
GEOL 30080:  Precambrian Geology and Geotectonics 

MODULE COORDINATOR:  Prof. Stephen Daly 

ADDITIONAL LECTURERS:    Dr Eoghan Holohan 

CREDITS: 5 MODULE LEVEL: 3 SEMESTER: II 

PRE-REQUISITES/PRIOR LEARNING:  

Students taking this course should have at least some background experience in structural geology, plate 
tectonics, petrology and isotope geochemistry. 

OVERVIEW OF MODULE: 

This course outlines the nature and principles of plate tectonics and tracks Earth's tectonic evolution from 
the Archaean to the present. Topics covered include methods of determining plate motion, seafloor 
spreading, palaeomagnetism, isotopic geochronology, earthquake focal mechanism solutions, rifts, 
subduction tectonics, terrane accretion and orogeny. The main methods of isotopic geochronology are 
introduced as well as isotopic tracer studies applied to the identification of juvenile crust in orogenic belts. 
Associated concepts are illustrated using the geology of the North Atlantic region, especially the Canadian 
and Baltic Shields and the Grampian, Caledonian, Variscan and Alpine orogenic belts. Practical work 
includes the interpretation of geochronological data, the analysis of geological maps, the construction of 
cross-sections and the description and interpretation of field relationships. The course includes a one 
weekend field class in North Mayo. 

LEARNING OUTCOMES: 

On completion of this module students should be able to: 

1. Describe the nature and principles of plate tectonics and related crustal deformation; 
2. Describe the principle methods of isotopic geochronology and evaluate isotopic data obtained from U-

Pb, Ar-Ar and Sm-Nd analyses of rocks and minerals; 
3. Critically evaluate the evidence for the operation of plate tectonics, e.g. in the Archaean Superior and 

Nain Provinces, in the Palaeoproterozoic Lapland-Kola Orogen, Lewisian Complex and Svecofennian 
Province and in the Meso- to Neoproterozoic of Laurentia-Baltica.; 

4. Interpret geological maps from a range of tectonic settings; 
5. Deduce a geological history from field observation in a gneiss terrane; 
6. Describe the main tectonic features and processes associated with a selection of orogenic belts. 

ASSESSMENT: 

Continuous Assessment: 30% 
(Continuous assessment of practical work, including practical exam) 

Examination:  70% 
(2-hour end of semester written examination covering entire course) 

LECTURES: 

Lecture 1:    Plate Motion 1 (Prof. J.S. Daly) 
Introduction.  Ocean crustal structure, seafloor spreading, ophiolites. 

Lecture 2:    Plate Motion 2 (Prof. J.S. Daly) 
Dating ocean floor, transform faults, fracture zones. 

Lecture 3:    Plate Motion 3 (Prof. J.S. Daly) 
Earthquake focal mechanism solutions. 

Lecture 4:    Plate Motion 4 (Prof. J.S. Daly) 
Palaeomagnetism, continental rifts. 

Lecture 5:    Plate Motion 5 (Prof. J.S. Daly) 
Destructive plate margins; crustal growth. 



Lecture 6:    Plate Motion 6 (Prof. J.S. Daly) 
Orogeny, terranes, accretion, collision. 

Lecture 7:    Geochronology 1 (Prof. J.S. Daly) 
General principles.  Field relationships.  Isotopic systems.  Decay constant.  Age calculations.  U-Pb dating 1.  
Conventional and Tera-Wasserburg Concordia diagrams.  In situ versus bulk methods. 

Lecture 8:    Geochronology 2 (Prof. J.S. Daly) 
U-Pb dating 2.  Interpretation of discordant data.  Pb loss mechanisms.  Mixing lines.  Mineral inheritance.  
Abrasion methods for zircon.  Ion probe and laser-ablation methods.  Selection of zircon. 

Lecture 9:    Geochronology 3 (Prof. J.S. Daly) 
K-Ar dating.  Conventional methods.  Argon loss and excess.  Selection of minerals.  Ar-Ar methods.  Step 
heating.  Plateau ages.  Closure temperature.  Thermochronology. 

Lecture 10:    Geochronology 4 (Prof. J.S. Daly) 
Rb-Sr method.  Mineral and whole-rock ages.  Isochrons.  Sm-Nd and Lu-Hf methods.  Model ages and 
planetary reservoirs.  Juvenile versus ancient crust. 

Lecture 11:    Archaean 1 (Prof. J.S. Daly) 
Superior Province, Canadian Shield; Archaean greenstone belts. 

Lecture 12:    Archaean 2 (Prof. J.S. Daly) 
Transatlantic correlation of major Precambrian units. Archaean of Scotland (Lewisian Complex), Nain 
Province and Kola Peninsula (Lapland-Kola belt).  Palaeoproterozoic rifting of Lewisian (Badcallian) crust - 
Scourie dykes.  Laxfordian reworking, cf. Belomorian of Kola Peninsula. Use and significance of dyke 
swarms. 

Lecture 13:    Palaeoproterozoic of the Baltic Shield 1 (Prof. J.S. Daly) 
Lapland-Kola orogen.  Identification of major lithospheric sutures.  Use of metamorphic petrology to 
deduce tectonic setting and kinematics 

Lecture 14:    Palaeoproterozoic of the Baltic Shield 2 (Prof. J.S. Daly) 
Svecofennian Province - an example of a juvenile Palaeoproterozoic orogenic belt.   

