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Schematic cross section through the upper part of the earth showing major magmatic environments
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1. Mid-ocean ridge (divergent margin): thin crust, asthenosphere is close to earth’s
surface, mantle upwelling, abundant basaltic volcanism/plutonism, e.g. Juan de Fuca
Ridge, East Pacific Rise, Mid-Atlantic ridge
2. Intraplate volcanic/plutonic rift system, e.g. East African rift, Rio Grande rift
3. Island arc (convergent margin): built largely on oceanic crust—composed largely of
island arc basalt and andesite
4. Continental arc (convergent margin): formation of new crust, volcanism/plutonism,
mountain building, regional metamorphism
5. Back arc basin: basaltic volcanism—similar to MORB
6. Ocean islands: basaltic volcanism, e.g., Hawaii, Canaries, and many others 
7. Scattered intracontinental activity: may be continental hotspots, e.g.,
Yellowstone

BASALT
What is Basalt?
Basalt is a dark-colored, fine-grained, igneous rock composed mainly of plagioclase and pyroxene minerals. It most commonly forms as an extrusive rock, such as a lava flow, but can also form in small intrusive bodies, such as an igneous dike or a thin sill. It has a composition similar to gabbro. The difference between basalt and gabbro is that basalt is a fine-grained rock while gabbro is a coarse-grained rock
[image: https://lh3.googleusercontent.com/-pSqdDmJ4RIc/UMtWH8nv01I/AAAAAAAAIAk/o7nDjq61hTcxx4lBKuU_16KWibFckspoACHM/s720/TAS-basalt.gif]
Basalt has a strict chemical definition. It is defined in the TAS diagram shown above. Basalt is an igneous rock that contains more than 45 and less than 52% of SiO2 and less than five percent of total alkalies (K2O + Na2O)3.
[image: Glowing pahoehoe lava flow][image: Basaltic lava flow of Kilauea Volcano in Hawai'i]
Basalt lava flowing in Hawai’i (Kilauea volcano, Pu’uO’o vent).
[image: https://lh3.googleusercontent.com/-EiHG8Mwzq-s/UMb7PLwq4RI/AAAAAAAAIA0/7oEb19uc_tIORVQYoyiVbhXFyUJoR93RgCHM/s720/IMG_7073.jpg]
Aa lava in the foreground. La Palma, Canary Islands.
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Pahoehoe lava (ropy lava). La Palma, Canary Islands.
[image: Columnar basalt at Giant's Causeway]
Basalt columns. Giant’s Causeway, Northern Ireland.
[image: https://lh3.googleusercontent.com/-3aEwFREp9cQ/T5vXY_MpsPI/AAAAAAAAARg/Od-iWybN8oIz4Asa6WC40BV6uV-p9sgxQCHM/s720/1256.JPG]
Pillow lava near Fasoula, Troodosophiolite, Cyprus. Pillow lava is very common on Earth, but difficult to find because almost all of it is on the ocean floor. Examples can be found on land usually where former ocean floor is tectonically squeezed between two blocks of continental crust.
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Scoriaceous lapillus from Etna, Italy. Despite being 5 cm in width it weighs only 15 grams because it is filled with gas bubbles (vesicules). Similar rock type with a felsic composition is pumice.
[image: https://lh3.googleusercontent.com/-yH05DGlcJP8/T5_x4MU7Q2I/AAAAAAAABF0/iCMf677hQ-YpxqlePOBVG2DCjmkoCPJmgCHM/s720/1582.JPG]
Sometimes dikes are so close to each other that the whole outcrop is composed of them. These sheeted dikes in Cyprus once fed volcanoes on the ocean floor

