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Introduction

Microfossils are tiny but powerful tools in geology, offering insights into Earth’s past
environments and resources. Their morphology and classification form the foundation for
understanding their wider applications in stratigraphy and palaeoecology. This Series introduces
you to the major groups of microfossils, namely foraminifera, coccoliths, and diatoms, and
provides a comparative overview of their features and uses.

The aim of this Series is to enable you to describe the morphology of these microfossils, classify
them into recognised taxonomic groups, and compare their characteristics for geological
applications.

We shall commence this Series by studying the morphology and classification of foraminifera,
focusing on their shells and taxonomic categories. Next, we will move on to coccoliths,
examining their calcareous plates and classification. Following that, we will explore diatoms,
with their siliceous frustules and ecological roles. Finally, we will round off the Series with a
comparative overview of these groups, highlighting their similarities, differences, and integrated
applications in micropalaeontology.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

e SLO 1.1 describe the morphology of foraminifera and explain their classification,

e SLO 1.2 define the structural features of coccoliths and classify coccolithophores,

e SLO 1.3 explain the morphology and classification of diatoms,

e SLO 1.4 analyse and compare the morphology and classification of foraminifera,
coccoliths, and diatoms, and

e SLO 1.5 evaluate the stratigraphic and ecological significance of these major microfossil
groups.

1.1:Morphology And Classification Of Foraminifera
1.1.1 General morphology of foraminifera

Foraminifera are single-celled marine organisms that produce shells, known as tests, which are
usually composed of calcium carbonate. These tests vary greatly in shape, ranging from simple
tubes to complex multi-chambered structures. The chambers are added sequentially as the
organism grows, and their arrangement is a key feature used in classification.

The surface of the test may be smooth, ornamented with spines, or perforated with pores. These
features provide important clues about the organism’s environment and evolutionary history.

-
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Short description: Diagram showing different test shapes of foraminifera (tubular, spiral, multi-
chambered).
Caption: Figure 1.1 Morphological diversity of foraminiferal tests

Principle types of chamber arrangement. 1, single chambered; 2,
uniserial; 3,biserial; 4, triserial; 5, planispiral to biserial; 6, milioline; 7,
planispiral evolute; 8, planispiral involute; 9, streptospiral; 10-11-12,
trochospiral (10, dorsal view; 11, edge view; 12, ventral view).
Redrawn from Loeblich and Tappan 1964.

-
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Fill in the blank: The shell of a foraminifer is called a

1.1.2 Taxonomic classification of foraminifera

The classification of foraminifera is based on the composition and structure of their tests, as well
as chamber arrangement and aperture type. Major groups include calcareous foraminifera,
which have calcium carbonate tests, and agglutinated foraminifera, which build their tests by
cementing together sediment grains.

Within these groups, further classification is made according to chamber arrangement, such as
uniserial (in a single line), biserial (in two lines), or planispiral (coiled in a plane). Aperture
types, which are the openings through which the organism extends its pseudopodia; also play a

role in taxonomy.

Table 1.2 Taxonomic classification of foraminifera

Feature Calcareous Foraminifera Agglutinated Foraminifera
Test Secreted calcium carbORyg {ponse spicles, miea) semented
... ($CaCO_38$), either porcellanous PONEE Sp e .
Composition = . together by an organic or mineral
(opaque) or hyaline (transparent/glassy). olue
. Dominant in well-oxygenated, shallow Oftc?n found in "harsh :
Environmental i : environments, such as brackish
.. to deep marine environments above the . .
Significance Catbonate Compensation Depth (CCD) marshes, high latitudes, or ultra-
P p " |deep water below the CCD.
High variety: uniserial (one row), Ranges from simple globular or
Chamber W . - tubular forms to complex,
biserial (two rows), triserial, or . .
Arrangement .. . . multichambered coiled or
planispiral/trochospiral coils. .
branching structures.
Usually simpler: a single
Often distinct and geometric: circular, [terminal opening, a slit at the
Aperture Types [radiate (star-shaped), slit-like, or base of the last chamber, or
cribrate (multiple pores). interstitial spaces between
particles.

-
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Feature Calcareous Foraminifera Agglutinated Foraminifera

High; the organic/mineral cement
is often more resistant to
chemical dissolution than
calcium carbonate.

Excellent in limestone and chalk; prone
to dissolution in acidic or very deep
waters.

Preservation
Potential

Fill in the blank: Foraminifera that build their tests by cementing sediment grains are called
foraminifera.

1.1.3 Stratigraphic and ecological importance of foraminifera

Foraminifera are widely used in biostratigraphy, which is the study of fossil distribution
through geological strata to establish relative ages. Their rapid evolutionary rates and widespread
distribution make them excellent index fossils.

Ecologically, foraminifera are sensitive to environmental changes such as temperature, salinity,
and nutrient levels. This makes them valuable indicators of past and present marine conditions.
For example, benthic foraminifera reflect bottom water conditions, while planktonic foraminifera
provide information about surface waters.

Box 1.3 Applications of foraminifera in geology

Application Primary Method Geological Significance
[dentifying specific species Allows for the correlation of rock
Biostratieraph with known "First Appearance [layers across vast distances and the
grapiy Datums" (FAD) and "Last establishment of precise biozones

Appearance Datums" (LAD).  [within a geological time scale.

Reconstructs ancient water depths,
salinity, temperature, and oxygen
levels (e.g., using oxygen isotopes
in $CaCO_38$ tests to track ice

ages).

lAnalyzing "Benthic-to-
Palaeoenvironmental Planktic" ratios and the
Reconstruction presence of "indicator
species."
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Application Primary Method Geological Significance

[dentifies potential "source rocks"
and "reservoir rocks" and
determines the age of strata/during

Examining microfossil
Petroleum Exploration [assemblages in drill cuttings

(well logging). active drilling to guide the'drill bit
Mapping the global fer:t\(l)ll(liiecss eerggiﬁzeslﬁ(i?tipnl at:f ancient
Palaeobiogeography distribution of specific &

ocean currents and seaways

foraminiferal assemblages. throughout the Phanerozoic Eon.

Fill in the blank: Planktonic foraminifera provide information about waters.

Pilot questions 1.1

What is the shell of a foraminifer called?

Name two major groups of foraminifera based on test composition.

What is the difference between uniserial and planispiral chamber arrangements?
Why are foraminifera useful in biostratigraphy?

What environmental factors can foraminifera be used to indicate?

Al e

1.2 Morphology And Classification Of Coccoliths
1.2.1 Structural features of coccoliths

Coccoliths are minute calcareous plates produced by single-celled algae known as
coccolithephores. These plates are composed of calcium carbonate and form intricate patterns
that cover the cell surface. Coccoliths can be disc-shaped, ring-shaped, or elaborately
ornamented, and their morphology is a key feature in identifying different species.

The arrangement of coccoliths around the cell provides protection and may assist in regulating
buoyaney. Their fine structures are best studied under scanning electron microscopes, which
reveal the delicate details of their design.

Short description: Image showing different shapes of coccoliths (disc, ring, ornate).

-
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Caption: Plate 1.4 Structural diversi

of coccoliths

. ."x ‘
1: ‘g " . "‘

Fill in the blank: Coccoliths are calcareous plates produced by
1.2.2 Taxonomic classification of coccolithophores

The classification of coccolithophores is based on the morphology of their coccoliths and the
arrangement of plates on the cell surface. Families and genera are distinguished by the size,
shape, and complexity of coccolith structures.

For example, the family Coecolithaceae includes genera with simple disc-shaped coccoliths,
while the family Calcidiscaceae contains species with more complex and heavily ornamented
plates. Taxonomic studies rely heavily on microscopic imaging to distinguish these subtle
differences.

Table 1.5 Taxonomic classification of coccolithophores

)
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"club" extending outward.

Famil Key Morphological Example Geological
y Features Genus/Species Significance

Possess placoliths (two The most abundant

shields connected by a Emiliania modern species; used
Noelaerhabdaceae |[central tube). Often have a oclevi for high-resolution

simple circular or elliptical Y Quaternary

shape. stratigraphy.

%ﬁzg:},lir;lé‘;%fﬂicﬁgzs- Coccolithus f xcellent INeELors of
Coccolithaceae . . cold-to-temperate water

complex radial elements or  |pelagicus . !

 distinct central pore. masses in the Cenozoic.

Circular placoliths with a

closed or very small central .. Key biostratigraphic
Calcidiscaceae area. The proximal ‘and ngaltzdelizzs markers for the

distal shields ate often Sub- piop Neogene period.

equal in size.

Highly diverse morphology;

often dithecate (two types [mportant for

. Syracosphaera  [reconstructing

Syracosphaeraceae [of coccoliths). Seme possess . } .

2 cftal S o pulchra ecological niches in

ncaneolith” structure modern tropical oceans.

Possess.rhabdoliths— Useful for identifying

coccoliths with a long, Rhabdosphaera  [warm, oligotrophic
Rhabdosphaggacggt prominent central spine or  [clavigera (nutrient-poor) surface

'waters.

Fill in the blank: The family Coccolithaceae includes genera with

1.2.3 Applications of coccoliths in biostratigraphy

coccoliths.

Coccoliths are widely used in biostratigraphy, which involves dating and correlating rock
layers using fossil evidence. Their rapid evolutionary rates and global distribution make them
excellent index fossils, particularly in marine sediments.

-
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Coccolith assemblages can be used to identify geological time intervals, track changes in ocean
chemistry, and reconstruct past climates. They are especially important in petroleum exploration,
where they help determine the age and depositional environment of sedimentary basins.

Box 1.6 Applications of coccoliths in geology

appearances) in marine
sediments.

Application Primary Method Geological Significance
[dentifying specific species The "Gold Standard" for dating Mesozoic
. . "datums" (first and last and Cenozoic strata; allows for global
Biostratigraphy

correlation of deep-sea eores and oil well
sequences:

Ocean Chemistry

Analyzing the trace elements
($Sr/Ca$) and isotopic
composition of the caleite
plates.

Reconstructs ancient nutrient levels,
salinity, and the state of the Carbonate
Compensation Depth (CCD) over
millions of years.

Using species assemblages as

Tracks the movement of warm and cold

operations:

Climate - water masses; identifies the timing of
. proxies for sea-surface S " " "

Reconstruction ancient "Greenhouse" and "Icehouse

temperature ($SSTS). .

transitions.

Rapid "on-site" dating of drill |Determines the age of the rock at the drill
Petroleum cuttings during offshore bit in real-time, helping geologists identif
Exploration & & » NEIPING £COT08 y

reservoir seals and source rock intervals.

Filldn the blank: Coccoliths are especially important in

determine depositional environments.

Pilot questions 1.2

U W N

-

What are coccoliths composed of?
Name one function of coccoliths on the cell surface.

Which family includes genera with simple disc-shaped coccoliths?
Why are coccoliths useful in biostratigraphy?

Give one application of coccoliths in geology.

exploration, where they help
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1.3 Morphology And Classification Of Diatoms

1.3.1 Morphological features of diatom frustules

Diatoms are single-celled algae that produce siliceous shells called frustules. These frustules are
composed of hydrated silica and consist of two halves, known as valves, which fit together like a
box and lid. The intricate patterns on the frustules, such as pores and ridges, are distinctive
features used for identification.

Diatoms can be broadly divided into two morphological groups: centric diatoms, which-have
radial symmetry, and pennate diatoms, which have bilateral symmetry. These differences in
symmetry are important for classification and ecological interpretation.

Short description: Diagram showing centric and pennate diatom frustules with radial and
bilateral symmetry.

-
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Caption: Figure 1.7 Morphological features of diatom frustules

(g)
Fill in the blank: The siliceous shell of a diatom is called a
1.3.2 Taxonomic classification of diatoms

The classification of diatoms is based on frustule symmetry, valve structure, and ornamentation.
Centric diatoms belong to orders such as Centrales, while pennate diatoms are classified under
Pennales. Within these orders, families and genera are distinguished by features such as the
presence of a raphe (a slit used for movement), pore patterns, and valve shape.

Taxonomic studies of diatoms often rely on microscopic imaging, as their fine structures are not
visible to the naked eye. The classification system helps in identifying species that are useful for
ecological and stratigraphic studies.

-
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Table 1.8 Taxonomic classification of diatoms

Feature Centric Diatoms Pennate Diatoms
(Coscinodiscophyceae) (Bacillariophyceae)
Radial Symmetry: Arranged around [Bilateral Symmetry: Arranged
Symmetry a central point (like a wheel or a petri  jalong a longitudinal axis (like a
dish). boat or a cigar):
Coscinodiscales, Biddulphiales, Naviculales, Fragilariales,
Common Orders . o
Melosirales. Bacillariales.

Representative Coscinodiscaceae, Thalassiosiraceae, [Naviculaceae, Fragilariaceae,
Families Melosiraceae. INitzschiaceae.

Many possess a raphe (a
longitudinal slit) used for gliding
motility on surfaces.

Distinguishing Lack a raphe; often have spines or
Features processes; generally non-motile.

Primarily marine and planktonic Primarily benthic (bottom-

Environment . dwelling) or found in freshwater
(floating in the water column). .
environments.
. Often produce specialized "resting Often form chains or colonies
Reproduction " . . i .
spores" to survive harsh conditions. attached to substrates via mucilage.

Fill in the blank: Pennate diatoms are classified under the order
1.3.3 Ecological and stratigraphic significance of diatoms

Diatoms are important indicators of environmental conditions because they respond quickly to
changes in water chemistry, temperature, and nutrient availability. Their remains accumulate in
sediments, forming diatomaceous earth, which has industrial uses such as filtration and
insulation.
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In stratigraphy, diatoms are used to date and correlate sedimentary sequences, particularly in
freshwater and marine environments. Their sensitivity to ecological changes also makes them
valuable in reconstructing past climates and monitoring modern ecosystems.

Box 1.9 Applications of diatoms in geology and industry

Application Primary Method Significance
Mapping the "First Essential for dating Cenozoic marine and
Stratigraphic Appearance" and freshwater strata; used to correlate high-
Correlation "Extinction" of key species in [latitude (Southern Ocean) sequences where
sediment cores. other microfossils are rare.
Analyzing species IActs.as a palaeothermometer; tracks
Climate assemblages and historical changes in sea-ice extent,
Reconstruction  |oxygen/silicon isotopes upwelling intensity, and sea-surface
within the silica frustules. temperatures.
Calculating the Diatom Reconstructs the history of lake
Water Quality Indices based.on the acidification and eutrophication (nutrient
Monitoring presence of acid-sensitive or  [pollution) over centuries using lakebed core
nutrient-loving species. samples.
Mining of Diatomaceous \Used in high-grade filtration
Industrial Uses Earth (Dlgtomlte)—ma551ve (brewmg/pools), as a mild abrasive, in
accumulations of fossilized thermal insulation, and as a natural
frustules. insecticide.

Fill in the blank; Diatomaceous earth is formed from the accumulated remains of

Pilot questions 1.3

1.
2.
3.
4.
5.

What is the siliceous shell of a diatom called?

Name the two main morphological groups of diatoms.
Which order includes centric diatoms?
Why are diatoms useful in stratigraphy?
Give one industrial use of diatomaceous earth.
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1.4 Comparative Overview Of Major Microfossil Groups

1.4.1 Similarities among foraminifera, coccoliths, and diatoms

Although foraminifera, coccoliths, and diatoms belong to different biological groups, they
share several important similarities. All three are microscopic organisms whose remains are
preserved in sediments, making them valuable tools in micropalaeontology. Theyalso exhibit
rapid evolutionary rates and wide geographic distribution, which enhances their usefulness in

biostratigraphy.

Another similarity is their sensitivity to environmental changes. Each group responds to
variations in temperature, salinity, and nutrient availability, providing reliable indicators of past
and present ecological conditions.

Table 1.10 Similarities among major microfossil groups

Feature Foraminifera Coccolithophores Diatoms
T Produce a " "
. Produce a "test"(shell) that |, " Produce a "frustule
Morphological . coccosphere" of L
protects the single-celled PN (shell) consisting of
Role organism individual plates two fitting valves
& ' (coccoliths). & ’
. . Cosmopolitan; Cosmopolitan;
Global CoStaigpolitar, ound in dominate tropical to dominate high-latitude
e . every ocean from the ;
Distribution temperate open-ocean  |(polar) and nutrient-
equator to the poles. " i .
blooms. rich waters.
Ecological Primarily Planktic Exclusively Planktic  [Primarily Planktic;
C0O108 (floating) or Benthic (surface waters/photic  [also highly successful
Niche . )
(bottom-dwelling). zone). in freshwater.
. . Form massive Chalk  |[Form massive
Sedimentary Form massive Calcareous . o
Impact Oozes and limestones deposits (e.g., Siliceous Qozes and
’ Cretaceous Chalk). Diatomite.

-
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Feature Foraminifera Coccolithophores Diatoms
. Biostratigraphy: Key for [Biostratigraphy: Blost'ratlgraphy: [
Primary i . N . Crucial for Cenozoic
N dating Mesozoic and Gold Standard" for . .
Application . . . . and high-latitude
Cenozoic strata. high-resolution dating. .
dating.
Palacothermometry: Palaeo- Palacolimnology:
Environmental [Used for oxygen isotope oceanography: Indicates ancient water
Proxy ($7{18}0/7{16}09%) [ndicates ancient sea- [ [SpHS$ and nutrient
analysis. surface temperatures. ' [levels.

Fill in the blank: All three groups are valuable tools in
evolutionary rates.

1.4.2 Differences in morphology and classification

because of their rapid

Despite their similarities, these groups differ significantly in morphology and classification.
Foraminifera produce calcareous or agglutinated tests with chambered structures, coccoliths are
calcareous plates produced by algae, and diatoms form siliceous frustules with intricate pore

patterns.

Taxonomically, foraminifera are classified as protozoans, coccolithophores as algae, and diatoms
as algae with distinct centric and pennate forms. These differences highlight the diversity of
microfossils and the need for specialised approaches in their study.

Short description: Comparative diagram showing foraminiferal tests, coccolith plates, and diatom

frustules.

-
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Caption: Fi major microfossil groups

ure 1.11 Morphological differences among
[ \\\\ ' ’ y

Fill in the blank: Diatoms produce siliceous shells called , while coccoliths are calcareous
plates.

