
GEOL 10060:  Introduction to Earth Sciences 

MODULE COORDINATOR:  Assoc. Prof. Patrick Orr 

CREDITS: 5 MODULE LEVEL: 1 SEMESTER: I and II 

PRE-REQUISITES/PRIOR LEARNING:  

This is an introductory level module and no prior knowledge is required. It is offered in both Semester I 
and Semester II 

OVERVIEW OF MODULE: 

This module introduces students to Earth Science, the multi-disciplinary study of the past, present and 
future of planet Earth and other planets in our solar system. 

The course is in 3 parts, each comprising 5-8 lectures, one or two laboratory class(es) and an independent 
on-line exercise. 

No previous knowledge of the subject is assumed. The examinable content is that presented in the lectures, 
practical exercises and independent on-line exercises.  

The first part considers the origin of the solid Earth, its atmosphere and oceans and how these have 
evolved over the past 4,600 million years. It examines in detail the concept of plate tectonics and explains 
how this relates to the global distribution of earthquakes and volcanoes, and impacts on other important 
processes that shape the Earth, including oceanic circulation, and climatic patterns. 

The second part examines how surface processes and burial generate the sedimentary rocks that detail 
Earth’s history. This geological record is an archive of environmental change over time. Particular 
emphasis is placed on detailing the broad scale geological evolution of Ireland via analysis of sedimentary 
rocks of different age. 

The final part reviews the history of life on Earth as recorded in the fossil record, and emphasises the 
coupled evolution of the geosphere and biosphere. The key events in the evolution of life through time are 
documented. Particular emphasis is placed on the role mass extinction events have played, and whether 
the global scale biotic changes the Earth is currently experiencing warrants the descriptor ‘the sixth mass 
extinction event’. 

LEARNING OUTCOMES: 

On completion of this module students should: 

1. be familiar with the structure of the Earth, including an understanding of the concepts of plate tectonics 
and its role as a control on the occurrence of various natural phenomena; 

2. have an understanding of the geological evolution of Planet Earth through time 
3. appreciate that the Earth can be considered as a system that functions via a series of interconnected 

physical chemical and biological global-scale processes; 
4. have a broad understanding of the geological history of Ireland; 
5. understand how the sedimentary rock record including its fossil content is formed, and how the 

relative age and absolute age of such successions is established; 
6. appreciate how the geological record is an archive that documents environmental change over time at 

different spatial and temporal scales; 
7. have acquired practical skills linked to the interpretation of geographical and geological maps; 
8. have a broad understanding of the early stages of the history of life on Earth and the potential causes of 

mass extinction events; 
9. have increased awareness that the Earth is currently undergoing environmental change that is global in 

scale and occurring at an unprecedented rate. 

ASSESSMENT: 

Multiple Choice Questionnaire: 30% 
(MCQ mid-term exam on first part of course) 

Multiple Choice Questionnaire: 30% 
(MCQ mid-term exam on second part of course) 

Multiple Choice Questionnaire: 40% 
(1-hour MCQ end of semester exam on final part of course) 



PART A: Plate Tectonics and global processes: The DNA of Planet Earth  

LECTURES: 

Lecture 1:    The big picture: Formation of the Solar System and Earth (Assoc. Prof. P.J. Orr) 
Introduction and logistics of module.  The processes involved in the formation of the Universe and 
subsequently our Solar System. Nebulae, protostars, heliocentric solar system and formation of the moon. 

Lectures 2 & 3:    Structure of the Earth  (Assoc. Prof. P.J. Orr) 
Crust, mantle, core.  Temperature and pressure and geothermal gradient.  Physical properties of rocks from 
surface down: lithosphere – asthenosphere – mesosphere – outer core – inner core.  Plate tectonics and 
generation of Earth’s magnetic field due to flow in the outer liquid core. Palaeomagnetism. 

Lecture 4:    Earthquakes (Assoc. Prof. P.J. Orr) 
Principal causes of earthquakes and frequent association with plate boundaries.  Classification of faults.  
Earthquake generation risk and hazard. Seismic waves and seismograms.   
 

