INTRO 09/12/2013

e Geology- Geo:Earth Ology:the study
= All affected directly or indirectly
e Uniformitarianism- the processes we see going on on the surface of our planet have
always gone on.
= “The present is the key to the past”.
o Geology deals with around 4.6 billions of years (scientific view).
= Earth comes from nebular hypothesis (5 b.y ago).
-Nebula (cloud) of hydrogen &helium contracted under gravity into our solar
system.
-Formed core, mantle and crust of earth.
-Rocky fragments during nebular hypothesis created earth.
-Nebula spins and pulls heavy particles inand light out.

1. Nebula
Crust

F

Heavy molecules & element Core

=

Lighter molecules & elements

A

Mantle

e Platetectonics 2. Lithosphericplate
o Lithosphere thatrides on the liquid asthenosphere, which moves by convection, always moving.

-Lithos: Latin for rock (2) crust

e Alfred Wegner- platetectonictheory.

Uppermost mantle lithosphere

= Continental drift: thought that 200 m.y. ago there was a continent- pangea. -— - - - —— - - - -
-Fitof all continents (mostly south Americaand Africa)
-Fossils matched across ocean. e
- Rock typesidentical in mountain ranges on areas where continents were connected
-Ancienttropical natured deposits that should not be there unless pangea happened. ¢ Asthenosphere

-Glacial rocks where they could not exist today and coal fields in today’s cold polar

areas. \ Convection
= Mostgeologicactivity occursat plate boundaries (especiallyconvergent). (3) 9 9
3. Convergentplate boundary at a subduction zone Lower Mantle

— — S ey,
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Uppermost Mantle ~ N .
P \ \ Continental Crust
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Melting Uppermost Mantle
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\ Subduction

Asthenosphere w convection
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Oceaniccrustdivingunder continental crust

e Earthsystem and rock cycle
= Earthis a system of interacting hydrosphere, atmosphere,
biosphere, and geosphere
-Material recycled in the rock cycle

MINERALS- CHAPTER2  (09/17/2013

e Mineral- fd chemical compound found in nature, contain molecules.
= Most abundant minerals are called silicates
-silicon-oxygen tetrahedron (T-39) 4. Si-Otetrahedron
-tetra=4 hedron=pyramid
-4 oxygen=1 silicon

4
@ (Si0a)*

e Common silicate minerals- ferromagnesian (dark) silicates
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= Olivine: single tetrahedral bonded Fe*2, Mg*2ions

(5)
5. Olivine = Pyroxene: single chains of tetrahedral, ~90 degrees cleavage
= Amphibole: double chains, ~120 degree cleavage
¢ o ~ Si-Otetra = Biotite: (black mica) tetrahedral sheets with perfect (basal) cleavage
M M (6)
[} [} ]
M M o
Metallic cation Fe?*, Mg?* 6. Pyroxene-single chain
[} [} 0
[} [}
M =Between chains- weakerionicbonds
. [ ]
6. Amphibole- double chains LIV ¢
M [ ] [ ]
LAY 8 | Within chains stronger covalentbonds
M Strong covalentbonds o L
] M @
M Single chains \
Fe2+/ Mg+2

Double tetrachains

6. Biotite sheetsilicate

Al**, Fe®", Mg** “~Double sheet
k* k*

A%, Fe?, Mg*? “Much weaker between double sheets

e Ferromagnesian (light) silicates
= Muscovite: (white mica), perfect (basal) cleavage
= Feldspar: network silicate, 2 types:

-Network silicate, 2 types: Orthoclase (pink K feldspar) and plagioclase (Ca-Na
feldspar)

= Quartz: all tetrahedral (SiO?), no cleavage, hardness of 7
e Important Nonsilicate Minerals:
= Carbonates: metals bonded to (CO3)2 group
-Calcite: CaCO3
-Dolomite: CaMg(CO3)2, magnesium replaces some of the calcium
= Minerals formed by evaporation
-Halite: NaCl, common salt; also used for chlorine, baking soda.
-Gypsum: used to make plasterand drywall, CaSOs- 2H20

IGNEOUSROCKS-CHAPTER3 ~ 09/19/2013

* Formfromfire, crystallize from hot material deepin earth

= Meltsfrom pressure, around the crust/mantle boundary

-Granite countertops (7) Pyroclastic material

v

Extrusive (volcanic) rocks
Lavaflow

3

Magma chamber

volcano
N Intrusive

~ (plutonic)
N crust

”~
Magma generation /

\ Ilmantle
¢ How Magmas evolve -

= Studied by Norman L. Bowen, Kingston, ON
-Bowen'sreaction series, in which crystalssettlein amagma chamber

