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Resume 
 

 Ce ƳŞƳƻƛǊŜ ŘΩƛƴƛǘƛŀǘƛƻƴ Ł ƭŀ ǊŜŎƘŜǊŎƘŜ ǘǊŀƛǘŜ ŘŜ ƭΩƘƛǎǘƻƛǊŜ Řǳ ǇƭŀǘŜŀǳ ŘŜ YŜǊƎǳŜƭŜƴΣ ŘŜ ƭΩƻǊƻƎŝƴŜ 

YǳǳƴƎŀ ƛƭ ȅ ŀ тлл Ƴƛƭƭƛƻƴǎ ŘΩŀƴƴŞŜǎ όaŀύ Ł ŀǳƧƻǳǊŘΩƘǳƛΦ [Ŝ ōǳǘ Ŝǎǘ ŘŜ ǊŞǇƻƴŘǊŜ Ł ƭŀ ǉǳŜǎǘƛƻƴ ǎǳƛǾŀƴǘŜ : 

ǉǳŜƭ Ŝǎǘ ƭΩƘŞǊƛǘŀƎŜ ŘŜ ƭŀ ŦǊŀŎǘǳǊŀǘƛƻƴ ƻōǎŜǊǾŞŜ ŀǳƧƻǳǊŘΩƘǳƛ ǎǳǊ ƭΩŀǊŎƘƛǇŜƭ ŘŜs Kerguelen ? 

 !ǇǊŝǎ ǳƴŜ ǎȅƴǘƘŝǎŜ ōƛōƭƛƻƎǊŀǇƘƛǉǳŜ ǉǳƛ ƴƻǳǎ ǇŜǊƳŜǘǘǊŀ ŘŜ ǾƻƛǊ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ 

ŘƛǎǇƻƴƛōƭŜǎ ŀǳƧƻǳǊŘΩƘǳƛ ǎǳǊ ƭŜ ǎǳƧŜǘΣ ƴƻǳǎ ŞǘǳŘƛŜǊƻƴǎ ƭŀ ŦǊŀŎǘǳǊŀǘƛƻƴ ŘŜ ǘƻǳǘ ƭΩŀǊŎƘƛǇŜƭ Ł ƎǊŀƴŘŜ ŞŎƘŜƭƭŜ 

puis à plus petite échelle grâce au logiciel Google Earth.  

 ! ƭΩŀƛŘŜ ŘŜ ǉǳŜƭǉǳŜǎ ƴƻǘƛƻƴǎ ŘŜ ǎǘŀǘƛǎǘƛǉǳŜΣ ŘŜ ƴƻǎ ƻōǎŜǊǾŀǘƛƻƴǎ Ŝǘ ŘŜ ƴƻǘǊŜ ōƛōƭƛƻƎǊŀǇƘƛŜΣ ƴƻǳǎ 

ǎŜǊƻƴǎ Ŝƴ ƳŜǎǳǊŜ ŘΩŞƳŜǘǘǊŜ ƭΩƘȅǇƻǘƘŝǎŜ ǉǳŜ ƭŀ ŦǊŀŎǘǳǊŀǘƛƻƴΣ ǎǳǊ ƭŜ ǇƭŀǘŜŀǳ ŎŜƴǘǊŀƭΣ Ŝǎǘ ƘŞǊƛǘŞŜ ŘŜǎ 

ŘŜǳȄ ǇƘŀǎŜǎ ŘΩŜȄǘŜƴǎƛƻn successives depuis le break-up du Gondwana. De plus, nous verrons que ce 

réseau de fracturations subit une virgation autour du Mont Ross et que ce dernier pourrait en être la 

cause. 

 

 

 This dissertation is about the history of the Kerguelen Plateau, from the Kuunga orogeny(700 

Ma) to nowadays. It aims to answer this key question : what is the inherit of the fracturing in the 

Kerguelen Archipelago nowadays ? 

 We will start by doing a literature review to sum up the knowledge about this zone and then, 

we will, with Google Earth, study the fracturing. Firstly, we will do it on all the Archipelago and then, 

at a smaller scale, we will do it on the Plateau Central.  

 Thanks to some statistic notions, our observations and our review, we will emit the hypothesis 

that the fracturing is inherited of the two successive extension phases of the zone since the break-up 

of the Gondwana. Furthermore, we will see that the fracturing seems to turn around the Mont Ross 

and that the Mont Ross could be the cause of this. 
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Syllabus 
 

Basin : depression in the crust (continental or oceanic) where sediments can be accumulated. 

Hydrothermal activity : all the phenomenon linked to the circulation of hot water-rich fluids in 

relation with magmatic activity. 

Orogeny : Event that leads to both structural deformation aƴŘ 9ŀǊǘƘΩǎ ƭƛǘƘƻǎǇƘŜǊŜΩǎ ŎƘŜƳƛŎŀƭ 

differentiation 

Pull-apart : State of a rock that experiences bot extensive and transtensive shear. 

Transtensive shear : It is a shear that has an extensive component. 

Virgation : twist of a geological structure on a large scale event (km to 100 km). It takes the shape of 

ŀ ŎƻƳŀΤ άǾƛǊƎǳƭŜέ ƛƴ CǊŜƴŎƘΦ 

 

 



A. MEILHAUD DORNIC                         Tectonic associated to the evolution of the                                                                 
C. THOMAS                               YŜǊƎǳŜƭŜƴΩǎ Ƙƻǘ ǎǇƻǘ Υ ŦǊƻƳ DƻƴŘǿŀƴŀ ǘƻ ƴƻǿŀŘŀȅǎ  

9 
Supervising teacher : H. LEYRIT 

Introduction : 
 

 The Kerguelen Archipelago has been discovered in 1772 by a French navigator. It is composed  

of 49 islands in the Southern Indian Ocean. It is located between Antarctica, Africa and Australia. These 

Islands are continuously studied by a lot of scientists including geologists for many years. 

 This dissertation is about the history of the Kerguelen Plateau and more specifically about the 

fracturing. It aims to answer this key question : what is the inherit of the fracturing in the Kerguelen 

Archipelago nowadays ? 

 To answer it, we will start by doing a literature review to sum up the knowledge about this 

zoneΣ ƛǘǎΩ ƘƛǎǘƻǊȅ ŀƴŘ ƛǘǎ ƎŜƻŘȅƴŀƳƛŎŀƭ ŎƻƴǘŜȄǘΦ ¢hen, we will use Google Earth pictures to study the 

fracturing. We will do it on all the Archipelago at first and then on the Plateau Central to do it at a 

smaller scale. Furthermore, we will describe our observations and compare them with the literature 

we read. Finally, we will emit some hypotheses to answer our key question. 
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Figure 1 : Model of penetrative 
convection with 2 levels (RENARD 
et al. 2018, modified) 

Literature Review 

Introduction  
 

 The Kerguelen Archipelago is a set of French islands in the Southern Indian Ocean. It is located 

ŀǘ пфϲмрΩ{Τ сфϲолΩ9Σ ōŜǘǿŜŜƴ !ƴǘŀǊŎǘƛŎŀΣ Australia and Africa. It is the third largest archipelago in the 

world with 49 islands and an area of 7215 km2(kilometre). These Islands are continuously studied by 

a lot of scientists including geologists for many years. 

This literature review aims to combine general geology information and information from different 

studies to understand the history of this Archipelago and then answer this question : what is the inherit 

of the fractures on the Kerguelen Plateau nowadays? 

 To begin, we will describe general concepts and normal Hot Spot settling to be able to 

understand the situation in the Indian Ocean. Then we will see the evolution of the constraints in the 

zone.  Finally, we will talk about the formation of the Kerguelen Mantle Plume products. 

 

I. General Concept and Hot Spot settling  
 

1.1 Earth structure 

The Earth is composed of numerous layers that we can determine by seismic indirect methods. 
On the surface, scientists knew since the 20 century there are two major types of crust. One is mainly 
constituted of old rocks with an average depth of 30 km (continental crust) and the other with basaltic 
rocks aged of maximum 200 Ma (million years ago)(oceanic crust). The second one is thinner and 
heavier than the continental crust. With the superior part of the upper mantle, they formed the rigid 
lithosphereΣ ŘŜŦƛƴŜŘ ŀǎ ŀ ǾƻƭǳƳŜ ǳƴǘƛƭ мл ǘƻ олл ƪƳ ǿƘŜǊŜ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ƘŜŀǘΩǎ ŘƛŦŦǳǎƛƻƴ ƛǎ ǘƘŜ 
conduction. It sets up on the asthenosphere mantle where the heat is diffused by convection, sign of 
intern movements (Cf figure 1) (BOILLOT et al., 2013; RENARD et al., 2018). 

The tectonics plates' theory developed for the first time by Albert Wegner (1880-1930) is based 

on an important decoupling between the asthenosphere and lithosphere in the Low Velocity Zone. 

The heat in the mantle dissipates by convection due to the plastic comportment of peridotites mantles. 

Differences of density create a displacement of materials in ŎƻƴǾŜŎǘƛƻƴΩǎ ŎŜƭƭǎ. The mantle itself is 

divided around 670 km of depth forming an upper and a lower mantles. Each of them has its own 

ǎȅǎǘŜƳ ƻŦ ŎƻƴǾŜŎǘƛƻƴΩǎ ŎŜƭƭǎ ǿƘƛŎƘ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ōȅ ǘƘŜ ǎƭŀōǎΩ ǎǳōŘǳŎǘƛƻƴ ŀƴŘ ǇƭǳƳŜΩǎ ŎǊŜŀǘƛƻƴ 

(BOILLOT et al., 2013; RENARD et al., 2018). 
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 To pass from a continental domain to an oceanic, the crust has to thin out vertically and 
extends horizontally until a generation of tholeiitic magmas. This would be the first production of the 
new oceanic crust. The mechanism of rifting can be passive where the asthenosphere rides up because 
of less pressure due to the lithosphere stretch (Cf figure 2). The active rifting is induced by the 
asthenosphere's lift which weakens the lithosphere until a break. Noticed that notions are theoretical; 
a passive rifting can capture a plume, also it becomes active. Conversely, a plume can weaken a 
lithosphere which may split if horizontal forces happen. The expansion, post rifting, produces a new 
oceanic crust with a magmatic activity concentrated on a ridge. When there is the formation of oceanic 
crust, we call this process spreading (RENARD et al., 2018). 

On the surface, ridges, marked by a bulging seabed, generate oceanic accretion by creating 
Medium Oceanic Ridge Basalts or MORB. It exists two types of ridges, the slow ridge characterized by 
an axial valley of spreading, a thick lithosphere (Atlantic) and the fast with axial bulging, an Axial 
Magma Chamber reflector (East Pacific). Even if ridges seem to be a continuous chain, transform faults 
accommodate moves in separating the ridge and lithospheric panels in multiple fragments. 
Sometimes, production jumps and a new ridge is formed parallel to the precedent (ridge jump) 

(RENARD et al., 2018).  

 

 

 

1.2 Mantle Plume generation 

Interfaces between layers on the Earth are unstable and can create plumes. Authors argue 
with each other about  what plumes exactly are; a lift of materials less dense ς hotter because of the 
depth they come from- or simply heat from deep mantle transmitted by convection through the 
mantle. Nowadays, the generation of plumes is not completely understood (RENARD et al., 2018; 
ARNOULD et al., 2020). 