Lecture 5:    The development of Plate Tectonics (Assoc. Prof. P.J. Orr) 
Wegener’s hypothesis of continental drift – lines of evidence.  Refinements of the model due to 
palaeomagnetic evidence, magnetic anomalies, magnetic reversals, sea floor spreading. 

Lecture 6:    The modern concept of Plate Tectonics (Assoc. Prof. P.J. Orr) 
Tectonic activity along plate boundaries.  Different types of plate boundary: divergent, convergent, 
transform fault.  Relative motion of plates using trend of oceanic ridge, , magnetic stripes on seafloor, ages 
of chains of volcanic islands and seamounts.  Major forces acting on plates: slab-pull, ridge-push, basal drag 
and friction along transform faults and in subduction zones. Faults and folding, ductile and brittle 
behaviour of rocks. Tectonic forces (compressive, tensional, shearing) and their resulting structures.  
Mountain building. 

Lectures 7 & 8:    Plate Tectonics and Environmental Change  (Assoc. Prof. P.J. Orr) 
Plate tectonic system as a driver of change in the climate of the Earth system.  .   Albedo, circulating ocean 
currents, composition of oceans and atmosphere, changes in eustatic sealevel, fluxes in Earth’s 
biogeochemical cycles. 

 

PRACTICAL CLASSES (2 hours) 

Practical 1:    An introduction to plate tectonics (Assoc. Prof. P.J. Orr) 
 Using datasets showing earthquake distribution plus depth and volcanic activity students should be able 
to discriminate different types of plate boundary, understand the basic structure of divergent and 
convergent plate boundaries; be able to relate the map (plan) view of a plate boundary’s features to the 
distribution of these features at depth; sketch a vertical cross-section through different types of plate 
boundary that relate the structures observed in map view to their occurrence at depthRecontrsuction of 
vertical profile through plate boundaries on basis of  

 

INDEPENDENT READING EXERCISES 

Exercise 1:    An introduction to rock types and the rock cycle  
Introduction to the three main rock groups exposed at the Earth’s surface: igneous, sedimentary and 
metamorphic rocks. The concept of the Rock Cycle; how processes on the surface and within the Earth 
produce the different rock groups. How the formation of these different rock types is linked to the plate 
tectonic structure of the Earth. 

  



PART B: Building a Rock Record: How Earth History is Recorded  

LECTURES: 

Lecture 9:    Surface Processes: Weathering – making new rocks (Assoc. Prof. P.J. Orr) 
Physical and chemical weathering.  Joints and fractures in weathering.  Products of weathering.  Influence 
of climate on weathering and weathering on climate. 

Lecture 10:    Rocks from melts: igneous processes and plate tectonics (Assoc. Prof. P.J. Orr) 
The processes responsible for the production of magmas and how this, and broad differences in 
composition, are related to plate tectonic setting. Interaction of igneous products with other components of 
the Earth System – notably the atmosphere. Examples of the hazard and risk posed by volcanic activity. 

Lecture 11:    New from old: metamorphism (Assoc. Prof. P.J. Orr)  
Metamorphism changes the texture and/or mineral assemblage in rocks in the solid state due to changes in 
temperature and/or pressure; differential stress. Recrystallization, phase change, neocrystallization, 
pressure solution and plastic deformation. Metamorphism in different settings and how this relates to the 
mineral assemblage. Different types of metamorphism: Contact, Regional, Subduction, Shock, Burial, 
Dynamic, Prograde, Retrograde. 

Lecture 12:    Death of an ocean: the Cambrian – Silurian geological record of Britain and Ireland 
(Assoc. Prof. P.J. Orr) 
The geological history of the microcontinent of Avalonia from its high southerly palaeolatitude and 
separation from Gondwana (circa 530 Ma) to amalgamation with Laurentia (circa 420mMa) . Topics 
include the sedimentology of oceanic environments; palaeomagnetic data, and use of palaeontological data 
(faunal provincialism)for plate tectonic reconstructions 

Lecture 13:    Geological evolution of Britain and Ireland 1: deserts and coal swamps (Assoc. Prof. P.J. 
Orr) 
Transition from continental desert ‘red bed’ environments (Old Red Sandstone: ORS) during the Devonian 
(circa 420-360Ma) to marine limestones and coal swamps in the Carboniferous (circa 360-300Ma), in 
response to gradual drift through equatorial palaeolatitudes, and changing environmental conditions.  