-Earlierdark crystals remove heavy elements, leaving melt with lighter ones (magmatic
differentiation) (8)

ighter meltreactsw/
remainingcrystals

Crystal settling

Magma chamber

Settled crystals with heavy

elements
e Series:

= Discontinuous series (different structures)
Continuous series (plagioclase structure)

Assimilation (host rock melts in magma), magma mixing

e Igneous compositions:
= Darkversuslight mineral (i.e. Silicavs Fe, Mg) content

Earth Sci 1022aCOMPLETE Page 2



¢ Igneoustextures:
= Aphanitic(fast cooling magma, small crystals)almostinvisible because of fast cooling.
= Phaneritic(slow cooling magma, large crystals) visible because of slow cooling, does not make it to
ground surface.
= Porphyritic(large crystals surrounded by smallerones)
= Glassy(quenched, nocrystals)
= Pyroclastic(airborne pieces of magmafell to the ground)

* Namingigneousrocks
= Felsic(~70%silica)
-Granite (in cores of mountains)
-Rhyolite (volcanic)
= Intermediate (~60% silica)
-Andesite (from volcanoes above subduction zones)
-Diorite (inintrusive rocks above subduction zones)
=  Mafic(~50% silica)
-Basalt(most abundant rock, forms oceaniccrust)
-Gabbro (in lower oceaniccrust)
= Ultramafic(~45%)
-Peridotite (in upper mantle)rocks

* Intrusive igneous bodies
= Forms plutons with two orientations:
- Discordant, cutacross host
- Concordant, parallel to host rock(9)

9. Plutons

Y] sill
Dyke -I\\,' Hostrock l Il ‘ I I I ‘ | Host Rock
(discontinued)

f\\-

Bulge(laccolith)

— OS5t roCk

* Typesofplutons:
= Dykes: discordant, tabular
= Sills:concordant, tabular
= laccoliths: concordant, bulge
= Batholith:discordant, bulge

VOLCANOES- CHAPTER4 09/24/2013

¢ Volcaniceruptions happen because of abuild up of gas (10)
Volcan gases

Pyroclasticdebris
\ Fromviscous, felsic
pipe Magma | avaflow from runny, maficmagma

surface

e Materials extruded
= Llavaflow:
-Hotter, runny pahoehoe (ropy)
-Cooler, viscous aa (blocky)
= Pillowlavas formunderwater, pyroclastic material ranges from fineash to large bombs
-Nuee ardentes (very hot cloud of ash & gas); lahars (wetash flow) (11)

Nueesardente, lahar

Travellingfast

* VolcanicStructures (12)

= Typesofvolcanoes:
-Shield (broad dome of lavaflows)(13)

All flows

I\

-Cinder cone (small, pyroclastic)

100km

pyroclastics
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Pressure release,
Erosion of overlying »

rock

€ "
«e od o
i~/
10km
-Composite cone (mixed materials)

Mixed pyroclastics & lava flows

e Fissure eruptions pourlavaontoland to build up lava plateaus

WEATHERING ANDSOILS- CHAPTER 4

e Mechanical Weathering

= Breakinguprockintosmallerpieces, providing more surfaces for chemical attack
1. FrostWedging: waterfreezesin rock fractures and expands 9%, prying rock (14)

H.0
L=

Ice crystallizes,
spreads fracture

fracture
2. Unloading: Rock surface expands after stuff of top is removed, slabs break off (15)

Curvedslabsslide off

¢ -
- ~ t.\ ]

pluton

3. Biologicactivity: Plantroots grow in rock fractures and pry the fractures open
¢ Chemical Weathering
1. Dissolution: COzdissolvesin water to make weak carbonicacid that dissolves rock minerals (16)

CO2+H0 icaci
—HhCOs '_—~Weak carbonicacid

surface

Soil water

a. Oxidation:darksilicates react with oxygen; form Fe, Mg oxides, clays
b. Hydrolysis: Orthoclasein granite changes to clay by exchanging large K *ions for tiny H* (17)
Feldspar crystal

das H*
.

I +

0?2 H

|

A|+3 H+

|

K &> H'

Switch places

e Ratesofweathering:
o Rock characteristics:
-lightsilicates form closer to weathering conditions, more stable;
-marbleissoluble, unstable
- formunderhigh P, Tconditions, under weathering conditions
o Climate: weatheringis greaterin warm, wet climates

* Soil

A:humusand rock materials
E:removal of soluble ions
B:accumulation of oxides, clays
C:regolith (weathered parent material)
unaltered parent material

o Biologicactivity combined with weathering (produces regolith without biological input); added
organics are called humus

5main factorsin soil formation...

