtnlttttitlxo r .rppel s rclirrir clr'
regul.rr'.rnd sccoDdir\ bìoerotìctl (1iig. l). L-ithcr rhe llue
ìs conrplctclr bìoerodcd. ind no septLrìr lppcirs. ol rìrc
biocrosion is inconrpletc. rrd pscLrdosept.r.Ìrc present.

'lhc chirrno is constitutcci oi .br-icks", th.rr rrc

":lgglLr!inirrr(ì- rcsts of for-.rrr in ilclrr. 'l'hc nunrber- ol- br-iclis

vlr-ies frortt I up to nrore th:rn 5C. Somc br-icks h.rve .rì-

nrost the sinì!'size,rs the iuncl.rnrcnr.rl, brrr thcr'.rrc gcn-

cr',rllr snr.rller'. Thc ì.rrqest brick is qcncr-.rlì, .rcìj,rccnr to
thc [urrcl.rrrrcnt.rl (Ad;rchi 19S0. i;s. .]. l-1. 6, l0 I I ). bur
di.rnrcrric,rìlv ogrposed locrrrions rrf rhe frrnd.rmcnr.rl .rncl

the biggcst bricìi erist :rlso (Vill.r N Sinchcz cle l)os.rti;r

I 99 I, pl. 1, f i g, I ). Thc bricks .rr-c irrrcrnalll biocr.oderl,rnci
dissohcd bLrt crtcrnillr'$'ell prcser'\cd,.rnd lir.rkccl br .rrr

rincluì.ttinq iilnr oi nicrogr,rnul.tr cenrelt. 1'hc r-csoÌpîion
of tlrc'biocr,rcle,:l c,rlcirc of thc'br-iclis c.rn contr-ibute t<r

produce pcriocìic.rlh thìs ccnrcnt, t hich shos s scr cr-:rl ir'-

regul.rritics. sinrrosities .rncl -r-c-cntr'.rnts- (Fig. I ).
'l'his ccnrcrt is sinrilll to thc nricrogr'.rnuhr t.rlls oi

thc Fusulinìclrr tests ìncorpor'.rrec1 into the rr lì1. Briclis .rlc
abscnr in the cvsts of Crligcllicl.lc, .trtcl lrrcll obscrred in

Proníusoltutitltc,t.'I'hc ìrr pothesir is .li*htlv sinrple'. in rhis
case, bcc,ruse lircr tr.rpping,rncl biocroding tl'rc luùdiÌnrenr.rl.

the ior.trniniiel rr.rs.rble to sccrcrc thc rcst oi thc chinrner'.

end r,rrelr: ir needccl orher tests t() gcnrl.rtc the clrinrner.

Systematics

Chss F'oraminiferr d'Orbìgni. lS:6 norì1cn trlnslrt.
Lec, 1990

Order Fr,rsulinide ron \locllcr, lSTS nonren trrrnsl.rt,

Furscnlio, l95S

SLrperf.rnrilr ? l-rrl:rn clioicle.r CLrnrnrings, 1955

nonlen xnslxr. Locblich N'liPpln, 1932

Fenrilv C.rìi gcììid;rc Rcirlingcr in Iìiruzcr-Clhernotrsor'.r

.\ lìurscnko, 1959 cnrcncl. hctcìn

Composition. 2 subirrnrilies: Celigcilìrìac (onl)- r.irh
ccnrcnt) lnd lnsolcnrirlìecjn:Ìe (cerrrenr, iuDcllntenral,rnd
bricks). C.rlirellin.re rrle conrposed oi (Iiig. 2. 2-13): C-.r

I igcl la :,ldenass.r'. Ila ittrgot el Lt: Loc:aligclh: Lotihbittella;
Glubokoetella: Parataligella: I'aracaligelloiles: Petcbo

rina; ?\lhonclla; : lTalenopora; ? Eoauuoslltaaroítley ?

\fulgaralh (r'elercnccs rn Loeblich c\ T,rppln 1988,rnd V;r-

chrr.d 199-1). Insoienrirhecinre arc rcprescnrccl bv llsolerz
tithcca and ?rotoittsolutti.te ct n. cen. (liig. 2. l+-15).

'l he Crlisellicl.re nr.rl belong to the sr.rpelf,rnrilr.Ear-
l.rnclioide.r uith .rn inf:runal rd:rpt:rtìon (l:ig. 3), or to a

p.rrticuliìr gloup lcì.rtccl uith rhc I:-rctularinicl:re (foall-
int)spltrctoide\ sccttt s ro be .r nrorpholor:ic,rl inrcrnredi,rrr'),
in this casc Cl.lliscìlid,ìc rncl lrregulrrinichc ciìn corsti-
tLrtc together i supcrfiuril),, p.uticularll clircrsilicd dur-
ing rhe Delon iln.

