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Abstract

; ' Pot the.first tine palynological work -hag been under­
taken in.oatfef to assess the pfttential of this ‘branch • . 
of.science -Arc the Karroo stratdgraphie sequences-of the'-. 
Mid-Zamfcesi Valley, Rhodesia.
. ' The Martalwla Plats borehole eore vas ehcgen due.to. .. 
its. continuous lithologicsl sequence, thick glacial an&; ; 
inteivglacial hedB at the base and due to the lack of 
any- metamorphic or -tectonic influences within this. . . 
■vicinity. One hundred and five samples were taken, of •" 
•which 48 were analysed. Fifty-five. Geflera sad one . . ... 
Handled species have "been described, four species of. ; 
yhich are considered to "be new.. A number of forms hays . 
been retained under alphabetical species categories due 
to lack of adeqrate comparison in Africa and a •
reluctance to create new names in a field already . ' 
over-populated with often ill-defined forms. -/ ' -. .

The sediments are considered on lithological,. 
palaeohotanical and .palaeozoological evidence, to range 
f rom.Permo—Carboniferous (Dwyka) to Upper Permian .
(Kid Madmnablaa Shales}. Palynological evidence. . . . ! 
supports this* Pour distinct microfloral assemblages . 
are illustrated, with three transitional zonea. These 
compare very closely both Quantitatively and qualita-
-t-ively with the South African Uiospore l'lorizOn es..... \
(Hart 1967), arid mioepore assemblages in. Tanzania, . ' 
Congo, Zambia and Madagascar. Abroad, these microfloral 
assemblages compare relatively closely with those-in -



ttoee gLtacJ&lvanii Inter-glacial jhases cux 1tofcllwyl£&. .fishes. 
3̂«jiiĉ 3rea ̂ lAlytbey-wete o±"raletzTrely'-short;'-duration,■•.■•••, • 

ITBjê {Jar,boz!iie»o«3 tbaa 'Sower- Girb̂ aifeirê ' 
Vahi:;that',act time gap-existed guiJi# their '•'• ■< 

:dapoaitEbn» .. Bre^Iatirely diW-rse arid’ v/all-presê ^' ’̂  ,, 
'ntLosgore |(«ai iti all tteeeiirt&C-gl&ct&i phases, -■.'•>.v■■ ;:• ?
: ̂ together with. ac excellently preferred insect 
1 fduniT 251 .the lowest tillite) indicate-. a-vaiiea ;
’ moi'Cfloi'a.and fauna in. the vicinity. -1.. ■ ; ' "i-. y.:;
_ ' . The., f our. miosjrore aaseiatfl&ges are-diacassed wifii. v;-?£'; 
. regard to theix.preaervaiaon, alwd^ce. md..£ossihi$ • 
major plazrt affinities, and ffi.e implications ihesefactoxa, 
have on the. cosrteoporaneous ecologies, and cldDEtiG. ‘ .- 
-oondltioiia. • ' . ... •••.•■



ihe.JfeTroOi.She Serma-Carboniferous. saquencea An, 
lithe Mttk-Zacibezi Basin and Iiimgqpo Basinof Hhodesia*.
:h&Ye Tjeen studied geologically ±n some detail, more ..

iai the former case flue ‘to nrfrHng |
;':'ezpl6ra'tion. in search of coal iii lie Eoca Series of the'.. 
IjOMer XaiTOO, sequences. She Loser Karroo stratigraphia 
:. sequences are consequently te.U taown, particularly Icf.: 
tire, area around Wankie. However, due to the widespread ' • 
afid horizorfcal continental nature of these l̂ poeita, V-'. ' 
the lithor.iigy is very similar laterally and' vertically in.' ;• 
arose sampled some distance apax-t witMn the basin. . V.

Where no fossils of any description are evident, 
the stratigraphie tools -used in local correlation are . , ... 
those of lithology and fades changes. However,'the ' r' 
possibility of employing palynolcigy.-was considered .1' . ; j 
worthy of investigation. If proved feasible,, it wa.a\ ' 
hoped shat this approach would lead to a means of -
correlation independent of depositions! and Hthologieal' 
factors, and that each stratigrapMcal unit would he 
hftter defined- In tarn, it was hoped to assimilate st;'- ' 
Batter t!!B3erstaading of the sequences and facies changes- . . 
throughout the borehole core, which'could ha' related ’toy 
th-5 Stlatigraphie problems in the "basin as a uhole at' a<, _■
later date. . ' 1 • • ;■



. . She material initially selected for palynologioal - 
stafly waa a.'borehole core drilled by the Ehodeaian 
Government in ig65 in the course of water exploration. ". ’ 
Ibis is sited, in the centre of the Matabol-a Tlata lit the ’ 
CentralSehuagwe District of theMid-ZambeZri Valley .-.V 
. ̂co-ordinates' 18°.13' S; 27° .4-5' B{ I960 edition of 
the l/l OOO 000- geological map of Bhodeeia),- See ©arts.; 
-1:and tU- ■ ’ ■ ■ ■ .

. She selection of -this borehole core hinges -on three .. 
main. factors?- . .. V
1 . . The lltholofiical successions throughout-Hie core are ' .

. - continuous sequence of Loner Karroo sediments. :■ .

found yet in Rhodesia. Bond and Stocklmayer (19 6 7) ■.. 
are of the opinion that this borehole core must have 
been sited over an ancient Pre-Karroo Valley in which 

. these sediments were acctunulated. Froin lithological 
data examined in this series, three cycles of glacial 
and inter-glacial sedimentation hare been proposed..
The fluctuation of the position of an ice mkrgih in 
relation to the site of the borehole core would seea 
more likely to be the cause of these cycles than any 
tectonic control of sedimentation. Furthermore, the 

.• source of sediments and glaciation probably lay to the 
, east, of the basin (present-day lomagundi District) . 

as indicated by the evidence of rook fragments and - .
. mineral grains. Plow would therefore have been west-* ::



Ano'ther.point of considerable importance‘is th& . i' : 
jv - .absence Of intrusions lit the viciBitT of thia btoehole.,

. -Jt' is a well known and. lamentable fact that a M^h ? - 't. 
proportion of the material sampled slsewhere in.i;he'‘ • ' ■ 

.. .. Karroo deposits of Southern and Central Africa is''
\ Ill close proximity to dolerrto sills and dykes. -

She. resulting lietamorphiam either completely destroys 
mioapore structures, or renders them totally. - -

- uneuitahte- for study. ■
Balme (personal communication) states that certain • 1 

'South Afritoaa Persian sediments sent to >rim were • . - 
recalcitrant and yielded no plant taiorofoaails. . ■
• likewise a "borehole core from Kenya penetrating- early ■ 
Triassie and Permian strata, was very disappointing.
In Vestem Australia samples showing eid.denoe of ■ 
secondary ailification seldom yielded worthwhile ' • 
material. Balme is of the opinion that the silification 
process itself may not he instrumental in destroying . 
the organic material, hut it may he a reflection of. • 
tectonic activity. Although dyfceŝ . sills (aad lawa.. 
fl-ewfy sre widespread in Southern Africa from the base 
of the Karroo System upwards there are no known sills . 
or dykes in the Mid-Zambezi Karroo Basin, apart from 
the Kariyangwe dyke swarm in the North-Western sector.
This is put forward as an explanation to account "or .: 
the excellent preservation of plant remains in the-?’«.• 
pro!tuctive horizons within the borehole core. .



- - v.. Ajart defining- each atratigraphical -unit .in >/;•: 
<-te5î --a£-, ni<5ftpore'adntf5a)!!j. with/the'resultant f “- rT:
-, assefahlage:.patterns and olimatologtcal and ecological , ' •: 
.oyimĵ catdlon8|iianother problem azlata to 'shichit i:a 
. .hoped* pai'LyndQ.ogywill.supply theanswer.;
-’ -ijiiê-tiorL'Of 'ŝ e -of the.glateiai .and 
. -aedimeatsj.in. Bhoieaia in relation to. interJiational;
' '•. Sî yaierffcEi ̂.axtd the polar nanderinge of “the 1-ate- 
,PaIa<sbz6ib* It- was only' comparatively recently thfti. *

••:Dwjrka. sediments were found in Hhodfiaiaand Zambia*. -■ • - 
(Bond 1952, 1967 > Bond, and Stocklmayer 1967;.

• ' ft&iirhead 1968; Haughton 196?}, : ••
... ’ Ecoin the accumulated evidence, as aum.nar±a'e&-»t>y 
Chappell ami Humphreys (2970)., the existence.of"locaiife.̂  
high to moderate Bre-Earroo relief seems evident, :with ;v 

. radiating intermontane valley glaciation.Acalyais. ô..) - 
the faciea fluctuations indicate glaciation marginal: ;.V 
ter high areas or a small ice cap rather than to a .
major continental ice sheet. 1 • . ' 'v . ; '1 

' Palynology in this respect would s6rye to indioâ e'/
' whether vegetation existed during this .glacial 'period. 
if little- br no vegetation is evident', tMs would - 
imply that temperatures and conditions were too cojaj.' . 
thereby indicating the presence in the vicinity of :a •
• .continental ice sheet, vith olose proximity to polar . : 
regions» -Conditions- similar to may he seen .-today .f'

, in Antarctic®. If, howerer, vegetation was proved  ̂:
' exisrt. hy the presence, in rock samples, of. mipspores"' ••
' and other hardy resistant jllanfc tissue (xylem elements. . 
and cuticles);, this would aupport theideaaf more f • ;
: localised intermontane glaciera,and small ice cs 
.with.vegetatioQ. growing in the close proximity c 
ah£ eapeoially inter-glacial sediaeBtation and deposit!on,' -*



Present-day conditions in the Alps or Himalayas may vtell; 
he,comparable. Preliminary work conducted, on the three - 
glacial phases of -the Matabola Plats Dwyka sediments . 
suggests without doubt that 14iese sediments, were .
.-deposited in the vicinity of a. well --srtat’liBhed and » 
diverse looal flora, thereby substantiating -fc?'-lafr-ior 
.theory. However, it must be home in aiijd,.1»&V.%aK̂ er_ 
glaciation and floral assemblages may not have beeb,- ■•■''■p. 
found, in these sediments due to a num'iii’ ?f reasoned 
earlier sedimentary evidence may ha^e he&<i googed. out ■ ' 
during subsequent glaoial advances; or this valley. 
may have been blocked to earlier glaciation? also the 
fact must he considered that this valley may not have 
existed in earlier times at all - and therefore no - 
apparent traoe of older glacial sediments,'would he • 
expected. -

The problem of relative dating of the Dwyka Series 
m  the Zambezi Talley has been tentatively suggested . 
hy Chappell and Humphreys to he Lower to Upper 
Carboniferous. No plant saeswfosg-'.ls have been found • 
to date, with the exception of pollens and spores from 
the base of the Lower Wankxe sandstone (CUappell. and 
Hwtphreya 1970) which TJtting "believes to "be oomparahle > 
to the lower part of the Gwembe Coal Formation of the-. 
Siankondobo Coalfield (which was originally classified 
as Upper Carboniferous). An assemblage of plant 
macrofossils from the younger Bl&c .-’2es and Coal 
Group appears to correspond to the . ,-oi. Slossontens 
zone which is considered by Plumstead (1967) to be , 
Uppermost Carboniferous and Lower Permian. This would . 
seem to be an. upper ceiling on which to base the Dwyka 
Series’ relative age. Interesting work on palaeo- 
magnetic data from the Dwyka Series hy MoElhinay and 
Opdyke (1968) would appear to place these sediments in 
the Lower Carboniferous. .. . ■ . .