Parent material: rock or sediment on which soil forms

Time:longer, more soil formation

Climate:slowin cold, dry areas

Plants, animals: provide humus

Topography: erosion, water retention (slope of the land)

® 20 T oo

* Soil Erosion (18)
ninn rain

/ U sheetflow

rills

gullies

streams

o Raindrops:displace soil particles

o Rillsbecome gullies which join to form streams and remove soil
o Made worse by deforestation- removes plants that protect soil
o Erodedsoil clogsreservoirs, lakes
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-Reduces holding capacity

SEDIMENTARY ROCKS- CHAPTER6  10/01/2013

¢ Sedemental=tosettle
= Diagenesis
-Lithification
-Compaction: sediment compressed into smallervolume, thinner (19)

Waterexpelled
Grains of sediment

-Cementation: minerals precipitate in pore spaces- mainly calcite, silica, iron oxides (20)

\, -
ceménted
o Detrital sedimentary rocks
= Mainlysettled rock fragments, clay from the weathering of plutonicrocks and quartz
= 3 maintypes:
= Shale:fromsettling of fine particlesin quiet water
-Good cap rock for oil and gas (s7)
= Sandstone:well sorted if grains of similarsize; poorly sorted if amix in sizes
-mainly quartz grains; called arkose (s14) if it has lots of feldspar (s11)
= Conglomerate:from muddy gravel deposited down slopes or by currents, waves
-Particlestravelled far, rounded (s9)
-Breccia: particles deposited close to source, still angular

e Chemical sedimentary rocks

= lonsfromchemical weathering precipitate in sea or ponds

= Shells of organismsform biochemical sed. Rocks

= S5maintypes:
-Limestone: made of calcite in:
Micrite (seawater) (s10)
Fossiliferous limestone (coral reefs) (s2)
Coquina(shellsonabeach) (s12)
Chalk (plankton on seafloor)(s8)
Travertine (caves) (s1)
-Dolostone: Ca*? partly replaced by Mg*2in calcite of imestone
-Chert: mainly remains of plankton with skeletons of silica; used forarrowheads, spears (s15)
-Evaporites: rock salt(s16), rock gypsum(s5), potashin shallow seas, salt flats-
-Coal:ancientplant matterin ancient swamps(s6)

e Classification
= (Clastic: fragments of rocks and mineralsin detrital sed. Rocks
= Nonclastic:interlocking crystalsin chemical sedimentary rock (21)

Sedimentary rock textures
clastic nonclastic

s 30
OOOO

grains

METAMORPHICROCKS- CHAPTER7 (10/02/2013)

e Metamorphism-to change form
= Solidstate, no meltinginvolved

e Controllingfactors

= Parentrock: controls composition

= Heat:mostimportant, drives chemical reactions and recrystallization of host rock

= Pressure:increases with depth;

-Confining pressure and directed pressure

= Chemical activity:ionsin solution exchange with ionsin minerals of the parentrock to form new minerals
e Metamorphicgrade

= Increaseswithtemperature

= Index mineralsfromlow grade to high grade
e Contact metamorphism

= local effect by magmaintruding host rocks

= Metamorphicaureolesform (22)

aureole
surface surface

4 ‘\'\\.

N 7 ﬂ A .'r/ R Y Wt

eatcooling ' | . 1
magma "l ‘ ,\ \

& C 2 N T T

erosion NI | / &
pluton aureol e;

Decreasing effect
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= Mineralsrecrystallize butare notreoriented
¢ Nonfoliated metamorphicrocks:
= Marble: coarse interlocking crystals of calcite
= Quartzite: coarse interlocking crystals of quartz
¢ Regional Metamorphism
= largerscaleinthe cores of mountains built by colliding plates
= Directed pressures orient (align) recrystallized minerals (foliation)
= Mostintense inthe" roots" of mountain belts
¢ Regional metamorphism of shale: (23)
= Slate:fine, parallel micaflakes

Very thin partings

Low grade minerals

= Phyllite: slightly larger flakes
= Schist:foliation easily visible

schist
o o
0 micas

arnet

o

= Gneiss:banded orcontorted

~_"
~_"

Light& dark minerals seperate

Gneissicbanding

CHAPTER 8- GEOLOGIC TIME 08/10/2013

e Relativetime
o Superposition: each bedis olderthanthe one above, and youngerthan the one below (24)

3 youngest

2

1 oldest 1>2>3
age

o Original horizontality: sedimentis usually deposited horizontally
e Cross-cuttingrelations (25)

o Afaultisyoungerthanthe rock it cuts

o Arockisyoungerthanthe rock it cuts

/
Il_ rocks
Fault-youngerthanro

/} ckitcuts
1/\\!/
41\ p 4

QDyke- youngerthanrockit cuts

¢ Inclusions:inclusions are older than the rock containing them (26)

sandstone

Inclusions of older, pre-existing (eroded) rock

* Unconformities
o Angularunconformity: between flatand tilted, eroded beds (27)