Emended diagnosis. Pcr nr:nent cvsts ol elongete
. lr ir ir.r., otr.'r.rkc.l i.'r'.r'" i_ i t. r.r .cir urin{ .r rììirr_o:lr,ìn
ul.rr chimncr'. 1'he sh.rpc is nrore or less cllindrìcal (e.
g. CaIige|la, I',u',tc,r|iga||a, GIubokoctclIa, L,otihhinella,
Loctligella, Insolctttitltctir), polr gonrl (,4rlcar,rssa) or ir-
leuuler (Baltr.g,rri e1l i ) . No proloculus but occ,rsionallr.
.r funcliulent.rl, i.e. .r iilsLll' trlppccl, bìoclocìcd lnd dìs

solvccl for,rnrinifcr. tcrr, follon ecl b) ,r sccleted nicro
gr-.urul:rr to elrnulrrr' (CrrìiueÌlin:re), sonrctintes "lggluti
n.rrccl- (lnsoìcntitìrccin.rc) chimncv Thc rrorvth is prrth-
ol ccrrrr;rlctch ini.rurrll. prob.rbll verticll rrs ir,lnno
ó.rcrr/itci. R;rlc pscuclo.tper-tures ,rrc visible in rhe s',rll.
Solnc scpt.r, pctfor.rre'd oÍ not. occul rvithin the flue.
Thc pscudo,rpertulcs rre nunlcrous in Ír/rrlrrc11,l,lnd the
scptir .uc verl re iÌul.rr in Halenopora. Wlll rrricrogrlr.ru-
ltr (Calìgelld, Prrac,rltgcll,t, G/ubokoc-"'clla), soDrctimes

ur.rnulrr (P,rt'acirlrgt,l I o r dcs, Iì a itugan e//,r), bilat'ered n'ìth
a pscuclolibrous l.rr er (,,!/ealas-.,r), or c,rlc,rrcous -aggÌu-
tin.rtcd. (1asr.,1critrtl.rr,c.r).

Discussion. l)espirc rheìr unconlnr()n rspects, the
Clligcllidac irc .rlnr()s! Lrn.rnirì'rousl\',rcceptcd ls a farn-
iìr oi Fusulinid.r i,rr',rnriniiera (Rruzer-Cìrcrnousor,e &
Fur-se'nho 1959; l-ocbìich & T:rppan 1988, 1992; Vdovenko
e.t .rl. l99i: Vechrrcl 199.{), bcceusc of (:r) the nricroeranu-
1;rr n.rl1; (b) lrorphological simil,rrities s,ith oblique sec-

Iiorts oI more .rclr.rncetl lor,rninifen (c. *. lbuln,rvclloi-
c1e.r, sec Lipin.r l9lì9). Sonrc breakages of thc c,rligellids
nright be interprctccl .rs.rpertures. but tmc for,rrrinileral
rpcr tures .ìr-c .ìpp.rrentì\' liÌcìiinq.

Ar infeun.rl lifc o clc of the C,rìigeìlid;rc rues sug-
gcstcd br V.rch.rrd (199+). The princip.rJ rrlur.rnrents rre:
(.i) rhe r:rrher goocl prrcscr-r'rrtior.r of thesc ir.rgilc nricro-
iossils: (b) the :rtrsencc ol:rbrrsion, i. e. trrnsport bv bot-
r,rnr ol tulbulenr crrlrcnrs; (c) the lbsencc of encÌùsting
biolilrns oi cr,rrrob.tcterics or orhcr cillc;nl icrobes.

'l hc gros th ol .rll thc other c,rligcllids is plobablv
sinril.rr ro that o) I ttsolattítlrca. As indic.rted bv llens,rid

ct xl. (i979), somc spccin'ìcr'rs of lrsolerrfif/rcca rrrc sinriìar
ro llaitugarella (ior ìrrsr,rnce thc diffcrcnt Iclsitonania ol
r\drchi 1 980. pì 30. fiss. I 5- I 3). Othcr figLn ccl specirnens
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An interprerrrion ol rhc tcsrs

oi Crligrllìdic is pcrnrrnent
crsrr. Abbrcvi:rrions: c = cl
topì.rso, p = pseudopodc, pr
= pscrrlo.rpcnurc, pr: pcr

Èrg. l

YuleottelLt a,s a, è,esvc I:rd alga js in-
consistent with the ty'pes of n rlì
and per for,rtì<rns. H,tlenopora is

inter:preted here as en aclv,rnccd

lorn ol Paracalìgell,r n-ith possi-
b1e calcificatior.r ol the c;'toplasm
and the pseuclopocìia (compare
Figs.2. 1 rncl 2.7). Thc proious
i,.,-"---,^.i..- .. ^^,1ì^^.,-,- .t ,^

is inconsjstcnt * ith thc sizc, thc
microgranullr calcìtic n-aÌÌ, and

rhe gener ll organiz:rtion.
A tirsr gr on'tl-r stage, rnaÌ-

oqous to the fundanrentll and
composcd of ;L sphcric,rl nron
oìocular forrminiicr (such as

Críbrosphaeroít/es) nr.rv eris t
(Fig. 2. 12) in sor.ne pr:inìtive
c.rlìgcllids (c. * Caligella, Pa

r'rc,tÌigella, () /ubokoe,-'e lla), rhts
spherical funciarrental h,rs beetr

sonrctimcs confusccl rvith tr truc
proloculus (see \rechard 199.1).

