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Microflora of the Famennian and Tournaisian 
deposits from boreholes of Northern Poland 

ABSTRACT: Five successive spore assemblages are described from maTinecarbonate 
depoS'its discovered in two borehole.s !in northern Poland. Upper Famenru.an to 
early Totm1aisian age of Ithe section is suggested. F1our,ty-nine spore species and 'a few 
aoritarclJ.s are recorde!d, of which fi'V'e lIlew spare species are described. Correlation 
is made between the spore iZones descrdbed aJIld those from the 'Ardl€l!ln1l-Rhine 

Basin; 

GEOLOGIC SETTING 

During the last few years the north-western part of Poland has been 
the subject of intensive geologic investigations. Numerous deep boreholes 
were drilled in this area and many of them had penetrated into or throug­
hout the Carboniferous and/or Devonian deposits. One of them is the Ba­
bilon 1 borehole (Fig. 1), in which, under the Zechstein deposits a 695 m 
thick series of rocks representing the DevonianlCarboniferous , transition 
has been discovered at a depth between 2618.7 to 3313.7 m. The boring was 
stopped at 3313.7 m. 
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Fig. 1. Mapa lokaiizacyjoo otwor6w wderi:naezyeh (Localiizati.ol!l map of ooreholes) 
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The detailed description of the core, as well as the descriptions of 
the molluscs and trilobites found at Babilon 1 are presented by KorejwO' 
(1975). The preliminary brachiopod stratigraphy of these deposits is pre ... 
sented by Matyja (1975). 

The recovery of the core in the Babilon 1 borehole was most incom­
plete (only 220/1).). 

The sequence comprises, in descending order, the following deposits 
and fossils other than sporomorphs: 

2618.7-2867.3 m - Marly l'imestanes, mostly ,gray, with raTe :iJntercalati'OIlS of 
encrinites and ory.staiBline limestones. Dips gentle (0'-15°). Brachiiolpods,. 
trilobites, mollUlS'cs, sooleoodonts, lI"ar·e ostracods, plant detrdtus. 

2880.5-3193.2 m - Gray 3IIld daTk ,g)ray orysta1:lilne and marly Limes;tones with rare 
. S'i.l~tone inlter<!alatiorus below the depth 3061.5 m; rare encrin'iIt;es.. Dips gentle 

~(0-15°).F·aullla as above. 
3207.8-3313.7 m - Gray, dark gray, and gray-beioge crystallilne and maTJy limeSltones. 

somewhat sandy, :iJn places tdolomdtd7Jed, wdth siltstone i1nberealatiJOIlJS; enc'rLnites~ 
Bra<:h'iopods, sooleoodolllts, plalllt detr:irtus. Dips 30-45°. 

The Rzeczenica 1 borehole (Fig. 1) penetrated, under the Zechstein. 
deposits, ~nto a series of similarly developed sediments containing marine 
faunas. This sequence is much thinner than that of the Babilon 1 and. 
corresponds more or less to its top part. It occurs at a depth between 
2896.0 to 3003.0 m where the boring was stopped. 

MATERIAL AND METHODS 

Prepa·raHons were attempted .flrQllll fifty-ltwo samples from the Babilon I 
borehole taken at 23 intervals and from six samples from the Rzeczenica 1 borehole 
taken at six intervals. These ware mosrtly marr-Iy HmestOlries and crystaUilne Umestones. 
(Wom the lowermoot hundred meoteJ:.s o'f the Ba:bilon 1 borehole). Fifty samples 
OO!D.taiJnedmoderately ,preserved spores and aIso acritaTchs and scoleoodonts. There 
was a progre·ss:ive decrease in state of preservation with aJIJ. increase in depth. The 
spoir€S were scarce illl moot 'Samples from the Bamlolll 1 column below the depth 
2675.3 m and a'1:l'lllldrurut at this depth and above; Ln the RZl€cZ1enica 1 column spores. 
were qud'te abundant 'but poody pres.€lI'Ved. 

ALl ttYIP,e specimens illustrated ;in Ithis par-eT are housed in 1fue InlstHute of 
Geologi,.cal Sciences, Polish Academy o,f Scien·ces in Kra:k6w. The microscope readings: 
based. 0Ill a Zeiss mic.r'cs'eope NfPk, No .. 410559 are listed in the ma·nuscr~pt cart:alogue 
of slides. 

SYSTEMATIC DESCRIPTIONS 

Fourty-nine spore species have been determined from the samples: 
from the Babilon 1 and Rzeczenica 1 boreholes but not all these forms have 
been described in this paper. The twenty species which are omitted are 
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these including simple, azonate spores or some forms with distinct features 
but poorly preserved or found in very small quantities. All the species 
present in the assemblages are listed in Table 1 and figured in Plates 1 
-to 8. 

The system of classification used here is that introduced by Potonie . 
& Kremp (1954, 1955, 1956) and Potonie (1956, 1958, 1960, 1966, 1970). 

Anrteturma Proximegerminantes Potonie, 1970 
Twrma Triletes-Azonales Potonie, 1970 

Subtumna Azonotriletes (Luber, 193'5) Dettman, 1963 
Inmraturma Retusotriliti Streel, 1974 

Genus APICULIRETUSISPORA (Streel, 1964) Streel, 1967 
Apiculiretusispora granulatipunctata sp. n. 

(pI. 1, Figs 9-11) 

Holotype: Plate .1, Fwg. 11. 
Type locality: Ba/bIIkm 1, depth. 2647.90-2651.5 m, JPlfoibably elKQy Touirmaistam. 

Diagnosis. - Spoces tTlilete; amb s'llbtrdangular with broadly rounded apices 
and convex sides .or subc:i!rculax. Tdlete ma:rk nolt always distinct, laesurae SiIllU'OIUJS, 
:3/4 s[pOre raddus, lips weak:. ClWValturae perfect, weak to indistdnlCt. Ex,ine finely, 
.cl.ens'ely illlfrapulllciate, OIIiIlamented W1ith ,granules up to 1 JIIlll. wide aIIld 1 Itm high, 
.1-2 JtIIl apart; "C!Ollltact f,aces smJooth. 

Dimensions (tweIll'ty-ollle specimens). - Overall diameter 27-,52 f.I'II1 (mean 
-46 ""m). 

Description. - Spores often flattened obliquely. Seoondary fo~ds of eXlillle 
-oommOll1.ThdJn OU!termost scu1ptuxal layer ofexme occasloo,ally- sepaxated :firom ;the 
inlller lOIIle (PJ.. 1, Flig. ll). 

Comparisons. - RetusotrHetes punctatu·s Chibx.i1rova .iI!l: Bouckaert & al. (1969, 
:PI. 93, Figs 1-4) has filnetr aIIld denser ocnamentation and more pronoUlllced J:ips 
.aJIld curv·aturae. 

Apiculiretusispora sp. cf. Retusotriletes greggsi McGregor 
(PI. 1, Figs 7-9) 

« ?}1970. ? Retusot,-il.etes pu.nctatus .Ch1ibrliikova; lMcGl'eg()~, PI. 22, Fig. 9. 

Description. - Spores tr.ilete, amb subtri-angtIl;ar Wli1h cOIllvex Slides aIIld 
:xoulllded apices to lOiVaI. Tri.Ilete mark distinct, laesurae sinuous, acoompalll1ied by 
nal1l'OW lips, reacrung almost to equator. Contact fa,ces delimilted equatorially by 
. curvaturae; thes·e aTe vardably developed - strolllg ;to dmperrceptibl1e. Etine 3-5 ""m 
-thick, oxlllamented with delllsely packed COllles leS8 than 1 Itm h'igh; CiOIlltact faces 
. smooth. SecOllldary folds of distal exine common. 

Dimensions (firten specimens). - Overall diameter 39-52 p.m I(mean 45 ~m). 
Remarks. - Ret'Usotriletes greggsi McGregor (1964, pp. 8-10, PI. 1, Figs 1-12) 

:is larger. Cf. Crassispora Ibalt,eata (play-foro) Sulllvan :in: Streel (1966, .pp. B84-B85, 
PI. 2, FUg. 24), Retusotriletes punctatus Chibrikova iIIl: Bouckaer.t >& al. (1969, PI. 93, 

:.Figs 1-4) and ?Retusotrile'tes punctatus Chibri100va illl: McGxegor (1970) represent 
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Auroraspora versabil1s + 
Grand1spora oonsp1oua + + 2 + 
Hetusotr11etes inoohatua + 1 1 . Grand1spora lupata ;I" + + 
Tumul1apor.a lebed1anens1a + + 
Sohopf1tes ap. 
Anoyrospora ap. 1 + 
Hystrlcospor1tea ap. 
Hystr1oosporltea multifuroatuB 
Tumul1apora rar1tuberculata + . + 
Corbul1spora subaly'eolar1s 
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ConYolut1spo'ra lep1da 
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Foveospor1tes opposltus. + 
Converruoosispor1te.s ourvatuB 
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ConYolut1spora harland11 
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Tumu11spora obsoura + 
?Laevigatosporltes ap. + 
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Perotrl ltes perinstus + + + 
Tumullspora dentata + + + 
H,ymenozonotrlletes expla.ns.tus + 
Aurorsspora microman1festa . + 
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ConstLtuent species a:e 'recorded as !p€Il"centalges based on an account of 200 apecim.ens . 

probably the \SIame species as the one desortib€d aibove. Geminospora Zemurata Ba[me 
(1960, p. 5, PI. 1, Fdgs 5-10) la'cks lips anid usually poss1esses intex.ine detached from 
eXioexine. Streel in: Becker & al. (1974, p. 24) included spoI"les simHaa.- to ApicuZi-

. ! 
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le 1 

the examined samples 
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retusispora Sp. to Aneurospora; however, the diagnosis of ApicuLire1ms:ilS!pora s.eems 
to Lit better the-se Spoir:eS with var.ia'hle, often very weak C'llXvail;urae. 

Occurrence. - PbSsdbly Belgium, Frasman to Totmla<is'ian (Streel . 1966; 
Bouokaer & al. 1969); possibly Canada, Upper Famennialll (MeGregor 1970); norlhem 
Poland, probably eady Tournaisian, a,ss.emblage 2. 
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Infmturma Apiculati (Bemrie & Kidston) FotonJie, 1956 
Subinfraturma Verrucati Dybova & Jachowicz, 1957 

Genus CONVERRUCOSISPORITES Potonie & Kremp, 1954 
Converrucosisporites curvatus (Naumova) n. comh. 

