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Topic- 1 

Fossils and Process of Fossilization 

The term fossil refers to any trace of past life. A fossil may be an organisms remains, such as 

plant, shells, teeth or bones. A fossil record can also be of the activity of an organism. Fossils are 

formed in different ways, but most are formed when a plant or animal dies in a watery 

environment and is buried in mud and silt. Soft tissues quickly decompose leaving the hard 

bones or shells behind. Over time sediment builds over the top and hardens into rock. It is when 

the processes of erosion occur that these secrets in stone are revealed to us. Fossils, the preserved 

remains of animal and plant life, are mostly found embedded in sedimentary rocks. Of the 

sedimentary rocks, most fossils occur in shale, limestone and sandstone. Earth contains three 

types of rocks: metamorphic, igneous and sedimentary. 

The history of earth can be described into different era which has been shown below: 

 

 

 

 

 

                                           Geological time scale 
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Animals which survived as major Biodiversity during different era have been shown below: 
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Plants which survived as major Biodiversity during different era has been shown below:  

         

 

 

 

  

 

A visit to different era of the earth suggests that different plants and animals appeared over this 

earth during different period of time. The remnant of which could be stored by this earth as fossil 

flora and fauna. The fossil record has helped us in tracing the origin and evolution of various 

plants and animals. 
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Process of Fossilization 

The five most often cited types of fossils are mold, cast, imprint, permineralization and trace 

fossils. 

1. Mold or Impression. A mold or impression fossil is formed when the plant or animal decays 

completely but leaves behind an impression of itself, like a hollow mold. 

2.Cast. A fossil formed when an animal, plant, or other organism dies, its flesh decays and bones 

deteriorate due to chemical reactions; minerals gradually enter into the cavity, resulting in a cast. 

The mineralized impression of the organism left in the sediment is called a mold.  

3. Imprint. Imprint fossils are formed from an organism moving in some way, leaving behind a 

trace or track. These tracks are preserved when the clay/silt dries slowly and is covered by other 

sediment. Plants can also leave imprint fossils when they are covered by sediment. 

4. Permineneralization. One of the common types of fossils is permineralization. This occurs 

when the pores of the plant materials, bones, and shells are impregnated by mineral matter from 

the ground, lakes, or ocean. In some cases, the wood fibers and cellulose dissolve and some 

minerals replace them. Two common types of permineralization are silicification and 

pyritization. 

Fossils are of various types some of  which has been described below: 

1. Petrified Fossils: There is molecule by molecule replacement of plant parts by minerals such 

as iron, pyrites, silicates, carbonates, sulphates etc. These minerals get deposited and 

impregnated inside the cells and the tissues of the plant. This type of fossil can be studied by 

preparing the sections and are most suitable for the study of structural details 

2. Compression: 

This type of fossil is common in the sedimentary deposits of rocks. It is a sort of impression 

where most of the organic remains of the plant remain in the fossil state. The plant or plant part 

gets buried and the sediments go on accumulating over the plant. 

3. Impression: 

These fossils are just impression of plants or plant parts on sediments. These fossils are useful in 

studying the external features of various plant parts and venation pattern of leaves 

4. Trace Fossils: 
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These fossils show the activities of the organisms. An animal makes a foot print when it steps in 

sand. 

5. Preserved Remains or Amber: 

Some organisms are preserved in or close to their original states. These fossils are called 

preserved remains e.g., an organism such as an insect is trapped in a tree’s sticky resin and dies. 

More resin covers it sealing the insect inside. It hardens into amber 
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Topic-2 

Rhynia 

 

    Psilophytales 

Classification of the psilophytopsida 

In 1920 by the work of the great palaeobatanist the class was named as the psilophytopsida and 

one of the order that has been placed in is the psilophytales . In this order overall three genera’s 

have been placed, these genera’s have been summarised as the. 

Rhynia, Hornea, psilophyton. 

However, sporne in 1965 divided the class psilophytopsida in to the four families. these are 

enlisted as. 

1) Rhyniaceae 

2) Zosterophyllaceae 

3) Psilophytaceae 

4) Asteroxylaceae 

 RHYNIA 

Systematic Position 

Division - Pteridophyta 

Class- Psilophytopsida 

Order - Psilophytales 

Family - Rhyniaceae 

Genus - Rhynia 

Distribution and habitat: The genus Rhynia, was named after village Rhynie in Aberdeenshire 

district of northern Scotland, where the first fossils of the plants were discovered. Two species 

are described from the red sand stone beds of middle Devonian age by Kidston and Lang in 
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1917. Some 380 million years ago, Rhynia, and other plant grew in this locality in marshy 

environment. There is evidence that these plants were growing in peaty habitats near volcanoes, 

where the atmosphere contained sulphurous vapours and the soil was saturated with acid water 

from hot springs. The two known species of Rhynia are R.major and R. gwynne-vaughanii. 