Lecture 15:    Grenville 1 (Prof. J.S. Daly) 
Grenville Canada-USA Rodinia and Laurentia-Baltica correlation.   

Lecture 16:    Grenville 2 (Prof. J.S. Daly) 
Grenville Ireland and Rodinia breakup.   

Lecture 17:    Grampian Orogeny (Dr E.P. Holohan) 
Neoproterozoic-Paleozoic sedimentation and tectonics of the Dalradian Supergroup and the opening of the 
Iapetus Ocean. Details of the deformation associated with the Ordovician Grampian Orogeny on the 
Laurentian continental margin.   

Lecture 18:    Avalonian-Cadomian Orogeny (Dr E.P. Holohan) 
Evidence for Pre-Cambrian Andean-style subduction and strike-slip tectonics in the Avalon and Monian 
terranes, then lying on the Gondwana continental margin.   

Lecture 19:    Caledonian/Acadian Orogeny (Dr E.P. Holohan) 
Outline of the main features of the terranes and associated deformation of the Silurian –Devonian 
Caledonian Orogeny, which marked the final closure of the Iapetus ocean.   

Lecture 20:    Variscan Orogeny (Dr E.P. Holohan) 
Sedimentation and tectonics of the Upper Devonian to Carboniferous, a description of the deformation and 
tectonics of the Variscan Orogeny.   

Lecture 21:    Alpine Orogeny  (Dr E.P. Holohan) 
Outline of the structure and tectonics of the Alpine orogenic belt, including a description of the main 
geophysical and geological characteristics of each of the component tectonostratigraphic elements.   



PRACTICAL CLASSES (2 hours) 

Practical 1:    Map 1 - Cyprus (Prof. J.S. Daly) 
Cyprus.  Ophiolite (ocean floor) composition and structure, how ocean floor is dated stratigraphically (use 
of deep water microfauna), fracture zone geology; deduction of spreading direction. 

Practicals 2-3:    Map 2 –Eldana Ravine – Kebernet, Kenya (Dr E.P. Holohan) 
Structural, morphological and geological analysis of a map spanning the margin and center of an active 
continental rift. Nature and evolution of rift-related volcanic rocks. 

Practical 4:    Map 3 – Pitlochry (Prof. J.S. Daly) 
Pitlochry, Scotland.  Dalradian stratigraphy.  Major recumbent fold (Tay Nappe) associated with the 
Grampian Orogeny.  Intrusion of granites during rifting and related Ben Vuirich granite geochronology 
(and controversial field relations). 

Practicals 5-6:    Map 4 – Assynt,  Scotland  (Dr E.P. Holohan) 
Analysis of a fold and thrust system (including the famous Moine thrust) at the edge of the Caledonian 
Orogenic belt by using constraints from the classic Assynt map and from two 'virtual field trips' of the area. 

Practical 7:    Map 5 – Kiihtelysvaara (Prof. J.S. Daly) 
Kiihtelysvaara, Finland.  Basement-cover relations in a Palaeoproterozoic (c. 1.9 Ga) accretionary orogenic 
belt (Svecofennian/ Svecokarelian).  Use of rift-related basic dykes as a structural marker and to link cover 
sequences to basement via their volcanic correlatives. 

Practical 8:    Map 6 – Göteborg/Marstrand   (Prof. J.S. Daly) 
Göteborg/Marstrand, Sweden.  Use of rift-related dyke swarms and anorogenic magmatism to separate 
deformation associated with the late Mesoproterozoic 1.1 Ga Sveconorwegian (=Grenville) Orogeny) from 
events associated with Palaeoproterozoic  crustal growth during the c. 1.6 Ga Gothian Orogeny.   

Practical 9:    Map 7 – North Mayo   (Dr E.P. Holohan) 
Map analysis to establish the structural history of the North Mayo area and the nature of Grampian, 
Caledonian and Variscan deformations. 

Practical 10:    Map 8 – Glasgow (Dr E.P. Holohan) 
Structural and geological investigation of an area subjected to transpression Analysis of the nature and 
origin of differences in structural style across the area. The area contains the Highland Boundary Fault and 
structures of Grampian through to Variscan age. 

Practical 11:    Map 9 – Small Isles, Scotland (Dr E.P. Holohan) 
Structural analysis of igneous intrusions, such as dykes and cones sheets, and faults. Unravelling their 
relationships to local stresses of the Rum igneous centre or to regional tectonic stresses derived from the 
Iceland Plume or the Alpine Orogeny. 

 

FIELD CLASS: (3 days) 

North Mayo  (Professor J.S. Daly and Dr E.P. Holohan) 
Field relationships and deduction of the geological history of the Palaeoproterozoic to Mesoproterozoic 
Annagh Gneiss Complex (AGC).  Use of basic dykes as structural markers to distinguish (c. 1.1-1.0 Ga) 
Grenvillian from (c. 0.47 Ga) Grampian orogenic events and to link the AGC basement to the cover of 
Neoproterozoic Dalradian metasediments.  Structural control on incremental emplacement of granitic 
magmas in the Ox Mountains Granodiorite.  Evening discussion on use of various isotopic and 
geochronological techniques. 

 
 


