Grade 7 Science

PLANET EARTH
Study Guide
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Planet Earth Curriculum Overview
A.  Describe and demonstrate methods used in the scientific study of Earth and in observing and

     interpreting its component materials.

1. interpret models that show a layered structure for Earth’s interior; and describe, in general terms, evidence for such models

2. identify and explain the purpose of different tools and techniques used in the study of Earth (e.g., describe and explain the use of seismic, coring drills, as well as tools and techniques for the close examination of rocks; and oil/gas exploration.
3. explain the need for common terminology and conventions in describing rocks and minerals, and apply suitable terms and conventions in describing sample materials (e.g., use common terms in describing the lustre, transparency, cleavage and fracture of rocks and minerals; apply the Mohs’ hardness scale) 
B. Identify evidence for the rock cycle, and use the rock cycle concept to interpret and explain the
    characteristics of particular rocks
1. distinguish between rocks and minerals
2. describe characteristics of the three main classes of rocks—igneous, sedimentary and
      metamorphic—and describe evidence of their formation (e.g., describe evidence of igneous

     rock formation, based on the study of rocks found in and around volcanoes; describe the role

     of fossil evidence in interpreting sedimentary rock)
      3.   describe local rocks and sediments, and interpret ways they may have formed
C.  Investigate evidence of major changes in landforms and the rock layers that underlie them
       1. describe evidence for crustal movement, and identify and interpret patterns in these

          movements, including the distribution of mountain formations. 
       2.  interpret the structure and development of fold and fault mountains
       3. identify and interpret examples of gradual/incremental change, and predict the results of

      those changes over extended periods of time (e.g., identify evidence of erosion, and predict

     the effect of erosional change over a year, century and millennium; project the effect of a

     given rate of continental drift over a period of one million years)

D.  Describe, interpret and evaluate evidence from the fossil record

      1.  describe the nature of different kinds of fossils, and identify hypotheses about their

          Formation (e.g., identify the kinds of rocks where fossils are likely to be found; identify the

          portions of living things most likely to be preserved; identify possible means of preservation,

          including replacement of one material by another and formation of molds and casts)
      2.   explain and apply methods used to interpret fossils (e.g., identify techniques used for fossil
           reconstruction, based on knowledge of current living things and findings of related fossils;
           identify examples of petrified wood and bone)

      3.  describe patterns in the appearance of different life forms, as indicated by the fossil record
           (e.g., construct and interpret a geological time scale; and describe, in general terms, the

           evidence that has led to its development).
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1.  Interpret models that show a layered structure for Earth’s interior, and

     describe, in general terms, evidence for such models.   
       (Textbook page 352-356)
Four distinct layers make up our planet Earth according to geologists. The central, inner core is the hottest, most dense, and probably solid. The next layer, or outer core, is still very hot. The mantle is the layer that gets increasingly cooler as you move toward the surface but is still molten under the outermost layer called the crust. The crust is the outer solid part of our planet averaging 0-100 km in thickness. 
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5

“Basement”





[image: image12.jpg]Infand Sea . o

sandstone and shale
deposited

“Basement”

During Mesozoic time, Paleozoic sedimentary rocks were pushed upward and
eastward to form ancestral Rocky Mountains of Himalayan heights, which were
then eroded, the sedimenttransported byriversinto theinland sea tothe east.




[image: image13.jpg]


[image: image14.png]© @





Inner Core: composed primarily of high density, solid nickel and iron. 
Outer Core: composed of molten nickel and iron. 
Mantle: composed of semi-molten silicates and therefore less dense than the nickel/iron core. 
Crust: composed of a solid silicates
To put things into perspective, if you were driving at 100 km/hour (speed on Deerfoot), it would take you less than ½ hour to drive entirely through the crust into the mantle, and it would take you 3 days of non-stop driving to reach the centre of the Earth.

What Seismic Waves Tell Us:
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We have learned about the structure of the Earth through the study of earthquakes (seismology).  Natural seismic waves are produced by earthquakes and provide the best evidence for the internal structure of the Earth.  Artificial seismic waves are produced by the firing of explosives or by using a machine that pounds the ground producing waves.  These machines are called “dancing elephants” because of the way they literally jump up and down.  
There are different kinds earthquake or seismic waves:
· P-waves (compression waves) are fast and cause particles to move forward.  They are the first waves to reach recorders after an earthquake.  They travel through any type of material.

· S-waves (shear waves) are slower and cause particles to move from side to side.  They can only pass through solid material.  

