WEATHERING
Introduction

· What is weathering?

· James Hutton (1726-1797)—The universal process of degradation and decay

· Claude Epstein—Weathering is “rock rot.”

· Mine—Changes that take place in minerals and rocks at or near the Earth’s surface in response to the atmosphere, to water, and to plant and animal life.

Introduction

· Terms

· Bedrock—solid rock that underlies the Earth’s surface

· Regolith—soil and loose rock fragments overlying bedrock

· Erosion—removal of material

· Weathering is the process of breaking down materials

· Goes hand in hand with erosion

· We will discuss erosive processes later—streams, glaciers, waves, and wind

Introduction

· There are two types of weathering

· Physical (also called mechanical)

· Refers to the mechanical breaking into pieces

· Chemical

· Refers to chemical processes acting on rock materials

· Chemical and mechanical weathering always work together; we only separate them for the purposes of discussion

Physical Weathering—Joints

· Defined—Planar fractures along which there is no evidence of shearing motion

· Form in response to unloading

· Rocks equilibrate at depth

· Erosion lessens the pressure due to overlying rock

· Rocks expand

· Expand in the direction of least pressure

· Generally parallel to the Earth’s surface and are called sheet joints

· Then in the direction of least horizontal pressure, producing vertical joints

· Sheeting can be a major problem in deep mines and granite quarries

Physical Weathering—Joints

· Exfoliation

· Concentric plates or scales are stripped from exposed rock surfaces

· Probably a combination of chemical and mechanical weathering

· Columnar joints in igneous rocks

· Form due to contraction on cooling

· Joints are perpendicular to the cooling surface

Columnar Joints

Exfoliation at Yosemite

Physical Weathering

· Joints provide the pathway for water to enter rocks

· Spheroidal weathering

· Intersecting cracks

· Weathering proceeds inward
from cracks

· Produces rounded onionskin
layers of rock

Spheroidal Weathering of Granite

Physical Weathering

· Frost wedging (or freeze-thaw)

· Works because water expands when it freezes

· This is unusual behavior

· Very important property

· Water acts as a wedge

· Works its way into cracks in the rocks

· Freezes and expands

· Shatters the rock

· Repeats the process as temperatures rise and fall

· Frost wedging works best

· Adequate moisture

· Presence of pathways into the rocks

· Cycling of temperatures above and below freezing

Frost Wedging

Physical Weathering

· Frost Heaving (Not in your book)

· Related to frost wedging 

· Occurs in fine-grained, unconsolidated deposits

· Moisture enters the ground and freezes

· Moisture is drawn up from below and added from atmosphere to produce a lens of ice which bulges up soil

· When ice melts, the heave collapses

· Produces our infamous potholes

· Requires

· Adequate moisture

· Pathway for moisture to enter the soil

· Fluctuation in temperatures around the freezing point

Physical Weathering

· Crystal Growth

· As water evaporates crystals grow

· Crystal growth generates huge forces which can shatter rocks

· Plant wedging

· Roots of plants work their way into cracks in rocks

· Root growth splits rock

· Plant acids attach rock (chemical)

Physical Weathering

· Insolation

· Heating and cooling causing expansion and contraction

· Griggs experiment showed

· No effect of heating and cooling alone

· Significant effect when combined with a bit of moisture

· Summary

· Sounds good but hasn’t been demonstrated to work

· Could possibly work over longer periods of time

· Adding water could make the process work

Physical Weathering

· Fire or Heat Spalling

· Rocks are poor conductors

· Intense heating from fire heat only a thin outer shell which spalls away from the rock

· Hiker erosion

· Footsteps over the same area repeatedly wears away surface material

Heat Spalling at Yellowstone

Chemical Weathering Factors

· Composition

· Very important, but we’ll discuss this later

· What something is made of influences weathering rate

· Particle size

· smaller particles have greater surface area to volume ration which enhances chemical weathering

· Effervescence of dolomite is an example

Effect of Grain Size

Chemical Weathering Factors

· Climate

· Temperature—Warm favors chemical weathering

· Moisture—Wet favors chemical weathering

· Rates are fastest in the tropics

· Rates are intermediate in temperate climates like our own

· Rates are slow in arctic or dry climates where mechanical weathering predominates

Climate & Weathering

Chemical Weathering Processes

· Direct solution (dissolution)

· Materials are attacked and dissolved

· Nothing is left—ions are carried away in water

· Soluble minerals

· Gypsum—CaSO4
· Calcite—CaCO3

· Quartz—SiO2

· This is the process by which leaching removes material from rocks and soils

Chemical Weathering Processes

· Carbonation (not a separate process in your book)

· Produces carbonic acid from carbon dioxide and water

· H2O + CO2 ( H2CO3 ( H+ + (HCO3)–
· The hydrogen ions produced are critical in hydrolysis

Chemical Weathering Processes

· Hydrolysis

· The most important chemical weathering process for the weathering of silicate minerals

· Hydrolysis involves a chemical reaction to turn a mineral into a mineral phase containing OH

· 4KAlSi3O8 + 4H+ + 2H2O ( 
  (K-feldspar)               
2Al2Si2O5(OH)4 + 4K+ + 8SiO2
 (kaolinite clay)

· Hydrolysis produces clay minerals

· Hydrated sheet silicates

· Kaolinite, montmorillonite (Na and Ca), illite (K, Fe, Mg)

Chemical Weathering Processes

· Hydration

· Relatively unimportant

· Add water

· CaSO4 ( CaSO4• 2H2O
anhydrite      gypsum

· Produces huge volume change

Chemical Weathering Processes

· Oxidation

· Combining with oxygen or adding oxygen

· 2 FeS2 + 7½O2 + H2O ( Fe2O3 + 8H+ + 4(SO4)-2
pyrite                                  hematite       sulfuric acid

· Iron-bearing compounds often weather, at least partly, by oxidation

· Amphiboles weather by hydrolysis and oxidation

· Biotite weathers by hydrolysis and oxidation

· Simplistic explanation for acid mine-drainage

Effects of Composition

· Weathering of granite columns

· Quartz—very highly polished grains

· Potassic feldspar—little tiny pits

· Plagioclase—highly pitted; look dull

· Amphibole—weathered below polished surface

· Clearly, some minerals are more easily weathered than others

Effects of Composition

· Olivine and Ca-plagioclase weather very rapidly

· Pyroxenes and intermediate plagioclases weather rapidly

· Amphboles and more sodic plagioclases weather more slowly

· Biotite and sodium plagioclases weather still more slowly

· Potassic feldspar and muscovite weather slowly

· Quartz weathers extremely slowly

Effects of Composition

· BOWEN’S REACTION SERIES IN REVERSE