By reaching the lithospheǊŜΣ ǘƘŜ ǇƭǳƳŜΩǎ ƘŜŀǘ ǎǇǊŜŀŘǎ ƻǳǘ ŀƴŘ ƛǎ ƳŜƭǘƛƴƎ ǇŀǊǘƛŀƭƭȅ ƳŀƴǘƭŜ ǊƻŎƪǎΣ 
creating basaltic magma which ascends through features zones to the surface. The importance of 
magma production decreases over time, and the arrival of the plume's head corresponds to the peak 
of activity(Cf figure 3)(RENARD et al., 2018; ARNOULD et al., 2020). 

On Earth, oceanic aseismic plateau and continental basaltic trapps are proof of these 
phenomena (Cf B on figure 3). They are called Large Igneous Provinces or LIP and indicated the first 
sign of a hot spotΩǎ ŀŎǘƛǾƛǘȅΦ bƻǘƛŎŜ ǘƘŀǘ ǘƘŜ Ƙƻǘ ǎǇƻǘ ƛǎ ǘƘŜ ƳŀƴƛŦŜǎǘŀǘƛƻƴ ƻŦ ǘƘŜ ǇƭǳƳŜΩǎ ŀŎǘƛǾƛǘȅ ŀǘ ǘƘŜ 
surface. Large Igneous Provinces are characterized by large size (more than 1000 km), a huge volume 
of lava produced in a short period(<5 Ma) (RENARD et al., 2018; ARNOULD et al., 2020). 

IƻǿŜǾŜǊΣ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƳƻǾŜǎ ŘǳŜ ǘƻΣ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ Ƙƻǘ ǎǇƻǘ ǿƘƛŎƘ ƛǎ ǎŜǘ ƻƴ ŀ ǇƻƛƴǘΦ ¢ƘŜ 
lithosphere moves and the plume continues to generate partial melting in smaller quantities. If the 

Red features represents some transform 
faults and the blue one the ridge axis 

Figure 2 :  View of South Atlantic Ridge 
(from Landsat; Copernicus, 
14/12/2015, Google Earth) 
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magma reaches the surface, it creates a volcano active as long as the plume can supply it. Through 
time, volcanoes form an alignment between the older trace of the hot spot and its current position (Cf 
C on figure 3) (RENARD et al., 2018; ARNOULD et al., 2020).  

 

Figure 3 :  Scheme of a plume (Renard et al., 2018, modified) A : generation on an instable layer. B : 
ǇƭǳƳŜΩǎ ƘŜŀŘ ŀǊǊƛǾŜǎ ƻƴ ƭƛǘƘƻǎǇƘŜǊŜ ό[ύ ŀƴŘ ƎŜƴŜǊŀǘŜǎ ƘǳƎŜ ǾƻƭǳƳŜ ƻŦ ƳŀƎƳŀǎΦ / Υ ŎǊŜŀǘƛƻƴ ƻŦ 
ǾƻƭŎŀƴƛŎ ŀƭƛƎƴƳŜƴǘ ǿƛǘƘ ǘƘŜ ǇƭǳƳŜΩǎ tail 

As the major part of the planet is underwater and the geochemical produced by hot spots, the 
rocks are called Oceanic Island Basalt or OIB. These traces permit to follow direction, speed, ages of 
oceanic crust and provide information about plate tectonics and regional stress deformations. 
{ƻƳŜǘƛƳŜǎΣ ŀƭƛƎƴƳŜƴǘ ƛǎ ōǊƻƪŜƴ ƻǊ ǇƭŀǘŜŀǳǎ ŀǊŜ ǎǇƭƛǘΦ Lǘ ƛǎ ŀ ǎƛƎƴ ƻŦ ǊƛŘƎŜΩǎ ǇŀǎǎƛƴƎ ƻǊ ŦŀǳƭǘΩǎ όw9b!w5 
et al., 2018). 

 Hot spots can interact with a rift, like the Iceland hotspot during the creation of the North 

Atlantic Ocean. It produced important quantities of lavas in extensive grabens. During the spreading 

and oceanisation, flows are rocked forming Seaward Dippings Reflectors or SDR on continental 

volcanic passive margin (RENARD et al., 2018).    
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II. Evolution of the constraints  
 

2.1 The Kuunga Orogen 
 

The Kuunga orogeny phase is from 700 to 500Ma. It is one of the Gondwana forming orogen and is 

located under the ice of East Antarctica. It is interpreted as the collision zone between the Australo-

Antarctic and the Indo-Australian plates (Cf 3b on figure 4) (DACZKO et al., 2018). 

 The first plate was composed of rocks that were formed ca 

1190-1140 Ma and the second one was younger with 980-900 Ma 

rocks. This mountain belt was probably 4000 km long. It was so eroded 

in India, Australia and Antarctica that scientists have a lot of trouble 

finding the exact location of the suture between the Indo-Australian 

plate and the Australo-Antarctic plate. A hypothesis is the Mirny Fault 

next to Antarctica that has nowadays a direction of N94 (DACZKO et 

al., 2018). 

 

 

 

 

 

 Paleomagnetic data seems to say that there were 3000-5000km movements between both 
plates between 700 Ma and 500 Ma. This may imply that this orogenesis was reflecting an ocean 
closure at a Cambrian Ediacaran boundary (DACZKO et al., 2018). 

 

2.2 The breakup of the Gondwana (137-100 Ma) 
 

The Gondwana was the supercontinent on the earth before 137 Ma (Cf figure 4). It has been formed 

by the varisque orogen cycle that has merged all the continental plates to create this structure. The 

breakup happened between the Greater Indian Plate and the Antarctica-Australian Plate. The link 

between the Kerguelen plume-induced LIP and the breakup from Gondwana is still something that is 

debated. This debate has been fueled again by the uncertain relationship between the breakup of this 

supercontinent and the Kerguelen LIP. In fact, the early magmatic products are potentially 

synchronous with continental breakup (OLIEROOK et al., 2019). 

 There are nowadays two main hypotheses about its break up around 137 Ma. The first one is 

the oldest and is that it was caused by an active rifting. The Kerguelen Mantle Plume would have played 

an important role in this event. It had formed numbers of different small-scaled magmatic provinces 

since 147 Ma as the Comei Area or the Bunbury basalts. The Plume would have pushed the continental 

lithosphere and played a role in the separation of these three plates. The second one is that the plume 

would have played no role in the breakup because of its geographical position at that time (OLIEROOK 

et al., 2019). 

Figure 4 : {ŎƘŜƳŜ ŦǊƻƳ ǘƘŜ DƻƴŘǿŀƴŀΩǎ 
forming orogens(DACZKO et al., 2018) 



A. MEILHAUD DORNIC                         Tectonic associated to the evolution of the                                                                 
C. THOMAS                               YŜǊƎǳŜƭŜƴΩǎ Ƙƻǘ ǎǇƻǘ Υ ŦǊƻƳ DƻƴŘǿŀƴŀ ǘƻ ƴƻǿŀŘŀȅǎ  

14 
Supervising teacher : H. LEYRIT 

 Studies show that the earliest recognized volcanic products from the Kerguelen mantle plume 

are the Tethyan Himalaya igneous province and the Bunbury Basalts (OLIEROOK et al., 2016). Some 

geochronological and 3D modeling work has shown that Bunbury basalts had erupted from 136,96+- 

0.43Ma to 130.45+-0.82Ma and the breakup of Greater India and Australo-Antarctic had occurred at 

137-136Ma (OLIEROOK et al.,2016, GIBBONS et al., 2012) 

 More than 80% of the magmatism in the Perth Basin at 137-136Ma was simultaneous with the 

eastern Gondwana break-up. Isotopic analysis reveals that only lithospheric and depleted 

asthenosphere sources were melted at that time to make the Bunbury Basalts and other early 

magmatic products. The only exception is the Tethyan Himalaya (Cf figure 5). The break up seems to 

be a passive one because of the restriction of magmatism at 147-124Ma to continental rift and the 

lack of a huge oceanic magmatism at that time. Moreover, there are more than 1000 km between the 

nucleus of the break up and the Plume underneath the lithosphere. Spatial, geochronological and 

ƎŜƻŎƘŜƳƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŘƻƴΩǘ ǎƘƻǿ ŀƴ ƛƴŦƭǳŜƴŎŜ ƻŦ ǘƘŜ ǇƭǳƳŜ ƻƴ ǘƘƛǎ ōǊŜŀƪ-up. That is why the 

second hypothesis is privileged (OLIEROOK et al., 2019).  

 

Figure 5 : Gondwana Breakup 
and localisation of the Plume 
(OLIEROOK et al., 2019) 

  

 

 

 

 

 The Break up may have been linked to the suture zone located there and created by 550-500 

Ma Kuunga orogeny phase between the Australo-Antarctic plate and the Indio-Australia plate. There 

has been a subduction there during this phase. When the crust started to be thinner, there has been 

partial melting of this crust in the early Cretaceous. Repeated and protracted rifting of the Greater 

India from the Australo-Antarctic plate since the mid-Paleozoic has eventually caused the break-up of 

the continental lithosphere and the magmatism around 137Ma (OLIEROOK et al., 2019). 

 After the breakup of the Gondwana at 136 Ma, there has been the creation of two oceanic 
basins; the Perth Basin that was located between India and Australia and the Enderby Basin between 
India and Antarctica(Cf figure 5). The spreading in both basins was in a continuous system. There was 
a simple mid-ocean ridge that was more less N45. This configuration stayed the same from 136 Ma to 
115 Ma (figure 6 , 120 Ma) (WHITTAKER et al., 2013). 
 

At 115 Ma, the ridge in the Enderby Basin jumped  northward. This has caused the rifting 
between Elan Bank and the Indian Margin. If there is continental material under the Southern 
Kerguelen Plateau, it has been isolated from India at the same time (Cf figure 6, 115 Ma). (WHITTAKER 
et al., 2013) (BORISSOVA et al., 2003).  
 

At 108 Ma the mid-ocean ridge of the Perth Basin jumped westward to be aligned with the 
part of the Enderby Basin. This caused the end of the seafloor spreading at the centre of this basin. 
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       There was now again one continuous boundary 
between the Indian Plate and the Australian plate and 
the Antarctic Plate (figure 6, 108 Ma) (WHITTAKER et 
al., 2013). 

 
 From 136 to 100 Ma, the Australian and the 

Antarctic plates had a relative movement of 140 km in 
the eastern part and 210 km in the west. This was a 
continental rifting system. In the western part, there 
was a N100 spreading in the oceanic crust between the 
Perth and the Enderby Basin. The small relative 
movement between Australia and Antarctica could 
have been manifested as diffuse deformation 
(WHITTAKER et al., 2013). 
 

Figure 6 : Spreading with the ridge in N45 from 120 to 
100 Ma (WHITTAKER et al., 2013) 

 

 

2.3 The major change in the rifting directions  
 

 2.3.1 From 100 to 50 Ma 
 

   
At around 100 Ma, there has been a huge 
reorganization of the Indian Ocean due to the stopping 
of the subduction along the east coast of Australia. This 
caused major changes in the relative plate motion 
between India, Antarctica and Australia. Concerning the 
Australian-Antarctic relative motion, it changed from a 
N10 to a N140 movement, from a NNE-SSW to NW-SE(Cf 
figure 7,100 Ma). (WHITTAKER et al., 2013). 
 
