Chapter 8
Earth Systems and Resources
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Earth’s vertical zonation
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C. Crust
D. Core
E. Lithosphere

SMART Response Q

To set the properties right click and select
SMART Response Question Object->Properties...




Convection and Hot Spots

well upward from the mantle.

Hotspots- places where molten material
from the mantle reach the lithosphere.
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Theory of Plate Tectonics

constant motion.
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Alfred Wegener in the 1920's first proposed
the concept of "Continental Drift" based on
evidence he found on the margins of
continents.
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Spreading Boundaries

Most occur at the mid-ocean ridge
Also occur on land. A rift valley forms



http://www.wwnorton.com/college/geo/animations/basic_plate_boundaries.htm
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Himalayan Mountains as seen from the International
Space Station
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Folded Mountains in Death Valley
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Subduction
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Faults and Earthquakes

the lithosphere rupture unexpectedly
along a fault.
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Ring of Fire

Active Volcanoes, Plate Tectonics, and the "Hing of Fire’
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Weathering and Erosion

Physical weathering- the mechanical
breakdown of rocks and minerals.

Ex: freezing and thawing ice




Weathering and Erosion




Erosion

organisims can eroae materiails.

Deposition- the accumulation or depositing
of eroded material such as sediment, rock
fragments or soil.




B. Chemical Weathering
C. Erosion

D. Neither physical nor chemical weathering
E. None of the above

SMART Response Q

To set the properties right click and select
SMART Response Question Object->Properties...




A habitat for living organisms
Serves as a filter for pollutants
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The Formation of Soil

Climate- what type of climate influences
soil formation

Topography- the surface and slope can
influence soil formation

Organisms- plants and animals can have
an etfect on soil formation

Time- the amount of time a soil has spent
developing can determine soil properties.



The Formation of Soil

Greater

Parent rock is Organic material amounts.
weathered and accumulates as of organic
fragments move plants and other material are

organisms die. presentina
mature soil.

Young soil

Time Mature soil
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Soil Horizons

commercial farming.

A horizon- (topsoil) the zone of organic
material and minerals mixed together.

B horizon- (subsoil) composed primarily of
mineral material with very little organic
matter

C horizon- (parent material) the least
weathered horizon and is similar to the
parent material.



O horizon - zone of intense
biological activity

A horizon - zone of leaching
of soluble mineral
compounds

B horizon - zone of accumulation
of fine materials and
mineral precipitates
(mostly clays and
calcium carbonate)

C horizon - zone or regalith
(a mix of decaying ~
bedrock and rock o ¥
fragments of all sizes) " =

Bedrock - relatively "fresh”
(unaltered) rock

A complete soil profile exposed by wave erosion along the shore of Calero Reservoir in Santa Clara County.




Physical Properties of Soil
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Clay (<0.002 mm)
._.. Silt (0.002 mm - 0.05 mm)

' Sand (0.05 mm -2 mm)
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Classify a soil sample that is 30% clay, 15% silt, and 55% sand
First locate 30% on the clay axis, and draw a line horizontally from
left to right. Next, locate 15% on the silt axis, and draw a line going
down diagonally to the left. Finally, locate 55% on the sand axis,
and draw a line going up diagonally to the left.

The intersection is in a region called Sandy Clay Loam.
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Physical Properties of Soil
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Time = zero 100 days 100 years
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Biological Properties of Soil

Snail Slug
Earthworm
Soil
fungi
Bacteria
Protozoa
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Infiltration, good water-holding capacity, resists
evaporative water loss

Porous structure for aeration
Near-neutral pH
Low salt content
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Why Is soil considered a
detritus based
ecosystem?




Lack of
detritus _

Topsoil
mineralization

Humus oxidation

Loss of humus

results in topsoil mineralization
and consequent loss of:

* Water-holding capacity

» Nutrient-holding capacity

» Water infiltration

* Aeration

Addition
of detritus

% Tosoil
}| formation

o R, ooty

Gain of humus

results in topsoil formation and
consequent gain in:

* Water-holding capacity

» Nutrient-holding capacity

» Water infiltration

* Aeration




rrigation and saliniZation
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(blown away) which is why no till agriculture is
seen as beneficial.

The first inch of no-till soll is two to seven times
less vulnerable than that of plowed soill.

Keeps water in the soil- more microorganisms



Summary:

(divergent), move toward each other
(convergent), or slide past each other
(transform).

Tectonics processes create mountains, earthquakes
and volcanoes

Soil properties are determines by: parent material,
climate, topography, soil organisms and time

Texture determined by: relative abundance of sand,
silt and clay



Types of Mining

= Surface mining- removing minerals that are
close to Earth’s surface.

o Strip mining- removing strips of soil and
rock to expose ore.

o Open pit mining- the creation of a large
pit or hole in the ground that is visible
from the surface.

= Mountain top removal- removing the
entire top of a mountain with explosives.

o Placer mining- looking for metals in
river sediments. Use river water to
separate heavier items.

40



Loss of Habitat
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Coal Fires

WALKING OR DRIVING IN THIS
RESULT IN*SERIOUS INJURY

DANGEROUS GASES ARE PRESENT

E GROUND IS PRONE TO SUDDEN COLLAPSE

= 2 Burning in Centralia, PA since
M J 1962

The fire, which was started by five members of the volunteer fire company
when they were hired by the town council to clean up the landfill, was not
properly extinguished and spread to become one of the longest burning
coal fires. The landfill was located in an abandoned strip mine pit and as
the firemen had in the past, they set the dump on fire, let it burn for a time,
and then extinguished the fire, or so they thought.