(PI. 1, Figs 14; PI. 2, Figs 1-3) 

1953. Lophozonotritetes curvatus ap. n.; Nawmova, p. 131, Pl. 19, Figs 25--30. 
(1)1965. Pustutattsporltes gibberosus (H'aqruebrurd) PII~yfol"d; Ke:l'l' & .al., FlL 3, Fig, 24-
19~0. Lophozonotrttete.s bettus Kedo; Clayton, p. 586, PL 2, Fdig. 6. 
1970. Pustutatisporites g!bberosus (HaquebaJ1'ld) P'lJayfol"d; Paproth & Streel, PII. 2Ii, Fdg. 3. 
(1)1-970. PUolltutatisporttes gibberosus (Haqueba:rd)FI1ayfard; A'lJmen, Pl. :1)9, Fig. 3. 
1970. PustutaUsporttes Cf. gibberosus (Haquebrurd) PLayfo:rd; Combruz & streel, Pl. 3, F'tg. 2. 

Description. -Spores trilete; amb ronmded-trian.gulw-. 'I'lrilete mark distinct, 
laeslM'ae str'a'i'ght or s'l:iJg'htly sdinuous, simple or w.ittJh nw-row lips, 2/3 of spore 
radius. Exitne thick, thicker over distaJ. surface and eq.ua1.orda,1 'l'egiOlll {up to 5/l1m), 
sUghtly thi=er over 'C'OIl1'tact faces. D.istal surface and equatorial regdOiIl of prox:imal 
surtfaoe ornamented with .stowt verl'lUoi of i'ITegular bas,is outline, 3-12 Itm wide, 
up to 4 ""m hlgh. Verruci densely packed iOl' spaCed up io 8,5 !lm apacr:t. Orinament 
on ClOIlltact faces reduced or absent. 

Dimensions (ten specimens.). - Diameter 41-58,5 IJlTI (mean 45 Itm). 
Remarks. - The ex:ine of these spores ool'lI'lOldes very easily; the OOI'll'OSiml 

affects the s.culptural elemenrts which in cOi1TOded specImens are small, lQOOely 
disrtributed and ~aT as warts or COIIl-es. T!hesC'ulJptu'l'al feaiJUJres of !the COIl'TOded 
::forms conform with thOSie of PustuZatisporites but the appeacr:ance of complete 
specimens is rthat of ConverruoosispO'l1'ites. 

As was Illoted earlier by Clay1ton · (1970) the thick exiJne gives the spores a · 
cinlgulate appea!l'anae; the 0Ih1iqu.e COIIltPressdon~Rl. 2, FUg. 3) shows Ithat the spore 
.is a7l0Illate. 

. Comparisons. PustuZatisporites gibberosus (Haquebard) Playford illl: 
Haqlllebard (1957, p. 310, PI. 2, Fig. 1) aJIld illl: Playfo;rd (1964, pp. 18-19, PI. 3, FIgs 
18-20)dUfers from C. curvatus ;in ' havdlll.g more coarse sculpture oonsisting of flat­
-topped It'ubel'cu.les of circular Qutl1'Ii .. e. 

Occurrence. - 'USSR, FJ.'asn.ian to Tou'l"Ilaisian (Naumova 1953; Chibrikova 
1972; Ras'katova 1i}73); Bri:ci$lh llsles, Toumaisian i(Clay1lotn 19'10; Uitilnig & Neves 1970); 
Belgium and Fra.nce,Tournaisian ,(Oombaz & Str,eel 1970; Paproth & Streel 1970); 
USA . (?) rpossiJbly ' UIJ:)IpeX DevonJian (AJmen 1970); Beax Islallld, Upper Famenttlian 
(Ka~er 19'71); northern Polmd,probably eaTly Toua:naisian, assemblage 2. 

Genus' VERRUCOSISPORITES (Ibrahim) Smith &Butterworth, 1967 
Verrucosisporites macrogrumosus (Kedo) n. comb. 

(PI. 1, Fig. 16) 

1957. Lophozonotrttetes macrogrumosus $. 1Il.; Kedo, p. 00, Pl. 4, Fdgs 21-22. 

DescripUon. - Spo!t'es trilete; amb subci!rculacr:. Trilete mark ilIldiSltilllct, 
laesurae simple, straJghlt, 3/4 of spore Il'adius. Ex1ne Ill!P to 6 !lm thick. Distal surface 
and equatorial !l'egion of pro~imal surmoe arnamented w.ilth :Lrregularly distributed 
venruci of un,even wi·dJth. Bases of vel'll'uci kregulady subCiirculacr: to elongated, 3~ 
11 !;Iim wide (usually 4-6 ""m) closely packed to 5 ""m apart. V'erruci up to 8 ,..,m 
lrlgh, flattened, rounded or bluntly poiIll.ted dJn profile. Oa.'IIlamentatiOiIl of ooniact 
faces :is of the same type ,burt; verruc;i axe smaller and more widely spaced. 

Dimensions I~twelve S!pecimens). - Overall diameter 65-97.5 !.I.lll (mealIl 74 Ilm). 
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Remarks. - Thkk exine gives the &pOres a cingulate appearance; :this is only 
sUpel'ficial and thelI'efore rbbe species :is transferreid to VeTrucosisporites. 

Occurrence. - USS:R, Famennian-Tourna.iJ&ian (Kedo 1957, 1963; Raskatova 
1973); IllIOrthern Poland, probably eaxly TiOurna~sian, ass,emblage 2. 

Genus SCHOPFITES Kosanke, 1956 
Schopfites sp. 
(PI. 2, Fig. 11) 

Description. - Spores trilete; amb circular on: oval. Trilete ma.rik inoor5ibinct to 
absent; laesuree 2/3 of spO!l'e Iradius.. Ex.ine tbin, i~frapundate, ornamm,ted with 
<!lava or bacula c. 2 IJIlIllong, ,c. 2 IJIlIl apart. c.ontact faces snrooth. 

Dimoosions I(six specimens). - Overall diameter 59-82.5 JA-m (mean 74 JUXl). 
Comparisons. - Schopfites claviger Sulliv8JI1 '(1968, p. 121, PI. 25, F1igs 9-10) 

IS smaller !but omamented wirth lalr,ger projecmons . . Raistrickia inprofusa PlayfOll."d 
(1971, /p. 22, PI. 5, F'igs 15-17) has distin'ct la'eBUirae acc'ompanied by lips. 

Occurrence. - iN'OIDthem Poland, probably earJ.y Tomnaisian, assemblages 2; 

and 3. 

Subinfraiwrma BacuIati Dybova & Jachowicz, 1957 
Genus RAISTRICKIA (Schopf, Willson & Bentall) Potonie & Kremp, 1954 

Rciistrickia variabilis Dolby &.Neves, 1970 
- (PI. 2,Fig. 10) 

' Dimensions (!fourteen specimens). '- ·Overrall ddame.ter 43.5-74 IJ!Xl (mean 
64.5 Jj.m). 

Remarks. - Specimens observed in this study are similalr to tbe 'DInes orJginally 
desor'ibed ,and illUlSltrated'by Dol!by ~ Neves 1(1970, p . 636, .pI.. 1, Fig. 6). 

Occurrence. - Belgium and France, Jate Famennian :to eairly Tournal.siaTI 
(Stlreel 1970; Combaz & Streel 1970; Becker & al. 1974); B!l'iti:Sh Islands, probabl;y 
late Famenn~an to eaxly TOll['IIla1si8JI1 (Dolby 1970; Dolby .& .Neves 1970; Gayer :& -al. 
1973; Clyton .& al. 1,9'74); nlorthem lPoland, proIbaIbly eall"ly Toum~ian, assemblage 2. 

Infra'tumm Murornati Potanie & KJremp, 1954 
Genus CONVOLUTISPORA Hoffmeister, Staplin & Malloy, 1955 

Convolutispora venusta Hoffmeister, Staplin & Malloy, 1955 
(P1.2, Fig. 4) 

Dimensions (ll1ine .specimens). - OveraU driamoeOOr 43.5-69.5 Ilm,(moean 50 IJom). 
Occurrence. - USA, Hardingsioour-g, Fm, Sprin,ger F'm - Mississa,ppiall1, ?Pen­

sylvanniarn (Ho:ffmei&ie!l' & al. W55; Fe'lix & Buxiblr:idge 1967); Gr-ea't BrLtain, 
NamUJ."i'an A (Butter:worth & WilUams 1958); Australia, · Upper Devonian (Balme & 
Hassel 1962); northern Poland, probably early Tourll1adsi.an, assemblage 2. 

Convolutispora lepida Felix & Burbfidge, 1967 
(PI. 2, Figs 6, 9) 

Dimensions ('thii.rte€in specimens). - OveraU diameter 32.5-74 IJom (mean 63 IJom). 
Occurrence. - USA, Spr.ilng'er Fm, 'Mi&S'i:ssJ.ppia,n - ?Perciu;ylvanian (F1elix & 

Burbridge 1967);. 1l1000thern lPoJ.and, probably early ToUtl'll1aisrian,as:semblage 2. 
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Convolutisporaharlandii Playiord, 1962 
(PL 3, Fig. 1) 

Dimensions .csix Slpecimens-). - OVeradl dJiameter 87-104 1J.IIIl [(mean 9-7.5 j.fJl1). 

Remarks. - Specimens observed are similaa: to those described aJIld illustrated 
by Playford (1963, pp. 593-594, PI. 82, F,i;gs 5-6). 

Occurrence. - Spitsber.gen, Lower Caa:bcmiferous (PlayfQrid 1962, 19;63); 
Australia, Lower CaTbOiniiferous (Playford 1971); Illorthern Poland probably eaa:ly 
Tourna:Lsian, assemblage 2. 