  In the sector of Kerguelen, this reorganization 
changed the transtensional motion to an almost purely 
strike-slip one at the western part of this system. It was 
adjacent to the triple junction between the Indian, the 
Australian and the Antarctic plate. There was a 400 km 
of left-lateral strike-slip motion in 50 Ma. This phase at 
100 Ma coincided with the onset of a faster extension 
phase between Australia and Antarctica (WHITTAKER et 

al., 2013). 
 

Figure 7 :  Spreading around the Kerguelen Plume 
from 100 to 43 Ma (WHITTAKER et al., 2013) 
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Before the break-up between Antarctica and Australia, a continental rifting was 
accommodating all this relative movement.  The break up was not simultaneous at every point of the 
boundary but was diachronous. It happened between 94 and 73 Ma for the eastern part close to the 
Naturaliste Plateau. The break up zone moved eastward progressively to break at its westernmost part 
around 53-50 Ma (WHITTAKER et al., 2013). 
 

 2.3.2  From 50 to 43 Ma 
 
 After 50 Ma, there has been a direction change in the relative motion between Antarctica and 
Australia. Before 50 Ma, the movement was NW-SE and then it was NNE-SSW. This has been caused 
by the subduction of a ridge, the Izanagi Ridge, at the northwestern part of the Pacific margin. When 
a ridge disappears just like this, it causes a reorganization of all the tectonic systems (WHITTAKER et 
al., 2013). 
  

At 43.8 Ma, there has been a ridge jump of the Antarctic-Australia mid-ocean ridge. Secondly, 
the separation between Broken Ridge and the Central Kerguelen Plateau has happened. The normal 
faults from this separation were N115 at that time (WHITTAKER et al., 2013). 
 

III. The Kerguelen Plume and its products 
 

3.1 The Kerguelen Mantle Plume 
 

The Kerguelen Mantle Plume is a Plume that impinged the lithospheric Mantle of the eastern part of 

India around 147 Ma. This Place would be the southern part nowadays. It had the size of a circle with 

a diameter of 800-900 km (more less 8° of latitude). This hot material decompressed in the mantle 

and  started a partial melting. The magma went up in the faults and made some sills. The only point 

discovered today where it reaches the surface is in the Tethyan Himalaya where it has several small-

scaled eruptions (OLIEROOK et al., 2019). 

 At 137 Ma, the Kerguelen Mantle Plume head was decompressing under the Indo- 
Australian lithosphere(Cf figure8). The amount of magmatic products in the Tethyan Himalaya was 
growing but stayed small-scaled. (can link here with the creation of the SKP) (OLIEROOK et al., 2019).  

 
Between 136 and 108 Ma, India moved away from Antarctica and Australia with an average 

speed of 79 km/Myr on a distance of approximately 1500 km. The ensuing seafloor spreading in the 
Enderby and Perth Basins. During this time, the mid-ocean ridge moved toward the Kerguelen Plume 
position (WHITTAKER et al., 2013). 
 
 At 130 Ma, the plume continued its underplating and decompression. The size of the plume 
was a circle of 1400 km in diameter ( more less 13° of latitude) (OLIEROOK et al., 2019). 
 
 At 124 Ma, the plume was a bit bigger (1500 km) and some  eruptions created the Southern 
Kerguelen Plateau. The plume was moving toward the sea under the continental lithosphere that was 
thinner in the south of the Indian Plate (OLIEROOK et al., 2019). 

 
 There have been two ridge jumps toward the hotspot that have created some microcontinents 

by fragmenting some continental crust and incorporating them to the large igneous province. Example 
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given, the ridge jump of the Enderby mid-ocean ridge at 115 Ma has detached Elan Bank from the 
Indian lithosphere and has recovered it with volcanic materials. Now Elan Bank is a part of the Southern 
Kerguelen Plateau (WHITTAKER et al., 2013). 
 
 At 100 Ma, the plume was now at its biggest size (2640 km). It has formed the majority of the 
Kerguelen Plateau with the southern part, the Central part and Elan Bank (OLIEROOK et al., 2019). 
 
 At 68 Ma, the Plume has formed Broken Ridge that is joined with the Central Kerguelen Plateau 
and the Nineteenth Ridge. This was a volcanic plate that was pushed away by the ridge that made the 
Indian Plate moving and by a transform fault. The Plume has consumed most of its materials and there 
is no more that huge underplating. At that time, there was only the tail of the plume that impingement 
the oceanic crust. The size of this tail was 550 km of diameter (OLIEROOK et al., 2019). 
 

At 34 Ma, the plume had started to form the Northern Kerguelen Plateau. The Ridge has 
separated Broken Ridge from the Central Kerguelen Plateau. Nowadays, the location of the hotspot is 
under the Kerguelen Plateau, but scientists are not sure of its exact position. The Central Kerguelen 
Plateau has been active for the last 22 Ma and there has been some eruption at Heard and McDonald 
Island (BREDOW et al., 2018). 
 

3.2 The YŜǊƎǳŜƭŜƴ aŀƴǘƭŜ tƭǳƳŜΩǎ ǇǊƻŘǳŎǘǎ 
 

 3.2.1 Early Volcanic event 
  

 There have been several small-scale volcanic products from 147 to 124 Ma that scientist had 

classed as products of the Kerguelen Plume. A new hypothesis from OLIEROOK et al. in 2019 has 

changed the way we understand these events. There are some products in the Tethyan Himalaya (147-

115 Ma), the Bunbury basalts in the southwestern part of Australia(136 -130 Ma), the Naturaliste 

Plateau (130 Ma) and the Wallaby Plateau (124 Ma). 

 Some years ago, the studies were unanimous to conclude that all the early magmatic events 

seen in part two were caused by the Kerguelen Mantle Plume. The fact is that we actually know that 

the head of the mantle plume was under the Indian lithosphere at 147 Ma and at 137 Ma that's why 

it would have been complicated for this plume to interact with the Australian lithosphere at that time 

(Cf figure 8) (OLIEROOK et al., 2019).  

 Furthermore, recent studies showed that all the early magmatic products associated with the 

Kerguelen LIP are exclusively related to continental rifting including the Comei Province  (147-115 

Ma) (CHEN et al., 2018), Bunbury Basalts (137-130 Ma) (OLIEROOK et al., 2016), the Naturaliste 

Plateau (130 Ma) ( DIREEN et al., 2017) and the Wallaby Plateau (124 Ma) (OLIEROOK et al., 2015). 

They were all formed on microcontinents of continental margins. This attests the important role of 

continental lithosphere in the magmatic production cycle. 

 CƛƴŀƭƭȅΣ ǘƻŘŀȅΩǎ ƳƻŘŜƭ ǇƭŀŎŜǎ ǘƘŜ ǇƭǳƳŜ ǳƴŘŜǊ ǘƘŜ LƴŘƛŀƴ ƭƛǘƘƻǎǇƘŜǊŜ ŦǊƻƳ мпт aŀ ǘƻ ŀǘ ƭŜŀǎǘ 

100 Ma. That is why the Kerguelen Mantle Plume could not have been implicated in the formation of 

the Bunbury Basalts, the Naturaliste Plateau and the Wallaby Plateau (OLIEROOK et al., 2019). 
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Figure 8 : The early volcanic 
products and the Kerguelen 
Plume (OLIEROOK et al., 2019)  

 

 

 

 

 

 

 

 3.2.2 The Kerguelen Plateau, Broken Ridge and the 90th East Ridge 
 

 Richards et al. have defined the term microcontinent in 1989. A microcontinent can also be 

called accreted terranes. They are common in the suture belts as here with the one created by the 

Kuunga orogeny (700-500Ma). It is created by the interaction between a mantle plume and a 

continental lithosphere that is lifted by the underplating of the plume or by the interaction between a 

nascent ridge and a continental lithosphere (BENARD et al., 2010). 

 One of the largest Large Igneous Province (LIP) in the world is the Kerguelen Plateau. It covers 

an area of 1250 000 km2 and is 2000 meters above the oceanic basin. This plateau can be divided into 

three parts, the Northern, Central and Southern Kerguelen Plateau. Most of it has been formed 

between 115 and 20 Ma. Nevertheless, it has been affected by posterior tectonics events which 

created fractures in the basaltic plateau. The most significant are described as follows after gravimetric 

ƳŀǇǎΩ ŀƴŀƭȅǎƛǎΦ ό.9b!w5 Ŝǘ ŀƭΦΣ нлмлύΦ 

 

3.2.2.1. The Kerguelen Plateau 
 

 The Southern Plateau is composed of 110-115 Myr olds basalts. This has been formed quickly 

but has been re-affected by volcanism around 40 Ma. We know this date because it has been affected 

before a magnetic anomaly (the 18th). The suggestions for this volcanism are the gravity anomalies 

along the plateau margin. They are round-shaped and are interpreted as volcanic edifices with seismic 

profiles (GLADCZENKO et al., 2001). 

  ¢ƘŜ ŀƎŜ ƻŦ ǘƘŜ /ŜƴǘǊŀƭ ǇƭŀǘŜŀǳΩǎ ōŀǎŀƭǘǎ ŀǊŜ ōŜǘǿŜŜƴ млл ŀƴŘ ур aŀΦ Lǘ Ƙŀǎ ƳƻǊŜ ǘƛƳŜ ǘƻ ōŜ 
formed. The samples of this part of the Kerguelen Plateau are the same age as the Broken Ridge ones 
(95Ma) and Broken Ridge was a part of the Kerguelen Plateau when it was formed (NEAL et al., 2002). 

 

https://www.sciencedirect.com/science/article/pii/S0264817209001433#bib28
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 Concerning the Northern Plateau, the age goes from 68 Ma to some Ma ago. There was a first 

phase around 70 Ma that caused the emergence of the Northern Kerguelen Plateau. The major phase 

was between 29 and 20 Ma. Some datings on the Heard-Mc Donald islands indicate 18-20 Ma. This 

indicates that the activity has moved progressively to the south after the creation of the Kerguelen 

Central Plateau (BENARD et al., 2010). 

Elan Bank is one other formation that is located to the west of the Southern Kerguelen Plateau. 
They are some gneiss in this formation. It is known as a microcontinent and is aged 108 Ma-65 Ma 
(BENARD et al., 2010) (BORISSOVA et al., 2003). 
 

3.2.2.2. Broken Ridge 
 

 Broken ridge is a volcanic plateau formed by the Kerguelen Plume around 95 Ma. Nowadays, 

it is located in the Indian Ocean at the south of the Ninety East Ridge and the west of Australia 

(BREDOW et al., 2018). 

 At 95 Ma, the plume is situated under the ridge and formed Broken Ridge that was at that time 

a part of the Central Kerguelen Plateau (Cf figure 9). The morphology of both structures, the ages and 

the geochemical evidence have conducted scientists to this hypothesis (BREDOW et al., 2018). 

 

Figure 9 :  Evolution of the Kerguelen Plateau  

and Broken Ridge (OLIEROOK et al., 2017) 

 

 After its formation, Broken Ridge and the Central Kerguelen 

Plateau have been separated. This occurred around 40 Ma and was 

caused by the seafloor spreading between Australia and Antarctica. 

This caused a huge ridge jump and the new ridge was located between 

Broken Ridge and the Central Kerguelen Plateau. After this event, the 

hot spot slowly moved to be at the south of the ridge under the 

Northern Kerguelen Plateau. Then, the seafloor spreading continued 

to move away Broken Ridge and the Ninety East Ridge away from the 

Plateau (OLIEROOK et al., 2017) (BREDOW et al., 2018). 

