· Atmosphere – all the gases
· Hydrosphere – all the water on earth
· Biosphere – all the things on earth that are living or were living
· Solid earth
· Why study the history of the earth?
· You cant reliably predict what is going to happen in the future if you don’t know what happened in the past
· Climate has changed many times in the past
· Most of earths history have not been recorded by human populations, so we need tofind other evidence. Most common is to use the rocks, as they record a lot of info about what happened in the past. You can tell the environment from which they came from.
· Geology is the science that studies the history of earth and its life
· Understanding how earth changes – humans <-> natural processes
· Natural processes that change earth: climate can affect earth – eg. mountain likethe Himalayas. Climate can affect that and wear it away, and that is called erosion – wearing down of rock because of things like precipitation and snow.
· Many natural processes act very slowly. They take such a long time that it is difficult to think in human life scales to get that concept internalized – we tend to think in terms of 50y, 100y, not billions of years.
· Earth’s environments change over the time span of many human generations
· Whats the main problem? The population, every person ahs a footprint – a certaion effect on the environment. The more humans, the larger the footprint is. Also, consumption rates. Eg. cellphone changing every year. 
· Humans have begun to affect Earth’s environment at rates faster than rates natural processes. We are doing things to the earth faster than it can fix itself – so much greenhouse gases it doesn’t have the time tos tore this greenhouse gas away
· Anthropogenic (human generated) activities (such as fossil fuel combustion) impacting earth has led to the study of earth as a series of systems. A system is a series of components that interact to produce a larger, more complex whole.
· Earth system science – the atmosphere, the hydrosphere, the biosphere, the solid earth
· Earth system science considers – the complex interconnecting web of physical, chemical and biological processes and the modifications of thes eprocesess and of the earth system’s components through time and within a global view
· Rocks and fossils are studied by geologists because they preserve the interactions of the earth systems
· The hydrosphere can have a subsphere of the frozen sphere called cryosphere
· Biosphere does not equal the ecosphere. Biosphere is all the living and the non living. Ecosphere includes the biosphere but also includes the parts of all the other systems that the biosphere interacts with. Eg. fish, fish also interacts with co2 in the water (atmosphere), swimming (hydrosphere), ecosystem
· For greenhouse gases, one of the main ones is co2 from burning forests, cars, burning fossil fuels. In thinking of earth system science, were can it be stored? In the atmosphere it can be stored as a reservoir. Trees can also take this in and will also be a reservoir (biosphere), and rocks (solid earth) were most of it is stored. 
· Some compartments (smaller parts of a system) may serve as reservoirs in which certain types of matter may be stored for some length of time
· Carbon can be stored in rocks for millions of years then, if its stored in trees it wont be stored for millions of years. It might be stored in the atmosphere for decades – it doesn’t stay in one reservoir – and it moves, it doesn’t always stay for the same length of time.
· Solid earth may be called lithosphere
· The ecosphere has the interaction of all 3 spheres
· MIDTERM QUESTION: An example includes at least 3 earth system spheres – discuss an example that includes interaction between at least 3 earth system spheres
· Example: sahara dust storms in northern Africa. They have fairly frequent dust storms. The first earth system sphere involved is the solid earth sphere because of the sand, and that sand is being lift up because of the wind (atmosphere), which blows that sand so far that it crosses the atlantic ocean. Some of that sand lands up landing on the Caribbean island, and other parts end up in the ocean itself (hydrosphere). The nutrients provided by the sand fertilizes some of the land in the Caribbean and the ocean, allowing creatures to grow (biosphere). This includes all 4 spheres. Sometimes, in those sand storms, it has bad things like mold or viruses and they are also blown over to the Caribbean. An example of a short answer question.
· Is a natural system closed or open? Open = things can get in and out. Most natural systems are open systems. Gases can transfer between the ocean and the atmosphere. They are caonstantly transferring between the two called flux. This is movement between the two systems.
· Earth’s systems interact through feedback
· Positive feedback promotes an effect whereas negative feedback counters an effect
· Feedbacks may involve the biogeochemical cycles of elements such as carbon
· The relative importance of processes within the earth systems varies with the duration of time. At certain times, others are more important than others.
· Carbon cycle = sometimes in atmosphere, biosphere, hydrosphere
· Eg. snow reflects sunlight back to space, more snow is made, and more sunlight is reflected. Positive feedback.
· Geological time and process
· Many proceses relevant to change in earth’s systems are imperceptible on human time scales
· Before 1800’s, the church determined how the earth was made (6000-7000 years ago).
· Early geologists recognized the enormity of geologic time
· Analysis of layered rock sequences led to the principle of superposition and other relative age techniques
· Ex Jane is older than john. Relatively. Absolute age dating – putting actual numbers on it
· James hutton interpreted the action of processes much slower than those observed on human times scales. His main skill was observation – and that it would take more than 6000-7000 years for these geologic processes to occur. 