Genus MICRORETICULATISPORITES (Knox) Potonie & Kremp, 1954 
Microreticulatisporites punctatus Knox, 1950 

(PI. 2, Fig. 8) 

Dimensions'Ctel!l ®ec!imens). ~ OveralJl. diameter 26-40 ftiIIl 'Cmea;n 32.5 J.Vffi.). 
Remarks. - Specimens observed are sim.iJ.a::r to those illustrated by Smith & 

Butterworth (1967, PI. 11, Figs 11-1a). 
Occurrence. - GreaJt BriltaJin, Voisearn to NamulI"ialll A (Butter,worth r& Wllliams 

1958; Love 1960; Smith & Butterworth 1967); nor,them Poland, probably early 
Tournaisian, assemblag,e 2. 

Turnla Vestitriletes Potonie, 1970 
Subturma ,Perinotriletes Botonie, 1966 

Genus PEROTRILITES (Erdtman) ex Couper, 1953 
Perotrilites obnubilus sp. n. 

(PI. 3, Figs 4, 8) 

Hoiotype: Plate 3, Fig. 4. 
Type Zocality: BabiLon 1, depth 2675.3-2681.5 rn, probably early Tournaisian. 
Diagnosis. - SpQreB tri.lete; amb irregular, amb of central body subtr.ianguJar 

With il"ounded apices aJIld carwex sides to suhcin-oular. Trilete mark distinct, laesurae 
, straight or siIll,uous, a,coompmied by very narrow lips, extending to body margin. 

Perine 1Jhi,n, hyaline, finely, densely grmulate, Wlrdnkled irregularly over body, 
extending at equa:tor ;irn a form of .irregular flange up to 4 tAom wLde. 

Comparisons. - The species .is readlily distilnguds.hable by iitls minute size 
and finely granulate perme iformirn,g a natl."!l"OW flange. 

,Turma Triletes-Zonales R. PotonJie, 1970 
Su'bturma Zonotriletes Valtz, 1935 

Infrarburma Cingulati (Potonie & Klaus) De1Jtma'll, 1963 
Genus KNOXISPORITES (Potonie & Kremp) Neves, 1964 

Knoxisporites literatus (Valtz) Playiord, 1963 
(PI. 4, Fig. 5) 

Dimensfuns '(!ten specimens). - Overall diameter 82.5-130 ",m (mean 99 ",m). 
Remarks. - Specimens obse!l"Ved din this study are similar to those described 

and illustrated by Playwd (1963, p. 634, Pl. 90, Fd:gs 7-8). 
Occurrence. - Spirtshergel!l, LOwer Caa:boniferous (Bha!l"adwaj & Venkatachala 

1961; Hughes i& Playford 1961; Playford 1963); USSR, Toumaisia:n to V:isean (Luber 
& Valtz U38; Ishohel!l'ko 1956, 1958; Kedo 1963, 1966; Raskallova 1973), Tare in the , 
Upper Devanian(?) {K,edo 1966); Belgium, Lowe!l" Tournalsian (Streel 1970; Bec'ker ,& 
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aL 1974), British Islands, Lower Toumaisdanto Visean (LoVle 19,60; Utting .& Neves 
1970; Gayer & al. 1973).; Call1ada,. Upper DeVlOlIlian to M!i.ssiS'SippiaJIl '(Haquebaxd & 
Barss 1.958; Playford & BarBs 19,63; MCGoregor ]J970); AUlSltraUa,UppexFamermian to 
Vi-sean (Balme & Hass'el 1962; Playiord 1971); P.oland, Tournaisaan to Visean 
(Jachowiicz 1966). 

Knoxisporites pristinus Sullivan, 1968 
(PI. 4, Fig. 7) 

1970. Knoxispoorites Uteratus (VaJtll:) Pil:ayfOll"d; D,OIlby, pIl. 14, Fig. 3. 

Dime~s (six specimens). - Overall diameter. 65-91 !lm (mealli 77 ""m), 
cingulum ~7 !lIn. 

Remarks. - This species closely \reSembles Knoxisporites literatus (Valtz) 
Playford, but differs in haovan.g nanrower cingulum and J.ess prominent murd. The 
species figured ID Dolby (1970) belongs probably to K. pristinus. 

Occurrence. - BritLsh Islands, Toumaisian to Vlisean (Sullivan 1968; mbbe:rt 
& Lacey 1969; Johnson & Marshall 1971); BelgiuIn, Upper Famenru.an - Tournaisian . 
(Bec'k1e!r & al. 1974); northern Poland, probably eatrly TOlmIlaisian, assemblage 2. 

Knoxisporites sp. 
(PI. 4, Fig. 3) 

Description. - Spol'ES trHete; amb subcirouJ.a:r, drregular or polygonal. Trilete 
mark ddsltiinct, laesurae s,traigM, I/lIC(!()mPaJIlded by low lips c.. 6 wn wide, extending 
:to the margdn of the cenJ!lra:1 area. Central area enoompassed by cingulum 1/4 spore 
radius wide. Exoexine derusely granulate, 'granac. 1 ""m wide, rounded dn profi!ie, 
()ID.ly S'li:ghtly project!iIng from exi.ne 'SIUlrface. DisItail ihemisphaere !bean; prominent 
sculptUJre of widely spaced, broad, rounded murd whieh are connected in several 
Places to each other and to the cin.gulum. Seoondaa.-y· folds of exine common. 

Dimensions (five speclimerus). - Overall diameter 76-91 )lID (mean. 80 pm). 
Remarks. - Too few specimens are present Ito warJ.'ant the erection of a new 

:swcies. 
Comparisons. - These ' s'pores differ from other species of Knoxisporites in 

ha,v,ing granulate ex:ine . 
. Occurrence. - NOll'therin Poland, pll'obably early Tournaisian, assemblage 2. 

Genus TUMULISPORA Staplin & Jansoniu5, 1964 

Remarks. - Some spOiI'e species that can be assigned to 'l1umulispora are 
placed in Lophozcni.otriZetes (Nau'Illova) POItonie. However,the ord,ginal .diagnosis of 
Lophozonotriletes (Nal\lmova, 1953) and that emended by POIbonde (1958) are oot qu.iJte 
M1&sfaclo.ry, 

The tran:slat'ioo of the diagnosis of Naumova (p. 74) ·m: "Spores wd.'1lhwell 
. developed thlick perU;,pooe oovered ·w.ith relativcly large projections whdch appear at 
equator asnar.row cingulum". This :implies that the S/PO!['es growped in Lophozono­
trizetes 8il'e not ciln'gulate. Indeed, most .of the specdes assigned by NliuJ:ru)llia to 
LophozonotriZetes seem to belong to Verrucosisporites, Pustulati3porites, Verrucire-

. tusispora and Converrucosispol/'ites. These are ,the follawWng species: L. scurrus 
(PI. 3, Figs 22-23), L. gra'1idis (Pt 3, F.igs 24-26; PI. 11, ngs 5-6; Pl. 15, Fig. 42), 
L. concessus (Pl. 11, Figs '1-8), L. raritubercuZatus (Pt 11, :Ji1ig. 11), L. curvatus 
(Pl. 11, Fig. 17; Pl. 15, 1l1igs 43-45; Pt 17, Fig. 41; PI. 19, Figs 25-30), L. excisus 
(Pl. 11, Fdg. 18), L. CTassus (Pl. 17, Fig. 39). 

5 
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On the other hand Potonie {1958, PJ'. 27-28) in emended diagnOSlis of Lopho­
zonotriletes illl,cluded to this genus c1ngUllate spores wiith rays IOf th€ trkadiate mark 
reaching cingulum and wiith spilllos€, COOlaJt€ and verruCiOSe Ol"Illam:eI!lt. 

Tumulispora lebedianensis (Naumova) n. comb. 
(PI. 3, Fig. 12) 

19513. Lophozonot1iletes Lebedianensis Ill. 1$1.; Naumoova, pp. 119, 132, PI. [7, FIg. 42; PI. 19, 
FiI;gs~. 

1972. LophozonotrtLetes cf. maLevk-ensis 'Kedo; Sai!lldberg & aJ., Pl. 4, Fig. 7. 

Descriptian. - SpiOIl"es trHete; amb subtria·ngular w'ith rounded apices and 
oOlnvex or subcircu18ll"sidoes. Trilete mark diJStinct, laesurae simple, straight or 
sdnUOUlS, 3/4 or more cxfOOIllbraJ area radius. OinguiLum IllM"'l"OW, 1/8 ,to ' 114 of spOIl"e 
radius. Exiine homog'enous to illldistil!lctly dn:fir.apUlllctate, oll"lllamented distally with 
PI'OIl"Ilitn.oot verruc.i ·c. 6 !.L'm wid€, 4 fl.m .high, 2-8 J.Lm apart. Verruci more or less 
circular in outline, rlOunded :iJn pTOfJ.le. Numb€t of vei:rucf c. ten to Wlteel!l. 

Dimensions (nineteen speCimens). -Overall diameter 45-68.5 fl.m {mean 
51 J.Lm). 

Occurrence. - USSR, Famenni·an to early TOUXlllaisian (Nau!lDova 19'53; Ras­
krutova 1973); USA, Upper DeVlOll1.i.an (Sandberg & a1. 1972); Belgium and France, 
Famenndalll to early Torurn.aisialll (Oomhaz .& Streel 1970; Streel 1970; Becker & al. 
1974); Illorthern Bola·nd, pl'obably early Touma:iSian, assemblages 2 and 3 .. . 

Tumulispora rarituberculata (Luber) n. comb. 
(PI. 4, Figs 1~2, 4, 6) 

1963. Lophozonotritetes raTlituberciLLatu8 (ILubar) Ked'!> n. comb.; Playford, pp. l13li--639, Pl. 91, 
P1ip 8-9, cum sy1IIIQllImiB. 

Dimensions (thirteen speCimens). - Overall diameter 54-100 J.Lm (mean 74 p.m). 
Remarks. --.,. The specim€l!lS of T. raritubercuZata from the present material 

are most variiaJble in sd.7le and number and lWl"angement 'of the msltal tubercu1es. 
The lowest number of them a,s 7~ but th€\OO may be as many as 22. They project 
from thie diBtal s,ide of the ·cootral area bUlt ocoasionaUy also from the :imlermost 
dista.l part of the dingulum; they aTe discrete or fused at ba&is,they may farm 
a continuous .l"'iIn,g enairel:il!l.g the cenJtral area. Some of these spores ;resembLe the 
c08ll"se-sculptured spec!imenrs \of T. variverruCata (Playforld) staplin & JalllSonius 
(PI. 26, E1i.gs 17-Hl) 'but 1110 specimens of typical V. variverrucata 8ppem-ance have 
been d'oUllld. . 