•’ If iaa early Middle Carboniferous age 4a  accepted, - • 
■for the Hfao&esian Dwyka Seia.es, -tins vcnildinfer that 
an unconformity must have existed somewhere pnorio r.
• deposition of the lower Ecca sediments, and that. of the 
palaeomagnetista are to he believed,. -the tame gap would - 
-he. of seme considerable magnitude. Psî ncri.ogy may well 
gKrve or disprove the existence of sach. a %reek̂ |fcce,- - - 
during "the latex Palaeozoic epochs very distinct:.laioepoz-e 
sp&eaiblages and trends existed, with gradual transition -• 
zones. Plant evolution in the Upper Carboniferous - 
onwards diversified, and exploded so rapidly that the ‘
mospore assemblages, reflecting the existing plant • •. 
populations of the tine, would surely indicate any -» - - . 
considerable break or gap in the ■botanical, evolutionary ' 
chain. It is tentatively suggested that, from the. •.
palynological survsy on the Maxe.K? e- Slsta Dwyka sediments, 
oiospores are sufficiently diverse anfl «3Kane.*& — as - • 
indicated by the presence cf lo.saccate and Sfonosaccate . 
forms, and on particular Striate genera - to argue . . • . 
strongly for an Upper Carooniferous and even Lower P-ertman 
{Satanarian) dating. So break xn oiospore sequences nas 
evident, which implies that no Significant -time gap is •­
apparent. However, Plumstead (pera. com.) does surest ' 
the inevitable possibility that lower sediments with, 
earlier palaeobotameal evidence may not have been • ■.
recorded due to total earlier glaciation. . -



The palynological investigation of the Hatabola • 
Slats 1301011016 core represents -the initiation of ttup. • - - 
'branch of resear chin Hhodesia. 1 Accordingly', it is . - .. 
regarded aa necessary-to outline briefly the concepts' ; 
of tins discipline. . « • .

PflTTDQlogy is the study of pollen and spores ana v .. j 
their dispersal. Kore specifically, in the case of . . 
stratigraphic correlations, it is the study and .
application of fossil pollen, pre-pollen and sundry .- .
plant spores extracted from geological strata. Kosporea, 
(as tbese small plant xepro&ictî j bodies are collectively 
termed)# originate from, the fructifications of ala. plant# 
from the lowest to the highest orders, and are defined • 
as "being smaller than 200a ic size* ’■

Necessarily, thesa plant fossils are grouped as... 
organ gensra due to their dispersed nature and Tery :
infrequent oloss association antfc plants.
untnniwinT the study of TTpaer Palaeozoic palynology is 
of interest mainly in the evolutionary trends of the .. 
miospore structures themselves* Certain emphasis, 
however, can be plaeed on their reliability as indicators, 
of indigenous plant groups existing at chat time, which 
in turn has phytogeographic implications. Geological!?: .-, 
•they form * very useful tool for stratigraphio .. v r. .
correlation; whilst in general terms they also .way ■ 
reflect the prevailing ecological ollasfcxc condi felons- -



. tcisija.tion, heat Cteeitemorphisia. from silla and dy&e.B). "
■ :-sa&. eicegaive transportation' (abrasion),.

2«■‘ I'hsir Biaall Size allows, them. to."be dispersed hy
• vifad.and■vster oyer large areas allowing fairly '';- . .’.h 
. • .wide lateral distribution (useful In local correla-?
'• tion), Due to size* ntiospore particles arg.aimil&r- - 

'. to. sedimentary particles in that they may be scibjjecte.c 
. . -fca the same processes of erosion and. deposition* ' 

Therefore they may be termed allochthanous•or; 
autoe,"ithanous, as in sedimentary particles, . . '. ; 
depending on their distance from source of Origin. ' 

3. Miospores exhi'blt highly Tariahla anri often oomtilex 
structures whidh facilitates their. d±fferefii-i.ation .' 
into taxonomic groups. This factor is important in-'

. the miospore analysis of samples. . -
4» By virtue of plant reproductory processes, nioaporê s 

are produced in vast quantities for general'and wide . 
dispersal — an important factor in lateral . - ; • 
dlstritiution. • . • • • ' . >'■
The value of palynology has hsen demonstrated already 

"by significant' scientific contributions, e.g.”Sfflith and’. 
Buttervjorth (1968) norMng on the British Coalfields, v . ' 
and Hart (13 6 5 3, .19 6 7) outlining major str&tigrsphie . ... . 
suth-divisions of Southern and Central Africa. .. ’ . . \



;> ■= . - The ddfficui-fcies and- limitations ip tl|e Boietitific/'.- 
•* application- of palyndlogy must ..be .borne. lit Hiatt when-£' : :: 
:.:eiribai'laiig upon this field.of research.- ••••■ - V. .■■.>.
■ . So be,,;of. any mter-r̂ gxone.l or international. j- - - 

.•significance, • miospore Samples should be-j 
' Extracted la, a similar manner, classified in a-n 
acceptable,system of taxonomy, and statistically^
. and. anaXVSed in a universally acceptable: and, c 
. .way* . This unfortunately is not always the case.- It’ .
• ±a well known that methods of preparation vary Ja k
research units and institutions the world over.- Due to-i?

- the. differential resistance of miospore exmes 
acid/alkali solutions, various steps m  the n 
techniques do affect some miospores. and not C 
(Smith and Butterworth (1968) sad others), 
and storage- solutions also affect the1size 1 

causing swelling or contraction — this-in ti 
one diagnostic- characteristic, that of size,
. -Classification of miospore taza. is ari ei 
. part of palynological- analysis and correlation; but this 
unfortunately is a -somewhat subjective- oOncept.de5eaa.ent v 

ctn the, individual worker* Major taxonomic, schemes may. - 
he based on morphological or phylogeneticcoflcepts, ■
. e.g. in Africa, Hartfs Permian systematic scKeme .is.an 
example, of -the former, whilst a scheme proposed■ hy ^
J» Anderson, (Ph.D. thesis. in vreas) is- ah' example of. th‘er.

- latter*.' 3®nbr -class-,'Xl̂ |.'t70n problems arises -
a). - When generic ana sub-gsnerio forms are divided. ..i.,.
' , On different physical criteria and.the worker's •- ... 
. ; individual interpretation, of these e.g. sub-'.- " 

division, of the Monosaocitea in Soixthem.J



-bj Ituett'-.tlse rtCLe of priority iu'the Code of.
-c*.-.-.Botanical Nomenclature . different 'but'synononj'ftu? -J •
: specific.an& generic names, are used. :---x 
cj-,■ She -~6aslc concept:of species. 1a a third Subjective ■ '
. variable? This may he defined in terms of •• ...
■- morphological, chronological or geographical.: • 

boundaries■ (See . Approach "to- Systematicâ  •
Chapter 4.1} • " i

•. 3j3.coxm.tiBg and statistical analysis, results once 
more vary from worker to worker. The reliability of -. t 
■Spore counts is also in question. Tomlinson, as quoted" 
hy Smith and Batterworth (1967) writiag on the statistical1 
limitations and applications of palynology in British 
Coalfields, maintains that "the errors arising.frojn the. .:. 
preparation and counting of the samples are not tuo - - 
great and that the examination of a few thousand spores . 
on one or two slides provides a satisfactory estimate of. 
the average conditions xn the seam, section11, However, . • 
JJxmbleby, in the same publication concludes that any . 1 
Bpeoies eventually attaining 1 per-, cent will he 
represented within the first 250 specimens. Counts are ■ ■ 
therefore usually conducted on 250 to 500 per sample . • 
hut may vary according to the -worker, • ' ■ •



3&2 > BBSTiotiS EAIgHbimiCAI, WOBE

tfo-previous palynologioal work has hven jratliahed frbm̂ :. 
Jtbodsaia, although about 100 samples from a "borehole'- in .' 
--■tie Ki(i-2aiB'bezi Valley covering Dwyka to Lower Beaufort l':‘ ■ 
.(Permit): eeSiments .were Sent to Dr. SchaarsClm&dt in . ' 
Ersmkfurt (Bond, 1967) • No. detailed results lave haeh'.r'; •'•• 
published as yeti ' •. ’'
. ' Regional wori: in Africa may tie summarised as follows:-̂  •
. Dan go; • .
Di.ilcstra first studied the megasporee of the Congo ±h  ̂ V 
1955, followed hy. Plerart (1958) who worked on the..spores • 
and pollens of the Glossopteris flora in the luena Coalŝ  
Eaianga.-. Hoea and Bose (i960) studied the macroplants 
and some associated raiospores of this flora in several 7 ? ! 
areas; -whilst later, more detailed taxonomic -work was. . \ 
JOHducted "by Boss and gar (1966), Ear and Bose {196?) ' '. 
and Bose and Mahp.wi-raa-rt (19G8) on the mioapore assemblages. . 
of the Xivu, Kindu-Ealima, "tfalikale and South of - . : ' • 
Albertville districts. Further stratigraphic. .; ,
sub-division of the lower Karroo Lukuga Series was.suggested 
on the basis of the macro- and miorofloral evidence hy. these 
authors. " . - .. . . -
Tanzania; - . - . . .' '
rant (1958). studied the.leaves and fructifications and 
certain associated miospores in the Gloasopterie flora.' • ; : 
(Upper Goal Measures, Songea Series) of ffanzania, . . .
This was followed "by Hart, who,, ia i960 studied, the miospore 
assemblage t>£ the Mchudteiraa Coalfield for a Ph.B. thesis., T"



