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BLUE-GREEN ALGAE FROM THE TREMADOCIAN OF THE HOLY
CROSS MOUNTAINS (POLAND)

Abstract. -.,- Sch izothrichites ordoviciensis n. gen ., n . sp ., a Tremadocian blue-green
alga, with exceptionally well preserved microscopical structure is describ ed . It was
etched from the chalcedony of the Hol y Cross Mountai ns. Its close simi lar ity

to recent genus Schizothrix (Cyanophyceae) is shown.

INTRODUCTION

In Ordovician sandstones of the Hol y Cross Mountains (Gory Swie
tokrzyskie), assigned by Samsonowicz (1916) to the Tremadocian, there
are intercalation s and lenses of the ch alcedony. In this rock Kozlowski
(1948) di scovered ex cellently preserved faunal r emains, those of grap
tolites in the fi rs t place. Dark-brown agglomeratio ns of fil amentous
blue-green algae w ere al so encountered in the same material which
Professor R. Kozlowski kindly put at my di sposal for investigation.
My sincere thanks are due to Professor Kozlowski for this material.

After splitting up the SUb-transparent siliceous ro ck, dark stains
can be seen up to 3 em in di ameter. Under a strongly magnifying bino
cular lens separate fil aments ,ar e di stinguishable in those agglomerations
(pl . I , f ig. 1). Aft er di ssolving the rock in hydrofluoric acid, the residuum
yields balls of ta ngled filaments, con venient for further st udy. Thus,
by means of Kozlowski's (1948) m ethod of etch ing the fossil r emain'S
in the ch alc edony , perfectly preserved material may be secured, It is
consid erably e lasti c and suitable for p rep arations which can then be
conveniently investigated at a chosen magnitude under the mi croscop e.

The blue-green al gae etched from the rock have the appearance
of brown, coil ed up and ta ngled fil aments of a r~ther band-like shape ,
more rar ely in the shape of a tube. During careful preparation separ ate
fragments of fil aments, well fit for a more detailed description of
morphological fea tures for det ermining the genus and species , can be
extr acted by mean s of thin needles. Th e shape of th e fil aments and their
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structure show that the Ordovician blue-green algae closely resemble
the r ecent genus Schi zothrix. In v iew of the age of m aterial, however,
I consider these blue-green algae as belonging to the new genus Schi
zot hrichit es. By m eans of that name I w ish to st ress the stron g similarity
of morphological fea tures w ith the r ecent blue-green algae of the- genus
Schizothrix .

SYS TE MA TIC DE SCRIPTION

Type Cyanophyta
Class Hormogoniophyceae

Order Oscillatoriales
Family Oscillatoriaceae

G enus Schi zothrichites n . gen.
(text -Hg, 1; pl. I, II)

Diagn osis. - Thalli dark-brown, composed of loosely coiled and tangl
ed filaments. Filam ents long, r epeatedly branched, composed of 1-4
trichomes si tua ted in a com mo n sheath (pl. I , fig. 2-4 ; text-fig. 1, 1, 2).

Brown or b lack-brown sheat hs, strat ified, with undulating strata;
exte r nally uneven and rough, sometimes fim br ia te d, have the appearance
of an irregular net on the surface, clo sed at the apex , narrowed, some
t imes sharpened (pl. I, fig. 3-5 ; pl. II , fig . 1-6).

The t ri chomes are compos ed of cell s, mostly sho rter than broad,
less freq uen tly nearly square. Granular form ations arranged on the
circumfer ence o f t he central bod y (centropla sm) are pres erved in the
cell s. They correspo nd to t he cyanophyc in gran ules, perhaps also to
volution and the so-ca lled m etachromatic bodies in t he cells of the pre
se nt blue-green a lgae. T ransver sal walls of the cells are not visible ,
however , and the per ipheral part of the protoplasm of cells, the chro
m atoplasm, is not p reserved . The young and growing apica l , cells of
trichomes are not pr eser ved.

In t he older pa r ts of the fil aments 2-4 t ri chomes are usually en clos
ed in t he sheath, but only one t richo me can be seen in the apical
b r anches. The tricho mes are twisted loosely, cord - like, somet imes divided
into segment s.

Ty pe sp ecies : Sc nizothric nites ordou iciensis n. sp .

