Lecture 5 – GEO1111 – Jan, 20th, 2014
What is a Sedimentary Rock?:
· Sediments: Rock fragments that settle and builds up into layer after being transported and/or precipitated 
· Sediments could be minerals but are rock fragments that are transported by wind and or water.
· Originates from pre-existing rocks that have been weathered or eroded (Chemical/Mechanical Breakdown of the rocks)
· 5% (By volume) of Earth’s outer crust is 15km and only 75% of its rocks are exposed
· Contains evidence of past environments, such as tectonics, climate and life (fossils)

Types of Sedimentary Rocks:

· Rock types are based on the source of the material.
· Deterial/Clastic Rocks: Transported sediments as solid particles (By wind or water)
· Chemical Rocks: Sediments that precipitates from solution of extracted from water by organisms (converted to shells/skeletons)
· Precipitated by animals. An organism performs a chemical process to extract the fragments.

Sedimentary Process:

· Physical features in rock tell how sediments were deposited and environmental conditions of deposition.
· 1. Weathering (breaking down) – Rock
2. Erosion (Mass Wasting) – Sediment
3. Transport (by wind or water) – Relocation
4. Deposition – Relocation
5. Lithification (Compaction & Cementation) – Rock













Weathering: 

· Physical and Chemical changes (weakening and break down) that occur in rocks when they are exposed to the atmosphere and biosphere. Rocks trying to attain a new stability with their environment.
· Factors which control weathering:
1. Parent Rock (ex. Granite Vs. Salt)
2. Climate (ex. Desert Vs. Rainforest) 
· Climate will affect the weather ability of a rock, if it's soluble in water it will erode easily. More water typically relates to more erosion. 
· Temperature and thermal expansion and contraction will allow the rock to crack and break down. The time scale is very large for this process. Temperature and water together are very powerful. 
3. Soil
· Couple meters of organic matter on top of rock can cause for tree roots to grow and actually get into cracks (even create cracks themselves) and foster weathering a little bit more.
·  A layer of soil is a protection against water and temperature because it doesn't allow water and moderates temperature change throughout the day.
4. Time

Physical Breakdown:

·  Temperature caused a rock fracture. Water gets into the cracks and over time the rock starts to break down. Examples of physical/mechanical weathering.
· Exfoliation of rock. They are just breaking because they are under less pressure and pieces fall off in sheets.

Chemical Breakdown:

· A tombstone probably had writing on it at some point. It is made out of limestone and is broken down very easily in water. The material is being dissolved away into solution.
· The red color shown in slide 8 of the large mountain like rocks is showing that oxidizing, or rusting is occurring. Things are rusting away. Minerals are being broken down because they are not happy in their atmosphere.








Clastic Sedimentary Rocks:

· Chief constituents of clastic rocks: Most stable on Earth’s surface
· Clay minerals
· Quarts
· Feldspars
· Micas
· These minerals are a bit more happy under the environment at the surface of the earth. Most beaches are made out of quartz. It's one of the most stable mineral at the surface of the earth. 
· Clay minerals are like mica. Fine material that you find in a rock. You can't really identify so we just call it clay. 75% of the rocks you see are sedimentary because they are the most stable at the surface of the earth. 

Classification of Clastic Rocks:

· Texture:
· Grain Size: Related to properties of parent rock. 
· How the rock got deposited. 
· We still look at grain size for clastic sedimentary rocks. It relates to properties of the parent rock. 
· If it's not being transported very far the grains will stay the same size, if it gets transported far it will become finer grained; unless the parent material is also fine grain. 
· Grain Sorting: Process by which a transport medium “selects” particles of different sizes, shapes and densities. Grains can go from well sorted to poorly-sorted
· The process by which air or water preselects particles. Is the rock well sorted? Relationship of the size of sediments relative to one another. Course on the bottom, finer on the top = poorly-sorted.
· Grain Shape: Angular to rounded, proportional to energy level or distance traveled (more collisions = rounded)
· Grain shape indicates distance of travel. More energy or longer distances causes more rounding. 
· Transportation and deposition leads to characteristic rock textures -
· You need to have fairly high water velocties to move something large, contrast to something a bit smaller, you can use lower velocities and still be able to move that material. 
· Clay sticks together because of cohesion properties. Generally you need faster moving water to move bigger stuff. But there are anomalies related to cohesive properties. A larger stream will cause a decrease in velocity and the larger sediment will fall out and become deposited. 
· When velocity can't be maintained the sediment will be deposited. 



