
 

 

ENGINEERING GEOLOGY & GEOTECHNICAL MODELS 

ENGINEERING GEOLOGY 

Faulting 



Fault Nomenclature 

 Geologic faults, fault lines or simply faults are planar rock fractures, 

which show evidence of relative movement.  

 Large faults within the Earth's crust are the result of shear motion and 

active fault zones are the causal locations of most earthquakes.  

 Earthquakes are caused by energy release during rapid slippage 

along faults.  

 The largest examples are at tectonic plate boundaries but many 

faults occur far from active plate boundaries.  

 Fault zone refers to the zone of complex deformation that is 

associated with the fault plane. 



Dip-slip faults 

• A reverse fault is the opposite 

of a normal fault — the 

hanging wall moves up relative 

to the footwall. Reverse faults 

are indicative of shortening of 

the crust. The dip of a reverse 

fault is relatively steep, greater 

than 45°. 
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Strike-slip faults 

 The fault surface is usually near vertical and 

the footwall moves either left or right or 

laterally with very small vertical motion. Strike-

slip faults with left-lateral motion are also 

known as sinistral faults. Those with right-

lateral motion are also known as dextral faults. 

 A special class of strike-slip faults is the 

transform faults which are a plate tectonics 

feature related to spreading centers such as 

mid-ocean ridges. 



Strike-slip faults 



Fault rock 

The main types of fault rock are: 

•  Mylonite - A fault rock which is cohesive and characterized by a well 

developed planar fabric resulting from tectonic reduction of grain 

size, and commonly containing rounded porphyroclasts and rock 

fragments of similar composition to minerals in the matrix 

•  Tectonic or Fault Breccia - A medium- to coarse-grained cataclasite 

containing >30% visible fragments. 

•  Fault Gouge - An incohesive, clay-rich fine- to ultrafine-grained 

cataclasite, which may possess a planar fabric and containing <30% 

visible fragments. Rock clasts may be present 

 



Thrust Faults 

  Thrust faults develop when one block of earth, the hinterland, collides 

with and compresses another block, the foreland. The force of the 

hinterland and its movement creates horizontal stresses in the foreland 

rocks causing them to thrust fault and move. Similarly, stresses in the 

hinterland also lead to thrust faulting. 



Thrust Faults 
• Block 1 - a block of the earth undergoing 

horizontal stresses and deforming.  

• Block 2: As the rock strength fails, the 

overlying layer begins to slide over the 

underlying layer 

•  Block 3: The ramp, however, is only a short 

term solution because it can become locked. 

There is just too much downward directed 

weight and the upward directed stress cannot 

overcome it. So, now the easiest way for the 

stress to be released is forward again toward 

the foreland. The decollement reactivates and 

a horizontal fault begins to extend itself 

forward again . . . until it becomes locked 

again for the same reasons as above, leading 

to the formation of Ramp 2. 



 

 

Imbricated Ramp 



 

 

Complex Appalachian Structure in Virginia  



 

 

Complex Appalachian Structure in Virginia  



Geologic Modelling 

 Fault in shales near Adelaide. 

 The two sides of a non-vertical 

fault are called the hanging wall 

and footwall. By definition, the 

hanging wall occurs above the fault 

and the footwall occurs below the 

fault.  



Brittle vs `Ductile 



Terminology - Curvature 



Anticline - Syncline 



Fold Tightness 



Fold Classification 



Fold Geometry 



Fold Geometry – Inter-limb Angle 



Fold Geometry – Horizontal Normal 



Fold Geometry – Plunging Normal 



Fold Geometry – Horizontal Inclined 



Fold Geometry – Plunging Inclined 



Fold Geometry – Reclined 



Fold Geometry – Vertical 



Fold Geometry – Recumbent 



Foliation 



Schistosity - Schist 



Schistosity - Gneiss 



Joints 



Joints - Origin 



Joints - Origin 



Faults and Shears 



Faults – Terminology 



Normal Faults 



Reverse Faults 



Strike Slip Faults 



Strike Slip Faults 



Faults – Shear Zones 



Faults – Undisturbed Block 



Faults – Normal 



Faults – Reverse 



Faults – Strike Slip 



Faults – Oblique Slip 



Faults – Hinge 



Rock Mass Classifications 

• Terzaghi 

• Q 

• RMR 

• RMR Variations 

• Sydney Sandstone Classification 

• USE ALL WITH CAUTION 

 