77777—$— Missing rocks die to tiltingand erosion

o Disconformity: between parallel beds (28)

Missing rocks due to nondepositing orerosion

o Nonconformity: between flatbeds on eroded igneous, metamorphic rock(29)

Sedimentary rocks
S T T s

- ~= * Igneousrocks
Missing rocks due to erosion
e Correlation: (30)

Outcrop A €—.100°km —>Outcrop B Correlation w/fossils

@ Indexh}iil

\\
\\ @ Same index fossil

N
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o Matchingrock features, fossils...

o Fossil succesion: organisms evolved along distinct pathways through geologictime, leftindexfossils
* Datingwith Radioactivity (31)

o Radioactive isotopes (parents) decay to daughters overtime

o Timeittakestodecay to half the amount of parentleftis the half life of the isotope

o Compares parentleftwith halflife, gives time since rock formed

Radiocarbon (C**) Dating (32)
o Inorganisms C*decaysto N** with halflife of 5730 yrs butis replaced by C** from the air
o Infossils C1*decays butis not replaced; used C1#*2ratio and half life to get time since death

C*4, 12, death

Constantratio
cu > N4
Noreplenishment

cu replemshed Fossil halflife
5730 years
C4,C*2 decreasing

¢ Deformation
o Stress(force) onrocks:
= Compressional- squeezing (33)

— O «—
= Tensional-stretching

< > —

= Shear-slipping sideways
—_—

O

~
-Strainresults from stress
= Understress, rocks can exceed the elasticlimit before flowing (ductile deformation) or being fractured
(brittle deformation)
= Brittle def. Common nearsurface; ductile def. Common
o Mappinggeologicstructures
= Strike- azimuth of ahorizontal line on the surface of aplane
= Dip-angle of inclination of the surface from horizontal

Axial planee

-

limb

Fold axis

o Folds: compressional forces
= Anticline (arch)
= Syncline (trough)
= Monocline (step)
= Dome (oldestrockinthe middle) (35) cross section/map view

Oldestrock
surface
(G)Idesb\ youngest youngest
= Basin(youngestrockinthe middle)
youngest N Idestrock
surface U
youngest
oldest

o Joints:fractures butnodisplacement
o Faults: displacement of rocks
= Dipslip:alongdiporfault
= Normal-hanging wall wentdown (36)

Footwall

Hanging wall
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= Reverse/thrust- hanging wall went up
Compressional
stress
anging wall
footwall
fault

o Strike slip: movement laterally along strike of fault(37)
= Rightlateral: rocks displaced to the right

&

= Left-lateral: rocks displaced to the left

EARTHQUAKES- CHAPTER 10 (10/15/2013)

e Cause
o Slippage alongfaultinthe crustatthe focus
o Occursbelow the spot plotted on amap called the epicentre (38)
Epicentre

ITLH _’!_):'T Energy (seismic) waves

o Focus
f— (rock break)
12

Y

o Elasticrebound: rocks bend until they rupture (earthquake), then stress builds up and they start
bendingagain (39)

surface

o Foreshocks and aftershocks common with main event

\l/ Rupture Faylt
S —_— Rocks snap, (rebound)

S Back to original condition
\‘___

/I\ Rocks bending understress

e Seismology
o Surface waves: slowest(l)
o Bodywaves: travel through rock
o Compressional(like slinky toy), primary (p), faster
o Shear(starts up and down motion), secondary (s), slow, half the speed of p wave
e Locatingthe source of an earthquake
o Record p, s wave arrival times, time difference on time-travel curves gives the distance from the
station to the epicentre
o Plotdistancesfrom atleast 3 station arcs; 3 arcs intersect at the epicentre(40)

(40) Epicentre location

e Measuringthe size of Earthquakes
o Richterscale:based onenergy released by the earthquake
o Eachnumber 10 timeslargest wave amplitude or~32 times the energy of the lastnumber
o Momentmagnitude betterforlarge earthquakes (41)

Richterscale
1000x energy

32x energy

100x amplitude

e ProbingEarth'sinterior
o Atmaterial boundaries partof aseismicwave isreflected, partrefracted
o Wave speedsup orslows down crossing the boundary
e MajorBoundaries
o Crustmantle: both waves speed up
o Mantle-core: pslows down, swaves disappearinaliquid outer core
o Innercore:pwavesspeedupinsolidinnercore

CHAPTER 11- THE OCEAN FLOOR 10/13/2013
¢ Continental Margins
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o Passive:novolcanoes, few earthquakes; 3 parts... (42)