Thc pre Siluriln anceJtor j
oi the CaÌìgeìlidre could be (1)

tt Earlau{ia secondarih' :Ldapted

to ,rn inf,runrl life (Fig. 3), rvitli
the lincagc Earlandía Eocalig
ella Calígella, (2) .rn irrcgulrri
nid iornr sinrilrr vt Cribrosphe
roìdes, Pdtpl:ia, Bispltaer'r or Ir-
regularita, bur these generr lrp-

pcar in the Devonìan; (3) sorne

enignr:rtic iorms. as sr-rch.rs 5o

rcslhderd (ì ) sp.. .rllied the old-
est ioreninifera from the Earll.
CrnrÌ:rirn (Cuìver 199 I , 199'1)r

look lìkc C'a1rgc11,z (see Adrchi 1930, pl. -ì0, fig. 19). The (-{) ,r pre Sìlurìrn unkno.u'r naked fomnrinjt.r b.;inning
nrorphoÌo91' LtI CaligelLt, Lotikltìrella nd Iì,rituguu:l1,r to sccrclc in the Lucìlovi,rn thc t1'pc ol chimncv of the

c:rn be eesily' exphincd bi'a successiolt oi pcrm.rnent clsts crligellids.
(Fic.2.l. 5 A-IJ. 11). Eocalìgel\a, G ltr bohoei,ella, I'arac,t The desccnd.nr' ,,i rhe a-rlicellid.r. rrc unknol'n.
ligella l.vJ ParacaLtgelbides consist ir.r r singlc pcrn-rane'nt Thc Triassic represerìtiltilcs rÌre \.er\- questionable, rn.l
c)'sr (lrìg. 2. 6, 8, 10. 12).llkonella ìs intcrprctcd rs rn correspond mofc probabh' ro AmntabdcuÌites (see Srhj
advanccd fornr oi hu'acaligelloides rvith nurner.ous per.fo- et rl. 198i, pl. 32, iig. 1; Trifonor':r 1992. p. 10 11, pì. 5,

rarions c:rrrsed bv Lrioerosìon (Fig. 2. 9); the crphnrtion oi fìgs. 1 a-1 5).
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Devonian

Ordovcian

Fig. 3 Phllogeneric hlpothcsis oi rhe Crligellid.re conrpared to orh'
cr Fusulinìdr,rnd to rhc orhcr orders of tor.rminiicr.r, rnil
thcir imporrance in rhe [o anT iniierrl phrìogenics durins rhe

Pirleozoic (according ro V:rcharct, l99a). (l) = appe,ìr.ìncc
of the Ammodiscidr (rgglutinarcd tesrs); (l) ;rppe"rrnce of
rhe sccrered forlmìniicra rvirh the Fusulinidr (nricr<rgLanu-

lrr)r (3) bifurcation ot Earl.rndioìder rnd Crlicellidrc (tesrs
pnssing !o pcfmrncnr cv;n); (a) iilsr divcrsiiic,rrion ol rhr
for.rniniferr (Gn.eti:rn Fr.ì\nirn)i (5) rppelrrnc!' of rhc \'f;
lioìida (secrercd, porcchneous)r (ó) appc.rrance of rhc Ro-
t:liidr (secretcd. hlaline).

Range. Cosmopolitan ìn the lare Silurian (Ludlo-
vian) to the latest Carboniferous (Orcnburgian), and per-
haps earliest Permian (Fìg. 3). The primitive lorms durinc
the Silurian-Devon ran are Caligella, Eocaligella, Eotihhinel-
la, G I u boh o ne I I a, Pet clt oti n a, tnd E o arnm osp lM ero i des. The
Strunian (lrtest Devonian) is biostratigraphicalll' char:rcter-
ized 6y Paracaligellordes, r'ery abundant in rhe Etroeungt
stratotype (Vachard & Mistiaen, \\'ork in proeress). In rhe
Tournaisian-Vséan the main genera arc Paracaligella, Hale-
nopora, B aitugdnelli, Ademassa and, Yuhone lla . The Ca,ligel-

linae are rare in the Serpukhovian: Ukraine (Aizenverg et

al. 1983), southcrn Spain (Cózar & Rodríguez 2000) and

Qinehar, China (Vachard tr Lleine, n'ork in progrcss).
The youneest forms are fisured in rhe carlicst Bashkirian of
southern Urirls las Haplophragnina (?) sp. sensu Sinirsvna
& Sinitsyn 1987, pÌ. l, figs. l-2]. The uorc rdvanced rcp-
resentrtives ol the Caiigcllidae surlivc, u'ith Insolentìtbeca
alone, froln the late Serpukhovixn ro îhe Orenburqirn (lar-
est Carbonifcrous) înd mtv bc carìiest Perùrian.