[image: Basalt rock sample]
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Basalt porphyrite from the Isle of Mull, Scotland with many plagioclase phenocrysts. The rock is 8 cm in length
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visicular basaltic rock from Tenerife. Phenocrysts are plagioclase (white) and augite (black). Width of sample 14 cm
[image: 14072-6-03]
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Dikes are composed of basalt and diabase. Diabase is nothing more than coarse-grained basalt. Here is a contact between basalt (on the left) and diabase in Cyprus. The basaltic dike is fine-grained because it is younger and was chilled (it lost heat rapidly to the diabase dike on the right).
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A large olivine crystal (blue) is visible in the center of the picture. The material contains augite and some feldspars. Carbonates are also present in particular in the cracks of the rock. This section is thicker than the conventional 30 µ
[image: Image result for basalt in thin section]
BASALT
[image: https://wserv3.esc.cam.ac.uk/1acollections/archive/thumbnails/55d2ec54a129b0b8943d0e387365c9a6.jpg]
Amygdaloidal Basalt

[image: Image result for basalt in thin section]
Porphyritic basalt
 Basalts can be subdivided into 
I: Oceanic
(a) Midoceanic Ridges 
(b) Oceanic Islands: 

Both tholeitic and alkali basalt suite are present
II	Continental 
	This can be subdivided into:
	(a)Ophiolites 
	(b) Plateau / flood basalts 
	(c)Basalt in Rift zones 

Basalts can be subdivided into 
I: Oceanic
a-Mid-Ocean-ridge Basalt
b-Oceanic islands

II Continental 
	This can be subdivided into:
Ophiolites
A-OphiolitesPlateau Floods – Basalts

A. Ophiolites  - Slices of deformed & metamorphosed) oceanic crust which have been thrust on top continental crust or ocean crust in an obduction zone” i.e certain CONVERGENT plate margins. Such ophiolite complexes consist of the association as we have seen in OVERHEAD of ocean crust.
B. In fact, from the few occurrences of ophiolites – the ocean crust model was deducted.
C. Still much debate about origin / mechanism of obduction
D.   Famous ones: Cyprus, Bay of islands, New Foundland, Oman & Papua New Land. Read: see Ehlers 199 - 204 

Evidence of oceanic crust prior to the Jurassic comes mostly in the form of ophiolites. These are slices of oceanic crust that have been emplaced on land during collision of plates.  As a result we often see cross sections through the seafloor, the fossil magma chambers and the mantle below. Such sequences are called ophiolite complexes.  Occasionally the phrase “Alpine ultramafic complexes” is used because these rock bodies were first described in areas affected by the Alpine Orogeny. The classic example is the TroodosOphiolite in Cyprus. As these rock bodies are tectonically emplaced, deformation within them disrupts the structure so that no two ophiolites are the same, many missing key features. The process by which oceanic crust is emplaced on continental crust is called obduction. The Lizard Complex in Cornwall and the Ballantrae Complex in the Southern Uplands of Scotland are the two ophiolitic complexes in the UK. In both cases, the sequences are incomplete
[image: http://earth.s.kanazawa-u.ac.jp/ishiwata/f1e_stra.GIF][image: F:\Ophiolits.jpg]
Ophiolite complexes are divided into six layers, all of which may or may not be observed. The top layer representing the fossil sea-floor is characterised by deep sea sediments like chert. Below that is a layer of pillow basalts, and below that the sheeted dyke layer. These latter represent the conduits which would have fed the basalts from the magma chamber to the sea floor. As the ridge spreads, dykes intrude dykes (at a rate of ~ 1 dyke every 50 years) so no country rock exists, just dykes. Below the sheeted dyke swarm lies the relicts of the magma chambers. These are gabbros. Towards the top of the chamber they are homogenous, but towards the bottom, they become rich in cumulates of ultramafic minerals like olivine and pyroxene. It is within these cumulate zones that the Seismic Moho is defined. At this point there is a marked increase in seismic wave velocity. Beneath the gabbros
lies the true mantle, which in ophiolites is developed as ultramafic, ultrabasic rocks like dunites (olperidotite), lherzolites (ol + opx + cpxperidotite) and harzburgites (ol + opxperidotite). These are almost always transformed to serpentinite, and fresh peridotite is rare. The transition from crustal plagioclase bearing rocks to plagioclase-free olivine and pyroxene rocks is called the PetrologicalMoho. Thereby the crust-mantle boundary is described slightly differently depending on whether you are a petrologist or geophysicist. As it is better to be good at both, both Mohos should be acknowledged and recognised