· 3 Types of Clastic Rocks:
· Mudstones (Shales and Siltstones)
· Clay to silt-sized particles in thin layers
· Deposited in calm waters (lakes, lagons, deep oceans)
· >50% of mudstones are sedimentary rocks
· Variable colour: Red(Fe &O rich), Green (Fe& O poor) , Black (Not enough O to decompose organic matter
· Sandstone (Greywacke, Arenite, Arkrose)
· Composed of sand-sized particles; mostly quartz
· Forms in a variety of environments (Rivers, Beaches, Glaciers, Mountains, Deserts)
· Conglomerate and Breccia
· Particles which are greater than 2 mm in diameter in a finer grained matrix (all the other stuff)
· Conglomerate= rounded gravels

Chemical Sedimentary Rocks:
· Consists of precipitated material that was once in solution
· Precipitation of material occurs in two ways
· Inorganic processes (precipitated from water...sea or fresh)
· Organic processes (biogenic origin)

Common chemical sedimentary rocks:
· Limestone
· 10-15% of sedimentary rocks
· Composed mainly of calcite (CaCO3)
· Marine biochemical limestone’s form as coral reefs, coquina (Broken shells and chalk (microscopic organisms)
· Inorganic limestone’s include travertine and speleothems 
· Factors controlling CaCO3 precipitation:
1) Controlled by solubility of CaCO3 (Proportional to CO2 in water)
2) Cold water has more CO2 as warm water precipitates
3) Also effected by agitation of water (Tides), photosynthesis (Uses CO2)
· Calcite mostly comes from sea water. Precipitation is controlled by the solubility of CaCO3 in water. Which relates directly to how much CO2 there is in the sea water. Warm water makes it hard for calcite to precipitate. 
· If water is constantly pounding the environment calcite won't precipitate. Calcite needs CO2 so photosynthesis will affect calcite precipitation. You need a calm environment for calcite to precipitate. 
· What does this difference in Shell Size; tell us about the energy level functions? Answer: It tells us NOTHING. The grain size of a chemical rock says nothing about the energy level fluctuations.
· Chert:
· Microcrystalline quarts
· Silica?... Skeletons of small animals
· Verities include flint and jasper (banded form is called agate)
· Chert is very fine, like glass. It's made of quartz and the silica came likely from the skeletons of small animals that died and accumulated in the water column and layers of chert were accumulated (Silica skeletons of organisms)
· Evaporites
· Evaporation triggers deposition of inorganic chemical precipitates
· Requires restricted basin + warm temps (Great lakes salt, Mediterranean Sea)
· Examples include Rock Salt and Rock Gypsum such as Halite
· Coal

Fossil Fuels:

· Derived from the sun’s energy via the decay of organic matter.
· Organic carbon oxidized to form heat energy
· We start with a pile of leaves; Organic carbon oxidizes to form heat energy. Pile of leaves gets buried in sediments, chemical transformation of the organic carbon into coal. Then we burn it and it goes back into the atmosphere to re-enter the cycle. 
· Coal
· From the decay and compression of land plants rich in resins, waxes and lignins
· Organic matter accumulated in swamps (anoxic environment) Warm, moist, calm, little O2, rapid sedimentation
· Burial results in peat-lugnite-bituminous and antheracite coal
· Widespread distribution, ex. Carboniferous-age units in N.S. and B.C.
· The process of forming coal
Peat -> lignite -> Bituminous Coal -> antheracite
· Peat becomes dewatered, and is no longer in contact with oxygen and becomes more dense. The peat began to compact. It is basically brown coal.
· It is compacted even more, hasn't been able to react with oxygen.
· Under further compaction and compression and you'll end up with anthracite coal which is the best kind. There is more pressure so anthracite is a bit denser. It has been deformed.
· Oil and Gas:
· Unlike coal – derived from the remains of marine plants and animals rich in proteins lipids and carbohydrates 
· Formation complex and incompletely known
· Deposition of sediments rich in plant and animals remains under anoxic conditions
· Burial over millions of years produced hydrocarbons
· Dt/dp must be correct petroleum window - The change in temperature over the change in pressure must be in the correct window.
· Petroleum Window - The first thing to happen is that you get heavy oil (Tar sands) That material was never buried or never got hot enough to turn into what we've been using. 
· As you go deeper we start to get the light oil and gas, as we heat and pressurize the organic material we start to form lighter and lighter oil until it becomes gas. 
· Most petroleum formed in shales from where it migrates upward. Mudstones, really fine grained material. It forms in the mudstone and will migrate into something else.
· Reservoirs must be porous and permeable. It needs to have holes so fluid can move and the holes need to be connected to one another (permeability)
· Oil-pools - When it migrates and then stops, oil will pool as it stops. It is less dense than rock so it will rise up until it reaches a trap to stop it. It will rise all the way to the surface.
· Trap (anticline, fault or stratigraphic) that is an impermeable seal is necessary to hold fluid

· Oil and Gas Shales:
· Contains kerogen, a waxy substance from which fuels can be derived
· Found in abundance in western US
· Deposited in vast shallow lakes
· Exploitation energy intensive
· Emerging Industry
· Possibly impacts of fracking - The breaking of the rock isn't the problem; it's the potential contaminants that the drilling is possibly introducing. (Lubricants and sealants). We don't want to mess up the ground water. 

