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Abstract

Theinteraction of an ascending mantle pluamel a moving lithosphere produces two
main surface observationsvalcanic chairand swell. The study of the temporal evolution of the
magmatidlux, Q,, associated with the volume wfagmatianaterial and the bugancy flux Q,
associated with the sweprovides important information on plume phenomeno|piyme
temporal evolutiopand itsinteractionswith the largescale mantle flow and the drifting
lithosphere.This studyfocusa on the temporal evolution dfie Louisvillehotspot We utilize
the MiFil filtering methodto separate the swell and magmatic componéis translate a
sliding box along the track to compute the temporal evolufd®s and Q. For the past ~35
m. vy. Loui svi |l | ;a@easing, indicatsng an maease indmeteactivity which
contradicts previous reports about its decline. This could be caused by variations in the degree
of melting, an increase in the plume temperatures, or movement of a deep mantle source. Peaks
in both fluxes are found at 2, 12, andM8& along the Louisville seamount chain. Such
variations,withal2 0 m. y. periodicity have been reporte
Helena chains. They may be induced by the tilt of the plume conduitatdas on a scale of 5
m.y. are identi®d along the Louisville chain, and have also been reported on St. Helena, Walvis,
and Hawai 6i . They may be the result of solit
mantle motions have deformed it, alliogy instabilities to form and increaskime activity. We
find the buoyancy flux, B, associated with the Louisville chain to be 0.65%Vgjmilar to the

value reported by King and Adam (2004), which is consistent with a shallow plume origin.
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Chapterl-l nt roducti on

1.1 Hotspot Origins

The formation of hotspots has been studied since the idea of hotspots originated with J.
Tuzo Wilson, in 1963. Originally, it was thoughat all hotspots have a mantle source from
deep within the Earth (Wilson, 1963). More recently, the most widepaéed hypothesis states
that plumes originate from the destabilization of a boundary layer (Whitehead, 1975; Courtillot
et al., 2003). Bmveen the corenantle boundary and the surface, the main three boundary layers
are (1) the DO Ilemanteboundans(CMBY, Rpthvedoundarelayer batween
the lower and upper mantle, and (3) the base of the lithos{leep 2002; Andson 2000)
Therefore, three different types of hotspots will coexist, and each type will have its own unique
source.Pl umes initiating by the destabilization
(Olsen et al., 1987; Bercovivi et al., 1997). Beeond type of hotspot will originate along the
boundary layer between the lower and upper mantle, and is creatgdralmsient domeg.e.,
thetop of superswells)Anderson, 1998Courtillot, 2003. Such a scenario has been proposed to
account for thé-rench Polynesia hotspot chains. The plumes creating these chains would initiate
at the top of the South Pacific Saspwell (Davaille et al., 2002). The third type of hotspot may
originate from upper mantle features, e.g. where magma passively upntakssturface through
lithospheric discontinuities or weakness zones (Anderson, 1998).

According to Courtillot et ali2003), a hotspot chain must satisfy five requirements to be
considered created by a deep mantle plume: aprggessive volcanic chaifipod basalts at
the youngest part of the track, a large buoyancy flux, atigitHe isotopic ratio in erupted
basit lavas(i.e., exceedingnid-oceanic ridgesotopicvalues of 4 9 Ra(Farley and Neroda,

1999), and low shear wave velocities in thamtle. Based on these criterianly seven of forty

o



nine hotspots met these criteria (Courtillot et al., 20@3imore recent study by Jacksenal.
(2021 reportsthat there ar80 hotspots that have a deep plume origin.
A plume can form due to the t@@rature gradient between the carantle boundary and
the base of the lithosphere. The hot instabdigated by the temperature gradient is potentially
brought up to the surface through mantle convection (e.g., Schubert et al., 2001). As the
instabilt y ri ses, the plume -shapedodtbheddvewi bph a ©m
tail. The interatton between the lithosphere and the upwelling plume head causes flood basalts
to form while the tail creates a volcanic trail as the lithosphere n{R¥elsards et al., 1989).