 

3.2.2.3. The 90th East Ridge 
 

 The Ninety East Ridge is the longest linear tectonic feature on the earth. It is 5000 km long and 

is parallel to the 90th Meridian. Its formation probably started around 95 Ma and it formed the 

northernmost part of the ridge. This part is nowadays located in some sediments in the Bengal Fan. 

The easily observable part of the ridge is aged progressively from 82 Main the north to 37 Ma near 

Broken Ridge ( BREDOW et al., 2018). 

 This typical linear structure has been caused by the fast northward motion of the Indian Plate 

over the Kerguelen Plume. Figure 9 (68Ma) shows that the Ninety East Ridge was formed along a 

transform fault that allowed the ridge to move while the Kerguelen Plateau was not moving that fast.   
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 Around 95 Ma, some plume materials got trapped in the ridge between the Australo-

Antarctican Plate and the Indian Plate that accelerated to reach its maximum speed. This started a 

long-term melting because of the decompression. It happened mainly between 82 and 37 Ma but it 

included the part in the Bengal Fan (95-85 Ma) (BREDOW et al., 2018). The model of OLIEROOK et al. 

from 2017 says that the Plume was at the north of the ridge before 40 Ma ( Cf figure 9).  

 Around 40 Ma, the ridge jumps and the opening between Australia and Antarctica created a 

massive on ridge volcanism that started the creation of the Northern Kerguelen Plateau. This formation 

has been continued and finished by the Plume ( BREDOW et al., 2018). 

 

3.3 The Kerguelen Archipelago 
 

 3.3.1 Presentation 
 

 The Kerguelen Islands are a French Archipelago located in the Southern Indian Ocean on the 

bƻǊǘƘŜǊƴ YŜǊƎǳŜƭŜƴ tƭŀǘŜŀǳ όпфϲмрΩ{Τ сфϲолΩ9ύΦ ¢ƘŜȅ ŀǊŜ ǘƘŜ ǘƘƛǊŘ ƭŀǊƎŜǎǘ ŀǊŎƘƛǇŜƭŀƎƻ ƛƴ ǘƘŜ ǿƻǊƭŘ ǿƛǘƘ 

ƛǘǎ тнмр ƪƳн ŀǊŜŀΦ ¢ƘŜǊŜ ŀǊŜ пф ƛǎƭŀƴŘǎ ōǳǘ ур҈ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜ ƛǎ ƻƴ ǘƘŜ Ƴŀƛƴ ƛǎƭŀƴŘ ŎŀƭƭŜŘ άƭŀ DǊŀƴŘŜ 

¢ŜǊǊŜέ which is 120 km long from the northernmost part to the southern one and 130 km wide from 

east to west (AHADI, 2019). 

  It is mainly composed of basaltic trapps that are thicker than 1000m and compose 85% of the 

archipelago(Cf figure 10). They have a 2-5°E dip. They are less than 30 Myr old and are considered the 

most recent volcanic products of the Kerguelen Mantle Plume. Datations have dated the oldest basalt 

at 29.26 Ma and the youngest at 24.53 Ma. The younger basalts are on the eastern part of the 

ŀǊŎƘƛǇŜƭŀƎƻ ƻƴ ǘƘŜ άtŜƴƛƴǎǳƭŜ /ƻǳǊōŜǘέΣ άtǊŜǎǉǳΩƛƭŜ WŜŀƴƴŜ ŘΩ!ǊŎέ ŀƴŘ ƻƴ ǘƘŜ άtǊŜǎǉǳΩƛƭŜ 

wƻƴŀǊŎΩƘέ  Large volcanism ceased after 24 Ma but there were still some highly evolved plutonic 

complexes that were setting up. Between 10,2 and 6,6 Ma, there are in the southeastern part of the 

central island low volumes of very high-alkaline lava. (NICOLAYSEN, 2000) (AHADI, 2019). 

  The erosion has set the average altitude to 650 m. The plateaus are strewn with volcanic 

intrusions as dykes and volcano-plutonic complexes. The plateaus are delimited with large valleys. The 

erosion has exposed the plutonic complexes that were formed at an average depth of 1000-2000 m 

under the surface. These complexes were extruded with a rate of 1.6+-0.9 km/my at Mt. de la 

Tourmente and Mt. Crozier (GIRET, 1990).  

 The complexes have different sizes that started with less than 1 km of diameter for the smallest 

ŀƴŘ ǘƘŀǘ Ǝƻ ǳǇ ǘƻ мр ƪƳ ƻŦ ŘƛŀƳŜǘŜǊ ǿƛǘƘ ǘƘŜ άwŀƭƭƛŜǊ Řǳ .ŀǘȅέ ǇŜƴƛƴǎǳƭŀΦ ¢ƘŜȅ ŎƻƳǇƻǎŜ мр҈ ƻŦ ǘƘŜ 

archipelago(Cf figure 10). There are similarities between the volcano-plutonic complexes and the 

flood-basalt trapps but the trapps correspond to non/weakly differentiated lavas as basalts,basanites 

or hawaiites. The complexes are composed of a lot of different rocks that go from ultrabasic lavas to 

highly differentiated. The apparition of granite is very uncommon in that kind of magmatic context, 

hot spot in an ocean-spreading context (GIRET, 1990). 

  

 Concerning the flood basalts, there are different sources. They could be tholeiitic, transitional, 

mid-alkaline or even high-alkaline. It is harder to characterize these rocks than the plutonic ones where 

it was easy to recognize the transitional and alkaline types. Plutonic tholeiitic rocks have not been 



A. MEILHAUD DORNIC                         Tectonic associated to the evolution of the                                                                 
C. THOMAS                               YŜǊƎǳŜƭŜƴΩǎ Ƙƻǘ ǎǇƻǘ Υ ŦǊƻƳ DƻƴŘǿŀƴŀ ǘƻ ƴƻǿŀŘŀȅǎ  

21 
Supervising teacher : H. LEYRIT 

found. The volcanism rate was 0.009 Km3 per 

year for the flood basalts. This rate is much 

lower than the rate of the Kerguelen Mantle 

Plume eruption before Cretaceous.  

  During the formation of the Kerguelen 

Plateau and the 90th East Ridge, it was around 

2.3 km3 per year for the plateau and 0.25km3 

per year for the ridge. The decreasing eruption 

rates estimated suggest that the lithospheric 

growth of the plate has stopped the eruption of 

the melted lavas (GIRET, 1990) (NICOLAYSEN, 

2000).  

 

 оΦоΦн ¢ƘŜ YŜǊƎǳŜƭŜƴ tƭŀǘŜŀǳΩǎ ŦǊŀŎǘǳǊŜǎ 
 

 We found a lot of different fractures on the Kerguelen Plateau. We have for example some 

normal faults. They do limit the Labuan Basin, the north-eastern border of Kerguelen Plateau and are 

ƻƴ ǘƘŜ ƧǳƴŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ²ƛƭƭƛŀƳ wƛŘƎŜΦ ¢ƘŜȅ ƘŀǾŜ ǘǊŜƴŘƛƴƎ άŜƴ-ŞŎƘŜƭƻƴǎέ ŦǊŀŎǘǳǊŜǎ ǿƛǘƘ ŘƛǊŜŎǘƛƻƴǎ ƻƴ 

North Northwest-South Southeast and Northwest-Southeast. This first direction also makes a trace 

between the Southern and Central Kerguelen Plateau. According to these both trends, some volcanoes 

are distributed. These normal faults are proof of past extensive stress (BENARD et al., 2010). 

 Another dominant trend in the direction of fractures is the West Northwest-East Southeast 

trending fault which overline Elan and Skiff Banks(Cf figure 11). The North-South trend is more 

restricted to the 77° Graben on the Southern Kerguelen Plateau. It is linked to the split between the 

Southern Kerguelen Plateau and Broken Ridge-Diamantina Zone due to the Southeast Indian Ridge. Its 

propagation to the West created a local North-South trend (68,5-68,2 Ma) (BENARD et al., 2010).  

 On the Kerguelen Archipelago, there 

are a lot of fractures with two preferential 

directions : N120-N130 and N30-N40. Both 

directions are similar to the direction of 

fracturing of the Indian seafloor. These 

ŘƛǊŜŎǘƛƻƴǎ ŀǊŜ ŀƭǎƻ ǘƘŜ ǎŀƳŜ ŀǎ ǘƘŜ ŦƧƻǊŘǎΩ 

and vaƭƭŜȅǎΩ ƻƴŜΦ Lǘ ƛǎ ǊŜŀƭƭȅ Ŝŀǎȅ ǘƻ ǎŜŜ ƛǘ in 

the centre of the archipelago. There are 

also some basaltic dykes and intrusions 

that have the same direction on the 

archipelago. All these fractures are 

inherited from the early tectonic phase 

when the ridge was just next to the islands 

(AHADI, 2019). 

Figure 10 :  Geological Map of the 
Kerguelen Archipelago (AHADI, 2020) 

Figure 11 : Geological Map of the Kerguelen Plateau(BENARD et al., 2000) 
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Conclusion 
 

 This Literature Review has shown that the Kerguelen Plateau is a product of one of the hugest 

LIP on the earth. It had a complicated history because of the different events it has gone through as 

the GonŘǿŀƴŀ ōǊŜŀƪ ǳǇΣ ƴǳƳōŜǊǎ ƻŦ ǊƛŘƎŜ ƧǳƳǇǎΧ 

 With all this information, it will be easier to understand the directions of the numerous 

fracturing and dykes in all the archipelago. There have been two opening directions : the first one with 

normal faults in N45 and the second one with normal faults in N105. 

 We cannot have an answer about the links between the plume and the Gondwana Break-up 

because scientists do not agree on one answer. 
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Results and analysis 
 

I : Analysis of the hugest fractures  

1.1. Protocol 
 

In parallel with ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ōŀŎƪƎǊƻǳƴŘΩǎ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƛƴ ǘƘŜ ŀǊŜŀΣ ǿŜ ƭƛǎǘŜŘ ƭƛƴŜŀƳŜƴǘǎ ƻƴ 

Kerguelen Archipelago and their length and orientation. We used the free software Google Earth in 

order to make three measurement campaigns. During the first, in September, we only cataloged 

ŦǊŀŎǘǳǊƛƴƎ ƻŦ YŜǊƎǳŜƭŜƴΩǎ ǊƻŎƪǎ ǿƛǘƘƻǳǘ ǎǇŜŎƛŦƛŎ ƛŘŜŀǎ ƻŦ ǊŜƎƛƻƴŀƭ ǎǘǊŜǎǎΦ  

Next, we completed the research on some areas of the Kerguelen Archipelago and focused on 

the research of faults filled by lavas. These intrusions are mostly characterized by a change in rock 

colours which catches the eye. Their alignments permit to determine major extensive directions at 

ŀǊƻǳƴŘ флϲ ƻŦ ǘƘŜ ŀƭƛƎƴΦ ¢ƘŜ ƭŀǘŜǎǘ ŎŀƳǇŀƛƎƴ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƳŀǇ ƻŦ YŜǊƎǳŜƭŜƴ !ǊŎƘƛǇŜƭŀƎƻΩǎ 

fractures (Figure 12, AHADI, 2019).  