· L-waves (Love waves) are the slowest and the most destructive.  They travel along the surface of the Earth and cause particles to shear past one another, as if being cut by a pair of scissors.  
· Rayleigh waves are surface waves that cause a rolling motion.
By knowing what we do about P- and S-waves which travel through the earth, and by tracking earthquake data with seismographs, we know that the center of the mantle and outer core are molten (liquid) since S-waves can’t travel through it.  
                                 S-Waves                   P-Waves
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                    Seismogram                             Seismograph
Measuring Earthquake Waves: A device called a seismograph records vibrations in the Earth.  These are recorded on a piece of paper.  Normally there are only minor vibrations but during an earthquake, the shaking causes the recorder to move back and forth.
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Earthquakes occur when rocks deep underground suddenly slip past each other along a break (fault).  This movement sends seismic waves out in all directions.  Scientists can determin the exact location (focus) and the point on the surface directly above the focus (the epicentre) where the quake will be strongest. 
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The magnitude or strength of earthquake seismic waves are measured using the Mercalli or Richter Scale:
2. Identify and explain the purpose of different tools and techniques used in

    the study of Earth.              (Textbook page 361, 384)
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Seismic Survey: Seismology is used in the search for oil and gas.  A series of receivers, called geophones, are set out along the ground surface and then a series of seismic waves (explosions or mechanical vibrations) are used to produce waves that are reflected from the underlying rock layers.  The data from the survey is fed into a computer program that then generates a cross-section showing layers of rock underground..
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       Seismic survey                                          Seismic cross-section
Drilling and pumping: If the geophysicists and geologists like what they see on the seismic survey, the next step it to locate a place to drill. A drilling rig is set up and drills down to where the oil or gas is thought to be.  If oil or gas is discovered, it will be removed and sold.
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3. Explain the need for common terminology and conventions in describing rocks and minerals, and apply suitable terms and conventions in describing sample minerals.                        (Textbook page 369-376) 
Minerals are naturally occurring, non-living substances found in the Earth.  There are over 2000 different minerals but only a few are commonly found in the crust.  Each mineral has a number of characteristic properties that can help you identify them.
Colour and Streak

· Most minerals have a characteristic colour but this alone is not a good way to identify all mineral specimens.  Some minerals, such as quartz, can occur in a rainbow of colours including clear, purple, rose or even black.
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· Streak is a much more accurate way of identifying minerals.  When a hand specimen of a mineral is scratched across a piece of unglazed tile, it will leave a “streak” of powdered mineral on the tile.  Most minerals have a white streak which doesn’t really help distinguish them but some have a very characteristic colour such as grey-black for galena, green-black for pyrite and red-brown for hematite.
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Cleavage

· Cleavage describes the way a mineral breaks along preferred planes and it can be very characteristic of certain specimens.  The most common types of cleavage are in one direction called sheet (mica), in two directions called prismatic (gypsum), in three directions with 90o angles called cubic (galena), and in three directions but not 90o angles called   rhombic (calcite).

Crystal shape
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Cleavage planes and crystal faces are similar since cleavage is always parallel to a crystal face.  The difference is that when you see crystal shape it has grown that way and when you see cleavage it has broken that way.
The mineral quartz has a hexagonal crystal shape but it does not break along even planes.  Instead, it has conchoidal fracture which is similar to the way that glass breaks.
Lustre
· Lustre is the way a mineral appears to reflect light.  Often, luster can also be compared to the way a mineral “feels”.
	METALLIC LUSTRE

	[image: image29.jpg]




	Metallic sheen such as key, gold or silver jewelry, paper clip
	Pyrite, Galena are examples

	

	NON-METALLIC LUSTRE
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	Glassy lustre such as gemstones, costume jewelry, marbles

Greasy luster such as soap, plastic

Pearly luster such as seashells,
 pearls, silk

Waxy luster such as a wax candle

Earthy luster such as clay

 pottery or dirt
	Quartz, Calcite are examples

Graphite 

Feldspar, Talc
Jade, Turquoise 

Hematite


Hardness
Minerals differ in hardness depending on their atomic structure.  In the early 1800’s Friedrich Mohs developed a ten-point scale of hardness that is still being used by geologists today (Mohs Scale of Hardness).  A mineral will scratch itself and any softer object.  On the scale from 1 to 10, 1 is the softest and 10 is the hardest.  Diamond has a hardness of 10 and is the hardest known material at this time. To determine the hardness of a mineral, you first try scratching it with your fingernail.  If the mineral did not scratch, try scratching it with a penny, then a nail, etc.  If you have several minerals, you can also determine relative hardness by seeing which minerals scratch other minerals.
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Minerals with a hardness of greater than 7 are uncommon and are usually gem quality minerals.