Tumulispora dentata (Hughes & Playiord, 1961) n. c9mb. 
(pI. 5, Fig. 1) 

19113. Lophozonotrttetes beUu8 lKedo, pp, 87-418, PI. 10, P1i.gs :14/3-0244. 

Dimensions (eleven specimens). - Ov·aralI dt1ameter 43.&-63 I'm (mean 53 f./.m). 
Remarks. - Specimoos lobSieit"ved are poorly preserved brut they seem to . be 

clOSlely simJ.lar to those described and illustrated by Hugh€S &; Playfood (1961, pp. 36, 
38, PI. 3, Fi'g·s8-9). 

Occurrence.- Spitsbergen, Toumaisialll (Hughes & Playfard 1961;Playford 
1963); USSR, Toumadsiian (Kedo 1963; Ra'skrutova 1973); Great Britadn, TOUIma'isian 
(Mort'imer & Chaloner 1970; JohlllsOIll & Marshalll1971); USA, probalbly Mississdippian 
(Almen 1970); Canada, Upper Devondalll (Kerr& at 1965);norlthern Plolallld, prob.;, 
ably early Tournaisialll, assemblages 1 and 2. 
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Infrat'Urma Zonati (Potond.e & Kremp) Potonie, 1970 
SubinfrartUll'ma Promonosacciti, Cameratitrileti Potonie, 1970 

Genus AURORASPORA (Hoffmeister, Staplin & Malloy) Richardson, 1960 
Auroraspora cf. macra Sullivan 

(PI. 5, Figs 3, 6) 

Descriptian. - Spores trilete; amb su!bcircular to rounded triangulad-, more or 
less conformable wLth the central body. Trilete mark disti!Ilct, laesurae sdmple, 
straight, 2/3 to 314 of body Tadius, often obSLcU1"ed by folds of exoexilIle. Exoex.iaJ.e 
attaclhad to !the cen,tral 'body in the rregd,cm of the trkadlate ma[ik, transpaJl'ent, 
laeV'i:gate to scabrate, extending at equator in a form of flange 1/5 to aJmoot hali 
of central body radi'llS wide. InteXline apparently laevi.gate, margin clearly def.ined. 

Dimensions (eight speci'lllellS). - Overall diameter 36-67 J,Lm {mean 49 J,Lm). 
Remarks. - Spores of very similar or kientica1 fea,tures, described as diffe1"ent 

species of Endosporites and Hyme'l1.OZO'TiOtriZetes, aTeWlides.pread <in the Famennian 
and Toumai:sian rocks 'Of Europe, America and A'IlS'tralia. These represent probably 
several d.ifferentspectes but are difficult to 'd.i.stLn:guish one fr'Om another, and 
ther:efuz'e are of little value fQl' 'i,nteaegdonal ooa:ellations. 

Occurrence. - Noa.ilhern Poland, pooobalbly late Famennian to early TOUIl'II1aisian, 
assemblages 1-5. 

Auroraspora multiplex sp.n. 
(PI. 5, Figs 10-11) 

1987. Archaeozonotrttetes Cf. arduu.s AlrchaJIllge'lsIk:a~",; Jachow:iJc:Z, p. 5'l1, 'PI. :rr, F.ig. 3 .. 
1989. Perotrtlttes al. perinatus Huehes & \PIla,YIfmid; BoIlICkaert c!I: &'l., PI. 94, Fdg. lI. 
1973. PerotrtIites lIP. cl. P; pertnatu8 sensu iBOUCkaellit c!I: aJl.;Gayer & all., IFI. 15, FdIg. iK. 
1974. AurOTaspora lIP. cf. PeTotrWtes pen.natus Hughes c!I: Playford; 'streel m: Beclker· & a4., 

PIl.. 21, FliglS &-'1. 

HdLotype: P1a!te 5, Fd,g. 10 •. 
Type tooaUty: IBaJbIJon 1, depth 264.1.4--4646.1 m, northern Poland, probalbly Uipperlll10st 

F amenn!am to emily TotmnadBIIain. 

Diagnosis. ....:... SpOres -ttI<ilete; amb subtrian.gulaJl'w.ith rounded apices and 
cOlIlvex sfdes,SlUbcircular or oval. Trilete maJ1"k often indistinct (obscuJred); rays 
Slimple, IStTaight, eXJtending almost to central body mar,gin. Exoex:ine relatively thkk, 
smooth, homogen'Ous, Wrinkled over central body. lnteme a1Ppal'Jellltly laevigaJ1;e, 
margin dindistinctly defined, often 'Obscured by folds of exoexilIle . 

. Dimensions (nin.eteenspec:imens). - Overall d.iameter 69.5-124 IlIn (mean 
83,..,m). 

Description. - Laes.tirae often aC'OOtnpan'ied by exoexinal folds. Wll"irnkles of 
exoexillle without any, pref€'l'lI'led orientattian. Spore/body ratio ,is variable depending 
0IIl d-egree of folddng of exoex.ine; lin less wrinklled specimens this Il'atiois 6/5. 

Comparisons. - PerotriZites perinatus Hunghes & Playford (1961, p. 32, PI. 2, 
Figs 7-10) and VeZamisporitesrug08us 'Bhall:dwaj &Venk'ata~hala (1962; p.1l1, P1.2, 
Figs 14-16) have thinner outer membrane m relation to the central 'body, whi'Ch 'is, 
therefore, clearly defined. AurorasporaversabiZis (Kedo). n .. comb. (in: Kedo 1957, 
p. 25, Pl. 3, E1ig. 4) hru> more disltin.c1; trixadiate mark and exoex;iml'l folds artranged 
ra,diaUy. 

Occurrence. - Belgium, Fain-enJnian !to Lower T'Ourauiisian {Bouckaert & al. 
1969; Streel 1970; Becket' & al. .1974); ' Great Brita:i!ll, probably Lower· TQua:nadslan 
.(GaYe1" & al. 19'73); oontral Polan,d, .Lower .Tournasian (Jachowiez 196'1), northern 
Poland, ,probably late Famennian to early Tournaisiialll, assemblages 1 to 4. . . . 

)::' - 0 ' 



516 EL:2;BtETA TUIRNAU . 

Auroraspora versabilis (Kedo) n. comb. 
(PI. 5, Fig. 7, 

195'1. Hymenozonotrl.tetes veroobUts Ill. sp.; lKedK>, p. 25, PU. 3, Fig. 4. 
19714. Rugospora versabiUs ~edK» CO!IIl·b. nov.; Stlreeil !Ln:Beclk:er & aL, p. 2fl, PI. M, Figs B-li. 

Description. - Spores 1lroilete; am'b sUlbtriangu1a'r with il".oUltlded 8ipiICes and 
convex slides, mar,gJincrenulate. TriLete mark distinct Ito .indistinct, laesux:ae strajgM, 
accompanied 'by low, nall'!rolW, often hardily dillcernible lips, extendIng almost ,to 
bIOdy mail"gin. Exoexdine laevligate, finely ilnfr~unctate, attacl:!ed to intexine .in the 
region of 1leitrad mark, W1ith WiI'Lnlded swface. Wrilnkles arran,g,ed more or less 
radially. Intexine not always clearly defined, conformable in outLine with the 
exoexme. 

Dimen.sions (eleven specimens): - Overall diameter 61-106 J.Iom (mean 76 f,Lm), 
central body 37-63 fUll {mean 61 ""m). 

Remarks. - Streel (in: Beeker &. a1. 1974) mcluded A. versabilis into Rugo­
spora Naves & Owens, which is Inot COIlTIect becaus·e this gEmUS 'COllltaliJn,s spores wHh 
m!icrovel"ll"uoose o()I'IIlament. 

Occurrence. - ByelQ!l'lUssian SSR, Upper FamelIll!lian (Kedo 1957); Bel:~um, 

Famenn~an to Lower T'Otm'IllaisUtn (Bouclmert ,& 801. 19,69; Streel 1970; Becker & a!. 
1974); Great Brltailll, proba'bly Lower Toul'IIlais.ian (Gayer & a1. 1973); Canada, Upper 
Devoo:ian (Kel'1l' &. 801. 1965); northern Poland, probably late Famenlllian to early ThUJr­
naliJs:ian, ,asSieID'bla,ges 2,.3, 4. 

Auroraspora granulatipunctata (Hoffmeister, Staplin & Malloy) n. comb. 
(PI. 5, Figs 8-9) 

1955. CiM"atriraditesgranutatfalunctatus HOIf:llmelster, Staopliln & MaJ.loy, pp. ~83,~. 37, 
FJ,g.2. 

1957. H3Iffl4mo%onotrU!!ws famenensts :Kedo, IP. 511, .pI. 5, F~. ~mI. 
1967. .HymlmOZonotriloetes granutattpunctatu.s (HOIff.meister, ISItaIpLtn & :M:alIloy) ByvSheva, p. 24, 

N. 3, FliglS 11---10. 

Description. - Spores trilelte; amb circular, subcl.rcular to roUlllded trianglillar, 
maxgm lUltJ.dulating. Tlrilete mark mddstilllct to qulte diS'1lil!let, laesurae straight, ac­
compan.ied by w-eakly developed lips, extending ro illlteXline mar,giin or almost so. 
Exoexine attaehed to intexine in the region of tetrad mlU"lk, homogenous to finally 
IDfragraJl1ulaite, wrilnkled. W1l"Iiinkles short, 'cua:ved, 'arranged more ox less radially. 
In compressed s!POres eldineforms a lIlamow equatO'rial ZOIll.'e up to 5 pm wide. 
II!ltex!i.ne infra@."anula'te, OOIll.formalb1e dn O'UItooe witlh exoexine, margin cleaa:'ly de:-
:llined. . 

Dimensions ('thfr1)ean specimens). - Overall diameter 28-54 J.UIIl (mean 36 JAo'ffi). 
Occurrence. - USSR, Tomnaisian to Vlisean {Kedo 1963; Byvsheva 1967); USA, 

Vlisean (Hoffmeister &; a1. 1955); Great Bdtadn, Namuriail. A to Westpha,iian A 
(Butterworth & WnUams 1958; Neves 1968); northern Poland, proba:bly early ToUllla4-
olan, assemblage 2. 

