
«

"be forced, up into the sint&r iuniiaX » ■ 

waW-̂ almost as effective, altiLOUgh - < • v. 

iramingof-th&water took longer,... ' . -
■ ' -.'--t'- . ' ■ 'X ■ ' ■ :
for the: decanting. of acids, fitting . . - ~ 

suggests- the use of &,• filtejf-.pump 

plns T-<tube to facilitate decaDtiag ; :^  • 

wrtH. the minimum of dio.-mrbani2e to 4;h& 

organic residue (Utti#g, correspondence b 'J
.. Slide Preparation; . - r . : ^W.,

- Slide preparations incorporating techniques and' ;«•=> ? 

mounting media are important for long-term and . ' 

reliable results in palynology, la  mioapore- analysis, c 

as near ae possible ideal aieroscopic observation 

and complete quantitative records of fossil mioeporea 1 
.are necessary. This also requires that slides .-•.;••«= o. 

must be durable tov iopg-term storage (in ordetf ' - 

to facilitate re-oheckxng) and m at the appearance. ., 

of the microfossils should not change vivh time. ; 

Heralding dispersal m  slide-mating, mioapore - - : 

concentration, should be such, that as- few pollen.',. 

grains ae possible should appear at the same ■ ■ ■ 1 ' 

..time in  -tbs field of vision. : “

Fluid mounting media (glycerine) or solid■:aiaiLtzti&ffS : .. 

mtdia {glycerine jelly, Canada BalsattJ are genera^ly^ - 

used. In the former case, viscosity perffLffcs 

rotation of the indiYidua.- grains, an advantage. . •- ' 

■wnich is iB>-.oegible in the.solid media. Kowiirsaj.

. in the letter case slides way lie handed without ; 

disturbance or dislocation of the raiospora grains, / 

thus waking then more durable, - In practice* a  • 

good. combination as thae of a. well-sealed slide, •“%

. ringed externally, using a liq.aid- mounting media I; 

internally (inderaon/'p. 595) .  - .

■
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However* for the immediate purposes op.hand, “Y  . 

personal experience has shown the solid tte&ia to lie

Y  5103:9 practical, and in. particular Canada Balsam. . —

„ • than' glycerine jelly. In. Slide making, the Y  ,

'■yft..' latter must be kept fluid by heating (solidifying- .

. on cooling). AL80, should any water remain on, the'- '

. elide before final preparation, this will "be trapped ' 

t i l l  evaporation eventually takes place several ■■■■ . 

months latsr - leaving a  most unsightly mess (Owens, ' 

correspondence). This Bhould. however, he avoided.

. by centrifuging the organic residue in warn .. .. ••• ■ 

glycerine prior to the addition of glycerine . • 

aelly. This mounting medium is  not recommended 

for tise in hot climates, unless well-sealed.

However, one useful advantage is ita lo« refractive 

index,.1.43> which produces a favourable difference 

-alien examinit.j pollen ezines whose refractive 

indices are 1*55 to 1 . 60, Canada Balsam has a '

• refractive Index of 1.53 which is too high for - 

miospore work, but this is , nevertheless, a .

papular mounting Mdi'iffl. . • . .

In using Canada Balsam (as described by tjttlng 

and. Anderson, correspondence), the residue is first 

mixed with Celloeize (1 .50  - 1»51) or Clearool 

( l , 4)» both water-soluble media. A  drop of the - 

organic residue plus Celloslze is then smeared on . 

a coveralls and. allowed, "to dry. 5b9 excess water . 

from the organic residue is dnve» off and the mio- 

apora material remains fixed and evenly distributed. 

It  is also found on one focal plane (against the 

surface of the coverall?) allowing for easy .

microscopic scanning. The coverslip is then



mouBted on Canada Balsam smeared, on av,slide and. v'-V 

bated for 2-3 minutes at 90-100°0> . jr.. gnUrriT-nj . 

aliened a drop of organic residue to & y  ou .a , ~ • 6 

covei-slip, and. then niounted -this o& a s^ide.of '. -.. 

Canada Balaan/iyloi solution - with zsiijir ■ . ’

results. - . - '•

Staining a£ miospores appears to be a rather:, ’•• ' 

personal matter* and in several eases is not ^

introduced at all.. In experimentation, little. \ 

advantage vas found in the mass-produced method ' ̂  ' . 

of staining. It  may prove Of value in individsiai-y • - 

samples in  future study. It  i s ,  however,.' advo-J ' . 7  
cated for several reasons;— • . j\ • -

i .  Io increase tbs contrast in mi/rphologicaj.' .

- details. ' • ; •

i i .  To help differentiate pollen and spores :,V .: 

from organic detritus. and other ad.oroaoopi'o

• matter, and . ' . : " .

i i i .  To make inconspicuous and thin-nalled grainpv . 

more visible. . . . ‘ ... •;

The stain used in experiments on the present . 1 /' *' 

samples and by palynologiats la favour of this , J 
procedure is Safranin, in  very dilute proportions'

0,5# aqueous solution as used by  Balm#, Over^tairffng' 

is to be avoided as pollen grains are then , 

impenetrable to light, and, in some cases, 1

transparency in dense spore ezines is lessened. . : 

causing difficulty in  phase contrast microscopy, „



The standardised. maceration schedule, as out-linea " 

in. tabular fora, has performed a valuable- function - 

that of releasing miosporas from an assortment of 

rock yisatnoes. Ifo comparative material, an the - 

fora of .previously prepared miospore san^plss and " 

Slides, 'Was available on which to base this ■ .

maceration schedule or •with which to compare the 

standards of cleanliness. Many Of the highly • 

jroduottre samples are relatively clear of • . 

detritus although tae individual rook types and. ' - 

in particular coal samples do need more specialised 

treatment. One problem not well resolved was . . 

that of miospore dispersal on the slide and 

ooverslip. • . . . .

Storage of the organic residue la in small. 1 mm 

tubular glass phials with cork stoppers. They - 

are housed in a vertical .position, in bundles of ­

ten, in a cabinet drawer in the Department of :. 

Geology, University of Ehodeeia, Salisbury, Ebs 

glass slides are kept in sectioned envelopes and 

catalogued at present at the Barnard Price Institute 

of Palaeontology, University of the Witwatersracd,  
Johannesburg.

iiioroscoPTi • -

' A Laborlux D Lertz Microscope Has used for . 

general scanning and statistical counts. 

Magnification for this purpose was 500 x , bu t . 

In  the case of detailed mlospore study, - ..



• it  teas 1.2*50 2 . Ji Zeiss jfabtographio to)' itosooje ' • 

•’Has made- available for limited photographic'use. y.

: -r|a spanning the slides for. analysie» the- entire 

> or Bore, elides per sample-(with jjs. • 

? co-ordinate range) was traversed. ' 

l species; whilst random traveraes:' .. 

’or tie overall' quantitative counti: ' :

Lcueat ' ;.: ■

5 procedures were similar to tiioae > •  .

' employed by Hart (1965, IE 1966) Segroves fl96$)- 

ana^aloe. (1966). Visual (aa opposed to triie. >V 

statistical) coimtB of a minimum 250 and maximtim. 

500 mioapore specimens. were coi'flucted ±n.-the .."."V 

quantitative study and 2 000 or more.in the. - , ' 

qualitative study. Control checks were takefivoa.. v 

b where more than one maceration 

I the number of available slides//.

1 quantitative and qualitative analyses'. . ' 

md to tally. In detailed qualitative •'

3 five grades of abundance are uaeds very;.. 

rare (not present in  the 250-500 covurt"bat. seen . 

in  scanning); rare (l  per cent or Icbs); coalmen, 

(1-10 per cent)? abundant (10-25 per Cent);. and: " 

s (mope than. 25 per cent}. . -,. •• •

s divided into two major groups* - .

The purpose of this analysis is to study the 

distribution throughout .the.borehole core of 

the percentage, relative ahun&ancies -

Chased on 850-500 oioapores) of the major :



The general trends of these major taxa . 

within "the atratigraphic range of tide ' ; ' 

borehole core are more -than apparent {see 

figure 2 ) .  in exataple of this may fee .

illustrated "by tlie percentage relative ■ .

. abundance variation of the Sporites group 

which, within the Dwyka Series (E °), . . . . 

averages 70 per cent, decreasing in relative. 

stages to average 1? per cent in Mid-' . 

Haduoahisa (1K^) shales* She total . V  

Pisaeoites curve appears inversely .V . 

proportional to the Sporites curve. 3!hia 

taxon accounts for 1 -6  per cent in the BwyKa 

Series (E°) ana up to 75 per cent in Mid- .

•Madumabisa Shales* , . . . .

Qualitative Analysis-. . !

This represents the study of the generic and 

specific content of oicrofloral assemblages.- 

Together with the quantitative assessment, 

it forms an integral part of any miorofloral 

analysis.

