PLATE TECTONISM /PLATE TECTONISM MOVEMENT
Qn 
1a. what is meant by plate tectonism?
Plate tectonism the movement of the mobile crustal blocks of the earth called plates (tectonic plates). These plates have either oceanic crust or continental crust. This movement may be both horizontal (lateral) and vertical.
These plates float on the partially molten rocks of the upper mantle. The plates have a lower temperature compared to the mantle that’s why they are appear in the solid form. They are less dense than the mantle that’s why they are able to float on top.
This movement is caused due to heating by radio activity, geo physical and geo chemical reactions in the upper mantle which melts the rocks resulting into the rising of the convective currents.
As the currents approach the base of the crust the move in a circular direction dragging the overlying plates in their direction of movement.
These plates can be grouped into major plates and minor plates 
· Major plates
· The  African plate
· The American plate
· The pacific plate
· The Australian plate/Indian plate(indo Australian plate)
· The Eurasian plate
· The Antarctic plate
· Minor plates 
· Caribbean plate
· Nazca plate
· Philippine plate.
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The above plates are separated by seismologically active boundaries or margins. These include:
· convergent/destructive boundary
· Divergent/ Constructive
· Conservative /transform/neutral
Convergent /destructive boundary; this exists when two plates move towards each other (converging). 
· The convergence of oceanic and continental plate results into the sinking of a dense oceanic plate which is absorbed or sinks into the mantle in a process known as subduction. Subduction is a process through which one plate is forced beneath the other and is absorbed by the mantle. 
Examples include the meeting of South American plate and Nazca plate.
· The convergence of similar plates especially (continental to continental) results into compression and folding forming the Fold Mountains. For example the meeting of indo Australian plate and Eurasia plate leading to the formation of the Himalaya fold mountains.
Illustaration
[image: https://c8.alamy.com/comp/HYTRW9/convergent-plate-boundary-created-by-two-continental-plates-that-slide-HYTRW9.jpg]

Divergent boundary /constructive boundary; this exists plates move away from (diverging). This basically takes place between two similar plates. When this happens a new crust emerges through the process of volcanism. 
· Under the oceans the new rocks come to the surface and push the old ones away expanding the ocean or sea floor. This is known as sea floor spreading.
· If the new crust appears between the continental plates the divergence results into faulting leading to grabens and rift valleys. This explains the formation of the eastern arm of the East African rift valley.
· Examples may include the divergence between African plate from South American plate and between Nazca and pacific plate.
illustration
[image: https://mrgeogwagg.files.wordpress.com/2015/06/constructive-plate-boundary.png]
Conservative /transform/neutral/transcurrent boundary; this occurs where two plates slide past each other along a fault. The plates may be moving in the same or opposite directions. These plates don’t affect the old lithosphere or create a new one. They may sometimes rub against each other resulting into earth quakes. Examples include the San Andreas Fault between the pacific and North American fault.
Illustration.
[image: https://www.nps.gov/subjects/geology/images/transform-shear-zone-10x.jpg]
Landforms resulting from plate tectonism movement
b. Examine the influence of plate tectonic movement to landform development in East Africa.
Plate tectonic movement generates tensional, compressional and vertical earth movements which are associated with faulting, vulcanicity, warping and folding which are responsible for land form formation in East Africa. 
Faulting is the fracturing of rocks along which displacement occurs. It largely takes place at divergent plate boundaries where two plates of similar characteristics move away from each other. It led to the formation of;
I. The East African rift valley; this is along narrow deep depression bordered by two in facing fault scarps. It was formed when two divergent plates moved away from each other as a result of tensional forces pulling away from the center of the crust. This explains the formation of the Eastern arm of the rift valley.
[image: https://www.researchgate.net/profile/Kamal_Karim3/publication/325857283/figure/fig4/AS:639291399090177@1529430355421/Fig-13-Rift-basin-or-rift-valley.png]

II. Horst or block mountains; these are elongated blocks of land that are raised above the surrounding. They are bordered by fault scarps on either sides. Plate tectonic movements cause vertical earth movements of the crust. The rising convective currents exert an upward push on the crust resulting into the uplifting of crustal rocks forming a block mountain. This is related to differential uplift theory. 
Examples include, Rwenzori, Kamasiya, Ndoto, Pare, Usambara and Mahenge
    
[image: Image result for diagras of block or horst mountains][image: See the source image]