Plateau Floods – Basalts

Continental Flood Basalt Provinces such as the Columbia River Plateau, USA, the Parana in Brazil and the Deccan Traps of India are characterized by huge volumes of tholeiitic basalt erupted over a short period of time. The Columbia River Plateau basalts occupy a volume of 174, 300 km3 and cover an area of 163, 700 km2 and most of the basalt was erupted in a 2 million year period. 
These basalts are erupted onto continental crust through fissures rather than typical volcanic edifices. Flows spread out as sheet flows. The variation in chemistry is minimal. The flows all seem to be quartz tholeiites; i.e. oversaturated with respect to silica. 
  
Such large amounts of basaltic melt in a continental area could only have been produced by mantle plumes. They must have passed through the crust fairly rapidly through feeder dykes only assimilating enough material to increase the silica content. It has been postulated that if the plume was large enough and long-lived enough it may have been responsible for the cause of continental break-up ... or did continental break-up cause the plume? 
plateau basalt An extensive, thick, smooth flow or succession of flows of high-temperature, fluid basalt erupted from fissures, flooding topographic lows, and accumulated to form a plateau. The Deccan Traps in India covers 260 000 km2 and the Columbia River Plateau basalt, in Washington State, USA, covers 130 000 km2 and is more than 1800 m thick. Individual flows may have volumes of the order of 100 km3. The original area of the Thulean Plateau which formed in the north-eastern Atlantic Ocean region 30 Ma ago, was 1.8 × 106 km2. The lava plains are built up by many thousands of individual flows from numerous, coalescing, shield-type volcanoes with extremely low angles of slope.
Tholeiitic flood basalts may flood thousands of square kilometers as in the Deccan Plateau of India, or the Columbia River Province in the USA.
(Tholeittic magma also in dyke swarms or intrusions. African examples 	karoo basalts (Gondwanaland), Batoka Basalts S.A
Flood Basalts are high volume eruptions that flood vast areas of the Earth, covering broad regions with flat lying lava surfaces. They are said to be the result of mantle convection through hot spots, which occur sporadically in time and place. In the USA we are familar with the Columbia River Flood basalts, which represent hundreds of black basalt lava layers which cover eastern Washington and parts of Idaho and Oregon (see map at right), erupted 15-17 my ago
Based on the lower rates of eruptions in the past few millions of years, we know that flood basalts represent highly anomalous rates of volcanic eruption, because they appear to upset Earth’s hydrospheric system. Continental flood basalt eruptions, which degas to the atmosphere when erupted, are associated with ecosystem mass extinctions. (see figure at left). 
The link between eruption and extinctions is thought to be CO2 and sulfur releases associated with eruption as the magma degasses and SO2 is converted to sulfuric acid aerosols which linger and affect the solar energy flux to earth atmosphere and surface, cooling the surface. The huge volume of sulfur rich magma (estimated at 170,000 km3), erupted in a short time (~2 my) is what brings the levels of “natural pollution” to deadly levels
[image: Columbia River Flood Basalts Map]
Columbia River Flood Basalts Map: A map of the area underlain by the Columbia River Flood Basalts in Washington, Oregon, and Idaho. The area shown is what has not yet been eroded away - the original extent of these basalt flows was much greater. Over 300 individual flows have been identified, and several hundred meters of basalt underlies much of the area shown in the map above. Map © by Geology.com and MapResources.com