Passive Continental margin
~130m

Sealevel

| reef Finer Turbidites| =—.——
Coralreef  cort. shelf

Graded bedding

Turbidity currents
Cont.slope /

N
~

v, Cont.Rise of sediment form
\\turbidity currentsondeep sea
fans

Crust ---->original rift opening of ocean basin

= Continental shelf- gentle gradient to ~130m depth
= Continental slope-steeperslope beyond the shelf
= Continental rise- gentle slope under deep-seafan sediments
= Submarine canyons- valleys carved by riversinto the continental slope during lower sea
level or by turbidity currents
O Turbidity currents deposit turbidites with graded bedding
O Active:atsubduction zones with deep-ocean trenches and accretionary wedges
e Deep-Ocean Basin
Deep-ocean trenches: At the edges of subduction zones
Abyssal plains: flat- hide rugged terrain covered with fine sediments.
o Seamounts: underwatervolcanoes
e Coral Reefsand Atolls
o Reef:skeletal remains of corals that grow in warm sunlit seawaterup to 45m deep (ex. Great
barrier reef)
o Atoll:ring-shaped reef around asubmerged volcano
* Mid-oceanridges
o Submarine ridge system with wide rift valleys that are offset by transform faults
= Freshseafloorcools and contracts as it moves toward abyssal plains

CHAPTER 12- PLATE TECTONICS 10/22/2013

¢ Continental driftand paleomagnetism
o Magneticminerals actlike fossil compass needles pointingto where paleo magnetic poles used to
be
o Divergent polarwandering paths show that continents drifted apart
o Seafloorspreading moves seaflooraway from oceanicridges toward ocean trenches

o Geomagneticreversals: magneticpoles have reversed polarity; "striped" eafloor gets olderaway
from oceanicridges (43)

N S Ridge
>
—> ‘ RINIRI N || N[RN[R
S N >
Normal Reversed Older Older
Polarity Polarity N=Normal
o Rigidplates of lithosphere R=Reversed

e Plate Tectonics
o 7majorplatesofrigid lithosphere ride on plasticasthenosphere

o Interactions of plates cause earthquakes, volcanoes, and mountain building
e Plate Boundaries

o Divergent: plates moveapart- seafloorspreading, as well as rift valleys on continents (44)

SeaSurface

Oceanic

Lithosphere

OceanicCrust

Magma

Plates Plates

o Convergent: plates movetogether- subduction at ocean trenches (45)

Deepseatrench Volcano Chain

_———

OceanicCrust

Melting Subduction

Plate Plate

o Transform fault: platesslide past eachothersideways (46)

Ridge segment

Inactive H Active Inactive

Ridge Segment
¢ TestingPlate Tectonics Model

o Earthquakes: mostoccurat the edges of lithosphericplates
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o Oceandrilling: seafloorsedimentgets deeperand olderaway from mid-ocean ridges
o Hotspots/Mantle plume: where chain of volcanicislands and seamounts forms as a plate moves
overamagma plumeinthe mantle
= Driving Mechanism: Mantle convection

CHAPTER 13- MOUNTAIN BUILDING AND OROGENESIS  11/04/2013
Isostasy- Continental crustis lighterthan the oceanic
Creation of ocean basins from division of a supercontinent (pangea)
Mountains and Plate Tectonic Environments (margins)
o Divergent- continental lithosphere uplifted, splits over mantle plume riftvalley, volcanoes along
sides
o Passive-riftwidenstoan ocean basin with quiet margins, seds.
o Convergent-various types(47)

= Andean:oceaniccrustsubducts under continental crust, forming accretionary wedge,
continental volcanicarcand andesiticto granitic plutons

Acrret. wedge \}/

Continental volcanicarc

Oceaniccrust
Cont. crust

. Plutons

\\ Subduction

> <—

Plate Plate

= Aleutiantype: oceanic-oceanicvolcanicisland arc

~r

Oceaniccrust
OceanicCrust

Subduction
= Continental collision: ocean closes, subduction stops, high mtns.

Highest Mtns.

Cont. Crust

Cont. crust

Plate Plate
Asthenosphere

= Accretedterranes:foreign crustal fragments stuck onto margin (50)

Original Margin

Modern Margin

o Broad Vertical Movements
= Uplift- mantle upwelling pushes up lithosphere in continentalinteriors
= Subsidence-sedimentload along passive margins, ordownward flow in the mantle under
continental lithosphere

PP mstnr®> /[ Cont. Crust sfe.
Interior seaway
_— = -= tl
~ \ - mantie
-~ - ,° &

," & strongconvection

o Originand Evolution of continents
= Original continental crust probably formed by coalescing volcanicarcs above subduction
zones
= Todaythe earliest continental crustis foundinshield areas of continental interiors