The petrified remains of these plants are found and on the basis of reconstruction the form and 

structure of these plants have been described. 

STRUCTURE OF RHYNIA 

External features 

The sporophyte plant body of Rhynia was simple and consisted of a slender, dichotomously 

branched rhizome, bearing erect, dichotomously branched aerial stems. The aerial branches of R. 

major were about 50 cm in height and 1.5 to 6 mm in diameter, whereas the stems of R. gwynne-

vaughanii attained a height of 20 cm and were only 1 to 3 mm in diameter. There were no roots 

but from the rhizome grew numerous rhizoids. These stems were naked and had no leaves. The 

aerial branches seem to have terminated finally into sporangia. In R. gwynne-vaughanii, 

hemispherical protuberances were present which might have arisen from the lower part of the 

aerial stems or from the rhizome. The vascular bundles of these adventitious branches were not 

connected with those of the main stems. It suggests that they were capable of growing into new 

plants, if detached from the new axis and served as means of vegetative propagation. 
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                                 Aerial Branch with rhizome and rhizoids of Rhynia 

 

 

Internal features 

The internal structure of the rhizome as well as stem was similar. In the centre, a solid central 

core of vascular tissue was surrounded by cortex. The vascular cylinder was a protostele 

(haplostele), with a cylindrical mass of xylem, surrounded by a phloem layer .The xylem was 

composed of annual tracheids which were smaller towards the centre. The phloem was composed 

of elongated thin walled cells, with oblique end walls. Around the stele was a broad cortex with 

no intervening pericycle and endodermis. The cortex was differentiated into an inner and an 

outer region. The inner cortex was composed of spherical cells and had abundant intercellular 

spaces. It is presumed that the region of inner cortex was green, and as such has been the chief 

photosynthetic tissue of the plant. The outer cortex was formed of large angular cells without 

intercellular spaces, except below the stomata. The outermost layer was the epidermis, one cell 

in thickness and with a thick cuticle on its outer surface. In the epidermis of the aerial branches, 

stomata, with two guard cells were present 
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Reproduction in Rhynia 

The sporangia are oval or cylindrical structures with pointed ends at the apices of the 

dichotomies. They may be slightly constricted at the bases though continuous with the stem and 

are always wider. Those of R. major were rather big (about 12 mm long and 4 mm in diameter). 

The sporangium wall is thick and multi- layered with the outer cells thick-walled and no method 

of dehiscence is observed.The sporangia were cylindrical and borne singly on the tips of some 

aerial branches. They were large, oval or cylindrical structures with pointed ends. The sporangia 

had walls several cell layers thick in which the cells of the outermost layer were thick walled and 

had a heavy cuticle. The middle layer was about three cells in thickness and composed of thin 

walled cells. The inner layer of the jacket composed of small rounded cells and probably 

functioned as tapetum. The sporangial cavity contained numerous spores of same size 

(homosporous) with cutinized walls. The spores were apparently all alike and were arranged in 

tetrads. The presence of tetrads in some specimens suggests that they were formed byreduction 

division and that the plant bearing them represented sporophytic generation. The sporangium 

was without any specialized mechanism of dehiscence. 
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The Gametophyte 

The spores: The spores were cutinized and were born in tetrads. The spores were 40µto 65µin 

diameter. Nothing is known about the gametophyte of Rhynia because gametophyte of thisfossil 

plant has never been discovered. Lyon (1957) reported some germinating spores from Rhynie 

Chert, which show multicellular structures, developing at the ends of germ tubes, that looked like 

that of R. major. These may represent the gemetophytic generation. Merker (1959) has suggested 

that the underground parts of Rhynia might possible be the gametophytes. According to Pant 

(1962), certain specimens described as R. gwynnevaughanii, may be the gametophytes of R. 

major. However, no conclusive evidence of archegonia or antheridia is known to identify these 

fossils as gametophytes. 

Other Genera of Rhyniaceae: 

Homeophylon (originally named Homea but name changed due to nomenclatural defect) was 

similar to Rhynia and was discovered from the same place but was smaller and the rhizomes 

were short and tuberous presenting a jointed appearance . The rhizome is devoid of any vascular 

supply.The vascular supply enters the rhizome tuber from the stem but fades out after expanding 

like a bell. There are some mycorrihazal fungi inside the rhizome parenchyma. 