Karoo Basalts – 
The Karoo Supergroup is the most widespread stratigraphic unit in Africa south of the Sahara Desert. The supergroup consists of a sequence of units, mostly of nonmarine origin, deposited between the Late Carboniferous and Early Jurassic, a period of about 120 million years.[3]
In southern Africa, rocks of the Karoo Supergroup cover almost two thirds of the present land surface, including all of Lesotho, almost the whole of Free State, and large parts of the Eastern Cape, Northern Cape, Mpumalanga and KwaZulu-Natal Provinces of South Africa. Karoo supergroupoutcrops are also found in Namibia, Swaziland, Zambia, Zimbabwe and Malawi, as well as on other continents that were part of Gondwana. The basins in which it was deposited formed during the formation and breakup of Pangea.[4][5] The type area of the Karoo Supergroup is the Great Karoo in South Africa, where the most extensive outcrops of the sequence are exposed.[3][6] Its strata which consist mostly of shales and sandstones,[7] record an almost continuous sequence of marine glacial to terrestrial deposition from the Late Carboniferous to the Early Jurassic. These accumulated in a retroarcforeland basin called the "main Karoo" Basin.[4] This basin was formed by the subduction and orogenesis along the southern border of what eventually became Southern Africa, in southern Gondwana.[4] Its sediments attain a maximum cumulative thickness of 12 km, with the overlying basaltic lavas (the Drakensberg Group) at least 1.4 km thick.
[image: http://www.geo.mtu.edu/KeweenawGeoheritage/BlackLavas/Flood_Basalts_files/xfig09_07.jpg]
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[image: Image result for karoo basalt]
Fossils include plants (both macro-fossils and pollen), rare insects and fish, common and diverse tetrapods (mostly therapsid reptiles, temnospondyl amphibians, and in the upper strata dinosaurs), and ichnofossils. Their biostratigraphy has been used as the international standard for global correlation of Permian to Jurassicnonmarine strata.
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/7/7e/Karoo_Koppies.png/500px-Karoo_Koppies.png]
Fossils include plants (both macro-fossils and pollen), rare insects and fish, common and diverse tetrapods (mostly therapsid reptiles, temnospondyl amphibians, and in the upper strata dinosaurs), and ichnofossils. Their biostratigraphy has been used as the international standard for global correlation of Permian to Jurassicnonmarine strata
-  Jurassic in age (190-154 m.y)
- cover 2 million km2 sheets 
- associated with dolerite sills

In Zambia, volcanism followed a period of sedimentation: karoo sediments 200 m.y
Type of volcanism: Fissure eruptions out in Zimbabwe in the Nuanetsi region active volcanoes existed in Nuanebi also alkaline types: nephelimites
Mantle plume – responsible for this intraplate volcanism


[image: http://www.mantleplumes.org/images3/Karoo2Fig1_600.jpg]
Sketch map of southern Africa showing the distribution of the Karoo magmatism and related dyke swarms (modified from Jourdan et al., 2004 and references therein). ODS: Okavango dykeswarm; SLDS: Save-Limpopo dyke swarm; SBDS: South Botswana dyke swarm; SleDS: South Lesotho dyke swarm; UDS: Underberg dyke swarm; SMDS: South Malawi dyke swarm; RRDS: Rooi Rand dyke swarm; NLDS: north Lebombo dyke swarm; GDS: Gap dyke swarm; SDZ: sill-dense zone
Petrography:  
Pyroxene phenocrysts.Tholeiite with normative quantities, high in Fe, Ti When flood basalts are forming above continents they fill rift valleys via giant fissures that split the continent. Magma migrates to the surface following these fissures, which are preserved as dikes Major flood basalts, large igneous provinces and trap

b-Basalt in the Rift Zone
[image: C:\Users\HEAD - GEOLOGY\Desktop\rift\FiguraGregory.jpg]





Continental rift zones are discrete regions of extension in the continental crust which may or may not become sufficiently thin to cause continents to split and form new ocean crust. The Atlantic Ocean formed as a direct result of continental rifting in the supercontinent Pangea in the early Triassic. Other rifts fail, they extend a little, thinning the continental crust and then the forces are removed and extension ceases. Such features are called aulacogens. 
The mode of extension in continental rift zones also varies. As a result rifts have been divided into two categories, active and passive. Characteristically active rifts are associated with large amounts of magmatic activity and passive rifts with little or no magmatic activity. 

