Wilson Cycle 3
1. The rifting of the supercontinent produces two brand new divergent continental margins which are mirror images of each other.

2. A lot happens at this stage.  We’ll start with the formation of oceanic lithosphere, which includes the crust and uppermost mantle.

3. Sequences of rocks in continental areas that are believed to have once been oceanic lithosphere are called ophiolites. The study of ophiolites reveals much about the formation of oceanic lithosphere.

4. We’ll start with layer 2 in an ophiolite – the basaltic lavas.

5. Underwater lava cools too rapidly to flow into broad layers. Instead it forms pillow structures.

6. Pillow basalt is known for its narcotic effects on geologists.

7. Sediments accumulate on top of the pillows.  Since this is in the middle of an ocean the sediments will likely be oozes (shell rich) and mostly calcareous.

8. The pillow lava is fed by cracks through which magma flows called dikes.

9. Dikes cut across rock structure.

10. Spreading repeatedly cracks the oceanic crust forming a complex of parallel vertical dikes. Such dikes are said to be “sheeted”. Since the basaltic magma here crystallizes underground, the slower cooling creates a somewhat coarser-grained relative of basalt called diabase.

11. More sheeted dikes in and ophiolite in Oman, United Arab Emirates. 

12. More sheeted dikes from the Troodos ophiolite in Cypress.

13. Under the sheeted dikes we see layered gabbro.

14. Gabbro is the plutonic (deep-formed) equivalent of basalt.

15. Gabbro consists of mostly dark minerals like the ferromagnesian silicates “pyroxene” and “hornblende”. The light minerals here are Ca-plagioclase. Gabbro never contains quartz or K-feldspar.

16. The layering in the gabbro comes from the progressive addition of new magma and its crystallization where the crust is thin and heat conduction is greatest.

17. Layered gabbro may look sedimentary or possibly metamorphic, but it is 100% igneous and composed of inter-grown crystals.

18. The magma chamber is actually a mixture of molten rock with mineral crystals that had too high of a melting point to melt. These residual crystals contain lots of Fe and Mg and are relatively dense. They tend to sink and accumulate towards the bottom of the magma chamber forming rocks now considered mantle.

19. The residual crystals are mostly the ferromagnesian minerals olivine and pyroxene which form a rock called peridotite. The boundary between the gabbro and peridotite is the boundary between the crust and the mantle. It is marked by a big change in the velocity of seismic waves known as the Mohorovicic discontinuity, or MOHO for short.

20. Here is the uplifted and exposed ancient boundary between the oceanic crust and mantle in Newfoundland.  These rocks are cumulates – formed from crystal settling.

21. Peridotite that is a cumulate of olivine and only a little pyroxene is know as dunite.

22. Often these ultramafic mantle rocks are metamorphosed into serpentine.

23. So at the bottom of the oceanic lithosphere we have a combination of dunite/peridotite and serpentine.

24. Whew!! So much for the oceanic lithosphere. Now on to the continental margin.  Thick sediments will accumulate here because the margin sinks as it diverges from the rift where the mantle plume had lifted the original continent.

25. The sinking edge results in a shoreline that migrates inland. This is known as transgression. Consider the lack of mountains and long transport distances. What kind of sediments do you think accumulate?

26. Here’s a hint….

27. That’s right, mature sediments accumulate, like quartz sandstone, …

28. … shale and/or limestone, depending on the climate.

29. After about 110my the continental edge has fully cooled.

30. Subsidence continues, but at a slower rate, due mostly now to the tremendous weight of the sediment pile that may reach thicknesses of 

31. … up to 14 km!

32. The full divergent margin is very much like the stable craton in terms of sedimentation.

33. The Great Barrier Reef of Australia is a good modern analog of a Divergent Continental Margin (DCM). The clear, warm water offshore permits coral growth and the formation of limestone.

34. Clean, quartz sand shoals form near shore. Very little clay is formed here because the climate is fairly arid. 

35. The southern coast of Florida is another good example of a DCM with coral and therefore limestone formation.

36. So DCM’s are noted for abundant carbonate – especially limestone or calcium carbonate, but magnesium carbonate (dolomite) is also common.

37. But in a colder climate, like near Chesapeake Bay here, reef growth is impossible. If the climate is relatively humid, weathering will form ample clay and shale will deposit instead of carbonates on the outer shelf. 

38. So the general pattern of sedimentation on a DCM is sandstone and shale and/or limestone.

39. Early carbonates where mostly dolomite, but eventually limestone dominates. The change from Mg carbonates to Ca carbonates reflects the formation of more continental crust through time and the evolution of shell-making creatures.

40. This concludes the opening phase of the Wilson Cycle. In the next lesson we will look how the ocean basin closes and how the DCM sediments are built into mountains and metamorphosed.


