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The Geologic History of Middle Earth 
________________________________________________________________________ 
 
Abstract 

Mapping the chemical composition and internal facies architecture of Middle Earth 

helps reveal its geologically diverse history.  Beginning with Precambrian 

deformation, Middle Earth chronologically unfolds as subduction zone, rifting, arc 

magmatism, erosion and plume related processes shape the diverse landscape. 

 

Introduction 

 Middle Earth is geologically diverse.  For at least 1.7 billion years, Middle Earth’s 

plate tectonics and magmatic processes have diversified and altered the landscape with 

unique and compositionally distinct formations.  These formations possess unique 

chemical and isotopic signatures.  Having taken dozen’s of samples throughout Middle 

Earth, and having learned the age’s and characteristics of these rocks, we can piece 

together the general geologic history of Middle Earth. 

 

The Precambrian Shield  

 During the Precambrian, a converging plate margin forced metamorphism of a 

region of ancient pelitic rocks.  The area mimics a typical Barrovian sequence (Figure 1).  

The foliations in these rocks generally dip steeply to the southeast.  The earliest prograde 

metamorphic changes occurred around 12 kilometers depth while the latest (sillimanite 

faces) formed around 35 kilometers depth.  Around 1.2 billion years ago, a mylonite zone 

cut the sequence.  Over millions of years, these metamorphic rocks have come to the 



Figure 1: The Geology of Middle Earth 



surface through a series of unroofing events.  The ancient suture zone that 

metamorphosed these rocks no longer exists.  

Additional tectonic, magmatic and erosional processes have both distorted shield 

topography and covered it with new sediment.  Evidence of shield distortion can be seen 

from the dipping of the Precambrian fringe.  It has strike and dip patterns typical of 

complex syncline/anticline boundaries.   After 1.7 billion years of geologic history, much 

of the shield has been covered with either tertiary lava flows or Quaternary alluvial 

sediment. 

 

Formation of the Misty Mountains  

 Sometime during the Jurassic an inland sea collided with the existing continental 

crust.  The compressional forces of this subduction zone influenced the topography 

enough to cause the entire drainage of this inland sea.  Sample B-13 (an eclogite) reveals 

that pressures and temperatures were high enough to cause dehydration of the water-rich 

slab.   This dehydration induced partial melting which generated the enormous quantities 

of granitic magma which constitutes the majority of the Misty Mountain granitic plutons.  

Because subduction in this area ceased, the quartz rich magma solidified before it could 

erupt on the surface.  These pluton’s constitute the bulk of the Misty Mountain batholith. 

 The samples collected from the Misty Mountains have a strong granitic signature.  

These intrusive samples cooled slowly which allowed the formation of large phenocrysts.  

Erosional processes have exposed these large plutons on the surface.  Each pluton within 

the batholith complex formed individually over the space of several million years.  Such 



a sequence of formation is responsible for the distinct compositional variations we see in 

the Misty Mountain samples. 

 

Tertiary Magmatism 

 66 million years ago, a rising mantle plume began melting the lithosphere below 

the Evendium region.  Silicic volcanism formed vast regions of rhyolitic lava flows.  

Because the mantle is generally peridotite, these rhyolitic magmas were formed as the 

plume interacted with the country rock.  Sample MD-35 appears like obsidian glass and 

is highly enriched with incompatible elements.  Around the same time as this volcanism, 

a large granitic intrusion cut through the slightly older rhyolitic lava flow.   

 Later in the Tertiary, this plume began causing major surface up-warp of the 

overlying crust.  Such strain is the cause of rifting in the area.  As rifting progressed 

slowly from the west to the east, large fissure eruptions extruded enormous quantities of 

basaltic lava.  This basaltic lava flooded the entire western region of Middle Earth.  These 

large fissure eruptions alleviated the underlying magma pressure.  This continental flood 

basalt formed the Deadman’s dike province and covered western Middle Earth with 

basaltic lava.  As the plume head became depleted in energy and magma, volcanism 

dwindled in this region. 

 One million years after this flooding episode, a major gabbroic intrusion formed 

west of the Deadman’s dike province, just south of the Blue Mountains.  This intrusion is 

synonymous to the Skaergaard intrusion found in modern day Greenland.  This intrusion 

can be separated into 4 distinct parts: marginal border series, thick layered series, upper 

border series and the last crystallizing sandwich horizon (Best, 334).  As the intrusion lost 



internal heat through the surrounding country rock, crystallization occurred sequentially 

from the outside in.  Such cooling created compositionally distinct zones.  The last 

crystallizing sandwich horizon became enriched in incompatible elements.   

