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Geomorphology or Physical 
Geology
• Analysis of the various land forms of the Earth's surface in 

terms of their form, origin, and evolution.

• The influence of the different geologic and climatic 
environments upon the development of land forms. 

• Agents

• “that which acts or has the power to act”

• Water and ice, wind

• Subsurface Modifiers

• Tectonic compression, tension and shear

• Processes

• “progressive steps by which an end is attained”

• Weathering, erosion, transport, deposition



Weathering and Erosion

• Weathering - processes at or near Earth’s 
surface that cause rocks and minerals to 
break down.

• Erosion - process of removing Earth 
materials from their original sites through 
weathering and transport.



Weathering

• Mechanical Weathering - processes that 
break a rock or mineral into smaller pieces 
without altering its composition

• Chemical Weathering - processes that 
change the chemical composition of rocks 
and minerals



Mechanical Weathering 
Causing Joints
• Unloading

• Shrinkage/ Cooling

• Differential stiffness



Unloading 

• Form by unloading of 
bedrock through 
erosion.

• They form parallel to 
topography

• Exfoliation Joints



Exfoliation

• As underlying rock 
layers are exposed, 
there is less pressure 
on them and they 
expand.  This causes 
the rigid layers to 
crack and sections to 
slide off 



Thermal Expansion and 
Contraction
• repeated heating and 

cooling of materials 
cause rigid 
substances to crack 
and separate



Cooling joints: form by thermal 
contraction



Differential Stiffness



Joint Sets and Systems

• Orientation/ Attitude
• Spacing
• Aperture
• Persistence
• Roughness/Waviness



Orientation





Spacing



Aperture



Persistence



Roughness and Waviness

Small Aperture <5mm

Larger Aperture >5mm



Effect of joint Characteristics 
on Engineering Properties

• Permeability
• Deformability
• Strength

Fillings:
• Air
• Water
• Sediments washed in or out
• Weathered Material
• Precipitated Material



Effect of joint Characteristics 
on Engineering Properties



Other Mechanical Weathering 
Forms: Frost Wedging

Frost Wedging – cracking of rock mass 
by the expansion of water as it freezes 
in crevices and cracks



Frost Wedging



Abrasion

• Moving sediments or 
rock sections can 
break off pieces from 
a rock surface they 
strike.  The 
sediments can be 
moved by wind or 
water and the large 
rock sections by 
gravity.



Plant Growth

• As plants such as trees 
send out root systems, 
the fine roots find their 
way into cracks in the 
rocks.  As the roots 
increase in size, they 
force the rock sections 
apart, increasing the 
separation and 
weathering.



Chemical Weathering: 
Dissolution
• Water, often 

containing acid from 
dissolved carbon 
dioxide, will dissolve 
minerals from a rock 
body leaving cavities 
in the rock.  These 
cavities may generate 
sinkholes or cave 
features.



Chemical Weathering: Altered 
Minerals
• Minerals may combine with oxygen (oxidation) 

or water (Hydrolysis) to form new minerals that 
are not as hard.



Engineering Significance

• Variable Depth

• Restrictions on groundwater movement

• Chemical Weathering can cause clay 
seems and week layers or even 
subterranean caves.

• Chemical weathering products can be 
buried under later sediments or deposits. 

• Seasonal Rainfall can wash away finer 
products of weathering.
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Classification



Erosion and Transport

• Water

• rain

• streams and rivers

• ocean dynamics

• ice in glaciers

• Wind

• Gravity



The work of Rains



Alluvial Fans

• Localized areas of 
enhanced 
sedimentation 
downstream of 
points where laterally 
confined flows 
expand



The work of Rivers



Transportation



Flow Velocity



Fluvial Deposits in Meandering 
River



Ox Bow Lake



Fluvial Deposits in Braided 
River



Signs of Old Braided Rivers



Deltas



The Nile



The work of the wind

• well sorted since fines were winnowed 
away

• as wind V increases,  lengthens (smear 
out)

• as grain size increases, height goes up 
(piles up)



Sand Dunes



The work of the sea

• The profile of many beaches vary 
seasonally as a result of wave processes 
and sediment transport

• Summer beaches exhibit gently sloping 
profiles with offshore sand bars

• During winter larger more powerful waves 
redistribute offshore sand and erode the 
beach producing a steeper profile



Deposits at the Beach
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