· Tar Sands/Oil Sands
· Viscous and “immature oil” (bitumen) that cannot be pumped. Very heavy oil found in material that is in between a rock and soil. (Unconsolidated material). Only about 10% can be mined; the rest has to be heated and pumped. We have to use a lot of energy to do this
· Found in unconsolidated material, plus shales and limestone.
· Alberta ha major resources: 10% can be mined; the rest is heated and pumped
· 2 trillion barrels in reserve (worldwide)
· Possible environmental impacts 

What is Sedimentary Rock?:

· Economic considerations:
· Coal
· Petroleum and Natural Gas
· Sources of iron, Aluminum and Manganese
· Evaporites – Salt, Gypsum
· Phosphates – Fertilizers
· Science Considerations:
· Fossils
· Geologic Histories/ Reconstructions

Metamorphism and Metamorphic Rocks

Metamorphism:

· Process by which temperature, pressure and chemical reactions alter mineral content and structure of pre-existing rocks (without melting, solid state only) - No chemical bonds are being broken because that forms a melt which would be igneous.
· Occurs when temperature and pressure break some atomic bonds
· Metamorphic rocks produced from:
· Igneous Rocks
· Sedimentary Rocks
· Other Metamorphic Rocks
· All metamorphic rocks start as some other rock, so 3 questions asked:
1) What is the rock now? (mineralogy, texture)
2) What was it before? (protolithic) 
3) What caused the change? (tectonics



















Controls of Metamorphism:

1) Temperature
· Not absolute temperature but a change in temperature
· Rocks under the new environmental conditions come into equilibrium with surrounding conditions
· Recrystallization results in new, stable minerals (at those new conditions) - Taking one mineral and forming a new set of minerals. (No chemical bonds are breaking)
· Geothermal gradient varies from 10oC/Km in stable parts of continents to greater than 100oC/Km in tectonically active areas.
2) Pressure (stress)
· Lithostatic/Confining
· Pushes on rock equally from all directions
· Rocks becomes more dense; no shape change
· Increases at a rate of 0.3 kbar/km depth
· Hydrostatic = Pressure pushes in on the rock from all directions. No shape change, the rock just condenses.
· Directed
· Pressure is greatest in one direction
· Change in shape
· New mineral growth aligns perpendicular to P = foliation
· Great pressure from only one direction which will cause a shape change. The minerals will align perpendicular to the pressure force.
3) Fluid Activity
· H2O & CO2 enhances migration of ions and Increases potential for reaction
· Could exist as vapor as well. We aren't exactly adding water it just allows migration between minerals to form new minerals which increases the potential of reactions.
· All of these factors control the process (degree) of metamorphism, but the composition is controlled by the protolith. Basically the protolith controls composition. The process of metamorphism does NOT. 
· Examples: Sandy limestone metamorphosed to marble. At 200oC sandy limestone is made of quartz and calcite. At 600oC minerals are no longer stable, each can exist alone by together they form a new mineral called Wollastonite. 
· SiO2 + CaCO3 = CaSiO3 + CO2 (g)
· Dehydration reaction. Metamorphism is somewhat contributing to the CO2 budget being released into the atmosphere. Reaction does not go backwards. 
· Relative amounts of elements don’t change only the restructuring and regrowth.
· CO2 is released and can leave rock (usually involved decarbonation; or H2O released in dehydration)
· If CO2 leaves, reaction cannot go back when rock cools (Cannot revert to quartz + Calcite unless CO2 is added). Not all of the constituents are there to go back.
Metamorphic Environments:

1) Regional Metamorphism
a) Burial – Temperature and lithostatic pressure within sedimentary basins(Examples: Mississippi Delta, Bay of Bengal)
· Progressive increase in pressure exerted by the growing pile of overlaying sediments and sedimentary rocks and the increase in temperature with increase depth of burial
· Burial metamorphism defines the economic basement of oil and gas resources
· Burial metamorphism: depths of 2-3 km with temperatures ranging from 100oC to 200oC
· Rocks at bottom are undergoing changes based on the temperature increase. Fairly shallow and cool environments. Any hotter or deeper would be called something else.
· Lithification – Diagenesis grades into burial metamorphism.

