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Very tiny plants and animals and / or their parts occur preserved in' 
rocks that range in age from more than three billion years old to 
the present day. These remains/remnants of ancient organisms, 
contained in rocks have been known for many centuries (Berggren, 
1978). When they were first noticed, howev~ r observers 
apparently did not know what they were and t f came into 
existence. Consequently, this early scenario bas  r 1'1 I in fanciful 
speculation and some nny interpretations were given to 
them. 
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The earliest written recurus UI such ancient organisms (cmtained 
in rocks) date from classiczl! times, precisely between the 5:h 

t Century BC and lSt Century AD when Greek and Roman 

philosophers inferred that the sea shells found on mountain slopes 
were once living forms. These records (Figure 1) are those of 
0 Herodotus (ca 484 to 425 BC), an ancient Greek Historian 
called the Father of History, 
o Pythagoras of : :ca 560 I BC), the notable 
Greek philosopher, mi ier, musician and 
religious leader, 
o Aristotle (384 to SLL BC), wno was v~aro's student and one 
of the finest biologists / natural historians ever to live, 
o Strabo (63 to 03 BC), another Greek historian, geographer, 
and philosopher and 
o Pliny the Elder or Caius Plinius Secundus (23 to 79 AD), a 
Roman officer and encyciopaedist, and also th'e author of the 
Natural History. 
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My search through the Holy Bible and the.'Holy Qur'an has not 
yielded an account of such ancient organisms preserved In rocks. 
(Perhaps I was not diligent enough in the search. I 
therefore stand to be corrected.) 

The first t iny  ancient organisms to Ire trtrlltioned in recorded 
history (cf. Boersma, 1978, Haq and Boersma (1978), 
Brasier(l980),Bignot(1985)) were the relatively large single-celled 
protozoans called Nummulites. The shells '+(or skeletons) of 
Nummulites (Figures 2a - d) are coin-shaped and calcareous in 
composition (i.e. made of calcium carbonate) - and have very 
complex interiors (Figures 2e - f). They accumulated h such 
enormous numbers that they formed huge limestone beds. They 
were thus great rock builders, 
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To appreciate how great they were as rock builders, one 
consider certain structures that were built from rocks that are r 
of Nummulites shells: the Great Pyramid of Giza (in Egypt) an( 
nearby pyramids. I n  fact Herodotus, the fifth century B.C. C 
historian who was the first person to record them thought thal 
disc-shaped nummulitids were lentils (fed to the slaves who buil 
pyramids) that had accidentally spilled and had turned to stone. 
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from ,7900 to 2300 BC. 
They were built from ha e 5 

especially on the ouuid a c 
years old, havina been formed in the Geoloulc. 
Eocene. ' 
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The Giza Plateau also is home to two other large pyramids for the 
subsequent kings, C sn and Menkaure. As with the Great 
Pyramid, both of pyramids have valley temples and 
mortuary temples 1 ?d by causeways. However, next to 
Chephren's valley t e m ~ l e  is the famous 73-metre long Sphinx 
and Its associated t Despite the controversy over its age, 
most Egyptologists F a t  the Sphinx was carved from a 
rocky Outcrop at the aall lr  Jme as Che~hren's pyramid and like it, 
is made up limeston 
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tourism sector makes a to the Egyptian 
iomy, representing arc ;ross Domestic 

vmrluct (GDP) and 15 O/O or total employment (James, 1982; 
ton and Ogilvie-Herald, 2000; Reeves, 2000; Arnold, 2003, 
lass, 2003;). Despite the presence of petroleum deposits in 
st, Anorld, 2003, tourism is the largest foreign exchange 
ler in the country. It attrad 8 million vlsitors and 
?rated an amount estimated a! en US$ 3.8 billion and 
4.3 billion in 2001. According to otticial figures released in 

~anuary 2005, during the first 11 months of 2004, some, eight 
million tourists visited Egypt, injecting $6.5 billion into the 
country's economy. A considerable proportion of these tourists visit 