1.4.3 Integrated applications in micropalaeontology

When studied together, these groups provide a more comprehensive understanding of geological
history. Foraminifera are particularly useful in marine stratigraphy, coccoliths contribute to
climate reconstruction, and diatoms are valuable in both freshwater and marine studies.

By integrating data from these microfossils, geologists can reconstruct palacoenvironments with
greater accuracy, correlate rock layers across regions, and support petroleum exploration. This

comparative approach strengthens the reliability of micropalaeontological interpretations.

Box 1.12 Integrated applications of major microfossil groups

Application Integrated Mechanism Strategic Outcome

Cross-referencing Calcareous
Nannofossil zones with Planktic
Foraminifera datums.

High-Resolution
Biostratigraphy

Minimizes dating errors; provides a
"double-check" system where one

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Application

Integrated Mechanism

Strategic Outcome

group might be missing due to
environmental or preservation bias.

Palaeo-Depth

Comparing Benthic Foraminifera
(depth indicators) with

Accurately maps the transition. from
shallow shelf to deep-sea

Reconstruction Diatom/Coccolith ratios environments; vital for identifying
(productivity indicators). ancient basin.margins.
Oceanic Tracking the "dissolution profiles" Determines ‘.che gucigy Carbonate
. . Compensation Depth (CCD);
Chemistry & of Calcareous (Forams/Coccoliths) L dentifies periods of ocean
CCD Mapping vs. Siliceous (Diatoms) fossils. p

acidification or "Carbonate Crisis."

Petroleum System

Using Diatoms for source rock
productivity and

Builds a complete
"chronostratigraphic" model of a
basin, helping to predict the

Unconformities.

Analysis Foraminifera/Coccoliths for . .
. . . location and timing of hydrocarbon
reservoir age and seal integrity. :
generation.
Using microfossil.assemblages to Detects global sea-level changes
Sequence identify Maximum Klooding (eustasy) by observing shifts from
Stratigraphy Surfaces (MFS) and near-shore agglutinated forams to

open-ocean coccolith blooms.

Fill in the blank: Integrated studies of microfossils improve the accuracy of

reconstructions.

Pilot questions 1.4

v S NS

-

Name one similarity among foraminifera, coccoliths, and diatoms.

What is the main morphological difference between coccoliths and diatoms?
Which group produces chambered calcareous tests?

Why is it useful to study these groups together?
Give one integrated application of microfossil studies in geology.
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Series Summary

This Series focused on the morphology and classification of major microfossil groups, providing
the foundation for micropalaecontological studies. We began with foraminifera, examining their
chambered calcareous tests and taxonomic categories, then moved on to coccoliths, exploring
their calcareous plates and classification into families. Afterwards, we studied diatoms, with-their
siliceous frustules and division into centric and pennate forms. Finally, we compared these
groups, highlighting their similarities, differences, and integrated applications in geology.

By completing this Series, you should now be able to describe and classify foraminifera,
coccoliths, and diatoms, analyse their morphological features, and evaluate their stratigraphic
and ecological importance. These skills directly align with the Series Learning Outcomes,
enabling you to apply microfossil knowledge in biostratigraphy, palacoenvironmental
reconstruction, and related geological studies.

Glossary of Terms

o Agglutinated foraminifera: Foraminifera that build their shells by cementing sediment
grains together.

e Aperture: The opening in a foraminiferal test through which pseudopodia extend.

e Calcareous test: A shell made.of calcium carbonate, common in foraminifera.

e Coccoliths: Minute calcareous plates produced by coccolithophores.

e Coccolithophores: Single-celled algae that produce coccoliths.

o Diatomaceous earth: Sedimentary deposit formed from accumulated diatom frustules,
used industrially.

o Diatoms: Single-celled algae with siliceous frustules, divided into centric and pennate
forms.

e Frustule: The siliceous shell of a diatom, composed of two valves.

o Index fossil: A fossil used to define and identify geological time intervals.

o Planispiral: A coiling arrangement of foraminiferal chambers in a single plane.

o Raphe: A slit in pennate diatoms used for movement.

e Test: Theshell of a foraminifer, often chambered.

Concept Check Questions 1

Objective questions

1. The shell of a foraminifer is called a . (Linked to SLO 1.1)

2. Coccoliths are calcareous plates produced by . (Linked to SLO 1.2)

3. The siliceous shell of a diatom is called a . (Linked to SLO 1.3)

4. Centric diatoms exhibit symmetry. (Linked to SLO 1.3)

5. All three groups are valuable tools in because of their rapid evolutionary rates.

(Linked to SLO 1.4)

Short-answer questions
6. Define agglutinated foraminifera. (Linked to SLO 1.1)

-
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7. Name one family of coccolithophores. (Linked to SLO 1.2)

8. What are the two main morphological groups of diatoms? (Linked to SLO 1.3)
9. Why are foraminifera considered excellent index fossils? (Linked to SLO 1.1)
10. Give one integrated application of microfossil studies. (Linked to SLO 1.4)

Long-answer questions

11. Analyse the differences in morphology between foraminifera, coccoliths, and diatoms.
(Linked to SLO 1.4)

12. Evaluate the stratigraphic and ecological importance of major microfossil groups. (Linked to
SLO 1.5)

Answers to Concept Check Questions 1

Objective questions

1. Test.

2. Coccolithophores.
3. Frustule.

4. Radial symmetry.
5. Biostratigraphy.

Short-answer questions

6. Foraminifera that build their shells by cementing sediment grains together.
7. Coccolithaceae.

8. Centric and pennate.

9. Because they evolve rapidly and are widely distributed.

10. Petroleum exploration.

Long-answer questions

11. Basic response: Foraminifera have chambered calcareous tests, coccoliths are calcareous
plates, and diatoms have siliceous frustules.

Value-added response: These differences reflect their biological diversity, with foraminifera as
protozoans, coccolithophores as algae, and diatoms as algae with centric and pennate forms.
Each group contributes uniquely to stratigraphy and ecology.

1.. Basic response: They are used in biostratigraphy and as indicators of environmental
conditions,
Value-added response: Their rapid evolution, wide distribution, and ecological
sensitivity make them essential for dating strata, reconstructing palacoenvironments,
monitoring ecosystems, and supporting petroleum exploration.

Answers to Pilot Questions 1
Part 1.1

1. Test.

-
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Calcareous and agglutinated.

Uniserial has chambers in a line, planispiral coils in a plane.
Because they evolve rapidly and are widely distributed.
Temperature, salinity, nutrient levels.

Nk

Part 1.2

Calcium carbonate.

Protection and buoyancy regulation.
Coccolithaceae.

They evolve quickly and are globally distributed.
Climate reconstruction.

Nk W=

Part 1.3

Frustule.

Centric and pennate.

Centrales.

They help date and correlate sedimentary sequences.
Filtration.

Nk W=

Part 1.4

Microscopic size and stratigraphic utility.

Coccoliths are calcareous plates, diatoms are siliceous frustules.
Foraminifera.

To reconstruct environments more accurately.

Petroleum exploration.

M

References And Attributions 1

Open Educational Resource (OER) search strings suggested for illustrations:

“foraminifera morphology tests OER”

o “foraminifera classification taxonomy OER”

o “foraminifera stratigraphic ecological importance OER”

e “coccolith morphology structural features OER”

o “coccolithophores classification taxonomy OER”

e  “coccoliths biostratigraphy applications OER”

e  “diatom morphology frustules centric pennate OER”

o - “diatom classification taxonomy centric pennate OER”

o “diatoms stratigraphic ecological importance diatomaceous earth OER”
e “similarities foraminifera coccoliths diatoms OER”

o “differences foraminifera coccoliths diatoms morphology OER”

o “applications foraminifera coccoliths diatoms integrated micropalaeontology OER”

o)
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Al prompt suggestions used for illustration placeholders:

e Diagram showing foraminiferal test shapes.

o Table comparing calcareous and agglutinated foraminifera.
o Box listing applications of foraminifera.

o Plate showing coccolith structures.

o Table comparing coccolithophore families.

o Box listing applications of coccoliths.

e Diagram showing centric and pennate diatoms.

e Table comparing diatom orders.

e Box listing applications of diatoms.

o Table listing similarities among microfossils.

o Comparative diagram showing differences among groups.
o Box listing integrated applications.

General references consulted for Series content (APA style):

e Bown, P. R. (1998). Calcareous nannofossil biostratigraphy. Chapman & Hall.

e Hemleben, C., Spindler, M., & Anderson, O. R. (1989). Modern planktonic foraminifera.
Springer.

e Round, F. E., Crawford, R. M.,«& Mann, D. G. (1990). The diatoms: Biology and
morphology of the genera. Cambridge University Press.

e OER Commons. (n.d.). Micropalaeontology and palynology resources. Retrieved from
https://www.oercommons.org
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GEY404 Series 2 Palynology—Morphology And Classification Of
Pollen, Spores, And Related Microfossils

Part 2.1 Morphology and classification of pollen
e 2.1.1 Structural features of pollen grains
e 2.1.2 Taxonomic classification of pollen
e 2.1.3 Applications of pollen in stratigraphy and palaeoecology
o Part 2.2 Morphology and classification of spores
e 2.2.1 Morphological features of spores
e 2.2.2 Taxonomic classification of spores
e 2.2.3 Stratigraphic and ecological significance of spores
o Part 2.3 Morphology and classification of dinoflagellates and acritarchs
e 2.3.1 Morphological features of dinoflagellates
e 2.3.2 Morphological features of acritarchs
o 2.3.3 Classification and geological applications.of dinoflagellates and
acritarchs
o Part 2.4 Comparative overview of palynomorph groups

e 2.4.1 Similarities among pollen, spores, dinoflagellates, and acritarchs
e 2.4.2 Differences in morphology and classification
o 2.4.3 Integrated applications in palynology

Introduction

Palynology is the study of microscopic organic particles such as pollen, spores, dinoflagellates,
and acritarchs. These microfossils are abundant in sedimentary rocks and provide valuable
information about past vegetation, climate, and depositional environments. Their study is
essential for biostratigraphy, palaeoecology, and petroleum exploration.

The aim of this Series is to enable you to describe the morphology of pollen, spores,
dinoflagellates, and acritarchs, classify them into recognised taxonomic groups, and evaluate
their stratigraphic and ecological significance.

We shall commence this Series by examining the morphology and classification of pollen grains,
focusing on their structural features and applications. Next, we will move on to spores,
considering their morphology and stratigraphic importance. Following that, we will explore
dinoflagellates and acritarchs, highlighting their distinctive features and geological applications.
Finally, we will conclude with a comparative overview of these palynomorph groups,
emphasising their similarities, differences, and integrated uses in palynology.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

rp
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e SLO 2.1 describe the structural features of pollen grains and explain their classification,

e SLO 2.2 define the morphological features of spores and classify them taxonomically,

e SLO 2.3 explain the morphology and classification of dinoflagellates and acritarchs,

e SLO 2.4 analyse and compare the morphology and classification of pollen, spores,
dinoflagellates, and acritarchs, and

e SLO 2.5 evaluate the stratigraphic and ecological significance of palynomorph groups.

2.1 Morphology And Classification Of Pollen

2.1.1 Structural features of pollen grains

Pollen grains are microscopic structures produced by seed plants to carry male gametes. They
are composed of an outer wall called the exine, which is resistant to decay, and an inner wall
called the intine, which is more delicate. The exine often displays distinctive sculpturing such as
spines, grooves, or reticulations, which are important for identification.

The size, shape, and aperture type of pollen grains vary between plant species. Apertures are
openings in the pollen wall through which the pollen tube emerges during fertilisation. These
features are critical for taxonomic classification.and for recognising fossil pollen in sediments.

Short description: Diagram showing pollen grain structure with exine, intine, and apertures
labelled.

-
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Caption: Figure 2.1 Structural features of pollen grains

TP

Fill in the blank: The resistant outer wall.of a pollen grain is called the

2.1.2 Taxonomic classification of pollen

The classification of pollen is based on morphological features such as shape, size, aperture type,
and exine ornamentation. Pollen grains may be spherical, oval, or triangular, and apertures may
be colpate (elongated furrows), porate (circular pores), or combinations of both.

Families and genera of plants often have distinctive pollen types. For example, grasses produce
small, spherical pollen with a single pore, while many dicotyledons produce larger grains with
multiple furrows: These differences allow palynologists to identify plant taxa in both modern and

fossil samples.

Table 2.2 Taxonomic classification of pollen types

-
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Pollen Aperture Tvoe Exine Plant Family Geological
Shape P YP® | Ornamentation Example Significance
Indicators of
. Pantqporate Echinate Malvaceae tropical to
Spheroidal |(Multiple pores (Spiky/Spinose)  |(Mallows/Hibiscus) temperate
over surface) PIKY/SP terrestrial
environments.
Tricolpate Key markers for
Prolate (Three Reticulate (Net- [Brassicaceae (Mustard |[the tise of
(Elongated) ([longitudinal like/Lacy) family) Eudicots in the
furrows) Cretaceous.
Triporate Common in
Oblate (ThIr)ee oresat  |Psilate (Smooth) Betulaceae Cenozoic "Cool
(Flattened) p (Birch/Alder) Temperate" forest
the equator)
assemblages.
High buoyancy;
. Sulcate (Single |Granulate . allows for long-
Vesiculate | . Pinaceae .
(Saccate) furrow between ((Grainy/Fine (Pine/Spruce) distance
bladders) texture) correlation via
wind transport.
Inaperturate Indicates
Grains in (Nopdis iny Verrucate Ericaceae specialized acidic
Tetrads Locafll) (Warty/Bumpy)  |(Heathers/Blueberries) [soil environments

(e.g., Peat bogs).

Fill in the blank: Pollen grains with elongated furrows are described as

2.1.3 Applications of pollen in stratigraphy and palaeoecology

Pollen grains are widely used in palynostratigraphy, which involves dating and correlating
sedimentary layers using fossil pollen. Because pollen is produced in large quantities and
preserved in sediments, it provides a continuous record of vegetation through geological time.

-
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In palaeoecology, pollen analysis helps reconstruct past climates and ecosystems. For example,
an abundance of grass pollen in sediments may indicate open savannah environments, while high
proportions of tree pollen suggest forested conditions. Pollen studies are also applied in
petroleum exploration to determine depositional environments.

Box 2.3 Applications of pollen in geology and ecology

Application Primary Method Significance

The primary tool for dating non-
marine (terrestrial anddacustrine) rock
sequences where marine microfossils
are absent.

[dentifying "biozones" based on
Palynostratigraphy |[the first and last appearances of
specific pollen taxa.

Using "Transfer Functions" to h{econstructs past "Greenhouse" and

Climate correlate pollen assemblages "Icehouse" conditions; tracks the
Reconstruction with specific temperatare and movement of the Intertropical
rainfall ranges. Convergence Zone (ITCZ).

Analyzing.core samples from Documents the response of ecosystems

Vesetation Histor peat bogs and lakes to track to events like the K-Pg extinction or
& y changes in plant communities  [the retreat of glaciers during the
over time. Holocene.
Measuring the Thermal Determines if a sedimentary basin has
Petroleum Alteration Index (TAI) based [reached the "Oil Window"—the
Exploration on the color change of pollen temperature required to turn organic
grains. matter into hydrocarbons.
Fill.in the blank: An abundance of grass pollen in sediments may indicate environments.

Pilot questions 2.1

What is the resistant outer wall of a pollen grain called?

Name two features used in the classification of pollen.

What type of aperture is described as a circular pore?

Why is pollen useful in palynostratigraphy?

Give one example of how pollen can be used in palaeoecology.

SNk W=

-
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2.2 Morphology And Classification Of Spores
2.2.1 Morphological features of spores

Spores are reproductive cells produced by non-seed plants such as ferns, mosses, and fungi.
They are typically single-celled and are capable of developing into a new organism without

fertilisation. Spores are surrounded by a resistant wall called the sporoderm, which protects
them from environmental stress and aids in preservation within sediments.

Spores vary in size, shape, and surface ornamentation. They may be spherical, oval, or triangular,
and their walls can be smooth, reticulate, or spiny. These morphological features are critical for
identifying spore types in both modern and fossil records.

Short description: Diagram showing spore morphology with sporederm and examples of smooth,
reticulate, and spiny ornamentation.
Caption: Figure 2.4 Morphological features of spores

( 3

OER GENERAL SPORE MORPHOLOGY AND SPORODERM LAYERS

[ PERISPORE
(outermost, detachable)\
EXOSPORE

(thick, tough, omamented)

SPOROPLASM —RIC 9
NUCLEUS

TRILETE MARK \
(proximal mark)

Trilete
(proximal view)

Proximal Distal

@ E R | laesura <— Proximal Monolete (proximal view) Scale: 10 pm
SPORE ORNAMENTATION EXAMPLES (Sporoderm surface)
SMOOTH (Psilate) RETICULATE SPINY (Echinate) VERRUCOTE

SMOOTH: RETICULATE: SPINY: ” VERRUCOTE:

Examples: many Examples: many Examples: many Examples: many
fems (e.g., Adiantum), 7 clubmosses . (e.g., Sphagnum), ﬂwedn?oplam;
3 b{yopthtes‘ (e.g.,%yoopodium), 2 some fems . (polien, for contrast),
SMOOTH (Psilate)  (e.g.. Funaria) RETICULATE some fems SPINY (Echinate)  (e.g. Asplenium) | | VERRUCOTE some fems
S “

Fill in the blank: The resistant wall surrounding a spore is called the
2.2.2 Taxonomic classification of spores

The classification of spores is based on their morphology, wall structure, and ornamentation.
Spores are often grouped into categories such as monolete spores, which have a single scar or
suture, and trilete spores, which display three radiating scars. These scars mark the points where
the spore was attached to other cells during development.
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Families and genera of plants can often be identified by their spore types. For example, ferns
typically produce trilete spores, while mosses may produce monolete spores. The classification
of fossil spores provides important information about ancient vegetation and depositional

environments.

Table 2.5 Taxonomic classification of spores

Feature Monolete Spores Trilete Spores
Marking A single, straight linear scar or  |A three-armed, Y-shaped scar
(Laesura) slit. (radiating from a central point).