III. The rift valley is associated with the formation of fault scarp or escarpments; these are steep slopes /sides of the rift valley. Along the divergent boundaries two plates move away from each other that forms a rift valley with two adjacent steep sides as the fault scarps (escarpments).
Example include, Elgeyo, Nandi, kikuyu, Aberdares, Nyando Kedong and Nguruman in Kenya and Lake Manyara scarp in Tanzania.
[image: See the source image]

IV. Faulting results into the formation of Graben hollows/depressions /basins; these are long narrow, deep and steep sided depressions/hollows on the floor of the rift valley. They result from secondary faulting. At the constructive boundary two plates move away from each other creating the rift valley. The floor of the rift valley undergoes secondary faulting creating a basin /hollow on the floor known as a graben.
V. Tilt blocks result from faulting; these are uplands that stand at different elevations. They are associated with block mountain formation. They result from vertical movement when the rising convective currents force the overlying rock to up thrust (move upwards). However this upward rising of rocks is at different rates (differential uplift). This leads to the formation of tilt blocks. Examples include west Kenya tilt.
[image: http://thegeoroom.co.zw/media/tilted-blocks.png]







VI. Fault guided valleys are formed. This is a depression that develops along a single fault in areas affected by faulting. During faulting at divergent margins a single fault is formed on the land scape. The rocks along this fault are greatly shattered and weakened as rocks rub against each other during the movement. Weathering and erosion take advantage of this shattered zone deepening it to form a shallow depression along this fault plain/line called a fault guided valley.
Examples Kerio valley (between elgeyo escarpment and Kamasiya ridge in Kenya)
[image: See the source image][image: See the source image]
Plate tectonics results into vulcanicity. Vulcanicity refers to the process through which solid, liquid and gaseous materials (magma) are either intruded into the earth’s crust or onto the earth’s surface. Heating by radio activity geo physical and geo chemical reaction in the upper mantle leads to the rising of molten materials to the surface through fissures created by faulting at a divergent plate boundary. This explains why vulcanism basically occurs in the faulted zones. Magma escapes through the vents and fissures created by faulting to form different features which include;
1. Composite cones / strato volcano/complex cones; they are very large cones with steep sided with alternating layer of lava and cinder fragments (pyroclasts). Heating by radio activity geo physical and geo chemical reaction led to the formation of acidic lava which passes through the main vent to the surface where it solidifies to form a large upland with pyroclasts and lava alternating layers.
Later explosions may blow off the top to create a crater. It may sometimes develop parasitic cones. Plate tectonics can explain the formation of the very old composite cones especially Elgon, Moroto and Kenya.

[image: See the source image]



[image: See the source image]

2. Plate tectonism movement led to the formation of ash and cinder cones/Scoria cones; these are small uplands of a low height about 150m consisting ash and pylocrasts (cinder fragments) with a shallow crater on top.  
They are formed by very violent eruptions which blow lava to greater heights and eventually breaks into fragments. These fragments follow back to the surface building up small cones. They may be symmetrical or asymmetrical depending on the wind strength and direction during the time of eruption. NB, fragments are piled mostly on the lee ward side forming a cone with uneven slope length, the leeward side being longer and somehow gentle compared to the steep windward side (asymmetrical cones).
 They often erupt in groups for example around muhavura, with small cones such as Muganza , Sagitwe, Busamba, Busaro etc., south of lake Turkana which include Likaiyu and Nabuyatom, mt Teleki etc.
[image: Image result for cinder cone illustrations]
	
[image: See the source image]
3. Plate tectonism led to the formation of basalt domes/basic lava domes/shield volcanoes; this is a broad dome with low height and a crater at the summit. Or they are gently sloping highlands formed from solidification of basic lava that reaches the surface with almost no explosive activity.it flows for faily long distance before cooling and solidifying to form almost flat topped convex dome with gentle slopes. Examples include Mt.Tukuyu in Southern Tanzania, Mt Marsabit in Kenya and Nyamulagira in DRC within the Mufumbiro mountain ranges.
[image: See the source image]
4. Plate tectonism leads to the formation of lava plateau/ lava plains. This is an upland with more or less monotonous relief. It tends to have a plain-like appearance devoid of high hills. It’s formed by a very fluid magma being brought to the surface by a number of fissures or cracks /vents/series of eruptions. The magma has very low viscosity with very high temperatures between 9000c-12000c.
On reaching the surface the lava flows for a very long distance before cooling and solidifying.
Examples include Kisoro lava plain in Uganda, Yatta, Liakipia, Athi-Kapiti, Uasin Gishu and Kericho plains in Kenya.
[image: See the source image]



[image: See the source image]
Kisoro airstrip built on the Kisoro lava plain at Nyakabande.
Plate tectonism led to the formation cumulo domes; this is a steep sided convex dome made of acidic and intermediate lava piles around the vent. It’s characterized by a flat base. It has no crater because there are no explosions. 