Two categories of miospores emerge from ■ 

analyses taken throughout a vertical .

etratigrapMo sequence, and only afterthe ' 

distribution of the miospore content into1 : 

one or other category can any assemblage 

■boundaries he distinguished. Eaistriifc . <■' 

(1939) was one of the earliest palynologists 

to realise this. He divided miospores into 

"general" and "accessory" groups, general o 

miQgporaa refers to those exhibiting long



. vertical stfatigrapbio ranges and possibly ••' ;

• ; fairly consistont relative abundanoieB

whose Zonal aptitudes are minimal. The , .. - - 

point of introduction or cessation « f  such : i 

a  genus or species is , JaoHever, of .0i\Be 

. diagnostic interest. Ihe aaoonfi, grmip, ' ■ 

accessory njcaiwrea. assumes asoxe 1/flportai'oS- . , : 

in  terms of zonal schemes as it  includes' 

those of short, better-defined ■ver&ieal • ■ :; 

stratigraphlc ranges. These may possibly ’ 

be the product of fast-evolving plant, types, -

or plants subject to asrrow ecological ’ : .

toleration, (i .e . only suited to certain .... . 

climatic or environmental Conditions)»' ""  

"Whatever the reason for their short duration* 

.such miospore forms become invaluable in  ■ . 

widespread regional or inter-continental •. 

correlation. General correlation, .however, .;.. 

requires the combined analysis of quantitative , 

as veil as qualitative studies in  order to. 1 

obtain reliable results. '

Examples of long range miospores encountered 

in the Matabola Flats sequences ares

. .SulcatlspoTites. . These of.long-range.sdth.-. - - 

more cr less finite beginnings or ends are? 

PunctatisPOrites , and T^ggigatoapoirLtag. :

. {Tipper E2 - dUort range and potentially ' 

aiagaoetic genera appear to be Zinjisnora (if5) ,   ̂

Oaadrisporites (Z13) ,  girmnifrpoidtes . -

(cf. ghOBOtriletep^ (Upper , . >

liueoMsporites (ME5) and BsinsnhoaTiora . - • - •

g * 5S. , . . ' ;■



4k. BYSESMAfETCS

4 .1  APPROACH TO HTHTOMiTTfia . . .

Purposet The major purpose-of thia palynologtoal 

research is to classify and describe the 

. nioapore content* of the Matabola Slats ■

. borehole core. Prosi these descriptions anA

• . suhaeauent analyses at is  hop#d to obtain? v 

. . a) A  detailed catalogue of mioapores from

the productive horizons in the •

gaochronologioal sequence;

b) The vertical ranges of the individual 

mioapore components and thd percentage- 

abundance patterns of the major

- nioapore taza; and 1

c) Prom the comparison of all this ' 

information with other miospore assemblages,

• to obtain the relative ages of the beds. 

Problems i The major problems in palynology, 

over and above those affecting the final 

physical state of the miospores, are 

those of systematic classification. Schopf 

(in Tschudy and Scott, 1969, p, 49) ana •

Baloe- (1966) are amongst the numerous 

authors who have discussed this problem.

J .  Anderson (Ph.D. thesis, unpublished),

. in his detailed taxonomic monograph, also - 

makes lengthy reference to this. .



Generally Boeaklag. .the problem involves an : 

explosive increase in  the number of sen names - . 

proposed for miospores, The only common . 

factor in  their diverse application ie  that of 

the binary form corresponding to ih e  requirements

of the "International Code of Botanical .....

Uomendatura". This great increase in names' 

is the result primarily of divergence in  the - 

'basis philosophy of classification, v iz ., 

ta) Whether a morphological and somewhat; 

artificial system is used, based on . 

physical criteria, or 

(b) Whether a phyllogenetio soheme is followed 

similar to that in  modem plant systematica. 

Over and above this, the problem of 

legitinaoey of names is  a  formidable one. A 
legitimate name as that established fully in ' 

accordance Kith the "International Code ox' - 

Botanical Nomenclature" which requires that •. 

forms he fully described and illustrated vith 

the type material easily accessible. 

Unfortunately this Is often not the case* - 

The concept of species distinction is , 

like the larger issues, a very subjective 

exercise. Hart (US) discusses the s^scies. . 

concept in  t«rms of morphospecies, chrosospecies 

and morrhochronospecies, i .e .  the species 

limit may be a range of morphological-criteria 

or a  vertical time span. In terms of morphology, 

different criteria may be used, e .g . Leschik 

(1959) divided his species on the basis of 

prr-?ervational differences, whilst the Indian \



Congo material frequently used minor structural '• 

defeota which were not recognised "by Hart in >■ 

his Tanzania^ and South. African publications. .

In Africa, systematic probleaa arise- because 

a  cosmopolitan selection of authors lias to date, 

described the Permian Gondwana mioapores. ' 

(See Introduction - Previous palynologadal ■ work. )- 

These include such "schools" of systematic 

as European (lesohllc, Rilett, Hart - originally)} 

Indian (Bose, S ex , Maheshwari, Gosh, Sen, ' 

Pant, ®Raeg and*Piarart) and South African . : 

(Hart, recently), little has been dose to :. ■ 

upgrade or compile all the material ao far . 

published, although J .  Anderson (Ph.D. thesis, 

in  press) is  in the process of completing such 

a task. '

Host palynological work in the Southern ' 

Hemisphere or Gondwana Permian sediments lias 

been published in Australia and India (the . 

latter has greater quantity, but is  less . - 

consistent and not so easy to follow). Less 

abundant, but equally iarportant contributions 

stem from ’Madagascar and South Amenca. Almost 

all the material described I s  closely .comparably 

and illustrates very similar- microfloral changes • 

and assemblage patters,-2 throughout the -



Publications on Northern Hemisphere Permian 

palycology are very prolific i n  jjorfch America, 

Europe, Bussia, Chinn and Mid-Asia. However* '  •' 

Hart (1965, 1969) draws attention to the fact . 

that Southern -Hemisphere and Northern Hemisphere - 

mioepore epetw.es vary considerably, although - ' 

the major generic asi p^ara-geneno forma axe : 

usually common. • • v_ . •

In conclusion the systematic ^,^„SK?>-f&Giiig- 

a  palynologist in Africa at. present

a) Several schools of systematic thoftght? '.

b) Different species ecncepts (adopting . 

morphological, chronological, phyllogenetio. -c 

or preeervational criteria), and • •

c) Frequently ill-defined taxonomic fotma. - - - 

often with inadequate illustrations. - .

Approach; Due to the practical impossibility . 

. of acquiring all Permian literature, .

.world-wide or even covering Gondwahaland, • - 

the approach adopted lierein is  to follow - 

one ffiajor taxonomic system, that of G.S. . . 

Hart (1963, 1964, 1965(a) and (b ), 1967(a) • 

and (b ), 1969). In  order to supplement this

• system in which few photographs appear, .. 

and often inadequate descriptions and ■' ■ 

coverage of certain major tasa, -six other . 

important sources of +axonomic works are 

consulted? those • Janaoniua (1962, Canada)?. 

Sfcaradwaj (1962, !•-. ...\ Balme and •

Hennelly (1955, 195e(a) and (b)>, Balme (1966) 

ar4 Segrovse (1967, -1969, 1970, Australia)!



and Gottein. (1965, Madagascar). Many other • . ..

• papers of relevance were also consulted, • 

g ,g» the Congo naoapore publications, (Bose 

and Ear, et s i ) , is  order to enlarge upon . • • • 

certain major miospore rfcaara not altogether •

satisfactorily dealt-Eith “by Hart* The' -

detailed etwlies of syBOnomiea are therefore , 

primarily concerned with iireTiously Saaozibed :

. African material, but do include, forms . ...

referred to m  the maqor sources, of reference. 

'■Therefore, using the above basic standards / < 

of reference, the miospoicea in this study were 

initially pigeon-^holed into the- supra-gensrio . 

framn-work as outlined in  a following section. . . 

Ihoreafter the genera- and speoiea were distinguished 

on the grounds of their basjc morphological 

criteria, then fully dosoriked and oompared.

The systematic approach n^a Sfaerefore been . 

an essentially practical one, £s the distinction. - 

between aa overall concept -of a morphological. - 

as opposed to a phyliogenetie scheme is 'beyond 

the scope of this thesis. Future research, (i .e .  . 

that of J . Anderson, op.oit.) may shift the . 

emphasis to a more neontologioal phyllogenetic . - . 

approach. The layout and proposed names of. 

the genera and species described here are such . 

that they may he relatively easily reec®bitt$4 to- 

fit  this type of scheme at a future date. - .

, '  i f  f  '  »

U
% ?  .  ' . i '  .  ’ »



. / y t r t o  .the. widely-vsriea aouroea--o£\ju'blieati£ia'H; 

in  Africa, aectiona oatlinxng (a) the toitainology 

ose& and (h) the sapr&irgeneric groupings adopted/ ■>>■: 

■are included in this chapter,. following -fc>Hg section, (
Baeto  the limited, use of a photographic 

microacopa, inadeqoate.filai processing facilities 

aaa therefore only î.fett platee, line drawings 

of each specxea ate included helow the rele-tfant ' 

descriptions. . • • ' -.. -s.:



"V' , The;teti«iriology employed, in  this thesis Is  .for •••

■ the moat-part* 'baaed' on that of .Hart (I960* 1965)4 ; - - : . 