Typically ellipsoidal, kidney- Typically tetrahedral or rounded-
Spore Shape shaped (reniform), or bean- " . .

triangular.in polar view.

shaped.
Tetrad Formed in a linear or tetragonal |Formed in a tetrahedral tetrad (four
Arrangement tetrad (four in a row or square). arranged like a pyramid).
Plant Group Many mgdern ferns (e.g., Bryophytes (moss‘es/'h‘verworts),

Polypodiaceae), some Lycopsids, and primitive ferns (e.g.,
Examples : .

Equisetopsids. Cyatheaceae).

. Generally considered a more The primitive and most common

Evolutionary Y . e

derived (later) trait in many fern  |condition in early land plants
Context . i

lineages. (Paleozoic).

Fill in the blank: Spores with three radiating scars are called

spores.

2.2.3 Stratigraphic and ecological significance of spores

Spores are abundant in sedimentary rocks and are widely used in palynostratigraphy. Their
resistant sporoderm ensures preservation, making them reliable indicators of geological time
intervals. Because spores are produced in large numbers, they provide continuous records of
vegetation through time.

-
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Ecologically, spores are valuable for reconstructing past environments. For instance, the
presence of fern spores in sediments may indicate humid conditions, while moss spores may
suggest cooler or wetter environments. Spores also play a role in petroleum exploration, helping
to identify depositional settings.

Box 2.6 Applications of spores in geology and ecology

Application Primary Method Significance
[dentifying "Biozones" The primary tool for dating Paleozoic
Palvnostratieranh based on the first (Devonian-Carboniferous) terrestrial
y graphy appearance of specific rocks;defines the boundaries of major
trilete and monolete taxa. coal-bearing sequences.
Analyzing the ratio of High spore counts typically indicate
Palaeoenvironmental spores to pollenand humid, high-moisture environments
Reconstruction identifying "Indicator Taxa". [like ancient swamps, marshes, or
(e.g., Sphagnum). riparian corridors.
Examining spore Documents the primary succession of
Vegetation History assemblages in lake an'fi plants fpllowmg catqstrophlc events
peat cores to track the "Fern |(volcanic eruptions, impacts) or
Spike" or.moss expansion.  |glacial retreats.
Assessing the Thermal Determines if the organic matter in a
Petroleum Efbloration Maturity of source rocks basin has been "cooked" into oil or
p using Spore Coloration gas based on the darkening of the
(SCI). spore wall.

Fill in the blank: The presence of fern spores in sediments may indicate

Pilot questions 2.2

1.
2.
3.
4.
5.

conditions.

What is the resistant wall surrounding a spore called?
Name two categories of spores based on scars.
Which type of spore has three radiating scars?
Why are spores useful in palynostratigraphy?
Give one ecological application of spores.
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2.3 Morphology And Classification Of Dinoflagellates And Acritarchs
2.3.1 Morphological features of dinoflagellates

Dinoflagellates are single-celled organisms belonging to the group of protists. They are
characterised by two flagella, which enable them to move in a distinctive spiral motion. Their
cell covering, known as the theca, is composed of cellulose plates arranged in complex patterns.
These plates vary in shape and arrangement, making them useful for taxonomic identification.

Dinoflagellates may be autotrophic, producing their own food through photosynthesis, or
heterotrophic, feeding on other organisms. Their morphology, particularly the structure of the
theca, is critical for recognising fossil dinoflagellates preserved in sediments.

Short description: Diagram showing dinoflagellate morphology with flagella and theca plates
labelled.
Caption: Figure 2.7 Morphological features of dinoflagellates

Fill in the blank: The cell covering of dinoflagellates, composed of cellulose plates, is called the

2.3.2 Morphological features of acritarchs

Acritarchs are organic-walled microfossils of uncertain biological affinity. They are typically
spherical or ovoid in shape and display a wide variety of surface ornamentations such as spines,
ridges, or reticulations. Their resistant organic walls allow them to be preserved in sedimentary
rocks over long geological periods.

Because their biological origin is uncertain, acritarchs are classified primarily on the basis of
morphology rather than biological relationships. Their diversity in form makes them useful for
recognising different stratigraphic intervals.

-
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Short description: Image showing examples of acritarchs with smooth, spiny, and reticulate

ornamentation.

C}tion: Plate 2.8 Morpholo
: .

\

ical diversity of acritarchs

Fill in the blank: Acritarchs are preserved in sediments because of their resistant walls.
2.3.3 Classification and geological applications of dinoflagellates and acritarchs

The classification of dinoflagellates is based on the arrangement of theca plates, flagellar
grooves, and cell symmetry. Fossil dinoflagellates are grouped into genera and species according
to these features. Acritarchs, on the other hand, are classified into form taxa, which are
categories based on morphology rather than biological lineage.

Geologically, both dinoflagellates and acritarchs are important in biostratigraphy. Dinoflagellates
are widely used in dating marine sediments, while acritarchs are particularly valuable in
Precambrian and Palaeozoic stratigraphy. Ecologically, dinoflagellates are indicators of marine
productivity, and acritarchs provide clues about ancient ocean conditions.

Box 2.9 Applications of dinoflagellates and acritarchs in geology

Application Primary Method Geological Significance

The primary tool for dating Jurassic
to Neogene marine strata; acritarchs
are the "gold standard" for dating the
Precambrian and Paleozoic.

[dentifying "Biozones" based
Biostratigraphy on the rapid evolution of
dinocyst morphology.

-
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Application Primary Method Geological Significance

Reconstructs ancient shoreline
Analyzing the ratio of proximity, water depth, and salinity
specific "morphotypes" (e.g., |(e.g., distinguishing between open-
proximate vs. chorate cysts). [ocean and brackish estuarine
settings).

Palaeoenvironmental
Reconstruction

Examining the abundance of [Acts as a proxy-for ancient
heterotrophic (P-cysts) vs.  jupwelling zones and nutrient levels;
autotrophic (G-cysts) helps identify "dead zones" or
dinoflagellates. periods of high organic carbon burial.

Marine Productivity

Assessing the color and

¢ ) Indicates if a marine source rock has
degradation of the organic

Thermal Maturity been heated sufficiently to generate

cell wall (Palynomorph .
Absorption). hydrocarbons (oil and gas).
Fill in the blank: Dinoflagellates are widely used in dating sediments.

Pilot questions 2.3

What is the cell covering of dinoflagellates called?

Name one feature used to classify dinoflagellates.

What is the biological affinity of acritarchs?

Why are acritarchs classified into form taxa?

Give one geological application of dinoflagellates or acritarchs.

MRS

2.4 Comparative Overview Of Palynomorph Groups
2.4.1 Similarities among pollen, spores, dinoflagellates, and acritarchs

Despite their biological differences, pollen, spores, dinoflagellates, and acritarchs share
several important similarities. All are microscopic organic particles that are preserved in
sediments, making them valuable tools in palynology. They are produced in large numbers,
resistant to decay, and widely distributed across different environments. These features make
them reliable indicators for stratigraphic correlation and palaeoenvironmental reconstruction.

-
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Table 2.10 Similarities among palynomorph groups

change.

formation.

Feature Pollen & Spores Dinoflagellates (Cysts) Acritarchs
Composed of Composed.of an
. . Composed of . ) .
Chemical Sporopollenin (an . . . unidentified, highly
oo . Dinosporin (a similarly . §
Composition extremely resistant . . resistant organic
. resistant organic wall).
organic polymer). polymer.
Size Range Typically 10-100 Typically 20-150 Typically/5-100
& $\mu$m (Microscopic). [$\mu$m (Microscopic). [$\mu$m (Microscopic).
. Possess apertures Possessparatabulation Possess Varlogs
Morphological processes (spines) and a
(pores/furrows) or (plate patterns)and an .
Markers ) pylome (circular
laesurae (scars). archaeopyle (exithole). )
opening).
. . Marine Indicators: Marine Indicators:
. Terrestrial Indicators: .
Environmental Represent surface-water |Primary markers for
Represent land<based . . .
Role . . productivity and ancient, deep-time
vegetation and climate. »
salinity. oceans.
. . BibstratigtaphydK cy Blostrf‘ltlgraphy: Flostratlgrapl:y: The
Stratigraphic . y Essential for dating gold standard" for
for dating terrestrial and ) ) ; .
Use . Mesozoic and Cenozoic |dating the Precambrian
deltaic sequences. . .
marine strata. and Paleozoic.
Thermal Maturity: Source Rock Analysis: [Thermal Maturity:
Industrial Used to identify the Major contributors to [Used to assess the
Application "Oil Window" via color [marine hydrocarbon heating history of very

ancient basins.

Fill in the blank: All palynomorph groups are preserved in sediments because of their

structures.

2.4.2 Differences in morphology and classification

-
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While they share common features, these groups differ significantly in morphology and
classification. Pollen grains have resistant exine walls and apertures, spores are defined by scars
such as monolete or trilete marks, dinoflagellates possess cellulose theca plates and flagella, and
acritarchs are organic-walled microfossils of uncertain biological affinity.

Taxonomically, pollen and spores are linked to plants, dinoflagellates are protists, and acritarchs
are classified into form taxa based on morphology. These differences highlight the diversity of
palynomorphs and the need for specialised approaches in their study.

Short description: Comparative diagram showing pollen grain, spore, dinoflagellate, and
acritarch side by side.
Caption: Figure 2.11 Morphological differences among palynomorph groups

q

Fill in'the blank: Dinoflagellates are classified as , while pollen and spores are linked to
plants.

2.4.3 Integrated applications in palynology

When studied together, these palynomorph groups provide a comprehensive picture of past
vegetation, climate, and depositional environments. Pollen and spores are particularly useful for

Do)
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reconstructing terrestrial vegetation, dinoflagellates indicate marine productivity, and acritarchs
provide insights into ancient ocean conditions.

By integrating data from these groups, palynologists can achieve more accurate stratigraphic
correlations and palaeoenvironmental reconstructions. This combined approach strengthens
interpretations in both academic research and applied fields such as petroleum exploration.

Box 2.12 Integrated applications of palynomorph groups

palynomorphs:

Application Integrated Mechanism Strategic Outcome
. hronizes th logical timin
. . Cross-referencing Pollen zones Synehronizes the geological t &
Chronostratigraphic . . of events across both land and sea;
. (land-based) with Dinocyst : .
Correlation . ! essential for global climate
biozones (marine). .
modeling.
. Analyzing the Terrestrial-to- P1np01nt§ ancient shorellngs and.
Palaeogeographic : . deltas; high pollen counts in marine
. Marine (T:M) Ratio of D .. .
Mapping rocks indicate proximity to a river

mouth or coast.

Petroleum System
Analysis

Using Spores to.determine
thermal maturity (SCI) and
Dinocysts to identify marine
source rock quality.

Reduces exploration risk by
confirming both the "age" of the
reservoir and the "cookery"
(temperature) of the oil-generating
layers.

Environmental Triage

Comparing Spore spikes
(disaster recovery) with

Acritarch/Dinocyst extinctions.

Reconstructs the full scale of
ancient biological crises, such as
the impact of the K-Pg boundary
on both forests and oceans.

Sequence
Stratigraphy

Tracking shifts from
Monolete/Trilete Spores to
Chorate Dinocysts.

[dentifies "Transgressions" (sea-
level rise) when marine fossils
move inland, and "Regressions"
(sea-level fall) when terrestrial
fossils dominate.

-
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Fill in the blank: Integrated studies of palynomorphs improve the accuracy of
reconstructions.

Pilot questions 2.4

Name one similarity among pollen, spores, dinoflagellates, and acritarchs.
What is the main morphological difference between spores and dinoflagellates?
Which group is classified into form taxa?

Why is it useful to study palynomorph groups together?

Give one integrated application of palynomorph studies in geology.

Nk W=

Series Summary

This Series explored the morphology and classification of pollen, spores, dinoflagellates, and
acritarchs, all of which are key palynomorph groups. We began with pollen grains, focusing on
their structural features, taxonomic classification, and applications in stratigraphy and
palaeoecology. We then examined spores, considering their morphology, classification into
monolete and trilete types, and their ecologieal significance. Following that, we studied
dinoflagellates and acritarchs, highlighting their distinetive features, classification systems, and
geological applications. Finally, we compared these groups, emphasising their similarities,
differences, and integrated uses in palynology.

By completing this Series, you should now be able to describe and classify pollen, spores,
dinoflagellates, and acritarchs, analyse their morphological features, and evaluate their
stratigraphic and ecological importance. These abilities directly align with the Series Learning
Outcomes, equipping you with the skills to apply palynological knowledge in biostratigraphy,
palaeoenvironmental reconstruction, and petroleum exploration.

Glossary of Terms

e Acritarchs: Organic-walled microfossils of uncertain biological affinity, often spherical
or ornamented.

e Aperture: An opening in the pollen wall through which the pollen tube emerges.

o Dinoflagellates: Single-celled protists with two flagella and a cellulose theca.

o Exine: The resistant outer wall of a pollen grain.

o Imtine: The delicate inner wall of a pollen grain.

e . Monolete spores: Spores with a single scar or suture.

o Palynostratigraphy: The use of pollen, spores, and other palynomorphs to date and
correlate sedimentary layers.

o Pollen grains: Microscopic structures produced by seed plants to carry male gametes.

e Sporoderm: The resistant wall surrounding a spore.

o Trilete spores: Spores with three radiating scars.

o Theca: The cellulose plate covering of dinoflagellates.
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Concept Check Questions 2
Objective questions

The resistant outer wall of a pollen grain is called the . (Linked to SLO 2.1)
Spores with three radiating scars are called spores. (Linked to SLO 2.2)

The cell covering of dinoflagellates is called the . (Linked to SLO 2.3)
Acritarchs are classified into taxa. (Linked to SLO 2.3)

All palynomorph groups are preserved in sediments because of their structures.
(Linked to SLO 2.4)

MRS

Short-answer questions

6. Define palynostratigraphy. (Linked to SLO 2.5)

7. Name two features used in the classification of pollen. (Linked to SLO 2.1)

8. What is the difference between monolete and trilete spores? (Linked to SLO:2:2)
9. Why are dinoflagellates useful in marine stratigraphy? (Linked to SLO 2.3)

10. Give one integrated application of palynomorph studies. (Linked to SLO 2.4)

Long-answer questions

11. Analyse the differences in morphologybetween pollen, spores, dinoflagellates, and
acritarchs. (Linked to SLO 2.4)

12. Evaluate the stratigraphic and ecological importance of palynomorph groups. (Linked to SLO
2.5)

Answers to Concept Check Questions 2

Objective questions

1. Exine.
2. Trilete.
3. Theca.
4. Form.
5. Resistant.

Short-answer questions

6. Palynostratigraphy is the use of pollen, spores, and other palynomorphs to date and correlate
sedimentary layers.

7. Shape and aperture type.

8. Monolete spores have a single scar, trilete spores have three radiating scars.

9. Because they are abundant, evolve rapidly, and preserve well in marine sediments.

10. Petroleum exploration.

Long-answer questions

11. Basic response: Pollen grains have resistant exine walls and apertures, spores have scars,
dinoflagellates have cellulose theca plates and flagella, and acritarchs are organic-walled
microfossils.

-
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Value-added response: These differences reflect their diverse biological origins, with pollen
and spores linked to plants, dinoflagellates as protists, and acritarchs classified by morphology.
Together, they provide complementary insights into terrestrial and marine environments.

1. Basic response: Palynomorphs are used in stratigraphy and as indicators of past
vegetation and climate.
Value-added response: Their abundance, resistant structures, and ecological sensitivity
make them essential for dating strata, reconstructing palacoenvironments, monitoring
ecosystems, and supporting petroleum exploration.

Answers to Pilot Questions 2
Part 2.1

Exine.

Shape and aperture type.

Porate.

Because they are abundant and preserved in sediments.
Climate reconstruction.

MRS

Part 2.2

Sporoderm.

Monolete and trilete.

Trilete.

Resistant walls ensure preservation.
Indicating humid conditions.

SNhAWD =

Part 2.3

Theca.

Arrangement of theca plates.

Uncertain.

Because their biological origin is unknown.
Biostratigraphy:

SNk W=

Part 2.4

Resistant structures.

Spores have scars, dinoflagellates have flagella and theca.
Acritarchs.

To reconstruct environments more accurately.

Petroleum exploration.

v R D S

References And Attributions 2
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Open Educational Resource (OER) search strings suggested for illustrations:

e “pollen grain morphology structure exine intine OER”

e “pollen classification taxonomy aperture exine OER”

e “pollen applications stratigraphy palacoecology OER”

e “spore morphology sporoderm ornamentation OER”

e “spore classification taxonomy monolete trilete OER”

e “spores stratigraphic ecological importance OER”

o “dinoflagellate morphology theca flagella OER”

e “acritarch morphology microfossils OER”

o “dinoflagellates acritarchs stratigraphy applications OER”

o “similarities pollen spores dinoflagellates acritarchs OER”

o “differences pollen spores dinoflagellates acritarchs morphology OER”
o “applications pollen spores dinoflagellates acritarchs integrated palynology OER”

Al prompt suggestions used for illustration placeholders:

e Diagram showing pollen grain structure.

e Table comparing pollen types.

e Box listing applications of pollen.

e Diagram showing spore morphology.

e Table comparing monolete and trilete spotes.

o Box listing applications of spores.

o Diagram showing dinoflagellate morphology.

e Plate showing acritarch diversity.

o Box listing applications of dinoflagellates and acritarchs.
o Table listing similarities.among palynomorphs.

o Comparative diagram showing differences among groups.
e Box listing integrated applications.

