The Wilson Cycle 1
1. The Wilson Cycle, or Supercontinent cycle as it is often called, is, I believe, the single most important concept in geology. Because it describes plate tectonics through time, the Wilson Cycle provides the framework for attaching a spectacular array geologic phenomenon. As such, I will use this opportunity to review some the most helpful terms and concepts from introductory geology. Those students who have not taken any geology before may find this material challenging, because it essentially condenses several weeks of an introductory geology course into about 2 hours of instruction. Such students may want to view these videos more than once!


2. Protégé of Harry Hess, who developed the theory of sea floor spreading, Canadian geologist/geophysicist John Tuzo Wilson, not only came up with the idea of a Supercontinent cycle, but is also know for fathering the notion of hot spots and transform faults. 

3. Since this is going to be a lengthy topic, let’s begin with a broad overview.

4. The Supercontinent cycle has two phases – an opening phase where a supercontinent rifts apart to form an ocean basin; ...

5. … and a closing phase where continental fragments move towards one another, destroy an ocean basin and ultimately collide to form a new supercontinent.

6. The full cycle takes about 500 million years to complete.

7. During that time virtually all rock types are formed, including igneous rocks like granite and basalt which are derived from…

8. … magma and lava. 

9. Molten rock is formed in three basic plate tectonic settings – hot spots, divergent plate boundaries and subduction zones. These will be covered in detail later.

10. Sedimentary rocks like sandstone, shale and limestone are formed as well. These rocks form from sediment, like sand, mud and lime (shell material) that usually settle out in water to form layers.

11. The type of sedimentary rock is characteristic of particular environments within the Supercontinent cycle. Don’t worry about understanding these complex diagrams just yet as we will explain them later.

12. Yow! And you thought the last diagram was bad! Again don’t freak out at the complexity of these diagrams just yet, ultimately they will be explained slowly and thoroughly. In this diagram we will see how the igneous and sedimentary rocks are changed by heat and pressure into metamorphic rocks.

13. Let’s begin with the opening phase of the Wilson Cycle. I recommend you print out the provided handouts to take notes on. They are in the same folder as this video. 

14. We begin with a large stable continent which is not undergoing any mountain building. All older mountains have been completely worn down so that the continent is fairly flat and not much above sea level. We call this stable nucleus of the continent a craton.

15. The craton is made of primarily “felsic” materials, which means it contains lots of feldspar and silica.

16. Feldspars are the most abundant minerals in the earths crust. They are generally light in color which is usually an indication that a mineral is relatively rich in silica (SiO2). Feldspars also contain Al and some combination of Ca, Na and/or K. Pure silica, if crystalline, is the mineral quartz, if not it’s glass. 

17. Quartz and feldspar, like many other common rock forming minerals, crystallize from molten rock, but at different temperatures. Bowen’s Reaction Series, among other things, describes the order in which minerals crystallize from a cooling silicate magma or lava. Note that quartz crystallizes at the lowest temperatures whereas K-feldspars and Ca/Na feldspars (plagioclase) crystallize at progressively higher temperatures.

18. The term FELSIC also applies to magma that is relatively silica rich and likely to crystallize into lots of feldspar and quartz. On the other hand, silica poor magma usually contains high concentrations of Mg and Fe and is therefore called MAFIC.

19. Mafic magma tends to form darker rocks than felsic magma. Igneous rock names are also a function of texture, which is largely determined by the size of crystal grains and therefore is mostly a function of the cooling rate.

20. Granite is one of the common rock types of which cratons are made.

21. Alkali granites are rich in the alkali metals K and Na, and thus contain large amounts of K-feldspar and Na-feldspar.

22. All granite is light in color, ...

23. … but plagiogranite contains lots of plagioclase, the Ca/Na feldspar.

24. Although granite is common, the somewhat more intermediate rock, granodiorite is probably the average rock type of the craton.

25. Intermediate rocks have a “salt and pepper texture” composed of roughly equal amounts of light and dark minerals. Granodiorite is compositionally between felsic and intermediate and so has a bit more salt than pepper.