One way to remember the order of Mohs Hardness Scale minerals is with the sentence:
To Go Carelessly Forward Against Ornery Quick Tigers Causes Death
Effervescence
· Certain minerals will chemically react with an acid.  This chemical reaction is called effervescence, and it is characterized by the creation of bubbles, or fizzing (like when you add baking soda to vinegar).  

· The mineral calcite is similar in appearance to many common, white minerals including quartz, but it can easily be distinguished with the “acid test”.  When you place a drop of acid onto calcite, it reacts with the calcium carbonate it is made of and you will see the fizzing or effervescence.
Other Properties That Can Help Identify Minerals:
· Magnetic – certain minerals, in particular magnetite, will be attracted to a magnet.

· Taste – it is not recommended that you do this but geologists will often “taste” rocks in the field.  This will tell them if the mineral halite (salty) or sylvite (bitter) is present.

· [image: image38.emf]Density – certain minerals are quite light in comparison to other minerals.  For example, metallic minerals such as pyrite and galena feel very heavy in comparison to gypsum or calcite.

· Striations – certain minerals have distinct, parallel lines on crystal surfaces.  Plagioclase feldspar or Pyrite might have these.
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1.  Distinguish between rocks and minerals         (Textbook page 99-101)
Rocks are made up of minerals but they are not minerals themselves.  Rocks usually have more than one mineral within them. Think of rocks as the cookie and the ingredients in the cookie as the minerals.  The way that mineral grains are arranged in rocks is a good clue to their identification.  Rocks can be grouped into three main types based on their origin.  These are igneous, sedimentary, and metamorphic.  The characteristics that we observe particularly the arrangement of mineral grains, helps us classify them according to those categories.

2.  Describe characteristics of the three main classes of rocks—igneous,

    sedimentary and metamorphic—and describe evidence of their formation.
      (Textbook page 377-384)

Igneous Rocks

· These rocks are formed when melted rock (magma) deep inside the Earth cools and hardens.  The word “igneous” means “formed by fire”.  Some principal igneous rock types are:

· GRANITE – the most common igneous rock type and the most common rock type on Earth.  It forms deep within the Earth and is coarse-gained.  Usually, it is multicolored (white, pink, grey, black).  Because it forms in the earth it is called an intrusive or plutonic igneous rock.
· BASALT – the most common volcanic rock.  It forms when lava erupts from volcanoes and cools and hardens very quickly.  It is usually black and fine grained, and commonly exhibits flow patterns and evidence of gas bubbles. Because it forms above ground it is called an extrusive or volcanic rock.
· OBSIDIAN – another volcanic rock that cools extremely quickly when it erupts directly into water.  It is so fine-grained that it looks like black glass.  That is because the crystals making up the rock did not have time to grow at all. It is an extrusive or volcanic igneous rock.
· PUMICE – is a less common volcanic rock but is very interesting because it is the only rock that floats!  It forms when escaping gases cause lava to foam up and harden, making it extremely porous and lightweight.

[image: image40.emf][image: image41.emf]
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Sedimentary Rocks

· Sedimentary rocks are formed from eroded gravel, sand, mud and carbonaceous material that has been carried long distances by water or wind.  It settles on the bottom of rivers, lakes and oceans. These loose sediments are deposited in thick piles that are slowly buried and harden (lithify) as a result of pressure and chemical changes. They become sedimentary rock.  There are five main types of sedimentary rocks:

· CONGLOMERATE – is formed when large, rounded pebbles (usually quartz and feldspar minerals) are carried by rivers, deposited, and cemented together by brownish sand or clay.

· SANDSTONE – is formed when sand is carried by rivers or by wave-action.  After it is deposited and buried, it becomes hard as the grains get cemented together.   Commonly, you can see layers of different coloured grains in this rock. It feels much like sandpaper when you rub it.

· SHALE – may be made from clay, mud and/or silt carried by rivers and deposited.  It is a soft, smooth rock that may appear layered.

· LIMESTONE – is made of calcite from the skeletons and shells of millions of tiny sea creatures that rain down from above onto the sea floor.  Usually, it is light coloured and it may contain fossils.  Because it is primarily calcium carbonate, it will fizz in acid.

· COAL – soft, black and lightweight, coal is a rock made from ancient decomposed plant material. 

[image: image44.emf]
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Metamorphic  Rocks
· Metamorphic rocks were originally some other rock type (sedimentary, 9igneous or other metamorphic).  Metamorphic means “changed in form”.  When already existing rock is subjected to extreme temperature and pressure as a result of deep burial or mountain-building stresses, its original character changes drastically.  Mineral grains tend to flatten and become aligned and new minerals may actually form due to chemical changes.  Common types of metamorphic rocks are:

· QUARTZITE – is a very hard, light-coloured rock formed when sandstone is subjected to tremendous heat and pressure.  It is one of the hardest rock known, and is completely crystalline, showing no indication of the original sand grains.