Sydney Opera House Car Park 



Sydney Opera House Car Park 
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Sydney Opera House Car Park 



Sydney Opera House Car Park 



NGI Q System 



Hawkesbury Sandstone Bedding 



Limestone 

 



Carbonate Rocks 
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Carbonate Rocks 



CARBONATE ROCKS 



Carbonate Platforms - 1 



Carbonate Platforms - 3 



Carbonate Platforms - 4 



Carbonate Platforms - 5 



Carbonate Platforms - 6 



 





 





 





 







 



 



 



 























CARBONATE ROCKS 





















Carbonate Platforms - 6 



Evaporites 



Evaporites – Rock Types 
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Evaporites – Rock Types 



Engineering Characteristics of Carbonates 

Structural 



Engineering Characteristics of Carbonates 

Hydrogeologic  

 

 



Engineering Characteristics of Evaporites 

 

 

 



Solubility 



Solubility 

 

 

 



Solubility & Grouting 

 

 

 



Sinkholes – Stage 1 

 

 

 



Sinkholes – Stage 2 

 

 

 



Sinkholes – Stage 3 

 

 

 



Sinkholes – Dam Abutments 

 

 

 



Carbontaes – Groundwater  

 

 

 



Carbonates – Groundwater  



Metamorphism 

• Metamorphism can be defined as the solid state recrystallisation of 

pre-existing rocks due to changes in heat and/or pressure and/or 

introduction of fluids i.e without melting. There will be mineralogical, 

chemical and crystallographic changes. 

 

• Metamorphism produced with increasing pressure and temperature 

conditions is known as prograde metamorphism. Conversely, 

decreasing temperatures and pressure characterize retrograde 

metamorphism. 



Limits of Metamorphism 

• The temperature lower limit of metamorphism is considered to be 

between 100 - 150°C, to exclude diagenetic changes, due to 

compaction, which result in sedimentary rocks. There is no 

agreement as for a pressure lower limit. Some workers argue that 

changes in atmospheric pressures are not metamorphic, but some 

types of metamorphism can occur at extremely low pressures (see 

below). 

• The upper boundary of metamorphic conditions is related to the 

onset of melting processes in the rock. The temperature interval is 

between 700 - 900°C, with pressures that depend on the 

composition of the rock. Migmatites are rocks formed on this 

borderline. They present both melting and solid-state features. 



Regional Metamorphism 
• Regional or Barrovian metamorphism covers large areas of continental crust 

typically associated with mountain ranges, particularly subduction zones or 

the roots of previously eroded mountains. Conditions producing widespread 

regionally metamorphosed rocks occur during an orogenic event.  

• The collision of two continental plates or island arcs with continental plates 

produce the extreme compressional forces required for the metamorphic 

changes typical of regional metamorphism. These orogenic mountains are 

later eroded, exposing the intensely deformed rocks typical of their cores.  

• The conditions within the subducting slab as it plunges toward the mantle in 

a subduction zone also produce regional metamorphic effects. The 

techniques of structural geology are used to unravel the collisional history 

and determine the forces involved. Regional metamorphism can be 

described and classified into metamorphic facies or zones of 

temperature/pressure conditions throughout the orogenic terrane. 



Metamorphic Facies 

• Metamorphic facies are recognizable terranes or zones with an 
equilibrium assemblage of key minerals that were in equilibrium 
under specific range of temperature and pressure during a 
metamorphic event. The facies are named after the metamorphic 
rock formed under those facies conditions from basalt. Facies 
relationships were first described by Eskola (1920). 

