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Colloidal Solutions
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:Metamorphic Rocks :
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.Thermal Effect

Hydro

Thermal Solutions

( ) -

Dynamic Metamorphism:
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Mud Flow
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Horizontal Strata

Friable rocks Cliffs
Benches
Cliff and Slope Topography
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Isolated Hills (M

Primary Structures
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Cross Bedding




Cracks
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Decay Disintegration

In Situ
Crystal Growth -
Physical Weathering
Fragments
Decomposition Chemical Weathering
.Organic Acids

Biotic Weathering
) Splitting of Rocks

Bird Dropping

Void Spaces



.Exfoliation
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Fine Grained

Coarse Grained

Bedding Planes Joints

Micro Fissures

Free Faces
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Humid

Temperate — Areas
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Deep Regoliths

Extreme Continental Climate

Physical Weathering:
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:Pressure Release

Tropical Areas
.(1974 M. F Thomas)



Overlying —

Elastic Expansion
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Isenberg

Deposits

Vertical Joints

Cub dial Jointing
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Joint Spacing

Micro Fissures

Exfoliation

:( ) Frost — Action (
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Snow Precipitation
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Frost Rigid Rocks
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, Cooke and Warren (18)
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.Outcrops
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Angular Screes
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() Block Disintegration
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Lap Plan Karkevagge

Boulders Fall Pebbles Fall
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:Salt Weathering : (
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Supersaturated
Expanse Stresses
Granular Disintegration ()
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Semi — Arid — Areas
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Subsoil
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Diurnal Range
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KC Na Cl NO3
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Capillarity
Relative Humidity
Physiochemical Weathering
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Temperature Variations
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Permeability
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(P291 1974 Doornkamp. J
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Reactions
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Composition
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- - Clusters of Crystals
Under Ground Water



Water Layer Weathering

Wetting
Drying
Pitting
Semidiurnal Tide
Diurnal Tide
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:Solution (



Concretions
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Acidity
Al O; (PH > )
Neutral
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:Carbonation (
Ca CO3 to Ca (HCO3)
H,CO;

CaCO;+H, CO;—> Ca (HCO3)



Hodgkin 1984
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Photosynthesis
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‘Hydration (
Physical Stresses
) Calcium Sulphate
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Ca SO4 + 2H2 O —»Ca SO4 + 2H20
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Hydroxide



:Hydrolysis (
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:Oxidation (
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‘Biotic Weathering (

Chelation
Complexes Soil Leaching
Ions
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Allison
Lichens
Lithophytes
Mosses
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Matters

Drawin

Termites
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Blue Green Algae

( 1980 J Davies)
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Flat Surfaces

Notch
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Undercutting
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.Centripetal Channeling
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Deep Regolith

A Pitty)
(1972
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Leaching ( )
.Bedrock ( )
Berry Ruxton
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Residual Debris

(

)

(

)

Unweathered
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:Boulder Fields (
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Natural Slopes
Man Made Slope
Mass Wasting

( ) Resistance
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QGravitation

Upward —

( ) Reaction Force
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Instability
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Periodical Water Pressure

Drying Wetting Saturation



Friction -

Roughness

Sliding Friction

Rolling Friction

:Cohesion -

(25)
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Slope Washing (

Gullies

( ) Erodibility

Infiltration Capacity .Subsurface — Flow

Saturated Overland Flow

Impermeable Layer
Underground Water
() Interflow ( )



Surface Flow

Rain Fall — (

:Impact

(26)
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:Mass wasting -

Mass Wasting

(Finlayson and Statham 1980)

Transport Limited Slopes *”

Rapid Mass Movement

Unsorted Debris

Slope

Processes

‘Rock Fall -
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Buoyancy
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Free Faces
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Sliding Planes
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Bonds - -

Rock Debris

.Arcuate Slide Planes ( )

:Rotational Slip -
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Slump
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Debris Flow
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:Rock Creeping

.QGravitational Stresses
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( ) Over Saturation

( )
Active — Lubrication -
:Earth Flow -
Concavities
:Mud Flow -
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Shear Waves

( ) Compaction

Lateral Spreading

( )
Volcanic Mud Flow

(€2))