General references consulted for Series content (APA style):

e Travetse, A.(2007). Paleopalynology. Springer.

e Jansonius; J., & McGregor, D. C. (1996). Palynology: Principles and applications.
American Association of Stratigraphic Palynologists Foundation.

e ' Riding, J. B., & Fensome, R. A. (2002). Dinoflagellates: Morphology and classification.
Geological Society Special Publications.

e OER Commons. (n.d.). Palynology resources. Retrieved from
https://www.oercommons.org
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GEY406 Series 3 Stratigraphic Distribution And Applications Of
Microfossils

Part 3.1 Principles of stratigraphic distribution of microfossils
e 3.1.1 Concept of biostratigraphy
e 3.1.2 Factors influencing microfossil distribution
e 3.1.3 Methods of studying stratigraphic distribution
o Part 3.2 Microfossils in biostratigraphic correlation
o 3.2.1 Role of microfossils as index fossils
e 3.2.2 Correlation of sedimentary sequences using microfossils
e 3.2.3 Limitations of biostratigraphic correlation
o Part 3.3 Applications of microfossils in palacoenvironmental reconstruction
e 3.3.1 Microfossils as indicators of palaeoclimate
e 3.3.2 Microfossils in reconstructing depositional environments
o 3.3.3 Case studies in palacoecology
o Part 3.4 Economic applications of microfossils

e 3.4.1 Microfossils in petroleum exploration
e 3.4.2 Microfossils in mineral exploration
e 3.4.3 Microfossils in environmental monitoring

Introduction

In the last Series, we explored the morphology and classification of pollen, spores,
dinoflagellates, and acritarchs, highlighting their importance in palynology. Building on that
foundation, this Series shifts focus to the stratigraphic distribution and practical applications of
microfossils. Understanding how microfossils are distributed through geological strata is
essential for datingrocks, correlating sequences, and reconstructing past environments.

The aim of this Series is to equip you with the knowledge and skills to analyse the stratigraphic
distribution of microfossils and apply them in biostratigraphy, palacoenvironmental
reconstruction, and economic geology.

We shall commence this Series by examining the principles of stratigraphic distribution,
including biostratigraphy and the factors that influence fossil occurrence. Next, we will explore
how microfossils are used in biostratigraphic correlation, considering their role as index fossils
and the limitations of this method. Following that, we will study applications in
palacoenvironmental reconstruction, focusing on climate and depositional environments. Finally,
we will conclude with economic applications, highlighting the role of microfossils in petroleum
exploration, mineral prospecting, and environmental monitoring.

Series Learning Outcomes
Upon completing this Series, you should be able to:

-
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e SLO 3.1 define the concept of biostratigraphy and explain factors influencing the
stratigraphic distribution of microfossils,

e SLO 3.2 demonstrate how microfossils are used in biostratigraphic correlation,

e SLO 3.3 analyse the role of microfossils in palacoenvironmental reconstruction,

e SLO 3.4 evaluate the economic applications of microfossils in petroleum, mineral
exploration, and environmental monitoring.

3.1 Principles Of Stratigraphic Distribution Of Microfossils
3.1.1 Concept of biostratigraphy

Biostratigraphy is the branch of stratigraphy that uses fossil evidence to establish the relative
ages of rock layers. Microfossils are particularly valuable in biostratigraphy because they are
abundant, evolve rapidly, and are widely distributed. By studying their occurrence in different
strata, geologists can correlate rock sequences across regions and.construct a relative geological
timescale.

Short description: Diagram showing how fossil'ranges are used to correlate rock layers.
Caption: Figure 3.1 Concept of biostratigraphy using fossil ranges

DEPTH
- sp. A

sp. B

7/] sp.C
>

NUMBER OF SPECIMENS

Fill in the blank: The branch of stratigraphy that uses fossil evidence to establish relative ages is
called .

3.1.2 Factors influencing microfossil distribution

The distribution of microfossils in strata is influenced by both biological and environmental
factors. Biological factors include evolutionary changes, extinction events, and reproductive

-
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strategies. Environmental factors include temperature, salinity, nutrient availability, and
depositional conditions.

For example, planktonic foraminifera are more abundant in open ocean settings, while benthic
foraminifera dominate shallow marine environments. Understanding these factors helps
geologists interpret the palacoenvironmental significance of fossil assemblages.

Table 3.2 Factors influencing microfossil distribution

Factor

burial.

Specific Factor (Influence on Distribution Example / Indicator
Category
. Deterrpmes where an Autotrophic coccolithophores
. . Trophic organism can live based on . .
Biological . : are restricted to the photic
Strategy light or nutrient orie (§<200$m)
availability. 2 '
. High "turnover" leads to Diatom blooms in upwelling
. . Reproduction . . . )
Biological massive accumulations in  [zones create thick layers of
Rate . o
the sediment (blooms). siliceous ooze.
Controls the metabolic [Veogloboquadrina ..
. Water . pachyderma (foraminifera)
Environmental rates and geographic . . S
Temperature . coils left in cold water, right in
ranges of specific taxa.
'warm.
Restricts certain groups to  |Agglutinated forams often
Environmental < Salinity either marine, brackish, or |[dominate low-salinity marsh
freshwater settings. environments.
Influences hydrostatic Benthic foraminifera
. Bathymetry pressure and the . .
Environmental oo . assemblages shift predictably
(Depth) availability of calcium
from shelf to abyssal depths.
carbonate.
. §Caco 3§ |etermines if caleareous . oy of
Chemical - shells will dissolve before .
Saturation forams/coccoliths below the

-
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Factor Specific Factor [Influence on Distribution Example / Indicator
Category
Carbonate Compensation
Depth (CCD).
Can move small, buoyant  [Saccate (winged) pollen
Phvsical Current fossils (like pollen or found in deep-marine
y Transport planktic forams) far from  [sediments:hundreds of miles
their origin. from land.
Fill in the blank: Planktonic foraminifera are more abundantin ocean settings.

3.1.3 Methods of studying stratigraphic distribution

Several methods are used to study the stratigraphic distribution of microfossils. These include
range charts, which plot the first and last appearances of species, and zonation schemes, which
divide strata into biozones based on characteristic fossil assemblages.

Another method is quantitative analysis, where the relative abundance of different microfossil
species is measured to detect changes through time. These approaches allow geologists to build

detailed biostratigraphic frameworks that support geological correlation and age determination.

Box 3.3 Methods of studying stratigraphic distribution

Method Technical Approach Geological Application

Plotting the "First Appearance Visualizes the total lifespan of taxa;
Datum" (FAD) and "Last identifies breaks in the record
Appearance Datum" (LAD) of (unconformities) where multiple ranges
species against depth. end abruptly.

Range Charts

Standardizes geological time; allows
different wells or outcrops to be correlated
based on shared "zones" rather than rock

type.

Dividing a rock sequence into
Biozones (e.g., Interval,
IAssemblage, or Range zones).

Zonation
Schemes

-
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Method Technical Approach Geological Application

. Identifies subtle environmental shifts or
Using census counts and

Quantitative tatistical software (e "blooms" that are missed by simple range
Analysis . B plotting; provides a high-resolution
CONOP, Graphic Correlation). :
numerical age model.
Graphic Plotting the FADs/LADs of one  [Creates a linear "Line of Correlation"
Corll')ela tion section against a "Standard (LOC) that reveals changes in the rate of
Reference Section" (SRS). sedimentation or missing rockiintervals.

Fill in the blank: Strata divided into biozones based on characteristic fossil-assemblages are part
ofa scheme.

Pilot questions 3.1
1. What is biostratigraphy?
2. Name two factors that influence the distribution of microfossils.
3. Which type of foraminifera is more abundant in open ocean settings?
4. What is a range chart used for?
5. Give one method of studying stratigraphic distribution.

3.2 Microfossils In Biostratigraphic Correlation
3.2.1 Role of microfossils as index fossils

Index fossils are fossils that are used to define and identify geological time intervals.
Microfossils are particularly effective as index fossils because they are abundant, evolve rapidly,
and are widely distributed across different environments. Their short geological ranges make
them ideal for pinpointing specific stratigraphic horizons.

For example, planktonic foraminifera and certain species of coccoliths are widely used as index

fossils in marine sediments. Their presence allows geologists to correlate rock layers across vast
regions with precision.

Short description: Diagram showing how microfossils act as index fossils to identify specific
stratigraphic horizons.

-
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Caption: Figure 3.4 Microfossils as index fossils in stratigraphy

Fill in the blank: Fossils that are used to define and identify geological time intervals are called
fossils.

3.2.2 Correlation of sedimentary sequences using microfossils

Microfossils are essential for correlating sedimentary sequences across different geographic
regions. By comparing fossil assemblages in separate rock columns, geologists can establish
equivalence between strata even when lithologies differ. This process is known as
biostratigraphic correlation.

Correlation is particularly important in petroleum exploration, where identifying equivalent
strata across basins helps locate potential reservoirs. Microfossils provide a reliable tool for this
because they are preserved in both marine and terrestrial sediments.
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Table 3.5 Biostratigraphic correlation using microfossils

Microfossil Primary Correlation Mechanism (The Stratigraphic
Group Environment "Bridge') Application
'Wind/River Transport: Grains
are washed into marine basins,  |Essential for correlating
Pollen & Spores [Terrestrial providing a direct link between  |deltaic coal seams with
land vegetation and sea-level open-marine shales.
markers.
§alln1t'y "l;olerance: Specific USed to identify the
brackish" taxa (e.g., . .
. . . . AV Maximum Flooding
Dinoflagellates  [Marine Lingulodinium) can.survive in )
. . Surface (MFS) in near-
estuaries and lagoons, linking
. s shore sequences.
marine zones to river mouths.
Benthic Adaptation: These Used as "facies
. hardy forams thrive in low- indicators" to track the
Agglutinated . -~ i
. . Marine salinity marshes and mangroves |exact position of an
Foraminifera . . .
where caleareous species ancient shoreline or sea-
dissolve. level rise.
[Ecological Plasticity: Different |Critical for dating
Diatoms Marine & species of the same genus often  [Cenozoic rift-valley
EFresh exist in both fresh lakes and the |lakes and their
ocean. connection to the sea.
Nearshore Flux: In Paleozoic .
. The primary tool for
rocks, acritarchs are often found .
. . . . C . dating the first
IAcritarchs Marine in "marginal marine" sediments ..
alongside early land plant colonization of land by
plants in the Silurian.
spores.
. Calcified Gyrogomtgs: These [ inks freshwater
Terrestrial green algae produce lime-coated |, .
Charophytes . limestone deposits to
(Fresh) reproductive organs that can be . .
. marginal marine
preserved in coastal lagoons.
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Microfossil Primary Correlation Mechanism (The Stratigraphic
Group Environment "Bridge') Application

sequences in the
Mesozoic.

Fill in the blank: The process of establishing equivalence between strata using fossil assemblages
is called correlation.

3.2.3 Limitations of biostratigraphic correlation

Although microfossils are powerful tools, biostratigraphic correlation has limitations.
Preservation bias may occur, as not all microfossils survive the processes of deposition and
diagenesis. Environmental factors can also restrict the distribution of certain species, making
them less reliable for global correlation.

Furthermore, diachronous appearances (where a species appears at different times in different
regions) can complicate correlation. Geologists must therefore combine biostratigraphy with

other methods such as radiometric dating and lithostratigraphy to achieve accurate results.

Box 3.6 Limitations of biostratigraphic correlation

Limitation Description Geological Impact

he scldefive destruction of Calcareous fossils (forams/coccoliths)

Preservation . ! dissolve below the CCD, while
. fossils due to chemical . . : .
Bias . . . . siliceous fossils (diatoms) may dissolve
dissolution or physical erosion. . .
in alkaline pore waters.

A species may disappear from the
record not because it went extinct, but
because the sea level changed or the
water cooled.

Species are often "facies-bound,"
meaning they only live in specific
depths, salinities, or temperatures.

Environmental
Restrictions

-
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Limitation Description Geological Impact
) A i ight evolve in the tropi
. The "First Appearance" (FAD) of species MIght evolve In the tropics
Diachronous . . . and take millions of years to migrate to
a species occurs at different times s -
Appearances . . . the poles, leading to a "time-
in different geographic locations. o
transgressive" boundary.
. Older fossils are eroded from Can lead to an overestimation of the age
Reworking . o
(Recycling) ancient rocks and redeposited into |of a rock layer (e.gs Cretaceous
much younger sediments. coccoliths found in Miocene shales).
A species disappears from the
local ing harsh o )
oca 'r'ecord dur"mg ars " Creates a false "extinction" event in the
Lazarus Taxa conditions and "reappears" much \ :
. stratigraphic column.
later when the environment
improves.

Fill in the blank: When a species appears at different times in different regions, this is known as
a appearance.

Pilot questions 3.2

What are index fossils?

Name one microfossil group commonly used as index fossils.
What is biostratigraphic correlation?

Why are microfossils useful in petroleum exploration?

Give one limitation of biostratigraphic correlation.

MRS

3.3 'Applications Of Microfossils In Palacoenvironmental Reconstruction
3.3.1 Microfossils as indicators of palaeoclimate

Microfossils are excellent tools for reconstructing past climates because they respond sensitively
to changes in environmental conditions. For example, variations in the species composition of
planktonic foraminifera can indicate shifts in sea surface temperature, while changes in diatom
assemblages may reflect fluctuations in nutrient availability.

-
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By analysing fossil assemblages in sediment cores, scientists can infer whether past climates
were warm, cold, arid, or humid. This information is crucial for understanding long-term climate
change and its impact on ecosystems.

Short description: Diagram showing how microfossil assemblages indicate changes in sea
surface temperature and climate.
Caption: Figure 3.7 Microfossils as indicators of palaeoclimate

Filldn the blank: Variations in planktonic foraminifera species can indicate shifts in
surface temperature.

3.3.2 Microfossils in reconstructing depositional environments
Microfossils also provide valuable evidence about depositional environments. Certain species
thrive in specific settings, such as shallow marine, deep ocean, freshwater, or estuarine

environments. For instance, benthic foraminifera are often used to distinguish between shallow
and deep marine deposits, while pollen and spores help identify terrestrial influences.

-
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By studying these assemblages, geologists can reconstruct the conditions under which sediments

were deposited, which is essential for interpreting basin evolution and resource potential.

Table 3.8 Microfossils and depositional environments

plankton.

. Characteristic . . Example
Environment Microfossils Ecological Indicators Taxa/Genera
Terrestrial Pollen, Spores, Fresh ilfglngzgs?;claﬁiger; Alnus (pollen),
(Lake/River) Diatoms Aulacoseira (diatom).

dissolve.

Marginal Marine Agglutfnflted Tolerant of fluetuating ©,  |Miliammina,
Foraminifera, .. .
(Delta/Marsh) salinity and low oxygen. |Trochammina.
Spores
Inner Shelf (0— Benthl? . High enctgy; dlverse. lAmmonia beccarii,
Foraminifera, calcareous and organic .
S50m) . Elphidium.
Dinocysts forms.
. . Stable marine o
Outer Shelf (50— Coccoliths, Planktic .. . Globigerina,
.. conditions; high 2.0 .
200m) Foraminifera e Emiliania huxleyi.
plankton diversity.
Bathyal (200 Calcareoug Belo‘w the‘storm wave Globorotalia,
Nannofossils, base; dominated by :
2000m) . . o Discoaster.
Radiolaria pelagic rain.
Abyssall(>2000m) Siliceous Diatoms, Sﬁf;:i:‘:;:ﬁsccm Coscinodiscus,
Y Radiolaria [Ethmodiscus.

Fill in the blank: Benthic foraminifera are often used to distinguish between shallow and

marine deposits.

3.3.3 Case studies in palaeoecology

-
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Case studies demonstrate the practical application of microfossils in reconstructing past
ecosystems. For example, pollen analysis has been used to trace vegetation changes during the
last Ice Age, while diatom studies have revealed shifts in lake productivity linked to climate
fluctuations.

Such case studies highlight the interdisciplinary importance of microfossils, bridging geology,
ecology, and climate science. They show how microfossil evidence can be applied to both local

and global environmental reconstructions.

Box 3.9 Case studies in palaeoecology

Microfossil

Case Study Focus Ecological Revelation
Group
The "Fern Spike" Post—‘astero‘ld 1mpact, global forests collaps?'d.. A .
Pollen massive-spike in fern spores represents the "pioneer

(K-Pg Boundary) recovery of a devastated landscape.

Loch Leven Core samples showed a shift from nutrient-poor

Diatoms . speciesto Stephanodiscus species, proving agricultural
Eutrophication (UK) runoff caused 20th-century algal blooms.

During the Paleocene-Eocene Thermal Maximum,
- The PETM ; o
Foraminifera . benthic forams went through a mass extinction due to
Warming Event o . .
ocean acidification and oxygen depletion.

Antarctic Sea-Ice The ratio of Fragilariopsis curta to other diatoms in
Diatoms Southern Ocean cores allows scientists to map 10,000

History years of seasonal sea-ice fluctuations.
Easter Island (Rapa Palynology of lake sediments proved the island was
Pollen . once covered in palm forests (Paschalococos) before
Nui) .
total deforestation occurred.
Methane Ice Shifts in carbon isotopes within foram shells in the

Foraminifera "Burps" Santa Barbara Basin provide evidence of massive
p methane releases from the seafloor.

-
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Fill in the blank: Pollen analysis has been used to trace vegetation changes during the last
Age.

Pilot questions 3.3

How can microfossils indicate past climate conditions?

Name one microfossil group used to reconstruct depositional environments.

Which type of foraminifera is used to distinguish shallow and deep marine deposits?
Give one example of a palacoecological case study using microfossils.

Why are microfossils important in palacoenvironmental reconstruction?

Nk W=

3.4 Economic Applications Of Microfossils
3.4.1 Microfossils in petroleum exploration

Microfossils play a vital role in petroleum exploration because they help geologists determine
the age and depositional environment of sedimentary rocks. By identifying specific fossil
assemblages, geologists can correlate strata across'basins and locate potential reservoir rocks.

For example, planktonic foraminifera and dinoflagellates are widely used to reconstruct marine
depositional settings, while pollen and spores provide evidence of terrestrial influences. This
information guides exploration teamsin predicting where hydrocarbons may have accumulated.

Short description: Diagram showing how microfossils are used to identify reservoir rocks in
petroleum exploration.
Caption: Figure 3.10 Microfossils in petroleum exploration

Fill'in the blank: Planktonic foraminifera and dinoflagellates are widely used to reconstruct
depositional settings.

3.4.2 Microfossils in mineral exploration
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Microfossils also contribute to mineral exploration by helping geologists understand the
depositional history of sedimentary basins. Certain minerals, such as phosphates, are associated
with specific palacoenvironmental conditions that can be identified through microfossil
assemblages.