Genus 'GRANDISPORA (Hofimeister, Staplin & Molloy) Neves & Owens, 
. 1966 (sensuPlayford, 1971) 

Grandispora sp. cf. SpinozonotriZetes uncatus Haquebard, 1957 sensu. 
Streel, 1966 
(Pl. 6, Fig. 7) 

1988. Sptnozonotrtletes cf. U'fICatus HiaquebaLn1; SItree~, pp. B83I-<B84, PII. ~ Fdig. :81>. 
1969. s~nozonotrtletes el. uncatus iHaquebalridj BQllICikiaert & aL, No 93, FiI®I ~. 
19'113. sp£nozemot1itetes cf. uncatus HaqUlEjba.rd sensu BouCikaert, Street, 'I1horez & MOIIDdi 

G.ayer & aIL., iPIIi. 14, P1iJgIs A, B. 
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Descr,iption. - Spores ,t;rilete; ani:b sUlbtrianJgU'lar with broadly IOOUIIlded apices 
and oonvex sddes. Trilete mark distindt, laesuirae sinuous, acoompanded by raised lips 
c. 4 Ilm high at a.pex, extend!ing almost to equarbor. Exoe:x.i.nedletached from intexine 
in the equatord:al regliJon, inflra.pUlnctate, thick over distal sW'fa'ceand equatorial re­
gion of proXimal sumace, .thinner over ,conta'ct fa.ces. Distal surfa,ce orname:n.ted 
with spines wdth bulbous, 2-4 Jl.m wide bases and tatpeI'oing tips; spines 4-10 Jl.m 
apart. Intex1ne thin, ooIllformable with amb, margdin not clearly defined. Spores 
usually flattened obldquely. 

DimensiOtns (fOlrty-one specimens). - Overall diameter 43.5-69.5 lUll (mean 
56.5 fIDl). 

Occurrence. - Be!lgium, UpP€Ir Famennrian !1;0 Lower ToutnaiSlian (streel 1966, 
1970; Bouckaert & al. 1969; Bec'.k:er & al. 1974); Great Britain, probably Lower Tour­
nadsian (Gayer & al. 1973); no.rthem Poland, probably late Famerm1iam. to early 
Tournaisian, assemblages 2, 4, 5. 

Grandispora conspicua (Playford) Playford, 1971 
(PI. 6, Fig. 5) 

(1) {p) 19112. Endospor1.tes? crassl8ptnoBUs1 W:Ilns'Low, PIl. 19, F,ig. 4. 

19113. ArchaeozonotrUetes senbteosus (J'\.Il!hJlro) iKeidto; ex 'Kedo, p. 4l\, Pl. 3, FIitg. 60. 
19«1. Archaeozonotrltetes spinoseUus J,us'h!ko; ex Kedo, IP. 74., IPIL. 8, Fdg. 182. 

Dimensions (th:ixteen specimens). Overall diameter 64-95.5 I'm (mean 
79 ",m). 

Remarks. - Specimens observed JiJnthi.s stUdy are similar to those clesm'lLbed 
and i11ustlrated by PLayford (1934, pp. 22-23,Pl. 5, Fiigs 3-4). 

Occurrence. - Byemussian SSR, Toum..aJisdan (Ktedo 1963); Can·ada, HOIrton 
Group, MisS'is~p:pian (Playford 1964); Great Briltam, probably Tourtnalis.ian (Mortimer 
& Chaloner 1970); Belgium, Upper Famen.ndian · to Lower Toumaoisitalll (Streel 1970, 
Combaz & Streel 1970, BeCker & al. 1974); IIlJ()rlhe:m ~and, probably late Famen­
nian to early Toumadslian, assemblages 1-4. 

Grandispora lupata sp. n. 
(PI. 6, Figs 1-3) 

Hotot'Y'Pe: Plalte 8, P1igs 1-.2. 
Type tocaUty: Baibilan 1, de!l)th 2628.15-4836.4 m, iI1JOIl'the.m l'OILattld, prtdbably eaJl'ly 

Tourn:aJiaLatIl. 

Diagnosis. ~ Spares trdlete; amb subtriangular with l'toUlnd,ed ap.ices and 
oonvex s~des. Trilete mark distinct, laesw-ae acoompa!lllied by narrow, elevated lips 
7 f.tID hdgh at apex, ddminishing .in height 1towaLt"ds equaJto:r, extending almost to spore 
margiln. ExoeXline detaclJ.ed :firom .iirutexine dOl equatocoiai regioo, finely illlifrapUlndate, 
thick over distaI surface and equatooi-al region of proximal surface, distinctly thlin­
ner lOver contact faces; ithticlrer equatoirial porttion of exoexine 1/4 tto 1/3 of spore 
ra'dIi1.lJS. OrnaIllentatiOlIl of ex.ine oonfdned to distal hemisphaere ooosdstsof spines 
with bulbous basis and ta:perting 'tips) up to 2.5 f.Il!Il. high, 1.5 .... m wjde at basis, 1.5-9 
f.tIll apart (usuaUy 5 pm). Intexilne thin, radius 3/4 of !the rotal, malrgdn of:ten iruiis­
tinct. 

Dimensions (tweI!lty-sdrx: specimens.). - Overall diameter 64-95.5 Jlim (mean 
76.5 Jl.m). 

Description. - SecOOldary fold.s of exoe:ldJne were IIlJ()t observed. The diffexlence 
in ex:in.e thkkness betwean. the proxdmal central area and the remain'ing part of spore 
wall ds a variable feature; equartorial [pOrtion appears as dalrk Clrassitudo but in 
s:pecjm,en,s with thiiJnner exoexiiJn.e it may be hardly disce.rn:ible. 
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CompaTisons. - GTam.d.isp&ra echinata Haquebard (1957, p. 317, PI. 3, Fig. 17) 
has thin exoeXliine Of uniform thi<llmess and dlistinctly delimited intex.iJn'E!. GTandi­
SpOTa cl. uncata (Haquebao:rd) Playford, 13IeI1lSU S'treel (present paper, PI. 8, Fig. 4) 
has relati,vely coarser and less dense ornamentatiOllli, is smaller. Gram.dispara gra­
cilis ~edo') street an: Becker & al. (1974, Pl. 19, Fi,g 1-3) has IflMnner exoexine and 
finer ornamentation, also;is smaller. 

Genus ENDOCULEOSPORA (Staplin) emend. 

Emended diagnosis. - Tril'E!te, camerate mriosporieS; amb subc:i<:rcular. ExoexilIle 
densely nr:apunctate, sculptured, mos:tly distally, ,with scattered to dense promi­
nent granules, minute ,pila andlor bacula. Int.eJclne laev.igate, relaJtive1y lall'ge, roughly 
2/~3/4 ;total spore diameter .. 

RemaTks. - The diag!llJOSis of EndoculeospOTa is emlOOded to include spores 
of similar appearance but WIi'thipilate and baeulate oonament. 

EndocuZeospora gradzinskii sp. n. 
(PI. 7, Figs 1-3) 

H olotype: PllJate 7, Fdg. 1. 
Type locaLtty: BaJPjJlon 1, depth 28'i15.~1.5 m, <Dm'thertn iPoIIJand, probably early 

T~. 

Diagnosis. - SpOll'es trilete; amlb su:bcircular. Tll'iilete mall'k distinct, laesurae 
str,aight, accompanied by weak lips, extending !to intexine mall',glin. EXIOexine thin, den­
sely, fiJnely infragranulate, ertendiing at equator !in a form' of flange 1/10 to 1/3 
sporea:addus woide. Distal sua:face ornamen'ted with inegl.llarly anranged, scattered 
to dense px10minent granula, minute pdla and bacula. Granula c. 1 pm .in diameter, 
pila and bacula c. 1 ,.,.m long, 1 to 5.5 pm apart.lInt'E!xine oonfo:rmable with eX'O­
exilIle outLine, margilIl usually ,clearly def!ilIled. 

Dimensions (twenty-two specimens). -. Over~l1 diameter 45.5-60 f.Illl (mea,n 
55.5 IJ.m), intexine 32.5-48 IJ.m {mean 43.5 ",m). , 

Descriptlion. - Laesua:ae often o~ed by e~all folds reaching onto the 
flange. Di:stal folds of exoeXline were' not · obs~ved whichsuggest.s. 'Proximo-dis,tal 
atta.chment of ex.in,e layers. 

Comparisons. - E. rarigranulata StaplWn (1960, 'P. 34, Pl. 8, Figs 3, 6) is much 
iatger a/Ild has granulate omamen1tation. 

Genus SPELAEOTRILETES Neves & Owens, 1966 
SpeZaeotriletes Zepidophytus (Kedo) Streel 

(PI. 7, Figs 5-7) 

1974. S.pelaeooruetes le;ptdophytU8 (Kedo) Ill. Comb.; streel 1lIl: :seeker & al., p. 26, PI:. 20; 
Ftgw 111-13. 

Remarks. - The papulations of S. lepidophytus ~resent in sampLes from 'the 
Ba1bilcm. 1 and RzeClZendca 1 borehDles were in mos,t cases poor in specimens, and 
theSe were often of !bad preservation. Therefore iJt was not ~oS$iJb1e Ito ma1ke a 
thOll'ough hdometrdc study of the successive populal1iions. Nevertheless, some measure­
ments have been taken anid rbh.ese 'are presented an Ta:ble 2 in a desoenld!ing m-der. 

It seems that w.i1'hilIl the assemblage 2 !Pl'e'3en-t in a sequence 'C. :t60 m thick: 
the sizes of .piO:pulaotians fall withJn Ithe same !range c. 36-76 1/JIl, which COIl'Tesponds 
to the z'ooe CID 'Of Stroeel .(196'6). The sipecim:ens of S. lepidophytus present in the 
o1derassemblages are 'VIery scaa:ce, nevertheless, the largest specimen is als'o the 
oldest one. 
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'. Table 2 . 
---
I - Babilon 1 Size range Number 

depth (m) (m) of specimens 
measured 

2618.7-2624.6 37-76 16 
2624.6--2628.0 65 1 
2629.5-2635.4 45-69.5 7 
2641.4-2646.1 48-76 4 
2647.9-2651.5 48-70.5 10 
7675.3-2681.5 49-65 4 
2761.4-2757.7· 48-52 3 
2791.2-2795.4 65-70 ·2 

, . 2837.6--2841.9 58-62 2 
2988.1-2995.6 .. 36--76 12 
3027.2-3034.0 

. . 