'-Ihi{v:.&ut&or. (Hart) has.in  tuiB adopted recently. , . 

Sttggeated tarms from the International Commisaion for \ • . 

the Mitiroflora of the lalaeozoio as well as from ' ,- 

. SOrem (1953, quoted hy  Hart) . Other terms employed;. .: •',.

. Sro .followed hy their authors.in brac&eta. .

. Thisaeotiomis sub-divided into:- • ..

1 .  General morphology of Mperes and pollens* , ;

2 . General tefims and descriptions:- . .

.. (a) Bisaccate terminology, find ; . ‘  j -  . ..

: method of measurement! . / . •. .

•fb) Miospore shapes and apertures}. .. . • ; >

(e) JtLoapore aculpture; . : ; -

(d) Miospore structures. :

Mm-phnincnr of Esinas See taxt-fiffliia 

. She function of the spore exine is to aerve.aa .

. . a means of protection of the protoplasmic contents;

• during transport and prior to germination. , 

Exines may» therefore, lie thick-sailed (to. guazrd

> -• against exceaaive evaporation), thin-walled. - 

. (when the habitat ia naturally -viet and tropical) . .

. or nails hearing thickened portions in ord.er to '• 

allow a  certain degree a t  inflation or deflation 

. of moisture (during desiccation) .without .rupture. . 

of'the wall*'. The latter 'condition of the wall

• is- said’to be h'armooagathous. TTa-rmamegathv- :, .> 

.. (Wodehouse (1935) quoted by Sschudy in- Isotnidr

S33.& Scott, <1969)) is the accommodation <>£
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*  - - v " ‘ t  -  r  . :

-  * . t . i * ;
....... .. ._. ... Sa^a^gawafejteBfowi a ^

. v&dime change'}.. it is considered f-eaaihle that ' - 

each indications were beginning to show in adores/' " 

<bi 'the late Salaeoaoio - e .g . Sriouitrltee.V  . . ..., 

. Reinaohospora and loaospora. Spore exineaare'. 

yirtually structureless with only minor atratifi**. - 

cation occasionally (Pun.ctatiaporitea’) t sculpture 

is , however, variable and diagnostic. v " ,  

Pollen grains require to be transported to tiia '' 
female gametophyte or flower in order to effect . 

fertilisation} the shape and structural, features 

of the pollen grain must therefore be consistent, 

with this function - and from Cretaceous sediments 

onwards adaptations of the exina to these -requiremex 

became highly specialised. However, Late • '■ ; 

Palaeozoic pollen grains were yet in their ' . 

evolutionary infancy - but whatever modifications 

there were may prove interesting in  indicating . 

their methoda of dispersal in those early times * 

as well as early evolutionary trends prior to ' 

later modification. ' .'

She pollan grain consists of three concentric. - 

layers? ‘ ' ;

. 1) The inner luyer coaprises the living: .

protoplasmic Material which is never seen 

ia  fossil forms. . . . .

• 2) The Intine or middle layer which is a ■

. cellulosic covering and easily destroyed, .

' and . ' ■

3) The fed.B*. I'm  third and outermost layer,

. ■viijich is  all that remains in iossil 

; . jpiospores and therefore forms the basis

t v -

Ill .. .. \ 7  r ' 
... I . .. . .Ir. ii
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. of.; pslynolOgical study. BbeexiM  is s. ., 

compisx cost, and is  divided basically- ... ..■; 

into two parts tf ollowing Hart sad . ■ . ,

jaeger, and IveraeD)i (i ) the Endexine an.-. . j- ,• 

.•jamer hbarogeneoQa and c/wtiira&aa -mambrKEe,,-.

' and (i±) the or Ekta-cslse.,: tli® - -• -

outer layer of complex structure.-. The l&lrter: .■

' is. composed of countless small elements wliidh / ;•-

■ (a) when free aaS isolated and dlseeatiimoua. W « .  

the endexine comprisea the ^gteetate .tffge

of wall structure? and (b) when fused 'to .. ... . • 

fOCTL a continuous “roof" over the eMe3±ne..-. :f.v 

gives rise to the Tecte.te type cf.vall V

■ structure, from this further eletiients may . . ' •: U  

arise.. HArt incorporates "two further . .. ; p- . 

terms to illustrate the basic exo-exinal' ..- •.

' -variation* ^-i^tftte Slementa (i .e .  ,®e<rt^e>. : 

are those arising from the exo-exinal layer,; - ; 

and Wh^nate Siemens (i .e .  Intectate) 

those occurring, witivta ^ e  exo-wdnal-layer.

. funeral tterrcfl ana DeaoriPtioag. The orieatatio^ 

of odospores Into cowentional views may-?* 5,;. 

seen in  text - figure 4*2* Polar (or 

' distal) and equatorial (or lateral) views 'bx$ . j/ 

seen of 5 major micspore types, with pblar,,^ iî .

' longitudinal and transverse axes, proxjjaal. . 

and distal surfaces or hemispheres. ; J,.

Trilete and Mcnolete sutures are illustrated 

on the two apore.examples with these relevant - 

features. The aiagsems of Cisaccate pollen, ^  

ot*late and non-striate* illustrate the. . • 

toT-m-inQiogy used by Hart (i960, 19*>5). .. . .
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■ Eh© orientation of the disacoate pollen : - "'. ' 

gpfiin-(as also seen In t*xt-figure 4 ,2 ) - • . . 

may he further clarified (see Hart? -1965 ’ ;;

' P* 5)t- ' • • .

Longitmtinal sxia (l-a) - ia  the line 

joining the median extremities of . 

eaoh saoci ana passing through the- • '

central body; , '  •- ■'

. Polar or Vertical axis (J-A) - the line • . .. 

joining the. distal ead jxroximal poles} u1 

Equatorial, or Traneverafe axis (t-s) — . •' 

the line at right angles to the other . "v 

two and passing through two median ;

points in the equatorial plans.of the 

central "body. . . . .

The lateral v in v  contains the longitudinal . . 

■unfl vertical axe§ in the plane Kf the . . 

diagram, whilst' the polar view contains . ... 

the longitudinal and transverse axesj ■ . 

flnfl the terminal view the vertical and • ' 

transverse axes.

T h e  Central body (or inner pollen body) ia ■. _ 

attached to the aaeoi fey means of roots.. 

(distal ard proximal)j occasionally 

the distal roots are thiokened, when- • 

seen in polar view, and are turned .. 

attachment lines. She central body in . . 

the Stxisrtiti is proximally thickened 

into the prcnH-mai cap on which ribs .

(thick strips) and striae (grooves) appear.



1 Diaaccate terminology arid Method. of-' • '
. Measurement s . ..

The orientation of the disacoata pollen . ‘ . . ' 

grain (ae also seen in  text - figure 4 .2 )  • 

may he farmer clarified (see Hart, 1963 

p . 5)t-

joining the median extremities of 

each eacci and passing through the 

central 13047? "  “ •

. Polar or Vertical axis (P-A) - the line

joining the distal and proximal poles} • . 

Equatorial or Transverse mcla (t-a) -

the line at right angles to the other - ' 

two and passing through two median 

points in the equatorial plane of -the - 

central tody.

The Lateral vxs-h contains the longitvi&iii&l 

and vertical axes in the plane of the . 

diagram, whilst the polar view contains 

the longitudinal and transverse axes; .

and the terminal view the vertical sad 

transverse tixtB .
Tke_C_entral tody (or inner pollen ftody) I s  . 

attached to the saooi by means of roota . 

(distal and proximal) ; occasionally - - 

the distal roots are thickened* when 

seen in polar view, and are termed ' .

attachment lines. The central body in 

the Striatiti is proriaally thickened 

into the progjg&l cap on which ribs •

(thick strips) and striae (grooves) appear.



Monolete or trilete euturee ai&y ooftur - 

proximally in Dieacttfctrlleti, (not!' ahcwn}*-

- The Distal zone is that arealyiij^ - •

between the distal roots on the centJai 

■boflyj and a micas I a n  groove ihat, :; i : 

occurs on the central body "both ̂ ircadJnal --. 

or distal, transverse or longittjUdinal.. % 

Di saccate measurement, as opposed to •, 

the simple diametrical or axial ileasurements 

of other sjore and pollen groups|| la --- . - _ 

somewhat complex, .aa llluetratedjlin 'text*- : .. 

figure 4*?* This method Mae Initially 

proposed "by JanBonlus (1962) and slightly. ••• 

modified "by Hart.(1965). t r 1? 'i

Basic initispore shapes are sjiown is  text;* . 

figure $ .4 ,  "but many gradational variations 

exist. Miospore configurations are •• . 

"basically of tvo types* .'

e) Bilateral (elongate or "boat-shaped) ;

or ■.

h) Radial (circular) . • . -i -.

Apertures may he slit-like (Monolete):*-Or „ ; 

radial trilete ) -with 2 and.. 3, contact.:- . . 

faces respectively depending on. the tetrad • 

arrangement, which may i.a_tetragonal-Cr, . 

tetrahedral. The proximal hemisphere is  . 

talcen to he that towards the centre , of . . .





tetrad, When no aperture is  evident, this 

is  termed Alete and is tbs simplest form 

with.undefined affinities*- .