· Nicholas Steno’s laws of stratigraphy
· 1. Law of superposition – younger layers of rock sit atop older layers.
· 2. Law of original horizontality – layers of sedimentary rock are originally deposited flat. When they are originally layed down, they are layed down flat. If they are not flat anymore, something happened.
· 4. Law of lateral continuity – layers will continuous until they encounter other solid bodies that block their deposition or until they are acted upon by agents that appeared after deposition took place. Eg. they wont stop a tt hebottom of the lake, but at the edges of the lake.
· 3. Law of cross-cutting relationships – rocks layers a and b must be older than the intrusion c that disturbs them.Rocks need to be there first for the magma to invade. If I draw lines on paper, the paper must have been here first. This picture shows magma invading A and B, In order for C to cut through, A and B must have been there first. Another example is a fault – break in the rocks. A flat layer, then some pressure and it breaks. The layer needed to have exist to break. Whatever got cut is older.
· These helped early geologists to understand how old something is relative to something else. This feature is older than that feature.
· Grand canyon! The layers are super flat at the top. At the bottom you get tilted rocks, at the top they are flat. At the bottom of the canyon is old rocks, and at the top is younger rocks.
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· For the crust cutting, were the rocks have broken. The rocks needed to exist to break for magma to come shooting through.
· Erosion – layers are not continuous as far as you can see because of it. But we can think back with this rule; yes they were originally continuous.
· James Hutton (know) – He was a major changing point in geology. Previous to hi,, most p0eople belived that rocks were formed at the same time and they came out of the ocean. There was a ocean that covered the planet and they all came out at the same time. Hutton didn’t see that this was possible. He claimed at the beginning, a lot of layers. Something happens, then those layers become tilted. More flat layers get deposited on top. Therefore, he concluded there was no way to deposit tilted layers and flat layers on top all at once. In order for this to happen, time is required, different proceses are required. He is famous for uniformitarionism – present day is the key to past. 
·  William smith –t he principle of faunal succession is based on fossils as evidence for ancient life that states that different groups of fossils follow each other in a characteristic sequence. His principle says you can tell how long rocks were relative to one another by looking at the fossils in them. Another principle.
· Charles Lyell – he was a geologist. 
· James Hutton’s principle of uniformitarianism states that processes we observe today have always operated; it underlies all scientific  inquiry. Hutton recognized that natural processes are cyclic and that earth ahs an internal source of heat
· Charles Lyell further developed uniformitariansm to counter catastrophism (earth has  been exactly like it is all along – how we see it today is how its always been with the occasional things like meteorites hitting it)
· The current understanding of uniformitarianism is entitled actualism; processes remain the same, but the rates can vary (and the duration of time involved can be important); also that highly usual conditions and phenomena such as meteor impacts and mass extinctions occur.
· Directionality and the evolution of earth systems
· Lyell envisioned earth as being in equilibrium, meaning a system exhibiting no net change through time
· Evidence xists, however, that earth ahs also evolved, meaning that its seemingly equilibrium states have actually shifted through time in particular directions; this is termed secular change
· Earth’s history has consisted of a succession of vastly different worlds leading up to ours. 
· Absolute age dating – in 1896 heri Becquerel discovers radioactivity. Radioactive isotopes are unstable. They undergo radioactive decay, which converts them into a different element at a predictable rate (half life)
· Arthur holmes – pioneer of isotopic age dating (radiometric age dating) – beinga ble to date rocks due to the decay of certain elements with them
· Current estimate for the age of the earth = 4.56 Ga – giga annum, billion years ago
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· Asking about parents or daughters on the exam
· Arthur holmes – during 20th centry, absolute ages were determined from the rates of radioactive decay of certain minerals
· Half life – how long it takes for half those parents to decay into daughters
· 
· 

[image: ]Precambrian – early part of earths history. Precambrian takes up a vast majority. But we are interested in the others that have life in them. 65 MYA – dinosaurs went extinct. 
· 2 different ways we look at the inside of the earth – crust mantle core. That is composition layers, or what its made of. There is a different way of dividing the earth as well, we can also divide it up by its physical layers and how it behaves. The rigid lithosphere, plastic asthenosphere, solid mesosphere, liquid outer core and solid inner core. We are showing how they behave in this case – solids or liquids. The lithosphere is rigid. The astenosphere is plastic (like clay, playdo), the mesosphere is solid and the core of the planet is partly liquid and partly solid. Why is it like this? This is because a rock is a liquid or solid depending on temperature and pressure. The inner core of the earth has so much pressure that it does not have enough temperature to liquefy it due to the high pressure, but the outer core is a liquid even though its made of the same material it behaves like a liquid, since its under less pressure.
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GEOLOGIC TIME: AGE OF THE EARTH
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GEOLOGIC TIME SCALE
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The modern geologic time scale incorporates both changes in fossil
assemblages and absolute ages. You need to know Eons, Eras, Periods,
and the time boundaries (circled) between Eons and between Eras.