PI,ATF] J

|'j1otri"!ale"tìth(n n. ger. ;rnd contemporancous C.rlircllici:rc (collcc
rions oi the rhin sections ;ìre PCI = IÌ Cózù, I)\' = D. Vich:rfd, ercepr
in thosc casc in rùich rhc.rLthor collcction is spccificd).

l:iss. t-7 - h aroit:tlclxiltaca fudancntt n. tan. n. 5p.Ììie. l-Holotvpe.
Thc lundurcnnl i; t l\laeore*tlarìr. Thin-secrion PCll9S.
Spccjmen :l/5/4. I-irc Asbì.,r. BaìlHchnrs lorrnrrion. Brlll-
rd;rìrs Qurrn (lrcl)nd). r 10. rig. I - A iunJrmcnr.rl. rs.r rcsul
oi rhc bioerosion ol Kc,:hnotexnLaú lconrp.rre with V,rchrrd
rnclTrhìri. 1991. pl. l.l. li.:. l9l. Thin-súrion lS3 (5ccrion A).
Larc Visérn. Oulnìes e, ci. ccnrr.rl ùlorocco. I 7C. l:;g. 3 - Bìoero,
sion oi a Eostallelh nosqrrerv..rtrir.r R.rrzer Chemournî (corn-
prÍc nith V.rcharcl. 1977, pl. 5. ti,:. ::). Brisùnr;rn, MonLrsne
Noire (soLlrhcrn lìance). Thin-\e.rìon DV :16G-lS. r 85. Irig.

+ - Bioerodetl frloril'rr .rs iunrl.rnenr.rl. Thin-secr;on PC I l3s.
Speciùerì I175/ ltl. Lerc Aslri.rn, Brllr'.rrl,rnrs lrxm,tion, Balh;rd-
rns Qurrrr' (hcl.rnd). r l.+i. Fiií. 5 A conìpleie parrrype \'ith
Plecagranopst: rs tLrndlmrntrl. fhìn-sectìon PCI ll7. Speci-
ùren.ll75ll5. Lrrc Asbirr. B,rllr'.rdrnrs lòrnxtion. flalllrd,rlìs

Qu.rrrr (ILel;rnd1. ri 5C. l)is. 6 - Biocr'oded p.rlaeotertulariirl.rs
iunJ.ùìenril. Thin:ecrnn PCt l+.1. 5pccinrcn :175/1,+. I.rre
Adriln, ll.rlll,rdrnrs Folnr.rrion. B;rllv.rd,rms Quar( (lreland).
x 16. I:ir. 7 - Slighrlr noditied palaeucrruhriid. Thin secrion
PCl l98. Spccinìcn.ll /s,/1. l-irc Asbìrr. Brllv,rdrn,s lt,rmation.
BJIIlrdJnì' Qurr'! rlr< Lrndr. r zi.

I:ig.8 - Battuganelh (ì) sp. Tr.ìnsvcrsc section. Antuìar pcriphcrl
sith srnul.tr siìl rnd 5omc sphericrl br;cks. Thin section
PCI I50. Spccimen ll75l12. Lire Asbirn, Ballv:rd;rns lror-
nurion. B.rlìrrdrnrs Qu:rrrv llrehnd). r 75.

I:ig.9 - Baìttgn"elh .bet 1\hútotiís Lipinr. I-oncirudin.rì sccrion.
Thin-section PC I I 17. Sp.cinren I175,'l+. Lire ,{dri.rn, B.rllv-
adanrs lìnrrtion. Balli rd.rnrs Quarrl, (lrcl;ìnd). r 75.

lìi,rs. l0-ll, t7 - Ptutoinlole'úil)eca scrpuchotiensis (Br.rzhnikor.r in
Aizcnlerg er rl., l9S-ì). l-*e Asbien, B.rll_v:rdrns l:ormrtion,
Brllvrdams Qu.rrrr'(Irel:rnd1. Fig. l0 - Nrrros fluc. Thin-scc
Iion PC1615.Specirrcn2175/27. \50. lìig. II -Thefund.ì cD

rtl * n Endotbrd (rirht). Thin*ection PC 1l51. Specimen
1175,/ lC. x 75. Fìg. l2 - Longirudinalsecrion t:rh tKanaenclla
(lcfr ì'r dre s,rll) rnd ì hrse and n,oml chimno and llue, sinri-
lar @ BattugùelLr.Th|ì-:iccrion 17,/tì/5. Specinren I175126. ri
3C. tiig. lJ - Dctrìl ol Fig. l0 shouinu the iundancntrl (left)
.rnd rhe brsc oi ùr chinrne\: \ l5C. Fi!. l7, t-onqìrudinrl scc,
' on. Thrn-...r."n lr lll-. \p((i, c : -5 :1. \ 50.

lis. l1- l5 - Adenussa intncr.t vrchrfd. L.rre Astrì.ur, Il:rllud:rnrs
Irornr.rrrcn, Bellyrtl;rms Qurrfr' (Irclind). Iiig. 1a - Oblique
secrion. Thin-sectioD PClllS. Spec;ll.n 217s,'21. r 50. l:ig.
l5 - Th;n-section I,C1l5l. Spccinlcn 2ll5/lì. x 50.

lig.l6 - Baìtug,otelh cl. ro2erirr Chur';rshor: Loneirudinrl oblique
section lookirg lil,e &,a.iliselh ot EaLdliselk. Thin-section
PCi200. Specimcn ll75l1. Lare,\sbi.rn, Brlh.rd:rms Fornrr
rion, tsall1'rdrns Quarrv (lrehndJ. x s0.