•.̂ his cmfOrmatxon was published. d 96-5| 1965a). and fcased 
'-•'oil:-•Qlis- suggested tie division, of the1 lower .:C&ai'- = r?_' 
•Jteainires' ifilio. ■feso/aaSpt florizoaes. : Ae" later 'teaWd, the-’- . 
rieasibiit'6y -of thiss ’ :2pnai ;sohSme ona. salience' in-the,.• 
;S9cgw^-^iiiri :C6alfiald. of • (Tanzania (l965d) • .
Zambia; -. ' ■'. / ’
'■ ::PalyHpJogical. if ork. has "been conducteS oathe Lovrgr Pt*qo’.:-; 
sequences .in Zambia (Upper LuangwaYalltisy) "by Cttlng~~ T>; 
fcpers coraa.j -3|h';l>. -thesis-, 1970). Thio information's‘i-i: 
not iê en'Ĵ bd'ished aa yet* . : .. . ’ ... •.
Soatfa'WeBfr Africa?. ! ;
-Leanhilf. (1951) described some specimens, from the Ifgicrbnaubr 
.region' Of Southwest Africa.’ The apeeiaens. are poorly ' v 
preserved, .and new genera and species have "been erected . 
on preservations! features. . .
Malagesav: . -
HoiihTTigftT ftTifl Balcotoari-yelo (i960) and JaVhOWflTgr, Snhnnfl 
lettulier (i960) studied the palyriologioal evidence of the 
E&rroo sequences of the Moron&ova and Sakoa Basins of . 
Jfelagassy; Bakotoarlvelo (i960, 1970, Ph,D. thesia- 
raputlished 1972) worked in more detail on., the coal-and-. •• 
shale sequences of the Sakoa Basin. In 1965, Goubin. 
drawing on material published frofi'1960 onwards, coaipiied.. ' 
■ a.detailed stratigraphic scheme dividing, the Kiddle aa<L 
Spger Zarroo ‘sequence into four palyn&logibal zones,,
South Africa: " .• 1
In 1954, Mle'frt described a number of snore genera' from:- 
a coal sequence "near Danhauser in Hatal>:whilst Flufflstead, 
in 1957 (and again in 1966), illustrated cortaiti s-potfe ’ v 
genera that were typical of the. loser Karroo Coals of 
South Africa. , Hart (1963) published a report and- ••• / y ’. 
' deeoriptions .of - a mioapo-re asserabl^efromadeep. 'borehole



core-in i&e Orange. ?ree State. These were consideredto ' 
W  tyf ̂ rfe-ieibaaQPteria age. EollosiBg-'fchip paper, Hart- . - i '; 

‘' jn?bdii.&sd. P .number of taxonomic papers (1964a» 1964-̂ , 1965̂ ,.': 
’i966a,. I9698,'-. 1969̂ ) followed by a.book on. the systematica-,' 
and dist£ibu1Aon of .Permian miospores in which the inters... •' 
National age. of the Kkrroo system, based on palynology, .
.is discussed. jTact’e papers.of stratisraphic importance-r'
. 'include the divisi[on ‘ of the lower Karroo Sequence into . • 
four major 'zones, .1966"6. (These overlap with the upper /". 
Karroo' zones of Gtfubin in Madagascar to give a rather mare 
.. complete paiynolcgical zonal scheme for these two areas*) 
Threa papers published later (l967a» 1969̂ * 1970) enlaEga' -, 
oh the stratigraphies eub-divisions of Southern and Central.1 
Africa.and their equivalents, and suggest a computerised ..5 
system of stratigraphy and palynology. . ...

. As may be concluded from this summary, work of - . ..­
comparative interest-nay be consulted in regard to the • . 
following countries in Africa ana Malagassys- .. : 

Congo . -• lower Karroo sequences .
Tanzania. - Lower Karroo sequences ,
JSalagassy - Mid to Upper Karroo sequences 
South Africa - Lower to Upper Karroo sequences - 

WorJc in this field in Zambia is as yet unpublished, and no, 
work at all has been conducted in Hhodesia, Information' 
from the Karroo sediments of the latter two countries . ..
. SftutcL indeed .serve to consolidate the Karroo palynological 
knowledge of Africa South of the Sahara, and. possibly -

:. bring about a bloser correlation between the Northern' - ' 
isolated basins of Lower Karroo sediments in the Congo ■
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2 , SBOtOtflC.

‘ 2.1 IffiEHODUCTIOK . ' .......^V^\:
... '/ Ehe Karroo sediments in Bhodesia are contained in- 

' two .separate basins, the north-western Mid-Zambezi: - • • . 
" Basi-y, tie northern part of 'which continues into Zambia, .
. and the south-eastern IAmpopo basin, part of which ; . 
continues into Mocambique and South Africa (see Chart l) a 

. Watson (I960) and Bond (1952, 196?) amongst, other authors, 
describe these basins as being fresh water lskea ' - •/ 
receiving sediments from surrounding areas of provenance 
and from the "great elevated tract of .Archaean -crystalline 
rocks roughly corresponding in position to the present 
day Southern IZhodesian watershed" separating them . 
(Wetson i960, p. 5)• . •

The Matabola Plats borehole core is situated -in thS. 
central (central Sebungwe District) part of the Mid- 
Zambezi trough, and only this basin will be discussed 
in.any detail. {See Map 2) .
. As Bond states (196?), the Md-Zambezi basin is • 
the best known of the KarrOo Basins in Central Southern -' 
Africa, mainly due to the existence of the vast actual ■ 1 . 
and potential coal .resources situated primarily at . .- 
-VanteLe, and subsequently found in isolated situations '

. round the perimeter of the basin i.e. the coalfielda - • 
of Q«embe-Sianko»do'bo, and 'Eandabwe ("both, in Zambia); . .• 
JTebiri, Marowa, Bari, Mafungabusi, Sessami and in the ■ • . 
centre of the basin at lubu, Seburgu and Sengwfi (see 
Valton, ISSO plate l). Is a result of this, extensive - - - - 
fiffillioS .and exploration has .continued and a fairly v. 
detailed, picture of the geological history and the . . ’;

m m
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,Btra-fcî rapby of the lower Karroo sequences his been . :.. 
-attained. . ®?.ia &as been renewed hy Bend (see. 195? : 
and,ig'6'r)• /' \ •' v-V Y-y:;.:-;

In Hhe region of the Matabola Plats borehole no ’
. eooiiomio coal seams are encountered.' However, the "/;• 
aeguenoea through which the borehole core passes are - '' .
thick 3^. conformable and represent a, continuous ■.
'stratigraphic column from the' oldest Dwyka sediments ;
through the Lower Wankie Sandstone* Slack Shales anct- , .-■ 
Coals 1 Upper Wankie Sandstone and lower- to Jatd-Madumabisa . 
Mudstones (k5c of Bond 1952), ' , \ '

. Bond and Stocklmayer (1967) describe in detail the V 
lithology of the DwyEa series, and record -fee younger • : ; 
lower Karroo cedi meats found, ■within the O' — 1 20€.i ■ . ' 
limits of the core. She etratigraphie zones are those . . 
based on Bond's work in the Central and Eastern partB. 
of the Mid—Zambezi region. • . ...
. Figure -1 illustrates the succession encountered' . - 

within the core together with the list of aassples that .' ’• 
have proved of some palynological interest. Briefly,. , 
the lithologies may be summarised. as followa:- '• . "' 
(Eaken from Bond and Stoclclmayer; Geol. Sury« borehole 
diagram̂ .and personal logging.) - . :
Xooal. . , • • . . ' . ’ .' ‘..Zone Thickness • ' • •
)£/&5 SCO' Miflflle Maflnnablaa Milestones.:- . • 1

. - . • The hole was collared in;l«s(er . ; .
. ' Beaufort Series nrudtonea, K5c .

• . . of the local succession.,. It V
. . . oonsiats of 200’ of pale, silty . '

. ' : . . shales and mndstonea'grading . .
, . . ■ ■ down to mediua gTey mudstones ‘
•; • - . and intercalated by one limestone

band*-.one thin carbonaceous "band, and
i*. ‘. . . ' three bands of jjandstonesand griiis*
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• Zofta ffblokoess • ' • Z'1 .
5/K5 .. . ?501 . Lover Maduitabis'a tfadatop.gs; ;•
.. : . " . •<■. The succession alternates frequently. ;
.... •••". ■ • .' between carbonaceo'iis shales, thin,/ ;
• . . coal.seams* and dark-shales.,, Jhe - - '' ' - • (ftS*«fc!cA , . .... - ;  top spotted/coals,scoir at.225l. . ' ;.
E4- 80' Upper WanTr-te Sandstone: > .- •' -

. . Sandstones and grits predominate, ■. '
...■'•••. with one horizon of mediu® grey’ ’ V

- • mudstone and one .of coarse white. ■’
. felspathic sandstone containing - . ..

! bands of coarse pebbles. .
TT9-5 4-0* Black Shale and Ooal Group?-. : '

The fireclays sometimes fovmd ...
• • above the Black Shales iii cosl. beds • •

appear to be absent. Coal bands .
• are thin, 'becoming thicker -towards , -.. 

the base, and are izrterbedded with
. . -dark shales and carbonaceous shales.

The lowest spotted coal bands occur.
. at about 6151.. ' .
EL 200’ Lower Wrmkla Sandstones ' ' . . ■

Predominantly sandstones and grits,. . 
with one quart z--pebble oongTogiarate • • 
horizon at 2901. Black and White ;•.

" laminated micaceous_ saadstOnefi . .
. grade into a narrow band of Medium .

. grey mudstone. Two small series' . ..
‘ • of contorted shales occur.between. "

. . - . 800’ and 84-0', and near- the base . .
another narrow band of ' medium . .

• . ' . grey nrodstones is evideat. . - • • ‘



IS.

Thickness • . • •.
• E o • 354' Swrka Conglomerates-and scales; ^
. -.•-•• . Three cycles of sedimentation.- - :

• . . • appear, each "beginning Vith.
. ... conglomerates containing coarse •

• . - ■ . material, -and grading up into •
. fane silts and mudstones. - .-
• 2‘ Si.larjra group; .
.- . Horizontal "beds of pale puxizish •

, . grey, m'diura-grained sandstones.. .
- . The "base of the Bwyka sadiments

• lias uucoEfonDably upon this,: • .• -
indicating a considerable time -

■ gap. • . ” .. .
After detailed analysis, Bond and Stocklinayer (1967).

have described the deposrtional cycles in the Dwyka . ;
Conglomerates and Shales as three glacial and inteavglacial--
phases. Features particularly relevant to this aret— ■■■ ̂
1) The diamxctle coarse fractions: the oldest and • 

youngest of these begins rath conglomeratic material 
containing a fresh ua-vesthered sub-angular to sub-.'- ■ 
rounded variety of pebbles. These are set in a >•' •­
fine sandy matrix with no evidence of tedding or ' 
sorting. They are regarded as tiHites of Indian

. putable glacial origin. . ./••-•
2) These tillxtes are followed by- coarse sub-aqueous • ■ . . 

sandstones and conglomerates showing rough beddinĝ  '
- more uniformity of pebble size and greater degree of • 

pebble rounding. Similar sediments characterise
. the coarse fraction of the secocct glacial phase. . . ■ 

tfhSBe beds are interpreted as glacial outwaah gravel . ' 
. aeposits iormed in deltaic conditions. . '



r{a1tou=fc -2 -tan)- is tbieiness -axS 'Containing 2resh, . 
j r:.a3@tisr$vSH*-:seai-̂ mrtea aLBersO,.and sock
! . . 'v ' -Eie 33c0a& &asl4ilu£d inteẑ -glac-la.1 phases gosssag -
i ; •;■- -i ,x8le&r.banding or TEUrves , Trait tiiey . are V;
■I • -by very.iarae rafted mineral gtolns wM.t5h‘are cojtetâ reaj-