For instance, diatoms are linked to silica deposits, while coccoliths are associated with chalk and
limestone formations. Recognising these associations allows geologists to target areas with

potential mineral resources.

Table 3.11 Microfossils and associated mineral deposits

Microfossil Group Mll;;:;l/;OCk Chemical Basis Industrial Example
Diatomite Hydrated Silica Lg;?g;’?;rc:;fﬁfnﬁ?:u{ﬂe
Diatoms (Diatomaceous © [($SiO 2 \cdot deposit us égd for f‘% trgtiony
Earth) nH.208%)

and abrasives.

The White Cliffs of Dover:
Chalk (Micritic  |[Calcium Carbonate Cretaceous chalk used in

(Coccolithophores Limestone) ($CaCO_39%) cement, lime, and as a filler
in paper/plastics.
The Franciscan Complex
Chert / . ) (CA): Ancient deep-sea
. . < . Microcrystalline . .
Radiolaria Radiolarian - . deposits used in
Silica ($Si0_28%) :
Earth construction aggregate and
historically for tools.
The Giza Plateau (Egypt):
Foraminifera Nummulitic Calcium Carbonate The Pyramids were built
Limestone ($CaCO _39) using limestone composed
of giant Nummulites shells.
Phosphorite . The Phosphoria
Microalgae/Bacteria |(Phosphate Calcium Phosphate Formation (USA): Derived
($Ca_5(PO_4) 39) S .
Rock) from organic-rich marine

-
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Microfossil Group Mu]l)e:[z:(l)/sRitock Chemical Basis Industrial Example

upwelling; used for global
fertilizer production.

IAppalachian Coal Basin:
High concentrations of
Organic Carbon spores«(exinite) contribute
to high-volatile bituminous
coal.

Palynomorphs Coal (Cannel
(Spores/Pollen) and Boghead)

Fill in the blank: Diatoms are linked to deposits of
3.4.3 Microfossils in environmental monitoring

Microfossils are increasingly used in environmental monitoring because they respond quickly to
changes in water quality, pollution, and climate. For example, shifts in diatom assemblages can
indicate eutrophication in lakes, while changes in foraminiferal populations may reflect ocean
acidification.

These applications make microfossils valuable not only for geological studies but also for
modern environmental management. They provide long-term records that help scientists track

ecological changes and predict future trends.

Box 3.12 Microfossils in environmental monitoring

Environmental Microfossil

Issue Indicator Monitoring Mechanism

Shifts from silicon-heavy to nitrogen-loving species
Eutrophication Diatoms (e.g., Stephanodiscus) indicate excess fertilizer runoff
in lakes and estuaries.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Environmental Microfossil T .
. Monitoring Mechanism
Issue Indicator
.. Reduced shell thickness (mass) and increased
Ocean Foraminifera & . oL .
- . . fragmentation of $CaCO_38§ tests indicate dropping
Acidification Coccoliths -
ocean $pHS levels.
. Changes in coiling direction (left vs. right) and species
. Planktic . .
Climate Change .. migration track the movement of warm ocean currents
Foraminifera .
and melting ice.
. High frequencies of test deformities (morphological
Heavy Metal Benthic & qu (. P g
. . . abnormalities) serve as a proxy for toxic trace metal
Pollution Foraminifera . .
concentrations in harbor muds.
. Vertical zonation in salt marshes allows for the
. Agglutinated . Y .
Sea-Level Rise . . reconstruction of precise sea-level positions over the
Foraminifera ,
last few centuries.

Fill in the blank: Shifts in diatom assemblages can indicate

Pilot questions 3.4

Nk W=

Series Summary

in lakes.

Why are microfossils important in petroleum exploration?

Name one microfossil group linked to silica deposits.

Which microfossil group is associated with chalk formations?

Give one example of how microfossils are used in environmental monitoring.
What ecological change can foraminiferal populations reflect?

This Series examined the stratigraphic distribution and applications of microfossils, highlighting
their importance in geology and applied sciences. We began by exploring the principles of
stratigraphic distribution, including biostratigraphy, the factors influencing fossil occurrence, and
methods of studying distribution. We then considered how microfossils are used in
biostratigraphic correlation, focusing on their role as index fossils, their ability to correlate
sedimentary sequences, and the limitations of this approach. Following that, we studied their
applications in palacoenvironmental reconstruction, where microfossils serve as indicators of
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past climates and depositional environments, supported by case studies in palacoecology.
Finally, we concluded with economic applications, showing how microfossils contribute to
petroleum and mineral exploration as well as environmental monitoring.

By completing this Series, you should now be able to define biostratigraphy, demonstrate how
microfossils are used in correlation, analyse their role in palacoenvironmental reconstruction,
and evaluate their economic applications. These skills directly align with the Series Learning
Outcomes, equipping you with practical and theoretical knowledge to apply microfossils in both
academic research and industry.

Glossary of Terms

o Biozone: A stratigraphic interval defined by the presence of a particular fossil
assemblage.

o Biostratigraphy: The branch of stratigraphy that uses fossil evidence to-establish relative
ages of rock layers.

e Correlation: The process of establishing equivalence between strata in different
locations using fossil assemblages.

o Diachronous appearance: When a species appears at different times in different regions.

o Index fossils: Fossils used to define and identify geological time intervals.

o Palaeoecology: The study of past ecosystems using fossil evidence.

o Palynostratigraphy: The use of pollen and spores to date and correlate sedimentary
layers.

e Range chart: A diagram showing the first and last appearances of fossil species in
stratigraphic sequences.

o Stratigraphic distribution: The occurrence of fossils within different layers of rock.

e Zonation scheme: A method of dividing strata into biozones based on fossil
assemblages.

Concept Check Questions 3
Objective questions

1. The branch of stratigraphy that uses fossil evidence to establish relative ages is called
.(Linked to SLO 3.1)
2. Fossils that are used to define and identify geological time intervals are called
fossils. (Linked to SLO 3.2)
3. The process of establishing equivalence between strata using fossil assemblages is called
. (Linked to SLO 3.2)
4. When a species appears at different times in different regions, this is known as a
appearance. (Linked to SLO 3.2)
5. Variations in planktonic foraminifera species can indicate shifts in surface
temperature. (Linked to SLO 3.3)

Short-answer questions
6. Define a range chart. (Linked to SLO 3.1)

-
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7. Name two factors that influence microfossil distribution. (Linked to SLO 3.1)

8. Why are microfossils useful in petroleum exploration? (Linked to SLO 3.4)

9. Give one example of a depositional environment identified using microfossils. (Linked to SLO
3.3)

10. Mention one limitation of biostratigraphic correlation. (Linked to SLO 3.2)

Long-answer questions
11. Analyse the role of microfossils in palacoenvironmental reconstruction. (Linked to SLO 3.3)
12. Evaluate the economic applications of microfossils in geology. (Linked to SLO-3.4)

Answers to Concept Check Questions 3

Objective questions

1. Biostratigraphy.

2. Index.

3. Biostratigraphic correlation.
4. Diachronous.

5. Sea.

Short-answer questions

6. A range chart is a diagram showing the first and last appearances of fossil species in
stratigraphic sequences.

7. Biological factors (evolution, extinction) and environmental factors (temperature, salinity).
8. They help determine the age and depositional environment of reservoir rocks.

9. Shallow marine environments identified using benthic foraminifera.

10. Preservation bias.

Long-answer questions

11. Basic response: Microfossils indicate past climates and depositional environments through
their assemblages.

Value-added response: They provide detailed records of climate change, vegetation history, and
basin evolution, supported by case studies such as pollen analysis of Ice Age vegetation and
diatom studies of lake productivity.

1.. Basic response: Microfossils are used in petroleum and mineral exploration and
environmental monitoring.
Value-added response: They guide exploration by identifying depositional settings, link
microfossils to mineral deposits such as silica and chalk, and monitor modern ecological
changes like eutrophication and ocean acidification.

Answers to Pilot Questions 3
Part 3.1

1. Biostratigraphy.

-
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Biological and environmental factors.
Planktonic foraminifera.

To plot first and last appearances of species.
Zonation schemes.

Nk

Part 3.2

Index fossils.

Planktonic foraminifera.

Biostratigraphic correlation.

They help locate equivalent strata across basins.
Diachronous appearances.

Nk W=

Part 3.3

By reflecting changes in species composition linked to climate.
Benthic foraminifera.

Benthic foraminifera.

Pollen analysis of Ice Age vegetation.

They reconstruct past climates and depositional environments.

Nk W=

Part 3.4

They help identify reservoir rocks and depositional settings.
Diatoms.

Coccoliths.

Detecting eutrophication.in lakes.

Ocean acidification:

M

References And Attributions 3
Open Educational Resource (OER) search strings suggested for illustrations:

“biostratigraphy fossil ranges stratigraphic correlation OER”

e “factors influencing microfossil distribution OER”

e “methods studying stratigraphic distribution microfossils OER”
e “microfossils index fossils stratigraphy OER”

o “biostratigraphic correlation microfossils sedimentary sequences OER”
e  “limitations biostratigraphic correlation microfossils OER”

e “microfossils palaeoclimate reconstruction OER”

o - “microfossils depositional environments reconstruction OER”

e “microfossils palacoecology case studies OER”

e “microfossils petroleum exploration stratigraphy OER”

e “microfossils mineral exploration silica chalk phosphates OER”
e “microfossils environmental monitoring applications OER”
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Al prompt suggestions used for illustration placeholders:

e Diagram showing fossil ranges for biostratigraphy.

o Table listing biological and environmental factors.

e Box listing methods of studying stratigraphic distribution.
o Diagram showing microfossils as index fossils.

o Table showing correlation examples.

o Box listing limitations of biostratigraphic correlation.

e Diagram showing palaeoclimate indicators.

o Table linking microfossils to depositional environments.
o Box listing palacoecological case studies.

o Diagram showing petroleum exploration applications.

e Table linking microfossils to mineral deposits.

e Box listing environmental monitoring applications.

General references consulted for Series content (APA style):

e QGradstein, F. M., Ogg, J. G., Schmitz, M. D., & Ogg, G« M. (2012). The geologic time
scale 2012. Elsevier.

e Brasier, M. D. (1980). Microfossils: George Allen & Unwin.

e Bown, P. R. (1998). Calcareous nannofossil biestratigraphy. Chapman & Hall.

e OER Commons. (n.d.). Stratigraphy and micropalaeontology resources. Retrieved from
https://www.oercommons.org
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GEY406 Series 4 Paleoecological Significance And Biofacies
Analysis Of Microfossils

Part 4.1 Principles of paleoecology and microfossils
e 4.1.1 Concept of paleoecology
e 4.1.2 Role of microfossils in reconstructing past ecosystems
e 4.1.3 Limitations of paleoecological interpretations
o Part 4.2 Biofacies analysis using microfossils
e 4.2.1 Definition and concept of biofacies
e 4.2.2 Microfossil assemblages as indicators of biofacies
e 4.2.3 Methods of biofacies analysis
o Part 4.3 Case studies in paleoecology and biofacies
e 4.3.1 Marine biofacies reconstructions
e 4.3.2 Terrestrial paleoecological studies using pollen and spores
o 4.3.3 Integrated case studies combining multiple microfossil groups
o Part 4.4 Applications of paleoecology and biofacies analysis

e 4.4.1 Applications in petroleum exploration
e 4.4.2 Applications in environmental monitoring
e 4.4.3 Applications in climate change studies

Introduction

In the previous Series, we examined the stratigraphic distribution and applications of
microfossils, focusing on their role in biostratigraphy, palacoenvironmental reconstruction, and
economic geology. Building on that foundation, this Series turns to the paleoecological
significance of microfossils and their use in biofacies analysis. These approaches allow scientists
to reconstruct ancient ecosystems-and depositional environments with greater precision.

The aim of this Series is to enable you to explain the principles of paleoecology, apply biofacies
analysis using microfossil assemblages, and evaluate their applications in petroleum exploration,
environmental monitoring, and climate change studies.

We shall commence this Series by introducing the principles of paleoecology and the role of
microfossils in reconstructing past ecosystems. Next, we will explore biofacies analysis,
considering how microfossil assemblages define different depositional settings. Following that,
we will examine case studies that demonstrate the practical use of paleoecology and biofacies
analysis in both marine and terrestrial contexts. Finally, we will conclude with applications,
highlighting how these methods contribute to petroleum exploration, environmental monitoring,
and climate change research.

Series Learning Outcomes
Upon completing this Series, you should be able to:

-
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e SLO 4.1 define the concept of paleoecology and explain the role of microfossils in
reconstructing past ecosystems,

e SLO 4.2 describe the concept of biofacies and demonstrate how microfossil assemblages
are used in biofacies analysis,

e SLO 4.3 analyse case studies in paleoecology and biofacies to interpret depositional
environments,

e SLO 4.4 evaluate the applications of paleoecology and biofacies analysis in petroleum
exploration, environmental monitoring, and climate change studies.

4.1 Principles Of Paleoecology And Microfossils
4.1.1 Concept of paleoecology

Paleoecology is the study of ancient ecosystems and how organisms interacted with their
environments in the geological past. It uses fossil evidence, including microfossils, to reconstruct
vegetation, climate, and depositional conditions. Microfossils are particularly valuable because
they are abundant, widely distributed, and sensitive to environmental changes.

By examining fossil assemblages, paleoecologists can infer whether past environments were
marine or terrestrial, shallow or deep, humid or arid. This helps build a picture of how
ecosystems evolved over time.

Short description: Diagram showing how microfossils are used to reconstruct ancient
ecosystems.
Caption: Figure 4.1 Concept of paleoecology using microfossils

MICROFOSSIL GROUPS DATA ANALYSIS & INTERPRETATION
Microfossil Type lllustration Ecological Indicators ™
PALEOTEMPERATURE 2 &
Q INDICATORS: Terrestrial Ab,;'i"‘,gf;‘i‘t’;& CURVES ;gigg ‘
Pollen & (tegetatlotn, climate L2 B
emperature,
Spores recipitation), and biome i PALAEOSALINITY i}
R o, o Do s MODELS i
Variation Tora Cong Dt
1o, ¥ Tomperanure
INDICATORS: Freshwater and \ [ECOSYSTEM. §§i:w9.~"
; marine environments, water ol
Diatoms qua|itr, pH, and salinity, R R e
paleolimnology
——— RECONSTRUCTED ANCIENT ECOSYSTEMS
| : Marine 7 %
Foraminifera | bathymetry (decth), s A. RECONSTRUCTED PALEOENVIRONMENT: | B. RECONSTRUCTED PALEOENVIRONMENT:
0 g FRESHWATER LAKE ESTUARY & COASTAL
(Forams) & surfacetemrerature (SsT), : (e.g., Holocene) (e.g., Miocene)
and oxygen levels \ Pollen (from surrounding Forams Ostracods
e ———— ./ |rees/sw (brackish/marine)(f‘eSh/brad"Sh)
: ine, el g
3 2 open ocean upwelling,
Radiolaria upwelling, and
paleoceanographic currents
INDICATORS.: fresh C REOSTHUD PALEOENVIRNMENT‘ D. RECNSTRUCT ED PALEONVIRONMENT'
Ostracods Nt sovirominoats (e | OPEN MARINE " | TERRESTRIAL DESERT & OASIS
chemistry, and temperature. %Radiolarige'g" Cretaceous) ﬂ@ Desert (9 Eocene)
PN Coccolithophores S -~
lNDICATORSd: Marine su(rjface = GI— i
g waters, productivity, an - ; Dasi
Coccolithophores ca,bo,,a‘Ze depositan. g L Benthic Foram o Po!!sé:

OEREIR%I?-‘?\(/;EY productivi Arid climate, local water source
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Fill in the blank: The study of ancient ecosystems using fossil evidence is called
4.1.2 Role of microfossils in reconstructing past ecosystems

Microfossils serve as indicators of past ecosystems because their distribution reflects
environmental conditions. For example, planktonic foraminifera can reveal changes in ocean
temperature, while pollen and spores trace vegetation shifts on land. Diatoms are useful for
reconstructing freshwater and marine productivity.

These microfossils provide continuous records that allow scientists to track ecological changes
over millions of years. Their sensitivity to environmental factors makes them reliable proxies for

reconstructing palaeoclimate and depositional settings.

Table 4.2 Microfossils and their paleoecological roles

Microfossil Group | Primary Habitat Palae(ig(c);):oglcal Specific Indicator / Proxy
Foraminifera Upper Ocean (Photic * [Temperature & Coiling dlrecjtlor} Of N
. pachyderma indicates polar
(Planktic) Zone) Ice Volume
vs. temperate waters.
Elongated, thin-walled
Foraminifera Seafloor Benthic Oxygen & [shapes (e.g., Bolivina)
(Benthic) (Epifaunal/Infaunal)  [Depth indicate low-oxygen
(dysodic) bottom water.
. . High abundance of Emiliania
. Open Marine Oceanic . : :
Coccolithophores . - huxleyi marks nutrient-rich
(Pelagic) Productivity " "
bloom" events.
IAcidophilic species (e.g.,
p : . [Eunotia) indicate ancient
Diatoms Marine & Freshwater (Salinity & pH lake acidification (SpH <
5.5%).
Dinoflagellates Marine (Coastal to Shoreline Ratio of P-cysts
g Pelagic) Proximity (heterotrophic) to G-cysts

-
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Palaeoecological

Microfossil Group | Primary Habitat Role Specific Indicator / Proxy
(autotrophic) tracks ancient
upwelling.

High AP:NAP ratio
Pollen & Spores Terrestrial (Land- Terrestrial (Arboreal to Non-Arboreal)
P based) Climate indicates.a closed forest vs.
open grassland.
IAccumulation of
Radiolaria Deep Marine Upwelling "Radiolarian Ooze" indicates
(Siliceous) Intensity high-nutrient, cold-water
rising currents.
Trace elements (Mg/Ca
: . ratio) in their calcified valves
Ostracods Marine & Freshwater . Water Chemistry

record ancient water
temperature.

Fill in the blank: Pollen and spores are particularly useful for tracing changes in ancient

4.1.3 Limitations of paleoecological interpretations

While microfossils provide valuable insights, paleoecological interpretations have limitations.
Preservation bias may occur, as not all microfossils survive burial and diagenesis. Some
assemblages may be transported from their original environment, complicating reconstructions.