Great Pyramid and other pyramids of Giza every vex.  More 
ousand and five hundred years Pyramid 
d one of the seven wonders ( urviving 

one) of the ancient world. 
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I= lal YFI~ C Y Y V L I ~ ~  pyra1111~ ever built was the Great Pyramid at 
Glza, located southwest of modern Cairo. Built for King Khufu 
(otherwise known as Cheops), this pyramid was completed around 
2550 BC. It is estimated to contain about 2,300,000 blocks of 
stone with an average weight of 2.5 tonnes each and son 
welghlng up to 15 tonnes. Its sides measure 230 metres in lengl 
and the structure would have towered about 146.6 metres hig 
but It is now a little shorter owing to the removal of the out1 
ca! c t  man) ldings during the midd 
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These pyramids could be built and are here today to contribute to  
the Egyptian economy, thanks to the millions of Nummulites 
'-"-tiduals who, on death, left their shells / skeletons behind to 

e the limestone which eventua ided tht building 
ks for the pyramids. 
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Mr. Vice-Chancellor Sir, just llKe In tgypt, tnese tlny ancient 
organisms preserved in rocks have, as the title of this lecture 
implies, contributed and continue to contribute immensely to 
k'i-+ria's economy. Indeed, they have, over the years contributed 

mously to the economy of all the petroleum-producing 
 tries the world over. These and other such ancient organisms 
se remains are preserved in rocks are called microfossils. 
;equehtly, an altemativg title of today's lecture could be 
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The Role of Microfossils in the Nigerian Economy. 
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(usually less than one millimeter long) that they can only be 
adequately studied with the aid of a microscope. A fossi l  Is any 
remains (skeleton, shells, teeth, etc.), trace, c- imprint of a plant, 
or animal that has been preserj8d, by natural processes, in the' 
rocks that occur on the Earth's outer layer, since some past 
geologic time (Gary et a/., 1972). The study of fossils is called 
paleontology and that of microfossils is known as 
micropaleontology. The student I 

micropaleontologist. 
called a 

Leonardo da Vinci (1452 - 1519), the great Italian painter, 
sculptor, architect, musician, engineer and scientist (Figure 5 ) ,  
whom I consider one of the greatest geniuses of all time, is 
credited in the Western World as the first person to have correctly 
interpreted the organic nature of fossils i.e. the fact that they were 
remnants of ancient organisms. I n  addition, by direct observation, 
he also realized the value of the information that can be cieancid 
from them. 
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As , a discipline, micropaleontology cuts across many 
classificatory lines and includes within its domain the study 0'' large 
numbers of taxonomically unrelated groups united solely by the 
fact that they must be examined with a microscope (Berggren, 
1978). Simultaneously, within certain taxonomically homogeneous 

groups, the size of some forms is such that they scarcely need be 
examined with the help of a microscope. They are thus more 
properly grouped under macropaleontology, the study of .  large 
fossils. Consequently, micropaleontology lacks a definite coherent 
homogeneity. 
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Most microfossils are prot ists (unicellular planl nimals), but 
others are multicellular or microscopic parts of copic forms. 
Their grouping into one discipline thus remains essenttally practical 
and utilitarian (I 

Traditionally, !rm 
micro pale onto^^^^ SWZI~SU rcrru  I I I L I U U ~ ~  the studv of all LVIJCS of 
microfossils. However, ical 
perspective consider ed: 
micropaleontology Serrau arruu, Ilalmluupateuulrutuyy and 
palynology. The separate disciplines have arisen due to 
differences in the size and chemical composition of particular 
microfossils, which impose the need for specific preparatory and 
analytical procedures (Bignot, 1985; Brasier, 1980; ler, 
1963; Jones, 1956; Jones, 1996, Boardman eta/ .  1987' 
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Micropaleontology sensu sricto involves the study of 
foraminifera, ostracodes and calpionellids, which mainly have 
calcareous skeletons; diatoms and radiolaria, which are 
composed of silica; and conodonts, which are phosphatic. 
Routine identifications employ incident light microsco~y. I n  some 
cases, thin-section analysis is required, as in th ~f the study 
of larger foraminifera and calpionellids. ' 

Nannopaleontology covers the study of nannofossils, l:~hick 
are the smallest of the microfossil groups routinely examined. This 
group includes coccoliths and nannoliths, and also 
calpionellids. Nannofossils are calcareous and examined in 
transmitted light. They need polarization techniques for positive 
identifications to be made. 
Palynology was once limited to the study of spores and pol len 
(Brasier, 1980). However, in the last fifty years, the field has been 
extended to encompass other organic-walled microfossils, 
collectively termed palynomorphs. The groups studied include 
dinoflagellate cysts (dinocysts), acritarchs, marine 
prasinophyceaen algae and various f reshwater  algae, 
chitinozoa, as well as spores and pollen. Palynomorphs are 
examined in transmitted light. I n  addition to palynomorphs, 
palynological preparations often yield a variety of other fossil 
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remains (foraminifera1 test-linings, arthropod fragments and 
fungal material) and organic debris (amorphous organic matter 
and a range of structured phytoclasts). These con =I 

together with the specific palynomorphs present, are iml n 
palvnofacies analysis. 
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Advantages of Microfossils over Macrofossils: 