Degradation of the
ijnatural ecosystem
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Acid Mine
Drainage

Pyrite (FeS2) when exposed to
air and water, oxidizes and
release large guantities of

iIron and sulfate. In
addition, H+ ions are

liberated producing an
acidic solution that readily

weathers and releases
other trace minerals gl.e.
copper and zinc) into

solution.

The acidic solution formed,
characteristic of high
metals and sulfate and low
PH, Is generally termed
acid mine drainage (AMD).

(Contamination of water)



http://www.earth.uwaterloo.ca/services/whaton/

Relatively fresh tailings in an
impoundment.

http://www.earth.uwaterloo.ca/services/whaton/s06_amd.ht
ml

The same tailings impoundment after
7 years of sulfide oxidation. The white
spots are gulls.
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Mine effluent
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Groundwater flow through a
tallings impoundment and
discharging into lakes or streams.

Vadose Tailings Iron Oxidation in

Surface Water

Saturated

Zone A
Overburden Regional

Aquifer Groundwater Flow




Legislation of Mining

= The Surface Mining Control and Reclamation
Act- regulates surface and subsurface coal
mining. Mandates that land be minimally




What is Fracking?

= Hydraulic fracturing is the propagation of
fractures in a rock layer, as a result of the
action of a pressurized fluid being pumped into
the rock. Some hydraulic fractures form
naturally. Induced hydraulic fracturing or
hydrofracking, is a technique used to release
petroleum, natural gas, or other substances for
extraction. This type of fracturing creates
fractures from a wellbore drilled into reservoir
rock formations.

64






Drilling for Natural Gas Has

Changed

1.
2' 3 - Land s7rface

-
Aquifer
Your Grandaddy's Well
. High Volume
= Non Associated Pool :
BBRE il Gas Conventional Slick Water
< Hydro Fracturing

Horizontal Hydro Fracturing

o
A

/=" 5 million |
gallons

Bore hole extends for a //

Relatively short diameter impact. mile horizontally. -
Gas-rich shale



Why Is it such a
big deal now?

Well is turned

/ horizontal
N

Marcellus Shale

Hydrofrac Zone

Conventional method

* Drill into porous rock

« Gas comes out

« Small footprint during and after
Hydrofracking

 Drill into solid rock

* Pump millions of gallons of water
& chemicals per well

* Apply extreme pressure to
fracture rocks

« Chemicals, heavy metals &
radioactive substances come up
with gas

* This mix can migrate underground



Roughly 200 tanker A pumper truck injects a Natural gas flows out of well. Storage Natural gas is
trucks deliver water for mix of sand, water and . tanks trucked to a
the fracturing process, chemicals into the well, Recovered water is stored in open pipeline for delivery.

"% pits, then taken to a treatment

H i
3 i plant. o
NS AR T Rt ™ se— B
% in| G-wool -

e, LGS

|
Water table

Sand keeps
fissures open

Hydraulic Fracturing
<200 Hydraulic fracturing, or Natural gas o s
2 “fracing," involves the injection flows from f Mixture of

of more than a million gallons fiaslires 0, t e d
= of water, sand and chemicals into well j Well ::de;'h :nnieal
3,000 at high pressure down and ,

across into horizontally drilled
wells as far as 10,000 feet
4,000 below the surface. The
pressurized mixture causes
the rock layer, in this case the

T Marcellus Shale, to crack.
4 These fissures are held open
by the sand particles so that
e natural gas from the shale can
6,000 flow up the well.
'z—ooa g Fissures
Well turns
horizontal
Marcellus Shale i

The shale is fractured
by the pressure inside
the well,



Water Withdrawals

* 5.5 million gals average

per well per frack

« ~ 1,600 truck trips per well

* Deplete fresh water sources

* Billions of gallons of water contaminated forever
* Locals pay for damage to country roads

Each well can be fracked several times,
multiplying the damage

69



Why, if fracking is safe as the gas industry
maintains, did they get the Bush administration
in 2005, to make fracking exempt?

The 0il & Gas Industry is Exempt from
Sections of the Following U.S. Laws

Clean Water Act
Safe Drinking Water Act
Clean Air Act
Resource Conservation and Recovery Act
CERCLA, also known as the Superfund Law

70



Do You Think These Should be

Regulated?

Toxins Released During 0il and Gas Operations

_ﬁnmm | Tt

Arsenic
Hydrogen Sulfide

Mercury
Polgcgclic Aromatic

lm nic Compounds

Acetone
Benzene
| Ethylbenzene
\ Toluene
| Xylene

Volatile
(vocs)

Cancer.

Headaches, nausea, vomiting, loss of memory,
and motor function. Death.
Damages brain, kidneys, developing fetus.

Cancer.
-

Headaches and confusion. Birth defects

Cancer. Leukemia.

Respiratory problems, fatigue, headaches.

Birth defects, central nervous system damage.
Headaches, problems with balance, memory loss.




Fugitive methane (CH4):
A “greenhouse” concern.

Optical Photography Infrared photography

T Same Image e

Infrared imaging shows methane emissions coming from
tanks not visible with the naked eye.
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Flowback is Advertised as

Produced “Water”
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VOC: Volatile

Organic

Method for moving water into holding ponds using
cannon-like transfer method. Fracking operations
Include water injection methods that shoot toxic brews
Into the air where they are caught by winds that
transport them far from the site.



Fracking Chemical Storage
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Millions of pounds can sit at one pad.
Is this on a floodplain?
What'’s the evacuation plan?




Drillers remove the
"nroduced" water

Quick & dirty solution:
dump onto a West Virginia
country road

* "Produced"” water can be
put down injection wells
or abandoned mines

* It can be dumped into
waterways

* There's no practical way
to treat it
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