The sporangium  is slightly wider than the stem apex and in all respects show that it is simply a 

modification of its apex. It has a sterile columella which is a projection of the stem phloem 

below with the spore sac overarching on it as in Sphagnum or Andreaea. 

This columella sometimes shows a tendency to bifurcate like the stem. The tapetal cells form an 

extension of the columella lining the inside of the spore sac. The presence of this columella is of 

phylogenetic importance. 

Horneophyton Lignieri 

Sporangia Rhynia 
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Horneophyton is among the most abundant fossil organisms found in the Rhynie chert, a 

Devonian Lagerstätte in Scotland. A single species, Horneophyton lignieri, is known. Its 

probable female gametophyte is the form taxon Langiophyton mackiei.. 

Besides Rhynia, Horneophyton and the doubtful genus Sporogonites, a number of other genera 

assignable to this family have been discovered. Cooksonia  from Upper Silurian and Lower 

Devonian of Wales show slender, naked, dichotomously branched stem fragments with apical 

sporangia similar to Rhynia. 

 

 

 

                           

 

Section through sporophyte of 

Horneophyton Sporophyte 

Horneophyton 
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Topic-3 

Lepidodendron 

Lepidodendron, extinct genus of tree-sized lycopsid plants  lived during the Carboniferous 

Period (about 359 million to 299 million years ago). Lepidodendron and its relatives 

Lepidophloios, Bothrodendron, and Paralycopodites—were related to modern club mosses. They 

grew up to 40 metres (130 feet) in height and 2 metres (about 7 feet) in diameter. During their 

juvenile stages, these plants grew as unbranched trunks with a stock of long, thin leaves that 

sprouted near the growing tip. They branched at later stages, either in even dichotomies at the 

growing tip or in lateral branches that were later shed. After branching, the leaves became 

shorter and awl-shaped. As the plant grew, it shed leaves from older parts of the stem that left 

diamond-shaped leaf bases. Stems were characterized by a slender central strand of wood and a 

thick bark. Since Stigmaria—the underground parts of the plant—resembled stems, they are not 

considered true roots. The shape of leaf bases and the arrangement of their vascular strands 

distinguish the different genera within the group of arborescent lycopsids. 

Lepidodendron and similar great trees grew in the hot humid swampland of the Carboniferous 

period. It possessed branching rooting organs, called Stigmaria, by which it was anchored in 

shallow soil. The Stigmaria had spirally arranged roots coming from them. Attached to the 

Stigmaria of Lepidodendron was a long pole-like trunk which had no branches for most of its 

length. The trunk terminated in a crown of simple branches which were covered with spirally 

arranged grass-like leaves, called Lepidophyllum. At the end of the branches were cigar-shaped 

reproductive cones, called Lepidostrobus, which contained spores. These different names (called 

"form genera") have been applied to different parts of Lepidodendron because they were 

originally discovered and scientifically described as separate parts. It was only later when more 

complete specimens were found that it was realized that the separately described parts in fact 

belonged to the same plant. In some cases the form genus turns out to belong to different families 

when the complete plant is considered. For example Stigmaria may belong to genera assigned to 

Lepidodendraceae, Sigillariaceae, or Lepidocarpaceae 
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Many of the larger lepidodendrid trees had monosporangiate cones, with highly specialized 

megasporangia that mimic the seed habit. A good example is Lepidocarpon. In Lepidocarpon 

cones, there is a single megaspore present that remains within the megasporangium, and the 

megasporangium remains tucked inside a leafy sporophyll that encloses it. The entire cone 

breaks up and these units thus serve as propagules. Because plants bearing this type of cone were 

living in a wet coal swamp, some paleobotanists have suggested that this dispersal unit acted as a 

small boat capable of aquatic dispersal. 

The Lepidodendrales were the most elaborate and diversified of all the lycopsids, and dominated 

the Carboniferous, but with the drying of the climate during the latest Carboniferous and early 

Permian they went into a steep decline. By the middle Permian, they were all gone. Inefficient 

movement of water and nutrients through the stems of these tall plants, resulting from a lack of 

secondary xylem is cited as one of the reasons for their extinction. 

Lepidodendron (Knorria) 

Lepidodendron is the name (= form-genus) for impressions of the outer bark of large arborescent 

lycophytes.Lepidodendron is also the name that paleobotanists use to refer to the biological 

genus for entire plant, including all of its individual parts. Lepidodendron grew to over 100 feet 

(30 meters) tall and preferred the wetter, but not wettest areas in swamps.Lepidodendron is 

recognized by the diamond-shaped pattern of leaf scars that spiral around the trunk of the tree; 

each scar being generally taller than wide.During the life of the tree, the outer bark of 

Lepidodendron trees would be shed revealing the layer beneath This inner bark layer displayed a 

different pattern and is given a separate and distinct name, called Knorria, when found in the 

fossil record. 