[image: Image result for cumulo domes][image: Image result for cumulo domes]
5. Led to the formation of volcanic plugs; it’s an extreme steep sided cone formed within the vent. It’s formed when acidic lava solidifies within the vent. Weathering and erosion later expose the lava forming a steep sided cone called a volcanic plug for example Tororo rock. 

[image: https://www.purposegames.com/images/games/background/271/271441.jpg]
6. It led to formation of volcanic necks; this is a residual volcanic landform as a result of exposure of a dyke. Eruptions lead to the formation of volcano with a hard central dyke compared to the overlying materials. Differential erosion leads to the wearing away of the outer soft rocks while the harder central dyke remains steepened landform as a volcanic neck. 
Examples include Tororo rock, Alekilek near the border between Katakwi and Moroto districts in Uganda and Mawenzi peak on Mount Kilimanjaro in Tanzania
7. Plate tectonism has led to the formation of mountain craters. These are small depressions on top of composite volcanoes. These result from violent eruptions that blow off the top of the composite cone. Examples occur on top of mount Muhavura in Kisoro, crater on mount Longnot in Kenya etc
8. It led to formation of calderas;  these a wider depressions on top of volcanoes they are formed by mainly three processes, cauldron sinking (block subsidence), violent eruptions and outward collapsing. 
By coldron sinking, magma supply reduces and a huge hollow or cavity is left underground. The weight of the cone causes the top part of the cone to sink or subside into the hollow. Examples include Ngorongoro caldera in Tanzania
By violent eruptions, they blow off the top of the mountain. Lava may block the mouth of the vent. Pressures keeps building in the vent resulting into violent eruptions that blow off the top forming a large wider depression known as a caldera. Examples include Menengai and Suswa in Kenya and Ngozi in Tanzania.
By outward collapsing. A volcano comprising of layers of fine particles such as ash cannot withstand heavy weight of overlying layers. Gradually such particles move or sag downwards in the outward manner. This movement leaves a huge depression referred to as a caldera. An example is Napaka in Uganda

[image: http://www.explorevolcanoes.com/volcanoimages/volcano%20caldera.png]
9. Explosion craters are formed as a result of violent eruptions/maars. These are flat floored depressions surrounded by a low rim of pyroclasts and local rocks on the surface of the earth. They are formed when violent eruptions blow off the top of the earth’s surface to form a large depression. The pyroclasts fall down around the depression forming a raised rim. 
Examples include katwe, nyamunuka , munyanyange , kamwiga, kikorongo, nyamusingire etc.