 

Figure 12 : Map of Kerguelen Archipelago's fractures (AHADI, 2019) 
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The images used come from Landast and Copernicus satellites taken since 1984. We used 

archive footage to have a better view on some overcast areas, especially on the Kerguelen 

!ǊŎƘƛǇŜƭŀƎƻΩǎ ǿŜǎǘŜǊƴ ȊƻƴŜΦ Lengths are measured with tools traject or line. Intrusions had been 

surrounded with polygon and an axe marked after when alignment is viewable. All the pictures used 

for creating the maps were taken from Image c 2021 Maxar Techologies Image Landsat / Copernicus 

2020 Google. 

 

The 451 lineaments are split into several areas of studies (Annexes). These are set by their 

geographical localization on 10 zones : 

- Péninsule Loranchet and Iles nuageuses on the North-West of the Archipelago (1 489 

km2) 

- ²ŜǎǘΣ ǘƘŜ DǊŀƴŘŜ ¢ŜǊǊŜΩǎ ǇŀǊǘ ǘƻ ǘƘŜ ǿŜǎǘ ƻŦ ǘƘŜ /ŀƭƻǘǘŜ /ƻƻƪ όслн ƪƳ2) 

- South or Péninsule Rallier du Baty (997 km2) 

- Foch island (460 km2) 

- tǊŜǎǉǳΩƞƭŜ WƻŦŦǊŜ όснп ƪƳ2) 

- Centre of the Grande Terre (914 km2) 

- Centre eastern area of the Grande Terre (1400 km2) 

- Mont Ross (485 km2) 

- tǊŜǎǉǳΩƞƭŜ WŜŀƴƴŜ ŘΩ!ǊŎ ŀƴŘ wƻƴŀǊŎΩƘ όфол ƪƳ2) 

- Peninsule Courbet (1525 km2) 

 

 

Figure 13 Map of the Kerguelen Archipelago(made on Adobe Illustrator) 
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 We saved all these fractures on Excel. To analyse the different trends in the direction of the 

lineaments, we use the software STEREONET. We created a dataset for every 10 parts of the 

Archipelago we wanted to observe. In each dataset, we enter the direction of all the 451 lineaments. 

Then we use the tool Rose Diagram to see the main directions for each data set.  

 We used a 10° Bin that is just a way to regroup the directions that are close to each other. The 

other parameter we have changed was the percentage of the circle.  In a rose diagram, it could be 

reached by the direction when a certain number of lineaments have the same direction. Depending on 

the dataset, we have been changing this percentage from 15% to 35%.  
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1.2. List of the zones in the Archipelago 
 

 2.1 Péninsule Loranchet  
 

 This area is characterized by numerous intrusions which follow an alignment around N160° 

ǿƘƛŎƘ ƛǎ ŀƭǎƻ ǘƘŜ Ƴŀƛƴ ǾŀƭǳŜ ƻŦ ƭƛƴŜŀƳŜƴǘǎΩ ŘƛǊŜŎǘƛƻƴ ƻƴ tŞƴƛƴǎǳƭŜ [ƻǊŀƴŎƘŜǘΦ ¢ƘŜ ƻǾŜǊƭŀǇ ƻŦ ŦǊŀŎǘǳǊŜǎ 

indicates that there are the most recently formed. Also, the main viewable stress here is extensive to 

Northeast ς Southwest. Others lineaments have this direction, orthogonal to extensive fractures. 

 

Figure 14 :  Map of fracturing on Péninsule Loranchet 

 

Figure 15 : Rose diagram of the fracturing of the Péninsule Loranchet 
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 2.2 Foch island 
 

 Fracturing on Foch island is focus on a Northwest-Southeast direction(more than 50% of 

values) overlapped by a second around N60° with a mean length a little bit higher.  

 

Figure 16 : Map of fracturing on Foch 
Island 

 

 

 

 

 

 

 

 

Figure 17 : Rose diagram of the 
fractures of Foch island 

 

 

 

 

 

 

 

 

Figure 18 : 
Distribution of 
lineaments in the 
Foch Island 
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 нΦо tǊŜǎǉǳΩOƭŜ WƻŦŦǊŜ 
 

¢ƘŜ ŦƛŦǘȅ ƭƛƴŜŀƳŜƴǘǎ ƘŀǾŜ ŀ ƭŀǊƎŜ ŘƛǊŜŎǘƛƻƴΩǎ ŘƛǾŜǊǎƛǘȅΦ IƻǿŜǾŜǊΣ ŀ ƳŀƧƻǊ ƻǊƛŜƴǘŀǘƛƻƴ ƻƴ 

Northwest to Southeast can be defined with the diagram of Stereonet. Indeed, around 30% of total 

values are between N130° and N150°. They overlapped others, evidence of their more recent 

development. Lineaments directed N105° can be related to the CentrŜΩǎ area due to their geographical 

proximity. High length in these directions adds proof to their relationship with ǘƘŜ DǊŀƴŘŜ ¢ŜǊǊŜΩǎ 

general context. 

 

Figure 19 : Map of fracturing on 
Presqu'île Joffre 

 

 

 

 

 

 

 

 

Figure 20 :  Rose diagram of 
the fractures on Presqu'île 
Joffre 

 

 

 

 

 

Figure 21 : Distribution of 
the lineaments on 
Presqu'île Joffre 
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 2.4 Péninsule Courbet 
 

The Péninsule Courbet is poor in terms of number of values, only 16. Recent sedimentary 

ŦƻǊƳŀǘƛƻƴǎ ƘƛŘŜ ƭŜƎŀŎȅ ǘŜŎǘƻƴƛŎ ƻƴ ǘƘŜ ŜŀǎǘŜǊƴ ǇŀǊǘΦ ¢ƘŀǘΩǎ ǿƘȅ the map represented only a part of the 

Peninsule. Lineaments marked on green in the map make hydrography and the little purple are filled 

of darker materials. Two major directions emerge : one North-{ƻǳǘƘ ŜǎǎŜƴǘƛŀƭƭȅ ǿƛǘƘ ƛƴǘǊǳǎƛƻƴΩǎ ŀȄŜ 

and another around N110°. Thanks to cross-checking of the lines, the first seems to be more recent 

than the second. Dykes have a small length (around one hundred meters) and not viewable on the 

present map. 

 

Figure 22 : Map of fracturing on 
Péninsule Courbet 

 

 

 

 

 

 

 

 

 

Figure 23 :  Rose diagram of the 
ŦǊŀŎǘǳǊŜǎΩ ƻǊƛŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ 
Péninsule Courbet 

 

 

 

 

 

Figure 24 :  Distribution of 
lineaments orientation in the 
Péninsule Courbet 
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 2.5 West 
 

The fifty-one lineaments are distributed according two directions, one precisely directed N60° 

and another North-Northeast to South-Southwest. These are much longer and close to North direction 

on North than South of the study area. The overlap of different orientations shows that North-South 

lineaments are most recent thone others. The low length of them can be explained by topography. 

Indeed, we are on islands and fjords or areas covered by ice, hiding continuity.  

 

 

 

Figure 25 : Map of the 
fracturing on the west 

 

 

 

 

 

 

 

Figure 26 :  Rose diagram of 
the orientation of the 
fracturing on the west 

 

 

 

 

Figure 27 : 
Distribution of 
the orientation 
of the fracturing 
on the west 
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 2.6 Central area of Grande Terre 
 

 [ƛƴŜŀƳŜƴǘǎΩ ƻǊƛŜƴǘŀǘƛƻƴ ŘƻŜǎƴΩǘ ŜƴƭƛƎƘǘŜƴ ƻƴŜ ǇǊƛƴŎƛǇŀƭ ŘƛǊŜŎǘƛƻƴΦ LƴŘŜŜŘΣ {ǘŜǊŜƻƴŜǘΩǎ ŘƛŀƎǊŀƳ 

shows a higher concentration of value between N90 and N100 but they represent less than 25% of the 

total. Nevertheless, a West ς Northwest to East ς Southeast trend emerges in the southeast of the 

area. A minor direction with a mean direction N40° is localized on the under north islands. 

 [ŜƴƎǘƘ ƻŦ ƭƛƴŜŀƳŜƴǘǎ ŘƻŜǎƴΩǘ ǇǊŜǎŜƴǘ ƎǊŜŀǘ ŎƘŀƴƎŜǎΣ ŜȄŎŜǇǘ ŦƻǊ ǘƘŜ ōƛƎƎŜǎǘ ƻŦ пнΣс ƪƳ ŘƛǊŜŎǘŜŘ 

N122 with a length twice thone others. This size and number of values permit to confirm the major 

direction West -East with a light rotation to the South. 

 

 

 

Figure 28 : Map of fracturing on 
central area of the Grande Terre 

 

 

 

 

 

 

 

Figure 29 : Rose diagram of the 
fracturing on the Grande Terre 

 

 

 

 

Figure 30  : 
Distribution of the 
orientation of 
fracturing on the 
Grande Terre 
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 2.7 Eastern centre of Grande Terre 
 

 On the 106 values listed, 75% are gathered between N100° to N150°. Moreover, the map 

shows an evolution in values from east to west. Lineaments tend to turn from a pure West-Est direction 

to N150°. Lineaments are marked on the landscape by numerous lakes with a high length.  

 

 

 

Figure 31 : Map of 
fracturing on the eastern 
part of the Grande Terre 

 

 

 

 

 

 

 

Figure 32 : Rose diagram 
of the central east part of 
the Grande Terre 

 

 

 

 

 

 

Figure 33 : 
Distribution of 
the orientation 
of fracturing on 
the eastern 
Grande Terre 
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 нΦу tǊŜǎǉǳΩƛƭŜ WŜŀƴƴŜ ŘΩ!ǊŎ ŀƴŘ wƻƴŀǊŎΩƘ 
 

¢ƘŜǊŜ ŀǊŜ мт ƭƛƴŜŀƳŜƴǘǎ ƻƴ ǘƘŜ ŀǊŜŀ ƻŦ tǊŜǎǉǳΩƞƭŜ WŜŀƴƴŜ ŘΩ!ǊŎ ŀƴŘ wƻƴŀǊŎΩƘΦ ¢ƘŜ ƭƻƴƎŜǎǘ ŀǊŜ 

mostly directed around North 150°, also a Northwest to Southeast direction. This is a continuation of 

ŜŀǎǘŜǊƴ ƭƛƴŜŀƳŜƴǘǎΩ ŘƛǊŜŎǘƛƻƴ in Central East area. 

 

 

 

 

 

Figure 34 :  Map of fracturing on 
both Southern Presqu'îles 

 

 

 

 

 

Figure 35 : Rose 
diagram on the 
orientation of both 
Southern Presqu'îles 

 

 

 

 

 

Figure 36 : Distribution of the 
orientation of fracturing on both 
southern Presqu'îles 
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 2.9 South ς Peninsule Rallier du Baty  
 

 The Peninsule Rallier du Baty is perturbated by numerous intrusions. Nevertheless, 30% of 

the fractures are mostly directed on North-South with a few East inclinations. They set on along the 

Calotte Cook and Grande Terre.  