Sc hizotrichite s ordov icie nsis n. sp .
(pl.II . fig . 2, 3)

Descr ip tion. - Thalli composed of tangled filaments, branched a c
cording to the Schizothrix type. Filaments consistin g of 1-4 trichomes,
surrounded by a common , d istinctly parallelly stratified sh eath. External
parts of the sheath are somet imes fimbriated and have an irregular
net on the surface .
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Fig. 1. - 1,2 Typical shape of branched filaments ; 3,4 fragments of filaments more
strongly magnified , showing cells of various length ; 5 fragment of filaments with
loosely disposed and partly overturned cells ; G diagrammatic restoration of filament

and cells structure.
s she a th, c centroplasm, ch chromatoplasm (reconstructed) .
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The breadth of the filaments 'r anges from 13 to 35 fl, but filaments
16-26 /l broad with one or two trichomes are the most common. Older
segments of the filaments may, however, exceed 35 It in breadth. The
trichomes are usually 8-10 f1 broad. These dimensions are repeated re
gularly in nearly all investigated specimens. The cells are mostly 3-4 ~l

long, occasionally nearly square. These dimensions are only approximate,
since the transversal walls of the cells are not preserved. The central
body, determined by an agglomeration of granules, probably cyanophycin
and perhaps also volutine, is readily visible in the cells, but the chro
matoplasm cannot be d istinguished . Cells, loosely disposed in the sheath
or overturned, can be seen in some of the filaments (pl. II, fig . 2, 3).
As can be clearly observed from this arrangement, the granular ag
glomeration are mostly situated on the periphery of the central body ,
in a similar manner as the metachromation bodies and the cyanophycin
granules in the cells of r ecent blue-green algae. No apical cells of tri
chomes were found which, in recent blue-green algae, always have
a definite shape and are an im por tan t taxonomic charact er. Th ey are
grow ing cells containing a sm all amount of resistant r eserve material
and presumably that is why they were entirely destroyed, similarly
as the' chromatoplasm. P arts of cells containing agglomerations of r e
sistant reserve material are the 'only ones that remained.

Locality and horizon. - Wysoczki near Bogoria in the Holy Cross
Mountains (Gory Swietokrzyski e) in cen tral Poland. Tremadocian.

Holot ype. - Typical sp ecimens are kept in the Institute of Palaeo
zoolog y of the Polish Academy of Sci en ces. Warszawa, Zwirki i Wigury, 6.

Paratype. - Preparations of the same mater ia l are a lso kept in the
Department of Hyd robiology of the J agellon ian University , Krakow,
Oleandry 2a.

DI S CU SSION

Th e material , excell ently preserved in sili ceous rock s and prep ared
after dissolving the ro ck in hydrofluoric acid, allowed the present author
to clearly enough d et ermine all the basic detail s of the structure of fil a
ments and cell s of the blue-green algae. A simplified reconstr uction of
the investigated blue-green alga is presen ted on tex t-fig. 1, 6. In the
blue-green algae of the recen t orde r Oscillatori al es the fil amen t (filam en 
tum) is composed of t richome (trichom) and a she ath (vagina). The tricho
mes are compos ed of a system of cells d isposed in one row and hav in g
durable cellulose membr an es. The lateral membranes are thi cker, the
transversal ones d eli cate ; the y adhere closel y to the protoplasm and are
of a pellicular character. Th e protopl asm is di ff erenti ated into a peripheral
part in which pigments act iv e in photosynthesi s ·ar e dissolved (chlorophyll ,
carotenoids, ph ycocyan and phycocoerithrin) and which is therefore called
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the chromatoplasm, and a medial part, usually colourless, called the
central body or centroplasm. In this part the chromatin substance is
present, as is shown by the presence of ribo- and des ribonucleic acid.
On the circumference of the central body are concentrated granular
met achromatin bodies, as well as r eserve material in the shape of blue 
green algae starch, volutin and cyanophycin granules. As compared with
star ch, cyanophycin granules and volutin represent a substance singularly
resistant to the action of strong acids and alkali es. There is no cell nucleus
in blue-green algae and no sexua l r ep roduction. Th e recent blue-green
algae of the genus Schizo thr ix occur 'as a rule in the shape of smaller
or larger turfy , bushy or tuft- like concentrations of filaments. They occur
all over the globe, in fr esh wate rs, seas, as well as on land, soil and
damp rocks.