:Velocity -

()

Soil Creep
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Saint Jean

(P43 Y and Small N Clark)
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Frequency of Occurrence Duration



Ander
Karkevagge 1960 Rapp

()
Rapp ()

Clarck and Small

Solifluction

- ( )
Earth Flow



Slope

Wood Young Penck

Strait Concave Convex

:Convex Slopes -



:Concave Slopes -

:Strait Slopes -

(32)

()

(32)




:Gentle Slope () -
% -

% -

-Steep -



*Wood's Model (

(33)

Wood
High Initial Slope
Under Cutting
()
Talus Slope -
Wood
Convexity
)

Basal Concavity

()
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Original Surface

Pen plains ( )

- - ( )
distributaries Tributaries
Drainage Basin
Open Natural System
.Outputs Inputs
Base
Level
Run Off ( )
Discharge
Solar Energy
Vapors
( )






Velocity Volume

(34)

:Hydraulic Action (

()

()

(P13 1978 K. E Sawyer)

Cavitations

% Internal Friction

Turbulent Flow

Vertical Turbulence

(

) Ripples
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Implosion ( )
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Lateral Erosion:

Undercutting (

Head Ward Erosion

Shear Force

4% Viscosity (
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(River Load )

Bed Load
Dissolved Suspended Materials Satiation
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Rolling
( P8. K Sawyer)
Traction
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Dissolved Calcium
%% High Flow

-Suspension
Turturbidity Currents
.Colloids
PP. M
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(P47 1983 D Wilcock)
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After Wilcook 1983
:Bed Load
Sliding Rolling
Competence Total mass of Materials

.(P 147 Newson and Hanwel)
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) ¥ Law of Transportation by Streams "

:Salutations
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Fluvial Deposition

Porous
Pervious
(40)
Well
) Sorted Deposits
( Natural Levees
Delta Apex
( )

(40)



Vertical
W. Davis
.Youth Stage
Flood Plain
Meanders
()

.(Davis)

Erosion



Base Level

( )

Local Base Level
41

Time Factor

Davis. W. M
()

Division Erosion Cycle

(42)

( )

The Upper
) Course
-0 — —

(41

(42)

Initial Surface
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Lateral Erosion

) Water Falls Knick Points



Longitudinal Profile

(
Isolated Gaps

Bending (

In incised

bed rocks () Meanders

Concave Bank of the Bend

()

— Interfluves Areas (

-
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:Cataracts and Rapids -

Rock Hardness

Sill * " Dyke

(44)

( ) (44)

(45)



:Water Falls ( )

Friable ()




(

Fall Line

Faults

)

) Hanging Valleys

(
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:Pot Holes -

Eddies
Cracks
( ) (46)
‘Interlocking Spurs -
( )
Spurs Concave Side of Bends

River Cliffs -

Convex

:Maturity Stage
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Meander Belt
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-Old Stage

Oxbow Lakes
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River Meanders (
Flood Plain (
Incised Meanders (
River Terraces (
(
River Deltas (
(
( )
Glaciations
Toppling ( )
Failure

Meandering Streams

( )
(p Etal 1989 Knapp. B)



“8) Riffles

Riffler : (
Pools
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Cross Currents

(B A )

(P 141 and Hanwell. J Newson. M) Cork Sckrew Like Motion

Minor Features
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Meander Neck ()

Silting Up ()
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Flood Plain (
()

Cuspate Forms
.(p21 k. Sawyer)
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.Downstream
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‘Natural Levees

)
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( 1965. p61 R. B Bunnett)

River Terraces (
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Bed Load

.(p 202 B. Etal Knapp)
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Distributaries
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Spits

Delta Hinter Land

Upper Section

Sand Bars

Lower Section
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Estuary

Flocculate

Specific Density Holmes
(Salinity )

Lateral Accumulation

Turbidity Current

Long shore Drift
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down warping

Lacustrine Deltas

Marine Deltas

.(P28 K.E. Sawyer)

Forest Beds

Topset
() Beds



Lagoons
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()

Fluvial Deposits
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:Arcuate Deltas