Microfossils have an enormous advantage over macro n 
various fields of Geology. Their practical value is enhancea ~y 
their minute size, abundant oc 2, and wide gc 
distribution in sediments of all nd in almost a 
environments (cf. Berggren, 197E small size and r 
abundance enable relatively small seaiment samples to ylel 
enough data for the application of more rigorous quantitativ 
analytical methods. Furthermore, most planktic and many kc.nt+i 
miCrofossils have wide geogrbphic distributions that make ther 
indispensable for regional correlations and comparisons, an 
paleoceanographic reconstructions. Finally, microfossils occur I 
sediments of Precambrian (i.e. older than 600 million years) t 
Recent ages and in every part of the Geologic Column (Flgur 
6). One or more microfossil groups can thus always be foun 
useful for blostratigraphic and paleoecologic interpretations. 
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Milestones in the Study of ~icrofossils (Figure 7): 
The earliest mention of microfossils dates back to the Sth century 
B. C. when Herodotus recorded the great rock builders, 
Nummulites. However, the .systematic study of microfossils had 
to await the discovery of the microscope by Antonie van 
Leeuwenhoek in 1660. This is apparently an apt date to 
indicate the birth of systematic micropaleontology. 

The binomial nomenclature, which is the basis of modern 
biological nomenclature, was flrst applled to flfteen foramlniferal 
specles in the loth editlon of Llnn6's Systema Naturac published 
in 1758. From about 1826 to  1884, eminent workers undertook 
detailed, I mainly descriptive, studies on many of the major 

~ssi l  groups. These studi 
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l o Felix Dujardin (1801 - 1860), another Frenchman, who 
revised d'Orbignyfs classification, 

i- C. G. Ekrenberg (1795 - 1876), a rem 1 

micropaleontologist who first discovered j 
silicoflagellates, ebridians, coccoliths, discoasters, 
dinoflagellates, and numerous living protists, in 1 
to having descrited and illustrated n 3 

radiolarians, diatoms, and foraminifera, 
> Reuss on the Cretaceous and Tert iary foramir F 

Prussia, 
N. C. Williamson), W. K. Parker, 1. R 
Carpenter, H. B. Brady, and C. D. Sherbullls. UI ulr 30- 

called "English school" who worked ! 
foraminifera of the British Isles, 

9 Ernst Haeckel (1834 - 1919), who u l l u c l ~ ~ ~ ~  IIldJUr 
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The single largest ntologic 
studies in the latter half UI L I I ~  IY century was tne voyage of 
H.M.S. Challenger from 1873 to 1876. H. 6. Brady published a 
monumental monograph of the foraminifera dredged by the 
Challenger during i& voyage around the wor!l (Brady, 1884). 
Th~s ~ o r k  remains, to this day, the fundamwtal reference in the 
study of Neogene and living ";-aminifera1 faunas. 
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I n  the last century, the science of micropaleontology moved b 
leaps and bounds. Important contributions to its exponenti k I 
development during that period (Phleger, 1960; Loeblich anp 
Tappan, 1964, 1988; Gerrneraad et  a/., 1968; Martini, ..19711; 
Stainz--L -A - I  1975 Haq, 1978; Blow, 1979; Bolli and 

Saunl ggren and Norris, 1997; etc.) remain relevark 
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General Uses and Applications o f  Microfossils: 

h are 
. _ ..,I, Microfossils have several uses and applications all 

very important in the oil, mining, engineering, and environmental . 
industries, as well as in general geology. They a;e, ( entlb, 
the most commonly used fossils for applied research. 1 .  
(i) Age-Dating: Microfossils are extremely useful in dating tti'e 
rocks that contain them. Geologists use severs! methods 90 
determine geologic time. These methods ! physicrl 
stratigraphy, or the placement of events in the order  of t:;clr 
occurrence, and biostratigraphy, which uses foss~ls ,to 
determine geologic time (Blatt, e l  a/., 1991; Harland etal., 199b; 
Obradovich, 1993, Grotzinger, etal., 1995). 1 
The use of fossils for dating is founded on the fact that organis$< 
that produced them lived at particular times in the p?.c.t, evolvyi! 
with time, and that evolution is irreversible. The process r)! 

