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Example of mass wasting in Idaho

Terms

® Weathering: produces all the soils, clays,
sediments, and dissolved substances (includes

physical and chemical weathering processes).

* Erosion: removal of sediments by natural
processes such as wind and rivers.
® Mass wasting: downslope movement of masses of

Earth materials.




‘ : .2 Major Factors Controlling Rates of Weathering

Weathering Rate
Slow Fast

PROPERTIES OF PARENT ROCK

Mineral solubility Low Moderate High

in water (e.g., quartz) (e.g., pyroxene, feldspar) (e.g., calcite)

Rock structure Massive Some zones Very fractured or
of weakness thinly bedded

CLIMATE

Rainfall Low Moderate High

Temperature Cold Temperate Hot

PRESENCE OR ABSENCE OF SOIL AND VEGETATION

Thickness of soil layer None—bare rock Thin to moderate Thick
Organic content Low Moderate High

LENGTH OF EXPOSURE Short Moderate Long
Table 16-1
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Figure 16-2

crystals of several

1 Graniteis made up of 2 Cracks form along 3 The decay progresses,
crystal boundaries. and as cracks open, the
Feldspar, biotite, and rock weakens and

minerals that decay
at different rates.

magnetite start to decay, disintegrates.
while quartz does not.

Feldspar — "
Magnetite -1~
Biotite
Quartz
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2cm X 2 cm =4 cm?
4 cm? X 6 sides = 24 cm?
(surface area)

1cm X 1 cm = 1cm?
1 cm?2 X 6 sides = 6 cm?
6 cm? X 8 cubes = 48 cm?
(s;lrface area)

/

/

1 Large rocks, relative to their 2 ...than small rocks do, so
mass, have less surface area smaller rocks weather

for chemical weathering...

Figure 16-3
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more quickly.
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4 Carbon dioxide is added

3

CO, release
from volcanism

to the atmosphere during
volcanic eruptions.

Figure 16-4 part 2
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Weathering of silicates such as
feldspar removes carbon dioxide
from the atmosphere.
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Figure 16-4 part 3

5 carbonic acid (H,CO;) forms
O ‘ / when CO, and H,0 molecules

combine in rainwater.

- // 6 Carbonic acid ionizes to form

hydrogen ions (H*) and
bicarbonate ions (HCO3").

7 Bicarbonate ions react with
feldspar, weathering it to
kaolinite clay and silica and
releasing bicarbonate and
potassium ions.

b

ALLSi,05(0H),
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Relative Stabilities

Table 16.2 of Common Minerals

Under Weathering

Stability of Minerals

Rate of Weathering

MOST STABLE

Iron oxides (hematite)
Aluminum hydroxides (gibbsite)
Quartz

Clay minerals

Muscovite mica

Potassium feldspar (orthoclase)
Biotite mica

Sodium-rich feldspar (albite)
Amphiboles

Pyroxene

Calcium-rich feldspar (anorthite)
Olivine

Calcite

Halite

LEAST STABLE

Slowest

Fastest

Table 16-2
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1 Pyroxene dissolves, ——

releasing silica and
ferrous iron to solution.

2 Ferrous iron is oxidized
by oxygen molecules,
forming ferriciron.

3 Ferriciron combines
with water and precipitates
a solid, iron oxide,
from solution.

Figure 16-5
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Pyroxene (FeSiOs)

.
Si0, Fe?*)
Fe?

