EAS 427 – Tectonics

Spring 2012 ( DUE DATE:  THURSDAY, APRIL 19, 12:30PM
Tectonics of Fiction

This assignment is based upon the idea that simply by observing landscapes, we can discern a lot about the geological and tectonic history of a region.  In order to hone your observational skills, you will “observe” a fictional landscape, looking for such features as mountains, plains, lowlands, coastlines, etc. that may indicate the geologic processes that led to these formations.  To complete the project, you will use what you are learning in Tectonics, along with what you’ve learned in your other major courses, to create a geologically reasonable, coherent, and correct interpretation to explain your observations.  You will need to use sound geologic fundamentals and an eye for detail, as well as some creativity for an effective project.  For your benefit, I’ve attached a project from another geology student, Scott Maxwell, at Brigham Young University in Utah.  Mr. Maxwell’s project is a sampling to help you get started.  HOWEVER, you should only use it as an example, NOT as a guide.  I expect your project to be longer, more detailed, and contain references.  Follow the instructions below, and pay particular attention to those things upon which your project will be graded.
Format:

· 11 or 12 point font (“normal” font size and style), 1-1/2 line-spacing maximum
· Headings

· Title page

· Figures w/ Captions and references

· References

· Map

· 11-15 pages with figures (within reason – at least 9 pages of text)

· 1-inch margins

Grade based upon:
· 55% - Geologic correctness
· 10% - Writing ( Grammar, punctuation, etc.
· 15% - Writing ( Formatting, organization, visual appeal, etc.
· 10% - Creativity
· 10% - Participation
· You are to work in groups of 3, no more. I will accept a group of 2, but it is not preferred.
· Peer grades will be on a 10-point scale and averaged for 10% of your individual score.
· You will be given a grading sheet for yourself and your partners.
Keep a schedule of meetings and worked hours that is approved and signed by each member.

A Geologic History of Middle Earth:
“One Geologist to Rule Them All”
Scott Maxwell

Brigham Young University
April 15, 2005 
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ABSTRACT
The continent of Middle Earth has been changed through a series of orogenies, hot spots, and rifting events. These events include: Precambrian mountain building and metamorphism, the Misty Mountains Orogeny, the Howoon Hot Spot, the Harad continental collision and Gondor subduction, and Cenozoic rifting and volcanism.  Chemical and mineralogical data collected from these mountain belts and zones support the theories presented for their formation. 
INTRODUCTION
The history of Middle Earth is a simple framework of several orogenic and rifting events. The earliest orogenic event that can still be seen in the rock record occurred 1.7-1.2 Ga. This event was followed by the Misty Mountain Orogeny (166-147 Ma) which uplifted the country rock behind the eroded mountains of the Precambrian Orogeny. Sixty-six million years ago, a plume erupted flood basalts and rhyolites in the Evendium region which caused subsequent rifting of the continent. The plume continued to cause volcanism, and formed the ocean island of Howoon. The southern coast of Middle Earth underwent subduction that resulted in a continental collision 22 million years ago. The collision formed the present day Mountains of the Shadow and the Plateau of Gorgoroth in Mordor while continued subduction formed the Mountains of Gondor and the island arc that includes Ciscirck. During this period of subduction, northern Middle Earth underwent continental rifting resulting in the eruption of basalt and the formation of the Lonely Mountain and Grey Mountains. Present day Middle Earth geology is marked by continued rifting, subduction, and hot spot volcanism. This paper will discuss evidences for these geological events seen through analysis of the chemical and physical characteristics of the sampled formations.  

