GEO 1111 Lecture #1 The science of geology
· Geology is a science that pursues the understanding of planet earth. It is a modern approach to earth as a system. 
· According to the principle of uniformitarianism, geological and processes and natural laws that operate today have been acting throughout geological time. 
· Geology is different from most other sciences because, most of the evidence used in geology is fragmented or incomplete.
· Observations and descriptions are important in geology because, controlled experiments are not always possible, systems are complex, nature is commonly the laboratory, and time scales are vast. 
· The extinction of the dinosaurs was synchronous which geochemical anomalies in the rock iridium, Sulfur, and Carbon
The goal of geology is to try and understand the earth.  The planet can be divided into 4 sub-systems called spheres. Interactions between these spheres makes a planet scale system that we use to approach geological relationships. The spheres are as follows:
 The Atmosphere 
-life giving gaseous envelope
-the outermost sphere that provides organisms with air and protects us from the suns heat and solar radiation
The Hydrosphere 
-the dynamic mass of water that continually moves in some form 
-water is an important component of all living things
(The Cryosphere) 
-makes up all the frozen water mass on the planet  
-including frozen ground water
-large overlapping with the hydrosphere 
The Geosphere (Lithosphere) 
 -lying beneath the atmosphere or the hydrosphere is the solid earth that composes the geosphere 
-it extends from earth’s surface to the center of the planet
-it is the largest sphere 
-by examining surface features we obtain clues about the dynamic processes that form are planet constantly 
The Biosphere
-includes all life on earth 
-most life forms live on the surface of the earth to depths of a couple meters, and the hydrosphere 
The water cycle is an excellent example of earth as a system, water travels through all spheres in a cycle. Water evaporates from the hydrosphere into the atmosphere. It condenses and falls back to earth and is absorbed into the lithosphere, where is travels as ground water back to the hydrosphere. All along water is being incorporated I to the biosphere through life usage .for example when water travels through the lithosphere it is absorbed by tree roots to sustain the plants life. 
Geology involves the use of deductive reasoning. This is, devising models that account for sets of observations made. These models are then used to make predictions in nature. This method involves the repetition or iteration of processes to seek patterns in observation. Deductive reasoning is used as opposed to Inductive reasoning (collecting data with no theories or ideas in hopes to find one). 
Here are the steps in deductive reasoning:
1) Collection of data 
2) Development of one or more working hypotheses to explain the data
3) Development of observations & experiments to test the hypotheses 
4) Acceptance, modification, or rejection 
Examples where deductive reasoning can be applied are: why the dinosaurs went extinct or why amphibians appeared. The dinosaurs went extinct possibly from a bolide impact. Many craters sites were observed to try and understand a bolide impact, such as the Sudbury crater. Rocks were examined and depths were measured. These observations are key to step three in the method of deductive reasoning. 
One final though on what the study of Geology is, is Hutton’s quote: the present is the key to the past.” This describes the principal of Uniformitarianism. Essentially; geological processes & natural laws that operate today have always acted throughout geologic time. 














GEO 1111 Lecture #2 the solar system
· The eight planets that compose our solar system roughly formed around the same time 
· The moon has more craters on it than the earth because it has very little tectonic activity or weathering to obliterate craters. 
· Venus is earth’s twin planet, it has tectonics, volcanoes, and a runaway greenhouse effect. 
· Saturn has a significant magnetic field similar to earth, its energy is not reflected inward 
· Both Mars and Venus have evidence of active or previously active plate tectonics. 

























GEO 1111 Lecture #3 Earth’s Interior 
· Earth quakes produce primary and secondary waves that both have different characteristics, that s P-waves propagate through all mediums and are faster than S-waves, whereas S-waves only propagate through solids and are slower the P-waves
· Density increases as you go deeper into the crust because pressure increases with depth 
· Scientists think magnetic reversals are a potential contributor to extinctions because the weakened magnetic field no longer protects the Earth from cosmic rays and solar winds
· The S-wave shadow zone tell us about the internal structure of the Earth, specifically that the outer core is liquid
· Earth’s geothermal gradient has a steep increase in the crust, and gradual in the mantle and core. 

The planet’s geosphere can be divided into the crust, mantel, and core. This three stage composition is used to describe the chemistry and composition of the planet’s interior. For example the continental crust is formally composed of Si-O and Al. However the geosphere can also be divided into the lithosphere, asthenosphere, mesosphere and core.  This method divides the solid planet based on its physical and mechanical characteristics. 

In 1909 Mohorovičić discovered that there was a boundary between the crust and the mantel.  Based on the observation that seismic velocities are slower in crust (6 km/s) than the mantle (8 km/s) 

The Core/ Mantel boundary was discovered with the observations of P-wave seismic activity. The outer core was discovered to be liquid and different from the mantle. At 105 degrees from the North Pole the P-eaves stop progressing and then reappear at 140 degrees, creating a belt around the world called the P-wave shadow zone.  P-waves, are only partially dependent on rigidity (unlike s waves) and as such still maintain some velocity (if greatly reduced) when travelling through a liquid.

Temperature increases with depth because of, radioactive decay, residual heat from earth’s creation, and convection in the out core. This increase with depth is called the geothermal gradient. The geosphere heats up 25-30 degrees every km down.