 

• Facies: 

• Low T - low P :   Zeolite 

• Mod - high T - low P :  Prehnite-Pumpellyite 

• High-P low T :   Blueschist 

• Mod P - Mod to high T: Greenschist - Amphibolite – Granulite 

• High P - Mod - high T :  Eclogite 



Metamorphic Grades 

In zones of progressive metamorphism in Scotland), metamorphic rades are 
also classified by mineral assemblage based on the appearance of key 
minerals in rocks of pelitic (shaly, aluminous) origin: 

• Low grade ------------------- Intermediate --------------------- High grade 

• Greenschist ---------------- Amphibolite ----------------------- Granulite 

• Slate ------ Phyllite ------ Schist --------- Gneiss -----------------------
Migmatite(partial metling) >>>melt 

 

• Chlorite zone 

• Biotite zone 

• Garnet zone 

• Staurolite zone 

• Kyanite zone 

        •  Sillimanite zone 

 



Contact (Thermal) Metamorphism 

 Contact metamorphism occurs typically around intrusive igneous 

rocks as a result of the temperature increase caused intrusion of 

magma into cooler country rock.   

 

 The area surrounding the intrusion (called aureoles) where the 

contact metamorphism effects are present is called the metamorphic 

aureole. Contact metamorphic rocks are usually known as hornfels.  

  

 Rocks formed by contact metamorphism may not present signs of 

strong deformation and are often fine-grained. 

 



Contact (Thermal) Metamorphism 

 Contact metamorphism is greater adjacent to the 

intrusion and dissipates with distance from the contact.  

 The size of the aureole depends on the heat of the 

intrusive, its size, and the temperature difference with 

the wall rocks.  

 Dykes generally have small aureoles with minimal 

metamorphism whereas large ultramafic intrusions can 

have significantly thick and well-developed contact 

metamorphism. 

 



Contact (Thermal) Metamorphism 

 

 The metamorphic grade of an aureole is measured by the peak 

metamorphic mineral which forms in the aureole.  

 

 This is usually related to the metamorphic temperatures of pelitic or 

alumonisilicate rocks and the minerals they form.  

  

 The metamorphic grades of aureoles are andalusite hornfels, 

sillimanite hornfels, pyroxene hornfels. 

 

  



Contact (Thermal) Metamorphism 

 Magmatic fluids coming from the intrusive rock may also take part in 
the metamorphic reactions. Extensive addition of magmatic fluids 
can significantly modify the chemistry of the affected rocks. In this 
case the metamorphism grades into metasomatism.  

 

 If the intruded rock is rich in carbonate the result is a skarn. 
Fluorine-rich magmatic waters which leave a cooling granite may 
often form greisens within and adjacent to the contact of the granite.  

 

 Metasomatic altered aureoles can localize the deposition of metallic 
ore minerals and thus are of economic interest 



Hydrothermal Metamorphism 

 Hydrothermal metamorphism is the result of the interaction of a rock 

with a high-temperature fluid of variable composition. The difference 

in composition between existing rock and the invading fluid triggers 

a set of metamorphic and metasomatic reactions.  

 The hydrothermal fluid may be magmatic (originate in an intruding 

magma), circulating groundwater, or ocean water. Convective 

circulation of water in the ocean floor basalts produces extensive 

hydrothermal metamorphism adjacent to spreading centers and 

other submarine volcanic areas. The patterns of this hydrothermal 

alteration is used as a guide in the search for deposits of valuable 

metal ores. 



Prograde and Retrograde Metamorphism 

 Metamorphism is further divided into prograde and retrograde 

metamorphism. Prograde metamorphism involves the change of 

mineral assemblages (paragenesis) with increasing temperature and 

(usually) pressure conditions. These are solid state dehydration 

reactions, and involve the loss of volatiles such as water or carbon 

dioxide.  

 Prograde metamorphism results in a rock representing the 

maximum pressure and temperature experienced. These rocks often 

return to the surface without undergoing retrograde metamorphism , 

where the mineral assemblages would become more stable under 

lower pressures and temperatures. 

 



Prograde and Retrograde Metamorphism 

 Retrograde metamorphism involves the reconstitution of a rock 

under decreasing temperatures (and usually pressures) where 

revolatisation occurs; allowing the mineral assemblages formed in 

prograde metamorphism to return to more stable minerals at the 

lower pressures.  