She Disaaoites are assisted to t«o baeic 

ahapes, tSie ffgpiraryitraoid (seen ias polar 

view is  more or less oval) and MplorrloBoia 

iseen in polar view is apparently bilobed 

due to variations in  size of the B&cci 
relative to the central body). . - 

Slightly more complex apertures are those 

of oolpi (grooves) and -porea (or circular1 

holes), In Palaeozoic specimens, colpi 

are by far the more common of the two 

(e .g . Plicates). . . .

ffnlete teriBjnoinpy may be seen in text* 

figure -An individual line of the

aperture ia known as a ray or suture • 

(commissure, In Sagrovea, 1967) ,  vhilet 

a thickened lip on either side of the 

suture is termed a labra (margo)• A. 

combination of the tvo makes a  unit knovn 

as a laeaura (Hart, 1965) ,  and where the 

labra becomes an extension .over the -.. 

suture, this is  termed a  crested l&eanraa 

(or tectxua). Concave areas on either __ 

side of a  Monolete suture or betwsm the 

Irilete suturaa are known as contact araan 

. (vithin the tetraa); these may be 

bounded by curvaturae (curved outer •



tfcoBTttre eoulpttuas . i-

Id order "to standardise ths descriptive 

terminology of Palaecaai^' agoxea, -the ; : . - • • 

International Commission for tns Kloroflora 

of the Palaeozoic was responsible 1  or-tfce ~ - 

. nompilation of a  list 'of terms which — . 

forms "tiie basis c£ Heart’s terminology, • • 

Tschudy (in Tschudy and Scott, 1969) . rr; 

makes a referenoo to this Commission and ■ 

compiles a table of comparative spore/ 

pollen descriptive terms, ss he maintains -■ 

that "sculptural elements and pattered . . 

found on Palaeozoic (and.recent) spores - • 

are essentially the same .as those found - 

on pollen grains". See text*-figure 

(adopted from Tschndy, (in. Ischudy and 

Scott, 19^9), and Hart, (1965) ) ,  and the • 

definitions below: -

EfflU (1965) 
(Based on spores)

ISCHKDT. (1969) 
(Based on pollen) Definition

IiABTIGAEB

flRtNm-.aTO

PSILTiTE - 

SCABRAIB

- Shiny smooth t 

lucent surface - :• •,

— Small rounded to- - - • 

flattened projections 

less 1 p .. in diameter*-. 

basal diameter is  . 

equal , to or. e
. than height.



<!

I )

,PATtt^UV COWftLEO PROM •. . . , . . .
TSCHOtft iMTsfcHUnr.t swittDtFFF.RENT TYPFSOF SURFAGF .SfiltlPTHFte- 

1065 "  - ’— i j f p f - ;
APICUlATE ELEMENTS

CONATE

S. I Ls__ lj

SETATE

%v*
BA0UUA7E.

<?<7 °

P.IllATE (i£E. GEMMATE)

?py§

CAMU-AtE

VERROCATE

I§IS&^
HI
BI1

fi g ? | :

s

APJCO-VESNICOLAtE .



MSI

IKS "IP
; ... - q s m tm z  T 19 6 9 )

: ^poregj - ( f f W  on. pttden). ■

MCUMTB BACtJLAlE

^Definition'1

■ --r

" rouBdef-hlg’Q'

• . taperiiĵ .'-fcff â jafisu 

.-. ..Bolnti heigfcfr.is 

. . less thaa tides \ 
. basal- diiaffleteyî - - . ■ 

-- Spiny piwjBQtioa;.': 

with. rotmdea bass 

taporing to a- »*«» 

■ poiat? / beii^t k *  

.more thaa •tvipe 

. basal, diaoeter* 1 ••'
. ■*• Pilaaeirtoas unforais 

projections i liaig 

.. . ia greater lihan. 

~baaal di&taetey; ", ;• 

(Idas 1  f i ) ,  aaa - ,

' ' parallel; ■sidei,..;;- 

— Bod-lika an1 

projectioae »ith 

heiglrt greater; tl 

basal -diaaetei-f 

rounded bases 

. or less parallel 

. .. si&ep

O M W IE  - .-. - Club-like prQjg 

GEMMATE (partio) with eRlarg^S. 1  

. . . . .  heads bora wit r

•; , '  ̂ ' " , 'S ha fts, <G6ttma 

'. .•'■ -v ' j>rojsoti oas ara

•' ’ ••'■ -V ,const*±etsd a i

' " '■ ' )l b a s e .) ; • •

%  '• r ’ -,

1# M
i s

I p

MtHf

E j m

Isf 
4 '  * 1 '

s i ®

-.•T-

s w iiis  

. . .

msm
i m
s t m

lt aIS *ISltelmm





•SAKE-' Ci?65> , 
'CBa&ed on .spared)

•'Typ/rT/ntr.A'ra

MJRO-VERHTCTJL&TE

EU&AIE

fiRTHTA'TB

I

TSCHODX (1969) ' 
. (Based on polieit) jDafinition

9 formaiig.a.. V .

olofled xiet-lii»: .‘ v 

pattern} walla v 

• (nuri) narrower V;, 

•than the disaster;.' 

of the spaces. ituaeii 

(Hart) or iiadka: '.'. 

(Tscfaudy). ", - *■ 

Irregular,: elongEitr 

narrow, undulatiig 

holescr rldgea. not 

forming a definite 

. pattern* BoasttlBta

3?0SSUDA$E
(partim)

undulating grooves 

forming a negative 

. reticulum! Canalii:

late has.?

. . parallel i
HUGtnAIS (partim) - Irregularly curved, 

. elongate projection

. - length is  at least

. . . - . -twirta vidtb., 'tops<n

' ‘ ' ' ’ flit to slightly •

' . ' . ' rounded} ’basal-'

• . . diameter. i£ twice x

, ' . . ' height*

EHSULATB (partin) ** Elongated, carvdd 

. . eleyations*. length 

’ • . U.eaat twice tfid^hj

apices poiifted,. ee: 

" or slightly xdunden

. V ■



S4B$r(1565). . . TSC^pDX (l969j "p-,".1
{Base^'/oh spores); ;• (Based on joileri) V Definition.,if

' i la ^ e s '
. separeted,: T>y"

. p a a ^ lle f  W li 

. .grooves . CstrfaeXw 

- .  Almost pe^aiai; ■■{■
. ridges iha%aa:ev 

. Bai^oVer ^attifche- 

grooves:  

them.' ;•

• tPro^ e<rtion6 W.1 

toegular  op / 

regular bulges 

along the

Ihe structural charactertatios ctfmicsporfcS.forri 

the "basis of -their systematic aiffSrehtl&ilon 1 

into major taxa. These structural features are '. : 

defined 'below.and illustrated, in text»-Xigfiir6 3 .6 , 

. 1 .  Equatorial structures* Differentiation in.'the., • 

niiosjiars wall results in either a •sorroiffifiiqg' ‘.

- - -- thin eroeriiial.e^nstorial extension or'flange'’ ~

naBed a zona; or a  thick eijuatoriaX .ertension v 

.' - termed a .cingulutB'i or a  velum in  tihirih- tfcaV. 

ezoexinal layer partly separates from the 

' endexinal layer in a  aeries of small> closely • - 

Spaced folds or convolutions ovet the mioapore 

surface, V v

\



r ~ .

•*£9&OL!<

' S T R I C T  J R A L  F E A T U R E S ' -
—  -:-• .:. PROXIMAL fi. DISTAL VIEWS •■ ’ •■ - ••■ .­

S P O R E S . . • - • ■ • • •  ;  .
-.'lKTTPPRiiPTFrv-ZON£ STRUCTURES CONTINUOUS EOU1TORIAL -

CRASSITUDE '. . '•• '

A® ^RADIAL

g § 9
'.• 'INTER-RAOiAL .

(®) C^ 3
' V  /  PROXIMAL

(x) ^
DISTAL

POLLENS

ENVELOPING STRUCTURES

• . . STRUCTURES .. 

,82ai2lS»' tINSUUIM. -. •• '

-> zona  :• •. - 

sURrACE structure. ■ ./;*>

CAVA

SACC1

MONOSACCATE

DUAL AmCHMEkiT 

^ *£ m ^  SINGLE ATTACHMENT

POIYSACCATE

D1SACCATE : • ' ■

€T)) GO)
diploxYlonchd

CD)
tfAPtOxYlOHOlD

LATERAL btABDEKS

* f  .  ^  : 

«  * . 

7  \ ■

\



Interrupted., structures or thickenings are of. -v 

4- iyjpees- a  radial crassitude -arises aalv iift

• icadi&i (or-apical) areas.in the equatorial ; 

plane of triangular a&ospores. An. iirter-raaial 

crassitude is restricted to the inter-radlal 

area of triangular spores} proximal arasal- ... 

tudes are isolated thickenings (or series o f ) : 

on the proximal surface. Distal e r n a a t e w  

exhibit local -thickenings on the distal. . ‘ 

surface. . . - 

The formation of air pockets "by means of the . ' 

swelling if the outer exinal layer from aa- ..... 

intier layer is  responsible for two "basic. • 

enveloping’ structures! A  Cava ia an air "  . 