56--65 3 
3155.5-3161.5 70 1 
3231.7-3236.3 91, 1 

Atypical furms ofS. lepidophytus described by Streel (1966) are oommoo in 
the populatio.ns of the ' assemblage 2, and. especially those representing the trend A 

Spelaeotriletes Sp. 
(PI. 7, Fig. 4) 

Descritption. - Spores trilete; amb rounded triangular to subc;kcular. Tit"ilete 
mark distinct, laes'urae ISiJnUOUS accom,pahied by :nal"lrlo.w, elevated . lips, extendiJng 
almost to equator. EXIOexilneattached to rintexIDeiID·iheregion of tetrad mark, 
extenddrng at equa.troa:- dna farm of flange, .ornamented all over eX'Clept eonta'Ct 
f.a'ces with ,ooaTSE!, dis'tinct reticulum; ,lumina up !to 20 p,m wide, more; or less 
polygo.nal o.r peiIlt~,gOlIl!l!l; mur.i ,c. 2J,1.m wjd'~. Lti!miiui an:d ' mUr.i bear' very fine and 
dooSe ' cOnate ornament,Clones· less than' half of 1 Jim' it,1gh. 1ntexiJne appaTently 
smooth, ,1/2 to 3/4 spoo:e radii Us in d.iameter, mar.gan . often iJnd.istiJnct. 

Dimensions (eleven. specimens). - Overall diameter 102-160 J,l.m (mean 133 p,m), 
dntexiJne 611J.l.m; 108.5 Itm (mea.n 79 p,m). 

1?emarks. -:-T!<lo few .srpec;.im.ens are presenrt; to wanant the erectiOlD of a new 
species. . . 

Comparisons. - Thedescr.ibed fOil"m dILf.fe;rs from other 'retioularte species of 
Spelaeotriletes .iJn havd:ng rrela.ti'Vely coarse reticu1um andnlKfow IIiuri and in bedrng 
lar-geT. H. lepidophytus Kedo in: Gayer & aI. (1973) represents probably . the .same 
specl~. 

Occurre~e. - Great Brita.in {?), probably ' Lower Toumawian (Gayer & al. 
1973); .noIlthem Poland, probably early Tournadsian, assemblage 2. 

SUCCESSION OF SPORE ASSEMBLAGES 

The spore assemblages from the Babilon 1 and Rzeczenica 1 boreholes 
are diverse and provide information on the age of these deposits. 

The comparable spore assemblages which will be mainly referred to 
in this chapter are those described from the Ardenno-Rhine basin (Streel 
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1966, 1970, 1972; Bouckaert & al. 1969; Paproth & Streel 1970; Becker & 
al. 1974). The palyno-stratigraphy of the Devonian/Carboniferous passage 
beds of that area is most thoroughly worked out, as compared to other 
regions, and the spore assemblage-zones are fitted into sequences with 
good stratigraphic control. 

The denominations of the faunistic subzones are used here in the 
sense of Bouckaert & al. (1970). 

The distribution of all species in the columns is presented in Table 
1. We can see on it that there is a great dissymmetry between the rate 
of the appearances and the disappearances of the spore species within the 
Babilon 1 section. This is probably due to a succession of increasingly fa­
vourable faciesand, on the other hand, to the increasing quality of spore 
preservation with decreasing depth. Therefore, all stratigraphicconclu­
sions drawn on the basis of the present material must be considered ten­
tative. 

The limits between the assemblage-zones distinguished have been 
established basing on the first appearances of some characteristic spore 
species. However, it is quite possible that the vertical distribution of the 
spores is conttolled to some extent by facies and therefore the limits 
between the zones can be lowered. This concerns all the limits established 
except that between the assemblages 1 and 2. The ratio of the number of 

. species which appear at ihis limit to that of the disappearing species is c. 1, 
which suggests the lack of facies control. 

Five different, successive spore assemblages are distinguishable 
within the Babilon-Rzeczenica sections; these are described below in the 
descending order. 

The assemblage 1 was present in samples fr.om the Rzeczenica 1 bore­
hole at the interval 2896.0-2901.3 m . The preservation of spores was 
poor, as the depth of their derivation was considerable. Therefore the 
number of the taxa recorded from these samples is low. Nevertheless, this 
assemblage differs distinctly from the directly older one. It does not con­
tain Spelaeotriletes lepidophytus (Kedo) Streel; the characteristic species 
are: Hymenozonotriletesexplanat~s Kedo (rare), Dictyotriletes trivialis 
Kedo, Tumulispora dentata (Hughes & Playford) n . comb., Perotrilites 
perinetus Hughes & Playford (non · sensu Streel), Perotrilites magnus 
Hughes & Playford, Auroraspora micromanifestus (Haquebard) Richard­
son, Aneurospora incohata (Sullivan) Streel, and Cincturasporites sp. The 
assemblage 1 conforms with the TE assemblage-zone of Streel (Paproth 
& Streel 1970) and indicates the Lower Tournaisian, upper Tn1b age of 
these strata. 

The assemblage 2 was present in the Rzeczenica 1 samples between 
2907.9-3003.0 m and in the Babilon 1 samples between 2618.7-2994.0 m. 
It contains tJP to 14°/ .. of S. lepidophytus (Kedo) Streel, Knoxisporites lite­
ratus (Valtz)Playford, Corbulispora subalveolaris (Luber) Sullivan, Verru-
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cosisporites nitidus (Naumova) Playford, Raistrickia variabilis Dolby & 
Neves, TUTnulispora rarituberculata (Luber) n. comb. and Vallatisporites 
pusillites (Kedo) Dolby.& Neves (very rare). This assemblage corresponds 
to the PLs 2 and possibly PLs 3 zones of Streel and indicates the lower 
Tn1b age. The populations of S. lepidophytus (Kedo) Streel from this 
assemblage containing numerous specimens of the -trend A and some of 
the trend B (Streel 1966) indicate more or less the same age. 

The assemblage 3 was present in the samples from the Babilon 1 
borehole between 3021.2-3033.0 m. It contains only a few taxa. 'The cha­
racteristic species of this assemblage -are S. lepidophytus (Kedo) Streel, 
which is rare, and Grandispora lupata sp.n., a species related to G. echi­
nata Haquebard. This assemblage may correspond to the PLs 1 and PLm 
zones of Streel indicating the Tn1 age. 

The assemblage 4 from the samples between 3135.9-:3236~3 m of 
the Babilon 1 borehole is characterized by the presence of S. lepidophytu:; 
(Kedo) Streel, Auroraspora multiplex sp. n., Grandispora conspicua (Ha­
quebard) Playford and Grandispora cf. uncata (Haquebard) Playford sensu 
Streel. It probably corresponds to the PLi zone- of Streel and indicates 
the Upper Famennian Fa2dage. 

The limit between the assemblage zones 3 and 4 was placed at the 
level of the first appearance of Grandispora lupata. However, the sample~ 
from the interval -between 3061.5-3193.2 m were sterile or yielded only 
very scarce specimEms and a few taxa. Therefore it is very likely that 
this part of the strata may be also of the Tn1a age and the limit between 
the Famennian and Tournaisian strata should be placed close to the oc­
currence of the unconformity above the level at 3207.0 m. 

The assemblage 5 from the samples between 3249.3-3313.7 m of the 
Babilon -1 borehole is characterized by the presence of Grandispora cf._ 
uncata '(Haquebard) Playford sensu Streel, Grandispora gracilis (Kedo) 
Streel and Aurora cf . . macra Sullivan. This assemblage corresponds to the 
VU zone of Streel and indicates the Upper Famennian Fa2c age. 

The correlation of the present assemblages with those described from 
the Devonian/Carboniferous passage beds of the European part of the 
USSR is difficult because the system of spore classification used by the 
Russian authors is different from that employed in 'Other countries. Ne­
vertheless, some forms with distinct features may be recognized. 

Out of the present assemblages the assemblage 1 is comparable to 
those from the middle and/or upper part of the Malevka horizon of the 
Pripyat depression. This is indicated by the presence of Hymenozonotrile­
tes explanatus Kedo and Dictyotriletes trivialis Kedo (cf. Kedo 1963). 

The assemblage 2 conforms with the lower part of the Malevka ho­
rizon, which is indicated by the presence of atypical forms of S. lepido­
phytus (Kedo) Streel and the occurrence of Knoxisporites literatus (Valtz} 
Playford. 
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The assemblages 3 and 4 are probably conformable with those from 
the middle and upper part of the Dankov-Lebediah horizon of the Pripyat 
depression (Kedo 1963) and with the middle and upper part of the Dan­
kov horizon of the central part of the Russian platform (Raskatova 1973), 
which'is indicated by the presence of S. lepidophytus (Kedo) StreeI. 

VERTICAL DISTRIBUTION OF ACRITARCHS ' 

The acritarchs were present in all samples which yielded spores 
.and some attention was given to ,the distribution of them in the profile. 

The most common forms were: Veryhachium trispinosum (Eisenack) 
Deunff, Baltisphaeridium flandrum Stockmans ,& Williere, Micrhystridium 
pascheri,Stockmans & Williere and Micrhystridium sp. (PI. 7, Fig. 8; PI. 
8, Fig. 10). These species were present in all assemblages. Protoleiosphae­
'Tidium microsaetosum Staplin was very common in the assemblages 4, 3 
.and 2. Gorgonisphaeridium winslowii Staplin, Jansonius & Po cock was 
less frequent, present in assemblages 2-5. Stellinium octoaster (Staplin) 
.Jardine" Combaz, Magloire, Peniguel & Vachey and Cymatiosphaera sp. 
were rare but occurred in all assemblages. Cymbosphaeridium sp. (PI. 8, 
Fig. 7) was found only occasionally. Leiosphaerids and protoleiosphaerids 
were most common in the assemblage 5. 

This acritarch flora is very similar to that of the Lower Tournaisian 
from northern ' France. described byCombaz & Streel (1970). According 
to these authors the species Gorgonisphaeridium winslowiiindicates the 
Tnla age being , the dominant species in the acritarch assemblages of this 
zone. In the Babilon 1 borehole G.winslowii occurs also in the Fa2c and 
Fa2d strata and is rather a subordinate species in the Tournaisian ass em- , 
blages. 