. Mid-Zambezi Karroo aequecces (Bond, 1967), of wMotjiwo' 
are evident in the Matabola Plata borehole-core.' ^
.1. ..The first cycle includes -the Kwyka glacial ••- - ' 
. Succession, and lower Wankie sandstone, followed :
- by the fine-grained Black Shale and coal Uedg; '

. 2. OSjfi secvna cycle coisoences with the coarse- Upper - 
Uankie sandstone, -which grades into the -retie 
grained Maduajahiaa Mudstones. :

■ Basically- fiejjosition took place in a large. lai» - 
or trough (following the basin concept of Bona (3-952, 
1967) and.Watson (1958)) after minor aub-b&ains or • 
depressions of the valley floor had been filled with ' 
the earliest Karroo sediments. This trdugh extends ' 
in a north-east, south-westerly direction Coincident' ‘ 
with the drainage course followed by -the Zambezi '- 
JJiver today. . .
Sedimentary and Tectonic Samia™.* . ' ,

2. Sedimentation began 2<t glacial times with ths ■ ■■■ 
deposition of fluvao-glacial sediments (tillitea, 
conglomerates and varves) during the final phases 
ana retreat of the Dwyka xce (whether this was pt 
local mountainous ice cap or a large continental' 
ioe centre ia yet a mopt points The first ' ' 
depositional phase, therefore, consists of these '

. sediments falling depressions in the fora x-t ;- 
seattered lakes on the gently uneven Pre-Karroo '•



. yery.. shallow but Which soon' developed sa > :X;':>v
i with ‘the steepest’slope in' the ■ .

t, ffSa&BOzt, .1960}. transport onto:the b a s i n ' . .
1 roughly radial throughout; the *
1 (Bond, 3.967.). -In -tower and’

3 tectonic movement appears tbltevs. .-'• ' • 
L-.'Wea localised in .the eaat and aovcth of the baRtajy;; 
resulting in active -transport of sandrtonss-'jrtb the Cr v : ;=' 
lake i.e; (lower Vankie. sandstones, .as seen jta.:the';-- v\-;‘;V. 
Matabola Plata borehole core).. Simultaneously-, m i n o j p : 
sandstones were deposited In the western and abrtheai"'’-. • 
portion, tart conditions .■become shallower and.:rel^ir ŷX,' 
more stable here, thereby supporting the flourishing •- . v 
growth of -the coal-forming flora at Wankie, LuMaiM,.':, : 

1 (the Gwembe ooal-f ormation). . . . -.. V . -
3 sediments are found throughout the lest, 
i in Middle Boca timea.but for the most ' : '.,r 

P thiE alternating coals,•'
1 and carbonaceous mudstones indicating: i

5 and settling movement. of io great, .- '. , 
rina conditions (Bond, op., bit*) .•

1 Coals (k2-3) encountered jn the . - 
re are characteristic of the ''

• -latter-conditions.. - - -• • ■ - ..;V!" ' 7

Kels.. i/ely rapid inundation of the now shallow, "basin ■' 
resulted in the start of the Becond, deposition̂ ! and '..'-. ' 
-tectonic phase in Upper Boca times. Here-Bond (1967) . ' .., 

i "local uplift probably by faulting,: combined:'- i'
incy for the haain floor to sink® r' -



.^■ttyeyt^&nd south: (ijppec Waiflde ifou&etones)*": : ‘' 

.5tela.tive stability in the.̂ north and- .east ye suited' 1%-' ■■ ■ 
--..ahgent-or, thin sandstone hoprigons. ' ; 4."'', • jj.v.*;*?® 
. A long period of "quiescenoe. ̂ d.minii^ relief," v/ft \ 
.-.{Bond, l367 p. IBB),- with gradual el-unping and- -"'

i:resulted ia the.lacustrine to. satu&teirie v
3,which ..the. line grained Macturaabisa '
? accumulated.. ■■' ■ . - .
i mudstones (or Upper Carboii&Reoua 

3 referred to by Vatson (1960)}, are' regarded-! <" 
'by the latter author aB indicative of rapid, ieeper 
. flooding than the Lower Black Goals, and Shales (or it 
Lower Carbonaceous mudstones). ' This is expired-hy.',/; sA 
Watson thus - "it is as i£ likely sites :f»r prolonged . 
coal-flora growth was everywhere too rapidly overwhelmed 
•to allow' time for coal formation", During Mid- 
Madumabisa times "persistent argillaceous sedimentation A'1 
went hand-in-hand with a sinking of the Pre-Xarroo -' ; • 
floor", in other words, slow gentle, deposition'' . : :/ ’r 

I in a nature effslronaient in vhich. sedi&ehtation' 1 
if rate as the .sinking of :the basin.

-All the sediments indicate a continuous subaqueous.{but-*:/' 
with fluctuating depth) environment; Bond has even’, ''%l\ 

! some of "the tipper Madumabisa aandatones 
3-like wind-blown dusts". .-..V
ition had. filled the Zatnhezibasinto . .. ■! 
: sinking had ceased* a, long period of 

i occurred. . (This was fo.12.ov/ed by the thJ.M •-. 
phase, of sedimentation which was initiated by largef ‘ 
scale folding and faulting ttith deepening of the' basin 
and strong rejuvanation of belief, all around it*' ?



,fe^edjment& -third deSQsi^onai-.jhas&.arey

:H9»'eyet<- ^ncouffggred: 1111:1x6 Matabola. JHats boj^ekole^ :



y Tbe. cliiaates efi.Viaaged in the Karroo sequence pass' ' : 
through four' major p’faases ‘beginning Kith tie Dwyika glacial-.. 
ar»oWh. anri gn îng -fti; TTpper Zarroo times withhot, desert .
-fed Ereal-desert conditions juat prior to large scale- ~'Jf 
vulcapiBEy Within the Lcrwer Karroo sediments, and- :. 
certainly those through which the Matatiola Flats horeoolss 
core passes, three phases transitional to one another..
.may-."be seen. ' . , .••
1,._ A sub-Arctic climate is found in the Dwyka 'sequence . s ' 

in which -the prevailing climate mast hare been vefcy' 
oold as deduced from the lithological evidence of : 
glaciation. In some views conditions would have. /'% . 
■been similar to that experienced on the fringe, tif . 
Antarctica today; however, should the. local mountain !.. 
ice-vcap theory prevail, conditions may be expected . 
to be similar to that on the margins of the Himalayan 
or Swiss mountain glaciers. . .

2. Sub-Arctic to cold tenperate climates.are believed to •. 
have prevailed in the Lower Wankie Sandstone, BlaCk • •: 
Shales and Coals and Upper Wankie sandstone in •. •
(Bond, 1967; locey, 1961, 1969; Plumsteaa, 1966, .. .,

- 19 6 7 ) i.e. Lower- and- Middle Eeca times. Slant . " : .‘r. 
evidence* indicating the prevailing climate, is lacldng 
in the Watabola Plats borehole core. Thus the - -
climate is deduced here on the basis of . .. — ■
a) lithological correlation with, those areas. . > .
■ that are. fossi.l̂ ferous, and .. : •; ;

b) logical reasoning following.02 the , :.



•have evolved. TFjgjej; Scea and Xowey .'jjeeufort v's.
..jfeioes x«®.|l>owe2r..an4.maaie Hadtuna'bd.sa Shales..' -̂  r . 
:Qnb#'again|ttie bbrelioie' coie'. y±elds: ■&>’ raaclofloral- 
. sî .̂ bej.'teais try: ŝ ratigraphio and Utitpiogleal. ;'S 
obiffparigOQ.'this may .be deduced. . .
'ifter s.} considera'ble eyqaional gap and ■fette-dAsrT&t’: 
,'irha- pHaate of TTpp̂ r- Karroo tinea .is regarded 
hating- ameliorate' vaxm and hot _



-gjffiÂ aCTOiiQS?

'j- -Al-thoû L do macrojEloral, evidenced viaa found' -'tbtoû lio! - 

TSprahG^'Se^aericfe, it is  p&rtinsnt to note' the- plan 

assemblage's usually associated. Mith the relev^t':st*at;t- 

g ‘̂ T)iu.c;TiDitsv -•■,•..••■•■. . ' • . . .  ■. ’

: ' •= ••••■'• •- 
; .. -the. present study no plant or animalfossils;

" . '  had tieeh found in DHyka a edinefvfca, bar -a report th^r 

•• miogpores were numerous iti the iater-slaeial sedifte; 

.(Bond, 19^7) quoting initial' r e p o r t . f r o n t V  .^’.'sV; 

Br. B chaars ch midi;, Kcankf (jri, .  (Bouever,. during . •'

. • . the present study, a fossil insect wing was ‘ i’.'x'.

1' recovered, frosa sbales‘ Just above the oldest tiipLte.. 

. whilst miospores, plant cuticle, woody fragment?

: and 13ie oil algae Botrrocous are found nell-Ereŝ r̂ ; 
. . and in relatively abundant quantities. Shie.indioa'' 
' a.well-developed local flora.) - ■ r '.'v

liQ-WeZ VftrrV-in Saw^giionat ' ■ - \ ■

Few macrofossils have been found, to date.. . However,y

• Chappell and Humphreys (1970) report the presehc'e.: 

of. pollen and spores in one. shale sample at the. iaiigi 

...... . of .the..lower .Wankie 3andatone» - Kiese are.-quantitat.

and qualitatively similar.to assemblages recorded ±< 
: ' . the. lower part of the Gveobe Coal Formation of $he 

Siaakondobo Coalfield, Kazrf.nze Basin, Zambia (accori 

•_ to Uttingj personally communicating with the author;



•vttf -fpsails, l«.c.oy b»X
-..-: oocurrfenee. of Sveopoaiopaia. a Bloesotrteg±a ,sfiai£- ■ 
le&f-and Carpolxttaus ao. Of the Southern: African '- • 

•. :aa5ot mioifoplazit. aOnes. of ELtuBstead (i.g'67);/ the :on% ' 
. is whicii these. f Ossils (and those , of the Black- 
Shales and- Coals, and. Upper WanfcLe Sandstone), 'belong •

• :is; the- 'KeMo'-Carboa±ferous Mixed floral aohe.- - -  -r"

T̂idenee of: the. prevailing floia is found la a f&vi 
sites around Wankie. Amongst the most recehtsites-..; 