· SLATE – is a dark-coloured, very fine grained rock that was originally shale.  It easily splits into very thin layers and may contain visible mica flakes.  It is very hard and is often used for floor tiles.

· GNEISS (pronounced “nice”) – coarse grained rock that usually forms from granite.  Light and dark bands are common.

· SCHIST – there are medium to coarse-grained rocks that are variable in colour.  They may form from shale, slate or granite.  Irregular or interlocked bands are often visible and mica is a major component.

· MARBLE – is a soft, smooth, variably-coloured rock that forms from limestone that has been subjected to extreme heat and pressure.  It may have intermixed colour bands. It will fizz in acid because its principal component is still calcium carbonate.
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                  Increasing heat and pressure
The Rock Cycle

In order to understand the differences between the three main classes of rocks, you first need to understand the rock cycle. It refers to how rocks are constantly being recycled in much the same way as our garbage and waste.  When rocks break down as a result of erosion, the tiny pieces are carried off and eventually buried again.  If they are buried deeply enough, they will melt into magma and will eventually be reborn as igneous rock.  The rock cycle is an essential part of understanding rock classification and identification.
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MODIFIED MERCALLI SCALE i

l EFFECT =S

Not felt except by a very few under especially favorable conditions.

INTENSITY

Felt only by a few persons at rest, especially on upper floors of buildings. Deli-
cately suspended objects may swing.

Felt quite noticeably by persons indoors, especially on upper floors of buildings.
Many people do not recognize it as an earthquake. Standing motor cars may rock
slightly. Vibration similar to the passing of a truck. Duration estimated.

Felt indoors by many, outdoors by few during the day. At night some awakened.
Dishes, windows, doors disturbed; walls make cracking sound. Sensation like heavy
truck striking building. Standing motor cars rocked noticeably.

Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable
objects overtumed, Pendulum clocks may stop.

RAER TR R

Felt by all, many frightened. Some heavy furniture moved; a few instances of fal-
len plaster. Damage slight.

Damage negligible in buildings of good design and construction; slight to moderate
in well-built ordinary structures; considerable damage in poorly built or badly de-
signed structures; some chimneys broken.

Damage slight in specially designed structures; considerable damage in ordinary sub-
stantial buildings with partial collapse. Damage great in poorly built structures. Fall
of chimneys, factory stacks, columns, monuments, walls. Heavy fumiture moved.

Damage considerable in specially designed structures, well-designed frame structures
thrown out of plumb. Damage great in substantial buildings, with partial collapse.
Buildings shifted off foundations.

Some well-built wooden structures destroyed; most masonry and frame structures
destroyed with foundations. Rails bent

Few, if any, (masonry)] structures remain standing. Bridges destroyed. Rails bent
greatly.

Damage total. Lines of sight and level are distorted. Objects thrown iato the air.





3.  Describe local rocks and sediments, and interpret ways they may have

      formed.                 (Textbook page 387)
The Calgary region was founded where the Bow and the Elbow rivers join.  The rocks under our feet slope gently northeastward, away from the mountains. 
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The hills and valleys around the city are mainly the result of erosion by rivers over the last million and a half years.  
Calgary Uplands:  Nose Hill, Broadcast Hill and Sarcee Hill are the high points of Calgary.  These high areas define the edges of an ancient lake that covered the suburbs and the lands outside the city of Calgary.
Calgary Midlands: These are lands that fill in and around the hills.  The surface is glacial till (gravel) and clay. In north Calgary, this level has also been shaped by glaciers. 

Calgary Lowlands:  The lowest level consists of river flood plains and old lake deposits (silts and clays).  Downtown Calgary sits on this level.


   Uplands


   Midlands

    Lowlands

What is underneath your feet in the Calgary region?   
The material in this diagram is purely for interest and will not be assessed on a test.



Although Calgary region is a long way from active volcanoes, many residents will remember the dusting of volcanic ash from the eruption of Mount St. Helens in 1980.  A much larger eruption occurred 7700 years ago, when Mount Mazama in southern Oregon erupted with such violence that much of the mountain was removed, creating the depression now occupied by Crater Lake. The eruption was so large that volcanic ash reached as far as Calgary and Edmonton. A layer of Mazama ash can be seen today in many places in southern Alberta and British Columbia. Look for a lighter layer along river cuts.  It is soft and usually full of holes because swallows like to build their nests in the ash layer.