Back its nhieh the separated exoexinal layer. : 

is  thick, often externally highly sculptured,, 

and "beara no  inner columella (atruotural . . . 

elements). A Saccus is composed o f a  sMw ' . 

exoexinal layer separated from the andesine, 

and hearing distinct columella (or structural. ! . 

elenents) on the inner surface (infra- . . ' 

reticulation, e tc .). Basic types of sacoi 

are seen in the teixt - figure $ . 6 . '  . ." .......  ‘



.She supra-generic system of ciaaaiftcation 

V- followed in- this study is  fcastcaLty that compiled. tgf ‘ 

••-'•Htet (1965)» haaed on the classification of R» JotOnifc , 

i[l931, 1956, 195S, I9 6 0 , and aa quoted toy Hart, • T  T' 

1965.) and the information oollated tsy the iatematitn^l.,,

. commission for the Hieroflora of the Pale* jaoio. . .

’ A  key Has- been drawn (aee text - figure 4 ^7 , S p a t e s  . ■. 

anS text - figure 4 .8,  Pollenttes) to illustrate '■ ' ■ - * 

. the ranks of the aipra^generio taxa.. Shes& range- ' > -. • 

from the two "basic ante-turoa (Sporites end . , . ... - . 

Pollenites) to turoa, sab-tMraa and icfrs-turma*

Genera and species follon in rani;, ’foot are not -

included here. They are discussed la  detail under . • •

section 4 .4  In tkis chapter. . ;

AiraE-TTTT?M4 TUBM& SOB-jroBMfl, £S£l=ll!§M . ..

s-pnBTT'HH H. Potonie, 1893 - miospores not eosseeeiflg poses,

• ascci or oolpi. Aperturea are aonolets oy . . : 

trilete? equatorial structures may be present ;.

. (son a, ciflguluio or cava; or inter-radial or • . 

radial crassitudes)* Divided on the "basis, of . • . 

typo of aperture and presence or absence of •. .s-:: 

.............. an equatorial structure* . ,r;.







. s m s *  ■ s m - m m

-. ;r without aay s*fca£*asaSL

: . ■ ... -. aomplicetioas. ? . ?■ ~-csci

. ■ . LAEVitjAT'y fTfermfe awfl. -j

. • • - • • Stdaton, 1886) f

. • . • ■ • ' ' Potonie. 'igSS

• . . misepores ,with- '

• . . . punctate* ana.', --

• . • lamri'gete'-"

sculpture*

. - £PICroA%a. (Bennie

• - • • • - . M d s to a , .18863 f . -

Potonie, 1956 --•

• • . . • miospores Kith ■ .

: • . • . sgiculate • •.

- ■ • • • sculpture. .

1 .. • •• MUR0HA2I Potonie andEreiap;

- - 1956 - mioepores

.- - with, smroaate • '

. .. (intectate) - - .

. - . sculpture. ...:

. XASEWiTliftliETES Potom a audEcsopj 1954

•....................•• ■ triletee with a ‘ ‘ '

' • proximal crassitude.-:- .

• - (Hot eacotmtered*) ..

ZCflMTBa (Beanie and Eldston, 1886) Potofile, ■•'•■w

• • 1956 - Sj?orites possessing a  trilete -

. aperture and aa equatorial structure; x

(oinguluas, cars, zona,* or radial or '

• . inter-radial eraasitudes). • •



Atmi'ro'TBtTEonss patonie-afla'EKempr ' • 

' - ' 1954 - Zonalee tilth - ~ "K
. ■ . ■ .■“'.■■■«. ■ ir .

■ a  discontinuous . - Ji~. ''

■ ■ • - <ri'ttgn*tnmt.,5 Twt ^

. or iEter^radlal- '-;.; ••••

. csassltudei- . - > .

• . . iSBICULfeJI Potteaia and. ; - . . - 

. • Bs®pf 1954. . .ri- :-r

ZOWQTOTTB'PEB Yalta, 1935- - ZOHSies - ’ . - 

’Jith a  continuous. ^ „

equatorial eiugultui-Qr" •

• zona. . - ^

• • OlifeUL&II Potonie and.■: -T .: - v;

Eremp, (Elans), >• 

' 1954 - Zonotriletes

. with, a  oingoluBy. •-

ZQgAII Potonie aad . . - : 

Eremp, 1954 —. ■ ’ •

. . - Zouotriletea w ±th ^ ‘ •
• • equatorial zona*-?-.';

CA7ATSS l.C .M .P . 1965 - Zonalss i m A  -t­

a cava* ■ • . :< •- 

OATAJI Hart,; 1965 - s. s • 

Cavates with-aa. .- .r•

■ sculpture*- :i.;

PKg-rafvrerr.RTT (Erdtman, 194-7} 

Hart, 1965



i i i f a ' • stfB-Ttmm • ib p m - tphma

MONOLBTBS Ibrahim. 1953;- Sporitesifith-a '

•' monolcte aperture. • ■. ; ; ' .

’V  'I .' AZOKOMOMOIBEBS Jfcber, 1935 - Monoletes 

. •• ' lacking an equatorial.;

' , *. . . * S tm c tu re v  • * * •*
•••' .. ■ TJETTGATQl.IQlfOtE'n: PfbQTO

’ : • , and Jaehowiez,i957 -

V - . ■ Azonomonoletes with

1 . a laevigate or; -

punotate s'<nilpture»; 

SCnCPTtmoMOROIECI Dvboro

■ . - and Jaehoviczj 1 & 5 7 -

Azoaoaonoletes-with 

, • ■ . ■ ■ an apiculate or 1

. - muronate sculpture.

. ZOWOMOKOiatBB Iaiber, 1935 W o l 'e t * . 

i . with a continuous '

. equatorial structure,.

. i .e .  a  cingulflm or zonu.

. ZOirOMOKOIiETI lAibar,;?193!'* 

S . Potonia» 1931 - Mlosporae possessing saoai,' 

colpi (grooves) or pores. Divided on the 

basis. of presence or absence or saoet and :. ' 

type of aperture. . ; ' - '■■■7'.
r t nnT'FRR Erdtaan, 1947 - Moaporae posseSslii^

- ■ sacci. ' ' •

. . POlffSACOIEES Cobkson, 1947 *  .... '•

• . • - . MLospores possessing ;

. . . . • . .3. or more aacei.: '

: • • " /; ' ’• . POIiYSACSlTX Oookson, 19-i';.





2 . Potonie (195S; proposed the division of , . ■

^u is o o ita a  life 8 irira^turma baw d .. »  the' ;■ ■ : .

■prasencior absence °f  tialete M artin*. % « • '  ; ■' -

- U M M t t t  « • * • « * .  1956) and M lete .ao citl . % % * »  

(lasoaii, 1956). Hovever, Hart (1965) suggests /  . ^ 

this to be too variable, and further proposes two.: . 

infra-turma baaed oa tiie attachment of the saccus 

to the 'central body - (a) attached both p r a tt iilr  . ; 

ana distally - Dipolsacciti and (h) attached either 

m M U r B U M U g r  - lloeeeiweltl.: :Segroves-;; . 
(1969). however, mentions -that In some oases a;- ■  ̂ .: 

misunderstanding or the BonoaaceBte structure osn„; 

oaase contusion on this basis of classification.- - ;

Ear (1967) compiled a general classification _ 

of l&nosaccates fr o . several papers describing the /  

abundant genera found in the Mrmo-Carboniferons . 

of India and the Congo. Sine infra-tunna ana - - 

eighteen genera si» proposed, based on the presence 

or abeeno. and type of aperture, methods and pattern, 

of attachment of aacci to the central body and .

associated fold sys^ema. Thia structure of . . . . .

classification is highly detailed and somewhat . 

difficult to adapt where miospors material is  not 

available for comparison. . : - \

BOme (1966) worBnfS on the Salt Sange material; ' 

has divided the Monosaoeate genera into two groups* 

Group A  -  aediosjnmetncal with three genera'and ■, 

Group 3  - Bilaterally symmetrical, with one genus* ;

' Segroves (1969) apportions M s  Kono.aocate forma •• 

into five genera with no supra-gsneric groupings.



of intra-tafma groupings .'airs,;•• •'. .. ; - ;'/Vl 

if ore', -soniej«l?et confusing and for the purposes ' i-i'- 
.6£.'i:K£s -thesia two. groups, radiosynmetrlQal and- 

~. i? . 'bilaterally Symmetrical will "be considered..' • V

AJtTE-TUBMA TORMA . ’ 3PB-T0BMA ' CTPflA-CTBMA 

. ■ • . ■ PUftATBS HaumoTO» .1957 - Eoliena witli colji t - '
? - ’ , - - (grooves) and no eadcl. . '■'■■■’■.'