STRATIGRAPHICCONCL.USIONS , 

1. The profile of the Babilon 1 bor,eh<jle betWen: the depth 2618.7-
3313.7 m represents depositso(Upper Famennian 'Fa2c'to early Tourna-
isian, base of Tnlb a.ge. " ' 

2. The limit between the Famennian and the Tournaisian deposits 
can not be precisely established o~ the basis of spore evidence. It may 
'Occur at a depth ,between 3177;.6 and 3207.8mwher'e the occurten~e of 
.an unconformity was observed. 

3. The limit between the Tnla/Tnlb zones is placed at the level of 
the first occurrence of , Knoxisporites literatus (Valtz) Playford and COT­
bulispora subalveolaris (Luber) Sullivan. This limit may result from some 
:facies control and it may in reality occur below in the profile. 
. 4. The sediments from the Rzeczenica 1 borehole between 2910.9-
3003.0 m are the equivalent of the top part of the Babilon 1 section. 

5. The rocks from the Rzeczenica 1 borehole between 2896.0-2901.3 
m are younger than the yoUngest ones from the Babilon 1 section, namely 
they are of the Lower Tournaisian, upper Tnl b age. ' 
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E.TURNAU 

MIKROFLORA FAMENU I TURNEJU Z wmRCEN Z POMORZA ZACBODNIEGO 

(Streszczenie) 
LdcZllle gl~bokie wdercen.ia, wy~ane w osta'tnich latach na terende Pomorza 

, Zachoooiego, prmbdly pod cechsztynem utWOlI"y karbonu oraz/lub dewonu .. Dwa spo­
§r6d nkh, BabdIon 1 i Rmeczen.i.ca 1 (fig. 1), nata:afUy lIla osady pogranicza dewolIlu 
i karbotnu. 

Dose bogata mi'k:roflora (pal-. tabela 1) zawiera, m'i~dzyiinnymi, spory z ga­
tunk,u Spelaeotriletes lepidoph'Jitus (Kedo) Streel, kt6rego wys.~powaride w utwo­
raoh dewlOlrm i ika'l'boI!lu stwierdzone ~ostalo w 1I"6:iJnych rejonach AmerykI 'P6h1oonej. 
Eur-opy, Afryki J Aus1zrali:i. ' " 

W otwOlI"ze BabHQIl 1, podU'twocami cechsztynu, lIlatrafJono ' na,glt:bokosci 
2618,7 m na bHsko 700-metrowq serdt: mcm;kich osad6w wt:glanowych,zawtierajllW'ch 
bogatll fal\llIlt: mi~czak6w (Karejwo 1975), brachiopod6w (Matyja 1975) O'l'RZ dose 
M,cZllle mi:icr.os'zczqtki, R mialIlowkJe skolekodOlIlty, s,po'ry i akr.i.ta'l'chy. 
, ZesIpoly spO'l'owe pozwolilyna wydZielenie czterech poziom6w, kt6l1"e skorelo­
wano z podobnymi (pOOlomami Ze ,' irtrarflotypowych odslonlt:e' najwyzs,zegO ,famenl\l 
i wczesnego turl!leju Be1gid opisanymi pr~ez StII"eela :(1966, 1970, 1972,fu: Bec:ker & 
,aI. 1974, in: Bouckaert & aI. 1969; P.aproth <& Streel 1970). 

Poziom pierWszy (zesp61 spolI"Owy 2), z g!~bolro6ci 2618,7-2994.0 ni, chara<kte­
ryzuje sit: obeonoocill nootEllPujqcych gatun:k6w spoil": Spelaeotriletes lepi40phytus 
(Kedo) St'l'eel, TumuZispora rarituberculata (Luber) n. oomb., Corbulispora s'Ubalveo­
Zaris (Luber) Swllv,an, Knoxisporites Literatus (Waltz) Playfmd i Verrucosisporites 
nitidus (Naumova) Playford-. U1;wory tego poziomu odpowdadajq wdelkowo wczesl!le-
IIlI\l tuJrnejowi, dolnej , cZt:Sci IJlOzdomu T.nil'b. . 

Poz,tom 2 (msp61 8porowy 3), z dJIlterwalu 3021,2-3033,0 m, charaktell"Y'z:uje si~ 
obecnoocdll . Spelaeotriletes Zepidophytus oraz Grandisporalupata sp. lIlov., ifO'l'my 
zblizonej do Grandispora echinata l(Haquebard) Playt\lOiI"d. Utwory tego ~omu Sq 
prawdopodobnie wieku do1notUlI"lIlejskiiego, 'Dnla. 

. Po7liom 3 (zesp61 s.parowy 4), z ilIllterwalu 3135,9-3236,3 ':in, Zliwiera 'Spelaeotri­
Zetes lepidophytus, AurOTaspora versabiUs i(Kedo) ,no -comb;, Grandispora · conspicua 
(Play£ard) Playford d Gra'llddspora cf. uncata (Haqueba,rd) PlayfOlI"d, sensu Streel. 
Wiek 'tego poziJomu to IIlajwyZszy famen Fa2d; wyuza parlia wymiielIlwnego odcinka 
wieroenia·mo.ze lIlale:lJec juz do dolnego turlIl,eju,ba.rdZo" sk~palIla. tych glt:bokoSdach 
mdkroflO'l'R me pozwala na zbyt precyzyjne datowan:ie. Wynild badaft IIlad hrachliopo­
damd ,(Matyja· 1975)sugerujll, Ze gt"oodca famenltJu.m.ej pmypadabezpOOlI"edn:i.opo-
wy7;ejgq~bok,o~ci 3207,8 m. . 
. . Poziiom 4 (zes;p61 siporowy 5), z gl~bOkoSci 3249,3-3313,7 m,chaxakteTyz:uj.e ' sIi~ 
bra1ciem Spelaeotriletes ZepidoPhytus O'l'a'Z wystE:powaniem Qrandi$pora cf. uncata 
(HaquebaiI"d) Playford sensuStreel, Grandispora gracilis ,(Kedo) Str.eeloraz Auro­
raspora cf. macra SuJ.1;iValIl. P07lioim ten odpoWiada g6rnemu famenoWli Fa2c . . 

Osady IIlawd,eroone !plOd oechsztyl!lem w otwoll"Ze Rzeczenica '1 odpovWadaj~ w 
swej ni±Szej ~ (iIIlterwa~ 2907,9-.3003,0 m) lIlajwy7lsizymwairstwom profil'll Ba-
bilOlIl 1, czyli naleZq do dolnej czt:Scd poziomu Tinlb. . 

Osady z iIIlteriWalu 2896,0-2901,3 m z · prolfilu . Rzec.zenli.ca, ,t naleZq Juz . OOIIl,aj­
wyZs'zej cZE:§ci Tnlb, 0 -czym §wdadczy wyst~an;ie gatunk6w · H.ymenozonQtriletes 
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explanatus Koo-o i' Dictyotrile,tes trivia lis Kedo przy hraku Spelaeotriletes lepi­
dophytus ('zesp6~ SIpOrowy 1). 

Korelacja palynoiogicZlD.a omawiany-ch proili16w z utworami najwyZszego de­
wonu d we:resnego lkax!bonu eUll'q;lejskiej cz~~ ZSRR przoostaWlia si~l!last~ujqoo. 

Najwyisze warstwy z profilu Rzeozendca.1 odpowiadajq srodkowej i ewentual­
nie g61'nej C'Z~sci pOzdomu malevka z Bialorusi. Bozosta~a, nJiZsza C'Z~sc profilu, -oraz: 
poziom 1 z p.rofilu BaobilKlln 1. {do g~~bokoSci 2994,0 m) odpowiadajq doLnej <:z~sci po­
ziomu malevka. Niz.ej lezq<!e WalI'stwy z pro:liHu BabilOill 1, do g~~bokoSd 3236,3 m~ 
odpowdadajq Sirodkowej i 'g6mej cz~sci pomomu dankovs:ko-lebediansklie~ z Biaro-. 
rusi ocaz §rocikowej :i g6l'1Ilej cz~ po;ziJomu dankovskiego, z ~1lralnej cz~ci 

plat:f)o.rmy [,oiSyjs~iej. 

DESCRllPT.ION OF PLATES ,1'---8 

PLATE 1 

Re·tusotrUetes· incohatus Sulilivan, proxdmaJl view, Ba,biJ1oIn 1 at 3135.9 m. 
2 PunctatJ,sporftes stabUts FlJJay:t.oo:U, proXlim.al View, J/bl:dem a>1:282.9.5 m. 
3 Punctattsporites soLtdus Blaquelba:rld. ~ vd·ew, HJddem. 
4 Punctattspo1"ites glaber (NauIDJova) iPlayford, p~ima[ view, Ra:ec.zen.i'Ca 1 at 2899.0 m~ 
5 Leiotrite,tes triviaUs Na-umova, tproXJiJma[ view, Ba1bid<m 1 a>t 2629.5 m. 
6 Trachytrttetes minor Narumova" ,proXJiJ:nall vdew, lLbldem at 2675.3 In. 

7,8,9- Aptculiretusi9Pora cf. R. greggsi lMicGiregor; 7, 8 - diIsWll am prox.limalI ft)cus, ibiJdem. 
a.t 26129.5 IDj 9 - jJbJiJdem. 

10, 11, la - AptcuU7'etusispora grafllUta.tipunctata n. sp.; 10 - oIb1ique cOlIllPl"essiLoal, ~'bILdem_ 

at :1675.3 m; 11 - hoLotype, OIbldque~, dJbidem at 2647.9 rn; 111 '- specimen W!i<th, 
detached ()'\lter layer of sclenLne, X 1500, ibidem at 2'675.3 m. 

1G, 15 --- Umbonatisporites !;1p., dJbldem a>t 2629.5 m; 13 - foogmeinst; of exl.,ne X 1500. 
14 - Converrucostsporites curvatus ~NaJUIlIl(}Vs) III!. comb., uncorroded. lUleamen, ddstM focus~ 

~bAdem alt 2675.3 m • 
• ' 16 - Verrucosisporttes macTogrumosu8 (IKedJO) 1Il. COI!IlJb., djstaJ. view, ibidem. 