[image: See the source image]
10. Vulcan city is also responsible for the formation of intrusive volcanic land forms. These form when magma solidifies before reaching the earth’s surface as a result of reduction in pressure forming intrusive features like batholith, dykes, sills, laccolith, and phaccolith.
These are later affected by denudational processes to form exposed volcanic land forms like 
a. Batholiths are exposed to form round topped hills covering 100s of square km for example in Mubende and Kyegegwa.  They also form residual hills called inselbergs e.g. in Nakasongola and Ntungamo. They may also be eroded away forming large depressions like arenas for example the Kyazanga arena and Malongo arena along Masaka-Mabara road.
b. Dykes are exposed by erosion forming elongated hills with steep slopes called ridges. E.g. Kaap ridge in South Africa and Jos plateau in Nigeria. When the dykes are eroded away they form trenches across the land for example the trench dyke west of Lake Turkana in Kenya.
c. Sills are exposed by erosion to form escarpments for example Thika escarpment responsible for Thika falls, Ssezibwa scarp etc. they also form flat topped hills extending for several kilometers. Sills may be eroded away forming long shallow depressions.
d. Laccolith (they contain hard plutonic rocks deepening vertically to unknown depth) may be eroded to form plutonic inselbergs for example in Tsavo near Voi in Kenya.
Plate tectonic is associated with down warping, it refers to the gentle deformation of the crust over a considerable area (large area).  The crust is either deformed in an upward direction (up warping) or can be deformed in a downward direction (down warping).
Warping is indirectly related to faulting that occurs on the divergent/constructive boundary.  For the case of East Africa, the formation of the rift valley resulted in concomitant up warping of the rift valley shoulders.
The eastern shoulder of Ugandan rift valley was tilted upwards similarly the western shoulders of the Kenyan rift valley. Therefore the landscape between the eastern arm and the western arm of the rift valley was deformed downwards (down warped) resulting into a large basins notably Kyoga and Victoria basins[image: See the source image]Plate tectonic is associated with folding. It refers to the bending of young rocks due to compressional forces. These young rocks (sedimentary rocks) are a result of deposition of sediments on the sea bed or low lying areas by glaciers and river over 1000s of years.
Compressional forces result from convergence of two continental plates at a convergent plate boundary. This results into the formation of fold mountains, synclines and anticlines. For example globally the convergence of Indo Australian plate and Eurasian plate resulted into the formation of the Himalaya Mountains, the convergence of African plate and Eurasian plate resulted into the formation of the Alps Mountains of southern Europe and Atlas Mountains of North Africa. The convergence of Nazca plate and South American plate resulted into the formation of the Andes Mountains. 
However in East Africa folding was insignificant on the landscape only traces of fold synclines and anticlines can be found in Kigezi highlands in south western Uganda and the Ankole karagwe rock series between southern Uganda and northwestern parts of Tanzania
[image: See the source image] [image: Folds-right-plane-inclination.jpg (1600×668)]
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THE INFLUENCE OF PLATE TECTONIC MOVEMENT ON THE DRAINAGE OF EAST AFRICA.
Question: Examine the influence of plate tectonic movement on the drainage of east Africa.
Plate Tectonic movement results into diastrophic processes (lateral and vertical earth movements) leading to faulting, warping and folding. The fissures created by faulting allow magma to escape to the surface where it forms different volcanoes. Therefore these processes (faulting, folding, warping and volcanicity) directly or indirectly affect the drainage of east Africa as follows.
a. The influence of faulting on the drainage. This is the fracturing of rocks along which displacement occurs. Faulting results into the formation of the following drainage features; 
1. Rift valley lakes/graben lakes; these are long, narrow deep depression filled with water. They are small depressions formed on the rift valley floor. In other words they are referred to as “valley within a valley”. They are formed by secondary faulting. 
At the divergent boundary, two plates moved away from each other forming a rift valley. Due to secondary faulting on the rift valley floor, a small, long narrow depression formed on the rift valley floor called a graben. It’s later filled with water from rivers and rainfall forming a rift valley lake.
Examples are the numerous lakes in the eastern arm of the rift valley like Turkana, Nakurua Naivasha etc. 
[image: https://3.bp.blogspot.com/-jO2sjcCDOoU/Wr_xsbd0z-I/AAAAAAAAAuo/ssi2hiJXT7QvW_bEBjPrwy69y9WdPzC9ACLcBGAs/s1600/east-african-rift-valley-copy.jpg]
2. Faulting led to the formation fault guided rivers. These are streams that follow along a fault guided valley. Faulting took place along single fault line leading to the crushing and weakening of rocks as a result of friction of rocks during the movement. However these weak rocks are later eroded away by a streams forming a fault guided valley. Rivers begin following on this valley  forming fault guided rivers like Aswa in northern Uganda and Wassa in the semuliki valley in western Uganda.
[image: https://naturalishistoria.files.wordpress.com/2014/09/dead-sea-rift-valley-diagram.jpg]
3. Faulting has led to formation of Horst Mountains/ block mountains which are sources of rivers.  Due to vertical movement in the faulted zone high towering highlands and ridges are formed due to differential uplift. These highlands rise higher than the snow line of 4500m above the sea level. This results into accumulation of snow forming snowcapped mountain peaks. Due to melting of this Snow, Rivers begin radiating from these block mountains.
For example, mountain Rwenzori the highest block mountain in the world stands at 5,109m. Several rivers like Mubuku, Ssebwe, Nyamugasani, Mpanga, Rubhiriha, and Nyamwamba radiate from this mountain. They are responsible for the George-Kazinga channel -Edward-Semuliki- Albert-Nile hydrological system and George-Katonga-Victoria-Nile hydrological system.
[image: See the source image]A section of river Mubuku in the upper slopes of mount Rwenzori.