 

 

Figure 37 : Map of 
fracturing on the Southern 
Part 

 

 

 

 

 

 

 

Figure 38 : Rose diagram on 
the orientation of fracturing in 
the south 

 

 

 

 

 

Figure 39 : Distribution of 
the orientation of 
fracturing in the south 
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 2.10 Mont Ross 
 

aƻƴǘ wƻǎǎΩ ŦǊŀŎǘǳǊƛƴƎΩǎ ŘƛǊŜŎǘƛƻƴǎ ŀǊŜ ǘƻƻ ŀƭǘŜǊŜŘ ōȅ ǊŜŎŜƴǘ ǾƻƭŎŀƴƛǎƳΦ hƴƭȅ ф ƭƛƴŜŀƳŜƴǘǎ ŀǊŜ 

ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƎǳǊŜ ŀƴŘ ǘƘŜȅ ŘƻƴΩǘ ŀƭƭƻǿ ƎŜƴŜǊŀƭ ŘƛǊŜŎǘƛƻƴΩǎ ŜǎǘŀōƭƛǎƘƳŜƴǘΣ ŜȄŎŜǇǘ ŀ ǊŀŘƛŀƭ 

fracturing due to the volcanoeǎ ǇǊŜǎŜƴŎŜΦ hǘƘŜǊǎ Ŧŀǳƭǘǎ ƻƴ ǘƘŜ !ƘŀŘƛΩǎ ƳŀǇ ŀǊŜ ƭƛƪŜƭȅ ƭƛƴƪŜŘ ǘƻ 

ŎƻƭƭŀǇǎŜŘ ǊƻŎƪǎ ƻƴ aƻƴǘ wƻǎǎΩ ǎƭƻǇŜǎΦ hƴ the diagram, the indication of mostly 35% of values with a 

Nмнр Ŏŀƴ ōŜ ǊŜƭŀǘŜŘ ǘƻ ƳŀƧƻǊ ƭƛƴŜŀƳŜƴǘǎ ΨŘƛǊŜŎǘƛƻƴǎ ƻƴ DǊŀƴŘŜ ¢ŜǊǊŜΣ ŜƴƻǳƎƘ Řƛǎǘŀƴce to the volcano. 

Moreover, lineaments are smaller than those listed in other areas. 

 

 

 

Figure 40 : Map of fracturing on 
the Mont Ross area 

  

 

 

 

 

 

 

 

Figure 41 :  Rose diagram on the 
orientation of fracturing in the 
Mont Ross area 

 

 

 

 

 

Figure 42 :   Distribution of 
the orientation of fracturing 
in the Mont Ross area 
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1.3. Analysis and interpretation 
 

 3.1. Analysis  

 

 We have found plenty of different directions. Depending on ǘƘŜ ȊƻƴŜǎΣ ǿŜ ŎƭŜŀǊƭȅ ŘƻƴΩǘ ƘŀǾŜ 

the same trends. Example given, The western part of the centre has a main direction in N90-100 while 

Lorranchet has a trend in N160 and the West has a N50-60 trend. 

 ²Ŝ ŘƻƴΩǘ ƘŀǾŜ ŜƴƻǳƎƘ ŦǊŀŎǘǳǊŜǎ in each zone to make a pertinent analysis. With less than 30 

fractures in some zones, it would not be honest to determine the history of each zone. That is why we 

will in the second part search a lot of fractures in one of these zones. 

 3.2. Interpretation of the directions 

 

 We have seen in the literature review that there has been two main phases in the zone. Both 

were extensive phases with a seafloor spreading.  We know that the directions of the normal faults 

were at that time N45 for the first phase from 137 to 100 Ma and N115 for the second phase since 85 

Ma. We know that there are transform faults with directions at 30° on each side of the normal fault. 

So we can make this table to compare theoretical directions with the trends we found in general. 

 Dextral Fault Normal Fault Sinistral Fault 

Phase 1 N15 N45 N75 

Phase 2 N85 N115 N145 

Table 1 : Theorical directions of the faults in this transtensive shear zone 

 The study from WHITTAKER et al. from 2013 explain that the Plateau has turn from 15° since 

it separation with Broken Ridge around 40 Ma. There will be more details in the part DiscussionΦ ¢ƘŀǘΩǎ 

why we need to add 15° to all the directions listed before to compare it with the directions we found 

on the Archipelago. 

 Dextral Fault Normal Fault Sinistral Fault 

Phase 1 N30 N60 N80 

Phase 2 N100 N130 N160 

Table 2 : Theorical directions of the faults in this transtensive shear zone after correction 

 Concerning the first phase, we found the N60 direction in the zone West. Because this phase 

is the oldest, most of its heritage should have been masked by the second phase. This one is much 

represented on the Archipelago with the N130 direction ƻƴ [ƻǊǊŀƴŎƘŜǘΣ WƻŦŦǊŜΣ /ŜƴǘǊŜΧ ²Ŝ Ŏŀƴ ǎŜŜ 

also the N100 direction on Joffre and the centre of Grande Terre. Finally, there are some faults with 

the N160 direction on Lorranchet anŘ ƻƴ WŜŀƴƴŜ ŘΩ!ǊŎΦ 

 3.3. Limit of the method 

  

 We have tried to establish trends on the archipelago but with less than 500 fractures at that 

scale, we cannot conclude anything else than various directions are depending on the location. 

Because of this, the interpretation was just a hypothesis.  

 In the second part, we will search for more than 2000 fractures in a smaller zone. 
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II : Detail Analysis of the Eastern Part of Grand Terre 
 

 We will now interest ourselves in the centre of Grande Terre where fractures seem to turn 

with their direction passing from N120 to N155 when we go to the south-eastern part. Our literature 

review (DIOP, 2018) shows that basalts all around the studied zone that have been dated are 25 Ma 

old so we will work on rocks that have the same ages. 

2.1.  Protocol 
 

 We have revealed around 2200 fractures in the centre of Grande Terre. They are revealed by 

different linear things in the landscape. It could be visible fractures in the plateaus. This allows us to 

find the anteriority of the different directions. We have found some dykes that are just fractures filled 

with magma.  Fractures could also be cliffs or watercourses. This is explained by the fact that nature 

prefers to use the easiest way to erode. When water will run inside the fractures, it will erode the rock 

more easily because of the huger surface of contact between rock and water. Along this process, the 

fracture will disappear in the landscape but there will be some linear shapes.  

 To obtain that number of fractures, we have used the same pictures as the previous 

part (from Image c 2021 Maxar Techologies Image Landsat / Copernicus 2020 Google) but we have 

searched the lineaments with an altitude from less than a km and even less than 500 m when the 

pictures have a higher quality. That is how we obtained the following map(Cf figure 43). 

 

Figure 43 : Map of the location of 2200 fractures on the centre of the Plateau Central 
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 Then, we have cut the zone into 13 smaller zones to understand the organization of the full 

zone(Cf figure 44). We had noticed while searching all the fractures that ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ŘƻƴΩǘ ǎŜŜƳ 

to be the same in each zona.  

 

 

 

2.2. List of the zones 
 

 On the northern part of zone 1, trends are long lineaments directed N120 which shift another 
directed N95 forming important fracturing on islands. A third can be noted in N60 in the northern part 
of the zone. 

 
 
  
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

Figure 44 : Location of the 13 zones on the Plateau Central 

Figure 45 : Map of fracturing in 
the zone 1 
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 In zona 2, a N125 trend is also the major seen with minor directions in N98 and N66. Lakes 
seem to follow the first one whereas the N98 direction is more present in the south of the zone. 
 

 
  
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 In zona 3, trend on N120 and N100 are as frequent as each other. The direction N63 appears 
too in the north of the zone. Fracturing is denser near the north coast. Globally these 3 first zones 
present the same trend. 

  
  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

Figure 46 : Map of 
fracturing in the zone 2 

Figure 47 : Map of 
fracturing in the zone 3 
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 Trends in zone 4 are more numerous and less defined than in the previous areas. The N120 
and N97 can be seen in big lineaments as for the N65 direction, a little bit quiet thone others. There 
are two more trends that can define especially on slopes of lakes : N43 and N12. 

 

 

 

 

 

 

 

 

 

 

  

 The major trends on zone 5 are N110 in the south and N90 directed in the north. They 

delimited great valleys in basalts. On the top of them, there is a trend with a direction around N40 - 

N50 with smaller lineaments . 

 

 

 

 

 

 

 

 

 

 

 

Figure 48 : Map of 
fracturing in the zone 4 

Figure 49 : Map of 
fracturing in the zone 5 
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 In zone 6, the major trend has an orientation of N135. Other noticeable trends are in N105 and 

bтл ŘƛǊŜŎǘƛƻƴǎ ǿƛǘƘ ǎƘƻǊǘŜǊ ŦǊŀŎǘǳǊŜǎΦ [ŀƪŜǎΩ ƻǊƛŜƴǘŀǘƛƻƴ ǎŜŜƳǎ ǘƻ Ŧƻƭƭƻǿ ǘƘŜǎŜ ǘǿƻ ǘǊŜƴŘǎΦ One last 

trend on N50 appears in smaller lineaments. 

 

 

 

 

Figure 50 : Map of 
fracturing in the zone 6 

 

 

 

 

 

 

 

 Lineaments cut basalts in structure with a N132 global direction in zone 7. A trend directed 

N100 second this cutting. There are smaller lineaments especially with N80 direction and more 

occasionally with N40 and N10 directions. The density of fracturing seems to increase in the south of 

the zone. 

 

 

 

 

 

 

 

 

 

 

 

Figure 51 : Map of 
fracturing in the zone 7 
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 In zone 8, the major trend in N125 is very noticeable on Mt Marion Dufresne and with smaller 

lineaments on the borders of the plateau. Others trends are directed N60 and N37 with two big 

lineaments seen and a lots of little ones. One last trend with a N95 direction is noticeable too in the 

east on the river. 

 

 

 

Figure 52 : Map of 
fracturing in the zone 8 

 

 

 

 

 

 

 

 

 The major trend in zone 9 has a N145 direction, which is the higher direction identify in the 

Plateau central. N110 and N80 trends exist too in the cutting of basalts structures, especially in the 

south. Locally, the direction N80 appears more around N60, which can define another trend. 

 

 

Figure 53 : Map of 
fracturing in the zone 9 
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 Lakes and bigger lineaments on zone 10 follow a major trend around N145 with a second 

directed N110. Less important, there is another one directed between N60 and north of the zone and 

more N80 in the south. 

 

 

 

 

 

 

 

 

 

 

 Major fracturing in zone 11 is directed N160. Some others cut basalts with a N105 and N140 

directions. The global trend in this area is the south-directed of all studied area. Quality of photography 

ŘƻŜǎƴΩǘ ŀƭƭƻǿ ǳǎ ǘƻ ȊƻƻƳ ƻƴ ǘƘƛǎ ŀǊŜŀΦ 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 54 : Map of 
fracturing in the zone 10 

Figure 55 : Map of 
fracturing in the zone 11 
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 The coast on zone 12 is cut by a trend directed N140 which formed big units. On basalts, 

fracturing follows two trends in addition to the previously mentioned; one directed N110 and another 

around N60 ς N70. A trend on N20 can also be defined. 

 

 

 

Figure 56 : Map of fracturing 
in the zone 12 

 

 

 

 

 

 

 

 

 Finally, the southernmost zone studied, the 13th  present a major trend in a N153 direction. 
The other important trend is N115 and it is present in the whole area. Smaller lineaments have a 
direction between N70 and N90. 
  

 

 

 

 

 

 

 

 

 

 

Figure 57 : Map of 
fracturing in the zone 13 
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2.3. Families of fractures 
 

 When we listed all these fractures, we have found that they could be classed by families 

because of their directions. And even these directions are not the same in the northern and  the 

eastern part, we found the same geometry that allows us to think that there are the same families (Cf 

figure 58). 