Aihl figures X 750 ex1CeJpt when iIndIIJcaJted, from unretO'uehed ne·ga>1:ives 

FLATE 2 

1,2,3 - Conve'l"rucostsporttes CUTvatus (NaUllIlOtVa) n. =b.; 1 - corilXlded SlPec!laIien, proXlimal". 
vd.eW, BabHon 1 .at 2621f.6 mj 2 - l\lIIlICOIrIrooed specimen, ddStal v~ew, i'bidem art; 264'7 .. 9 m~ 
3 - UIIlOOlNoded s,pecJimen, oblique . oompressiloin shoWing lilJdk of cilIlguiLum, l'bddern. 

4 -:" Conv~uti9Po.ra venus,ta BOIffmelSter, :Sltapldin & MaJ.lOY,iilbdidem at 2675.3 m. 
5 - VerTucosispOrites ntttdus(NIIIIIlmOlVa) Play/llolrld. ibidem at :1629.5 m. 
6, 9 - Conv~uttspora teptda Feldx & BUlrb::idge, proXlim·a~ aIDd dlstaIl focrus, ibidem at 2624.6 m_ 
7 - Foveosporites ap,pOlSitus PJayfort'l, ob4ique COIn\prer&Siion, Rzeezenie.a 1 at 29'L6.7 m. 
8 - Micr()q"eticulatisporttes puncta,tuB ,K.noX, ddstai view, X lliOO,Babikm 1 at 2829.5 m. 
10 - Ratstrickta va.rta.bttis DoILby & Neves, [jbidem alt 264'7.9 m. 
11 - Schopjites SIp., :llbilidem a,t 26'1'5.3 m. 

AU fdgures X 750 exee,pt when iIlld!cated, fJrom uillll"e.toucihed negatLves 

PLATE 3 

Conv,xu.tispora hartandii 1P1a~ord, \Pl".oooi!Inaa fOOUII, B&bd:lmi. 1 at 2629.5 m. 
2 - Corbulispora subaLveota,is (iLuber) \SowllvaJIl" iJbkiem. 
3 - DictyotriUetes trioviaUs Kedq, diStaJl view, R7l6CIl:eIllica 1 at 2896.0 m. 
4, 8 - Perotrttites obnubUus Ill. !lp.; 4 - holotY'pe, proXiillnal vlieW, X 1500, BaibdJLon 1 at 267'5.3 m;. 

8 - ·obrique oompression,X 1'500, jRJ.i;dem at 2629.5 m. . 
5 - Emphantsporttes IW., iiJl:JdJdem. 
6 - PerotriUtes perinatus Bughes & P.layford, proxima·l vie!W, RZeozendica 1 at 3907.9 m. 
7 - PerotriUtes magnus Hiuglhes & PilJayiorid, X 500, dJblidem at 21199.0 m. 
9 MicT()q"ettculatisporites ' hortonensis iP!Layfard" Oblique com.pressio.n, BablUoin 1 at 2675.3 m •• 
10 - TumuUspora ob8'cura S1la(p1iiJn & J.aJIISOIlIiius, 'ddstaIl view, ~1JII,dem at 2641.4 m. 
11 - Lopho'zonotritetes ·matevkensis Na'llmova, RlZeczendJcia 1 at 29ge.O m. 
12 - Tumutispora lebedianensis (NaUlllliOlVs) n. 'comlb •. , ddsta[ v.iew, !I,'blIdetm. 

All figures X '150 except whelll iJndJicarted, fIrom ulIIil'etouehed nega1iives 



528 ELZBIETA TUBlNAU 

~LATI!: 4 

1,2,4,6 - Tumutispora rarttuberculata (lAIiber) n.OOIIIlb.j 1 - ddsbal vdew, Barlnlon 1 BIt 2629.5mj 
2 - dista,l vdew, ibidemj 4 - proxdmall vieIW, ibi'lfemj 6 - prox.imllll VIiew, ,j,bidem at 
~.3m. 

3 KnoXisporite8~, di8ta~ 'View, ' :bidem a.t 2629 .. 5 m. 
5 - Knoxtspor1tes titeratus (Wailltrz) iP!IayfJord, ddStaJ. VI!Jew, .i.bldem ait 2624.6 m. 
'1 Kn.oxispMtes prtstmus SIuJIllii.VaJIl, aIbld.ql\le ccxmpressIon, lIbiIdem at 2&9.5 m. 

All ~ X '700, lJh'om tmretauched negatives 

PLATE 5 

.1 TumuLtspora dentata (Hughes & PLayfOl"ld) n. comb., proxdm,a.l vdew, Rzeczentii)a 1 at 
2899.0 m. 

1! VaLLattsporttes pustU1tes (,Kedo) DolIby & oNeves, dlBtal vtlew, i 'bldem at 29U1!1 m • 
. 3, 6 - Aurooraspora CIf. macra SUilllILvanj 3 - i'bdJdem at 291r1.9 mj 6 - BabMon 1 at l!9'i'1.0 m . 
. 4 Auroraspora macromantfestus (Haqueban-d) ll,icllal"dsOin, X 500, &zeczeallLoa 1 at 2977.0 m • 
. 5 - Auroraspora mtcroman1..festuB (Haque/baJrld) Rdcharosoln., .!ibidem at 2899.0 m. 
''7 - Auroraspora venrabtLlis (lKedo) 'no comb., d1staJl vdew, Baibdllon 1 a·t 2629.5 m . 
. B,9 - Auroraspor« granutattpunctata (Hof!Imeister, SIla!Pl:fin & Mia.lJJay) n. OOIIllIb.j 8 -ddstal 

view, X 1500, ILbidem at 2M'1.9 mj 9 - proxImail VieIW, 1bidem a<t 2629.6 m ·. 
:10,11 - Au.roraSipora mutttpte:r n. sp.; 10 - h'Ol1olt~, oblllque oompre&SiJan, dtbldem at 2'641.4 m; 

11 - RzelClZellldca 1 at 2999.0 m. 
All figurEII X 750 excE!PI; When d.nddcated, fu"am U1Metouched :negatLves 

IPILATE 6 

"'1, 2, 3 - Grand1ospora lupata Ill. sp.; I, 2 - holotype, pr.ox:iJm'al and dtstal fOCUS, BaibiJon 1 at 
2629.5 -IDj 3 - :lJb.lidem IIIJt 2808.0 m. 

... Grandtspord gracUts (lKedo) street, ibidem at 323-li.7 m. 
5 Grandtspora c0'n8picua (IPliayford) PIlayford, ;proxjmat1 view, ~bidem at .... 5 m • 

.06 Grandtsporauncata (JHJaquelbam) Pla.yf:ard, ctista.l wew-, R:zec:amI:ca 1 at 29le.'1. m. 
"'1 Grandtspora cf. uncata (iHaqlUebiaTtd) .P.Layford 8eIIlBU Sflreel, .prox.iaDa.l vlieIW. Babi:Lon 1 aJt 

~441.2 m. 

All figUlres X 750, from UlIlIl"etouched neglllJt.ive6 

PLATE 7 

"'1,2,3 - Endocuteospora g.radzilnskU Ill. !!'P.; 1 - holotYlJle, dlBta.l view, Babillon 1 at 2675.0 m; 
2 - ,dlstall Vlieow, IilbLdJem a/t 3847.9 rnj 13 - dlistlal vieIw, Rzec.zelll:lca J. ad: 2899.0 m. 

... - Spela.eotrUetes EIP., ddatraJ. wewl, X 500, lBalbidon 1 at 2629.5 m. 
:5, ". 7 - spI/laeotrtletes tepidophytus (Xedo) streelj 5 - diStal vtieIW, ioblldemat 2647.11 m; 

" - dJIst.ail vd.ew, Lbidem at 2&29.5 mj 7 - ddstal vdew, ibidem at 2988.1 m. 
:11 - MtcrhystrtdtumpaBheri Stoc!kmana & WdJiliere. tbilldem at 3810.0 ID. 

~ - Laevtgatogporite.s~, laIteool ~on. ibidem IIIJt 2641.4 m. 
-111 - HymenozonotrUetea explanatwr lKedo, !Rzec:zel!lilJca 1 at 2899.0 Ill. 
:11 - Ancyrospora EIP., 'X 500, IbI!dean o.t 2&'17.0 m . 

.Ml f~eB X '150 ~EIPt 'W'hel!l AndIIlcated, from U1lll"etouch~ nep1lLvell 

IF!LATE 8 

-1 Gorgontsphaertdtu.m unnaf.owU ISiIlaiP'LIIa. Jemsondus &. PooocJr. Ba/bIIkm 1 at 3oHI.2 m. 
~ Ba.ttispha.ertdtwn flandrum ;S1lOciII:maaIB &. WUi1iie!re, rRlzeczel!lie.a 1 at 2899.0 rn. 
"I CymathtOBphaera IU>., ibidem lilt 2915.'1 m. 
.. St6U£ntum octoast>er (\S'bafp1iIn) JarIdlIale, Combaz, MJaglollre, Pemguel 8. ViIlC)hey, Ba.bIIlon· J 

at 2641·.4 m. 
i lI!ldetet"1D.liri:ate, dibldem at 2G9J1 m. 
" V8Tt/halchtum trtsp£nosum (1ilIBemIaJdk) iDeuntf, Bizeczen!ca 1 8't 2111J19.0 m. 
'1 CymbosphllleTidtum fiU)., Ba bllOin i at 36'ni.8 m. 
jJ IJndetermiJDalt>e, libIIJdem aIt 2641.4, m . 
. 1/ Protoletosphaeridtum mtcrosaetosu.m ~ llbldem at '3310.0 m. 
10 - M'£c:rhystrkUum ~, ibidem ad: 1lII'I5.3 m. 
:;11 - Hystrtcosportte.s mmttjurc.atU:B I6WdlIlBlow). MOIl'IIIIImer &: CohaIlmier, X 300, ~em, lilt _.f m. 
:;12 - Le'osphae·rtdta EIP., X 200, illblidem et 1IIiIW.0 rn. . 

AJil. tigua:es X 7liO ~ rWihel!l d:nIddIca.ted, fIrIOIIn UIDl"etouCbeld nep·'llLves 
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