 

PRACTICAL CLASSES (2 hours) 

Practical 2:    Sand fingerprinting  (Assoc. Prof. P.J. Orr) 
Students are introduced to the basic principles of sedimentary petrography. Four criteria ar used as a basis 
to to describe and discriminate between sand samples: (a) grain size, (b) grain shape, (c) sorting, and (d) 
composition.  Udden-Wentworth Scale,     

Practical 3:    Stratigraphy: reconstructing the rock record (Assoc. Prof. P.J. Orr) 
Constructing a stratigraphic log.  Reconstruct the spatial distribution of two coeval units (NAV and LLS) 
deposited in southeastern Ireland during the Carboniferous transgression (rise in relative sea level) onto 
the ORS continent. use the reative position of these two lithofacies to determine the approximate position 
of the palaeoshoreline and direction of slope from onshore to offshore. Infer direction in which 
transgression progressed. Use data on the presence/absence and thickness of the ORS to reconstruct the 
geometry of the landscape on which the ORS was deposited 

 

INDEPENDENT READING EXERCISES 

Exercise 2:    Reading the rock record: Are we living in the Anthropocene 
The geological record documents Earth’s history. Locally, it can be frustratingly incomplete. It can be 
compromised by episodes in which sediments were never deposited (sedimentary hiatuses); or, sediments 
that were deposited, buried and lithified, were later uplifted and eroded – quite literally recycled into new 
sediments. From a single locality we can work outwards – linking between sections in an area, from that to 
the geology of a region and so on, until ultimately we have established a framework on a continental or 
even global scale. That is the basic principle of one of the key applications of geology: stratigraphy – 
establishing the succession of a sequence of rocks as the basis to interpreting its geological history. 

Established stratigraphical nomenclature considers today to be part of the Holocene Epoch in the 
Quaternary Period.  However, an alternative view considers today as the Anthropocene Period or Epoch, 
the argument being that human activities have modified the biosphere, hydrosphere, atmosphere and 
geosphere to such an extent the Earth is in a state not seen previously that is sufficiently distinct to merit 
being recognized as a new interval of geological time.   



PART C: Life as a Geological Force: the History of Life on Earth  

LECTURES: 

Lecture 14:    The biosphere as a system (Assoc. Prof. P.J. Orr) 
Definition of the Biosphere as a system, and the importance of its interactions with other geosystems. 
Modelling the biosphere as a series of inputs (energy carbon water and nutrients) that are used for various 
functions and outputs (metabolism growth replication).  Principal metabolic pathways: photosynthesis, 
aerobic respiration and anaerobic respiration.  Importance of microbes in the functioning of the Earth 
System: volumetrically abundant, occur in almost every conceivable environment, and underpin the 
functioning of many biogeochemical cycles .  Three domains of life: Archaea, Bacteria (both prokaryotic 
and unicellular)  and Eukarya (eukaryotic cells: both unicellular and multicellular cells). The roles of micro-
organisms in mineral precipitation and the formation of microbial mats (stromatolites), important 
evidence for the early history of life on Earth 

Lecture 15:    Origin and early evolution of life … on Earth? (Assoc. Prof. P.J. Orr) 
All life on Earth shares a number of features that favours extant life having evolved only once; i.e. all life 
shares one LUCA.  The evolution of life can be modelled as a series of steps involving the synthesis of 
organic compounds into molecules, and the derivation of metabolising, replicating, cells from these 
molecules.  Experimental studies have done much to test various scenarios for the origin of life but the 
transition from ‘chemical’ to ‘biological’ has not been made.  A number of different possible settings for the 
evolution of life on Earth have been proposed. Alternatives to life having evolved on Earth exist 
(panspermia). 