These features are represented in Figute 1

Youngest volcanoes

Oldest volcanoes
Flood basalts

Lithosphere | —————»

Upper Mantle

Lower Mantle

D Layer

Core

Figure 1.1. Formation of a hotspot from the destabilization of the D" Layer.
Not to scale cartoon of the formation of a mantle plame its physical manifestations when it
interacts with a moving lithosphere. Each location for a patemtintle plume to form is

indicated by a bolded black line. The arrow represents the direction of lithosphere motion.



1.2.Swell Origin

The interadion between the mantle plume rising to the surface and a moving lithosphere
creates the two main featsralong a hotspot chain: volcanoes and a swell (Crough, 1983). The
volcanic chain is represented by the trail of volcanoes aligned along the diadgtiate motion
(Figure 11). They display a linear increase in the volcanism age, from the youngest i
chain (sometimes active) to the oldest part of the chain. Swells are positive depth anomalies,
generallyoccurring most prominently in thegionof the youngestolcanic edifices othe
hotspot chain, formed as a plume rises and interactsawithving lithosphere (Crough, 1983).
They can have a width of 10A®00 km and a height of 5200 m (Crough, 1983). If the
hotspot chains are loeat on the seafloor, which is the case for the chains discussedtimesiss
report the swells are anaatously shallow regionselative to adjacent seaflof@rough, 1983).

Several hypotheses have been proposed to account for theabisgiells sedment
accumulation (Menard, 1964), crustal thickening (Betz and Hess, 1942; Watts and tenBrink,
1989), flexural rebound (Walcott, 1970) or deeper compensation (Burke and Wilson, 1976;
McNutt and Bonneville, 2000). The latter hypothesis implies that tmeneegions associated
with low densitymagmatic materiakituated at different depths. Thesedd@nsiy regions, the
origin of which is either thermal or chemical, require an uplift of the seafloor for the isostatic
equilibrium to be satisfiedTheseanomalous regionsanbe found athe base of the lithosphere
(Burke and Wilson1976)and atbase of the crugMcNutt and Bonneville2000) They could
also be associated with the heating anthedting of the lithosphere (Detrick and Crouch, 1978;
Crough, 1983). Sandwell et.g11995) propose that swells could be created by lithospheric
thinning. A more recent study propagbat dynamic upwellings, such as the ones associated

with rising plumes, can account for the observed swells (Adam et al., 2010).



While the volcanoes and swell form at the same time, the volcanoes will be seen across
theentire track while the swell will only be observed in assamawith the youngest part of the
chain (Crough, 1983; Adam et al. 2010). Studying the temporaltevolf the magmatic and
swell fluxes associated with these features may provide informatidime variations of the
plume activity, or on temporal variations in the plume/lithosphere intera&ierg, 1990; Vidal
and Bonneville2004; Adam et al., 2007 Studies have previously been conducted along long
lived hotspots by Vidal and Bonnevil{2004) and Adam et al. (2007) and will be discussed in
theBackgroundnformationsection. This project will involve the study of the magmatic and
swell flux alorg the Louisville seamount chain. We have chosen Louisville as the focus for this
project beause it is a lontjved hotspot that has not undergone such a study before.

Louisville is locatedwithin the southern part of the Pacific Ocean. This area of the
Pacific Plate has been moving in a general northwestern direction due to the Kefioagac
subduction zone and has created a volcanic chain that is 4300km in length. The track itself is
separated into three segments due to two bends in the trackjrageati47 and 25Ma,
respectively, that correspond to shifts in plate motion (Davies, 19923s been active for ~80
m.y. with its oldest activity recorded at the Osborn seamount at 76.7+0.8Ma and its youngest
activity at 1.11+.04Ma at 832 6 6 S W (Koppers et al., 2004; 2011). Figur2 represents the
locations, ages, and bends of LouisVi e 6 s v o | Weawill becobserVing thenmagmatism
and swell flux of this chain to better understand the plumes activity and to observe how it

interacts witlh the moving lithosphere.



© Koppers et al. (2004)
© AMATO2 (This Study)

Figure 1.2. Track and geological features of the Louisville hotspot.
Black dots represent volcanoes, green dots are samples from Koppers et al. R2@0dhts are
samples fronKoppers et al. (2011)Figure from Koppers et al. (2011).



Chapter2-Background I nformati on

Vidal et al. (2004) and Adam et al. (2007) have condudteties on the temporal
evolutions of the Hawaii chain in the Pacj@md the Walvis and St. Helena chainshie t
Atlantic, respectively.These studies provide a template for the approach used here to examine
the Louisville seamount chain. We, therefdneefly review the results from these prior studies
below.