: V. . . pbabootpatbs Potonie andXiBaip, 19.54. - '

- 1 • Sollens wi«s a ’ :- -

, . . . distal aulcUs ^ebljue) V'

/: . • . and a pro^maj aperiura:

_ (monolate,. dilete’.'ox1-.

' . . ’ trilete).  ?roxiiaai ;: : .

’ striations raayoccur* -

’ - • • ’ ’ : . m E C Q I P m  .g&toniB ana. ' >

■ • . Ererap, 1954.: .

' P0LTPX1QAT2S. Erdtman. 1952 Pollen . ;

' ' -Hi-tit moretliaii two; . • -

transverse grooves . ( polpi)

.. ' lying rcmghly parallel,

- ; ' • . •pcyriTPTJnATT Erdtman, .1952.;

• . . MQNOCOmJES (Vodehoaae,. 1935) Ivargea

• • . and Troela-Sinithj.';i950» •• - :V.

' . Pollens exhibit a. single, '

• . ' . ’ • ‘ . ” distal transverse coljroe:

. ■ - . _■ 1 and laok prosriiBAV •

. ' apertuxea.. -''.-'v-.

. IHTORTI (KaumQTO, 195?) ~5

• .Potonie, i95.fi. . /• •• '

. ’’ - - . ' Kiospores Ifi uhiiili ' f

.. .■ . ' the. eolpas reaches.

: . . • • . ■ toe outlifls,. 'anctijiB'.' ■

;s’ . ... ' ” • ' wider, lscterally iaiaa.:

. ‘ - ,'centrally* i .e .

, . . ■■ ' , ' • . shaped. ' ....



' STJB-TtraMA ~

,  • PIKDYCEI (Skumova, :gqyr-V ■

. - "  Potonie,. 1958. \ ■

. Miospores wjien e  oolpuS.
• .. may or may n o tr e a ^-

. . the nargttt j and-sides : ;

• •• ■ are parallel.-. \

siGOigAgEg Erdtman, 1947 “  PtSHens i s :
. . vhidv there are two.parallel '■

. transverse oolpi»

Ibrahim, 1953 - Miosporea lapgj.ng . - 

sacoi, colpi and apertures*

AZOmiiEXPBS (iwbar, 1935) Potoins and : r > ' 

Kret®, 1954- - teiodpores ' - 

without equatorial structures 

. - (zona or cingulunt). - . .

' ' 194-7 ** laettgate i­

. Azonaletes, ;

JCTBBRINI .gant. 1954 : /  

. ‘ Miosporea possessing ' : /

a proximal deviation ' '

. ' of the.eadne i i  t&e . ; *

: • form- of a  oyliudrioaSi;.-

• extension. ■ ■«:y

' ' . ■ 1947 - Granulate . ..;

. • • Azfinaletes.

■ . . SOBPIliOHAflil Erdtoaa,- :

' . • . . 1947 - Conate or­

" ■ . spinate.Azpnalete^*.' v



tusma' snB-itnaa, BEBBA^Ttnaa. ...- 

-’;V V  ' • • ZOHAHBtBS Ia b e iy lQ ^  - Aleteft. ■' .

- ;• •' " possessing aa equatozdaX

", extension i*e«. a  zopaor -

. eingulum. - 

: • ' ZOKALETI liibsg.

' • (Hot entsouaWfred)*'

' . ' . JtJG-AIES Erdtman, 1943 - MLoaporea are joined. .1a-

- . ' groups of two, four or more individuals­

' ' . - per unit. • j,;

• ’ TiTATiTTOa Pant, 1954. - Ki:oaporea"  :

. . consisting of 2 Joined, •'>

■ ' ' individuals* - .

' • • • ’ DTAPI2I  Pant«--1954./; -:

, TETRABITES OooksOn, 1947 - Moajoree ,.

•posaeaaing'four .Bni'tad .

. indiTidilals In  a tetrad •’ ’

' 1 . formation. ■ • , • ' . /

. . TETBASITt Cookaoa, 1947
- . PomiffTBS Pant, 1954 - Mioaporefi -V.

. consisting of more -fliaa- _
f  our indiT?44aaXa ffliitei...

' • . . in  one group. '■ '•
\  ... • ’ . . - - POLTADITI Pani. .T&54. -  •

&



J i j l M

__—

r r

V

%ZM ' :;J■m
ffiomr■ . ' / '•• '.• ;",■•■>’- V r  ^■■.".'^t'^’:-

i.j, S50SEEE8:.P6tonl6,:;i895 1-:-¥■: . ■<••** 

(E'einBoh) Potonie and Kfemp* -1954 

igONOKinSTES Uiber, 1935 • . - \ , - ' 

lABHGAXI (Beanie. and ELas*o»)

- .• ' :3?'otonie, 195& ■■.■• •■ -.. - 

-■tea {Ibrahim. 1953)Jbttirile and ■':

. ' " ■ . 3Qre®2v. 1954 \'V| ' V'/'

&g (t>y designation): Piraota&aporitea >

puDctatug (Ibrahim), Ibrahim, 1533..? /

’ Outline .circular, vith trileta autnrei/~ ■
BTftia 'basically laevigate "but may te) infra-*.^-r- 

thin to thick and \isvtelly AinlSl&edv.,. w
:■ Plata is 

Holotypes

i gretenala Ealme $nd Henn'elljv 1956

i-3. _ > .'■ ... V . .  - V
P . gretensis Balme and BennSllyy 1956.. ■'•' . ,- 

EL, 2, figures ll-l?. '•• . • '

Circular outline; trilate sutBres’ ... ;'•* • ; . : 

straight and .clearly defined* about f­

i of sporef labra sometimes ^reseatf 

i about 4 <u thick) laevigate. dr fiiiely,. '• 

jiatg (seneu -Baloe. and Henneliy. fc»'..24-5.) .1 

r infra- unotate (senau Hazr£» .1965)* : ;;

IllL

: iw m r

■ U

-------------
tirv rJj. ,

w



Sescription*

Discussion:

Shape: Spore circular to sub-circular .

' with only occasional minor folding',

around -the periphery* sub-polar 

. coopressions ooaaaon* '

Trilete sutures Bays extend £  }• radius .

of spore, distinct, usually slightly 

. open; straight) occasionally t h i n '-

darkened labra frame ray a.

Exines Smooth to infra-punotata, punts.'

fine (<  0 ,5  /u) to fairly ottafB?.. • 

(1-2 /u.) 5 ezine 2-4 ja thick,., w ith : 

occasional concentric rings seea -: • . 

. within tho vail structure*. : ,

Dimensions (20 apeeinens): Diameter:.' • /. 

60(80)112 f i .  . . .

The above diagnosis encompasses fe&’taxes '•

Bharadwa3» 1962 and the species P . . ■

magniflcus Bose and Haheshwari, 1968-and . 

P. Teticfulatns 'Pant and Srivastava. These 

variations are based on the great density 

and size of punota ( BupaaotatiBPOrites^: . 

larger sise range- (P« nagaifious) and • 

concentric rings in the exine (? .  .reticu- - - 

latua) - all of which are seen in the •

EhoAeaiaa forma. .

Insufficient evidence and overlapping of. 

characteriatioa indicate a better •• ■

grouping under one form species for 

the present*



111

m a
118

Stratigr&eblo
range:

Ponctatiaporitea cretensie is  • — 

distinct in  possessing a., circular v 

smooth, usually unfolded outline; -­

often finely ±aSra-guaotate- tM.ok' •, 

exine, large size and distinct 1 

.trilete suture. . . •

Comon -to abundant in Dwyka},- • - . .. . 

comsaon to ra?s in  Black Sisales and; 

Coals; rare to absent in -Msdumabisa 

Ifixdatones. . .. .• . .

:  Hart, :l96g.

Plate Is Figures 4-6 

Holotypei 1965
P I . 1 , figure 10 . . . . . .  •

A laevigata trilete apore, erreular ; 

in outline vitb trilete rays .

extending f  radius of apore, with or . 

wit&cnxt latea. (.mean size range • 

smaller than ? ,  gretensis "but ctbar~ . 

id.ee identical).





Genuss i Muier, 1935

Type species: Deltoidogpora halii. Miner. 1935 r. ■ .

Iirevigats spore with a triangul' 1 ;\outlifte{ 

apices may be rounded or convex, and .ij; 
the aides concave, or 0 on vex • . : 

Leiotriletea (Naumova) Potonie'and •.

' Eremp • . • .J.-, •„ • '

i direota (Balme and Hennelly, 1956)

.1 • Hart, 1965 _  -

Plate Is Figure a 12-15 • -

Holotypej j Balme and Hentsellyy 

1956, P I . 1, figures 1-4 - \ .

Outline roundly triangular, with slightly 

rounded apices and straight or slightly 

convex sides. Trilete rays extend - 

abort 2/3 radius of spore. ■ .

Descriptions Ch&pet Outline triangular, with round/id

....................... fairly "broad apices and straight.

to slightly convex sides. . . . 

Trilete suture: Bays usually distinct,

. straight to sinuous, extending -

aljeut 2/3 to -f- radius of spore;

. . often ribbon-like, thin raised "

• lafera ara seen, nhich may he/ .