Additionally, ecological preferences of extinct species may not always be clear, making it
difficult to interpret their significance. For these reasons, paleoecologists often combine
microfossil data with other evidence such as sedimentology and geochemistry to achieve more
aceurate reconstructions.

Box 4.3 Limitations of paleoecological interpretations
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Limitation Technical Challenge Ecological Consequence

Differential Calcareous fossils dissolve in An "all-diatom" sample might incorrectly
Preservation acidic waters; siliceous fossils suggest a cold environment simply
dissolve in alkaline fluids. because the forams dissolved.

Currents and wind move
Post-Mortem  |microfossils (especially buoyant
Transport pollen/planktic forams) far from
their habitat.

Finding "tropical" pollen/in deep-sea muds
might exaggerate the proximity of a
coastline or the warmth of the land.

A single centimeter of sediment Seasonal"blooms" or short-term climate

Time- may represent hundreds or . .
. spikes are smoothed out, creating a
Averaging thousands of years of N " .
. blurred" average of the environment.
accumulation.

Some species can sutvive ina . . .
P "Generalist" species provide poor data for

Ecological wide range of conditions V. ..
e . pmpointing exact temperatures or
Plasticity (eurytopic) rather than a narrow A
. salinities.

one (stenotopic).

Ancient species may have had Using modern "transfer functions" for
Modern different environmental Paleozoic or Mesozoic fossils assumes
Analogue Gap [tolerances than their closest their behavior never changed

living relatives. (Uniformitarianism bias).

Fill in the blank: When fossil assemblages are moved from their original environment, this is
known-as

Pilot questions 4.1

1.. Whatis paleoecology?

2. Name one microfossil group used to reconstruct past ecosystems.

3.. Which microfossil group is useful for tracing vegetation changes?

4. What is preservation bias?

5. Why do paleoecologists combine microfossil data with other evidence?
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4.2 Biofacies Analysis Using Microfossils
4.2.1 Definition and concept of biofacies

Biofacies refers to a distinct assemblage of fossils that characterises a particular depositional
environment. In microfossil studies, biofacies are defined by the composition and abundance of
microfossil groups within sedimentary layers. They provide clues about water depth, salinity,
oxygen levels, and other environmental conditions at the time of deposition.

By identifying biofacies, geologists can reconstruct ancient environments and distinguish
between different depositional settings such as shallow marine shelves, deep ocean basins, or
freshwater lakes.

Short description: Diagram showing different depositional environments represented by distinct
microfossil biofacies.
Caption' Figure 4.4 Concept of biofacies using microfossil assemblages

(BIOFACIES 1: TERRESTRIAL (Freshwater Lake) ) CONTINENTAL MARGIN
’ & G Biofacies 1: DEPOSITIONAL ENVIRONMENTS

Non-marine,

; < land-derived
\ TERRESTRIAL MARGINAL MARINE
(Pollgn & gﬁores) rreshwaler Dlatnmi . o] St d matter (LACUSTRINE/FLUVIAL) ~ (ESTUARINE/
e.9.. Pine, Ozk, etc, €.9.. Aul: ete. €.9.. Cypridopsis) LAGOONAL)
_Ecological Indicators: Low salinity, high seasonal temp var. }E,Iﬁ'fo(‘fs'ﬂ!fg °¥,}Z’}¥§$ﬂ°
(DEEP MARINE)  ABYSSAL
(BIOFACIES 2: MARGINAL MARINE (Brackish Estuary) - —, DEEPOCEAY
& v Bio;Tciesl 2: 1
S ariable salinity,
‘3" ™ hngh nutrient/
Agglutinated F inif Brackish O d fput
(eq. h ina, Mili: (e.q. Cyprideis)
\Ecological Indicators: Fluctuating salinity (brackish), high turbidity. 4
N\

BIOFACIES 3: INNER NERITIC (Shallow, Photic Zone)

\;) Biofacies 3: o
High energy,
Iight-rich, diverse Carbonate

i Compensation —»
Calcareous Benthic Foraminifera Calcareous Algae Benthic Diatoms NG falna: oep't,h (ccoo)"
(2.9.. Elphidium, Ammenia)

\_Ecological Indicators: Normal salinity, high oxygen, high light.
(BIOFACIES 4: OUTER NERITIC TO BATHYAL (Open Marine)

Biofacies 4: KEY PRINCIPLE: MICROFOSSIL ASSEMBLAGES AS PALAEOENVIRONMENTAL INDICATORS
Low energy, Geologlsts use these dlstlnct groups to in microfossil bianom to rec t past
o stablg and!tions. , Orf . T groups arae component to mocar our microfossil
Planktomc Foram'mfem Radiolaria Coccolithoph pelagic ) mar 10 dec ct laus environment by terresthatal past environments.
e.g. (forming coccospheres)
Ecologlcal Indicators: Open marine, stable salinity, nutrient-rich upwelling. ) @ OER BIOLOGY ARCHIVE

Fill in the blank: A distinct assemblage of fossils that characterises a depositional environment is
called a

4.2.2 Microfossil assemblages as indicators of biofacies

Microfossil assemblages are powerful indicators of biofacies because different groups thrive in
specific conditions. For example, benthic foraminifera are abundant in shallow marine
environments, while planktonic foraminifera dominate deeper waters. Diatoms may indicate
nutrient-rich conditions, and pollen or spores suggest terrestrial influence.
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By analysing the relative abundance and diversity of these groups, scientists can identify
biofacies and interpret the depositional history of sedimentary basins.

Table 4.5 Microfossil assemblages and associated biofacies

Biofacies Microfossil Assemblage Dep.0s1t10nal Water Depth
Type Environment (Approx.)
Non- Pollen, spores, freshwater diatoms, Lacustrine, Fluvial, or 0 m (Land)
Marine charophytes. Floodplain.

Marginal Agglutinated foraminifera, high spore  [Salt Marsh, Mangtrove, [0—5 m
Marine counts, brackish ostracods. or Estuary. (Intertidal)

Large, robust benthic foraminifera

Inner Inner Continental

Neritic (zflmmonza, Elphidium), proximate Shelf (High Energy). 5—-50 m
dinocysts.

Outer Dlvers'e 'calcar.eous beqthlc . Outer Continental

Neritic foraminifera, increase in planktic Shelf 50-200 m
forams (P/B ratio~50%). '
Dominant planktic foraminifera,

Bathyal radiolaria, deep-water benthics Continental Slope. 200-2000 m
(Uvigerina).
Siliceous assemblages (Radiolaria, Deen Ocean Floor

Abyssal Diatoms); barren of calcite if below p . >2000 m

(Abyssal Plain).

CCD.

Fill in the blank: Benthic foraminifera are abundant in marine environments.

4.2.3 Methods of biofacies analysis

Biofacies analysis involves several methods. One common approach is quantitative analysis,
where the relative abundance of microfossil species is measured to identify dominant

-
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assemblages. Another method is multivariate statistical analysis, which uses mathematical
techniques to group samples based on similarities in fossil composition.

Additionally, palaeoecological modelling combines fossil data with sedimentological and
geochemical evidence to reconstruct depositional environments. These methods provide robust

interpretations of biofacies and improve the accuracy of paleoenvironmental reconstructions.

Box 4.6 Methods of biofacies analysis

Method Technical Approach Geological Application
o Standardized census counting Establishing a statistically significant
Quantitative R > . " "
. (e.g., 300 individuals per baseline; identifies subtle "blooms" or
Analysis . o N .
sample) and diversity indices. extinction events.

. Using Cluster Analysis and Groups samples with similar fossil
Multivariate . < . .. . .
Statistics Principal Component Analysis  |"fingerprints" to map distinct biofacies

(PCA) to group samples. across a 3D basin model.

Applying TRansfer Flinction’s Converts raw species counts into

Palaeoecological W " numerical values for temperature
. and "Modern Analogues" to A ..
Modelling . ($M\circ$C), salinity (ppt), or water
fossil datasets.
depth (m).
Graphic Plotting fossil "events" Synchronizes biofacies changes across
pIc (FADs/LLADs) against a standard multiple wells to identify global vs.
Correlation . . .
reference section. local environmental shifts.

Fill in the blank: Grouping samples based on similarities in fossil composition is achieved
through statistical analysis.

Pilot questions 4.2

What is a biofacies?

Name one microfossil group used to identify biofacies.

Which type of foraminifera dominates deeper marine environments?
What is quantitative analysis in biofacies studies?

Give one method of biofacies analysis apart from quantitative analysis.

Nk WA

-
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4.3 Case Studies In Paleoecology And Biofacies
4.3.1 Marine biofacies reconstructions

Marine environments provide some of the clearest examples of biofacies analysis. Assemblages
of benthic foraminifera are often used to distinguish between shallow shelf environments and
deeper ocean basins. Similarly, planktonic foraminifera can indicate variations in-sea surface
temperature and salinity. These reconstructions help geologists understand basin evolution and
the dynamics of ancient oceans.

Short description: Diagram showing shallow and deep marine biofacies identified by benthic and
planktonic foraminifera.
Caption: Figure 4.7 Marine biofacies reconstructions using foraminifera

RECONSTRUCTING MARINE BIOFACIES USING FORAMINIFERA.
(SENSORY PATHWAYS |

Cross-section of Continental Margin

‘Planktonic’
4SHALLOW MARINE (Shelf); % DEEP MARINE (Bathyal/Abyssal) s ® Globigerins, | Shallow Facies: TEST (SHELL)
] NS T T S e 0% Globorotalia | High Light, Diverse
WO Benthic, abundant — /|
Ot © asentic | Pyt e
(ng;m))w NERITIC d;sgcé’{da'ff esrys:’.bimic' (due to upwelling). CYTOPLASM
b BIOFACIES' Ammonia, Elphidium

g ., ©'L39"tg!i°' ILnterFer(]iialte Facies:
§ \ * Less diverse, ow ig t, lower
S I!gsopelagic/ﬂamyal Zone \ y N . gpecn_alltzgg l%[ low Benthic diversityf,
] 200m-2000m+ ‘ \ | * opecialized shapes. | djstinct Benthic fauna,
3 '(oum NERITI(): T0 , _ Uvigerina,Bulimina | specific deep Planktonic.
= BATHYAL BIOFACIES' "‘ @ DeepAPIankt.omc g. specialized Neogloboguadrina
=) o « less diverse, simpler
o
(E)'Deep Abyssal Benthic
« extreme specialized forms
faten spinied CHAMBER APERTURE __ WALL
+ very low diversity ARRANGEMENT STRUCTURE
e.g. specific agglutinated AStrorhiza, | |,pec o siapes S begiqur )
specialized Globobulimina for substrate or thin wad for
oxygen buoyancy

OER Biology

=’ Archive

(GO

[T

KEY PRINCIPLE: Geologists use vertical sequences of fossil
assemblages (foram indices) to reconstruct past environmems.J

Fill in the blank: Planktonic foraminifera are useful indicators of variations in sea
temperature.

4.3.2 Terrestrial paleoecological studies using pollen and spores

On land, pollen and spores are widely used to reconstruct vegetation and climate. For example,
pollen analysis has revealed shifts from forested to grassland environments during glacial and
interglacial periods. Spores, particularly from ferns and mosses, provide evidence of humid
conditions and ecological succession.
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These terrestrial studies are essential for understanding how ecosystems responded to climate
change and how vegetation patterns evolved over time.

Table 4.8 Pollen and spores in terrestrial paleoecology

and Pteridophyte spores.

organic preservation.

Vegetation Dominant Ecologlca.l Geological/Climate Context
Type Palynomorphs Interpretation
High NAP (Non- .
Tundra / Arboreal Pollen); Cold, arid, qnd Typical of Glacial Maxima
. treeless environment; . .
Steppe Artemisia, Poaceae . . (Ice Ages).inmid-latitudes.
high wind energy.
(Grasses), Cyperaceae.
Boreal Bisaccate pollen (Pinus, |Cold-temperate; acidic [Represents the expansion of
Forest Picea, Abies); Sphagnum [soils; shott growing "Northern" forests during
(Taiga) spores. seasons. interstadials.
Deciduous Broad-leaf tree pollen Humid, temperate Common during Holocene
Forest (Quercus, Fagus, Betula, »climate with distinct ~ [Thermal Maximum (Warm
Ulmus). seasonality. periods).
. ngh diversity of Constant high Characteristic of the
Tropical angiosperm pollen; temperature and
. . ) Paleogene greenhouse world
Rainforest |Pteridophyte (fern) rainfall; complex .
. and modern equatorial belts.
Spores. vertical strata.
Dominant Poaceae : .
Savanna / (Grasses); scattered Seasonal rainfall; fire- Indicates thp expansion of C4
. grasses during the Late
Grassland |drought-resistant tree [prone ecosystems. . . .
Miocene cooling/drying.
pollen.
. Core components of
Taxodiaceous pollen Waterlogged, .
©y '’ (Taxodium); Lycopsid anaerobic soils; high Carboniferous Coal
Wetland » =YCop - 18 Measures and modern peat

bogs.

-
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Fill in the blank: Pollen analysis has revealed shifts from forested to environments

during glacial periods.
4.3.3 Integrated case studies combining multiple microfossil groups

The most robust paleoecological reconstructions often combine multiple microfossil groups: For
instance, studies may integrate pollen, spores, diatoms, and foraminifera to provide a
comprehensive view of both terrestrial and marine conditions. This integrated approach reduces
bias and increases accuracy by cross-checking evidence from different sources.

Such case studies have been used to reconstruct entire palaeolandscapes, showing how
vegetation, climate, and ocean conditions interacted. They demonstrate the mterdisciplinary

strength of microfossil research in paleoecology.

Box 4.9 Integrated case studies in paleoecology

Case Study Title Microfossil Proxies Used Integrated Ecological Finding

Proved that 10,000 years ago, the Sahara

The "Green Sahara"

Pollen (grasses/trees) -+

was a mosaic of lakes and savannahs;

Benthic Forams.

Period (African Diatoms (freshwater) + increased river runoff freshened the
Humid Period) Foraminifera (marine). IAtlantic, changing foraminifera
assemblages.
Linked the 18th-century "Ragweed Rise"
N . . o
The Chesapeake Bay P(.)llen (ragweed) . (lgnd clearlng)"to a massn'/ve shift in
c . Diatoms (planktonic) + diatoms and a "dead zone" for
Eutrophication

foraminifera due to sudden nutrient
runoff.

Younger Dryas
Cooling Event

Pollen (Dryas flower) +

Dino-cysts + Planktic
Forams.

Documented a simultaneous collapse of
European forests and a "shutdown" of the
Gulf Stream as meltwater flooded the
INorth Atlantic.

The Storegga Slide
Tsunami

Pollen (disturbed taxa) +
Diatoms (marine species

in peat).

Used to identify "tsunami layers" in
coastal bogs where marine diatoms were
physically swept several miles inland into
freshwater environments.

-
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Case Study Title Microfossil Proxies Used Integrated Ecological Finding

Reconstructed the drying of the

Spores (arid taxa) + Mediterranean; identified "dwarf"

Messinian Salinity Foraminifera (dwarfism)

Crisis . foraminifera indicating extreme stress as
+ Dinoflagellates. .
the sea became a hypersaline desert.
Fill in the blank: Integrated case studies often combine pollen, spores, diatoms, and to

reconstruct palaeolandscapes.
Pilot questions 4.3

Which microfossil group is used to distinguish shallow and deep marine biofacies?
Name one terrestrial application of pollen analysis.

What do spores from ferns and mosses indicate?

Why are integrated case studies important in paleoecology?

Give one example of a microfossil group used in integrated studies.

MRS

4.4 Applications Of Paleoecology And Biofacies Analysis
4.4.1 Applications in petroleum exploration

Microfossils are widely used in petroleum exploration because they help geologists reconstruct
depositional environments and identify potential reservoir rocks. Biofacies analysis allows
exploration teams to distinguish between source rocks, reservoir rocks, and seal formations. For
example, planktonic foraminifera may indicate deep marine settings favourable for hydrocarbon
generation, while benthic assemblages can highlight shallow marine reservoirs.

Short description: Diagram showing how biofacies analysis identifies source, reservoir, and seal
rocks in petroleum exploration.

-
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Caption: Figure 4.10 Applications of biofacies in petroleum exploration
EXPLORATION TARGET: PETROLEUM SYSTEM COMPONENTS

Biofacies A Biofacies B Biofacies C
so‘i%?fhgs CK (Photic/Shelf) (Slope/Deep Basin) (AbyssallLagoonal)
‘Organic-rfch Biofacies’ g
RESERVOIR ROCK
e.g., sandstone

‘High-energy/Photic Zone | _
SEAL ROCK

e.g., mudstone
Low«energ)/lDeep -water

Biofacies
BIOFACIES ANALYSIS WORKFLOW: MICROFOSSIL INTERPRETATION Do
SAMPLE COLLECTION & PREPARATION MICROFOSSIL IDENTIFICATION DATA INTEGRATION & INTERPRETATION
FORAMINIFERA COCCOLITHOPHORES o W g a0 e
£ 4
- -~ - Q0. @ U [f]?{
N \ | =
Sample ; RADIOLARIA PALYNOMORPHS g N T AT
o C”"'"gs rocessing  Microscope et ' Planktonic: water Diversity & _ Benthic-Plankt |
Moy T Emmwvewn | Cgeeige MRS Secomnt pasery
|
IDENTIFICATION OF KEY ROCK TYPES ,_—" r- |
"’SOURCEROCK’(Orga'niosRIch) Biofacies B&C RESERVOIR ROCK (Porous/Permeable) BiofaciesC  SEAL ROCK (Impermeable)
INDICATORS: High planktonic diversity/abundance, INDICATORS: High benthic diversity/abundance, INDICATORS: Specific deep-water benthic
specific benthic forms, low-oxygen indicators, larger benthic forams, calcareous algae, forms, abyssal pianktonic forms, very low-energy
high T.O.C. (Total Organic Carbon). high-energy indicators, low-mud content. indicators, high clay content.
« Depositional Environment: Anoxic basin, « Depositional Environment: High-energy * Depositional Environment: Distal deep
productive upwelling shelf, shallow carbonate platform, shoreline marine, quiet basin, evaporite/lagoon
Fill in the blank: Planktonic foraminifera may indicate marine settings favourable for

hydrocarbon generation.