-. »as that discovered "by Chappell (1969, auoted by - - 
Bond. 19?0) in the central part of the Zatobeai Baste* 
Here the relative -atianaance of Ganaamooteria laavtSn--’- 
"indicates lower Ljca affinities, a hint that/thi ] 
Wankie Coal may he a little older than: was previouel; 
thought likely" (Bond 1970, p. 469). Lacey (19.61, ' 
1969-) collected only Iivoonod mefiaspores. Slossonterir 
leaf fragments, and "stems (Indet.)", whilst Walton , 
(1929, qiioted by laeey, 1-961) recorded Slossoteteria. 
species, fragments of Equisetalean steins and fern:- 
like plants. - ■ '. - -
Upper Warikie Sandstone - -. ' ' , - ' /!-
2&e.celebrated Upper tfankie sandstone £ioi;a 
. discovered by Idghtfoot near Wankie, occurs :±n- one. : 
shale horizon. The significance of'-this < : 
flora is in.its strange assemblage, that of the.. 
normal Ecca G'loaaocteria/Sflyîa'iopt&rfa elements, 
but with a "northern element" consisting of ei^ht.; ' 
species within, the :genera SphenochvlXutn..Pe.copteria- 
and. Chanaitheca (Lac&v. 196l). These floral ..• ■ ’• 
.elements are-considered to have exlsted in Eurojie. "
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v.-.̂ -rabfe.yor lesa'the same -time, hut. in warm' conditions, ' 
;,*toich.has.led Jongmane (1952, quoted bylacey, op., eii*y !: 
. Pv-44): to; Suggest "that the climate was only .a : '1--. .' .'
llirfeig. fiore severe (in Ehodeaia) than that exiating - 
r.-laa the -'STorthern Hemisphere at the sane time11. " , "• • •
' Lacfsy dJbea, however, point out that "this ineursioiT ‘ ' • 
'•/at̂ fche.JfortJsera flora might merely indicate a:.-':--: >'>i'-:V:.;
• temporary:climatic, change". Plumetea& (1?€5),- however,-; ;
• does dlsouss the -view that Southern HenispheW • - r • Vr.' 
aaoroplants may have "been undergoing parallel ■ 
evolution, to the Northern Hemisphere forms and 
therefore may not have migrated from the: JfOrth. or
■ necessarily lived in identical conditions.- . y 
The fact that Siosscpteria and in particular" '•! ‘ . :ki 
Gangamopterjs leaves found in the Upper Wankie saij&sfcoiie ' 
are much, smaller than their equivalents ia South, . .' ' 
Africa also leads to the suggestion that the oli.Biata 
had ’become much warmer. The cold-loving Gangamopterids 1 
were pro'bably struggling, for survival and slowly .. •; ; ;. 
dying out during this period, (a factor also noted . i •’ 
in the reduction of one of the major miospore. taxaj . 
viz. Moncsaccate miospores). ' , .... y r.;
T.oiffi-r Mw1î fBah;,aa Mhdstonss} . ‘ •.
The characteristic .elements are those of the ’ . ;;-’ 
OlcsBOTrteris flora, with Phvllotheca. TaeniOpfreriB . '■ 
and Yerfcehraria. and wood with seasonal growth rings*
The "northern element'1 in the. shale .of the Upper ...: > 
Vankis sandstone is not apparently found 1b this ' V"

"becomes rare to absent. (I?iis is the beginning of •. - . . .v, 
Plumstead's transition Hiaso or true Slossfrpteria 
.flora.)''- ; -V '<



.•'̂ M413-s;9ii.ce m o w a . ^ y t l i e • GlosaoD'figri'a-'1r 
'ttoTk'.' -'jiiii ffaei&OtrfcerlB. BrgÔ &faefaa'iâ ' -
Sfeienbtrtefis ̂ anj'foasil wood. -■■VTlumgteag (i967)' is r'̂: 

' .'-tj?.ftiJS' Opinion- -ehat ‘M̂ llandB.̂ upporfcea..tlie '! \ vr -



. 7 ®he presence-of certain chemical elements (off-- their •-.. 
deficiency) and the occurrence of certain minerals has 
recently: been studied, to order to o'fctaln information on- ■ 
■ dep̂ sitiorial enrirojimenta * - • • . 7'-'
li- Bond (1967, and pers. comm.) has reported the work oh 
• oxygen and carbon isotope ratios by Keith and Seber .

. (1964-) in which the marine or fresh vata-r origin of. 1 
sediments (e.g. limestones) may "bo determined.' 
following on from, this Professor Keith is. reporte'S ' ' 
to have conducted a cU d̂ fioiencv anniyiyi a on eight 
samples taken stratigraphically through the . . V 

. KaduBjahisa Mudstones. The abondance of vegetation ■' ■
- in and around the lake in the JL.d~Zambiezi Talley was. 

deduced bycliiaatic and other means to have been at 
its peak in the middle of the strati graphic sequence;* 
Ehis proved to tie correct in terms of the V
deficiency analysis, as C^, normally very deficient 
in high vegetation, reached its peak of deficiency 7

i-a the middle. .. ■ .. ■■
The (QlS/pl8) oxygen lactone ratios were employed.-on.7 

the same, samples as above. Information fros. this.... 
aaalysis showed that "Southern Africa was closer to • 
the rotational pole in Jfedumahisa Mudstmw-'titaes" . - 
(Bond, 196?, p. 190). . : 7  :.-V

Bone of the above analyses have been -conducted on ! ■ . 
the Jfetabola Plats borehole.core:? however, the , i

- implications of a non-marine origin -of the . sediments.



* . (particularly limestones), end the confirmation of - .
.. periods of peak vegetation during MadMmabiSja - ■ •

Mudstones-do have a direct hearing on the subsequent'̂  ■.
• analysis of -ft.9 palynological content of the present.

. "borehole core. . v . > . .
2, - The presence of abundant sxdente in all hut tije.-lowest 

ooals of the Black Shales and Coals series is considered.­
: "to. he of strata graphic importance as well as .. • • - - ■

 ̂ enlightening on the origin of deposition. - It is a - .'. . . 
. known fact that anaerobic haetena, ra aa oxyger_> - v 
deficient environment,- with certain pH and Eh limits - 
will release sulphur and other elements from organic • 
matter m  order to obtain energy. Ihu resultant • ,

. . sulphur (an? often, carbonates) combines with ionised - 
iron to form sxuente and pynte (Tschudy and . - 
StioBt 1970-). Therefore an abundance of these . •
minerals is considered to indicate mildly acid lake 

. -water with a good supply of rotting organic matter • 
which is in an anaerobic- and stagnant condition • 
well below the aerated surface of the water.•. This • 
is the depositional environment thus deduced for the - . / 
accumulation of. the Black Shales and Coals sidente- . ■ . 
spotted and spherulitic sediments. •• ..



... .Ttott. evidence previously published It may fee deduced '- 
f̂imt the ôlloifiag conditions prevailed during- the '* •• "-;V
strat%mghic sequences Of the fflatabola Slats* borehole

• , • . . 2ba <? ̂positional environment was . ’ ‘
-. . 0SJS of a shallow lake or Talley into v

. . . . . 'wtuoh the glacial and inter-glacial
. . . .. sediments were < ssited under ' • '■

.... . morainic, deltaic and lacustrine - 
conditions. The climate must ha.vs r

■ been sub-arctic (to frigid:?) and - i ■'
 ̂ the raacroyiora untoowa-tiut-exgectei -

"to "be fairly varied. - !
Ihe deposrtional oonaitt.onS.are 
deduced tohave ‘been shallop water' :' . 
and deltaic, Kith rapid erosion , 
at source, .flooding and rapid.. . ' 
deposixiOc. The climate is ' -j 
considered to have "been similar to \ %. 
that of. the Dwyka with the ice froal?. v 
an the vicinity of.the lake.: The-' 
plants found indicate sn.'early, >•;: ,
. cold-loying flora assigned, by '■ 
Plumstead to her 2on6 HI, or : 
Perroo-iCarboniferoua Mixed flora... ■ ■%. 

. which occur in South Africa during . 
and Just after the glaî al era; K"\l

SgMM&TQ. OF-STRATTftBJ-PHICI- SFQTTBKTtco ' . ' - -v.'



Shales i 
-C&ZBi tv' .., ̂ laoaatrine. craditiona 'aae.tor;>

; ' -tlie suisidenca oS-;tfee.'lDaaii'-(}d*aî :
• minor vertical moYensn̂ aJ is thoiigh1 

. toVhav© cauaed. the adoqaiuXa-fcî n :of-'
- the fine sediateats characteristic© 
this .atsatigraphio unit. '/Qia '•

; climate.la thought .to.haire'fcWtt. . f ' 
cold, temperate, supporting a . s'- • 
C0̂ "-Liwin® SafaĤ mPDtaiji-H sadvê ciy 
SloasoRteria flora. !• Ihe lack'. ̂jc’ ̂-y' 
good plant preaeiva'tion, in. the- -- 
carhoflaceous "beds has 'been ■'£■'$&•*$•■■ 
of discussion, Vataoa (l56ol is <>£ 
the vieH that pleat accn2ffiuiati,Qtt' %&r 
alow and exposed ter oxidation' for ‘.i; 
long je^iods jrtxox to Xuri&l, ' 
resulting in little recogaisahikj <• 
organic tissue tart a large, 'iaantit'y-' 
of oxidised organic detritus (aicrln 1 
The presence of siderit'e indicates', 
an anaerotic mildly acid lake i'ed-. 
xith a large supply of rotting ]- 
organic material. ■ 'V
Kepresente a shallowing of the haaiii 

- with rapid coarse sedimentation 
once taoxe. One deep, water grey •. • • 
oudstone facias hearing plant 3 
indicates a ffiinor subsidence* II 

. climate .ia considered to> have. he. 
cl -d-teaperate hut becoming warai< 
(reduction in size of le^fi ':6t 

cold-loving &aiigafflopterid pi^nt^

. '• -■ .y 'r  1 1 u , |  ■ r . •*



....... . _________________________ : . . ______

Tfodgtoties I

55.

!Ckfe flora ia tyjicaL of 
Middle Bc6a - Macect;- (rlossotyfca'rla- flora.' 
•^Z*ne lil, Pi-unsteady35)6 7 aa . - 
unusual "Northern eidment", >Kt-.

’• ’ "’• :".V; iV'XlA long; period of
rani fflinnmim-relief. .with.: gradual..--. 
'ainjd.ng . 0f; the 'baain occurred: * 
•3?s'sulting la la.cniaii'inV iV'esttt8î e;l 
depcsitional conditions ,< •
±S. envisaged ae ■'being cool.; teapera±tf,.. 
.-fro warm •temporai-e, Sujpo-rtiBĝ a'-;-;̂ 4';;'■ 
woodland (Gloasopterid) - arid; / ' 
mudflata (Equlsetaleanj- flctd.- .Sie 
0̂ 3 daflciency analyses indicate: ■ --r 
an abundance of vegetation in and V' 
around the aWamps and. Iakp3: during. ’ 
deposition; of the Madumabisa ifedstChei >. 
with a climax in Mid-Madumkbiaa iimea. 
The limestones characteristic of/ -\ 
these sediments are considered; to.:■ 
he. i>f fresh, water prigin,. as indicate!