Insolenrithccr erlearl. ald l)rotoìnsolentirhcca r. ger.
597

*,rk
$l ".-



593 D.\hchdnlKPCózar

Sublanilv I n solcntirhecinae Loeblich & Tappan, 1986

(ìenus Protollso/ertit/.r(-r.r n. gelì.

Tvpe specics. l\tuin:oh:ntitfucr Jrnrfrrrrcrr.r n- sp., rlesitn,rr-
cd hcrein.

Diagnosis. Ciiii:ellidac l,irh ;r biocr.odeci fundr-
nle[ìra], tollo\\'ed bv I ntosth secrerc'd rvlll, rarclr. s,ith
igglut;n:rrcd bricks into rhc chimncl'. The flue is onh
composed br',rn cnllrgment oi thc ch,rnrLrers of the fun-
damcnral, ol celigellid-shapcd. Llrge apcrture absent. but
srllll pseuclolpcltul cs irc observcd. Pscucloseptl usullJv
prcsen!, but ilwavs as renrains of rhe previous fundanen-
tal scpta. Secrerccl rr',rll microgr,rnul,rr.

Composition. PronitsolertitJnca Jìndancnta n,

gcrì. r'r. sp., Pardcaligelloides (?) serprcboi. iensis Brr:.h-
njkolr in Aizenrctg cr:rl. 1983 (due to rhc prcsercc oI
r fundirmentirl and;r brick in the tvpe-naterial of Aizen-
'vcrg ct al. 198-1, pl. I, fir. 8).

Comparisons. Protoinsolextitltcca diflers from the
Caligellìnae bv thc presence oi a fundlnrentll. In conrrlst
sírh lnsolcntitlxca, lrricks lre ncirl),îbscnt and most oi
the n all s es directlv sccreted.

Signific,rnr diifcr ences (morphotlpcs)exist bctn,ecn
the specinrcns ol Protoinsalenthic,t, s in Insolentitheca
(sec hcreefter) but rhey dcpend on thc siz-e and rvpe of
ulll o[ the fundrurental, lnd of t]re lcvel of biocrosion
oI the iundrnrcntrl.

Pt'otoinsolentitlrc,r differs frorr somc probablc rc-
producti\,e chambcrs of thc tetrrtlxids, e. s. thc "gcnus"
Globotetrata\is Ànd sonre uncon)n'Ìon Tenanxis (7. nints,T
Jòrtis,T exnrnatus partim) (e.g. Aìzcnvcrg ct al. i983; Coniì
& Lys 196.1; Bogush & Jufere'r' 1976: Adachi l9S5), because

of thc'l,rck oi intelnll bioerosion of the rerr;rtlrxids.

Stratigraphic range and palaeobiogeography.
l-are Viséan irom Irellnd, Southcrn Francc, Morocco,
rnd Alask:r (see the synonl'r'lrl list of P fordanenta n,

sp.). Scrpukhovirn fron l)onbass (Ukraine).

Protoinsolentitheca fundamenta n. gen., n. sp.

Pl. l. tigs i 7

t. t97t- llo:taJJì,ll,t t)ù'j.tut sìt d(ún Rìtlzer-Chcnrouso!;ì - \'i-
ch,rld, pl. i. fig.:1.

p. 193-ì !rri('u\ dclonrred or'.rpp.rlcnth rrchric secrn,ns Ai-
zcnr crg cr .r1.. pì. 3. lis. :ì (onh ).

l9Sl -.l/r?r,.,rr o:r/tr n,nrr.r ::l<,hrx.r - Aizrn'crg er .r1., pl.
ll. ii.l\. i, ll.

l9S.] .l/trirorrrr r; o/rrrr.' grLurr/ios,r iornrr lect;r - Aizcnr.'rg cr
,r1., pl. ll, figs.6-7.

l9Sl .l/c./;drJ cs qr'. l,rcliicrl,r iolnrr rcet.t - Aiz-enrerg ct
.ì 1.. pl. Il. iiil.6.ì.

1981 -.1/.,ro.rir rrrrs.rlror Iornr lcct.r - ,\izcnrers et.rl., pl.
ll. lir. ll.