 Howoon Island represents the present day location of this mantle plume.  It began 

formation sometime during the late Tertiary.  Samples from Howoon are basaltic in 

composition.  The trace element spider diagram follows a typical ocean island trend.  

Like the Hawaiian Islands, Howoon formed because a plume pulse generated the pressure 

and magma necessary to generate ocean island volcanoes.  Because this plume is the 

same plume (different plume pulse) that generated the continental flood basalts, the 

plume head must have traveled westward roughly 1000 kilometers.   Samples from 

Howoon are tholeiitic in composition and are alkaline rich (see Figure 2). 

 
      Figure 2. Howoon Island today.  This ocean island system generates 

                        alkaline rich magmas and follow typical isotope trends. 
 
 
 

Quaternary Magmatism 

Quaternary plate tectonics collided with the southern margin of Middle Earth 

which generated a large subduction zone.  As a result of this subduction, arc magmatism 

has generated the Gondor orogenic belt, Mountains of Shadow, and the island arc chain 

that stretches out into the Western Ocean.  As the water saturated oceanic slab subducted, 



large volumes of intermediate silicic magma generated a large volcanic chain along the 

realm of Gondor.  Most samples taken from Gondor are aphanitic rhyolites, dacites or 

andesites.  Many samples taken from this region reflect several pyroclastic textures 

including: eutaxitic texture, lithophysal texture, glassy texture, pumiceous texture and 

trachytic texture.   Most samples in Gondor reflect pyroclastic ash flow emplacement.  

Directly south of the Gondorian volcanic arc lies a vast region of metamorphic minerals.  

Due to lack of evidence, it is hard to determine the exact method of formation of this 

region.  Because it lies directly above the accretionary wedge, this zone probably consists 

of low-grade metamorphic rocks.  Through unroofing and erosional processes, these 

metamorphic rocks have been brought up to the surface and are now in a metastable state. 

 The northern dipping subduction zone is partly responsible for the entire 

formation of Middle Earth’s tallest mountain range, the Mountains of Shadow.  Sample 

1-1 represents the Nurnen granitic intrusion (see Figure 3).  These rocks are S-type 

granites and are peraluminous because they contain normative corundum.  These granitic 

rocks were formed from partial melting of the lithosphere above the subducting slab. 

 Islands such as Belafas or Ciscirck were formed as part of the island arc chain of 

silicic volcanoes.  Their origin links to the formation of the Gondor orogenic belt.  The 

island of Belafas hosts magnesian rich andesitic lava flows while the island of Ciscirck 

hosts ferroan basaltic flows.  Such a difference may be related to how Ciscirck lavas have 

formed much closer to the mid ocean ridge than do lavas from Belafas. 



 
Figure 3.  The plate tectonics of Middle Earth reveal how orogenic mountain belts have formed, and why 
magmatic arcs developed where they did.  This map also contains every sample that helped interpret Middle 
Earth’s geologic history. 

 
 
 
 

Additional History 

 Additional unmentioned processes have also contributed to the diverse geologic 

landscape of Middle Earth.  Because of the lack of evidence, I am inconclusive as to how 

the Grey Mountains formed.  The volcanoes in the Withered Heath area (both basaltic 

and rhyolitic) have formed because the area is likely rifting apart.   Also, erosion has been 

a continual process throughout Middle Earth’s history.  This is why abundant quaternary 

alluvium is scattered widely abroad its face.   This alluvium is tied to the coastal plains 

which are directly related to the compositions of its neighboring mountain ranges.  Also 

transform boundaries along the mid ocean ridge have formed due to tectonic stresses.  

The mid ocean ridge continues to diverge because fresh pillow basalts continually erupt 



along its length.  Finally, Mount Doom in Mordor is another very active basaltic volcano 

which I believe has developed from rifting processes. 

 

Conclusion 

 Middle Earth has unique and diverse formations.  It owes its beauty to subduction 

related arc magmatism, continental flood basalt eruptions, rifting processes, spreading 

ridge magmatism, erosional processes, intrusive magmatic plutons and the sheering 

stresses of plate tectonics.  Any landscape with geologically active histories will be 

similarly beautiful indeed. 
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