 

 

 

 

 

Figure 58 : Scheme of the angles between 
the families in zones 1 and 10 

  

 

 

 

 

 

2.3.1 Anteriority  

 

 hōǎŜǊǾƛƴƎ ǘƘŜ ƴǳƳŜǊƻǳǎ ƭƛƴŜŀƳŜƴǘǎΩ ŦŀƳƛƭƛŜǎ ŀƴŘ ǘƘŜƛǊ ƻǾŜǊƭŀǇ ǇŜǊƳƛǘs us to determine some 

anteriority between them. First, we find that the fourth family is intersected by family 1 in ȊƻƴŜ пΦ LǘΩǎ 

proof of evidence that the first-mentioned is older than the second one (Cf figure 59). 

 

Figure 59 : Map of anteriority between 
family 1 and 4 
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 In zone 8 and 9, the 3rd family is also severed by family 2. This family is anterior to families 2 

and 4(Cf figure 60). 

   

 

 Elements of anteriority permit to recognize the several phasis and inherited deep fracturing 

on the area of Kerguelen. The family 3 seems to be older than the oldest. The 4th, the second oldest, 

the 2nd the second youngest and the 1st  ²Ŝ ŎŀƴΩǘ ŦƻǊƎŜǘ ǘƘŀǘ ǘƘŜ ǊƻŎƪǎ ƛƴ ǿƘƛŎƘ ƭƛƴŜŀƳŜƴǘǎ ǎǘŀƴŘ ŀǊŜ 

ȅƻǳƴƎŜǊΣ ƻƴƭȅ нп aȅ ƛƴ ǘƘŜ tƭŀǘŜŀǳ /ŜƴǘǊŀƭΦ ¢Ƙŀǘ ƳŜŀƴǎ ǘƘƻǎŜ ǎŜŜƴ ŎŀƴΩǘ ōŜ ŦƻǊƳŜŘ ǿƘŜƴ ǘƘŜ stress 

created these areas of preferential weakness, but these directions appear only with the actual 

transtensive stress.  

2.3.2. Orientation of the fractures 

 

  We have then made tables to study the evolution of directions and angle between the 

fractures. The first one shows the average direction of the different families in each zona. We have 

coloured the anomalies in red. The anomalies are an unexpected direction for one family. It could be 

the change of one direction or the non-change of direction from a single family in a zone( Cf table 3). 

 

  

 

 

 

 

 

 

 

Table 3 : Average  orientation of the 

families of fractures in each zones 

Figure 60 : Maps of anteriority between families 2 and 4 
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 This table shows us 6 different families but only the first four have enough values to determine 

a trend. The three first families are present in almost all the 13 zones and present a change in their 

orientation. It goes from N110 to N153, from N95 to N115 and from N50 to N90. The fourth family 

started appearing in zone 4 and present similar a similar evolution from N40 to N 70.  

 It will be useless to calculate averages because the changes of direction seem to not be random 

because of the spatial location of the different values. These are increasing for all the families when 

we go from North-West to East. To verify that all families are turning the same, we will now analyse 

the angles between each family.   

 

2.3.3. Angles between families  

  

 We have now two hypotheses to interpret these results. The first one is that all these values 

are submitted to a normal distribution around the average so we will have a gaussian curve. The second 

possible interpretation is that there are two main trends for the angle between some families. For 

example, there could be between 1 and 2 the 20°-23° and the 30°-35° trend (Cf table 4). 

 To test the first one we will calculate the standard deviation with this formula (where x← is the 

average, x the value and n the number of values) :  

 

 The standard deviation is really important because it will help us to understand if there is a 

strong correlation between angles of the families in the zones. Then it will help us to see if the 

distribution follows a normal law. If this is the case, we have more than 2 cases on 3 where the angle 

between the families is closer than one time the standard deviation from the average(Cf figure 61).  

  

 

 

 

 

 

 For example, between 1 and 2, 2/3 of the angles should be between 23,36 and 35,1. Because 

we see that 6 zones out of 13 are out from this ensemble, that mean that 53% are fitting. We will not 

have the right percentage because we have only 13 values and probability laws function better with a 

huge amount of values. Finally, we will colour in red all the angles that are out of the ensemble 

ά!ǾŜǊŀƎŜҌ- мΣрϝ{ǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴέ ǘƻ ŘŜǘŜŎǘ ǎtrange values (Cf table 4). 

Figure 61 : Curve of a normal law 
ǿƘŜǊŜ ˃ ƛǎ ǘƘŜ ŀǾŜǊŀƎŜ ŀƴŘ ˋ ǘƘŜ 
standard deviation 
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 Normally, if the repartition of the angles is directed by a normal law, almost all values(95%)  

ǎƘƻǳƭŘ ōŜ ōŜǘǿŜŜƴ ǘƘŜ ŜƴǎŜƳōƭŜ ά!ǾŜǊŀƎŜҌ- 2*Standard ŘŜǾƛŀǘƛƻƴέ  ŀƴŘ ƳƻǊŜ ǘƘŀƴ су҈ ǿƛƭƭ Ŧƛǘ ƛƴ ǘƘŜ 

ŜƴǎŜƳōƭŜ ά!ǾŜǊŀƎŜҌ- 1*Standard deviationέ ό/Ŧ ŦƛƎǳǊŜ 61). 

 In this case, only the following values are out of the first one : 55 between 2&3 in zone 4 and 

40 between 3&4 in zone 7. There are only 2 values out of 64 that are out so 96,8% of the values are 

inside.  

  

ANGLE 
BETWEEN 

1&2 1&3 1&4 2&3 2&4 3&4 TOTAL 

IN 7 9 6 8 6 6 42 
OUT  6 3 3 4 3 3 22 
TOTAL 13 12 9 12 9 9 64 

 

 For the second one, 65,62% of the values are in the ensemble as it should be if the distribution 

was following a normal law. Because of these two tests, we can conclude that the repartition of the 

values around the averages is following a Normal Law. 

 When using the couple Average/standard deviation(SD), we can see that the family 2 and 4 are 

the most highly corelated together because they have the smallest SD with 4,42. The only two couples 

that seem to be less correlated are the 2 and 3 and the 3 and 4 with an SD that is higher than 8. The 

common part of ōƻǘƘ ŎƻǳǇƭŜǎ ƛǎ ǘƘŜ ŦŀƳƛƭȅ оΦ {ƻ ǘƘŀǘΩǎ ǿƘȅ ǿŜ Ŏŀƴ ŜƳƛǘ ŀ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ƛǎ ǘƘŀǘ 

families 1, 2 and 4 goes together or has been created by the same event while the 3 is from one other 

event. To prove it, we will have to look to the anteriority we have seen on Google Earth. If this 

hypothesis is true, we will have to understand why 1 and 3 have a that small SD.  

Table 4 : Average  angle 

between the families of 

fractures in each zones 

Table 5 : Repartition 

of the values in and 

out the ensemble 
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 ²Ŝ ƴŜŜŘ ǘƻ Ǉǳǘ ƛƴ ǇŜǊǎǇŜŎǘƛǾŜ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ōŜŎŀǳǎŜ ŀƭƭ ǘƘŜ ȊƻƴŜǎ ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ǎƛȊŜ ŀƴŘ 

the same density of fracturing. This can change a bit the average orientation, the average angles 

between families and the standard deviation too. 

 

2.3.4. Evolution of the direction of the family 1 

  

 We have seen that the orientation of the families of fractures seems to increase from the 

northwest to the southeast of the studied zone. 

 To confirm it, we will do four parallel sections with this orientation to study the evolution of 

the direction of the family 1(Cf figure 62). We will only analyse this one because its direction is 

correlated with the three others families. The standard deviation of the angle between family 1 and 

the others is always under 6.  

  

 

Table 6-7-8-9 : Sections of the zones 

 

 We can see on the profiles that the orientation of family 1 increases progressively from the 

northwest to the southeast. Furthermore, we notice that the southern the profile is, the more 

noticeable this evolution is. 

 

Section n° 1 : zones 1-3-10 

Zone 1 3 10 

Orientation of the family n°1 125 120 145 

Section n° 2 : zones 2-6-9-11 

Zone 2 6 9 11 

Orientation of the family n°1 120 135 145 140 

Section n° 4 : zones 5-8-13 

Zone 5 8 13 

Orientation of the family n°1 110 125 153 
Section n° 3 : zones 4-7-12 

Zone 4 7 12 

Orientation of the family n°1 120 132 140 

Figure 62 : Location of the sections through 
zones in the Plateau Central 
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Discussion and interpretation 
 

We have two main questions. Firstly : what is the heritage of the direction of the four families in the 

central zone ? Secondly : why does this geometry seem to turn from West to East and South-East?  

 

I : Theorical possible directions 
 

The area where the Kerguelen plume is located experienced numerous phasis since the 

creation of Gondwana. Formed with the Kuunga orogen between plates, the Mirny fault directed N94 

(DACZKO et al., 2018) could give an idea of the stress directions during this period. According to figure 

4 page 13. It seems to be NW-SE direction in a continental collision context with compressive and 

overlapping structures. The direction of the Mirny fault can agree with a strike-slap in this case or an 

inverse fault which suffer a rotation durƛƴƎ ǘƘŜ !ƴǘŀǊŎǘƛŎŀ ōƭƻŎƪΩǎ ŘǊƛŦǘό5!/½Yh Ŝǘ ŀƭΦΣ нлмуύΦ 

The northern part of the eastern Gondwana is splited by successive oceanisations as the 

Paleotethyis and Mesotethys since the Devonian. They spread in NE-SW directions and normal faults 

created are still seen in the north of Australia with a N 100 direction(RENARD et al., 2018; OLIEROOK 

et al., 2019). The break-up of the Neothethys between India and Australian-Antarctica plates can be 

described as an E-W extension with a virgation on a NW-SE direction in the southern part (India-

Antarctica border). The ridge was N 45 directed with important transform faults directed N120 (Cf 

figure 6 and 7, page 15). The stress system in the north area was transtensionnal (OLIEROOK et al., 

2019, WHITTAKER et al., 2013). 

These faults will be the new conduct of the ridge (N100) which created a progressive NW-SE 

ocean extension between Australia and Antarctica on Cretaceous. The strick slip became the major 

stress regime in Kerguelen wƘƛŎƘ ƛǘǎ ǇǊƻŘǳŎǘǎ ŀǊŜ ƎŜƻŎƘŜƳƛŎŀƭƭȅ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ ǊƛŘƎŜΩǎ ǇǊƻȄƛƳƛǘȅ 

(WHITTAKER et al., 2013).  

Subduction on the Pacific coast changed stress field on Eocene in a NNE-SSW direction which 

Ŧƛǘ ǿƛǘƘ ǘƘŜ {ƻǳǘƘ 9ŀǎǘ LƴŘƛŀƴ wƛŘƎŜΩǎ ŘƛǊŜŎǘƛƻƴΦ ¢Ƙƛǎ ǎǇǊŜŀŘing splited Broken Ridge and Central 

Kerguelen Plateau during an extensive phasis directed NE-SW (OLIEROOK et al., 2017, WHITTAKER et 

al., 2013). 