\r p. reel ' Ko'[notttnLtti.r úr.rrÀr tron \fo,:llcr) - \'.rch.rrcl

e T.rhirì. pl. ll. lig. l9 (non pl. +, ii,r. I l, ncc pl. 5, fi{, l8 - true 1l0-

l99i - PsLtulrtcnlotl:l.r.r r/crr.ir Rozolrk,rn - \l.rmer er al.. pl.
ll,lrg. 16.

Derivltio nominis. [-:tin fund.rnrcnrr, lrec.ruse ir is siru;rrcd lr
rht lound.tions oi rha Insolentitbecd linerge, .rnd beceusc it erhibirs
rhc iirst fundrnent.rls.

Locus tvpicus. B.rllrad.rms Qurrn. rbout 7 kn sourhsesr oi
Athl Irel:rntì (McConncll & Philcor 199.1).

Stritu typicnm. L.rre Asbirn,20.60 nr Lrelorv of rhe mp of
rhc qtrarnr closc to rhc base oi the uppcr sorking bench (thìs qurrrv
is.rctive, so thc b.rsc is pcriodic.rlll decpcned).

Holotypc. Pl. L lig. I (rhin+ecri('n PC lles).
Paratypes. Thc nrrrcri.rl is distriburctl rhroughour thc lle A5-

Lri.rn in rhe Iùllr'.rd;rnrs Qu:rrrr'(B:rllv,rd.rnrs I:n.). more th.u onc hun-
drcd secttuns. rnd rcns <'f spe.inìens in rhr Ilrisrnrirn in rhe Closrcnrn,
Aghnuddock .rnd Dunrnrse qu.ìrrics (Clogrenin Fn1.). Irelînd (l'1.
1. fiss. a'7).

Repositorv of the types, Dep.rr!nrcnr oi Prl(rnrologr', l:acuh.rd
de Ciencirs Gc<,lirqic.ì\, Unìr'ersichd Conplurcnsc lvladrid (Spiin).

Diagnosis, Insolcntithecinae conrposed of a fun-
dantental. Bricks lre ven'scarce or absenr. Chimncv and
fluc are well-deve lopcd in complcte specimens, \Wall mi-
crogranula( thin.

Description. The fundanrenrals are composed
of srrall (e.g. Endotbyra, Onpbalotis, Plectogtranopsis,
Eostafella, l'seudoer dotb)'ra, Cot sobinella, Koskinotex-

PL.{TE:

Sercr,rl rrolphrrtvpes o{ I tsolen r i thec,t hotruLt
Figs. 1. i, 7 - Nlorphorvpe cadotb,oi./r,' (Adichi). l'ig. l - Numerous

trricks oi 1jrrrloràr'ra. ll.rshkhìriin. Vrldcreii (nolthcrn Spain).
'lhin-tection I)C3.1. x100. l:ig.3 - Serpukhori:rn. Donb.rss
b.rrin lUkr.rine). Collection ll.tì I'erret (srmplinB E. Grocs-
senr). fhin'scction Up El. r 50. I:ìg. 7 - Nuncrous bricks
of .Uuli*tk ,rer',lcrL' (crnclin:r) and pseudosepr;r. E:rrll
B:rshkirirn. frucbrno (norrhc.rn Sp.rin. Lrcrred in Vrchrrd &
Beckrrr | 991). \ 50.

lrigs. 2, +-5. 9 - Morphotl'pc /:rlnilr ltsrizhnikolr). Iig. 2 - Bricks
ol Phrtunillttclh. Srrpukhori.rn. Donerz besin (Ukr:rinc;.
Thin-scction 2/7. Collecrion l\'l.li lerrcr (sanìplìng [. Groes-
sens). r 50. fig..{ - l'luriscneric composirion of rhe bricks:
tnlolryd. Lo*aJlelh. Senistallelh and Eoschnbencl/a. \los-
cotirn. Vill.rnuerr de h lcrcir (northcrn Spain). Thin-sccrion
PC20. Spccirtcn .l{. x 75. Fit. 5 - Fundrncntrl of ficiel1a.
bricks of tusielh, Endorltnt a,nl P:artostaffella. L.rre Mosco-
!'rn (Podolskiin). Xinjianiì (nonhcrn Chinr). Thin-scction
Sig.An.l.2. Collcction J.P L:rrcine. x 45. Irig. 9 - Bricks of
eost.riicllids. Scrpukhorirn. Doncrz brsin (Ukrrine). Thin-
secrion Up lll. Collection Àl.l:. Perret (sampiing Fì. Croes-
sens). \ 50.

Iriu.6 - Iforphorvpc :.an.róilrs (Brazhnikov.r). llricks are composcd
oi clobi\rhulinids. Moscorirn. Thrihnd. Thin-section DV
8950 (=T2723) (sanrplins H. Ii)ntrinc). x 50.

I'ir. lf - Morphotvpe ozar"u;nelloidea (NJachi). tsricks are conposcd
of ozrrvainc'llitls. Podolsk;rn. Xinji;rnt (nonhern Chinr).
Thin-scctron Sjs.Buvr.r. Collecrion J.P l..rveinc. x .15.