1. Describe evidence for crustal movement, and identify and interpret patterns

    in these movements, including the distribution of mountains. 
    (Textbook page 392-401) 
Developing the theory

In 1910, Alfred Wegener noticed that the continents looked similar to a giant jigsaw puzzle and he hypothesized that at some point in the past, all continents were part of a single giant landmass he called Pangaea (all lands).  Further study revealed that very similar fossils, mountain formations, glacial deposits and coal deposits were found on continents thousands of kilometers apart.  This supported Wegener’s theory of continental drift but most scientists ignored the evidence for another half century.
Advances in technology have caused scientists to revisit Wegener’s theory and he has now been proven to be correct.  The new evidence focused on locations of mountains, earthquakes and volcanoes.  J. Tuzo Wilson, a Canadian geophysicist working in the 1960s and 1970s, was the first scientist to recognize a pattern in these locations, and also their occurrence near deep ocean trenches and underwater mountain ridges.  Wilson’s theory of plate tectonics was born and is still accepted by scientists today.  In geologic terms, a plate is a large, rigid slab of solid rock. The word tectonics comes from the Greek root "to build." Putting these two words together, we get the term plate tectonics which refers to how the Earth's surface is built of plates. The theory of plate tectonics states that the Earth's outermost layer is fragmented into a dozen or more large and small plates that are moving relative to one another as they ride atop hotter, more mobile material. We now know that, directly or indirectly, plate tectonics influence nearly all geologic processes, past and present. 
Plate Boundaries
A tectonic plate (also called lithospheric plate) is a massive, irregularly shaped slab of solid rock.  Plate boundaries can be mapped accurately from outer space by measurements from GEOSAT satellites. Earthquake and volcanic activity is concentrated near these boundaries. Tectonic plates probably developed very early in the Earth's 4.6-billion-year history, and they have been drifting about on the surface ever since-like slow-moving bumper cars repeatedly clustering together and then separating. 
Like many features on the Earth's surface, plates change over time. Plates made of heavier material sink beneath lighter plates.  This process is happening now off the coast of Vancouver. The small Juan de Fuca Plate will someday be entirely consumed as it continues to sink beneath the North American Plate. 

Looking at the ocean bottoms
New technology has allowed us to accurately map the ocean floor. A huge underwater mountain range called the Mid-Ocean Ridge or Mid-Atlantic Ridge was discovered in the 1950s.  These mountain ranges dwarf almost all continental mountains. The mid-ocean ridge (railroad pattern) winds its way between the continents much like the seam on a baseball. 

Seafloor spreading and recycling of oceanic crust 
The Mid-Ocean Ridge is a weak zone where new magma from deep within the Earth rises and eventually erupts along the crest of the ridges to create new oceanic crust. This hypothesis was supported by several lines of evidence: (1) at or near the crest of the ridge, the rocks are very young, and they become progressively older away from the ridge crest; (2) the youngest rocks at the ridge crest always have present-day (normal) polarity; and (3) stripes of rock parallel to the ridge crest alternated in magnetic polarity (N-S-N-S, etc.), suggesting that the Earth's magnetic field has flip-flopped many times. It was suggested that new oceanic crust continuously spread away from the ridges in a conveyor belt-like motion due to convection currents deep in the mantle. Many millions of years later, the oceanic crust eventually descends into the oceanic trenches -- very deep, narrow canyons along the rim of the Pacific Ocean basin. 
Concentration of earthquakes and volcanoes 
Seismographs let scientists learn that earthquakes tend to be concentrated along the oceanic trenches and spreading ridge and volcanoes also concentrated in this area.  It is known as the Ring of Fire. The recognition of such a connection helped confirm the seafloor-spreading hypothesis by pin-pointing the zones where oceanic crust is being generated (along the ridges) and the zones where oceanic lithosphere sinks back into the mantle (beneath the trenches). 
There are three types of plate boundaries: 
· Divergent boundaries -- where new crust is generated as the plates pull away from each other. Divergent boundaries occur along spreading centers where plates are moving apart and new crust is created by magma pushing up from the mantle. The best known of the divergent boundaries is the Mid-Atlantic Ridge.
· Convergent boundaries – where two plates collide directly into one another. The type of convergence -- called by some a very slow "collision" -- that takes place between plates depends on the kind of lithosphere involved. Convergence can occur between an oceanic and a largely continental plate, or between two largely oceanic plates, or between two largely continental plates. 
· Oceanic-continental convergence - trenches 
 are the deepest parts of the ocean floor and

 are created by subduction which is when the 
                  heavy oceanic plate slides under the lighter    