Th e Ordovi cian blue-green algae have the sa me str ucture as the
re cent ones. Sh eaths with their chracter is tic stratification , partl y a lso
lateral cellular membranes an d gran ula r agg lomerations, probably cya
nophycins, perhap s even volut ines concentrated on the circumfe rence
of the centr al bod y , are perfectly preserved in the investigated material.
Th e delicate transversal walls separating the cells in the trichomes, t he
chromatoplasm and other pl asmatic par ts have disappeared. No apica l
cells of tr ichomes were fou nd . As growing cell s, t hey were decomposed
like ch romatin. The granular concentrations still existing in the cells ar e
situated on the circumference of the centr al body. This can be seen on
pl. II , fig. 2 w hich presen ts loos ened and ove r turned cells. In n at-lying
cell s granulosity surrounding an interior of a .lighter colour can be noticed.
Even the se det ails correspond to the cell morphology of blue-green al gae,
in w hich granula r elements (reserve materi al) a reassembled, in the first
place, on the circumference of the central body, in the adher ing chro
mato plasm.

It must be stressed that all the morphological d etails mentioned above
were clearly visible in the material etched from chalc edony. This can
be seen on microphotographs (pl. II , fig. 2) tak en by means of oil im
me rs ion 60 X and a compensatin g ocular 10 X .

Schizothrichites ordoviciensis n . sp. shows close similarities with the
recent blue- green algae of the gen us Schizothrix in the following ch a
racters:

1) Th e thalli are turf-like, composed of tan gled fil amen t s.

2) Th e filaments are branched in a man ner typica l of the gen us
Schizothrix.

3) The sh eaths are strong , d urable , longitudinall y stratified , closed
at the apex, often ending sharply.

4) Th e trichomes are placed in the sh eaths in a manner typi cal of the
genus Schizothrix .

3 Act a P al aeon t ol ogica Nr 4
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The agreement of the structure of filaments and cells and, lastly, that
of the whole association of features pertaining to the genus Schizotnrix
with the Ordovician material is astonishing. This material dates back
to about 500 million years ago . We have here a very ancient group of
plants which in very distant geological epochs had attained a high degree
of morphological differentiation and preserved it till now. The preser
vation of the details of cellular structure is probably due, on the one
hand, to a rapid and compact impregnation of the blue-green algae grow
ing at the bottom of the Ordovician sea with siliceous gel, in which the
plants were enclosed and only partly decomposed; on the other hand ,
to the skilfull preparation of remains found in the rock by means of
Professor Kozlowski 's ch emical method.

Nearly all the descriptions of fossil blue-green algae from old geo
logical periods were based on macroscopic specimens or on slides, on
which a resemblance to colonies and thalli of recent blue-green algae
could be observed, but details of the structure of thalli and cells could not
be accurately distinguished. None of the previous lists of fossil blue-green
algae, those of Pia (1927), Nemejc (1959) and others, also the last list
of algae remains found in U.S.S.R., elaborated by Vologdin (1962), and
a special list of Ordovician algae from calcareous rocks worked out by
Johnson and Hoeg (1961) - have supplied any new details concerning
the morphology and structure of these plants. All the authors, while
stressing the fact of a very ancient appearance of blue-green algae, at
the same time state that the knowledge of their morphology and sys
tematics is inadequate. On the base of their purely external features,
fossil blue-green algae are comparable with such recent families as the
Chroococcaceae, Nostocaceae, Oscillatoriaceae,and Rivulariaceae, but the
details remain unknown. It appears that material obtained from limestone
is preserved only in its external outline, without any details of internal
structure. Material enclosed in a siliceous mass is much better preserved.
This is also postulated by Croft and George (1959) in a paper concerning
blue-green algae from the Middle Devonian in England. These authors
publish good microphotographs and figures illustrating many details of
the structure of filaments and cells of" blue-green algae of the order
Stigonematales. The outlines of the central body in the cells, those
of the membrane and sheath of filaments, are visible on the pho
tographs, similarly as in our Tremadocian blue-green algae. It is inte
resting to note that these investigations were carried out on small frag
ments of rock examined under a microscope in cedar ail,and not on
material isolated from the rock. The work of Croft and George is probably
the only one that contains more accurate morphological details concerning
old fossil blue-green algae. The material etched from the Tremadocian
rocks of Poland furnish , however, considerable more details and permit,
in the first place, to distinguish with sufficient accuracy parts of the cells.
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Th is confirms the supposition, already expressed by many scientists, that
fossil blue-green algae do not differ greatly from the living forms.