^ . - . SETHOlfS

,3 .1
Sampling j?as: commenced bn ■the liili, sequence. of %he;j;

' 1; borehole'core <' Sampleŝ  Here collected. at an - - .. •••. 
’average of’:-®' intervals, but mor&-frequently in. . 
specific ofr promising horizons,' and. more spaced ubeie :;.- ::.: ̂ 
large depths of sandstone were encountered. A. total aj£ Vi. 
10^ Samples were collected, laballed "by depth’
.and separately packaged (to guard against eonta.mî atiga). £ 
See figure 1 for sampling levels. -. "• - ".r 
. Identical seta of the samples, (taken by breaking- • /•’ 

.one small borehole core sample vertically in half)*: 1 !}}\" 
are housed̂ in.the Geology Department of the University .{_ 
of Rhodesia, Salisbury, and in the Bernard 5ri.ce v'. 
Institute, University of the Vitwatererand, Johannsahî g. 
3.2 ECTOAfypTOH fBOHKIOUES '' ' . '
. Xntro<lttctioat . . ■' '

In 1969, soma sconths were spent, on establishing : 
. a suitable miospore extraction process, generally./ ' 

. applicable to the variety of Karroo litfaologies . •
encountered (Falcon, 1969). Many experiments v-', 

, . and much control testing, eventually led. to.a;- 
. maceration schedule, based on the combination. of . • 

various techniques recommended, from a number; of 1 ■. 
sources. . She schedule is laid out in Table 1# 
and a detailed discussion follows. - . • ''



' the. '̂ -erriding difficulty «6s,that-af;.- 
jadcceisful-.et'andarttization ... $h£ sample s/vaaiedr. ■*:'.•••’ 
:_fr6as-<j§arse: aacds-fcoceg’ wd; fi2Se silioBous ̂ aiee'' ";: 
;-.̂ ’ wvik̂t;Oiles' ̂Ith little carbonaceous- content ̂"flo ■■ -" 

grads, coals and’carbonftceoua shales.. la---.v'V-.. 
[Vdrcfer.. to'assess-the overall pâ yaclogioal picture',;''’ 
'QC'e bmiomethod "Wajs employed in the initial-' .; ' •' 
aaceifctiOn. of the entire suite of sampies*L. ' - :i': 
(.Steps,i» 2A and'j). .This simplified.method. nevpg& 
tb show the ..degree of carbonaceous conient. of.'evexy 
. saapie. Where little or no plant matter pidsted '; - 
. (other than resistant, woody elements, .ottttoif'-ô  .y 
miospores) this schedule proved suffî .ê .lil.t•%_■■ 
yielding relatively Clean miospores., e.g. aa; in ilfe 
case of Dwylc& samples and most Madamabiaa SKal;eŝ  
down to a level Of about 260*. However, where;'-. .:V" 
carbortaoetraa content was- high (>50 per cen.t) V . 
oxidation techniques;(step 2B) had to,be employed' 
in order to release the hardy mioapore assemblages, 
length of oxidation varied with the amount, of -' - 
carbon pxeaec.ts thia fell into two groups -. :
•a)- that with oxidation of 10. minutesj arid ;
Is) that with oxidation Of 1 hour.. It waB not: ' 
possible to treat the high, grade coals satisfactbiji
• in the more specialised manner they require'. : .Thus- 
only carbonaceous. ehalea were studied w.ttMn.;tha. 
coal-banded sequences. . ■ ■ ' ; V- ;•
Results of maceration on thia 'broadbasis wera.-.,' 

such that variations. in rniospore yield afld: 
preservation were made.distinguishable. Ihose: :
. samples yielding little or.no mioapore" content afi;.e 
.: +,Vo' separate maceration tests were eonsider&fl.-t? l£e
• barren. ' - - ■. , • '• .• "•





sfe- 'sd

• Betailed- ExtrSSvion Methods a . ■ ;
•PT' Hethode .employed In 'B&osj>Ore: 
v\tee gŝ fied' i»to, physical .or .ohemijjal. 
•c\6r£effly.7.ahemifcal- extraotion includes 
:'-T̂;-ihe.'-Uee of fioida, and- tfrd dissolving -of:
: compoiinda by oxidation. find alkali solution-.
, .Eteraioai ̂ thoda include heavy madia.
’• centrifugation '.and other devices .using 
’̂ avity differences 'between Organic 
matter, .Palaeozoic- sedimenta require 
tie. latter aethoda.prior to complex 6!
‘treatment (tfcerehjr concentrating the ■ 
to "be macerated) or aubsequent to chemibai'
(is this cSsa removing any remairing minera,! gpgias- 
aiid residual organic detritus). . •
The, references, upon which the. extraction . V.

summarised as follow&;-experiments were "based, a: 
AHPEBSEH, Svend-T. . 1965 Mounting. Eedia

techniques , - Ji 
of galseon'fcologica..L 
. Techniques. V.fl. R  

. . and.Co. .. .-7 / - 
1961. Studies in

BALMS,,B.E. and . 
. SASSELL, C.V<

John Wiley « 
Hew York ant

1962 Upper Devonian -S 
", the-Canning Basin,-Vest®
• • Australia. " - • '.-v/V 
. Mjcrogalaeoptolpgyy vd.

AHDEPS, H.U



I' JfSItKj j,Cfaarlea. 3. ■ l$6l £n. latxoductSoa -to .. - ;
' Palynology (see AM&EWS).':

. 1963 Mechanical saw ole 
. :v . aisaggrega-ttoia Pial-jn'oltfgjr-̂
1 .• " . • Microp&laeontology, yoli-\9)

■. Ho* 3, p.p. 337r33?. ; /\{y 
URAZ, Jane . •. 1965 PalynologlcaJ feolmiqkeSy N 

,. ’ , _• . Handbook of Palaeontologies'
• Sechniques (p. 471)•

. ■ '• . ’ V»H. Preeraaa and. Co, •
. HAKP, G.P, 1962 Palynology - Xey tec
. • . Stratigraphy. S.A» if. of
• Sc.,, vol. 58* No.; I*!,' ..

' . • p.p. 3̂ 5-374-* ;
IFF., Howard W- 1964 • A Modified Method of. Coal 

, . . Maceration and a simple
Technique for Slide - • .

. . . preparation. KioropalaeM'
*• -vol. 10, No. 4» p.p* <t£6-4!''>

KBVBS, R. • 1959 . Upper Carboniferoue Plant ;
' Spore Assemblages fyom tiie

‘ Gastriocerae. Suborenum .'
. Horizon, North Staffs. y :. 

Geolog. Mag- vol. XCV».'Ko'v 1 

Most constructive correspondence was conducted •;. 
with. Dr. B.B. Balme} L M .  ffair; Br. W.S. Lacey;.... 
(describing Dr. JTwUfgiiii.'s Methods); Dr. E, Owens;; 
Dr. 3. Utting and J. Anderson. ;



, .. . „ . - 2l£ fee .macerated from •'
*&**:^56'shaaa-TSD^

- . aitefdaace >of: mioeporss in a carhonaogous shale*.
.: vbr tM^paxce aiBtillniUoa as to eertaii, sandsf^
... Bdsbtkt, due -to tie standardising techniques' ■ - >■'*
\ .î Itjjrsa to this.research prcgramfce a standard ;«■ :• «
.. ■rrKStgb̂ of 2-̂ -3 grams, .per sample *as treateS* ^ • ■ 

'-She oroshinp of. the sample -wag conduct adiji' - 
: a;;pestle ana mortar, using a.gentle founding ■•.. ■''■>
.' movement, rather than grindinĝ  in oidsr to • • - 
. prevent powdwlng. This *aa totaO. to 
. common ami adequate method, for tie conj^/i^V,- 
lalaeozoio sedimentary jocks - as opposed tp the - • -­
ultrasonic vibrations (tank or protej or domestic ' 
liqaldlaera used frequently in less, ooni ĉi aaS.' •'! 
mars recent sediments (Andrews, at al. lgfij)'. " :■ 

Methods of diaagg-^gatinaand disrf»»y«'TMfl Wfejnpie 
material {following crashing) fey physical aeane . •. , 
are numerous, but are often limited inusefutoeas. 
321686 methods involve flotation, centrifugation, 
Ultrasonic generation, in.3, tie as« of ‘
pyredine and HgOg. In many cases these methods, ; - 
involving organic .ana inorganic. separation, '.&* :”'f; ’ ■ 
used in conjunction Tilth chemical, maceration -
. techniques (aa in tie present system of extracts or) • - - 
or before or after tieae methods, Jfcr example^. , r. 
Neves (1958) and art (1963) introduce a -
flotation step .prior to chemical treatment -which ' • 
they maintain appears to increase mecisaicsa' • : ! - 
disintegration thereby facilitating £T2 attacjc on : - ’ '
. mineral residues with little or no argillaceous ‘ ’ ' •



41 .

matter remsdidjig. - tJttin'g (cbrrespondezioe): ;
incoâ porates a Zine-Bramine (2,4a>g.) ' ' , ._ '. •/ A' 
flotation step following chemical treatment. • .
for the separation of any inorganic detlitus . 
still remaining. In experimenting uitli this - - 
method, the removal of the bromine by means Of. - .. - y. 
a sintered, glass funnel and, subsequently! by 
■boiling proved beyond the scope of the facilities 
available. Another problem in using the bromine.... '. 
flotation method is that the organio (to thetop) ; - 
and inorganic (to the bottom of the liquid) ~
separation under gravity is very slow and incomplete. 
Muir (correspondence) also cautions against different 
tial flotation, thereby biasing sample's intended ../ 
for numerical analysis. > ' - ■ .. •
Centrifugation' was found to be the most adaptable. 
and suitable method of physical separation,' . . .> 
and this was employed during the Chemical maceration- 
steps.- Disadvantages of this method involved ' 
basically the difficulty in attaining a speed . '. 
at which differential centrifugation and separation'" 
of the organic and inorganic particles occurred. ; . 
However, the advantage of relatively short time1 . / 
taken in sample "treatment outweighed the .. -
disadvantages. Shis, method is further -discussed.- ' 
under chemical treatment, cleaning methods. • . .. 
Use of the ultrasonic generator as a means of ■ . , .. 
dispersal also displays merits and disadvantages", . . '



•'-■jShia mechanical device d±Bpers©s-a) fine-grained- ■.
, . aedifiealTs, b) ' pracipitetea or' flocculates,
' . and c) insoluble fine parMcles adhering.tc
and jartially o'bsouring miospoxe. grainŝ '" I'fe , ’ 

••: izlay be'used also in conjunction with, or alternating 
between chemical steps-,. The method "by whicli'it 
functions is that cf high-frequency Tltaatibas, 1 •' 
instigated "by a generator, passing through, a,' . ' 
fluid In the transducer tank, in operational. / : . 
disadvantage is that the machine is unpleasantly. ' ,;v 
noisy at low-frequency ranges, whilst being cf : 
little use and.- mora trouble at high fresaeaci'ea'. •.
A further disadvantage,. as found in exjierimentatioft,- 
is that of the probable higher incidence of spore ; 
breakage (Grey reporting on Tschudy, 1965). .
The’use of H202 and pyredine for disaggregation ., 
was considered, too time-consuifiing and more .
suited to specialised treatment of high, ranking ■

. coais XEaiatrick, 1934, and Muir, correspondence).. ■ ' 
Chemical treatment . - . . '.••
dieoical treatment -consists ofs- . .
1 . Demineralisation, and . . . '
2» Oxidation with subsequent solution, of 

oxidised.organic matter. .
In the case of highly carbonaceous rooks - roughly •' ' 
over 50 per sent carbonaceous matter - oxidation ,- 
is the primary ob̂ ective in chemical treatment; . . . 
whllstln iesB carbonaceous- sediments (-50 per-. . 
cent organic matter) a fuller treatment of ' . ’• . 
dsnineralisation. and oxidation is .conducted.,- .