Lecture 16:    The rise of oxygen (Assoc. Prof. P.J. Orr) 
Oxygenation levels of the deep ocean, shallow ocean, and the atmosphere have separate histories.  
Progressive increase in oxygenation of the atmosphere in the Precambrian include two major episodes, the 
older of which (at around 2.4 Ga) is known as the Great Oxidation Event.  Most likely source of this oxygen 
is oxygenic photosynthesis via cyanobacterial activity but testing this is difficult as the fossil record of 
cyanobacteria (as either fossils of their cells or stromatolites) is controversial. Evolution of  oxygenic 
photosynthesis? Models that predict an early origin for oxygenic photosynthesis explain the deposition of 
Banded Iron Formations as the outcome of this and the reason for the lag between the evolution of 
oxygenic photosynthesis and the Great Oxidation Event. This is undoubtedly a simplification of the complex 
interacting events that occurred, and there are alternative models are available. Initial oxygenation of the 
atmosphere induced pronounced changes to the mineralogy of the planet. Examples include the 1st 
appearance of terrestrial red beds and the end of the transport of pyrite as detrital grains. 

Lecture 17:    Snowball Earth Events (Assoc. Prof. P.J. Orr) 
This controversial hypothesis proposes that the Earth has experienced a number of large scale events 
characterised by ice sheets extending into near equatorial latitudes, covering both continents and sea. In 
detail each of the events is different, but the recurrence of the same general sedimentary succession 
implies broadly similar processes (which may or may not imply the same triggering event). The key 
sedimentary signal is the rapid transition from an interval of glacial deposits and deposition in glacially-
influenced environments into a carbonate succession (cap carbonates). The glacial deposits can contain 
diamictites interpreted as glacial tills, ice rafted debris and dropstones, plus pebbles and rocks surfaces 
that exhibit glacial striae; they can occur in association with Banded Iron Formations. The cap carbonates 
represent rapidly formed carbonate precipitates in the aftermath of glacial episodes and can include 
features such as crystal fans. The cap carbonates formed in response to release of bicarbonate ions from 
weathering of the huge volumes of glacial materials exposed when ice retreated. Models for the initiation of 
Snowball Earth events emphasise the impact of (1) continental landmasses being concentrated in low 
latitudes; land reflects more solar radiation than does open water, thus cooling the planet.  (2) Weathering 
rates are higher at low latitudes, increasing the transfer of bicarbonate ions to the oceans, thus accelerating 
rates of carbonate precipitation and thus removing C02 from the atmosphere, causing global cooling. (3) 
Growing ice sheets induce further cooling because of their high albedo (positive feedback).  The Earth 
enters icehouse conditions. During Snowball Earth events volcanic activity continues to emit C02. 
Eventually concentrations are sufficient that melting of ice is initiated.  Open water absorbs heat creating a 
feedback mechanism. 

Lecture 18:    Life’s Big Bang: Rise of the Animals (Assoc. Prof. P.J. Orr) 
The sudden appearance of unequivocal examples of animals near the base of the Cambrian has been 
termed the “Cambrian Explosion”. The scale of this event is much debated. Its significance partly depends 
on whether controversial older (late Neoproterozoic: Ediacaran Period) fossils include metazoans. 
Ediacaran fossils include examples of diploblastic and poriferan-grade taxa. Some examples have been 
interpreted as triploblasts: others are less well understood. Different interpretations have been offered for 
‘embryo-like’ microfossils. Body fossil data on Cambrian marine communities comes from three different 
sources: macroscopic remains of biomineralised tissues (‘hard parts’); microscopic remains (SSFs); and, 



exceptionally preserved biotas. In exceptionally preserved biotas the ‘soft parts’ (= labile tissues: non-
biomineralised tissues) are preserved. Such assemblages offer excellent insight into the ecological 
structure of Cambrian marine communities.The ecological structure of Cambrian communities is NOT 
identical to modern equivalents. The latter include more emphasis on deposit feeding, the former on filter 
feeding and predation. This is backed up by evidence from trace fossils: structures produced by organisms 
reworking sediment. Pascichnia – produced by organisms systematically covering an are and ingesting the 
sediment are common after the Cambrian.  