                  continental plate. The Andes Mountains in South

                  America and the Canadian Rockies were formed

                  this way. A volcanic arc forms parallel to the

                  trench as magma rises to the surface.
· Continent-continent convergence – when two continental plates come together, there is less subduction.  Instead, they crunch and squeeze the rocks into towering mountain ranges such as the Himalayas. 
· Transform boundary – where adjacent plates are separated by a deep fault.  Each side moves in the opposite direction like rows of traffic along a highway.  
San Andreas Fault                                    
Hotspots
The vast majority of earthquakes and volcanic eruptions occur near plate boundaries, but there are some exceptions. For example, the Hawaiian Islands, which are entirely of volcanic origin, have formed in the middle of the Pacific Ocean more than 3,200 km from the nearest plate boundary. There are hotspots where magma is able to rise up through the crust.  If this is under a moving plate, there will be a series of volcanoes form as the plate moves over the hotspot.  This is what formed the chain of Hawaiian Islands.  As the picture shows, Kauai would have formed first while Hawaii is is still forming.  As the plate moves, Hawaii will move away from the hotspot and a new volcano will form along the chain at some point in the future.
Summary of plate boundaries

2.  Interpret the structure and development of fold and fault mountains.
    (Textbook page 402-408)

Our Canadian Rockies

[image: image3]
300 million years ago Calgary and most of Alberta was covered by a shallow sea that was an extension of the ancient Pacific Ocean.  There were no mountains but high reefs were growing in the shallow, warm water.

[image: image4]
According to one theory, 150 million years ago, Western Canada crashed into the Pacific Ocean plate.  The crust thickened as it was crushed and folded up into what would become the Rocky Mountains.  As the land continued to rise, the Inland Sea moved out of the area.  By 70 million years ago, mountain building had stopped and what once had been Andes-type mountains began eroding down to the Rocky’s present form.
Folding and Faulting

There are two major ways in which stress affects rigid rock during mountain building – these are compression and tension.
· Compression (crustal shortening)  ----> <--- 
       Compressional forces (where two plates collide) can lead to both folded and

          faulted mountains.

       Folded Mountains
       Although it is hard to imagine folding solid rock, if it is subjected to

           pressure over a very long period of time, and at the same time subjected to

           heat and pressure, it will actually deform into complex folds as shown below.





Folds that are bent upward are called anticlines.  Those that bend downward are called synclines.  Oil and gas tend to collect in the anticlines so geologists like to find them underground.
          Faulted Mountains

          If rocks are subjected to compressional stress, they may also break rather

          than fold. This happens if the stress is applied more quickly or if the rocks

     themselves are very brittle.  The break is called a fault and rocks on either

     side of it move in different directions. This is how Mt. Yamnuska was

     formed.  Low angle faults like this are called thrust faults.
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· Tension (crustal stretching)  <---- ---->
      Tensional forces, when rocks are pulled apart, usually result in faulted

       Mountains called fault-blocks. The rocks will stretch a bit but quickly fracture

       when pulled apart, just as a piece of modeling clay would.
        
When driving down the very big hill leading into Golden, British Columbia, you are coming down from the mountain into the flat valley floor as shown above.
Interpreting Cross-Sections

Cross-sections of rock strata are pictures that show a vertical slice through the inside of a solid object such as a mountain. You can look at a cross-section of rock strata and “tell the story” of the geological history of an area.


For example, the history of this area would be:

1. Layer A (sandstone) was deposited.

2. Layer C (shale) was deposited.

3. Layer D (limestone) was deposited.

4. Layer E (more sandstone) was deposited.  

5. The area subjected to stress and the rocks faulted (F).

6. Hot igneous rock (B) intruded into the area.

3. Identify and interpret examples of gradual/incremental change, and predict

    the results of those changes over extended periods of time.
    (Textbook 363-366, 401)
 Continental Drift 

Although it may seem like the continents have done a lot of traveling across the surface of the Earth, remember that this has happened over billions of years.  Plates actually move at a rate of from 2-15 centimetres per year (not much faster than your fingernails grow).  This has been accurately determined using satellite imaging.   Using this information, scientists can predict what the surface of the earth looked like both in the past and in the future.