 This is a relatively uncommon processes, because volatiles must be 

present for retrograde metamorphism to occur.  

 Most metamorphic rocks return to the surface as a representation of 

the maximum pressures and temperatures they have undergone. 



Foliation 

 The layering within metamorphic rocks is called foliation 

(derived from the Latin word folia, meaning "leaves"), 

and it occurs when a strong compressive force is applied 

from one direction to a recrystallizing rock.  

 This causes the platy or elongated crystals of minerals, 

such as mica and chlorite, to grow with their long axes 

perpendicular to the direction of the force.  

 This results in a banded, or foliated, rock, with the bands 

showing the colors of the minerals that formed them. 



Metamorphic Rock Textures 

The five basic metamorphic textures with typical rock types are: 

• Slaty: slate and phyllite; the foliation is called 'slaty cleavage' 

• Schistose: schist; the foliation is called 'schistocity' 

• Gneissose: gneiss; the foliation is called 'gneisocity' 

• Granoblastic: granulite, some marbles and quartzite 

• Hornfelsic: hornfels and skarn 

 



Metamorphic Rock - Slate 

 

 



Metamorphic Rock - Slate 

 

 



Metamorphic Rock - Phyllite 

 

 



Metamorphic Rock - Phyllite 

 

 



Metamorphic Rock - Phyllite 

 

 

Phyllite is a type of foliated 

metamorphic rock primarily 

composed of quartz, sericite mica, 

and chlorite; the rock represents a 

gradation in the degree of 

metamorphism between slate and 

mica schist. Minute crystals of 

graphite, sericite, or chlorite impart 

a silky, sometimes golden sheen 

to the surfaces of cleavage (or 

schistosity). 



Metamorphic Rock - Schist 

 

 

The schists form a group of 

medium-grade metamorphic 

rocks, chiefly notable for the 

preponderance of lamellar 

minerals such as micas, 

chlorite, talc, hornblende, 

graphite, and others. Quartz 

often occurs in drawn-out grains 

to such an extent that a 

particular form called quartz 

schist is produced. By definition, 

schist contains more than 50% 

platy and elongated minerals, 

often finely interleaved with 

quartz and feldspar. 



Metamorphic Rock - Schist 

 

 

The schists form a group of 

medium-grade metamorphic 

rocks, chiefly notable for the 

preponderance of lamellar 

minerals such as micas, chlorite, 

talc, hornblende, graphite, and 

others. Quartz often occurs in 

drawn-out grains to such an 

extent that a particular form called 

quartz schist is produced. By 

definition, schist contains more 

than 50% platy and elongated 

minerals, often finely interleaved 

with quartz and feldspar. 



Metamorphic Rock - Gneiss 

 

 

Gneissic rocks are usually 

medium to coarse foliated and 

largely recrystallized but do not 

carry large quantities of micas, 

chlorite or other platy minerals. 

Gneisses that are 

metamorphosed igneous rocks 

or their equivalent are termed 

granite gneisses, diorite 

gneisses, etc..  



Metamorphic Rock - Granulite 

 

 
Granulites are metamorphic 

rocks that have experienced 

high temperatures of 

metamorphism. They typically 

have a granular (granoblastic) 

texture -- that is, a texture 

comprised of similarly sized 

and shaped grains -- and 

hence the name granulite. 



Metamorphic Rock - Marble 

 

 

Marble is a metamorphic rock 

resulting from the 

metamorphism of limestone, 

composed mostly of calcite (a 

crystalline form of calcium 

carbonate, CaCO3).  



Metamorphic Rock - Quartzite 

 

 

Quartzite is a hard, metamorphic 

rock which was originally 

sandstone.[1] Sandstone is 

converted into quartzite through 

heating and pressure usually 

related to tectonic compression 

within orogenic belts. Pure 

quartzite is usually white to grey. 

Quartzites often occur in various 

shades of pink and red due to 

varying amounts of iron oxide 

 