Oceanic crust is almost always younger than continental crust.  Oceanic crust sinks into the mantel and is recycled more often than the continental crust. We must consider the weight of the cooled mantel underneath the crust pulling inward, and the weight of the ocean water pushing down on the crust. The water weight is not a factor with continental crust. 










GEO 1111 Lecture #4 Earth Materials 
· A rock containing an abundant amount of Mg & Fe and a small amount of O is:  mafic rock and is found in earth’s asthenosphere and mesosphere
· Increase temperature from radioactive decay within earth, decrease rock pressure to weaken bonds of solid (caused by divergent margins), increase in frictional heat (from the convergent margins) of tectonic plates, increase in temperature because of heat stored from production of early Earth. These are all factors that cause magma to form. 
· A rock that contains material generated by explosive fragmentation of magma or previous solid rock during a volcanic eruption is called pyroclastic material.

· The Aphanitic rock texture of the igneous rock rhyolite suggests that rock was cooled very quickly
· Based on the Bowen’s series crystallization: if basalt from the mantle is melted, then the magma will cool resulting in only a composition change and not a structure change 

Bowen’s reaction series states that crystallization of minerals changes the chemical composition of the magma. Crystallization occurs in two ways: Discontinuous, Fe, Mg minerals crystallize one after another in a speciﬁc sequence; composition & structure change, Continuous - Ca-plagioclase preferentially crystallizes early (hi-T); gradually as magma cools, Na ions continuously replace Ca in crystal; little structural change.
An igneous rock that is composed of large crystals in a matrix of smaller microscopic crystals is said to have porphyritic texture. Porphyritic rocks are created when magma cools in two stages. In the first stage, the magma is cooled slowly deep in the crust, creating the large crystal grains, with a diameter of 2 mm or more. Secondly, the magma is cooled rapidly at relatively shallow depth or as it erupts from a volcano, creating small grain complexes. 
Polymorphs are minerals with the same compositional chemistry, but have different structures. An example is the carbon composition of Diamonds and Graphite. They are made of the same element but their crystal structures are completely different. This differs from a solid solution where the composition and structure are continually the same throughout the solution.
Silicates are the most common class of minerals. They are made of silicone (Si) and other elements. Two minerals found in the crust are Quarts and Potassium feldspar. Two minerals found in the mantel are: Pyroxene and Olivine. 
Igneous rocks can be classified as either intrusive/plutonic or extrusive/volcanic depending on their physiochemical features. Volcanic: Erupt & flow, or explode at the Earth’s surface. Cooling times range from sec to years. May have no crystals (all glass) or small + large crystals (phenocrysts). Plutonic: Intrude at depths of 0.1's-10's of km within the crust, mm-cm scale crystals are generally evident, Can form huge masses (plutons/batholiths) that likely, and cool over a million years. Basalt vs. Granit. 





GEO 1111 Lecture #5 Earth Materials Continued 
· Although all mudstone is formed in a calm environment, a black mudstone tells us that it formed in an anoxic environment. 
· A chemical sedimentary rock with a large (>2 mm) grain size suggests that the grains underwent few collisions (low energy)
· Most metamorphism occurs in tectonically active areas 
· No CaCO3 precipitation, would be expected in northern latitude waters compared to those in the mid latitudes
· All oil traps contain: an impermeable layer
























[bookmark: _GoBack]GEO 1111 Lecture # 6 Volcanoes 
· Low viscosity melt (or lava) is achieved by having a composition of low Si, at high temperature and with high volatiles
· A voluminous melt can be created in the solid earth system, by an Increase in temperature, and rapid decrease pressure and/or add volatiles 
· Acid Rain, is not a potential precursor or indicator to volcanic eruption
· A chain of volcanoes (like those that constitute the Hawaiian Islands) are created by convergent plate movements, specifically the movement of a tectonic plate over a stationary hot spot 
· Pillow flows, are most likely to escape from, if running away
The earth’s lithosphere is constantly being added to at the ocean ridges. This being said the earth is not growing any larger. Balance is always maintained because, the older, denser portions of the earth’s lithosphere descends into the mantel at an equal rate as the seafloor is produced. This is explained through convergent plate boundaries, where two plates move toward each other and the leading edge of one bends downward as it slides under (is sub ducted) the other plate. Hence a subduction zone. 
Shield volcanoes versus Stratovolcanoes. A shield volcano is produced by the accumulation of fluid basaltic lavas. They have effusive eruptions from or near the main vent. In size, shield volcanoes are very large and (mafic) gradually sloping.  Stratovolcanoes or Composite cones are the products of silica-rich lavas. They are very steep at the summit and have more gradually sloping flanks. Their eruptions are known for having a lot of pyroclastic materials. 
Olympus Mons is an example of a massive shield volcano. It is made up of layers upon layers of hardened fluid basalt lavas. Basalt lavas mafic and therefore has low amounts of silicone. 
If a hot spot were to suddenly occur in Ontario, under the Superior Craton, the composition of the magma would be granitic. Granitic magma is always the source of intraplate volcanism in the continental crust.  This is opposed to basaltic magma which is the source for intraplate volcanism in oceanic crusts.  
Let’s mention the Mechanism of decompression melting. This occurs when the Lithosphere pulls apart (divergence). As a result there is less pressure on underlying rocks.  This leads to partial melting of the mantle and  large quantities of basaltic magma are produced. 
