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Lecture 1: Earth science and society
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Lecture 2. Minerals

minerals
useful for
humans
lhave ‘ >
( groups have similar
macroscopic
properties derive internal and | chemical
from ) arrangement makeup
are il
for example especially based on
strength: Parimeslsl bonding classification (example)
racture/cleavage - elements (diamond, gold
shape: cwgtal faces unit cell stacking - sulfides (p(yrite) 9old)
o habit - sulfates (gypsum)
physma(lj. - - - carbonates (calcite)
-[@ensity packing - oxides (ruby)
- optical: cljlapt)henelty - silicates (quartz, feldspar)
ustre
(!) colour enhances
- magnetic
- piezoelectric 1/ t/ colour / clarit
chemical: reaction with acid cu carat/ colour/ | clarity
“4 C” |
can be determined by l allows
have i :
» | gemstones | ———| artificial value contributes to 3y | conflict and
poverty diamonds
best known T
lose on
i i worked by 3 I" cheap labourers
_ found in river deposits P
diamonds | ————3| or od b
kimberlite pipes =2 2V y, large companies




Lecture 3. Plate tectonics

plate tectonics

lstates that

rigid lithospheric plates m} plastic asthenosphere

A meet at

Y
plate boundaries

l3 types

located by earthquakes
> volcanoes

mountain belts

convergent divergent transform
[ - subduction | - mid-ocean ridges - fossil “fracture zones”
- continent collision - continental rifts

l accommodate

relative movement change in location over time:

2-10 cmlyr -measured y, |[- palacomagnetism | <

(fingernail growth) by APWP continents rel to pole
sea-floor anomalies

- hot-spot tracks
justifies - GPS, VLBI

that

is based 0”» force balance:
weight = buoyancy

principle of isostasy

‘M} mantle convection causes
heat loss by
(causes cooling planet

convection in liquid outer core

magnetic field




Lecture 4. "Natural’ disasters

sun’s energy

ld rives

weather
dominated
by
can be cold front toaether
warm front
lseparate
warm ocean water
air masses clash at
> Tform over
supercells
sometimes . [ —] ex . | blizzards |and] hurricanes, typhoons,
becomes >| ‘extreme” | — | tornadoes tropical cyclones
g
moves | -’
e
Y l
: . education
energy released in ) disasters —require y, | preparation
response
i 7\ ~
provides y; \ ~
_ 7 \ TS
plate tectonics ag.somated» volcanoes and earthquakes ﬁL» tsunamis
with trigger
Trises to Tfelt as Tbecome
.| can
magma sudden slip W deep water wave




Lecture 5. Rocks

source |.undergoes ) | process m) product
freezes to
1. | melt 3 | igneous rocks
forms .
classified b
lthrough l y
rises composition felsic mafic
heating at , | hot spots to and It:)ex re
pressure release |— | MOR u
water/COz2 i
subduction surface | — | fine rhyolite basalt
depth |—|coarse granite gabbro
reflected in T ldetermine
density:  light heavy
magma:  sticky runny
weathering at surface eruption:  violent calm
l produces
2. rock fragments moved, deposited sedimentary rocks
ions and Iith,ified > - clastic ex: sandstone, shale
- evaporites rock salt, gypsum
animal shells, plants lin - biochemical limestone
Tleaves _ lShOW
, imposes )
death environment structures
— : tamorphic rocks
3. existing rocks change into me_ : ) ,
“orotolith” > ex: gzly(/)lgti?e, schist, gneiss
lexperience lin marble, quartzite
ldisplay
burial marked \ | pPressure .
causes recrystallization
nearby magma by_) temperature _) reorganization ("index minerals”)
mountain building (H20, COz2) foliation




Lecture 6. Water above and
below ground

dissolved (ions)

suspended (floating)
bed (rolling, bouncing) humans:
a9 - dams
Tis d\s\u(be - asphalt, logging
\S - shipping
load
: maintains discharge |
river ) balance = volume / time Pian
gathers ) / _
water from profile lhlgh Y
itigatedy | 20-yr flood = floodwa
flood _q_)ml y y
drainage basin by 100-yr flood = floodplain
contributes elevation |+ pressure porosity = empty space
water
to drives Thas
does through
groundwater —) flow connected pores and cracks
lcollects lis ldescribed by
in
slow | €220y, | permeability = linkage
saturated
zone
s\
nee™
below
water table | Is stable
will cause cone of depression
wells )
i tap
in :
— | aquifer |—— M2 | subsidence




Lecture 7. Geologic time, fossils,
and evolution

can be ordered as

geologic time |_Can be measu

!

relative time
“‘what happened first?”

red as

“how old?”

!

absolute time
“‘how many years ago?”

observed in field as

recorded by requires
fossils geologic principles radiometric dating
Tmanifest in ‘
evolution combined to create
v
lis based on
geologic time scale
cooperation today
of life and planet Phanerozoic:  _time of mammals (ice ages) 65 Myr
time of dinosaurs 250 Myr
: from ocean to land
explained by — . 550 Myr
Proterozoic: photosynthesis (oxygen) 2,500 Myr
Gaia hypothesis Archean: bacteria (1st crust) 4’400 Myr
ia hy | : ;
Hadean: (core, moon) 4,567 Myr




Lecture 8. Geologic structures,
deformation, and maps

topography .
water bodies simplified ) map ( projected Earth’s surface
vegetation on (X, Y) onto (latitude, longitude)
buildings, roads
lbased on l has
geologic structures
projection shape
- cylinder distorts angles
- cone ) distance
- plane area
show
scale:
v small | flattening | “boudinage” | rotation
. | joints |
strain can be ) |
(response) large | reverse/thrust normal strike-slip
_ |
'S folding | thinning |
consequence
of | |
| |
stress
(applied) for example ) compression | tension | shear
often i i
happens I |
at | |
convergent divergent transform
plate boundaries L} ex: ex: | ex:
Andes | African Rift | San Andreas

rheology:
brittle

ductile



Lecture 9. Climate change

atmosphere
cryosphere
oceans
biosphere
lithosphere

A

balance

two stable states:

- icehouse

- hothouse

SO we can
remain in
preferred of

weather

contributes to

includes

historic past
geologic past

Y

interact in > climate averages >
system
forced by
g ¥ |greenhouse effect |-
undergoes
¥» |Earth’s orbit
» |albedo (esp. ice)
between
~———— | change Lnyeasured N p———
inferred pollen, tree rings
from ice core data
(ex:0 isotope ratios)
modeled
for

Y

future prediction: problem for society

lallows us to conclude that

atmospheric CO2

A

and
produce
less

we need to reduce emissions,
for example by carbon capture and storage (CCS)




Lecture 10. Brief geologic overview
of Canada

meteorite impacts

affected

climate change

___—r

Canadian landmass

has

Tmake up

geologic units

are

» very young:

glacial landforms

young:|Phanerozoic mountain belts
(ex: Appallachians, Cordillera)

and

Phanerozoic sedimentary cover
(ex: Alberta, S Ontario)

old:

Proterozoic mountain belts
(ex: Grenville, Trans-Hudson)

very old:

l link together

Archean cratons

(ex: Slave, Superior)

eXperienced> plate tectonic
processes
can
be
studied
in
.
is called
platform
blankets
part of
—
make u shield
—
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