:Digitated Delta
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Alluvial Fans ()
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:Dendrite Pattern ( ) (

(59

Interfluves
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:Trellis Drainage Pattern (
Friable
( ) Rocks
Escarpments
( )
Strike Line ()
.Opsequent valleys
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:Rectangular Pattern ( ) (
:Deranged Pattern (

:Annular Pattern (

Basins
:Radial Pattern (
:Centripetal Pattern (
Structural
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Total Relief

Channels Frequency
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B.G (Basin Geometry)
AU
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BR
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X
H CM = Htan Q
Tan O
(61)
() o+ x =
Wentworth Equation

Melton 1958

( J and Goodlett 1960 Hack)
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.Spurs

Linear Patten

:Gaps
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:Basin Length

Schumm

Maxwell 1960
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:Form Factor (
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Basin Area A

L2b (62)



:(R,) Basin Circularity (
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First and
( ) Second Orders
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Diameter of Circle
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‘Lenth/ Width Radio ( ) (
Muller
1974
( )
:Compactness Coefficient (

Perimeter Length
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(64)(

.Schumm

‘Relative Relief (
( )
:Average Slope (
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©5 Meteoric - Water

Highly Porous and Permeable

.Reservoir Rocks

Juvenile Water

Connate Water

Capillarity

(66)



Under Ground

Packing

(67)

‘Porosity (
Unfractured %
% %
% %
%
) Angular Particles
Angular Rounded
Tabular Equant



% %

:Permeability ( ) (
( ) -
Viscosity =
( ) Centipoises
Permeable
Impermeable Rocks
( )
Pumice
Pores ()
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Sandstone

Pervious — Rocks

Cracks

Evaporation Rates

.®® Precipitation
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Mudstone

Non Pervious

Underground Water Table

Permanent Streams

Shores

Swamps

Ponds

Ball. J
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Seepage

1982 A and Strahler A Strahler) Excavations
(p272

Organic Materials

(69)

Saturation zone

Suspended

zone of Intermittent Saturation

zone of permanent

saturation
*)
(69)
Soil Moisture (
Intermittent Zone (
.Capillary Fringe (



Hydraulic Percolation

Gradient

( )

Floating



.(p 274 1974 A. N. Strahler)

Tide






Solved Salts
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.Litho logical Conditions
Carbonic Acid"”
Karst
( )
calcium Carbonate (70)
Insoluble
, Bicarbonate
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.Y Corrosion

Solvent Capacity

Percolated Water

Corrosive Capacity
.(p199 1968 Pitty A)
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Subterranean Flow Erosive Effects
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Sinkholes ( )
J 'W. K and Howard Hamblin)
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‘Initial Stage (
.Solution Valleys
(
(
Bed Rock ( )
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:Karst Landforms
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:Sinkholes ( ) (

Sinkholes

)
(
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( ) ( 1971 Jennings)

-Solution Sinkholes
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( ) Dolinas

:Collapse Sinkholes
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Joint Systems
Separated Blocks
Greeks ( ) Clients

Limestone Pavement

.(P121 K. E Sawyer)



Pluvial Periods

Concretions

Boulder Fields "
( )



Karast Caves (

, Mammoth Cave

Major Can" !
Ooze
Up
Down Ward Growing Stalagmites
Ward Growing Stalactites
( )
Travertine Pillar
.Halictite
Evaporates
( )

Spongy Rock
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Rounded -

Gravels
( ) ()
o ( ) -
( () ) -
( )
Subterranean Streams (
Swallow Holes
Enclosed Basin
Sinking Stream
Fissures Corrosion

Blind Valleys



Lateral Solution

. Karsts Margin Polje

(Williams pl113)

Resurgence

Natural Narrow Arches

Junctions

() ( )

(74)




Pot Holes

.Geysers Hot Springs

— Water Meteoric —

Unveiled Water
Magma ( )
Hydrological Cycle

Old Faithful Springs



Depression Cones

Lacustrine Deposits

Spring Sapping



Replacement -
Organic Matter
Lithification

( )
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Veins -
Voids
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Differential Solution
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Direction

Arial

Grain

Velocity

Duration

Landsberg 1956
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