Sigillaria 

Sigillaria is the name (= form-genus) for impressions of the outer bark of large arborescent 

lycophytes, as well as for the entire tree. Sigillaria was a shorter tree than Lepidodendron and 

had a different shape; Sigillaria grew in the drier parts of the swamps. Commonly found in 

Pennsylvanian rocks, Sigillaria is also the only lycophyte bark found in Permian rocks although 

very infrequently. Sigillaria is recognized by the hexagon-shaped to near circular pattern of leaf 

scars that appear to be lined up vertically one above another. 

Stigmaria 

Stigmaria is the name (= form-genus) given to rooting systems of all of the arborescent 

lycophytes (including Lepidodendron and Sigillaria). Stigmarian axes are very common in 

Pennsylvanian rocks and are among the most frequently reported in Oklahoma. Stigmarian axes 

are most often found as cylinders with dimples spiralling around the entire surface. The dimples  
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may appear to have a button inside. Sometimes, slender roots can be seen in place of the dimples 

on exceptional specimens. 

The primary cortex is divided into three regions, viz. 

(i) The outer cortex, just outside the secondary cortex, bearing leaf cushion, 

(ii) Middle cortex consisting of homogeneous mass of parenchyma cells, interspersed with leaf 

traces, and  

(iii) The narrowest inner cortex having parenchyma cells. Some of the cells aggregated to form 

secretory cells. 

 

 

 

                                               

Lepidophylloides 

Lepidophylloides is the name (= form-genus) given to dispersed leaves of arborescent 

lycophytes. Although it is sometimes possible to distinguish between leaves of the different 

genera (that is, of Lepidodendron and Sigillaria), it is not usual and so this name is practical for 

all leaves of uncertain origin. 

Lepidophylloides is characterized by long, straight sides with a single, prominent vein running 

down the middle. In some better preserved specimens, two usually fainter lines appear on each 

side of the central vein and represent grooves that are located on the underside of the leaf. 

Lepidophylloides may be distinguished from the other genus of parallel-sided leaf in the  

 

Root cast of Lepidodendron 
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Pennsylvanian (Cordaites) by its single central vein with at most two additional lines running 

beside it. 

Reproduction 

Lepidodendron and its relatives reproduced by spores, with megaspores giving rise to the female 

(egg-producing) gametophyte and microspores giving rise to the male (sperm-producing) 

gametophyte. Lepidophloios wrapped its megasporangium in a layer of tissue much like that of 

the seed plants. This feature, however, was independently derived in the lycopsid lineage. In 

some genera, spore-bearing cones were produced at the tips of branches, suggesting that the 

plants could reproduce only once in their lifetime. Lepidodendron and its relatives lived in the 

extensive peat-forming swamps of the Early and Middle Pennsylvanian epochs (about 318 

million to 307 million years ago) and became extinct when these swamps disappeared 

Lepidostrobophyllum & Lepidostrobus 

Lepidostrobophyllum is the name (= form-genus) given to the fertile leaves that make up the 

cones of numerous species of the genus Lepidodendron. Lepidostrobophyllum is usually found 

incomplete, preserving only the outer leaf but not preserving the spores themselves. The entire 

cone, if found with numerous Lepidostrobophyllum intact, would be called Lepidostrobus. 

Morphologically, both the sporophylls were identical, except for their spore content. The 

microspores were small, about 25 pm in diameter, with smooth or granular exine. The cones 

containing only microspores are assigned to the form genus Lepidostrobus, possibly a 

monsporangiate cone of Lepidodendron. 

Lepidodendron formed bisporangiate cones called Flemingites that were borne terminally. The 

sporophylls were helically attached to the central cone axis. The microsporophylls bearing 

microsporangia were usually borne in the apical portion, while megasporophylls bearing 

megasporangia occupied the basal portion of the cones 

Megaspores were spherical, slightly elongated, showing trilete aperture with echinate(spinous) 

exine. 