26. When granite or granodiorite is weathered, feldspars and other minerals generally change into clay which, being soft, enables the weathered rock to fall apart into various rock and mineral fragments. Weathering products like these are the components of which sedimentary rocks are made.

27. Mineral weathering rates correlate with Bowen’s Reaction Series. The higher the temperature of formation, the faster the weathering rate. Quartz, which forms at the lowest temperatures, is almost completely resistant to weathering and therefore remains after all other minerals are dissolved and/or converted into clay.

28. If a common rock like granodiorite is completely weathered, we get three basic weathering products - quartz grains, clay and dissolved calcium in solution. Wave action will wash away fine clay particles leaving mostly quartz sand near the beach. In calmer water the clay can deposit as mud, and far offshore, where neither sand nor mud deposit, coral and other shell building creatures precipitate the dissolved calcium as the mineral calcite. Thus in this highly simplified, ideal model of sedimentary rock origin, sandstone is predicted near the shore with shale and limestone forming progressively further offshore.

29. Well that’s the idealized model anyway. The real world is usually more complicated. For example: Sandstone is only made of pure quartz if there was quartz in the original weathered rock and if weathering was complete. If not, there may be rock fragments (lithics), feldspar and/or various resistant minerals in the sandstone. Shale may, in addition to clay minerals, contain other fine (clay-sized) components like iron oxides and organic matter. Furthermore, in addition to Ca, weathering dissolves Mg, Na and a little bit of silica. Under the right environmental conditions these components may form their own unique sedimentary rocks.

30. Now let’s see how these sedimentary rocks relate to the craton. Remember that there are no mountains on a craton. That’s important because without mountains there is no new material uplifted to erode and weather. Existing sediments get reworked repeatedly, allowing weathering to go completion. Such sediments are said to be highly mature and are characterized by containing lots of quartz. They plot towards the top of the QLF diagram. Where mountains are building, less mature, feldspar and lithic-rich sediments deposit. We’ll take a look at those later, but for now let’s focus on the typical cratonic rocks.

31. This is a pure quartz sandstone and a classic cratonic sedimentary rock.

32. Here’s another quartz sandstone, this time slightly ferruginous (iron bearing) and slightly metamorphosed.

33. Let’s take a closer look.

34. Notice that not only are greater than 90% of the grains quartz, but they are also well rounded and sorted into a narrow range of sizes. There are very few rock fragments (black) and feldspar grains (white). All of these characteristics are produced by prolonged periods of weathering. 

35. Another cratonic sedimentary rock, shale is made of very fine clay and/or silt sized particles. It may be very dark if it contains lots of organic matter or light if it contains mostly shell material. Shale splits well between bedding planes.

36. The ability to split along bedding planes is called fissility. 

37. This is the Bright Angel Shale in the Grand Canyon.  Note the thin bedding also characteristic of shale.

38. And one more cratonic rock – limestone, which is shown here folded with chert.  Note limestone’s grey color and surface texture produced by solution. Chert in this case is made form siliceous shell material and is therefore resistant to solution weathering.

39. The typical grey color of limestone comes from the combination of white calcite (CaCO3) and dark organic matter (carbon). This very fine grained limestone (micrite) is fossiliferous and bioturbated (chewed-up by sediment feeders).

40. Darker colors are due to organic matter and/or skeletal fragments.

41. Deposition of these sedimentary rocks occurs on the submerged edges of the craton, know as platforms. The eroded central potion of the craton is the shield.

42. Quartz sandstone deposits nearest the shield.

43. Shale deposits farther out and can you guess what deposits on the very edge of the platform?

44. No, not lime cat, but close….

45. Yah, limestone! OK, so now that we have a perfectly good craton, we’re going to have to break it apart in the next lesson so that we can make it bigger by adding mountains to its middle. Before heading on to Wilson Cycle 2, this would be a good time to take the Wilson Cycle 1 Quiz. If this material seemed a bit daunting, then it might be a good idea to view it again before heading on to either the quiz or the next lesson.

46. Intermission