b) Dynamothermal (orogenic) – Occurs in response to pressure and temperature changes induced by large scale tectonics; directly pressure (foliated rocks) (convergence: Himalaya, Appalachians) 

2) Contact metamorphism
· Response o temperature produced by intrusion of magma into cooler rock
· Local in scale,  Meters to maybe to a kilometer or two
· An aureole, zone of alterations, forms in the rock surrounding the magma.
3) Hydrothermal metamorphism
· Also known as Metasomatism - Exchanging elements from the rock to hydrothermal elements within the earth's crust.
· Chemical alterations caused when hot, ion-ricj fluids circulate through fissures and cracks that develop in rock
· Most widespread along the axis of the mid-ocean ridge system , thus most of ocean crust is metamorphosed
· Cycle of hydrothermal metamorphism  
1) Influx of cold sea water
2)  Alteration of oceanic crust at temperature less then 150oC
3) Same as 2. It’s a long process.
4) pH drops to 3 (very acidic)
5) Heating of seawater to roughly 450oC 
· Things get heated and become less dense; things rise up and become black smokers. As water goes through the crust and into the mantle and back out it picks up elements along the way and then gets spewed out of the crust.
6) Leaching of Cu, Zn, Fe, Au and S from surrounding rocks
7) Formation of hydrothermal precipitates in contact with cold sea water
Classification of metamorphic rocks:

· Degree of metamorphism reflected in texture
· Metamorphism increases grain size – (In the absence of deformation – directed pressure; deformation decreases grain size)
· Composition of rock reflected in mineralogy
· Classification of metamorphic rocks based on texture
· 
	Foliated Rocks
	Granoblastic Rocks

	· Size of crystals
	· Because granoblastic rocks are non-foliated classification is based exclusively on mineral composition

	· Nature of foliation
	

	· Degree to which light and dark minerals are segregated 
	

	Porphyroblasts: May occur in both foliated and Granoblastic rocks. Illustrate degree of metamorphism. They reflect chemistry rather than showing whether something is foliated or non-foliated.



· New metamorphic minerals may grow into large crystals surrounded by fine matrix – these crystals are called Porphyroblasts (Examples: Garnet and Staurolite) 
· Some metamorphic rocks do not show foliation, due to the lack of platy minerals
· Granoblastic:
· Crystals that grow in interlocking equant (equidmensional) shapes; typical of monomineralic rocks: Calcite = Marble, Quartz = Quartzite, Simple igneous rocks to (metabasalt)
· Granoblastic Metamorphic Rocks
· Quartzite: Very hard, non-foliated white rock derived from quartz-rich sandstone
· Massive, May contain preserved bedding.
· Commonly contains thin bands for slate or schist (relicts of clay or shale layers)
· Marble: Metamorphic product of temperature and pressure acting on limestone or dolostone.
· White and pure marbles (Ex. Carrara marbles, Italy) are prized by sculptors
· White and smooth, even textures, banded or mottled
· Metamorphism imprints new textures on the rock that it alters (sizes, shapes and arrangement of minerals)
· Most common textural feature is foliation
· Set for flat or wavy parallel planes produced by directed pressure/ deformation



· Foliated Metamorphic Rocks
· Slate – foliated rocks that form at low temperatures and pressure (200-300oC)
· Very fine-grained; individual minerals can’t be seen without a microscope
· Typically forms from shales or volcanic ash
· Used for roofing tiles.
· Phyllite – forms at slightly higher temperatures and pressure than slate
· Characterized by a glossy sheen resulting from mica crystals that are larger than those in slates, its shiner because of the mica.
· In contrast to shales, phyllite cannot be split into sheets.
· Schist – More intensely metamorphosed rock with platy crystals that are large enough to be visible to the naked eye.  (Formed at temperatures between 400-600oC)
· Minerals are typically segregated in lighter and darker bands. Segregation of felsic and mafic materials. Because of this foliation at these higher temperatures we stop calling it foliation and we call it schistosity instead.
· Characterized by a pervasive coarse; wavy foliation referred to as schistosity.
· Geniss – Coarse grained rock that forms under high temperature and pressure (Temperature over 650oC)
· Consists of light and dark layers resulting from segregation of minerals
· Granular: Platy minerals is higher than in schists
· Poor schistosity and little tendency to split.
· Migmatite – Forms at very high temperatures, where parts of the precursor rock being to melt.
· Metamorphic rocks start to become igneous rocks because at these high temperatures the rocks actually begin to melt. 
· Felsic fractions are the more melted components (Lighter rocks).
· Typically highly deformed and contorted – contain many veins, small pods and lenses that represent solidified partial melts. 
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