Sigillariostrobus 

Sigillariostrobus is the name (= form-genus) for cones of Sigillaria and is rare in Oklahoma. 
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Topic-4 

Calamites 

Calamites, genus of tree-sized, spore-bearing plants lived during the Carboniferous and Permian 

periods (about 360 to 250 million years ago). Calamites had well-defined node-internode 

architecture similar to modern horsetails, and its branches and leaves emerged in whorls from 

these nodes. Its upright stems were woody and connected by an underground runner; however, 

the central part of the stem was hollow, and fossils of Calamites are commonly preserved as 

casts of this hollow central portion. Calamites grew to 20 metres (about 66 feet) tall, standing 

mostly along the sandy banks of rivers, and had the ability to sprout vigorously from 

underground rhizomes when the upper portions of the plant were damaged. The remains of 

Calamites and other treelike plants from the Carboniferous Period were transformed into the coal 

used as a source of energy today. A virtually identical plant from the Triassic Period (about 250 

to 200 million years ago) is called Neocalamites. 

Catamites was a tall tree that attained a height of about 33 ft (10 m). The plant had a stout 

underground rhizome with a number of aerial shoots. The rhizome differentiated into nodes and 

internodes and had a whorl of adventitious roots at the nodes. 

Aerial shoots arose from the upper surface of the rhizome. At a certain distance these aerial 

shoots also produced adventitious roots indicating that some portion of these aerial shoots grew 

under the soil surface. Erect shoot became sharply constricted at the point of their attachment to 

the rhizome. Aerial shoots showed prominent nodes and internodes and had whorls of branches 

at each node. 

1. Stem: 

The stem form-genus is called Catamites which was initially applied to fragments of pith costs. 

The surface of the stem had longitudinal ridges and furrows like Equisetum. 

The erect shoots suddenly narrow down and become constricted at the point of their attachment 

to the rhizome . The stele also narrows down at the point of their junction to the rhizome. The 

stem anatomy of Calamites shows an epidermis, cortex and an endarch siphonostele . 

The young stem shows differentiation of cortical tissue: an outer sclerotic zone and an inner 

thin-walled parenchymatous zone. There is a prominent delicate pith at the centre of the stem 

which disorganises in mature shoots to form a central pith cavity at the internodes. The vascular 

bundles are conjoint collateral and open. 
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. Roots:  

The adventitious roots of Calamites are referred as Astromyelon. Internally, there is 

parenchymatous pith. The primary stele comprises of a ring of exarch bundles. The important 

internal feature of root is the absence of carinal canal. In rare instances, cortical lacuna is present 

which reminds the vallecular canal of Equisetum. Secondary growth has also been reported in 

Astromyelon. 

3. Leaves: 

The detached leaves of Calamites belong to the form-genera Annularia  and Asterophyllites. 

These leaves are whorled in arrangement and mostly found on the smallest twigs. The Annularia 

leaves are disposed in an oblique plane to the branch which form stellate patterns at each node. 
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Cones: 

The cone of Calamites has a central axis bearing alternating whorls of peltate sporangiophores 

and sterile appendages called bracts. 

There are a number of different forms of cones in Calamites which may be distinguished on the 

basis of two important features: 

(i) the position of sporangiophore attachment, and 

(ii) the number of sporangia per sporangiophore. 

These include: 

a. Calamostachys : 

Here verticels of sporangiophores are attached at right angles midway between successive 

verticels of sterile bracts. This Lower Carboniferous cone type is supposed to be an ancestral 

form which gave rise to the other Upper Carboniferous forms. Each peltate sporangiophore bore 

four sporangia which faces the cone axis.The number of sporangiophore and bracts per whorl 

also varies depending upon the species. Generally 6-18 sporangiophore per whorl and 10-45 

bracts are borne. The bracts of a whorl are usually laterally fused at the base forming expanded 

discs with free tips. Calamostachys binneyana is a homosporous member bearing isospores with 

three circinate coiled elaters . 
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b. Palaeostachya : 

This cone-type is more or less similar to Calamostachys and is characterised by the arrangement 

of its sporangiophores in the axils of bracts at an angle of 45°. In addition, the sporangiophore 

trace arose from the node ascended at an oblique angle and then descended to enter the axillary 

sporangiophore. 
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c. Mazostachys : 

Here sporangiophores are borne in a whorl just below the vertical of bracts. The ratio of bracts 

to sporangiophores is 2 : 1, where a whorl of 12 bracts subtended by a whorl of 6 

sprangiophores. The sporangiophores bear two pendant sporangia. The sporagiophore trace 

arose directly from the node before bending outward into the sporangiophore. 

 

                         

d. Cingularia : 

In general, it resembles Mazostachys. Here both the whorls of bracts and sporangiophores are 

fused and develop horizontally. The sporangiophores are flat and bifurcate at their tips bearing 

four pendant sporangia. 
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