Silica Ferrous
iron

02\

Ferriciron

Hzg ~

Iron oxide (hematite)
Fe,03
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Iron oxides give red hue to landscape

Figure 166
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Preferential weathering along volume expansion joints

Figure 16-7
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Prevalance of mechanical weathering at cold temperatures, which
slow geochemical reaction rates and have freeze/thaw cycles

Understanding Earth, Fifth Edition
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Exfoliation

Figure 16-10
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WEATHERING FACTORS

Less weathering, erosion, and soil

1. Duration of w““h"mg formation over short periods of time

More weathering, erosion, and soil
formation over long periods of time

2. Bedrock type

More stable minerals, (e.g., quartz),
result in lower weathering

Less stable minerals, (e.g., feldspar),
result in higher weathering

3. Climate Lower Less chemical weathering
temperatures (dissolution, alteration to aid
physical weathering,
production of clay materials)
Higher Less physical weathering
temperatures
Rainfall Little rainfall (less dissolution of

minerals, physical weathering,
fragmentation, erosion)

Rainfall acidity | Low acidity (less dissolution of minerals,
less physical weathering)

More physical weathering

(thermal expansion and contraction,
frost wedging, breakage of bedrock,
fragmentation to smaller sizes)

More chemical weathering

Heavy rainfall (more dissolution of
minerals, production of clay materials,
production of small size particles, erosion)

High acidity (more dissolution of minerals,
more production of clay materials)

4. Topography Steep slopes Less chemical weathering

Gentle slopes Less physical weathering,
less erosion

More physical weathering,
more erosion

More chemical weathering

Figure 16-11
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LOSSES

Organic
material

Water
erosion

Wind

Leaching

al

Minerals, grains,
and aggregates
may move
through the soil.

TRANSFORMATION

TRANSLOCATION

Transformation and translocation
occur throughout the soil profile.
Figure 16-12
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ADDITIONS

___—Airborne

dust

Chemicals
and
minerals
from
bedrock

Minerals, such as feldspar,

re transformed into other

minerals, such as clay.

Other minerals, such as
carbonates, precipitate
from fluids within the
pore spaces of soils.
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1E1 5 [0  Factors That Influence Mass Movements

Nature of Water Steepness Stability
Slope Material Content of Slope of Slope
UNCONSOLIDATED
Loose sand or sandy silt Dry Angle of repose High

Wet Moderate
Unconsolidated mixture of sand, Dry Moderate High
silt, soil, and rock fragments Wet Low

Dry Steep High

Wet Low
CONSOLIDATED
Rock, jointed and deformed Dry or wet Moderate to steep Moderate
Rock, massive Dry or wet Moderate High

Dry or wet Steep Moderate

Table 16-4
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1 Particles dropped in a pile create an angle of repose
based on their size and angularity.

<%
Angleof 2 Finesand assumesa
I repose shallower angle of repose...
Fine sand Coarse sand

Figure 16-13a
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3 ...than angular
pebbles do.

Angular pebbles
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More cohesive

sand binds particles so
that they resist movement.

Figure 16-13¢
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Dry san

reeeeeeessssssm Less cohesive

8 Dry particles are
bound only by their
size and friction
with one another.

Water-saturated sand

9 Saturated particles are
separated by water,
which keeps the grains
apartand also acts as a
lubricant, allowing
them to flow.

Slope angle is shallow for unconsolidated material, but steep for rock

igure 16-1
Understanding Earth, Fifth Edition
©2007 W. H.Freeman and Company

4/28/09

11



Before earthquake

Sand and
gravel

\\\7 \
After earthquake \yyte saturated
sandy Iaye’r>

re-earthquake Profile

1964 M=9.2 Alaska EQ — Turnagain Heights,
Anchorage. Some houses moved as far as 2300 FEET
from the liquefaction that occurred during the

earthquake
Velocity
Natwre (1 cmiyean) (1 km/hour) (skm/hour or
motion Low water High water
content content High air content.

Rocks slide on \
bedding planes that
form weak zones.

Creep occurs very
slowly, driven only
by the tendency of
matter to move
downhill. ST
High rainfall induces
earthflows and
debris flows.

Earthfloy Debris flow

Mudflows occur
when fineashis

mixed with
rainwater on the
flanks of volcanoes.

Slumps occur when

= Debris slides
is raised to a high | L ™ travel farther
Slide i o than slumps.
o high
fall due to higher
Figure 16-17

Understanding Earth, Fifth Edition
© 2007 W.H.Freeman and Company

Debris avalanches
occur when the
flank of a volcano
collapses.

