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y, Utah. What weatheri

Weathering Includes Physical, Chemical
Biological processes :

Weathering Mechanisms Physical Weathering causes Fragmentation of Rock.

* Physical and
biological
weathering
causes rock to
fracture and
fragment

* Chemical
weathering
attacks

svereduction exposed
surfaces

[/ lcubeto sphare
Pressure Release, Abrasion, Freeze-Thaw, Hydraulic Action, Growth of
Salt Crystals, other Physical Means

Physical weathering is aided by rock joints and other types of fractures

Wind abrasion forming Ventifacts

Pressure release jointing -
Exfoliation

Pressure on magma body

2 2
Deep magma body

Expansion and exfoliation

Uplift and erosion
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FREEZE-THAW
Talus slope
created by Ice-
Wedging
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Ice Liquid water
Hydrogen bonds are stable Hydrogen bonds
constantly break and re-form
Chemical Weathering Feldspar
most abundant
mineral on Earth
Hydrolysis
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‘ H,0+ CO; = H,CO;3
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Kaolinite — clay...
most abundant sediment

2KAISi305+2H,C03+9H,0 > Al,Si,05(OH)s+2K+2HCO3+4Si0,
feldspar plus rainwater react to form clay plus dissolved salts and silicic acid

2KAISi;0q + 2H,C0; + 9H,0 = Al,Si,05(0H), + 4H,SI0, + 2K* + 2HCO,"

Hydrolysis, Oxidation, and Dissolution Are
Chemical Weathering Processes.

Water molecule is polarized.

Attracts cations. x % -
“Universal Solvent”

Hydrogen bond - polar
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Sink hole

Oxidation = O bonds with cation (K, Ca, Fe, Mg) by electron
sharing (covalent)

Dissolution occurs when
carbonic acid dissolves
the mineral calcite (found
in limestone).

(a)CO, + H0 3 H,CO,
carbon dioxide gas + water & carbonic acid
(b) Caco; + H,CO, & Ca?* + 2HCO3-

calcite + carbonic acid 9 dissolved calcium +
dissolved bicarbonate

Widespread dissolution
causes: Karst Topography

Fe,0; - Hematite

Biological Weathering Involves Both
Chemical and Physical Processes

. Simple breaking

. Movementand
mixing

. Carbon dioxide
produced by
respiration forms
carbonic acid

. Organisms influence
moisture in soil

TABLE 7.2 Mineral and Rock Stability on Earth’s Surface
i Mineral Stability Rock Stability
CLIMATE CRITICAL £ P,
H <
in SOIL FORMATION Strong to moderate Minerals Minerals L
physical weathering Olivine Halite = FTET
« Physical Weathering Eyoursmn e J, Gonnbhe Limestoen

Ca-Plagioclase feldspar | Hematite Marble Rock gypsum

dominates in regions Biotite Kaolinite Gneiss Siltstone
Moderate Orthoclase feldspar Bauxite Schist Shale

of low temperature s Mm o e i
and low rainfall.

Bowen'’s Reaction Series

Temperature MINERALS

HIGH -
1=1200°C)
* Chemical Weathering Strong to modarate
. . . chemical
dominates in regions eatharing
of high temperature 3
. . 2

and high rainfall. 2

Humid Rainfall Arid




Sedimentary Minerals

Microcrystalline quartz
(chert, agate, quartz)
Sio,

Clay - kaolinite

Calcite — CaCO;

Hematite/limonite —
Fe,03
Granite — quartz, feldspar,
biotite, amphibole
Bauxite Saprolite — quartz, clay,
Al,03H,0 hematite, Al-oxide

Erosion

Sediments change as they are transported across Earth’s surface...
en route to their Environment of Deposition
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Organisms
10%

Roots

10%

SOIL FORMATION

80%
influenced by:
Organic * biological processes,
M;:" * nature of parent rock,
Weathering * climate,

* topography,

Produces Soil >
* and time.

Raindrops to Sheets to Rills to Gullies!

There Are Three Common Types of Sediment: Clastic, Chemical,
and Biogenic
CLASTIC SEDIMENTS are broken pieces of crust
deposited by water, wind, ice, or some other physical process



http://upload.wikimedia.org/wikipedia/commons/7/7b/Erosion.jpg
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CHEMICAL SEDIMENTS Produced Sed|mentaryRock~IsFormed from

by inorganic (nonbiological) BLENIN 3 the Weathered:and Eroded Many of the rock layers
= Remains of the Crust.

you can see in this
photograph are
composed of
sediments that
accumulated on the
seafloor in a shallow
ocean. What evidence
would reveal to a
geologist that a rock
formed in a shallow
marine environment?

precipitation of dissolved
compounds (e.g., through
evaporation)

BIOGENIC SEDIMENTS
Produced by organic
(biological) precipitation of
the remains of living organism

Why Study Sedimentary

Rocks? * Most of_Earth s
surface is covered
with layers of loose

* Reflect physical and sediment

chemical characteristics
of source environments.