determining geologic time includes seven1 steps. Goologists firlsr 
determine the relative age of rocks-wbizh rocks are older ahd 
which are younger. Next, they construct a geo!ocjic tlme scajle 
(Figure 6). Finally, they determine the specific numerical ages of  
rocks by various dating metk number ti A F 
scale. I 
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Geologists create a relative ttme scale ustng rock seqtten:es ~ h l . '  

the fossils contained within these sequences. The scale thky 
create is based on the Law o f  Superposition, which states t73'. 

in a regular series of sedimentary rock strata, or layers, the olcipst 
strata will be at the bottom, and the younger strata will be on top. 

An alternative used by geologists i s  radiometr ic dating, which 
involves the use of +"- -7te of decav of certain radioadibe 
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correlation, which allows geologists to det~rrnine whether rock in i; 
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different geographic locations are the same age. Using correlation 
to  determine which rocks are of equal age is important for 
reconstructing 'snapshots' in geologic history. Correlation m3y u!;o 
the physical characteristics of rocks or fossils to determine 
equivalent age. For example, the limestone at the top of one side 
of a canyon can be correlated to its opposite side. Also, ash from a 
volcanic eruption can be correlated over long distances and wide 
areas. However, fossils (particularly microfossils) are the most 
useful tools for correlation. Since the work of Smith an( I 

biostratigraphers have noted that "like fossils are of like a s 
is the principle of fossil correlation. 

not all formerly marine environments will yield petroleum (Flelser 
and Lane, 1999). 

The remains of phytoplankton, microfossils, in petroleum-bearing 
rocks undergo changes in colour because o f ,  heat. 
Micropaleontologists study their alteration in colour to define 
possible areas for oil exploration. When these fossilized 
microorganisms are pale or orange the sediment is immature, 
when they are brown the rocks are mature, indicating oil, and 
when the fbssils are black, they indicate gas. 

Types of Microfossils: 

The nine ma jo r  microfossil groups (Figures 8 to 18) that are 
routinely studied by micropaleontologists are (01) calpionelllds, 
(02) conodonts, (03) diatoms, (04) nannofossils, (05) 
ostracodes, (06) radialarians, (07) si l icaflagellates (08) 
foraminifera, and (9) palynomorphs (Brasltbr, I r'.%her 
and Lane, 1999). 

(iii) Paleoenvironmental Reconstruction: This use is based on 
the fact that organisms live in particular environments and specific 
niches within the environments / habitats and presumably did in 
the ancient past. Consequently, depositional t 
relatively young sedimentary rocks are interpret€ 
the fossil assemblage in them with the habitats of t 
!iving relatives. For older sedimentary rocks, more sopnlstlcatea 
methods are used (e.g., Emiliani, 195 1 
kfiof-Lhoven, 1955). 
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4; Grin and val (01.) Calpionellids (Figure 8a) are small calcareous, cup. 
shaped microfossils. They are best known from Mesozoic peiaglc 
limestones of the Tethyan realm. I , . . i  Other uses in Geology include paleoecology, 

paleoclimatology and plaleoceanography (MIRACLE, 2005) as 
.vet1 as the search for, and exploitation of, petroleum (Armentrout, 
I??' . c-.17way, 1989; Haq et a/., ? Oo7.  ' ;pps. 19P1 l "07 .I. 
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:o:ay is in oil exploration. Due to their small size, microfossi~s 
:.avt. become an important stratigraphic tool in the hydrocarbon 
t.rploration and development industry. This is because rock 
samples are often to small fragments (cuttings) brought 
1.1p from the well t by circulating drilling mud (Jones and 
Simmons, 1999). 
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Petroleum is derived I decayed phytoplankton, 
microorganisms that live in . When phytoplankton die, they 
sink to the sea floor where they begin to accumulate. The 
deposited phytoplarlkton IS covered by other sediments and 
pushed deeper into the crust of the Earth, where it is subjr?c:zd tc? 
higher pressures and temper~!clres. Only then will phytoplankton 
change structure and become kerogen, heavy oil and finally light 
oil, which is used for petroleum. This complex process means that 
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Figure 8: Major Microfossil Groups - (a) Calpionellids, (b) 
Conodonts and (c) Diatoms 

(02.) Conodonts (Figure 8b) are the remains of some unknown 
organisms that ,became extinct at the, end of the Triassic. 
Phosphatic in composition and tooth-like , in, appearance, they 
ranged from: the Cambrian (about 600 million years ago) to the 
Triassic. They were particularly prominent in the Ordovician and 
Late Devonian. Conodont elements exhibit just a few basic 
comgonents - cones, bars/blades and platforms. 