CHAPTER 14- MASS WASTING  11/07/2013

e Controlsand Triggers
o Gravity isalways pulling rock, regolith, and soil down slopes; more effectiveif...
= Watersaturates materials on slopes- reduces cohesion, friction and adds weight (52)
Watersaturationh yal
Q@ ﬂg Filled w/ water
& -Reducesfriction
Porespace  _addsweight

= Qversteepened slopes: fromundercutting, loss of support(53)

\/aoatatinn
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Slope

Excavation

Loss of support, failure @ots anchorsoil+regolith
< pp: X

= Vegetationremoval: plantrootsanchorand stabilize soil
= Earthquakes:dislodgeslope materials, start landslides
e Classification
o Slump:rotation of ablock of slope materials alongasliding surface

Scarp

Slump Block

N\

Sliding Surface

o Rockslide:common whererock structures parallel slope, provide sliding surface, or where strong
rock rests on weaker rock (55)

Fast, destructive

Sfc. Of failure

gWaterlubricates beds

Excavation

o Debrisflow: fast flow of saturates soil and regolith down valleys following heavy rain; includes
Volcanicashin lahars

o Earthflow:ongoing movement of mud down a hillside after heavy rain or snowmelt

o Creep:gradual downslope movement of soil and regolith by gravity, freezing & thawing

Freeze
ﬂ\l] Thaw Pole
7]

A

/

/,// Tilted by creep

Netmovement

o Solifluction: flow in saturated ground above impermeable rock, clay, or permafrost

Solifluction lobe
~ _ WaterSaturation

~
~

=~ ~
Permafrost ~

(impermeable)

~

o Submarine landslides: as slumps, debris flows, turbidity currents

Chapter 15- Running Water 11/12/13

Hydrologic (water) Cycle
o Wateristrasferred fromthe oceansto landthen...
= Infiltration, runoff, evaporation, transpiration by plants, some locked up in glaciers
= Mostreturned by streams
Stream flow
o Gradient: channelslope-steeper, faster flow
= Crosssectional shape: canslow stream flow by friction
Discharge: volume of water flowing through stream cross section each second
o Asdischarge increases other stream parameters (width, depth, velocity) alsoincrease
Work of streams
o Erosion:use particles astoolsto abrade (sand blast) channel walls and floor, including potholes
o Transport: streams carry sedimentloadsin 3ways: (58)

m sfe.

Dissolvedload"_-"‘ S

ﬁ ‘Rolling/sliding -Bedload
00 6O il

1. Dissolved-ionsinsolution from chemical weathering (invisible)
2. Suspended-finerparticlesinthe watercolumn
3. Bedload- Coarser particles sliding and rolling along the channel floor
¢ Saltation occurs when particles alternate between the bed and suspended loads (59)
Saltation
Jumping & skipping
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e Deposition occurswhen astream slows down - big particles settle first, then smallerones...
o Coarserchannel deposits as bars; finer floodplain deposits
e Streamvalleys

o Narrow: V-shaped by down- cutting on asteep gradient as the sides cave in; waterfalls and rapids
common (60)

mtm Depth

o Wide: mainlysideways cuttinéna gentle gradient; floodplains (61)
—— Flood Plain annel

Sed. Fill — /
Width > Depth

Meandersformon a floodplain as the stream shifts sideways by cuttinginto the outsides of
meander bends at cut banks and depositing on the insides of bends at pointbars (62)
Meanders

Migrates €—

Cutbank —7 A, Deposition
(erosion outside) =~ Pointbar

o Cutoffsand oxbow lakes resultfrom streams trying to straighten theirchannels
o Adeltaformwhere astream flows into standing waterand splitsinto distributaries, trying to carry
it'sload down steeperslope
e Drainage Networks
o Dendritic: onuniform bedrock (tree like)
o Radial:fromamountain peak (orvolcano)
o Rectangular: controlled by joint or fault system; right angle beds
¢ Floodsandfood control
o Artificial levees: earth mounds on stream banks to increase the volume of waterin channel
o Dams:to regulate water storage and flow; also forirrigation, hydroelectric power, recreation

CHAPTER16- GROUNDWATER 11/14/2013

e Distribution of underground water (63)
GroundwaterZones

Zone of aeration

Sfc.