D epa-rtment of Hydr obiol ogy
of the Jag ellon ian Uni v er si ty

Krakow, May 1963
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Mosk va.

KAROL STARMACH

SINICA Z TREMADOKU GOR SWIEtTOKRZYSKICH

St re szczenie

Opisano n owy rodza j i ga tunek SInlCY kop alnej na podst awie ok azow , wy

trawi onych za p om oca kw asu fl uo r ow odorowego z ch alcedonu, w ystepuj acego wsrod

p iask ow cow tremad ock ich w Wysoczk ach kolo Bogorfi w Gorach Swietokrzyskich.

Sinice te twor za w skale ciernne sk upie nia, zlozon e ze sk lebionych ni c i, ktore

po r ozpuszczeniu skaly sa n a tyle elastyczne , ze mozna ie czesciowo Tozplq t ac

i sp orza dz ic preparaty mikroskopowe. Na podstawie szer egu preparatow podano

ch arakterystyke r odza ju i gat u nk u, ktor y dzieki d aleko idacej zgodnosci z dzis

zyjacymi sin icam i z rod zaju Schi zot h r ix nazwano Sch izothrich ites ordovic iensis

n . gen. n. sp.

Typ Cyanophyta
Rodzina Osc illatoriaceae

R odzaj Sch i zothri ch i t es n. gen.

D iagn oza. - W skale zawarte sa bezksztaltne, darniste sk upien ia nici wielo

krotnie ro zgal ezionych, luzno p ozwijanych i splatanych ze soba, Nici zto zone Sq

z 1-4 t rychomow umieszczonych w e ws p6 lne j pochwie. Pochwy sa brunatne lub

J*
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czarno-brunatne, wars tw ow ane, 0 w ars tw ac h przebiegajacych falisto, na zewnatrz

nie row ne, ni ekied y postrzepione , na szczycie zamkniete , zwezone i czasem zao strzo

ne. Pow ierzchnia pochw y rna czesto wygla d sia tki 0 nieregularnych oczkach.

Trychomy zlo zone sa z kornorek przewaznie krotszych od szer okosci, rzadziej prawie

k wadratowych .

W k om ork ach zacho w aly sie ziarniste u tw ory uloz one n a obwodz ie ci al a centra l

ne go (pl. I . fig . 2), odpow iadajace wi docznym w k ornorkach dzi siejszych sinic

ziar no m cyanoficyny (moze r owrri ez wolutyny ?) oraz tak zwanym cialo rn metachro

m a tynow ym. Nie sa w id oczne delikat ne scianki poprzeczne kornorek , nie zach owala

sie tez chrom atoplazm a or az szczy t ow e k orn orki trychom ow .

Sch izothri ch i t es ordoviciensis n. sp .

D iagnoza. - Nici 15-35 ~t sze rok osci, najczesci ej spotyka sle jednak nici 1-2

tryc homowe, szer ok osci 16- 26 It. Trychom y szero k osci 8-10 fl , komorki przewaznie

3-4 fl dlugosci, rzadziej pr awie kwadratowe. Inne cechy podobne jak w di agnozie

r od zaju,

Wystepuje w chalcedonie z d olnego ordo w ik u (tremadok) w Wysoczkach k olo

Bog or fl w G or ac h Swietokrzysk ich.

Op isane sinice maja budow e plech i k om orek pod obna jak sinice dzisie jsze .

Zachow ane szczegoly w komorkach dow odza , ze mial y one tak i sa m schem a t budowy,

jak sin ice zyjqce dzisia ], co przedstawion o na fig . I , r ys . 6. Komor ki mialy wiec

obw odowa czesc, czy li ch ro matoplazme (ni e zachowana) oraz cialo centralne ,

n a obwodzie ktorego gro m adzily sie ziarniste sk upienia m a te ri a low zapasowyc h ,

ktore sie w m ateria le or dowickim doskonale zachowaly (pl . II , fig.2). Schemat bu

dow y trychomow, pl ec h , ni ci i ro zgalezienia nici odpowiadaja w zu pelnosci zy j qcym

dzis sin icom z r odzaju Sch izot hrix.

Dow odzi to , ze si nice juz w odleglyc h e pokach geolog icznych u zyskal y wysoki

stopieri zroznicowan ia morfo log tcznego, ktor y zachowal sie do dzis.