Vheye there- is little or no residual oarbonace6{iff»- 
matterj only acid treatment for deainera21sation • 
is ne-ceasaryw •Eherefore, tha Quantitative *■ •*. •. 
maexalogicisl. composition of Took will go ̂ Tn the! 
specjiic step&- to-be included: ad the maceration ̂  > 
technique., whilst the qualitative or chemical 
composition of such, constituents controls tins •,• •, 
length, of time taken at: each, step, e.g.a high . 
ranking coal may take up to J days-to "be 
sufficiently oxidised, -whilst lower grades wonlS'W1.'. 
take'far less time. (In the case of the Bbodeslaa. 
samples a -atandaj-3. demmeralisation scheme was - 
adopted througuoat, whilst oxidation steps fell 
into three categories; a) those samples not. • 
requiring oxidation, b) those requiring a short - 
intensive (1 0  minute) treatment, and c) those • 
requiri" longer (a standard time of 1- hour?), v 
Individual samples may -well have been perfected-' 
in cleanliness tut “bulk sample treatment precluded 
this, - ' • . ' - . ' • •
1* ’Degmeral- sati on s — In oraer to understand . - 

the demineralisation process, the inorganic- 
compoî .Js found in sedimentary rocks are 
eon3iar.x-3d. . „ .

...1» Qarbonat&e -
. In sedimentary matrices of interest to •" 
. palynologists, the anhydrous oaroonatea of 

. tire calcite group are the most commonly .
. found -member* within the carbonate suite..

. Hemoval of carbonates from oatricBS iav 
. commonly achieved by use of HOI. .This-



- st&p-As routinely adopted 'before further .;fc 
:■ de&ioeralisation (usingSP) as. calcium.- ;-.v. -a,..-.̂ 
salts react with: HE forming calciur ;. . ; , ...: ■ 
flilotifte {Cal'2) which takea. the. form o£-*:,
■ fine, precipitate difficult to reraove, 10.—
. par cent tZCl solution is recommendect .Tsyi . ,&■ {-.• 
G-reyv whilst JSiiir, "Qtting, Owens and- ; .-•■s.v * 
Anderson operate 031 a 50 per cent solution, -4-- , 
lhis latter strength ia used an the present-- - 
extraction scheme-, It is essential to &•:
aacertam that the reaction is complete.-’̂-v w 
Ihis is achieved hy adding fresh acid from..-,- V1 •*;. 
time to time, an? often by increasing:. ... 
the concentration. (The acid may cease to . -
function when no longer potent thereby- •... • : . - 
leaving undis solved carbonates present) 0  ̂y
HKOj in 10 per cent aqueous solution as .- o ■ 
also osed to renove carbonates, as In: the ..1.-̂  . 
ease of coal, hut this nay he closely- • ,

. allied to the function f* oxidation. .
Ehogphorxe or ortho-phosphori© acid may - -. 
alao "be used, and zs reported to dissolve . - 
soma Al» Ti and T?e compounds in: addition ...- .. . 
to tile carbonates. However, Ĥ PO  ̂has the ,*•. 
disftdvantage of requiring large voltaaes . - 
of the acid, and the subsequent-formation- ry. 
of farther phosposte compounds (apparently . ; 
soluble in HMO5 or Soholtz solution.)-. .-• • . { 
Acetic aoid in 10 per cent solution is used.- •-5 .-7 
tjy Balme for dissolving carbonates, 'whilst ... ■ 
•some workSrt' also work with 6 per cent ■ . s. 
solution of Pormic acid. .....



Hie. ■ffloS'fe coiambii- sulphates to be eueovSutfcced •>'.' 
% are Anhydrite (CaSÔ ) and Sypsum (C^O^.Z^C)*
■ On lie again. hot HCL or HHÔ -in. 10‘pe^ cent 
' aqueous Solution xili dlBSOlve -these ■ - '
minerals, aa doeB So&ium 5W.oaisl5tat.e l̂ tfEoilV

la this group pyrite (le.'Sg), dareasite . 
(FeSg) and siderito (FeCOj) are meet compon^.’ 

. and are frequent constituents of. Sedlrnê Ltary. 
rocka aiid in particular are found in- the>: ' >V 
Black Shalea and Goals -and Lover Maduofltisa 
Utidstones, As stated by Siay (p. ‘549) . -' : 
"the blue and bluish-gl-ey colour ctf shales •' . 
and mudstones sometimes associated witli . ..:
. ooal seams is usually due to finely •' ••• ; .. \ 
disseminated iron aulpKidea", In. Qarbon&o.eouf 
residues sulphide compounds are notably ; .. 
opaque and may be angular.particles or 
carbon-lil» globules aggregating, with .
oicrofoesils. Suiphifiea art usually ‘ 
soluble in cold cono. HNO3 (10 minutes to' . •
24 tours) but the presence of oareasite may ., 
require that the sample be boiled in. HROj-. .• 
The latter' treatment does usually dissqife / y 
pyrite as nelli Gray noted that as HKQj v̂.: 
is a strong oxideat, it may cause damagls-' \-t 
through over oxidation. 'Therefore the.; :.f . 
removal of' metallic.sulphides by heavy11: . . . 
media sei>aration may .prove a better 
alternative. Pespite ejcperimantation withv- 

. abundant sulphides and 2e- Carbon&toa, • 
coali not be entirely eradicated in aoine ■' ....

--------- jrrr-n -k t o w
i  |  . r‘ f \ v ^ . j :  • *
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samples, part]|.ou3rariy those In lower ... .
' BlaoK ShssleB andktoals toxiBOBB.- • :: -.-V,' 

iti. v.tSrtT-inatea .... 5. . • . . .. -• -v
| 'iSiHnalMH and rnori especially, quarts • {;,
| f-corapri-ae a great proportion of olastic • • .

,• || j racks' and sediot̂ nts, and .their rentoval has 
prbved -to- be moat effective by th#,vse. ttfr.:

I "i' hydi-ous hydrofluoric acid (HE1) >. ate®
f t fallow a -the HOI treatment’' for thejj.s&aiaatia 

of carbonates duetto Hie formation of tfceu 
. • flocculate calcium flu02n.de (CaF2)' H2-th ,• 
v. HS. Special precautions were taken in ; 
the Handling of 35* j 'VS itb -the necessary ;

' *• eqiaipuBnt and body orotection. . i[~ . .
She concentration oi HE is usually! that of.

. ’ uoaoercial E?, i.e.,'4̂ -52 per cenil1 acia,»- • 
although Gray reportevtba-t 72, per cent, 
and up to 90 per cen-fciHP̂ Jhave been used -­
%  some palynologistA1 who claim to have 

. better results than at1 lower concentration 
la ethyl-alcohol solution 1a reportedly 
area more reactive than tie water solution.
In (Borrespondence (Balme, Owens and Uttlng 
40 jler cant snd 50 per oijart 1SS ate • •• . , 
rfi'commended, and these subsequently proved 
as. effective as tha other;'.strengths. ..

. It -lb of interest to note '.that m  one
psLi>tictalar case - that of iltr, Eulkarnx - 
(-wraiailg on X&rroo material,sin England) ,*«• 
hatdjtehaley samples taken £i«pro Lowe]

• ,sedl®snts, although immersea,;\vi t 
■i HE;fdr(several.hours, i--



‘abi ̂ .&integpâ e4-H6 /£ur"Kĥ t.thao/those-''.'' .'• ■ 
'Samples wtach"were Merely-tyeateaj'in̂
Schultz solution,.... •'•■■■.’ .. •.
Thfi time reqnifred-for dj.agol'yi.-Rg silicates 
'yaii«& from nifivrtea to several hofars, 
defending «n their ahuifiaaoe and’Sn’the :-.V ; 
continuing strength at the acid"’̂blutiott,;'-L', 
Por- most samples S-12 hours ia suklioient̂ ..: v; 
-With • additional gestle:"6oilirsg t<3' 
the reaction. . Heat.. causes the aî VXonai'O'yf 
volatilization of silicon fluoidde 
as veil as TiF̂  (thereby extracting. ; *-•••;'. 
titanium).- Giay mentions thatftfC®' •. -V "1; 
personal experience,' hoiling in B3? up t 
20 minutes does riot appear, to dan'age t h e ' 
spores. In reconmenda1;ions(received): all 
hut one of the workers used. • " ' . : ..A 
■water "baths atr 4-0°C and 60 C; three;. ' ’ 
allowed the samples to atanfi ;f or- 2-3 :/ . 
days, five up to 20 hours and ona (Balme): 
for only 10 minutes. The method, f ounii to " 
give optimum plarity and greater consistency; 
through the hoz«hole samples was . that...of. - . |.
2-5 days heating periods . (40°C water hath).v-

Balme, Muir and Gray mention the nece'ssity :/■' 
of following the HP treatment hy an HG1 
.''■Hash"; this is- even, more essential in 
Palaeozoic rooks (Myir - coM'espondencej *...; ;'' 
5r4y enlarges on this hy explaining, that
in a water environment,'.certain coarpounds



and salts (colloidal silioa,;1 silica .
.fluorides tit Al, CaFg, MgEg, ]p?, IfaF) ••

• jaay precipitate following the use of. HE,- . 
Therefore, in order to maintain theSa- ■. .

- siliceous compounds in solution, warm. • . •- .
- flCl (10-25 pei? cent) must "be-used as a■

• • rinse - most of ties® compounds are soluble- 
in this reagent* Balme (l°60) confirms -i... 

. this and states that the- reaction of Hi?
on noaesalB of the oley-miaa suits ,produ6eBv 
complex, insoluble flu6ndes whieshl; appear. izr?