— <— Watertable

Saturated zone

o Zone of saturation: poresfilled with water
o Zone of aeration: pores filled with airand water
o Watertable:seperatesthe zones
* Movementof groundwater
o Porosity:amountof openspace in rock or sediment
o Permeability: How well water flows through rock or sediment (64)

_/Qﬂm Pores

rw Connected water, flows through
o O 0O

Anaquitardisimpermeable

An is

o Flowundergravity from high areasto areas alongcurved paths (65)
Groundwater Flow Paths

Water—i\_
Table ‘Q; _

Flowpath of water molecules
o Springs: natural outpouring of water onto the ground surface; (66)
Spring

Perchedw.t
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Aquitard | T — =~ _ \

May involve awatertable thatis "perched" onan aquitard
= Hotsprings: where groundwateris heated by the geothermal gradient or by cooling magma
= Geysers: cyclicevents where groundwateris heatedin arock pipe, boils, then vaporizes and

erupts
v Eruption of steam, hot water
X

Ground WaterFIowJ% Natural Pipe

ﬂHeat

Pluton coollng

o Wells
o Wells:where humansdrillinto the watertable, creatingacone of depressioninit
o Artesianwells penetrate an aquifer confined by aquitards; requires minimal plumbing (68)

Pressure sfc.

Aquifer
(confined)

=~ Aguitar Minimal Pumping

e Problemsw/groundwater
o Subsidence: can result from excessive pumping of water that causes aquifer sediment to compact
and ground surface to settle
o Groundwater contamination: from septictanks, chemical spills, fertilizers, leaking pipes, tanks,
landfills (69)

Sfc-
Well

Groundwater flo

— —Aquifer __ __ _T_—__ _b_

= Pollutants can make their way into aquifers used for drinking water; locate landfills only in
aquitards
¢ Workof groundwater
o Caverns:formbelow the watertable where groundwater dissolves soluble rocks
= Afterthe watertable islowered stalactites grow down cave ceilings and stalagmites grow up
from cave floors (70)

Ceiling

Stalactite
u]

1]
Stalagmite
Floor

e Karsttopography: landscape formed by groundwaterdissolving soluble rocks
o Cave-insof cavern ceilings resultin sinkholes into which streams can dissapear

CHAPTER 17- GLACIERS AND GLACIATION 11/19/2013
e Glaciers
o lIcesheet:continental scale, radial flow fromacentral area (71)

Radial Flow

o Valley:in mountains, flowdown valleys by gravity
¢ Movementofaglacier
o Upper brittle zone of fracture rides passively on lower deforming plasticzone that may also slide
overthe glacier'sbed (72)

\ / \/ Brittle 50m

—————————————————— Glacierice
Plastic Flow
e Budgetofaglacier:
Accumulation>ablation,

Terminus advances

Accumulation<ablation,
Terminus retreats
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o Movementisalwaysforward
¢ Glacial erosion
o Plucking: freeze-on of loose rock (73)

—> Glacierloosened

Block plucked-
Freezesto base of bed glacier

o Abrasion:rockdebrisinglacier's sole grind, scrape, scour rock
= Resultsinstriations, grooves on rock
¢ Landforms created by glacial erosion
o Glaciated valleys: U-shaped
o Cirques:rock bowls at heads of valley glaciers
o Fjords: U-valleys along coasts
o Arétes, horns:Sharp mountain ridges and peaks

¢ Glacial Deposits
o Till: stony mid with striated and polished stones
= Main materialsin morainesand drumlins that form along the edge of orunderthe glacier

(74) Moraines (till)

X-Section
Map view A

B /End Mor.

Lateral mor.

End mor

Glacier

¢ (75) Drumlin

Map View Cross section
Ice Flow

9@ ﬁnnj_\

e Stratified drift: sand and gravel from melt-water; forms...
o Kettle-rounded pitfrom ameltedice block (76)

Waterin Hole

Melting
—sfc. —> ——@—

‘Glacial drift

o Kame-mound lowered fromglacier's surface on melting (77)
Mound
Debris A
(¢ ) Melting Ground §° . -
Sfc. T

Glacier —>

o Esker-windingridge from subglacial tunnel (78)

Sinuous ridge- shape of a subglacial tunnel

\Sand & gravel

e Causes:
o Platetectonics
o Minimum contrastin seasonsin mid-high latitudes

CHAPTER 18- DESERTS AND WINDS  11/21/2013
e Occurin areaswith low precipitation, and little vegetation

* Geologicprocesses
o Weathering: mainly mechanical with some oxidation
o Water: mainly ephemeral streams and "flash" floods
e Transportation of sediment by wind
o Bedload: mainly by saltation (bouncing, skipping); depends on grain collision (79)

Desert Saltation

Depends on grain conditions
Bed

Grains Impact

Wind sweeps dustinto air

m Saltation disturbs dust
Desert floor:

o Suspended load:dustsweptintothe airand carried far away
e Winderosion
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o Deflation: wind removesfines, leaving blowouts, and coarse particles as desert pavements (80)
Finerparticles removed by wind