[image: C:\Users\HEAD - GEOLOGY\Desktop\rift\images.jpg][image: A divergent boundary diagram]

  
The best-studied example of a present day active rift is the East African Rift (EAR), part of the Afro-Arabian Rift System (the Great African Rift). In fact this system shows the entire process of early continental rifting grading into the formation of new ocean crust and a mid-ocean ridge in the Red Sea and Gulf of Aden. Other examples of active rifts  are the Rio Grande Rift of New Mexico, USA, and the Benue Trough, Cameroon. Passive rifts include The Rhone-Rhine Grabens and North Sea system (N. Europe) and the Baikal Rift, Siberia. 
The magmatism associated with continental rift zones is varied but often expressed as explosive volcanism with pyroclastic products dominating, associated with trachytic, rhyolitic and phonolitic lavas. Chemically, the rocks range from alkali-basalts to SiO2-undersaturated basanites, nephelinites and leucitites (essentially they tend o be enriched in the alkali elements sodium, Na, potassium, K and even calcium, Ca) and is therefore bimodal in chemistry, basaltic-alkaline. As a rule of thumb, the rocks become more basaltic with increasing crustal extension.
 
  
[image: https://web.viu.ca/earle/mal-cut/basalt1.gif]




Because the East African Rift is the best present day example, we shall use it as a case study to illustrate the character of magmatism associated with continental extension. 
The East African Rift - some facts 
· extends along a N-S axis from Gulf of Aden coast in Ethiopia to Mozambique, 3,700 km long. 
· the valley is on average 80 km wide, flaring to 480 km in the Ethiopian Triple Junction region. 
· splits into two rift valleys, the West African Rift and the Gregory Rift in the Uganda, Kenya and Tanzania region. 
· the largest known volumes of magmatism, 500,000 km3 in Kenya and Ethiopia alone. 
· formed from phases of extension in the late Eocene (44-38 Ma), middle Miocene (16-11 Ma) and Plio-Pleistocene (5-0 Ma). 
· spreading rate since the Miocene averages out at 1 mm yr-1, from crustal extension in Ethiopia (30 km), Kenya (10 km) and Tanzania (2-3 km). Contrast this rate with 10 cm yr-1 on the East Pacific Rise MOR. 
· still active. 








The volcanoes of the East and west African Rifts are typically stratovolcanoes like OldoinyoLengai and Mt Kenya, with a few large caldera structures (Ngorongoro Crater). 
  
The volcanism associated with the western rift is highly potassic lavas, those rich in leucite. The Gregory Rift is characterized by nepheline rich magmas. 
The southern parts of the Rift in Tanzania and Malawi (both Western and Gregory Rifts) are well known for their carbonatites. Although these are not voluminous magmas they are worth looking into because they are extremely unusual. OldoinyoLengai has recently erupted carbonatite and nephelinite lavas and pyroclastic rocks. Carbonatites are composed dominantly of the mineral calcite (CaCO3) and contain virtually no silica at all. Although recognized in the rock record, none were seen to erupt until 1960, thus proving that they were really carbonate melts and not metamorphically melted limestone as had hitherto been assumed - the presence of non-silicate melts being generally disbelieved by petrologists!  Analyses of strontium isotopes from the lavas gave indisputable proof that they were derived from the mantle and not from limestones. Also, trace elements distributions in carbonatites and limestones are entirely different. 
Carbonatite rocks - either intrusive or extrusive are always associated with a nephelinite lava (or the intrusive equivalent, ijolite). Another characteristic rock is fenite which is a contact metamorphism-metasomatic alteration of country rocks which is very widespread around carbonatite centres. 
  