. slides, with related ̂ .organic substaaoea,• 
as finely dispersed gel-like masses .> ... .̂v 
obsourixig microfoasils1 and diluting th«. . - . 
concentrate. of spores. Sine-grained- - - . •

, marine sediments, especially rich ,io i.'
chlontio minerals, he mamtaissi yield .- -■ 
the highest proportion of insoluble , . . 

s reaction products. It is interesting to--. .
. note that only those .methods of Balme smi 
Muir include this stage. It was personally-: 
noted that the addition of this-atep- did . 
indeed clear rauch of the gel-like dirt :• . .. 
otherwise encountered on slides, ■ 7

2. Oxidation of organic matter ..
Organic material found Within eedtffierits'anft . 

' derived,originally from.plants.is depoBitad'-.’ 
primarily into the soil and seQocdaaily-'ty, 
means, of erosion aiid deposition into-the..:' /■" 
normally aacruing sediinents jji iaIceSi'.'jogS'j 
deltas and. other natural catchment areas,



"This -Organic.material jriay tie-in.tliejfbrib' 
sir-bofcrie «. .«âernSusB'en'c[̂S'.̂:;' 

'•matter, or, whole plairta. or- parta-there r̂-./-* 
.including leaves,'twigs* rê .odttotitfe >.if- :4 
structures (flotrgrs arid fruit?) and- •• ' 
iCaESijiS' of all these .;ii the-:f ora v* ■>;•••• ■-.•
:qtrticulsr.-statictorss. y - ::: ■""■ ̂  ■-:.■■«■■■ ; 
Chemically the composition of the. numeroi^:' . 
structural elements in; Vascular 'i]̂ OTe.is.%\p' 
talcen as "being virtually the frame 
the several hundred million..years sAecS 
thsirorigin.* .This is assxuned. te.i># r45’ . 
as waxes ?' .jplys&coharides gtptl ligni£-^1 
always ‘been.preBGur despite the couatie&s-̂  
varieties of- flora thj-oagh geological 
history that have- contributed .t.q. -their, 'v.;: 
existence (o-ts?, p. 539). ;;
Accumulating organic matter will incluie:. i 
resina, 'waxes, proteins, earbohy£i$tê ' f 
(sugars, starches), derived carbohydrateŝ  >-■ 
(the 'Polysaccharides, heaicell- '
cellulose) -aiid -lignin.- and the .voi’y 
resistant., inert pollen and spore erxSJî gî iX •'■J 
Of these,. cellulose, hemieellnloasf Six̂ ligaid'' 
-are oost worthy'of note eg they forra t̂ e1..
,largest part,-by weight, of plants- 
;therefore, are. -the most common of 
..contributed compounds. They'also firm the • : 
"parent material" to most of the unwanted-"{.i'v,;- 
org&tiic detritus of intereat to paiyh'oibgĵ a#



Is almost, if'not completely.j-O.’fce^a^as '
' incoals and carbonaceous shales3;..clier  ̂
’ S.sĉ aiili--

ition coMpounfis (ia -y~ 
i form of iuimio acids) in alkali soli:
>oars to be the waafc suitable. teOlmî Tia 
L is, therefore, the most wia.ely use®

Oxidants used toy palynologiats vary'HK> some 
extent dae to the chemical and physical j



oii.Kosanke) ia moreresiatant.to iutdng . 
nitric acid than St&oltz;-solution}. whilst •" 
,±n other samples/ -small microstores (20r ?\*\ ,
25 fi range) appear to have been deattoyed-. ? 
to a greater extent in fuming HNO* than /." 
Schultz solution. The Btate of miorospijtra. y'{; 
preservation may also influence their,. ' > j'<; 
recovery with one reagent and not another/ .' vr 
Schultz solution followed by K G  has also. . . / 
been reported as producing spores consistently: 
larger than the same speoiea from- samples . 
treated by fuming HHOj. . V .. '/•! •' •
Several posaihilitiea exist when the . :
oxidation step is bocotnenoed. (Muir,. pera»: ’ " 
comm.) - the following :is” a condensed version 
of the numerous variations offered bjr Gi&y.... ’
1, She spores will be light yellow,. v' \ - ■ 

transparent and require no further - >. 
attentions ■ • ",v . ..

2. The spores will be dark, and need .. 
oxidation "bys-
a. HgOg (Gray, p. 565) - an aqueous ' ; 

solution of 10 -3 0 per cent concentra- : 
tion. In the case of high-grade. ... • 
coals (88-90 per cent carbon range) . '

• this 'method is'reported to produce - ..
. the heat quality spaces and largest :
. variety* . . _ ;T -V- ':

MO^ Hitric acid Reagents.are 
vigorous ana must be carefully.watched• 
They are used in the maceration/•



. • .vo£:.odal, carbonaceous ahalea, e±6» - - '

' Spofee are reportedly lostin
'■boiling-cone. HEOj, but' coldHJJQj ... . :y 

. is considered Balder than Schultz,;. . ..v. - 
' .aolutioti. .Maceration time -v«ria,s- 
; from 1 hour.UP Vp 1* ̂ ys ii' -.w 
c. ^ "g TTOQ-. m s  may be used ofi : ̂ . - 
' coals 'either Indapenaezrtly or .<
• .conjunction vith couo. HSOj aa.n êd ;,,:- 

by Utting (see table). Some authors! ,,_. 
xeport that dispersal of huml.c. acdft . - 
-using alkali solution is •uaneceâ ffiry.̂  ; 
following this method.of oxidation.. ... 
(Utting follows this step vitk the, - 
optional use of Zn-Br heavy meaiS;..;. 
separatiofl*) lack of e4ui;pme»t y;--y 
precluded trial of this method. : 
BaÔ -Br2 “• ZiStsdiie'B method. Both •. .

• HNO- and Br2 are. strong oxidants,
with the latter beglimicg the -
oxidation process and the former . ; • 
completing the “task. ezplains--"
-the theory of this! . "Since spore .

' esines are composed of tmsatuiatê ,,  ̂
’ by&cooaiboaa, -they cam sattrwcted. ...

aoi then oxidised aa mich as .. y.
' accessary”., la hex opinion, , . ' '

is no aore effective 12ian S<*.uits';
' solution* . -• . .
e* BSÔ  -t- HaCl - Mjjr (oorreapopd^el--^
. ". xeconmenda. this as an excellent : '

' - ^ r ^ 5 P :F z r J r \Z7>
'  t -



55.

• reagent on very high grade coals, .
. the reaction "being as yet an explain ed.- 

,&s coal maceration was not attempted; 
thxs oxidant was not tried* 

f.. Schultz Solution - MQg -f KOlQj- /.
This is theniost popular for coal

• aM. ether carbonaceous sedimentary - 
..rodcs and has been adopted in this. ■ 
maceration schedule. It action- •

•••-. is also more easily controlled than 
that of cone. HHOj. Theoretically,. 
although both reagents ae® strong - -l • 
oxidants, it as thought that1 ..
Chloric acid (EClOj), resulting 
in their chemical reaction, is 
the active oxidant and Dleach.
This is probably more powerful .
than either of the original ;
oxidants above. Sohuitz Solution • - 
is pre_ in t-wo nay8, one .• . . 
suitable for high grade coals and • ... 
the other for general matrices • . 
(sea Gray, p. 559). Only the lattes, 
was used in 1*1© present series of .
samples. •• -. ...... - :

following on oxidation comes the removal 
of the oxidised humic products by -• . 
solubilization and dispersion by- , . . , 
water (Owens and Anderson) oi' alkali . : . 
solution - hyftroaMsa and argali-. . •
.carbonate solutions. Hydroxide solutions • 
are those commonly chosen,/ aome being. •



Piore TOgorous than, others, even, when .' 
dilute, mist "be noted that in  ̂‘ "i;- 
strong alkali solntj.dn,. destruction. - • 
of the mioapores may occur possibly !- r . . 
due to swelling, and this occurs . - . . • - 
more especially in (Jvermaeerated ■. •• •• \ 
residues. 5-10 per cent KOH or-BaCSJ 
is used "by several workers (Balme,. . ,
Kulkarni, Nersff and Hart), hut tear -. . - . 
reconmenda an f-’iali-earbonats, JTagCÔ  .. o -•• 
(10 per cent) . Jer reason xa that •••• .
cessation of the reaction can he seen . 
more easily (effervescence stops) and, - 
thus there is less danger of the : ..
solution 'becoming too alkaline. Eor . • 
this reason the latter (NagCOj) •. :
alkali solution was used. • . .
Cleaning of. the various reaaents between >■- 
steps is of the utmost importance.
Ehis may he carried-out hy repeated 
washing and careful decanting, or hy • . 
centrifugation with careful stirring .
ir between. The latter was found to "
he preferable due to time and equipment__
available, although, possibly theformer; 
method is more thorough (although - 
slower). In normal centrifugation, . 
nil matter in suspension ia compacted 
at the base of the tube which is ideal 
in washing. But where certain organic ; 
and inorganic debns mubt be selectively -;r 
removed, centrifugation must be controlled*



■; (ifeorftgogsilfl’ and debris dust be ofi"'- 
dilff̂ retit sizes ''and density for tibia’
:to' be feasibtfti)'.. Sort-tim‘e, %>\ V'V'.
centrifugation will rert&ye fiiie ■' ■! ' 
detritus,' whilst drastic deorê e./ia- V./:; 

■' speed end duration,will merely eoneen-\ ',*• Y 
trate.large aid- heaTy' particles vv'®;-.

... allowing* nicrofossils still in suspension 7 
to'be decanted off 'and .concenAj^sa^-^/ '§

I (Gratf, Huir, and Andreas}«’ ;.. V;' -5
±n most oê ea ôll,owingQxidati6nr ‘a ;. 
jsomewhat more sophiatitstod method p£ \
Washing ia deemed neueaaary to_ 
s'eparaie. ./'Eh. e organic residues (spor *̂. -,k “ 

' polllfi-and cuticle), from the alkali < <,*=•= 
Soluble oxidised humic compounds. . It 
.is for this.purjJise that sinterglasfl''-', 
■Srannels with various modifications . :y- /

■ '.'_̂Ti ,'.been: introduced;. When oneof.-these ■; 
. £fi-atijabhed to a pressure, flask 'With V. ij;. ;
a\tra,bber blow ball [Owens, correspondence),' 

r .̂ .tation erf'the organic residue . , -" • -. 
Yis' yeajieved .by forcing air up into the ; ■ #■ 
Ysyŝ sm-'And thereby escaping yirough. y« - 
\he |̂3,ter..,.A-A7-fidJd̂;'racti6n- pump ,-Hay 7-- 
Jx>e sj&iTtb:'-aiis> ̂ o/give an alternate •
- blovfê  and sucking movement. Ia'' ■'.> . V 
per̂ jS&al experience it-was foiand.that . ,v.‘i 
attaining :a rabber tube from -the tap

I place of air to ’

w,6-r ' 
■ f r #  

:" §  .■ - n m .
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