. confused with exLnal folds whf,a. .

■ ■ ■ o.ompresse5» . - ..••• . ■ •••

N--

mM
» n e >  ■ .

v  t

'V . \ *  - -i. ‘
\ ^  , >

V O '  , L

Diagnosis*



•• . . . TW .net Sffloofh about 1  p  thick, occaaicnally ■

iv. ,? . infra punctate to finely ana :-

. e- . faintly granulate.

Dimensions (50 apedmeae): Diameters 1 -> ■■ ■ 

. : 26(35)48 p .
Discussions X . coagoeaaia T£ar and Bose 1967 ia  sjnono-"

• • moua with the above species although.it

. was retained by the original authors due '

. . . to -the rays extending up to the margin.

I .  TiTMrH, Tiwari, 1965 is  similar but ^  

has a larger eize. X. aafaatue (Eosanke)

.. Potome and. Eremp, 1954 and •• •. -" ■

. X . liikugaensis Ear and Boeo, 1967 possess ■

concave sides; L. •peilatoa Ear and Dose,

, 196? may well he syncnomoua due to its - 

similar size range, shape, and thin 

exine, bat was originally separated on - .

• account of its indistinct tn lete  rays*

L. coriua Kar aad Bose, is Charaoterisaa -. 

by a  roundly triangulai dh&pe, 'thick 

ezine and larger size. -

Distinction t t,. fiirnfttiia ia distinguished by its  email .'

size, triangular outline and thin ' ..

laevigate to finely granulate exiae. ■ 

Stratigraphio Bare in Dsyka, rare to common in Black > . 

■ran®0 ‘ Shales and Coals? rare in Madumaibiaa :

. . i&idstones. -



r .

r

iteltbldospora lujmeaenais Sfir efod Bobb. 1 Q6T~ :-. 

iliA-it ,.J?igtttes. 16-19 ” ' • .

itype: . Leiotrllgtes lokugaeaeia Ear- end Bose, 

19S7> P I. 1 , figure 4 . , ,

: Triangular trilete with thln ariiia , - •­

concave aides, veil-developed irrllete ■' 

r&ys extending radius of spore and: - 

distinct t taroad 'bat not raised lahrai ’

Shape: Triangular with distinctly . .

concave inter-apical sides sincl \ 

'broadly rounded to "blunt apices* 

trilete: Bays extending 2 /3  to 4/5 s p o r e . ' 

. radine, distinct, straight to ' ' 

elightly sinuous; broad. . . : 

darkened lahra, slightly raised, . 

usually distinctly outlined in 

the section closest to the proximal. 

pole fading out towards the apexf:? 

labra curved coneavely "between. • • 

the rays}. 8-12 pi wide. , . ' : 

'Erinei Isavigate to faintly hut spBxoely. V 

granulate, • • '

Dimension (10 specimens): Diaagtert

31(30)45 / a . . ■' •. ■ ;

L ^v- U- '' ' V ”

- i ----- ------ _____J~‘yCS. iV'Liifl l l  - 2:  _  __ ■____________fi . -  - ■ - A





t ? p s S liSSl

' ■j-S.J.f ^ ^ T * * ? ,  Sshopg, Wilson and Bentall:

■ t y p e  species (tiy original assignation)-: Calamcm-paT 

. .-. :. . harfanffiaffa Schopf (±a Schopf, Wilson aai 

: . Beataii, 1944, p . 51)

. Iaevigate Jriletes, with a c l ^ w * * ; ’' ^  

xoundlj tiOaBgalar outline; ' ^  i s ' 

tM n  and ottea greatly f$iaed> . ■:

i (ittber and Vaita, l m ) m r t ,  /j.555.

i  Iwber ana. Veits,'.. /■ 

1941» EL. 217, figure 226b« •. _■■■ [■.' ■ 'J.', 
Boundly triangular to oiroula* la. outline, 

usually obscured by large acale folding : J 

gi-rtng an irregular polygonal, outline* ' I  

Tiilete rays e x t e n d i * 2/3 ridiutf »f>; V  

spore (sensu Hart, 1965, .p . 135), ' •:

ŴSSBi
i W i w M m

%
Description: Shapes Circular -to sub-circular -with.

.■ : . numerous random folds i&parting

-• ' ' a polygonal effect, . ' . j- V.

•-. . ; •: ; im iete  sutofei Distinct darkened rays,

" ; V. 0p5-2 p  wide, often tapering to "

/. . . ‘ r- • . . - . . a point terminally; about -f-J- ' \

. :. • . ' . • ■• . . .  radius of spore , . Hoepparent" ■: ; 

; V "  w .contact areas; 'thin  dark laisra ..

s rtsiiae^ ' •■■■’ y ';;. v , ;



" -ibclnet" Smooth .to • cbnfSly mioro-graauiatej :.

. 1 p. or iels 'in thictaeaa*. - 

; :: :.r; - ‘V Diidenelons (20 specimens)t Diameter . . ;J.

41(48) 68/1 . ' .1 "

3>£sctteSion: The Hhode^ian forms hate 'been assigned.

'V  - , • to ri. fiHmta on the grotoide of geij.eiSi- ;

: >  ? . polygonal outline, due. t 9, folding- and’ [Ji
length of trilete rays.' 'O. ipderjenajg 

' ..{MalyavkiaM. er laker-'end 

• ' ■" . Hart, 1965 ia  smaller in. siz6 whilst 

' r>, o-r̂ in maralwai and galplha - an d ..

’ ■ . ' 0. aplata Eharadwsj afid Salujha both Jiave v 

. infra-punctate. exinea. 0. microgu&oii.uft. -

(Ibrahim) Schopf,Wilaon md.Bentall»'-.:''

. . 1944- is veiTcoarpsrafcis-sni may i a ' . :-.r

. synonoaous with the Ehodeaian forint ' .

. except for i+a darkened eecrtatrt axefu ' .

. Dietinctions C. tOlcats is distinct in  posaessinsa •

. . basically circular but mrtobL folded. ciitline» 

thin exine, and. shost dietlnot trilete...^.?-. 

'. suture.. .

Sftr&tigrapftlc Coosaon. to atoiMaat ia  Uwyka} xara to., • ■'.,. 

ranges . absent in  Black Shales 5 and absefit I * /  . - '. 

.. f^dumabiaa Shales* . .



V, - ;' •'/ Genus* BetaBOtrileteB Tfaumora ' '

'fiiagnoBias; .Laeyigate Iriletss with a cirOulax <

- small s i z e  and-a-.distiacit small-darke^T^.

.•••. contact area, circular to roundly TJ}
' ' triangular in. shape, 'between tte.ehoi|fc . ;'i'

•' . ;■ -f -trilete ray a. .

Discussion: . Balme and Hennelly (1956) and Hart J,i$65).
- .. include this form in the genua y

/  ’ calamospoca Schopf» Wilson and .Psntall. .

. j . However, (as discussed by BbsradwaJ,- •

• 1962) the darkened contact area is.ac'

• a characteristic of Galamospora, teg 

•• is present ia y?tusotrilete_g. Bauaoy-

(-which is also small in size), - . • 

Patuaotrilates fllTgrsiformia Balme and Tlennelly, .1956

. Plats U  Figures 7-9 ' . .

Holotype: • Calamospora diyggslf orals Balms .and . •

, Hennelly, 1956, PI- 2 , figures'14-18. , -

SynoKjat fraii&m0900ra nigrttella, (liiber and talts) , .

■ . Hart, 1965 • ■ . • ' . j;/"

Diagnosis* Outline circular, smooth; trilete *

. atreight, about t  radius of spore 'in 

. . . length?-- exins laevigate or finely^- - -

1 . granulate (senau Balme and Bfennellyj* v

. A contact area ■with curvaturae is

. 1 • -present, or contact area is  ffiarkefi. "fry•'

. • a darkened triangular thickening at ;

; . . proximal pole* • ■ ' .

V

\
c 1



:■.?, ! '' smooth? often seen in  polsz

1. V . , 1 ' ' to slightly off-polar compressed'.

states. '. . .  ; '  ’ v".P'-

\ - : . ' 1 ; . Srilete sutures Short disttfi6t:.ray^,>j.■.. 

v ’ . '• " a'bout to g- .radios of spQrft?

often open and 2-"5 jx  wide.,: :?• -•

‘ • ftioaing terminally -fei a‘ sharp ’• ..

■ ■' - ; point. Contact area wall. -

'. - . . defined and darkened between

•• • rays, roundly triangular,i& •

. shape} occasionally specimens.

. ’ with distinot ourvaturae in  ’ . .

• ' . place of darkened contact-areas .

. 4 • are seen. _ ' ' • Vy' ' •

' Erins t 2-3 P- thick, smooth, litigate  -to ..

. finely and sparcely •1J:fra*-punotste.

. - BUaeneioae (20. specimens)* Diameter:

I ’ 18(26)52 p., :  ' : V  ' > : 

Distinctions . RetnBotriletea aiTerelformlg is diatinot. ; ..

by its small. size and darkened triangular'

' . contact area. ' ' . ' . ’■ ’

Stratipx’̂ ghic „®owa'l -throughout the horehola core. , ;V.:.