O BJASNIENIA DO I L USTRACJ'l

Fig. 1 (p. 453)

1,2 T yp owy pokroj rozgalez ionych rrici ; 3,4 fragmenty n ici przy siln iejszym

p owi ekszeniu (widac k om or ki ro zne] dlugosci): 5 fragment nici z luzn o ulo zon yrni

i czesciowo poprzewrac anymi k orn or k ami; 6 schemat budow y nici i komorek :

s pochw a, c cen t ropla zrna, ch chromatopla zma (rekonst rukcja) .

P I. I

F ig. 1. S zli f tremadock iego chaleedonu z n agromadzonyml nicmi sinicy. Ciemne
kulkii - ko nkrecje opalu ; X 35.

F ig. 2,3. Ro zgalezione n ici X 112; 3 ro zgalezienie typowe dla sinic z r od za ju
Sch izothrix .

Fig. 4,5. Szczyty rozga lez tonych nici, X 320.

PI. II

F ig . 1,4,5. Najczescie] spotykane Irag m enty nici 0 kornorkach r ozne] dlugosci
pochwach warstwow anych, na zewnatrz n ierownych lu b p ost r zepion yc h.
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Fig. 2,3. T r ychomy z rozluznionymi 'i czesciowo poprzewracanymi komorkami: 2
skupianie s ie ziarn c y anoficyny na o bwo dzie ciala centralnego.

Fig. 6. Powierzchnia pochwy tej s a mej nici, ktora przedstawia fig . 5.
W szy stkie zdjecia pl . II X 1200

K A POJIb C T A P M A X

CJ1HE-3EJIEHAfi BO,ll;OP OCJIh J13 TPF';MA,ll;OKA CBEHTOKP)KJ1CKJ1X ror
(IIO JIh IIIA)

Onncan HO B b Iti BH~ H pozt CHlI€-3eJI e H o ti BO~OPOCJIH aa OCHO BaHHH 06pa31..\OB H 3 

BJIe'IeHHbIX n JIa B H K OB o H KIIC.'10T0M H 3 xanue nona. XaJIl..\e~OHbI asrcr ynaro'r cp enrr

TpE'Ma~OKCKHX neC'IaHHKOB B BbICO'IKax OKOJIO Boropan B C B e H TOKp JK H CK I1X I'opax.

BO~OPOCJIH 31'11 asrcrynaror E xaJIl..\e~OHC B BH~e cnyramrsrx HHTetl, xoroprae

n OCJI e paCTBopeHHH nopozrst cox panmor B TaKoti CTeneHH CB OIO nepBI1'IHylO 3JIaCTI1'I

H OCT b , 'ITO I1X MO}KHO 'IaCTH'IHO pa3MOTaTb H npI1rOT0BHTb MHKpOCKOnl1qeCKl1e nperta

pa r ur. B a 3 11p y H C!> na MHOrl1X npenaparax a B TOp xapaxrepaayer m1~ H pen, K OT Op b I H

BBI1~Y 3Haql1TeJIhHOrO CXO~CTBa C COBpeMeHHOH CHHe-3eJIeHo!\i BO~OPOCJIblO, npI1Ha~JIe

xcaur ea po~y Schizothr,i:r, Ha3BaH Schizothrichit es ordo viciensis n . g e n . n. s p .

PO~ Schizot hrichites n . g e n.

j{uaZ1W3. - H I1T I1 MHorOKpaTHO pa3BeTBJIeHHbIe, cB060~HO cnyraaasre, B Billie 6e3

ep o p M eHH bIX , ~epHHCTbIX CKOnJIeHHl1. H I1Tb CJIO}KeHa H 3 1-4 TpHX OM OB , CO~ep]KHMbIX

B oG II..\eM BJIaraJIHII..\e. B JIaraJIH II..\H KOpHqHeBbIe HJIH 'IepHO-KOPHqH€BbIe, CJIOI1CTbIe , co

CJI OHMI1 B OJIHHCTbIM H , H e p o BHbIM H c aapyxcn , nao r n a ofirpenaans re, 3aMKHYTble aa

a epxyunce, cysceansre H J1IlOr~a aaocr pen a s re. Iloa epx a oc-n, BJIaraJIHII..\a HMceT qaCTO

BH~ Ce TOqKI1 C HeperyJIHpHb IMH HqetlKaMH . T PHX OMbI CJIO}KeHb I H3 K .lI eTOK, nperory

II..\e CTB e HHO GOJIce K OpOTK H X 'reM HX unrpnaa, peace - n OqTH KBa ApaTH bIX .