Geochemistry
The alkaline magmas must be derived from mantle-derived basaltic melts which have had residence in the crust, evolving through AFC (assimilation and fractional crystallisation) processes. As a result they are significantly, and characteristically enriched in volatiles (particularly halogens and CO2) LILEs (large ion lithophile elements - K, Ba, Rb and large Rare Earth Elements, LREEs). However, the areas of greater crustal extension and more basaltic magmas have a (weak) MORB signature (depleted mantle source). Consequently we see a transition from lithospheric to asthenospheric mantle source regions. 
  
Low volcanicity rifts, like Baikal and the Rhine Graben, are characterized by small volumes of highly alkalic magmas (nephelinites, basanites, leucitites) associated with small amounts of crustal extension.
  


C-Mid-Ocean-ridge Basalt 

A mid-ocean ridge or mid-oceanic ridge is an underwater mountain range, formed by plate tectonics. This uplifting of the ocean floor occurs when convection currents rise in the mantle beneath the oceanic crust and create magma where two tectonic plates meet at a divergent boundary.
mid-ocean-ridge basalt (MORB) A type of tholeiitic basalt (see THOLEIITE), erupted from mid-ocean-ridgeconstructive-plate margins; it is one of the most abundant of all rocks and covers much of the Earth's surface. It is characterized by very low concentrations of K2O and TiO2; low iron, P2O5, Ba, Rb, Sr, Pb, Th, U, and Zr; and high CaO. When the concentration of each rare-earth element in the basalt is divided by its mean concentration in chondrite meteorites (a standard for comparison), this type of basalt shows a progressive lowering of the ratios for the light rare-earth elements (LREEs), compared to the ratios for the heavy rare-earth elements (HREEs). MORB is said to be LREE depleted, a reflection of the chemically depleted nature of the mantle source regions from which they are derived. Since leaving their source region in the mantle, these basalts, often termed low-potassium tholeiites, have not been contaminated by passing through any continental crust and therefore retain the chemical signature of the mantle from which they were derived. MORBs thus provide an insight into the composition of the sub-oceanic mantle.
The following map shows the major mid-oceanic ridge systems on earth
[image: Image result]
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[image: Image result]
1)  plates spread apart
Tensional (stretching) stresses are apparent at the midocean ridges because the newly forming ocean crust is broken by a series of normal faults.  Normal faults occur where the crust is being stretched.  So the crust is being pulled apart at the midocean ridges (not forced apart).
[image: spreading-block]
2)  new crust forms
Stretching causes thinning of the crust.  This allows deeper, hotter mantle rocks to rise up and approach the surface.  These rocks are hot enough that they would melt if they were at the Earth's surface, but the great pressure from the weight of overlying rock prevents the rocks from changing from the solid to the liquid state.  But as these hot mantle rocks rise, the pressure decreases (less mass overhead) to the point where they are able to partially melt.  This is called decompression melting.  The basaltic magma thus formed, slowly migrates toward the surface and intrudes into fractures forming at the midocean ridge.  Some of the magma cools and crystallizes beneath the surface forming coarse-grained intrusive rocks.  Some injects into fractures in the crust that constantly form as the crust is continuously stretching.  Some of it crystallizes in the fractures to form fine-grained dikes.  Some of the magma passes upward through the fractures to form sheet flows and pillow lavas on the seafloor.   The thickness of the oceanic crust is nearly constant at around 7 km except right at the ridge where it is forming.  In contrast, the lithosphere is very thin at the ridge, not much thicker than the crust itself.  