Fiq. t3 - ì!Íorphorrpe 6 ( = l',,Ér,lì.r 9tir,r .ubsp. B = pl. l?. fig. :7 ol
Adiì.hi l9$5). Bishkirian. Jipin. \ .10.

l:ig. ll - Morpho!!pe .gtgartea (Adachi). (ccntre) ;rcconrprnietl bv
,l,ljnorella sp. E.rrly Morcorirn. în Hieddan (lllizi basin,

Algcrir) (k,c.ìred in Missi Er V,rchrrd 1979). Thin-section
OC 827. Collcction 'fot;rl. x 17.
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tularia) a,nd medium-sizcd marerial (PtÌaeotcxtulariirrae
such x Palaeotextularia, Cribrostontul). Bricks are usu-
allv abscnt, or rareJv small Endotbya rve obsen'ed. "Pseu-
dosepra" arc irequent, bur clearlv correspond ro prer.ious
parts of rhe wall oi rhe fundamenral. The phcnonrcnon
of bioerosion is obscn'ed in Proloirrsolsrrrirlrera, although
it is less significant than in lnsolentitheca, because it only
bioeroded 1 or 2 agglutinates. No possible misinterprcta-
tion exists rvith taphonomical dissolurion, because in the
case of Protoixsolentitbeca tt is also follo.r.ed bv prccipi-
tation and generation of ne*'prrts of rhe rest. Protoìrìso-
lentitbeca, in thosc specimens in which their fundamcnt,rl
rvas originallv a Palaeotexrulariìnac. In rhesc c'xccprionrl
cases, Protoirsolenrirleca dissolved borh iavers ol rhe lo-
raminifcr, but the neu' prec ipitarcd ccnrenr is exclusivelv
nr ic rogr,rn ul.rr. P.rrti *lrh fitrou, Iay"r rrr origin.ri. nor
bioerodcd, tesr renìains.

The size of the specimcns varies in function to
the sizc of thc fundamental and thc der.elopment of the
chimncr'. Pscudoaperrures are distinctiveh presenr in
many sPecimens.

Comparison. Differs from P setpucbotiensis l>y a

rhinncr wall, a small chimney and a larger fundarnentll.
Range. Type nraterìrl front thc latc Vìséan: Asbi-

an-Brigantiln of Ireland. Latc Visrran-late Scrpukhoviirn
from Southern France, Morocco, Ukrrine, Alaska (see
the synonynrv lisr).

Genus Insolentìtbeca Vlchard in Bensaid et al.,

1979 enrcnd. hercin

Tlpe spccies. ,4rural'.rarlites (?) honulrc iorrnr n picr Brrzh-
nikova in Br:rzhnikova cr al.. 1967r bv origin;rl rJcsignerion.

Emended diagnosis. Permanenr cvsr of Cali!:el-
lidae, wirh a relatively large fundanrental, (i. e. a first
trapped foraminifeq bioeroded and dissolved), follorved
by a secrcted:rnd agglutinrrted chin ney constructed wirh
bricks, i.c. rare to numerous, monospccific or nor! rcsrs
of foraminifera, internally bioeroded and rr-uncated. Srrrall
pseudoiìpenures exist, and sonre residu:rl pseudosepta can
be prcscnt in the tÌue, i. e. centrrl clvitv Bricks rrc linked
bv a micro{rlnular cement.

Composition. lzso len t itheca borritla (Brazhnikor'.r,
1967) sccms rhe unique species (Pinîrd & Mamcr 1998).
Among the very numerous "species" of Adachì (1980),
some morphotvpes are rehti\,elv parricular and cîn cor-
rcspond to sc'lectivitl. stages duc ro thc biosrrxtigrrphi-
cal evolution of the incorporated matcrial, for instance
the suppf ementar;- ntorphotl'pes: "tariabilis " (Brazhnik-
ova in Aizenvere et al. 1983), "endotlryroitlea" (Ad,a.chi,

l98Q), "ozaaainelloitlea" (Adachi, 1980), "gigantea"
(Adachi, 1980) and .morphotypc 6" (Pl. 2, figs. l-ll).
These subdisions differ by the follol,ing chrractcrs: (r)

nirture and prescnce of Iundarnertxls, (b) size lnd bimo-
dalirr-of bricks, (c) narure of rhe flue, (d) inrportance oi
pseudosept:r, (c) shapc of thc chirrrncr'.