PRECAMBRIAN OROGENY

Evidence of a Precambrian orogenic event is seen in metamorphosed Precambrian bedrock exposed between the Greyflood and Brandywine rivers. The rocks display classic Barrovian metamorphism with increasing metamorphic grade near the Greyflood River. Probable protoliths are pelitic and quartzofeldspathic rocks due to the high amounts of aluminum needed to form the observed minerals of biotite, garnet, staurolite, kyanite, and sillimanite. The metamorphic zones are disrupted briefly by metamorphosed mafic rocks (amphibolite) between the staurolite and kyanite zones of the Barrovian sequence. These mafic rocks could have been emplaced through intrusion or concurrent deposition with the surrounding bedrock. Mylonitic texture is also observable indicating regional shearing. Radiometric dates show that the original metamorphism occurred at 1.7 Ga and shearing at 1.2 Ga. These compositions and textures indicate that these rocks metamorphosed during a thickening of the crust during a continental orogeny.

MISTY MOUNTAINS OROGENY

Plutonism began in the Misty Mountains region 166 million years ago and continued until 147 Ma forming series of batholiths exposed in the eroded Misty Mountains. Common minerals in sampled batholiths include: hornblende, biotite, quartz, plagioclase, and potassium feldspar. Composition ranges from granodiorite to granite. High concentrations of hydrous minerals indicate high water fugacity in the magma. Relatively low 87/86 Sr ratios (.706) and epsilon Nd (-7.0) show that the source rock was not continental crust and had a more mafic source. Chemical analysis reveals a high negative Nb anomaly and an enrichment in incompatible elements (Figure 1). These factors indicate that the Misty Mountain Batholith formed through subduction on the western coastline of Middle Earth. 
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Figure 1: Trace element diagram for sample 1 of the Misty Mountains Batholith.
HOWOON HOT SPOT