Also, newly formed lithosphere is hot and buoyant
At the ridge, new crust forms by igneous intrusion and extrusion.  It is obviously hot.  The mantle beneath the ridge is also hotter than the surrounding mantle because it is rising up from deeper depths (where temperatures are higher) to replace the spreading crust/lithosphere.  So the entire crust/lithosphere/asthenosphere beneath the midocean ridge is hotter than the cooling lithosphere and "normal-temperature" mantle at distance away from the ridge.  Since hot rocks are in a more expanded state and then contract as they cool (as they spread away from the ridge), the midocean ridges stand up high above the surrounding seafloor.  The seafloor depth increases with distance away from the midocean ridges.  The midocean ridges lie about 2.5 km below sea level.  The depths increase quickly at first and then more gradually to 4 km to 5 km to 6 km below sea level. 

[image: Related image]
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Mid-ocean ridge in Þingvellir National Park, Iceland











 D-Oceanic Islands
An oceanic island is the most isolated land on earth, surrounded on all sides by vast stretches of water.
Because the ocean temperatures stay much the same year-round, most oceanic islands do not undergo the extremes of temperature that the interior of continents do. However, they are wetter, cloudier and more wind-swept than continents.

How oceanic islands are formed
Most oceanic islands rise from the sea as a result of volcanic activity on the ocean floor. They do not have any links with the continents. Some oceanic islands are built up around one or two volcanic vents while others, like Tahiti, are formed by a whole series of vents. At first such islands are uninhabitable but gradually, as the lava cools, they begin to support life.

It may, however, take hundreds of years for plants and animals to become established. Sometimes, coral islands develop from reefs that form around the volcanic island. The original volcano may sink following movements in the Earth’s crust, or because the sea level rose. The coral reefs continue to grow upwards until only a coral atoll remains.
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[image: Oceanic Islands. 
 © WWF]
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[image: How oceanic islands are formed? rel=]
How oceanic islands are formed?

Are basaltic rocks found on many volcanic islands away from tectonic plate boundaries, typically associated with hot spots.
Ocean island basalts are found on islands and volcanoes located on oceanic crust. The chemical composition of these basalts can vary from tholeiite to alkali basalt within the same island group, but it is never calc-alkaline. During the shield volcano stage of many hotspot islands, tholeiitic OIBs build up most of the volcano's structure. Following the post-erosional stage this is usually accompanied by violent eruptions of alkali basalt and other more evolved volcanic rocks with high alkali content.
[image: Image result for oceanic islands]
The theory of plate tectonics provides excellent explanations for both the existence of volcanic eruptions at plate boundaries such as ocean ridges and subduction zones and why geological processes produces basalts of different geochemical properties at these plate boundaries. The existence of basaltic eruptions in the interior of tectonic plates, however, are not directly related to plate tectonism and models involving magma upwelling from deep mantle sources, such as mantle plumes and hotspots have been developed to explain them. These models explain why OIBs contain more enriched basalt than mid-ocean ridge basalts (MORBs) that originate much closer to the Earth's surface or in the astenosphere. The existence of mantle plumes and hotspots has, however, been hotly debated since they were first proposed in the 1960s and 1970s



Why are we so interested in oceanic basalts?
●Oceanic basalts are uncontaminated by
continental crust
●Therefore their compositions tell us
something about their respective mantle
sources
●MORB provides information about the
upper depleted mantle
●OIB provides information about the lower
(more fertile (primitive?)) mantle
Types of OIB Magmas
Two principal magma series
●Tholeiitic series (dominant type)
✦Parental ocean island tholeiitic basalt, or OIT
✦Similar to MORB, but with distinct chemical and
mineralogical differences
●Alkaline series (subordinate)
✦Parental ocean island alkaline basalt, or OIA
Some islands are dominated by tholeiitic basalts (and their
derivatives) (e.g. Hawaii and Reunion) others by alkali
basalts (and their derivatives) (e.g. Tahiti and Tristan de
Cunha)
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Figure 8-6

The sequence of rocks found in the Bay of Islands ophiolite,
Newfoundland, as compared to oceanic crust and mantle. The letter
symbols are described in the text. [From R. G. Coleman, 1977,
Ophiolites (New York: Springer-Verlag), Fig. 65 and Table 15, from
carlier sources.]
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