B K JIeTKaX COXpaHHJIH Cb aepa acr t.re BKJIlO qeHHH s oxpyr l..\eHTpa JIbHOrO T€JIa

(nJI . II, epHr. 2). 3TH BKJIlOqeHHH COOTBeTCTBylOT npH c yTcTBylOII..\H M y COBpeMeHHbIX

CHHe-3eJIeHbIX BO~OpOCJIeti aep a ax epHKOI..\HaHa (MO]KeT 6 b I Tb TaK}Ke BOJIIOTHHa ? ) ,

H TaK Ha3bIBae MbIM MeTaX pOMaT H H OB b I M TeJIaM. TOHKHe nonepexnsre CTeHKH KJIeTOK

HeBI1~HMbI, xpOM aTOnJIa3M a 11 aepumansre K JIeTKH Tpl1XOM H e COX paHH JI I1Cb .

Schizothrichit es ord oviciensis n. sp.

j{uazn03. - H I1TI1 15-35 fl IllHPI1HOtl, HO vrarue scero asrcrynaror 1-2 TpHXoM oBble

HHTH IllHPHHOti 16-26 fl. TPHXOMbI 8-10 flo IllHPI1HOtl, KJIeTKH npel1MYIl..\eCTBeHH o

3-4 fl ~JIHHOtl, peace nOqTH KBa~PHTHble. O CT aJIbHbIe npl13HaKH K aK B ~l1arH03e P OA R.
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Bsrcryrraer B xanuenoae Hl1:IKHerO opnoasnca (rpewanoxa) B BbICOqKaX · OKOlIO

Boropa n B CBeHTOKp:IKl1CKl1X I'opax,

Onncaaasre BO,ll;OpOCJIl1 CTpOeIIl1eM CBOerO CJIOeBl1ll\R l1 KJIeTOK nOXO:IKl1 aa COBpe

MeH H b le caae-aenensre cPOP MbI. Coxpaaenasre B K JIeTKaX nO,ll;p06HOCTl1 ,ll;OKa 3bIBaIOT,

'ITO yIX Ml1KpOCTpyKTypa npncraanan a TaKoi1 :IKe n JIaH KaK y COBpe MeHHbIX Cl1He-3eJIe

H b I X BO ,ll;OpOCJIe i1 (cPl1r. 1, Pl1C. 6). B K JI eTKaX l1M e JIaCb 06BO,ll;HaH qaCTb l1JIl1 XPOlliaTO

nnaaxa (He COXpaHl1BlllaHCH) l1 uenrpansno e Te JI O, aoxpyr xoroporo cocpenora-maa

.TII1Cb aepmrcrare OTJIO:IKeHHH 3an~CHbIX MaTepl1aJlOB, xopouro COXpaHI1Bllll1XClI B I1CKO

naesrsrx ofipaauax. Cxexra crpoenna Tpl1XOllI , CJIOeBl1ll\a , H l1T ei1 l1 p a3BeTBJll'HI1H HI1Te"

COOTBeTCTByeT ceapesreansm Cl1H e -3e JI e HbIM BO ,ll;OpOCJIH lII porta Schi.zothrix . 3TO noxa

3 b IBaeT, 'ITO Y:IK e B oxens QT,ll;a Jl e H HbIX reOJIOrl1qeCKl1X n epnonax CHHe-3eJICUble B OAO 

POCJII1 oC Yll\eCTBI1JII1 B b ICO KYlO crenens lIIO P cPo JIor l1q e CK o i1 Al1cPcPepeHl-\l1al-\I111, K OTO

p aa COXpaHI1Jl aCb ,ll;O naurero BpeMeHI1.
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PI. 1

Fig. 1. Thin section of Tremadocian chalcedony with blue-green algae filaments.
Dark sph eres - opa l concretions ; X 35.

F'ig. 2,3. Branched fil aments , X 112; 3 branches ty p ical for blue-green algae of the
ge nus Sch i zothrix.

Fig. 4,5. Tips of branched fil aments ; X 320.
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PI. II

Fig. 1,4,5. Most common Iragments of fil am ents, with cells of various length and
strat ifi ed she a ths, externally 'ir regu lar or f'imbr lated.

Fig. 2,3. Trichomes with loosened and partly overturned cells ; 2 cy anophycin gr anules
concen trated on the circumferenc e of th e central body.

Fig. 6. Surface of the sheath of the filament shown on fig . 5.

All figures X 1200.
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