During the Early Tertiary (66 Ma) the Howoon Mantle Plume manifested itself on the north-western edge of the continent through a series of eruptions that covered the entire region with magma. The magma shows a highly bimodal trend with only rhyolitic and basaltic compositions. The first volcanic event occurred 66 million years ago covering the Lost Realm in pyroclastic flows (sample MD-35, Lost Realm Formation). This event was also marked by a series of silicic magmas that cooled below the region and most likely formed part of the magma chamber for a composite volcano (possibly the same volcano that caused the earlier pyroclastic flows). These potassium feldspar syenites (sample 2) and granites (sample 1-A) make up the hills of Evendium. Further eruptions covered nearly 330000 km2 of Northern Middle Earth with flood basalts (sample 16). Chemical analysis of sample 16 showed typical trace element behavior for continental flood basalts (Figure 2). These basalts covered portions of the earlier pyroclastic flows and most likely were linked to the beginning of the midocean rift that lies 500 km off the western coastline. Possibly linked to the basaltic flows on the surface, magma of similar composition formed a large magma chamber which cooled slowly over time (Grey Havens Intrusion). The chamber never erupted to the surface but cooled to form a layered intrusion much like the Skargard Intrusion of Greenland. The Middle Earth continent moved away from the hot spot as the rift zone began to spread. Evidence for a rift came from sampling done along the raised portion of the ocean floor where pillow basalts were found (sample O2-1). These basalts have a typical trace element pattern (Figure 2) of midocean ridges (they are depleted in incompatible elements). The present-day island of Howoon has the last know eruptions from the mantle plume. Basaltic rocks sampled from this island show that the magma composition ranges from basalt to trachybasalt, typical of ocean islands. The trace element diagram for Howoon lava flows (sample hwn-61) in Figure 2 also shows a typical pattern for ocean island basalts (enriched in incompatible elements). 
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Figure 2: Trace element diagrams for samples 16 (flood basalt), hwn-61 (Howoon lava flow), and O2-1 (pillow basalts from the midocean ridge)
HARAD CONTINENTAL COLLISION AND GONDOR SUBDUCTION 
In the Early Cenozoic, Mordor was a coastline with little or no tectonic activity. Around 28 million years before present subduction began along the southern coastline of Middle Earth causing plutonism and volcanism to form the Western Gondor Mountains (samples 5-60, 8, and 4-1 all represent dioritic and granitic plutons that intruded between 26 and 28 Ma). Volcanic activity also occurred in the present day land of Mordor but was erased by the continental collision that occurred at 26 Ma. Harad (a continental plate) ran into the land of Mordor forming the wide Plateau of Gorgoroth and causing melting of continental crust. Granitic bodies are found in the Mountains of the Shadow with radiometric dates of this age. Chemical analysis of sample 1-1, collected from the Southern Mountains of the Shadow, revealed high Al concentrations, normative corundum, low Na, high 87/86 Sr ratios (.720), and low epsilon Nd (-15.0); all of which indicate continental collision as the magma producing tectonic event. This collision continues today as the Land of Harad continues to push into the Land of Mordor and the oceanic plate continues to subduct under Middle Earth. 
Continued subduction has resulted in Late Tertiary and Quaternary volcanism in the Gondor Mountains and Ciscirck Island Arc. Chemical analysis of samples taken from this region reveals a trace element diagram much like that seen in Figure 1 which has already been shown to be a subduction zone along a continental arc. Like the samples taken from the Misty Mountains, minerals concentrations tend to be hydrous (hornblende, biotite and muscovite) and to contain abundant amounts of magnetite and other iron-titanium oxides. These factors indicate high water and oxygen fugacities during magma generation, consistent with continental arc subduction. Samples taken from the Gondor Mountains range in composition from andesitic to rhyolitic; while samples taken from the Ciscirck Island Arc range from basaltic (sample csc-3) to andesitic (sample 15). The difference in composition between these areas is due to the nature of the subduction. Magma rising from the mantle under the crust will undergo differentiation as it sits below the lithosphere and crustal contamination. Magma rising through the island arc will not be as thoroughly differentiated. Although basaltic in composition, sample csc-3 contains normative quartz showing that the magma underwent some degree of differentiation after melting.  
Metamorphism also occurred in the accretionary wedge of the subducting oceanic plate as seen in samples 20, B13, and B15. These rocks metamorphosed in the greenschist, blueschist, and eclogite facies respectively; typical of the pressures and temperatures associated with subduction metamorphism. The rocks are also composed of mafic mineral assemblages (blue amphibole, opaques, muscovite, and lawsonite in sample B13) showing that they metamorphosed from the basalts – most likely from the subducting oceanic crust. 
GREY MOUNTAIN RIFT ZONE
The Grey Mountains region began to experience extension and rifting in the Late Tertiary and has continued to spread until the present. The magmas produced at the zone have been compositional bimodal producing basalt (samples 11, 10, SG-41, VCT-35, and VCT-63) and rhyolite (WW-10, WW-9, and 5-74) eruptions. Radiometric dates place the rhyolites as the first eruptions about 7 million years ago. Samples WW-9 and WW-10 are highly silicic and contain topaz, an indication of dry magmas and low water fugacity. They are also metaluminous, tholeiitic, and contain quartz, plagioclase, and pyroxene. Biotite and other hydrous minerals are absent. The basaltic sample SG-41 is highly alkaline, can be classified as a peridotite, and has a trace element diagram similar to midocean ridge pillow basalts. These characteristics show that these basalts are derived from the mantle. Sample 11 has a trace element plot similar to continental hot spots and therefore creates ambiguity for magma generation. It is possible that the rift zone was created from upwelling of the crust due to rising mantle. However, further research is needed to confirm these conclusions.  

MOUNT DOOM 
Due to a lack of sampling from Mount Doom (possibly due to the intense danger presented by the Land of Mordor) there is no known beginning to the volcanic activity on the Plateau of Gorgoroth. From samples taken from 2004 eruptions (hwn-6 and hwn-15), it is know that the rocks are basaltic and contain olivine and clinopyroxene. The volcano could be a result of a hot spot over a rising mantle plume, but it is impossible to conclude with the limited samples collected.  

CONCLUSION

Middle Earth formed through a simple framework of orogenies and rifting events. In order to better understand and prove the theories presented in this paper more extensive research should be done on each individual region. 
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