Debris avalanche
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1 1ce wedging often breaks
rocks along joints, preparing
them to loosen and fall away.

Jointed
bedrock

2 Individual blocks
free-fall down slope.

In this rockslide, frost
wedging has loosened
~ jointed bedrock layers...

...that move downhill
. more or less as a unit.

Figure 16-19 part 1
Understanding Earth, Fifth Edition
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Figure 16-19 part 2
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To create this avalanche, an
earthquake has loosened
large masses of rock...

...that flow downhill

at high velocity on a
. cushion of air.

Earthquake

Figure 16-20 part 1
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M=7.9 11/03/2002 Denalia
EQ triggered slope failures in
SE Alaska

6-20 part2
inding Earth, Fith Edition
92007 .. Freeman and Company.

Building fGraves':onei and ]
foundations ence postslean  Trees grow with
shear and crack i curved trunks
Road cracks

Power poles lean
yd p

4 Thus, it pushes parts of objects at
the surface faster than buried parts,
causing them to lean downlhill.

1 Rock layers meet 2 As the rock 3 The creep of the
the surface atan weathers, it slowly  soil surface is
angle. moves downhillin  faster than deeper

the overlying soil. soil and rock.

Figure 16-21 part 1
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TanTTIas SUAKEU TITe=
grained permeable soils,... ...which quickly loosen...

Water-
permeable
soil

Water-

water-impermeable rocks
at moderate speeds.
Figure 16-22 part 1
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Figure 16-22 part 2
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In this debris flow, rain soaks shale-derived
muds and rubble over less porous bedrock,...
T
Eleareut slopef ras ‘l"” Vida ...which loosen
quickly, resulting
in a flow of mixed
mud, rock, and
surface debris.

Shale

Jointed
bedrock

Figure 16232 part 1
Understanding Earth, Fifth Edition
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o Earth,
2007V Freeman and Compary
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Snow and ice

In this mudflow, a volcanic
\ eruption has melted snow
(R W and ice that soaks

\ \\ unconsolidated volcanic ash
\

Water-permeable

volcanic ash
S

Water- over impermeable lavas.
impermeable b
lava DN ~\\ <
1 N /The\resulting mud,
‘ “ lubricated by quantities
of water, moves quickly
do III..\‘.\
Figure 16-23b part 1
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Figure 16-23b part 2
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In this debris avalanche,
unconsolidated ash and rock move
downhill at high speeds, lubricated
by high air or water content.

Figure 16-24 part 1
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Towns o Yngay and Ranrahirca before an
earthquake-induced debris avalanche on
Mount Huascaran, Peru, buried these towns.

Figure 16-24 part 2
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Figure 16-24 part 3
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In a slump, unconsolidated
material slowly slides as a unit.
Sliding is quick, but only for a
short distance.

Figure 16-25 part 1
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Figure 16-25 part2
Understanding Earth Fith Editon
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In a debris slide, rock, soil,
and surface features (such

as trees) move as units
downbhill faster than a slump.

Figure 16-26 part 1
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Figure 16-26 part 2
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STEP 1
Heavy spring rain and snowmelt saturated

the permeable sandstone dip toward "
the Gros Ventre Riverwm

STEP 2
Beneath the sandstone, a
layer of soft,impermeable shale
became slippery when wet. STEP 3

The sandstone layer—eroded
by the river—was unsupported
atits lower edge.

Figure 16-27 part 1a
Understanding Earth, Fifth Edition
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y e NG
STEP 4 RN \
Less friction between the ~ \
sandstone and slippery shale and ’
over-steepening of the bank caused
by the erosion, caused the sandstone STEP 5

to detach from the shale and slide. The slide created a debris
dam that backed up a

large lake.

STEP 6
The lake broke through the
unconsolidated debris, causing
sudden, disastrous downstream flooding.

Figure 16-27 part 1b
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Figure 16-27 part 2
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Cities !
and -\-

Area flooded after slide of 1963

1960 slide Area of
1963 slide

Figure 16-28
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