The Walvis Ridge is located in the Atlantic Ocekig(rre 2a) and volcanism ranges
between ~130Ma and 1Ma. It is created by the interaction of a plume with the lithosphere
(Adam et al. 2007). fie plume first expressed itself on the South American plate, but then
migrated under the African plate duetoosvewar d mi gr ati on of a spread
Duncan, 1990; Schilling et al., 1985). The volcanoes forming the St. Helena chain display
volcani sm ages between ~81Ma and 1Ma (0O6Connor
consistf scattered seamaots and volcanic ridges that wemeatedas the lithosphere moved
over the plume and was interacti xgloo)i hh a spr
Vidal and Bonnevillg2004) Hawaii is described as a lelided hotspot located in the Pacific
Ocean that has experienced at least 70 m.y. of activity, forming when a mantle plume started to
interact with the Pacific Plate (Wilson, 1963rom ages 64.7 to 42.2 Mtne Pacific Plate
movedin a 172.8N direction from 42.2 Ma plate motion changeda@1(®N direction creating
a bendn the hotspot chaiat the Daikakuji seamount (Dalrymple and Clague, 1®&bymple

et al., 1980 The trends of these tracks are shown in FiQute
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Figure 2.1. Tracks of (a) St. Helena, Walvis, and (b) Hawai'i hotspots.

Trends of Walvis and St. Hel e n a-Empeer searagont e s e n t
chain trend isepresented by a red line. Walvis and St. Helena contain the ages of each

seamount. Figuris modified from (a) Adam et al. (2007) and (b) Vidal and Bonneville (2004).

We are reviewing these studies because we are usingrtieersethods as the authors to
calculate the temporal evolution of the magmatic and swell fluxes of the Louisville hotdpo
computed fluxes from Louisville will be compared to these studies in order to interpret the trends
of the plumes activity.

2.1. Temporal Evolution Calculation

In this study, he volume of volcanic material erupted on the seaflodefined ashe
magmatic flux,Qv, while the buoyancy of th@lume is defined athe swell flux,Qs(Sleep, 1990;
Vidal et al., 2004; Adam et al., 2007)o calculate the (Qand Q of these previous studies, the
volcanic chain and swell of each hotspot were separateddn@ another. To separafuence

of the volcanicedificefrom the swellthe authorsised the MiFil filtering method, developed by



Adam et al. (2005). After the filterinthey computed the volcanismy,@nd swell, @ through
t he fAsl i diod hebolumes of sveellis land volcanic edifices encompassed in this box,
translated along the main axis, are computed for each itestgp. This allows the computation
of themagmatismand swell fluxes.A detaileddescription of theemethod is provded in the
Methodssection.

These results of previous studies are reported in FRj@reThey show that for Walvis
and St. Helena, Qs decreasing as the age of volcanism gets younger. This means that the
volume of volcanic material being erupted ectkasing, suggesting thaeth pl ume és act i v
decreasing (Adam et al., 2007). For HawaiijsJncreasing with decreasing age of volcanism.
This means that the volume of volcanic material being erupted is increasing, indicating an
increase of plumactivity (i.e., production bmagma)(Vidal et al., 2004). Each hotspot also
experiences variations in/@ith wavelengths of 120 m.y. (Walvis and St. Helena) and 5 m.y.
(St. Helena, Walvis, and Hawaii). The-20 m.y. variations can be caused bydigof the
plume conduit beigp more than 60(Whitehead, 1982) or larggcale mantle convection
(Steinberger, 2000; Whitehead, 1982). The 5 m.y. variations may be caused by solitary waves
being present within the plume conduit (Whitehead and Helfrin®@Q)19The maximum for §
of the Walvis chain occurs at ~10 Ma with two smaller ones at 38 and 54 Ma, while St. Helena
has a large bump at ~ 30 Ma (Adam et al., 2007). THer®Hawaii has two sharp increases,
one around 135 Ma and another at ~5 Ma (\dldcand Bonneville 2009. These variations are

observed in both the swell and volcanism fluxes in Figu2e
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Chapter3-Met hods

As mentioned in thBackground Informatioportion of thisthesis the volcanic chain
and swell are the two matopographicsignatures othe interaction between a plume and the
drifting lithosphergCrough, 1983). We studied these features in order to characterize the
temporal evolution of the volcanism and buoyancy fluxes.