(03.) Diatoms (Figure 8c)' are unique forms of algae that 
photosynthesize and grow a silica shell called a f rustu le that is 
preserved in underwater sediments after they die. Diatoms live 
anywhere there is water, including lakes, streams, estuaries, 
oceans, and puddles. They provide a significant amount of the 

world's oxygen supply (some say 35%). Over a hundred 1 
thousand Diatom species have been identified to date (Blome et 1 
a/, 1995). They form a rock known as diatomite or diatomaceous 1 
earth, which is soinetimes used in pest control. 

(04.) Nannofossils (Figure 9) are calcareous in composition an d 
include the coccoliths and coccospheres of haptophyte algab 
and the associated nannoliths, which are of unknown origin. Thp 
organisms, which create the coccospheres, are called 
~ ~ ~ ~ ~ I i t h o p h o r e ~ .  They are phytoplankton autotrophs (that contain 
chloroplasts and photosynthesise). Their calcareous skeletons arie 
found in marine deposits often in vast numbers, sometimes makinlg 
up the major component of a particular rock, such as the chalk of 
England. I 

Figure 9: Calcareous Nannofossils I 

(05.) Ostracodes (Figure 10) are by far the most complek 
organisms studied within the f~eld of micropalaeontology. They arp 
Metazoans and belong to the Phylum Arthropoda (as do trilobite 
and insects), and Class Crustacea (as lobsters, shrimps, crayfis R 
and crabs). An important distinguishing featurcl that ostracodek 
share with other arthropods is the bilateral symmetry of thejr 
body form. They are aquatic crustaceans whose paired soft body 
parts are completely enclosed in a dorsally hinged fully calcifieb 
shell (or carapace) consisting of two valves. Many are less thab 
1.0 mm long, so that even their gross anatomy require/s 
microscopic study, and many structural details could not be 
investigated until the advent of the scanning electron microscopd. 
It is the calcareous carapace that is commonly preserved in thle 
fossll record (Maddocks, 199?; Benson, et al., 1961; Hartmar!n, 
1966, 1967, 1968, 1975, 1989; van Morkhoven, 1982, 198 
Pokorny, 1978). 

d 
l 
I 

The six recognized orders are ublqultous and diverse, with over 
50,000 named genera and species and more awaiting study 
(Kempf, 1988!. The calcareous carapaces are abundayt 
microfossils in sediments of most marine and terrestrial 

15 



environments, and there is a rich fossil record extending bacc to 
the Cambrian. 

They are found today in almost all aquatic environments including 
hot springs, caves, within the water table, semi-terrestrial 
environments, in both fresh and marine waters, within the water 
column as well as on (and in) the substrate. I n  fact, they thrive 
almost anywhere that is wet, even if only for a brief period! They 
are thus of proven value for interpreting geologic age, depth, 
salinity and other parameters of sedimentary rocks (Maddocks, 
1992). 

Figure 10: Ostracodes 
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(06.) Radiolarians are tiny holoplanktonic protozoans that live 
exclusively in the ocean and form part of the zooplankton. They 
thus form an important part of the marine food web. The 
Polycystine radiolarians form transparent skeletons of pure opal 
(i.e. silica) and are therefore more resistant to dissolution in 
seawater and hence more commonly preserved in the fossil 
re  adiolarians have such a good fossil record because their 
si letons preserve so well. THe Polycystina r n ~ y  be 
di to two suborders the Spurnellaria and the Nassellaria. 
They are --.pi... Y 
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Radiolarian skeletl amazingly complex (Figure 11) and can 
either be spheric imetrical (i.e. the Spumellarians), or 
bilaterally symmc the Nassellarians). They have spines 
extending from the maln body, which increase their surf 3 
(and thus resistance to falling in the wafer column), t 
greatly increasing overall weight. Some have oil globules : 
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Their size usually ranges from 20 to 400 pm. 