Lecture 19:    Terrestrial ecosystems: greening and conquest of the land  (Assoc. Prof. P.J. Orr) 
The broad inter-relationships among different plant groups: (non-vascular plants + vascular 
plants(seedless + seed(angiosperms + gymnosperms))). Different plants and parts thereof have different 
preservation potential, largely due to variations in recalcitrance (resistance to decay) of the various 
biomolecules that make up the tissues. Plants are preserved in a variety of different ways: as organic 
remains (3D + compression fossils), sandstone casts and via perimineralisation and petrifaction. Our 
understanding of the colonisation of terrestrial environments  is complicated by the poor quality of the 
fossil record – especially for certain groups. Before the evolution of structural tissues, much of the data is 
from spores. Exceptionally preserved biotas, in which organisms that are not usually fossilised, are an 
important source of data, e.g. the Rhynie Chert. The data available suggests the colonisation was 
progressive –and occurred over the early part of the Phanerozoic; it culminated in the first forested 
environments by the Devonian. 

Lecture 20 & 21:    The K/T extinction event  (Assoc. Prof. P.J. Orr) 
How a mass extinction event is identified in the geological record. Different patterns of an extinction event 
possible and their implications as regards killing mechanisms. “The big five” mass extinction events 
recorded by the geological record: end Ordovician; end Devonian; P/Tr; end Tr; K/T.  Many authorities 
argue that the current rate of species extinction merits the term “the 6th mass extinction”? The K-T mass 
extinction remains the most studied. Debate centres on whether the impact of an extra terrestrial body 
with the Earth was the sole or main cause of the extinction event, and the timing of the impact relative to 
the extinction event.  The abundant evidence for an impact having occurred at or near the K/T boundary 
includes the following: Ir anomaly, boundary clay, tektites, impact glass, shocked quartz, stishovite, fern 
spike, Chicxulub crater, melt rock, suevite breccias, proximal ejecta, tsunamites. Scenarios that invoke an 
impact as the cause of the mass extinction emphasise the following killing mechanisms: “nuclear winter 
scenario”, reduced light levels, temperature changes, acid rain, wildfires. Alternatives to the impact 
hypothesis emphasises that eustatic sea level changes, and climate changes, and especially a sustained 
interval of extensive volcanic eruption (flood basalts: LIP: Deccan Traps) occurred over the K/T boundary 
interval. A leading or sole role for an impact would be reflected in an abrupt extinction pattern (as opposed 
to gradual or step-like). Analysis of the fossil record does not clarify which of the two alternative scenarios 
is the more likely. The pattern of extinction does not exclusively match that predicted by bolide impact (a) 
brachiopods, NW Europe (abrupt); (b) planktic foraminifera, El Kef, Tunisia (step-like); (c) foraminifera, 
Brazos River section, Texas (?step-like); (d) megaflora (Dakota) (?step-like or gradual); (e) dinosaur 
abundance (Hell Creek Formation) – alternative models offered. The quality of the fossil record can be 
compromised in various ways potentially introducing problems identifying the pattern of mass extinction 
events. These include (a) sedimentary hiatuses, (b) Signor-Lipps effect (backsmearing); (c) fluctuating 
abundance; (d) Lazarus taxa; (e) Elvis taxa. 

 

PRACTICAL CLASSES (2 hours) 

Practical 4:    How much and how fast? Identifying mass extinction events (Assoc. Prof. P.J. Orr) 
This practical examines how we identify mass extinctions in the geological record. A qualitative definition 
of an extinction event is easy, but quantifying the scale of extinction is less straightforward.  Earth 
Scientists use four different metrics in order to calculate the rate of extinction over time as the basis for 
identifying mass extinction events. There are, however, limitations as to each of these metrics. This 
practical explores these metrics and identifies the limitation with each.  

 

INDEPENDENT READING EXERCISES  

Exercise 3:    Some like it hot – did life originate at hydrothermal vents? 
The discovery of hydrothermal vents revolutionised our understanding of the functioning of ecosystems on 
the Earth, and their geochemistry and biology may offer clues to how life originated. This reading exercise 
explores the discovery, history of research and structure of hydrothermal vents.  

 

 