3.1. Defining the Main Axis of the Louisville Hotspot Chain

The main axis of the Louisville hotspot followse vdcanic trail, representing the chains
general trend, and is illustrated in Fig@r& We use the main axis defined by Koppers et al.
(2004; 2011). In Figure 5, we can see thatLouisville chain ifomposed byhree different
segmentscharactdazed ly slightly different trend orientations. The bends relating the three
segment®ccurred around 47 Ma91°W) and 25 Ma (29°W) and are caused by small changes
in the rotational poles (Koppers et al., 2004; 20Kl9ppers et al., (2004; 2011) proei the
main axis of the Louisville chain, as well the location and age of the volcanoes composing this
chain. Table 1llustratesthe location and age of some of the volcanoes composing this chain. A

complete table with all volcanoes within the chaiprisvided in Appendix Table 1.
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Table 1. Latitude, longitude, and volcanic ages of some of the volcanoes along the Louisville
hotspot. Modified from Koppers et al., (2004; 2011).

Latitude®S | Longitude®W | ! 3S g &
25,5 186.0 76.7 £ 0.8
27.5 185.7 70.8x0.4
27.5 185.7 69.6 £ 0.5
27.2 186.8 68.9 + 0.6
30.1 186.8 61.4£0.5
38.2 191.3 50.1+0.4
38.2 191.3 49.4+0.6
28.0 191.7 48.4+0.3
37.1 191.0 47.0
39.2 192.4 447+04
39.7 193.3 43.3+04
39.9 194.0 41.3+0.3
40.5 194.3 404 +0.3
40.8 194.5 39.6 +0.3
40.8 194.5 389+1.2
41.6 195.8 36.5+0.4
41.9 196.3 345+0.4
40.8 194.7 33.9+£0.3
43.6 198.5 30.3£0.2
43.6 198.5 29.5+0.3
44.0 199.4 26.3+0.2
44.8 201.5 26.0£0.3
44.6 199.9 25.0
454 202.3 24.6£0.2
45.4 202.3 23.9%£0.3
46.2 204.1 21.7+0.3
46.2 204.1 21.5+0.2
46.2 204.1 21.6+0.2
46.2 204.1 21.3+£0.2
48.2 211.2 13.27x0.2
50.4 220.9 1.11+£04

11
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Figure 3.1. Louisville chain.

The color map represents the bathymetry along the chain. Individual volcanoes are represented
by the red trianglesThe ages of each seamount, extracted from Koppers et al. (2004; 2011), are
reported invhite next to them. The black arrows reprédbe main axis of the Louisville

hotspot and indicate the present day and past direction of the Pacific plate motion.

We usé themain axis and thages ofvolcanism published by Koppers et al. (2004;
2011) b create a discrete field of volcanism agd distance from the youngest volcanoes along
the main axis of the Louisville chain. As stated earlier, Koppers et al. (2004; 2011) define the
main axis by three segments of slightly different orientation.igarg 3.2a,a plot of latitude vs.

longitude the locations of the volcanoes are reported by blue stars and the extremities of each
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segment are reported by red open circles. For each segment, we interpolate the latitude and
longitude of the main axis, ietween these two extremities (red open egdn Figure.29,
with a constant step of 1 km, We use the #Ain
three segments of the main axis, represented in green, black and red in Figure 6a, weeobtain t
longitude and latitude of the main axihe distance between two consecutive points is 1 km.
This allows us to compute the distance from the youngest extremity of the chain (red open circle
at the right side of Figurg.2g, along the same points.

The ages of the volcanoes publishedkmpperset al., (2004; 2011) are reported in
Figure3.2o as a function of the longitude. The volcanic ages are scattered because the seamount
distribution along the chain is not exactly linear, and because somevai¢haoes have not
been dated. In order tdtain a regular distribution of the volcanism ages along the main axis
interpolated with a 1 km increment, we use th
volcanism ages are shown by the green, béackred lines in Figurg.22b. In summary his
step allows us to obtain the longitude, latitude, distance from the youngest volcano, and the

volcanism ages, along the main axis, interpolated with a constant step of 1 km.
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Figure 3.2. Main axis and vdcanism ages along the Louisville chain.