Radiolarians have existed since Cambrian times (540 million years 
ago). Since then, different types and amounts of radiolarians have 
dominated different eras. Geologists now use this information in 
geological mapping. They are particularly abundant and diverse in 
equatorial latitudes especially in areas of upwelling. They are also 
common in subpolar seas. They are major conttibutors to deep- 
sea oozes. Limestone, chalk and radiolarian chert deposits around 
the world are largely formed of radiolarian deposits from the 
Mesozoic and Early Cenozoic eras (250 - 65 million years ago). 

ure 11: Radiolarians (Individuals and Assemblages) 

Silicoflagellates (Figure 12) are planktonic marine 
s (unicellular heterokont algae) that are both 

,,,,,,,,ynthetic and heterotrophic (McCartney, 1993). Their 
internal silica skeletons are compcsed of a network of bars and 
spikes arranged to form an internal basket and they resemble 
those of radiolarians but are generally much less complex 
(Encyclopedia Wikipedia, 2005). Silicoflagellate skeletons usually 
comprise one to two percent of the siliceous component of marine 
sediments; they are thus much less abundant than diatoms. 
However, they are widely dist-ibuted throughout the worlc tcelrn 

F igure  12: Si l icof lagel lates 
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(08.) Foramini fera (Figure 13) are a large group of amoeboid 
protists with reticulating pseut'opods, fine strands that brancn anci 
merge to  form a dynamic net. They include some of the simplest 
of the Protozoa with respect to their cellular organisation. 
However, the majority create skeletons of incredible beauty and 
structural complexity. They produce shells that are referred to  as 
tes ts  because in some forms the protoplasm covers the exterior 
of the shell. The tests have either one or multiple chambers, some 
becoming quite elaborate in structure. Their tests are, in the 
modern day, most often made of calcium carbonate (calcareous), 
but can also be composed of organic material, or  made up of 
small pieces of sediment cemented together (agglutinated). 
Foraminifera are almost exclusively marine, although they can 
survive in brackish conditions, and are very common in the 
meiobenthos. However, a few are planktonic. 

Fully grown individuals range in size from about 100 micrometers 
to  almost 20 centimeters long. A single individual may have one 
or many nuclei within its cell. The largest living species have a 
symbiotic relationship with algae, which they "farm" inside their- 
shells. Other species eat foocis ranging from dissolved organic 
molecules, bacteria, diatoms and other single celled 
phytoplankton, to small animals such as copepods. They move 
and catch their food with a network of thin extensions of the 
cytoplasm called ret iculopodia 
amoeba, although much more nl 
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About 750 000 foraminifera1 species are recognized (Loeblich a.., 
Tappan, 1964, 1988; Boersma, 1978, MIRACLE, 2005), both living 
and some fossil. The form of the test is the primary means by 
which foraminferans are identified and classified. Fossil 
foraminifera have been recovered from as far back as the 
Cambrian period but, as a group, did not begin to  extensively 
radiate until the Carboniferous. 
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A numl have developed endosymbiotic 
interactic gae. Their endosymbionts span 
divergen Y C ~  SUI the green algae, red algae, 
dinoflagellates, chrysophytes, and diatoms. Some sequester 
chloroplasts of the algae the,. feed upon, and gain f o ~ d  frcrm 
photosynthesis in these stolen chloroplasts, a condition known as 
kleptoplasty. 

(a) Benthic Foraminifera 

(b) Planktic Foraminifera 

Figure 13: Foramini fera 

(09.) Palynomorphs are organic microfossils that undergo rapid 
diversification and are excessively resistant to geologic 
obliteration. However, they Ere sensitive to oxidation. Tneq are 
numerous, easy to process, and good facies indicators. Usually 
between 5 and 500 micrometres in size, they are extracted from 
rocks and sediments physically, by wet sieving, often after 
ultrasonic treatment, and chemically, by using chemical digestion 
to  remove the non-organic fraction (e.g. using hydrochloric acid 
(HCI) is used to  digest carbonate minerals, and hydrofluoric acid 
(HF) is used to digest silicate minerals in suitable fume cupboards 
in specialist laboratories). Samples are then mounted on 
microscope slides and examined using liaht microscopy or 
scanning electron microscopy. 

The most commonly used palynomorphs are: 
(09a.) Spores (Figure 14 )  are the reproduct~ve ~ o d i e s  of r i u ~ l -  
flowering "lower" plants (algae, fungi, mosses, ferns). They are 
spheroidal, tetrahedral or elongate and generally biconvex or 
planoconcave. Their surface sutures, scars or laesurae are 
monolete, trilete or alete (with no suture). They display 
heterospory with two types .by some plant of different size 
microspores- male (<200 microns) and megaspores-feSna;e, 
many 500 to  2000 microns (Traverse, 1988; Bignot, 1985). 












