4.4.2 Applications in environmental monitoring

Microfossils are sensitive indicators of environmental change, making them useful in monitoring
modern ecosystems. Diatoms, for example, respond quickly to changes in water quality and
nutrient levels, while foraminifera can reflect oxygen depletion or ocean acidification. Biofacies

analysis provides a framework for interpreting these changes and tracking ecological health.

This application is particularly important for managing freshwater resources, coastal ecosystems,
and marine biodiversity.

Table 4.11 Microfossils in environmental monitoring

Microfossil Monitoring Key Indicator /

B%up Application Change Environmental Insight

Shift from Cyclotella |Indicates nutrient loading
to Stephanodiscus (phosphorus/nitrogen) from
species. agricultural runoff.

Water Quality

Diatoms (Eutrophication)
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grass pollen.

Microfossil Monitoring Key Indicator / Environmental Insicht
Group Application Change &

. . [ncrease in test Monitors toxic levels of
Foraminifera Heavy Metal o . .
(Benthic) Pollution deformities (stunted |Copper, Zinc, and Lead in

or twisted shells). industrial harbors.
Ocean Reduction in Measures the impact of rising
Coccolithophores L. . coccolith mass and  [$CO_2$.0n the ocean's ability
Acidification .
thickness. to store carbon.
. . Changes in the Tracks saltwater intrusion into
Salinity & . . .
Ostracods Hvdrolo Mg/Ca ratio within [coastal aquifers and
y gy the calcified valve. freshwater wetlands.
High concentrations [Predicts the risk of "Red
. Harmful Algal S n .
Dinoflagellates of "resting eysts" in » [Tide" events based on
Blooms (HABs) . S
surface sediments. historical bloom frequency.
Increase in Ragweed [Documents the exact timing
Pollen Land-Use Change |(4Ambrosia) and of local deforestation and the

onset of intensive farming.

Fill in the blank: Diatoms respond quickly to changes in water

4.4.3 Applications in climate change studies

and nutrient levels.

Microfossils provide long-term records of climate change, offering insights into how ecosystems
have responded to past warming and cooling events. Pollen and spores trace vegetation shifts,
while marine microfossils such as foraminifera record changes in ocean circulation and

temperature.

Biofacies analysis integrates these signals to reconstruct regional and global climate patterns.
This information is critical for predicting future climate trends and understanding the resilience

of ecosystems.

Box 4.12 Microfossils in climate change studies

-
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Climate Variable | Microfossil Proxy Methodology & Mechanism
Foraminifera & Stable Isotope Analysis: The ratio of
Palaeotemperature $7 {1810/~ {16} 0% in calcite shells varies with
Ostracods .
water temperature and global ice volume.
Trace Element Ratios: Cadmium/Calcium
Ocean Circulation Benthic ($Cd/Ca$) and Carbon isotopes ($7{13}C$) track
Foraminifera the movement of deep-water-masses like the North

Atlantic Deep Water.

'Vegetation Shifts

Pollen & Spores

IAP/NAP Ratios: The balance between Arboreal
(tree) and Non<Arboreal (grass/shrub) pollen tracks
the expansion of forests vs. tundras.

Transfer Functions: Statistical models correlate

Sea-Surface Temp |Diatoms & . . .
. . specific species assemblages with modern sea-

(SST) Radiolaria .

surface temperatures to calculate ancient degrees.
Atmospheric Stomatal Index The ‘d‘ensuy of breathing pores (stomata) on .
$CO 2$ (Pollen/Leaves) fossilized plant matter decreases as atmospheric

- $CO 2% levels rise.

The presence of light-sensitive diatoms beneath

Ice-Shelf Stability Diatoms modern ice shelves indicates periods in the past

when the ice had completely melted.

Fill in the blank: Marine microfossils such as foraminifera record changes in ocean circulation

and

Pilot questions 4.4

wohw -

-

Why are microfossils important in petroleum exploration?
Name one microfossil group used in environmental monitoring.
What ecological change can foraminifera reflect?

How do pollen and spores contribute to climate change studies?
Give one application of biofacies analysis in climate research.
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Series Summary

This Series explored the paleoecological significance and biofacies analysis of microfossils,
showing how they provide insights into ancient ecosystems and depositional environments. We
began with the principles of paleoecology, examining how microfossils reconstruct past
ecosystems and recognising the limitations of such interpretations. We then moved on to
biofacies analysis, where microfossil assemblages were used to define depositional settings and
methods of analysis were introduced. Following that, we studied case studies, both marine and
terrestrial, and highlighted the value of integrated approaches combining multiple microfossil
groups. Finally, we concluded with applications, demonstrating how paleoecology and biofacies
analysis support petroleum exploration, environmental monitoring, and climate change studies.

By completing this Series, you should now be able to define paleoecology, describe biofacies
and their analysis, analyse case studies to interpret depositional environments, and evaluate the
practical applications of these methods. These abilities align directly with the Series Learning
Outcomes, equipping you with both theoretical understanding and applied skills in microfossil
research.

Glossary of Terms

o Biofacies: A distinct fossil assemblage that characterises a particular depositional
environment.

e Benthic foraminifera: Microfossils that live on or near the sea floor, often used to
identify shallow marine environments.

o Diachronous appearance: When a species appears at different times in different regions.

e Multivariate statistical analysis: A method of grouping samples based on similarities in
fossil composition.

o Paleoecology: The study of ancient ecosystems using fossil evidence.

o Planktonic foraminifera: Microfossils that float in the water column, useful for
reconstructing ocean conditions.

e Preservation bias: The selective survival of certain fossils due to burial and diagenesis.

e Quantitative analysis: Measuring the relative abundance of fossil species to identify
dominant assemblages.

e Spores: Reproductive microfossils from non-seed plants, often used to indicate humid
conditions:

e Zonation scheme: A method of dividing strata into biozones based on fossil
assemblages.

Concept Check Questions 4

Objective questions

1. The study of ancient ecosystems using fossil evidence is called . (Linked to SLO
4.1)
2. A distinct fossil assemblage that characterises a depositional environment is called a
. (Linked to SLO 4.2)

-
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[98)

Benthic foraminifera are abundant in marine environments. (Linked to SLO 4.2)

4. Grouping samples based on similarities in fossil composition is achieved through
statistical analysis. (Linked to SLO 4.2)

5. Planktonic foraminifera may indicate

generation. (Linked to SLO 4.4)

marine settings favourable for hydrocarbon

Short-answer questions

6. Define preservation bias. (Linked to SLO 4.1)

7. Name one microfossil group used in terrestrial paleoecological studies. (Linked to.SLO 4.3)
8. What is quantitative analysis in biofacies studies? (Linked to SLO 4.2)

9. Give one application of microfossils in environmental monitoring. (Linked to SLO 4.4)

10. Mention one limitation of paleoecological interpretations. (Linked to.SLO 4.1)

Long-answer questions

11. Analyse the role of microfossils in reconstructing past ecosystems. (Linked to SLO 4.1)

12. Evaluate the applications of biofacies analysis in petroleum exploration and climate change
studies. (Linked to SLO 4.4)

Answers to Concept Check Questions 4

Objective questions

1. Paleoecology.
2. Biofacies.

3. Shallow.

4. Multivariate.
5. Deep.

Short-answer questions

6. Preservation bias is the selective survival of certain fossils due to burial and diagenesis.
7. Pollen.

8. Measuring the relative abundance of fossil species to identify dominant assemblages.
9. Detecting eutrophication in lakes using diatoms.

10. Transport of fossil assemblages.

Long-answer questions

11. Basic response: Microfossils reconstruct past ecosystems by reflecting vegetation, climate,
and depositional conditions.

Value-added response: They provide continuous records of ecological change, with groups such
as pollen, spores, diatoms, and foraminifera offering complementary insights into terrestrial and
marine environments.

1. Basic response: Biofacies analysis helps identify reservoir rocks in petroleum
exploration and trace climate change through fossil assemblages.
Value-added response: It integrates fossil evidence with sedimentological and

-
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geochemical data, guiding exploration strategies and providing long-term records of
climate shifts, ocean circulation, and vegetation changes.

Answers to Pilot Questions 4
Part 4.1

Paleoecology.

Foraminifera.

Pollen.

Selective survival of fossils.

To achieve more accurate reconstructions.

Nk W=

Part 4.2

Biofacies.

Diatoms.

Planktonic foraminifera.

Measuring relative abundance of fossil species.
Multivariate statistical analysis.

MRS

Part 4.3

Foraminifera.

Reconstructing vegetation changes during glacial periods.
Humid conditions.

They reduce bias and increase accuracy.

Diatoms.

MRS

Part 4.4

They helpidentify depositional environments and reservoir rocks.
Diatoms.

Ocean acidification.

By tracing vegetation shifts.

Reconstructing palacotemperature changes.

Alraibali e

References And Attributions 4

Open Educational Resource (OER) search strings suggested for illustrations:

“paleoecology microfossils reconstruction OER”

e “microfossils paleoecology indicators OER”

e “limitations paleoecology microfossils OER”

e “biofacies microfossils depositional environments OER”
e “microfossil assemblages biofacies indicators OER”
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e “methods biofacies analysis microfossils OER”

e “marine biofacies reconstruction foraminifera OER”

e “pollen spores terrestrial paleoecology vegetation OER”

e “integrated paleoecology case studies microfossils OER”
o “biofacies microfossils petroleum exploration OER”

e “microfossils biofacies environmental monitoring OER”

e “microfossils biofacies climate change studies OER”

Al prompt suggestions used for illustration placeholders:

o Diagram showing microfossils reconstructing ecosystems.

o Table linking microfossil groups to paleoecological roles.

o Box listing limitations of paleoecological interpretations.

o Diagram showing depositional environments represented by biofacies.
o Table linking microfossil assemblages to depositional environments.

e Box listing methods of biofacies analysis.

o Diagram showing marine biofacies reconstructions.

o Table showing vegetation changes reconstructed using pollen and spores.
o Box listing integrated case studies.

o Diagram showing petroleum exploration applications.

o Table linking microfossils to environmental monitoring.

e Box listing climate change applications.

General references consulted for Series content (APA style):

e Brasier, M. D. (1980). Microfossils. George Allen & Unwin.

e Bown, P. R. (1998). Calcareous nannofossil biostratigraphy. Chapman & Hall.

e QGradstein, F. M., Ogg, J. G., Schmitz, M. D., & Ogg, G. M. (2012). The geologic time
scale 2012. Elsevier.

e OER Commons. (n.d.). Paleoecology and biofacies resources. Retrieved from
https://www.oercommons.org
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GEY406 Series 5 Laboratory Techniques In Micropalaeontology
And Palynology

o Part 5.1 Principles of laboratory preparation
e 5.1.1 Sample collection and handling
e 5.1.2 Preparation techniques for micropalaecontological samples
e 5.1.3 Preparation techniques for palynological samples
o Part 5.2 Microscopic examination and identification
e 5.2.1 Use of light microscopy
e 5.2.2 Scanning electron microscopy in micropalaeontology
e 5.2.3 Identification of key microfossil groups
o Part 5.3 Quantitative and statistical methods
¢ 5.3.1 Counting and tabulation of microfossils
o 5.3.2 Statistical analysis of assemblages
e 5.3.3 Construction of range charts and biozones
o Part 5.4 Applications of laboratory techniques

e 5.4.1 Applications in biostratigraphy
e 5.4.2 Applications in palacoenvironmental reconstruction
e 5.4.3 Applications in petroleum and environmental studies

Introduction

In the last Series, we explored the paleoecological significance and biofacies analysis of
microfossils, focusing on how assemblages reveal ancient ecosystems and depositional
environments. To build on that knowledge, this Series turns to the practical side of
micropalaeontology and palynology by examining laboratory techniques. These methods are
essential for preparing, examining, and analysing microfossils so that they can be applied
effectively in research and industry.

The aim of this Series is to introduce you to the laboratory procedures used in
micropalaeontology and palynology, equipping you with the skills to prepare samples, identify
microfossils, apply statistical methods, and evaluate their applications in geology and
environmental studies.

We shall commence this Series by studying the principles of laboratory preparation, including
sample collection and preparation techniques for both micropalaeontological and palynological
materials. Next, we will explore microscopic examination, focusing on light and electron
microscopy and the identification of key microfossil groups. Following that, we will consider
quantitative and statistical methods, including counting, tabulation, and biozone construction.
Finally, we will conclude with applications, showing how laboratory techniques support
biostratigraphy, palacoenvironmental reconstruction, and petroleum exploration.

Series Learning Outcomes

-
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Upon completing this Series, you should be able to:

e SLO 5.1 describe sample collection and preparation techniques used in
micropalaeontology and palynology,

e SLO 5.2 demonstrate the use of light and electron microscopy in examining and
identifying microfossils,

e SLO 5.3 apply quantitative and statistical methods to analyse microfossil assemblages,

e SLO 5.4 evaluate the applications of laboratory techniques in biostratigraphy,
palaeoenvironmental reconstruction, and petroleum studies.

5.1 Principles Of Laboratory Preparation
5.1.1 Sample collection and handling

The first step in micropalaecontological and palynological studies is sample collection, which
refers to the careful gathering of sedimentary or rock material for laboratory analysis. Proper
handling is crucial to avoid contamination and ensur¢ that the microfossils remain intact.
Samples are usually collected from outcrops, boreholes, or cores, and labelled with detailed
information such as location, depth, and lithology.

Once collected, samples must be stored in clean containers and kept dry to prevent microbial
growth. Good documentation ensures-that laboratory results can be accurately linked to their
geological context.

Short description: Diagram showing the process of collecting and labelling sediment samples for
micropalaeontology.
Caption: Figure 5.1 Sample collection and handling in micropalaeontology

Fill in the blank: Proper sample collection and handling prevents and ensures accurate
laboratory results.

-
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5.1.2 Preparation techniques for micropalaeontological samples

Preparation of micropalacontological samples involves separating microfossils from the
surrounding sediment or rock matrix. Common techniques include washing and sieving, where
sediments are disaggregated in water and passed through fine meshes to retain microfossils.
Chemical treatments, such as dilute acids, may be used to dissolve unwanted material without

damaging the fossils.

For calcareous microfossils like foraminifera, gentle washing and drying are often sufficient.
Siliceous microfossils such as diatoms may require oxidation treatments to remove organic

matter.

Table 5.2 Preparation techniques for micropalaeontological samples

Preparation . Primary Fossil .
Technique Process Description BronPh Rock/Sediment Type
Soaking in water or mild
Simple detergent (e.g., Foraminifera, Unconsolidated clays,
Disaggregation Quaternary O) and gentle . |Ostracods silts, and soft muds.
washing.
Hydrqgen Using oxidizing agentfs to Foraminifera, O‘rgamc shales aqd
Peroxide break down organic-rich Diatoms stiff, over-consolidated
($H_20 _29) ot stiff clays. clays.
Acid Digestion Dissolving cglcmm Palyp om?rphs, Limestones and
(HCI) carbonate using Radiolaria, calcareous sandstones
Hydrochloric acid. Conodonts '
Acid Digestion Usmg Hydrqﬂuorlc acid Pollen, Spores, Shales, sﬂtston@s, and
(FIF) to dissolve silicate Dinocysts sandstones (Acid-
minerals (silica/clays). resistant fossils).
. A mlxtqre of Acetic . Modern/Recent Peat, coal, and modern
Acetolysis IAnhydride and Sulfuric .
. Pollen lake sediments.
acid to remove cellulose.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS




Preparfltlon Process Description Primary Fossil Rock/Sediment Type
Technique Groups
Using high-density liquids . .
Heavy Liquid (e.g., LST) to "float" Conodonts, Heavy mineral gy
. . . . sands or dense
Separation fossils away from heavy  |[Foraminifera
. carbonates.
minerals.
Repeatedly freezing and
Freeze-Thaw pe: y g Ostracods, Hard, non-calcareous
thawing a saturated . . :
Method Foraminifera shales and siltstones.
sample to shatter the rock.

Fill in the blank: Sediments are disaggregated in water and passed through fine meshes in a
process called

5.1.3 Preparation techniques for palynological samples

Palynological preparation focuses on extracting pollen, spores, and other organic-walled
microfossils. This requires chemical treatments to remove unwanted mineral and organic
material. The most common steps include acid digestion, where hydrochloric acid removes
carbonates and hydrofluoric acid dissolves silicates. Oxidation may be applied to eliminate
excess organic matter, followed by sieving to concentrate the palynomorphs.

Safety is critical in palynological preparation because strong acids are used. Samples are handled
in fume cupboards with protective equipment, and residues are carefully neutralised before

disposal.

Box 5.3 Steps'in palynological preparation

Step Action Technical Purpose

Removing surface contaminants [[ncreases the surface area for chemical
and breaking the rock into 1-2  [reactions; prevents modern pollen
mm fragments. contamination.

1. Cleaning &
Crushing

-
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Step Action Technical Purpose

Dissolves calcite/dolomite cement.

. . o
2. Carbonate Soaking the sample in 10% Critical: Prevents the formation of

Removal Hydrochloric Acid (HCI). insoluble $CaF 2§ crystals in the next step.
3. Silicate Soaking the residue in 40-60% ])lisfl‘gg::‘lt‘flae“éc‘;alyeﬁg “gr‘if g“:mic
Digestion Hydrofluoric Acid (HF). d ’ g Oy otg

matter.

Brief treatment with Schulze's  |Breaks down unwanted."amorphous"
4. Oxidation Solution or Nitric Acid organic matter (AOM) and lightens dark,
($HNO 39%). over-mature fossils for better viewing.

Rinsing with Potassium
5. Alkali Wash |[Hydroxide (KOH) or
Ammonia.

Removes the humic acids released during
the oxidation step, "clearing" the sample.

6. Sieving & Washing through a 10$\mu$m [Removes fine clay-sized debris and

Ultrasonic or 15$\mu$m nylon mesh. concentrates the target palynomorphs.
7. Heavy Centrifuging in a high-density . . .
Liquid liquid (c.g., Zinc Chloride or Separates the light organic fossils (float)

Separation LST). from the remaining heavy minerals (sink).

