Wilson Cycle 2
1. The breakup of a supercontinent begins with a plume of hot mantle rising from the core/mantle boundary. You can see a simulation that will give you a better idea as to what a mantle plume is like by clicking on the You Tube link.

2. Being made of mafic magma, the plume is denser than the continent so it gets stuck at the continent’s base.

3. The pool of very hot mafic magma melts only a fraction of the continental rocks above it. Only the relatively silica-rich rocks will melt, because they have the lowest melting points.

4. Remember that the craton is made of felsic to somewhat intermediate rock, ...

5. … with the average rock type being a granodiorite.

6. Granodiorite and plagiogranite both fractionate into …

7. … an even more felsic magma and a solid mafic residue.

8. The strongly felsic magma crystallizes at depth to form alkali granite.  Note abundant, pink, alkali feldspar.

9. So this type of fractional melting tends to convert the craton into alkali granite.

10. These form huge complexes of igneous rock at depth known as batholiths.

11. Batholiths tend to form from felsic magma because it is highly viscous (resists flowing), and thus has a difficult time making it to the surface.

12. Nonetheless some felsic magma will make it to the surface…

13. … where it is erupted from volcanoes along with some of the mafic magma from the original plume.  This is known as bimodal volcanism because of the two completely different magma compositions erupted. Remember that the hotter mafic magma provided the heat that melted the continent and formed the felsic magma. 

14. The mafic volcanism will be much less viscous and produce fluid lavas.  What type of rock is formed?

15. That’s right; it’s our old friend basalt.

16. The “Craters Flood Basalt” here illustrates the highly fluid character of basaltic lava.

17. Fluid lavas spread out over vast areas, so when cooled the contraction must be largely internal. Thus, “columnar jointing” like this is not an uncommon feature of areas where plates are rifting apart and mafic lava is formed.

18. This columnar jointing is in Iceland which does not have bimodal volcanism because there is no continental crust to fractionate. I really like columnar jointing. Maybe we could import one of these to Balboa Park? 

19. Or work it into the landscape of Grossmont College? 

20. Columnar joints almost invariably occur in basalt. Note the dark color indicating a mafic composition …

21. … and small crystal size indicating rapid cooling at the surface.

22. At the surface pressure is too low to hold gases in the lava so they often bubble out forming vesicles.

23. When basalt contains more vesicles than rock…

24. … the rock is called scoria.

25. Now don’t forget this is bimodal volcanism so we need some felsic volcanism too.

26. That means rhyolite, pumice and obsidian.

27. Rhyolite is fine grained and light in color. It is often pinkish reflecting the presence of K-feldspar. 

28. Sticky magma might take a while to reach the surface which means slower cooling and bigger crystals. Thus rhyolite is commonly porphyritic – that is comprised of two different crystal sizes.

29. The surprisingly dark color of many rhyolite porphyries is due to the presence of volcanic glass, which being non-crystalline, does not reflect much light. The combination of rapid cooling at the surface and the high viscosity of the lava both hinder crystallization and promote glass formation.

30. All this magmatic activity heats and expands the crust, resulting in gravitational potential energy that will promote rifting.

31. Note the thinning of the crust as rifting progresses.  This takes weight off the mantle and promotes decompression melting which produces basalt.

32. Since the lower part of the crust is warmer, like red-hot iron, it can be molded or shaped without breaking. Geologists refer to such rock as being ductile.

33. Cooler rock near the surface is brittle and will fracture into faults.

34. The best example of continental rifting is the East African Rift, shown here in this computer generated image. 

35. Note the numerous faults that parallel the rift and move large blocks of rock down and towards the valley.

36. Such faulting creates cliffs in the basaltic lava flows.  Note also sediments accumulating in valley.  Will they have lots of quartz like the craton margin sediments?

37. No!  But they probably have lots of feldspar from the exposed felsic cratonic rocks and some lithics from the basalt.  What about shale and limestone?  Not likely.  Why?  Because the small basin gives little opportunity for the sediments to reach mature weathering products.  Furthermore, don’t expect to find much clay in rifts because they are topographic holes that discourage the rainfall needed to weather minerals into clay.

38. So lots of feldspar from the uplifted continental basement. 

39. Typically these feldspar rich sediments accumulate as alluvial fans when the fault scarps create an abrupt gradient change in runoff. Would the sediments here be mature or immature?

40. Here are a few hints.

41. That’s right, immature - like these arkosic sandstones. Notice the abundant feldspar, poor sorting and angular grains. Arkose is one of the typical sedimentary rock types found in rift valleys.

42. The small amounts of clay and soluble components formed in such environments will usually collect in land locked basins forming playas.

43. Eventually the thinned crust will not be able to float high enough on the underlying mantle to be above sea level, so it sinks (founders) and is drowned by the ocean.

44. Ok, at this point you might want to review this video and/or take the Wilson Cycle 2 Quiz, before going on to Wilson Cycle 3.