(a.) Location of the volcanoes (blue sjaend extremities of these segments composing the
Louisville seamount chain (red open circles) {nlcanism ages as a function of the chain
longitude. The blue stars e volcanism ages published in Koppers et al., (2004; 2011), and
the green, blackand red lines, our extrapolation of the volcanism ages along each segment.

3.2. Obtaining the depth anomaly map

The depth anomalig the difference between the observathpmetry and a theoretical
depth, describing the deepening of the seafloor asaidn of its age For the observed
bathymetry, we used a digital bathymetry map designed by Becker et al. (2009). It was corrected

for sediment loading by using the sedmhthickness published by Divins (2011). The
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theoretical depth was computed byngsthe Global Depth and Heat Flow Model (GDH1 model)
from Stein and Stein (1992) and the seafloor age grid data from Midiller et al. (2008). The GDH1
modelpredicts the theetical variation of the seafloor depth as a function of its age. It has been
obtanedby considering constraints from sevesgles ofgeophysical data: heat flow,

bathymetry, and gravityThe obtained depth anomaly is reported in Figuge

2000

1500

1 1000

1500

Latitude

-500

180 190 200 210 220 230
Longitude

Figure 3.3. Depth anomaly map.

Depth anoraly map of the Louisville hotspot area. The colder colors represent the lower parts
of the oceanic floor while the warmer colors represent the higher points. The darkasan

the left represent the Hikurangi (HIK) plateau, the red positive depthapasepresents the
Tuamotu swell, the positive depth anomaly around latitu®S Al@ngitude 20%E is associated

with the Valerie seamounts.
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3.3 Separation of the volcaic edifice and swell components along the

Louisville hotspot

In order toquantifythe temporal evolution of the Louisville hotspot, we first have to
separate theontributions made to the depth anomaly fromsthvell andthe volcatc edifice
To do thiswe used a filtering method, specially designed to characterize depth anomalies
emplaced on the seafloor, MiFil (Adam et al., 2005). This method has been applied-@ the 2
depth anomaly grid, described in the previous secfid®e MiFil method hatwo stges. The
first stepinvolves a minimizing filter, designed temove any topographic features related to
volcanism. In the second step, the minimized grid is filtered with a median filter in order to
remove any remaining depth anomaly and to smootheti#ting grid (Vidal et al., 2004; Adam
et al., 2005).Detailed descriptionef each stage are the following sections
3.3.1. Minimization

As stated before, the main goal of the minimization stage is to remove any topographic
features associated witlolcanism from the swell along the hotspot track (Adam et al., 2005).
For each of the point of the depth anomaly grid, i.e., for each latitude, and longitude (the red
circle in Figure3.4represents an example of one point of the grid), we sweep a odgamtius r
(green circle in Figur8.4). The minimal value of the depth anomaly of all the points
encompassed in this green circle is then imposed in the center of the green circle.

Mathematical demonstrations show that such filtering eliminates atydeavith
wavelength smaWwlerer or equal to @&

r~ a/4. (1)

(Adam et al., 2005.)
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Figure 3.4. lllustration of minimizing filter, r.

The blue dots represent the grid points. Thechatk is highlighting the individual point to

which we apply the minimizing filter with the r radius. The green area represents the region in
which the grid points are within a distance r from the individual point highlighted by the red

circle.

3.3.2. Median filtering
In the filtering stage, weapplya median filter tahe minimized depth anomaly grid in
order tosmoothit out by removingany remaining smatcale depth anomak(Adam et al.,
2005). The method is relatively similar to the one previgutdscribed: for each of the points of
the depth anomaly grid, i.e., for each latitude and longitude (the red circle in Figure 4 represents
an example of one point of the grid), we sweep a region of radius R (like the green circle in

Figure 4, but the rads will be R instead of r). This time however, the value imposed at the
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center of the green circle is the median value of the points encompassed in this greenharcle.
stage removeany topograpic anomalywith a wavelengtismaller or equal te; whee
Y W (2