. rang«» ' • ' ' ' \



. : . Jhfra-turmaj APICUIATI (Bennie and Kidaton, 1886} •' 

■•••'* Potonie, 1958 • . . V  -■

Por .the purpose of this thesis all elements . >  ' 1 

attributable to the turma Iriletes (bar Iaovigati - • 

..forms) are retained in the infra-tunna Apleulati,

The distinction between l&ironati and Aoiculati ia sofle- < 

what difficult to recognise with the present equipment*

Genus* Apiottlatienoris Potonie and Kr'mp, 1956. : 

2jrpe epeciess Apiculatiepopia (al. .A p i e n i « - H .

aculaetus (Ibrahim) Potonie. . •

Diagnosis* . Apiculate spores, circular to roundly :

triangular in outlinej sculpture- ‘

consisting of grani or coni. •“ - : ...

Aniculatisporis levie Balme and Hennelly,. 195& : /  

Plate 2s figures 1 ,  2. ' ' ; . .

Holotypes . Aplo-alati g porite a levig Salme and Hennelly 

' 195S>, PI. 2 , figures 19-21. • '

Diagnosis* Circular in outline! the trilste sutures

. extend the full radius of the BpOrej . ̂  

sculpture consists of. small grani or . 

coni l / i  high and 1-2 m  in basal - . • .

• diameter, irregularly distributed. • .,

. Sculpture is reduced proximally. . ' V



Se^crlptions Shapes..- Circular to sub-circular. - . • 

■-."■•i-ii . . ' . Srilete strtrmei Bays are-straight ■

"  . distinct and extend the full

.. • - • •••••• width of the spore radius; • . >

••• . sometimes framed hy very thin \ .

. . - . darkened lips (lahra). •

Ezines Ahout 2 u thick, hearing small-.

• grant or.coni, 0,1-lju basal •

.. . • .• diameter, and 0,5-l«5 A  high, ,

•. . 1-2 yu apart, irregularly spaced.

Sculptural elements are reduced - • 

or lacking on the proximal face* 

Dimensions (10 specimens)! Diameters. .. 

24(26)34 w . -

Distinction: a . 1bvis is distinct from ether species 

on the basis of its small size, and very 

email, irregular graci and eoni.. ■. - . 

Stratigraphie Bare to cotonion in Dwyka sediments; 

ranges rare to common in Black. Shales and

Coals; rare to common in  Madumahiaa 

Modatones. •

Amculatiaporla filiformis Balme and Hermelly, 1956 - 

Plate 2s Figures 3t 5

Holotypef ' - AniculatiBPoritea -filif.ormis Balme and 

' . Hennelly, 1956, P I . 2 , figures 22-25. 

Diagnosisi Circular to ■suh~eiroulaz* outline, vrith 

indistinct trilete rays extending full



r

_

1-2  in  basal diameter ana up to 

. 5/u in. "height! irregularly spaced, 

but usually up to 5 Ji apart.

iptiom Shapes Circular to roundly triangular. ■

. Trilete sutures Indistinct, hut where ' • 

discernible straight and £ to 

full spore radius ia length, : •

Ennes ADOut 2 /u thick, hearing epinate

- elements 1-2  ja  Hide basally, 

and up to 5  /x high? darkened 

and. rounded at base, narrowing

- to.sharp apioee. Spinl Irregularly 

. deposed, well spaced to closely

Dimensions (10 speaimena) i Diameters 

24(33)4A n .
A. filiformis is distinct from other 

species in bearing irregularly spaced 

spini of a characteristic shape;

- common in Dwyka sediments/ rare 

common in Slack Shales and Coals* 

rare in Madumabisa Shales. . . ..



■ .... : Hennelly, 19i.fi, EL. 2 , figure 24. * •' • 

Diagaoaiss. Circular to.roundly triangular,inoixfcllne,;- 

. : . trilete rays elighfcly sinuous anS •••. :.-'i 

extend *f- spore radius. Sculptors consists

............ of irregularly disposed coni with basal- ‘

diameter 1-4 st and height 3-5 f u  . ' -. .>•"

Descriptions Shapes Circular to roundly triangular*

Tralete sutures Indistinct, extending : 

about 2/ 3-f- spore radiua where- .• 

discernible. • .

So.net and Sfi thick, bearing l^rge

ooni and splni, l-'J to. 'Hide stt the 

baae end 3-6ja high; eleaeafca 

are regularly and evenly conate .

............. - . . or apinate with sharp apices)....  •

: frequently Been, regularly disposed.

. - and about 5 M  apart* ' . v

• Dissensions (10 specimens)? Diameters

36(41)45 la. • . . •



M
n ,  \

A. oormtaa Is  distinct by j 

large and -evenly distributed eoni and -a 
apini. - ;•>

Absent Dwyka I rare in  Black Shalea ■ 

and OOalB, rare to absent in Madumabiaa 

Sbaie-e. • • ' •.:..•••••

zlatiaporis tamutus ap. nova 

Plate 3s Figures 8 , 9* Paratypein-^... . . 

Plate Zt Figure 7 .■ • - -«

Bcandly triangular in outline, -with - 

off-polar C‘ ®presBiona aonzaon. • Trilete 

suture distinct* extending 2/5-f apore 

radiusstraight, thin and bearing so 

apparent labre. No contact area is  »: 

discerniblei ezine is thin and bears 

dense, small ebni or granl, rounded,,-to 

mb-rounded and. ott-i. in plan and 

pointed in. profiler , baeal diameter 

equals or ia greater than the height - . 

jsf the elements; and is equal 'bo the 

,»paea betwsan theta. . .

m vA

S * ‘V  ̂  
c  *  v  ^
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Description?

Distinctions

Stratigraphic
range:

Shape: Rouadly triangular,- unfolded}-' •«.

- r. polar to off-polar compressions' • 

usually found. - ■

Trilete eutures Distinct straight, thisf 

(0,5 «  nide) and extending' 2 /3  ..

•. to.-f- spare radius* ^

Sxine: Conate elements. 0,5-1 f i  wid^/ln.~

:• basal diameter and in  height,^  ̂ i

and 1  p. or leaa apart. " \<. ' 

Dimension (8 specimens): Diameter: - JJ*

■ . 24-28 /b . . ».

A. minutua is distinct from other .~r

species u  possessing a roundly -. • 

triangular shape, & small sise, and -■•." 

numerous small conate elements regularly 

spaced over the entire Bj>or«j fexina.

Absent in all samples except those in 

the Lower and Middle MfldumsCW.sa S&idstonea 

where this form is. a  rare constituent. ■<



M ' ;

v " .  ■

WBKSSM

• lypespeciess 

.Diagnosis!

JilBcussions

i (Tbrahim, 1933) Potonie and '

■ Eremp, -195^ ..  ____  ■

Ibrahim;"

An Apiculate trilete spore vith triangular 

outline and sculpture constating. <rf grant* 

Sr-anulatisrioritea 1b distinct from other '

. genera in  bearing grani on the SxLnev .

. Mr-rob&culatlapora Bharadwaj possesses;; 

(Bharadwaj ) fovaoli and lotihotrileteS ' v’ ;: 

(Haumova) Potonie end Sremp conate. • ■ *■■■ 
ele&enta, TnVngftBfioritea Ear and Bobs-,

1967 bears apini distally whilst ' • ... 

Lacinitriletea Venkatachala and Ear

- possesses diataBy concentrated micro-. . .-

verrucae. : ___

latisporitea tentala (Tiwari, 1965) nov. oomb. ,.

Slate 2: Figures 9-16

Hff urobacolis-pora tentula Tiwari, 1965, • 

P I. 2 , figures 35-37. /  ."

Triangular outline with trilete rays : 

a’oout 2/3 radius of spore; distal face , 

bearing, grani less than 1 jix in difimoter,- 

0,25-0,5 ja high and about 0 ,5  ja apart* : 

Proximal surface laevigata or sculpture 

reduced.



Trilete suture* Beys- extend 2/3 to

radius of apore, straight to - . 

sinuous; labra may or may not "be 

' present In the fora of ttoia naatteiir .. .

raised ribton-like structures. ;' ‘ 

Often labra and exinal folding, ,

. part at the terminal extremity . V 

of the ray in a -faint and "brief 

dichotomoua manner. Eays may1 be. .' • ■ 

open or closed, and.when open ... ■ . ‘ >•- . 

(2-3 n  wide) form, a characteristic ; 

"star" pattern with darkled . . _ 

margins and sharp terminal points# 

Brine: Finely granulate, with granl

concentrated distally, an dr  educed 

proximallyj elements rounded, to •

aul>-rounded in plan, and rounded- ■.. ,.

' to almost conical and almost- • ; , 

bacullate in outline. Regularly,' ' 

evenly spaced, granl diameter; . .

. leas than 1 mj ■ height, ^-4'^i.and." : ■ 

less than i  /a apart. • .

Dimension (20 specimens); Di&meterj :

27-42/a. ' •
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