200 million years from now (a blink of the eye in geological time), North America will be sitting sideways on the equator.  If you like warm weather, I guess you were just born too soon.
                                                            
                                                       North America

Glaciers
Over the last 2 million years, a series of cold episodes caused most of Canada to be covered by glaciers which are huge sheets of moving ice. We currently live in the latest of several warm interglacial periods that occurred between these glacial episodes. During the most recent glacial episode, which peaked about 20 000 years ago, a huge ice sheet from central and northern Canada (Laurentide Ice Sheet) met with Cordilleran glaciers flowing eastward out of valleys in the Rocky Mountains. They met along a line that passes through Calgary. 
	[image: image7.png]



Ice sheets meeting in Calgary


    Evidence that lets us know about past glaciation:
· Erratics are exceptionally large rocks carried long distances by glaciers.  They include the Big Rock near Okotoks and boulders on Nose Hill and Paskapoo Slopes. They are rocks that fell from mountain walls near Jasper and were carried eastward out of the Rocky Mountains by valley glaciers, then as far south as northern Montana.
· Drumlins are elongate, teardrop-shaped hills of gravel (glacial till) left behind after the glaciers retreated.  How they formed is still not sure, but we do know that the steep slope faces toward the direction where the glacier came from. Some of the best drumlins in the world, such as the one shown below are at Morley Flats just west of Calgary.  Trees only grow on the north side of the drumlin because the south side is too dry.

· Eskers are snake-like “rivers” of gravel left behind after the glaciers retreated.  Running water formed channels underneath the glacier and these later filled in with glacial till. Eskers are also common features at Morley Flats.

· Kettle lakes are depressions created by huge chunks of ice and then filled with water as the ice melted. 
· Glacial lake deposits (silts and clay) were left behind in Calgary 11,000 years ago as a huge, glacial-fed lake dried up. When you dig in low areas, you encounter this clay/silt layer.
Weathering and Erosion

Weathering is the process of disintegration of rocks, soils and their minerals through natural, chemical, and biological processes. It is not to be confused with erosion, which is the movement of rocks and/or weathering products by water, wind, ice or gravity. 

Mechanical weathering occurs when rocks are broken into smaller and smaller pieces. This can occur by freezing and thawing that produces wedges in rocks; by physical banging of hard materials; or by rubbing against the rock by sediments found in water or the air.  Examples are the Grand Canyon and Hoodoos.
Chemical weathering is the process of weathering by which chemical reactions transform rocks and minerals into new chemical combinations (compounds). For example, acid raid is causing building and statues made of limestone to break down. 
Biological weathering involves the disintegration of rock and mineral due to the chemical and/or physical agents of an organism. The types of organisms that can cause weathering range from bacteria to plants to animals. Examples are animal burrows and tree roots that crack sidewalks.

Mass Wasting 
Mass wasting refers to the downward movement of dry soil and rock caused by gravity. This is usually a slow process but the landforms that erosion leaves behind help tell the story of what happened in the past.




1.  Describe the nature of different kinds of fossils, and identify hypotheses

     about their Formation.                 (Textbook page 411-414)
What is a fossil?

A fossil is the impression of parts of a dead organism in a sample of rock. A wide range of things can be fossilized such as plants or animals and in some cases their footprints or tracks.  The word “fossil” comes from the Latin word fossus which means "dug up from". The scientific study of fossils is called Paleontology.

Types of fossils
· When all that is left is an organism-shaped hole in the rock, it is called a mould fossil.  This mould was left from an ammonite shell.
· If the mould is later filled with other sediments and chemicals, it is called a cast fossil.  This cast was also left by an ammonite shell.

· Petrification happens when minerals replace the bone and plant cells.  structure itself. The cells will still be there but they will be made of different material – often hard quartz. This is a petrified fallen tree.
· Trace fossils are the remains of track ways, burrows, footprints, eggs and eggshells, nests, dung and other types of impressions. Fossilized dung, called coprolites, can give insight into the feeding behavior of animals and can therefore be of great importance. The left hand fossil is a coprolite and the right shows track from a 500 million year old animal.
· Amber is petrified tree resin which often contains smaller animals such as insects, spiders and small lizards. A mosquito, trapped in resin as this one is, was made famous in the movie Jurassic Park.
      How Fossils Might Form:
· Step 1:  Life  -  A small dinosaur loses its balance and falls off a cliff.

· Step 2:  Death  -  It falls into a lake and drowns. Bad news for the dinosaur but possibly good news for fossil hunters in a few million year time.

· Step 3:  Burial and Preservation  -  The dinosaur can only become a fossil if it is covered over by sediments quickly. The soft body parts decay and rot very soon after death. This is carried out by bacteria and scavengers. The hard body parts such as bones are all that remains. Limestone and clays are the best rock types for preserving fossils.

· Step 4:  Compaction and Replacement  -  Over time, the body is buried under more and more layers of sediments. Hard body parts such as bone and teeth are replaced by new minerals such as calcite or quartz or pyrite. This process is called petrifaction. The weight of the rocks above will compact the sediments further.
· Step 5:  Uplift  -  In time, the rocks might become pushed up to form a mountain chain such as the Rockies.