(Wessel, 1998

The minimizing and median filters have been applied with the Generic Mapping Tool
(GMT) software from Wessel and Smith (1991). In order to enhance the accuracy of our
characterization of the Louisville svjelve varial the radii of the minimizing (r) and median
filters (R). If ris too small, part of the swell and volcanoes will still remain combined together.
If the r is too large, then the filter will remove the entire swell along with some topography fr
the volanoes. If the R is too small, not all of the swell topography will be separated from the
volcanoes, and the swell will be overestimated. If R is too large, the swell will be
underestimated. These issues, as well as the values considehedmonitnizng and median
filters are discussed in more details in sectidnSwell determination. Figu@5illustrates the
separation of the volcanic and swell fluxes of the profile, indicated by the black line, along the

Walvis volcanic chairafter Adam et al. 2007)
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Figure 3.5. The separation of the volcanoes and swell along the Walvis chain.

(a). Bathymetry and emplacement of the profiles along which we studied the depth anomaly. (b).
Depth anomalylflack line) and swell (red line) are found by filtering the depth anomaly with the
MiFil filter. (c). Swell (red line) and volcanoes (black lir@mponentsseparated through the

MiFil method. Figure is modified from Adam et al. (2007).

3.4. Sliding Box
Thi s st uvodtputs are voleanism and swell fluxes as a function of the volcanism
age. To compute the volcanism and swell fluxes, we acterpe volume contributions from the

swell and volcanoes encompassed in the box represented in Eigure
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Figure 3.6. The parameters of the translating box.

The parameters of the sliding box anelth (W), length (p), and the translation step)( The
dashed lines illustrate the box at the translationtsiéipe center of which is shown by the blue
star. The box defined by the solid black lines is the translatioatst&ptn+1, the center of

which is shown by the red star. The distance between the red and bluetst#g isanslation
step. Maximuneges are found at the féaft side of the box while the maximum ages are found

to the right ofeach box.Figure is modified from Vidal and Bonnevil{2004).

This box was created perpendicular to the hotspots main axis and has awyidtid a
length . The center of the box is located along the main axis, which we defined in section 2.1.

For each iteration step, i.e., for each point along the main axis, the volume of the swell is the
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volume comprised between the surface defined by the sweliifieedn Figure3.7a) and the

reference depth anomaly (depth anomaly = 0, hachureggezhon Figure3.7b).
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Figure 3.7. Computing magmatic and swell volumes.

(a& c) The separated swell (red) amolcanicedifice (black). (b &d) Volumessed to calculate
the swell flux is illustrated by the red hachuredionand the volume used to calculate the
magmatic flux is illustrated by the black hachuregion Figure is modified from Adam et al.
(2007).

To compute the volume ahe volcanic edificeandcompensation roptve had to
considerthat the lithosphere has a finite strength, and therefore flexes downwards when loaded
by magmatigproducts (Watts et al., 1975; 1980). The flexure beneath thaniolchan has
been pointed out by studies based on gravity (Zucca and Hill, 1980; Zucca et al., 1982; Watts et
al., 1985; Hill and Zucca, 1987; Adam and Bonneville, 2008) and seismi¢Vdatts et al.,
1985; Lindwall, 1988; Watts and ten Brink, 198®). partiailar, seismic reflectors show the

morphology of the flexure beneath volcanoes (Watts et al., 1985; Lindwall, 1988; Watts and ten
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Brink, 1989), (Figure3.8). The volcanic material is emplaced over thegxisting oceanic crust

(Figure 12). At thdeginnng, the oceanic crust is not flexed. After a period of 1 m.y., when

most of the volcanic material has been emplaced, the lithosphere will then flexure, in response to

the weight of the volcano (McNutt, 1980). Ignoring the volume of volcanic rahter

encanpassed in the flexural root would lead to underestimating the volume of erupted volcanic

material (Smitrand Wessel1990; White, 1993; Vidal and Bonneville, 2004; Adam et al, 2007).
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Figure 3.8. North -south cross section through the Hawaiian chain, near Oah.

The structure of the crust has been obtained by integrating seismic refraction data. Each of the

solid lines corresponds to a seismic reflector. The different layers of rocks are identifi¢iewi

legend in the image. Figure is from Lindwall et al. (1988).