Placing theorganic residue on a
8. Mounting glass slide using Glycerin Jelly
or Balsam.

Creates a permanent record for microscopic
identification and counting.

Fill in the blank: Hydrofluoric acid is used in palynological preparation to dissolve
Pilot questions 5.1

Why is proper sample collection important in micropalaeontology?

Name one technique used to prepare micropalaeontological samples.

Which type of microfossil requires oxidation treatments to remove organic matter?
What is the purpose of hydrochloric acid in palynological preparation?

Why is safety critical in palynological laboratories?

MRS

-
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5.2 Microscopic Examination And Identification

5.2.1 Use of light microscopy

Light microscopy is the most common method for examining microfossils. It involves.using
transmitted or reflected light to view specimens mounted on slides. This technique allows for the
identification of basic morphological features such as shape, size, and ornamentation:

In micropalaeontology, light microscopes are used to study calcareous microfossils like

foraminifera, while in palynology they are essential for observing pollen‘and spores. Proper slide
preparation and careful focusing are critical to obtaining clear images.

Short description: Diagram showing a light microscope setup for examining microfossils.
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Caption: Figure 5.4 Light microscopy in micropalaeontology and palynology

Fill in the blank: The most common method for examining microfossils is microscopy.
5.2.2 Scanning electron microscopy in micropalaeontology

Scanning electron microscopy (SEM) provides high-resolution images of microfossils by
scanning their surfaces with a focused beam of electrons. SEM reveals fine details of microfossil
morphology, such as wall structure, pores, and ornamentation, which are not visible under light
microscopy.

This technique is particularly useful for studying calcareous nannofossils, diatoms, and

foraminifera. SEM images are often used in taxonomic studies and in documenting new species.

Short description: SEM image showing detailed surface features of a foraminifera.
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Caption: Plate 5.5 SEM image of a foraminifera
MAMMALIAN ORGAN positioning is not the topic. THIS IS A MICROFOSSIL.

Primary Aperture

FORAMINIFERA (Globigerina sp.)
UMBILICAL VIEW - COMPLEX SURFACE
ORNAMENTATION & ASSOC. DIATOMS

SEM MICROGRAPH
OER Microfossil Archive m—

Fill in the blank: Scanning electron microscopy reveals fine details of microfossil
5.2.3 Identification of key microfossil groups

Accurate identification of microfossils is essential for laboratory analysis. Key groups include
foraminifera, which are calcareous protists with chambered shells; diatoms, which are siliceous
algae with intricate frustules; and pollen and spores, which are organic-walled microfossils
produced by plants.

Identification involves recognising diagnostic features such as chamber arrangement in
foraminifera, symmetry and ornamentation in diatoms, and aperture type in pollen grains.

Reference collections and atlases are often used to support identification.

Table 5.6 Key microfossil groups and diagnostic features

igofossil Wall Composition Symmetry / Diagnostic Features Geological
Group Shape Range
o Calcareous Chambered: Presence of Cambrian —
Foraminifera ($CaCO_39%) or coiled (spiral) apertures Holocene
Agglutinated p (openings) and

-
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Microfossil Wall Composition Symmetry / Diagnostic Features Geological
Group Shape Range
or serial sutures (lines
(linear). between chambers).
Centric (radial) Intricate frustules
Diatoms Siliceous ($SiO 2$) |or Pennate with fine pores Jurggic =
- (clongated) (striae) and a-eentral. [Holocene
& ' slit (raphe).
. Glass-like skeletons
Spherical, with radial spines Cambrian —
Radiolaria Siliceous ($S10_2$) |discoid, or bell- . P
shaped andlnghthorous Holocene
' lattices.
Bean-shaped shells
Ostracods Calcareous Bivalved (two- [with a hinge line and [Ordovician
($CaCO_39) part shell). muscle scar patterns |- Holocene
inside.
Tiny shield-like
Microscopic disks (210 L
. Calcareous : Triassic —
Coccolithophores ($€aC0. 3$) circular plates  [$\mu$m) that form a Holocene
= (coccoliths). "football" shape
(coccosphere).
Spheroidal, Presence of
trilete (Y- apertures
Pollen & Spores Organic mark), or (pores/furrows) and  [Devonian —
p (Sporopollenin) bisacc,a to surface texture Holocene
(winged) (smooth, spiny,
’ reticulate).
_ Microscopic "teeth"
. Tooth-like; with distinct growth .
Phosphatic cone, bar, or Cambrian —
Conodonts lamellae; often ..
($Ca_5(PO_4) 3%) platform . Triassic
shapes. change color with

heat.

-
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Fill in the blank: The chamber arrangement in is a key feature used for identification.
Pilot questions 5.2

What is the most common method for examining microfossils?
Name one advantage of scanning electron microscopy.

Which microfossil group has intricate siliceous frustules?

What feature is used to identify pollen grains?

Why are reference collections important in microfossil identification?

MRS

5.3 Quantitative And Statistical Methods

5.3.1 Counting and tabulation of microfossils

Quantitative analysis begins with counting, which involves recording the number of microfossils
present in a sample. This is usually done by examining slides under a microscope and tallying
specimens according to their taxonomic groups Tabulation refers to organising these counts into

tables, which makes it easier to compare samples and identify trends.

Counting and tabulation are important because they provide numerical data that can be used to
assess diversity, abundance, and ecological significance.

Table 5.7 Example of microfossil counts and tabulation

Sample [(Depth |Foraminifera |Foraminifera | Diatoms Pé)ll)l::ef Dominant
ID (m) (Planktic) (Benthic) (Siliceous) (Organic) Environment
001 %.[105 s 12 145 ) Terrestrial
Lake
Marginal
S-005 45.0 12 88 65 150 Marine /
Delta

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Sample [Depth |Foraminifera |Foraminifera | Diatoms Pé)ll)ls:efl Dominant
ID (m) (Planktic) (Benthic) (Siliceous) (Organic) Environment

S-010 [1102 5 185 30 45 funer GECR
(Neritic)

S-015  [250.8 160 05 15 12 Middle Shelf

S-020 [580.0 P95 s 45 > Quict Shelf /
Slope

S-025  [1200.5 B350 8 120 0 Open Marine

Bathyal

Fill in the blank: Organising microfossil counts into tables for comparison is called

5.3.2 Statistical analysis of assemblages

Statistical analysis is used to interpret microfossil assemblages beyond simple counts.

Techniques such as diversity indices, cluster analysis, and principal component analysis help
identify patterns in fossil distribution. These methods allow scientists to distinguish between
different biofacies and detect ecological changes over time.

For example, diversity indices measure how many species are present and how evenly they are
distributed, while cluster analysis groups samples with similar assemblages.

Box 5.8 Statistical metheds in microfossil analysis

Statistical Tool

Method Geological Application

Measures ecosystem stability; drops in
diversity often signal environmental stress
(pollution, acidification, or rapid cooling).

Shannon-Wiener
($H'S) & Simpson
($DS)

Diversity Indices

-
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Method Statistical Tool Geological Application

Q-mode & R-mode Groups samples (Q-mode) or species (R-mode)

Cluster Analysis . with similar distributions to define distinct
Clustering . .
Biofacies.
Principal Component Reduces complex datasets to afew "Factors"
Ordination p p (e.g., Temperature vs. Depth) that explain most
lAnalysis (PCA) .
of the faunal variation.
. . Quantitatively reconstructs ancient variables
Transfer Weighted Averaging )
Functions (WA) like Sea Surface Temperature ($SST$) or SpHS

based on modern species-tolerances.

Directly relates species distributions to
measured environmental variables (salinity,
oxygen, etc.) in a single plot.

Correspondence Canonical
Analysis Correspondence (CCA)

Fill in the blank: Diversity indices measure how many species are present and how evenly they
are

5.3.3 Construction of range charts and biozones

A range chart is a diagram that shows the first and last appearances of fossil species in
stratigraphic sequences. It helps visualise the distribution of species through time. Biozones are
stratigraphic intervals defined by the presence of particular fossil assemblages, and they are
constructed using range chart data.

These tools are essential for biostratigraphy, as they allow geologists to correlate rock layers and
establish relative ages.

Short description: Diagram showing a range chart with fossil species plotted against stratigraphic
depth.

-
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Caption: Figure 5.9 Range chart and biozone construction
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Fill in the blank: A stratigraphic interval defined by a particular fossil assemblage is called a

Pilot questions 5.3

M

5.4 Applications Of Laboratory Techniques

What is the purpose of counting and tabulating microfossils?
Name one statisticalmethod used in microfossil analysis.

What do diversity indices measure?
What is a range chart?
How are biozones constructed?

5.4.1 Applications in biostratigraphy

Laboratory techniques are fundamental to biostratigraphy, which is the use of fossils to
establish the relative ages of rock layers. By preparing samples carefully and identifying

microfossils accurately, geologists can construct range charts and biozones that allow correlation

across regions. These applications are particularly important in stratigraphic studies where
lithological differences make direct comparison difficult.

Short description: Diagram showing how laboratory preparation and identification of
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microfossils contribute to biostratigraphy.
Caption: Figure 5.10 Laboratory techniques applied in biostratigraphy
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Fill in the blank: The use of fossils to establish the relative ages of rock layers is called
5.4.2 Applications in palaecoenvironmental reconstruction

Laboratory techniques also support palaeoenvironmental reconstruction, which involves
interpreting past environments from fossil evidence. By preparing samples and analysing
microfossil assemblages, scientists can infer conditions such as water depth, salinity,
temperature, and vegetation.

For example, diatom assemblages may indicate nutrient levels in ancient lakes, while pollen
analysis can reveal vegetation changes linked to climate shifts. These reconstructions are vital for

understanding how ecosystems responded to past environmental changes.

Table 5.11 Laboratory techniques in palaecoenvironmental reconstruction
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Laboratory Palaeoenvironmental

Analytical Target Environmental Proxy

Method Application
bleving & Fossil Assemblage Bathymetry & Ener gifiiéls?;tzﬁs\e/:cfe}; file
Picking (Populations) y y gy - Irag

species.

Tracking glacial vs.
Global Ice Volume interglacial cycles over
millions of years:

Stable Isotope ($"{18}0/"{16}0$%
MS Ratio

[dentifying "Carbon Burial"
Ocean Productivity events-and nutrient-rich
upwelling zones.

Stable Isotope ($"{13}C/"{12}C$
MS Ratio

Direct calculation of water

Mg/Ca Ratio Palaeotemperature temperature (precise to $\pm|
1$°C).

Trace Element
1ICP-MS

Mapping the "age" and
Nutrient Levels nutrient content of deep-
water masses.

Trace Element |Cd/Ca or Ba/Ca
1ICP-MS Ratios

Palynofacies Organic Matter T:M Ratio (Terrestrial vs.

Shoreline Proximity

Analysis Type Marine organic matter).
Measuring shell thinning or

SEM Imaging [Shell Ultrastructure |Ocean Acidification dissolution due to low
$SpHS.

Color Determining the maximum

Alteration go?ordont/Pollen Thermal Maturity burial temperature of a

(CAI) olo sedimentary basin.

Fill in the blank: Diatom assemblages may indicate nutrient levels in ancient

5.4.3 Applications in petroleum and environmental studies

-
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In petroleum exploration, laboratory techniques help identify source rocks, reservoir rocks, and

seal formations by analysing microfossil content. Palynological studies are particularly useful for

dating sedimentary sequences and reconstructing depositional environments relevant to
hydrocarbon generation.

In environmental studies, laboratory methods are applied to monitor modern ecosystems. For
example, diatoms are used to assess water quality, while foraminifera can indicate ocean
acidification. These applications demonstrate the relevance of micropalacontology and
palynology beyond academic research, extending into industry and environmental- management.

Box 5.12 Applications of laboratory techniques in petroleum and environmental studies

Field Laborzftory Primary Application | Industrial/Scientific Goal
Technique
. . . Identifying "Marker Egsqres the drill bit stays
Petroleum Biostratigraphic . R .. within the target reservoir
. . Hortizons" in drill . .

Exploration Zonation . rock during horizontal

cuttings. -

drilling.

Measuring the color  |[Determines if the organic
Petroleum Thermal Alteration [change of matter has been "cooked"
Exploration Index (TAT) pollen/spores (Yellow |enough to generate oil or

$\rightarrow$ Black). |gas.

. [dentifies "Source Rocks"
. Categorizing types of .

Petroleum Palynofacies . ) (gas-prone vs. oil-prone)
Exploration [Analysis Particulate Organic based on terrestrial or

Matter (POM). s .

marine origin.

Reconstructing Distinguishes between
Environmental [Diatom-Based historical nutrient natural fluctuations and
Monitoring Transfer Functions [levels ($N, P$) from  jmodern agricultural

lake cores. pollution.
Environmental Forammlferal Countlr}g shell Acts as a low-cost bio-

- Morphological deformities L
Monitoring . o indicator for heavy metal
lAnalysis (abnormalities).

-
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Field Laborz?tory Primary Application | Industrial/Scientific Goal
Technique
contamination in industrial
ports.

. Stable ?sotope Measuring shell Tracks the progression of
Environmental |Analysis | hemistry in recent ocean acidification and
Monitoring ($\delta”{18}0, s dimenrty warming over the last

delta”{13}CS$) ) century.
Fill in the blank: Palynological studies are particularly useful for dating sequences in

petroleum exploration.
Pilot questions 5.4

What is biostratigraphy?

Name one laboratory technique used.in palacoenvironmental reconstruction.
Which microfossil group is used to assess water quality?

Why are palynological studies important in petroleum exploration?

Give one application of laboratory techniques in environmental monitoring.

Al e

Series Summary

This Series focused on laboratory techniques in micropalaeontology and palynology,
highlighting the practical skills needed to prepare, examine, and analyse microfossils. We began
by studying principles of laboratory preparation, including sample collection, handling, and
preparation methods for'both micropalaeontological and palynological materials. We then moved
on to microscopic examination, where light and electron microscopy were introduced alongside
the identification of key microfossil groups. Following that, we explored quantitative and
statistical methods, such as counting, tabulation, diversity indices, and the construction of range
charts and biozones. Finally, we concluded with applications, showing how laboratory
techniques support biostratigraphy, palacoenvironmental reconstruction, and petroleum and
environmental studies.

By completing this Series, you should now be able to describe preparation techniques,
demonstrate the use of microscopy, apply statistical methods to microfossil assemblages, and
evaluate the applications of laboratory techniques in both academic and industrial contexts.
These abilities align with the Series Learning Outcomes, ensuring you are equipped with both
theoretical understanding and practical laboratory skills.

-
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Glossary of Terms

e Acid digestion: Chemical treatment using acids to remove carbonates and silicates from
samples.

o Biozone: A stratigraphic interval defined by the presence of a particular fossil
assemblage.

e Counting: Recording the number of microfossils in a sample for quantitative analysis.

e Light microscopy: The use of transmitted or reflected light to examine microfossils on
slides.

o Palynology: The study of pollen, spores, and other organic-walled microfossils.

o Preservation bias: The selective survival of certain fossils due to burial and diagenesis.

e Range chart: A diagram showing the first and last appearances of fossil species in
stratigraphic sequences.

e Scanning electron microscopy (SEM): A technique that uses electrons to produce high-
resolution images of microfossils.

o Sieving: Passing disaggregated sediments through fine meshes to separate microfossils.

o Tabulation: Organising microfossil counts into tables for comparison and analysis.

Concept Check Questions 5

Objective questions

1. The study of pollen and spores is called . (Linked to SLO 5.1)
The most common method for.examining microfossils is microscopy. (Linked to
SLO 5.2)

3. A stratigraphic interval defined by a fossil assemblage is called a . (Linked to
SLO 5.3)

4. Hydrofluoric acid is used in palynological preparation to dissolve . (Linked to
SLO 5.1)

5. Diatom assemblages may indicate nutrient levels in ancient . (Linked to SLO 5.4)

Short-answer questions

6. Define tabulation in microfossil analysis. (Linked to SLO 5.3)

7. Name one advantage of scanning electron microscopy. (Linked to SLO 5.2)

8. What is the purpose of hydrochloric acid in palynological preparation? (Linked to SLO 5.1)
9. Give one application of laboratory techniques in petroleum exploration. (Linked to SLO 5.4)
10. Mention one statistical method used in microfossil analysis. (Linked to SLO 5.3)

Long-answer questions

I'1. Analyse the importance of sample preparation in micropalacontology and palynology.
(Linked to SLO 5.1)

12. Evaluate the applications of laboratory techniques in biostratigraphy and environmental
monitoring. (Linked to SLO 5.4)

Answers to Concept Check Questions 5

-
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Objective questions

1. Palynology.
2. Light.

3. Biozone.

4. Silicates.

5. Lakes.

Short-answer questions

6. Tabulation is the organisation of microfossil counts into tables for comparison.
7. It provides high-resolution images of fine morphological details.

8. To remove carbonates.

9. Identifying source and reservoir rocks.

10. Cluster analysis.

Long-answer questions

11. Basic response: Sample preparation ensures microfossils are separated from sediments and
preserved for analysis.

Value-added response: It also prevents contamination, allows accurate identification, and
supports reliable reconstructions of past environments.

1. Basic response: Laboratory techniques allow fossils to be used in dating rock layers and
monitoring ecosystems.
Value-added response: They underpin petroleum exploration by identifying depositional
environments and support environmental studies by tracking water quality and ocean
acidification.

Answers to Pilot Questions 5
Part 5.1

To prevent contamination and ensure accuracy.
Washing and sieving.

Diatoms.

Removing carbonates.

Because strong acids are used.

Alraibali e

Part 5.2

Light microscopy.

Reveals fine morphological details.
Diatoms.

Aperture type.

They support accurate identification.

w ok -

Part 5.3

-
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To provide numerical data for analysis.

Diversity indices.

Species richness and evenness.

A diagram showing first and last appearances of species.
Using range chart data.

Nk W=

Part 5.4

Biostratigraphy.

Microscopy.

Diatoms.

Dating sedimentary sequences.
Monitoring ocean acidification.

MRS
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