Blowout / Desert pavement

DesertFloor

o Abrasion:saltation sadblasts rock and stones, creating ventifacts and yardangs
e Winddeposits

o Sanddunes: form downwind of obstacles where asteeperslip face develops opposite the
shallower upwind side (81)

X Dune initiation
Wind

Obstacle Slip Face >
Saltatinggrains i
N Slipface ~34° s a—‘\\
\ mk\\\‘ Desertfloor LA
\\j

= Dunes migrate downwind
¢ Dunetypes:

o Barchan: crescent-shaped dunes whose tips point downwind (82)
—Slipface
Wind
—>

Tips pointdownward

o Transverse:ridgesand troughs atright angles to the wind

Wind—>

1
1
|
|

Ridge :
| <—Ridge
1

trough
o Longitudinal:longridges parallel to the wind
Wind S
—_—

[ ——~—

10's km

o Parabolic: crescent-shaped dunes with tips pointing upwind, anchored by plants (blowout)

wind —>

<—Slip Face

Pointsintowind

e Loess:deflated dust from deserts orfrom freshly exposed glacial sediments

o Carriedfarthen deposited, today makes good farmland

CHAPTER 19- SHORELINES 11/26/2013

« Waves(83) <~ Wave "feels" bottom
surf h
swas
~ Y
~ Kbackwash
7
[

Crosssection

o Wind-generated energy forms that move through water
o "feelbottom" asapproach the shore then breakinto surf
. and
o Erosion:mainly by abrasion of headlands
¢ Sand movementonthe Beach
o Wave refraction: waves bend toward irregular shoreline to erode headlands, and depositin bays
o Sawtooth pattern of swash and backwash resultsin...
= Beachdrift, longshore current that transport sedimentalong the shore (85)

Beach drift
shoreline
Wave crests
1 2 3 Longshore current

¢ Erosional Features
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o Wave-cutcliffs: by surf erosion, leaves a wave-cut platform
o Arches:where surf cuts through cavesin a headland; may collapse to form stacks
¢ Depositionalfeatures
o Spits: beach drift forms sand ridges into mouths of bays; may become a bay-mouth bar
o Tombolo:sandridge connecting mainland toanisland
= Eventually shorelines straighten
e Stabilizingthe shoreline
o Jetties: extend the river channelbeyond its mouth toinhibit beach drift (86)

erosion
fver Longshore current
Deposition— g
e
shoreline
o Groins:atright anglestothe shore; sand deposited on up-driftside, on side

(87)
Longshore current

o0

Deposition

shorelihe
[ ]

erosion

o Breakwaters, seawalls: parallelto the shore to protect from storms (88) breakwater

Longshore current

=V

1
I e
/ R erosion

(89) seawall

Continual repair

e Beachnourishment:requiresalotof sand, very expensive
® Relocation:best move away from worst storm erosion areas

CHAPTER 20- MINERAL AND ENERGY RESOURCES 11/28/2013
¢ Metallicmineral deposits
o Calledoreif mined for profit
= Magmatic: early crystal settling of chromite, magnetite, platinum;
= Late crystalization of lightest mineralsin pegmatites
= Hydrothermal: hotfluids with metals precipitate ore in vein deposits (gold, silver);
Disseminated deposits spread through host rock;
= Volcanogenicmassive sulphide depositsinancientseafloorat oceanicridge
= Sedimentary: bandediron formation in Precambrian sea;
Placer deposits of gold, diamonds by running water
o Metamorphism:skarns by plutons cooking limestone
o Weathering: bauxiteformsin tropics, provides aluminum ore
¢ NonmetallicResources
o Aggregate and stone: crushed stone, sand, gravel mined for concrete and asphalt;
Cutstone fordecoration
o Industrial minerals: diamonds for abrasives, gemstones; form deep in mountain belts but mined
fromkimberlite pipes;
= Clayforbricks, drainage pipes, potter; weatheredsilicates;
Calcite forcement, asphalt
= Evaporite salts: gypsumfor plaster, salt forfood etc., potash forfertilizer
= Phosphate and sulphurforagriculture
* Nonrenewable Energy Resources
o Petroleum:forfuel, plastics; forms from decayed marine plankton underdeeply buried sediments
= Qil, gas migrate upinto reservoirrocks, gettrapped in petroleum traps where they hit cap
rock
o Coal:forfuel, fromburied, decayed land plantsin ancient swamps
o Heavyoil sands: hoghly viscous, hard to extract oil from sand
o Nuclear:fromuraninite ore, energy from spitting uraniumatom
¢ Renewablefuel resources
o Hydroelectric:dams on streams provide clean energybutreservoirs fillwith sediment
o Geothermal:steaminvolcanicareasis pipedtoturbines to generate electricity

YOU'RE WELCOME BITCHES
-LOVE, CELINE QQ
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