Stratigraphic range. Iusole ritlrcc,l is ver\.rire in
the late Viséan (Mamet 1970, pl. I I, fig. .i, lefr borronr.
rc-interpreted; lr.rnovr 1973 a-b; Conil 19801 Aizenverg
cr î1. 1983, p. 48; Laloux 1988; Vdovenko 20OO); rare in
the earll Serpukhovian (Morocco; Chalot-Prrt & Va-
chard 1989); cornrìron rnd cosmopolitan ironr the lare
Serpukhovi.rn ro rhe llrre Moscovilnl linrit Moscor.ian/
Kasimoviln fronr Kazrkhstan (collection Lvs, santple ML
IV-2, unpublished). Apprrentlv absenr in the larc Carbon-
iferous, the genus rerppears in thc Orenburgìan of rhc
Carnic Alps (Auerniu lrornration) (Vachard Er Kraincr
2AAl). Itnlentithcc4 is rlso presenr in rhe earlv VolI-
c.rtttpi.rn r= c.rri, Burrunri.rn = Orenburqi.rn of norrhern
Mexico) (coÌlection F'. R:rngin, unpublished). The spcci-
rì'Ìen of M:lmcr (1996, pl. I, fig. +z) from Bolivi:r is "As-
seliln or Sirkmarian", conrcquenrl) can correspond to
this part oi rhc Wolicirrrpian now pur into ]arest Pcnn-
sr-lvlnian. as nell is the "Saknìîrian,, specinrcn oi Pinard
& M.rnrer ( I 99S, pl. +3, fig. l2). Thereiore, rhe prcsence
of Irccientìtlteca irr rhe clrlv Permian is nor dcfinitivelv
confirnrrd. Thc Ilsr occulrence ol ,/rrsolerrrrtlrc,c,z nrigÌ.rr
be more probablv Orenlrurqi:rn in asc.

Conccrning the firsr occurrence in rhe stratotypical
Visé.rn of Bclgiunr, rhc earlv Viséan Cf .le daring (Conil
1980, pl. I, lìg. .l) is plobrblv misinrcrprercd (duc to ,r

conlusion bets'ecn two nunrbcrs of thin-sections?), and
the first specimen scenrs to.rppear in rhe latc Visérn Cf
6./2 ("V 3 bl" séquencc 2) (Laìoux 19tì8, pì. I, fìg. l3).In
the latest Viséan Cf6ò, Caligellinae and Prctoinsolentitbeca
n, gen. coexist u,ith thc fìrsr true Insolentitbeca.

Palaeobiogeography. Latc' Viséan-errlv Serpukho-
vian specinrens are quoted or simplv figured in BeÌgium,
Poland, Donbass, southcrn Urals, n'estern Cirnada and
eastcrn Morocco. Thc genus is cosnropolitln in rhe late
Serpukhovian-B.tshkirian, from Pvrenees to Akeria (Bc-
chlr, Reggan) ucl Centrrl Morocco, fronr Turkev ro Af-
ghanistan, from Thail,rnd ro China (Xinjiang and Qinghai,
V:rchrrd & Laveine, rvork in prorress) and Japan, irnd irom
Spitsbergen to USA (including Aleska),rMexico/Bolivia/
Brazil. Thc posr-Brshkirian distribution is sporadic but
also cosrropolitan.

Conclusions

1. Thc exisrence of Peleeozoic sr.zvgirl cr.sts of fo-
raminifera lre nor confirmcd.

2. Thc nerv genus Protoilso/erttt/rec., is iì t:rxon
morc e'r'ollcd than sonrc Caligellidae, suchas Ilaituganel-
Ia, ku'acaligelloitler, and lcss evolved than !nsolentitheca.
It links the Caligellinae rnd Insolenrithecinae. Dcspite
theil rdvanced lifc stagc, /rsolezritbcct and Protoinsolen-
titlreca belong to the prinririve iamilv Caligcllidac. All thc



Insolerrtirhcc:r czread arrr/ Protoinsolenritheca l. gea. 601

genelà secreted Permanent cvsts bur no tests. As the ce-
ment ol thcse cvsls is r'rìicrogranul,rr, thcv belong to rhe
forarrinifera Fusulinich,

3. The pernrrnent cvsr oi Insolentitl)ecd is interprct-
cd as composed of an ìnitial parr: rhe fundamenral, and

a sccond pxrt, the chinrney', ilglilutinat;ng some bricks,
which belong to i1 srrxll nunlber of forxrììinifer famiiics.
Thc fundanrent,rl can be absent,rnd the chinrncv onlv
prescnt. The caYity or flue ol the chimnev sl]ows sonle
inconrpletc fisures of bioeros ion/dissolu tion: the pscu-
dosepta- The wrlÌ is cortposed of bricks of Fusuiinida
and thin sccreted nricrogranuÌar ccment, sinrilar to the
secretions of the true Fusulinida.

1- The morpholoeical similarirìes * ith Anntobacu
/rres are probably due to the infaunal growth.

5. All the caligellids are similarly ini:runal and

more or lcss constructed as Insolettitbcca ;lnd Prototx
solentithecd.

6. The seneric ra\ze of Insolentitheca is late Viséan

to lîte Carboniferous (Orenbursian), and may, be earli-
est Pcrnrian. ?,.oloinsolentitbeca is late Viséan to iate Ser-
pukhovian in age. Thc caligcllids exist trom the late Silu-
rian to thc latcst Car bo nifcrous/earlies t Pernrian? They
form a particular group of the microgranular foraminif-
era Fusulinid:r.
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