* Contain direct and
indirect evidence of life.

* Can be interpreted to
recreate Earth history.

>75% of the land
surface is
Sedimentary Rock

* Source of “fossil fuels”.

SORTING
Particle Size Reflects

Environmental Energy

TABLE 8.1 Features of Sedimentary Environments
i Abrasion (degree

Environment Process Sediment Size Sorting of rounding)
Wind-deposited dune | Wind Fine to medium sand Verystrong | Strong
Ocean beach Waves, currents, wind Fine sand to gravel Strong Very strong
Wetland Waakly circulated water, wind| Clay to silt Strong Weak

‘Moderate Very strong
Glacier Moving ice Clay to large gravel (boulders) | Weak Strong
Steep hillside Mass wasting Clay to large gravel (boulders) Weak Moderate




Decreasing

grain size with
Flood increasing
plain transport
distance

Boulders,
gravel, and
sand

Sand
ABRASION
“rounding”, due to transport

Siltand clay

Sediments evolve in Sedimentary Basins.

* Unstable grains (olivine, pyroxene, calcium-rich
plagioclase, amphibole, and others) become less
abundant.

 Stable grains (quartz, clays, muscovite, orthoclase)
become more abundant.

* Biogenic sediments accumulate.

¢ Chemical sediments may become more abundant.

Escape of
interstitial water

Compaction.

Water Surface

Decreasing pore space

Grains with cements
from chemically Compaction
enriched groundwater of sand
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Stream Dissolved ions

Active waves and compounds

and currents 5,4 and gravel
in channel

Dissolved ions.
and compounds

Clay and silt with
organic particles
on flood plain

Dissolved ions
and compounds

Organic
particles

Clay and silt
particles

Rock and mineral
fragments

Dissolved compounds are transported from weathering sites
into Sedimentary Basins.

Sedimentary Rock forms by cementation or
compaction

* Specific combinations of texture
and composition for each type.

* Determined by sediment’s history:
transport energy and distance,
weathering intensity, and
composition of source rock.

Sediment

Gravel Clay and silt
Sedimentary
rock
Conglomerate Sandstone Siltstone Shale



There Are Eight Major Types of Clastic
Sedimentary Rock.

TABLE 8.2 Clastic Sedimentary Rocks Distinguished by:
Rock Texture Composition * Grainsize and
Conglomerate Rounded gravel Clastic, lithic ° I-lth°|°gv
fragments (composition and
Breccia Angular gravel Clastic, lithic texture of the
fragments .
particles and
Quartz sandstone Sand Quartz cements within
Arkose sandstone Sand Quartz, feldspar : ents
Lithic sandstone Sand Quartz, feldspar, t em)
lithic fragments
Siltstone Silt, massive Silica minerals
Claystone Clay, massive Clay minerals
Shale Mud, laminated Silica minerals
and clay minerals

There Are 7 Major Types of Chemical
Sedimentary Rock ...

rock salt rock gypsum limestone
: -
4 Sl
i
travertine
dolostone
TABLE 8.4 Chemical Sedimentary Rocks
Rock Texture Composition
“ Chert Crystaliine Microcrystalline
micrite Lo
Dolostone Crystaliine Dolomite
chert Limestone Can be crystalline | Cakite
or microcrystalline
Micrite Microcrystalline | Carbonate mud
Rock gypsum Crystalline Gypsum
Rock salt Crystalline Halite
Travertine Microarystalline | Calcite from

Sedimentary Rocks Preserve Evidence of Past
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Clastic Sedimentary Rocks (8)

- -

quartz sandstone

claystone

shale

lithic sandstone

... and 4 Major Types of Biogenic Sedimentary Rock.

gs >, skeletal limestone

coquina

TABLE 8.5 Biogenic Sedimentary Rocks
Rock Texture Composition
Chalk Clay or mud Skeletal
coccolithophorids
Coal Massive, blocky Concentrated
carbon
Coquina Sand or gravel Shell fragments
Limestone Visible or Calcite
microscopic skeletal
fragments

Continental Environments of deposition
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Coastal Environments of deposition Marine Environments of deposition

Primary Sedimentary Structures Record

Environmental Processes
Cross Bedding

Ripple Marks

Mud.Cracks

#3. Choose four environments of deposition in #7. Consider the continental shelf, the streams,

this figure. For each, describe the texture and  the desert, and the glacier. If the sediment

composition of the sediments you would be source for each was granitic mountains,

likely to find there. predict the texture and composition of
sediments at each environment.