· Step 6:  Erosion and Exposure  -  Finally after many millions of years, the rocks may become worn down enough to reveal the fossil at the surface. The best places to find fossils is where the rocks have recently been lifted up or exposed. Cliffs, quarries or road cuttings are also good places to look.






2.   Explain and apply methods used to interpret fossils.   (Textbook page 415-418)

Fossils can tell palaeontologists many things about the past.

· Telling time – Certain species only lived during very specific times in the past.  If these fossils are found in a rock, they know how old it is.  These species are called index fossils.
· Understanding ancient environments – by looking at environments where certain organisms live today, we can infer that similar organisms in the past probably lived in similar conditions. For example, we know that coral lives in shallow warm water now so fossil coral also probably lived in these conditions.
·  Understanding the history of life – fossils allow us to see how plants and animals changed and evolved over millions of years.
· Understanding continental drift – distribution of similar fossils on different continents let us infer which continental edges met in the past.

Burgess Shale Fossils:  We are lucky to have these fossils, which are a World Heritage Site, so close.  The amazingly preserved fossils show the explosion of diversity in marine life at the beginning of the Cambrian, 500 million years ago.  They are well enough preserved to let us infer environment, habitat and climate.  They also serve as index fossils because of their unique characteristics.
[image: image8]
                         Burgess Shale fauna during their life
3.  Describe patterns in the appearance of different life forms, as indicated by

     the fossil record.     (Textbook page 419-424)

Geologists and Paleontologists measure the age of the Earth and the history of life in ages of millions and even billions of years. The entire history of humankind is but a blink of an eye next to the vastness of geological time. For this reason a special sort of "calendar" is required; one that measures not days, weeks, months or years, but millions and tens of millions of years. This is the Geological Time-Scale.
The Geological Time-Scale is divided into times characterized by completely different conditions and unique ecosystems. For example, dinosaurs only lived during the Mesozoic era. Mammals have been predominant during the Cenozoic.

The Geological time-scale is usually represented as a vertical table to be read from the bottom up with the oldest times at the bottom, the youngest at the top. The reason for this strange convention is due to the table being a symbolic representation of the layers of sedimentary rocks that make up the Earth's crust. The earlier layers were deposited first, the younger ones on top of them.


GEOLOGICAL TIME SCALE
	ERA
	PERIOD
	MILESTONES

	Cenozoic
	Quaternary

1.6 mya
	             Present day – we are in a warming trend again

First humanoids appear

Middle of Quaternary was an ice age

	
	Miocene

23 mya
	Climate was warm, forests and grasslands flourished, mammals became larger.

	
	Paleogene

65 mya
	Small mammals begin to flourish and diversify.



	Mesozoic
	Cretaceous

142 mya
	 Mass extinction at end kills off dinosaurs 

              First birds, giant carnivour dinosaurs rule.

	
	Jurassic

 205 mya
	Plant eating dinosaurs

Palm trees, flying dinosaurs

Pangaea starts to break up

	
	Triassic

248 mya
	Survivors of the mass extinction began to repopulate the single continental landmass - Pangaea

	Palaeozoic 
	Permian

290 mya
	Mass extinctions killed off the majority of marine animals. Cause may have been a terrible drought.

	
	Carboniferous

345 mya
	Huge forests cover land surfaces.  This is where most of our present day coal comes from.



	
	Devonian

417 mya
	Plants develop seeds

Animals move to dry land for the first time

	
	Silurian

443 mya
	         Corral reefs appear for the first time

          Fish become more common

	
	Ordovician

495 mya
	Life continues to diversify.  

Graptolites a common fossil

	
	Cambrian

545 mya
	Explosion of diversity in living things

This trilobite is from the Burgess Shale in BC

	Proterozoic
	Precambrian

2500 mya
	    Oxygen in atmosphere for first time

    First bacteria and algae

	
	Archaen

3800 mya
	Earth cools and atmosphere begins to form

	
	Hadean

4600 mya
	Birth of  Planet Earth


mya stands for million years ago.

What you need to know:
· Palaeozoic – life diversifies in the sea.  Mass extinction at end.

· Mesozoic – jungle plants and dinosaurs.  Mass extinction at end.

· Cenozoic – grasslands, mammals diversify, last ice age, man appears

· Proterozoic – the Earth formed 4.6 billion years ago
Topic A. Describe and demonstrate methods used in the scientific study of


          Earth and in observing and interpreting its component materials.
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Topic B. Identify evidence for the rock cycle, and use the rock cycle


          concept to interpret and explain the characteristics of particular rocks.
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Topic C. Investigate evidence of major changes in landforms and the rock


          layers that underlie them.
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This is a picture of the Wildwood Slump in Calgary.





Topic D.  Describe, interpret and evaluate evidence from the fossil record.
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