Nowadays, the South-East Indian Ridge still spread with a constant velocity in NE-SW direction, 

and it is composed of N135 normal faults and N45 transform faults. Noticed that directions measured 

on Google Earth are more N140 in the North and N 125 in the South. The Kerguelen Archipelago was 

ŦƻǊƳŜŘ ŀŦǘŜǊ ǘƘŜ .ǊƻƪŜƴ ǊƛŘƎŜΩǎ ǎŜǇŀǊŀǘƛƻƴ όƭŀǎǘ ол aȅύ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜŘ ƻƴƭȅ ŀ global transtensionnal 

stress system in the oceanic Antarctica plate ( AHADI, 2019). 

 

Based on the South-9ŀǎǘ LƴŘƛŀƴ wƛŘƎŜ ǘƻ ƎƛǾŜ ǳǎ ǘƘŜ ƳŀƧƻǊ ŀŎǘǳŀƭ ŘƛǊŜŎǘƛƻƴ ŀƴŘ wƛŘŘƭŜΩǎ 

schemas about the relationship between tectonic objects, we can determine directions and types of 

theoretical faults on the Kerguelen Archipelago. 
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Figure 63 : Riedel Scheme in a dextral transtensive shear context 

 In the transtensive schema where the tension is in N0 and the shear dextral with an 

orientation of N90, normal faults should be directed on N120. The extension should have a N30 axis. 

Local transform faults are on 120-30° and 120+30° directions : N90 and N150. Folds and inverse 

structures have a N30 direction. These N30 lineaments will have a dextral movement too(Cf Figure 63). 

Knowing that, we can find the directions of the different types of faults just by knowing the 

directions of the normal faults for each tectonic phase. 

 

II : Correction of the angles 
 

 Broken ridge was joined with the Central Kerguelen Plateau from 95 Ma to 40 Ma. Nowadays, 

when we look at both structures, we have to make one change of orientation if we want to join their 

shapes. Furthermore, we knew that constraint and seafloor spreading changed frequently since the 

Gondawana break-up around 137 Ma. Depending on ǘƘŜ ƭƻŎŀǘƛƻƴ ƛƴ ǘƘŜ YŜǊƎǳŜƭŜƴ tƭŀǘŜŀǳΣ ǿŜ ŘƻƴΩǘ 

have the same angle of rotation through time (WHITTAKER et al., 2013).  

 To study the major directions for the hugest fractures, we will take the angle of  William Ridge 

because it is the centre between the Central and the Southern Kerguelen Plateau. This angle is 29.42° 

that we will sum up at 30 (WHITTAKER et al., 2013) 

 At 70 Ma, the angle between the future fault from Broken Ridge and the Ninetyeast Ridge is 

about 90 degrees. Broken Ridge and the Central Kerguelen Plateau are together. The 90°E Ridge is at 

N25 and Broken Ridge is at N115. Then the 90°East Ridge has turned from 4-5° to become N20. 

 Around 40 Ma, there is a separation between Broken Ridge and the Kerguelen Plateau caused 

by the opening between Australia and Antarctica. The Kerguelen Plateau (William Ridge) rotate from 

30 degrees compared to Broken Ridge. Its boundary became N125-мол ǿƘŜƴ ǘƘŜ .ǊƻƪŜƴ wƛŘƎŜΩǎ 

became N100. We suppose that the seafloor spreading is symmetric around the ridge because of the 

magnetic anomalies and the distance of both oceanic crusts. Both parts rotate from 15 degrees to get 

a 30° angle between them. The 90 East Ridge has a N6 direction. 

 



A. MEILHAUD DORNIC                         Tectonic associated to the evolution of the                                                                 
C. THOMAS                               YŜǊƎǳŜƭŜƴΩǎ Ƙƻǘ ǎǇƻǘ Υ ŦǊƻƳ DƻƴŘǿŀƴŀ ǘƻ ƴƻǿŀŘŀȅǎ  

52 
Supervising teacher : H. LEYRIT 

III : Inheritance of the directions 
 

 Firstly we have seen that the separation with Broken Ridge created normal faults with a 

direction of N115. When we add 15°, we obtain the direction N130. Or, this direction is the direction 

of the family 1  in the centre of the studied zone ( zone 6, 7 and 8).  

Table 3 and 4 : average orientation of the families and angles between them 

 

 We have also shown in the bibliography that if the fractures have been extended after the 

separation during the rotation of the archipelago, this direction for the normal faults should be 

included between N115 for the most recent and N130 for the oldest one. This could explain why in the 

northern part (zone 1, 2 and 3) and the western part (zone 4 and 5) the directions are lower than N130. 

Finally, the Kerguelen Archipelago has only known extensive and transtensional context since the 

break-up of the Gondwana so that is normal that the normal faults are overly represented compared 

to transform or inverse faults(Cf Figure 63). 

 Then, we know that at 30 degrees of the normal faults there are on both sides transform faults, 

one is dextral and the other one is sinistral. However, the angle calculated between families 1 and 2 

has an average of 29° so family 2 should be transform faults connected to the normal faults. At the 

time of the break up where normal faults were N115, there were a family of transform dexter faults 

that was N85 and one of sinistral  faults that was N145.  

 When we subtract 15° to the family 2, we obtain N100-15°=N85. So the family 2 should be 

dexter faults from the break up with Broken Ridge around 40 Ma. We can also notice that the family 6 

that we have seen only once was N160 so N145 at that time if this hypothesis is true. It could be the 

sinistral fault of this separation but this is only a hypothesis, we cannot conclude anything with only 

one value but it is funny to notice it.  

 If we continue to use the Riedel transtentional scheme, there should be one other family of 

dextral faults with a bit of reverse movement at 90-80° degrees from the normal faults but this family 

should be a minor one because we have normal faults to lower the N25 constraint(Cf figure 63). If we 

do N115-90, we get N25° so today we should have N40. Or this direction is the one from the family 4 

in the zones 4 to 8 and then it takes higher values as for all families. The fact that the standard division 
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of the angles between these three families is very low is one other argument to make us think that 

these 3 families are caused by the same geological event. So we have families 1, 2 and 4 that have 

been caused by the separation with Broken Ridge around 40 Ma.  

 Now, we need to explain what is the family 3 and why is it more represented than the family 

4 on the Archipelago. Before the separation between the Kerguelen Plateau and Broken Ridge, there 

has been one other major event that was the separation between India and Antarctica and 

Australia(WHITTAKER et al., 2013). This rifting had a direction of N45 at that time so we should have 

on the archipelago some normal faults around N60 (45°+15°). We have seen that the family 3 has a 

direction of N60 before it starts turning at the East. If the family 3 is composed of normal faults from 

the extension before 100 Ma(Cf figure 64).  

 Previously, we have seen that on the Kerguelen Plateau, we were able to find which family 

should be the oldest. If our hypothesis about the inheritance of the direction is true, the visible 

anteriority on the plateau should confirm that. Our observations showed that the family 3 seems to be 

the oldest so our hypothesis could be true. 

 If this hypothesis is true, it explains a lot of things. Firstly, it explains why the standard deviation 

between families 2&3 and 3&4 is so high : these families are not from the same event so they are not 

connected. The only question is why the angle between 1&3 is so low? Maybe the N115 direction was 

ǳǎŜŘ ŀƭǎƻ ōŜŦƻǊŜ млл aŀΧ 

 Secondly, it explains why the family 3 is more represented than the family 4 even if the 4th was 

more recent : In a transtensional context, the transform and reverse faults are not frequent so we 

cannot find a lot of them. On the other hand, the normal faults in this context are the main structures 

ǎƻ ǿŜ Ŏŀƴ ŦƛƴŘ ǘƘŜƳ ŜŀǎƛƭȅΦ  ¢ƘŀǘΩǎ ǿƘȅ ǘƘŜǊŜ ŀǊŜ ƳƻǊŜ ƴƻǊƳŀƭ Ŧŀǳƭǘǎ ŦǊƻƳ ŀƴ ƻƭŘŜǊ ŜǾŜƴǘ ǘƘŀƴ N25 

transform faults from a younger event. 

 

 

Figure 64 : Hypothesis about the inheritance of the fractures orientations 



A. MEILHAUD DORNIC                         Tectonic associated to the evolution of the                                                                 
C. THOMAS                               YŜǊƎǳŜƭŜƴΩǎ Ƙƻǘ ǎǇƻǘ Υ ŦǊƻƳ DƻƴŘǿŀƴŀ ǘƻ ƴƻǿŀŘŀȅǎ  

54 
Supervising teacher : H. LEYRIT 

IV : Hypothesis about the virgation 
 

 Now we have fouƴŘ ǘƘŜ ŎŀǳǎŜǎ ƻŦ ǘƘŜ ŦǊŀŎǘǳǊŜǎΩ ŘƛǊŜŎǘƛƻƴǎΣ ǿŜ ƴŜŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘȅ ŀƭƭ ǘƘŜ 

orientation are increasing from the north to the east and to the southeast( Cf table 3 and 4). 

 Our analysis showed us that the fracturing increases gradually from the northwest to the 

southeast. We can assimilate it to a virgation because of the progressiveness of this phenomena.  

 

4.1  Various ages from the rocks 
 

 The three first possible explanations are a difference of age between the rocks from the north 

and the others.  

 The first one is that during the formation of the archipelago, the constraints have changed 

progressively so that the directions of fractures have changed too. 

 The second one is that the archipelago has turned over itself during its formation. The 

ŎƻƴǎǘǊŀƛƴǘǎ ƘŀǾŜƴΩǘ ŎƘŀƴƎŜŘΦ 5ǳǊƛƴƎ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŦǊŀŎǘǳǊŜǎΣ ǘƘƛǎ Ǌƻǘŀǘƛƻƴ Ƙŀǎ ƳŀŘŜ ǘƘŜ 

orientation change.  

 The third one is that constraints or the orientation of the archipelago have changed through 

time. Because of normal faults, rocks of the top of the archipelago do not have the same age depending 

on their location.  

 Our literature review allows us to make the following map(Figure 65). It shows that basalts all 

around the studied zone that have been dated are 25 Ma old. This invalidates all our theories around 

a difference of ages between the rocks to explain the differences of orientation from the fractures 

depending on their location. 

 

 

 

 

 

 

 

 

 

 

 

Figure 65 : Map of the archipelago with the ages of the rocks (According to DIOP, 2008) 
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4.2 An influence of the Mount Ross 
 

We have seen since the analysis of the hugest fractures that the directions of the fractures seem to 

be : 

¶ N15 at the west of the Mont Ross (South). 

¶ N60 at the north-west of the Mont Ross (Cf figure 66). 

¶ N90 when they are at the north from the Mont Ross (Central area from Grande Terre). 

¶ N130 when they are at the north-east from the Mont Ross (Eastern area of Grande Terre). 

¶ N155 when they are at the east from Mont Ross (Eastern area of Grande Terre , tǊŜǎǉǳΩƞƭŜ 

WŜŀƴƴŜ ŘΩ!ǊŎ Ŝǘ wƻƴŀǊŎΩƘ). 

 The directions seem to be turning around the Mont Ross. The hypothesis is that when the 

Mont Ross settled, it made the rocks move around him. This extra weight on the lithosphere may have 

reactivated old fractures and create some new ones around it.  

 

Figure 66 : Repartition of the fractures around the Mont Ross 

 To confirm this hypothesis, we will need to do the same observation as in the Plateau Central 

all around the Mont Ross. If the rotation seems to disappear further from the Mont Ross and to be 

present all around it, it could be the explanation. 

 If this hypothesis is true, it will be interesting to study to what extent are the directions of the 

fractures inherited from the two spreading phases and the settling of the Mont Ross (<2Ma). 