4. Faulting is partly responsible for river reversal and the impeded drainage system. During the formation of the east African arm of the rift valley, the eastern shoulder for the western arm was tilted upwards  likewise the western arm of the eastern arm. This up warping caused river Katonga and river Kagera to change their direction of flow because the rate of uplift exceeded the rate at which rivers could incise their beds. They reversed east wards and poured into the Victoria basin. This is clearly seen in the swampy divides between the rift valley lakes in western Uganda and Lake Victoria. Lake Kyoga was formed in the same way like Victoria when River Kafu reversed eastwards.
These rivers are swampy and impeded water flows at a slow pace. They are consistently flooding during rainy season.
[image: See the source image]The impeded Katonga river system after reversal.
5. Faulting is responsible for the formation of water falls on fault scarps or escarpments. A water fall is a sharp break of water over a vertical slope. During vertical faulting escarpments are formed over which a stream passes and plunges downstream as a water fall. Examples of such water falls include, Murchison falls on river Nile. 
[image: See the source image]


[image: See the source image]
Murchison falls on river Nile.
b. The influence of volcanicity on drainage. Volcano formation indirectly or directly affected surface drainage in the following ways.
1. It led to the formation of lava dammed lakes. These are small irregular lakes formed between volcanic highlands. During volcanic eruptions, highly viscous lava flowed and blocked a former river valley. The solidified lava formed a barrier/dam across the river valley. Water accumulated behind the dam/barrier to form a lake. Examples include, Mutanda, Mulehe, Kayumbu and Chahafi in Kisoro, Lake Bunyonyi in Kabale and lake Saaka in Kabarole. 
    
[image: See the source image]
A photo of Lake Bunyonyi in Kabale, the largest lava dammed lake in east Africa.
2. It led to formation of crater lakes. A crater lake is a small depression on a volcano filled with water. The top of a volcano is blown away by violent eruptions creating a small depression. This depression is later filled with water from underground or rain forming a crater lake. Example include Lake Paradise on mount Marsabit, and Lake Muhavura on mount Muhavura in Kisoro.

[image: https://gorillahighlands.com/wp-content/uploads/2015/09/volcano_peak_1-1000x400.jpg]Muhavura Crater Lake on top of mountain Muhavura at an altitude of 4,127 meters above the sea level.
3. Caldera lakes are also formed by volcanic eruptions. A caldera lake are large craters on top of volcanoes filled with water. Pressure builds up in the volcanic vent. This pressure explodes the top part of the cone leaving a large depression at the top. This enlarged hollow is later filled with water from underground stream sand rain water forming a caldera lake. Examples include Lake Embagai and Lake Ngozi in Tanzania.


[image: See the source image]Ngorongoro Caldera Lake in Tanzania. It occupies a wider depression unlike for the Crater Lake on mount muhavura.
4. Explosion crater lakes were formed by volcanicity. These are round shaped small sized and flat floored depressions with water. They result from explosive eruptions where magma and gases vigorously escape to the surface lowing away the surface rocks. This leaves a crater like depression with a low rim of pyroclasts rocks. They may be filled with water to form explosion crater lakes. They are mostly saline since they have no outlets. Examples are in western Uganda where over 200 are found between Lake Edward and Albert and the main ones include, Lake Katwe, Lake Nyamunuka, Lake Munyanyange, Kamwiga, Nyamusingire Kikorongo etc.
[image: Lake-Katwe.jpg (300×156)]
5. In some areas volcanicity led to production of porous rocks resulting into limited surface water. Due to extreme temperatures and vigorous explosions led to the formation of highly porous rocks like pumice resulting into high rock porosity. This explains the absence of surface water on the foot slope of mount Muhavura in Kisoro district. 
Plate tectonism resulted into formation of down warped lakes.Warping is indirectly related to faulting that occurs on the divergent/constructive boundary.  For the case of East Africa, the formation of the rift valley resulted in concomitant up warping of the rift valley shoulders.
The eastern shoulder of Ugandan rift valley was tilted upwards similarly the western shoulders of the Kenyan rift valley. Therefore the landscape between the eastern arm and the western arm of the rift valley was deformed downwards (down warped) resulting into a large basins notably Kyoga and Victoria basins.  This forced rivers like Katonga and Kagera to reverse their direction of flow pouring into Victoria basin forming Lake Victoria while Kafu reversed to pour into Kyoga basin forming Lake Kyoga. Initially all these rivers had their mouth in the Atlantic Ocean.[image: See the source image]Other down warped lakes include Kachira, Kijanibarola, Opeta and Bisina and Lake Wamala.
Revision questions
1. Examine the influence of plate tectonics on the drainage of East Africa. (25 marks)
2. Examine the influence of plate tectonism on landform development in East Africa. (25 marks)
3. Discuss the role of plate tectonics on the formation of basins in East Africa (25 marks)
4. To what extent is plate tectonism responsible for the formation of landforms in east Africa (25 marks)
5. Plate tectonism movement is responsible for the nature of East Africa’s drainage system. Discuss (25 marks)
Tumwizere William 2020.
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