Although the existence of the compensation root is generally agreed upon, the models of

compensat.i

know that thesimple Airy compensation is not the actual compensation mechanism for the

on

(regional

compensat.i

on

vV S .

ocal

hotspot chains (Watts and ten Brink, 1989), and a regional compensation by an elastic plate must
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be invoked {Vatts and tenBrink1989). In the results section, we invesegithe nfluence of
the compensation mechanism on the flexure and fluxes computation.

Once the flexure is computed, we can then compute the volumagrhaticmnaterial.

This volume is comprised between the surface defined by the volcanoes (blackline on Figure
3.7b) and the reference flexure (hachured black region on Rgisg To calculatetievolume

in thishachuredregion we use t he OMathdbwhickcdmpltesrhe volurmen i n
between two surfacdse., swell and magmatic hachured region in Feg8r7h in 3D (Adam et

al. 2007).

The volumes of swell and volcanoes encompassed in the sliding box are computed at
each point of the main axis. Therresponding volcanism age is the volcanism age at the center
of the sliding box. We will vary the pareeters of the box, such as widtk,), and the length
(In), in order to make sure that their choice does not influence the final result. The box is
translated along the main axis, in order to compute these volumes all along the Louisville chain.
The influence of the translation step) (will also be discussed. In particular, we will discuss the
overlap of the sliding boxes.

To obtain the swell and agmatic fluxes, we divide the volume of the swell and
magmationat er i al cont ai netd. i noptt hies st haiadmigf bexe bye
and minimum volcanic ages that are found in the sliding box along the main axis, for each
iteration. Forexample, if the swell volume encompassed in the sliding boxis 380 kma nd ot =
1 Ma, the swell flux, @ will be 0.0095 r¥s (300 x 1&(1 x 13*365*24*3600 = 0.0095). The
volume of swell is generally reported as the buoyancy BuxSleep, 1990), wit

0 ? "v 3
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wherer m andr , are the densities of the mantle and the seawater 8300 kg I?, r w= 1000

kg n3). In the result section, we will report these fluxes as a function of the volcanism age.
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Chapter4-Resul t s

This section will covewhich filter was determined to be the best fit for all three sections
of the Louisville chain andow we came to that decision. It will also explain which parameters
for the sliding box have been chosen and how they affect the calculated fluxes. it agtly,

include the calculated swell and volcanism fluxes.
4.1. Swell Determination

As stated preously, we have to remove the contribution of the volcanic edifices from
the calculated depth anomaly by using Mi€il filtering method (Adam et al., 2007)For
brevity, we will refer to this in future as the influence of the swell and magmatic compoiren
this section, we discuss the influence of the radius of the minimizing and median filters on the
determination of the swell.
4.1.1. Segment 1

Segmentl, defined in théMlethodssection in Figur&.1, of the Louisville chain is located
near the miebceanic ridge and contains the youngest volcanoes. The youngest volcano has a
1.11 £ 0.4 Ma age and is locatedaditude50.4°S, 220.9E (Koppers et al. 2011). This segment
extenddo latitude44.6°S, andongitude 199.% (Koppers et al., 2004; 2011As this segment
of the volcanic chain is associated with the most recent volcanism, we expect the swell to be

maximal(Vidal and Bonnevik, 2004)
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Figure 4.1. Depth anomaly (a) and swell (b) along the Laaville chain.
The black line represents the main axis, and the red lines are trajectories perpendicular to the

main axis for the first segent. The MidOceanic Ridge (MOR) is reported in magentae
dark areaaround latitudes 4@5°S and longitudes 18595°E isthe Hikurangi (HIK) plateau (Ito
and van Keken, 2007). The features around latituf® 4A8d longitudes 208 is the Valerie
seanounts Clouard and Bonneville, 2005). The volcanism ages, taken from Koppers et al.

(2004; 2011), are reported itabk and whitgextin panel a
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The depth anomaly and the swell are displayed in FigdreThe swell is a low pass
filter of the depth anomaly. By filtering the depth anomaly, we remove thewsheelength
features (such as fracture zones and indadidolcanoes), which allows bettobseration ofthe
long wavelength depth anomalies, such as the swell. The swell has been computed using a
minimizing filter of radius 20 km, and a median filter radius of 250 km. Several positive and
negative depth amalies can be observed in thgtleanomaly and swell maps (Figutd).

The positive depth anomalies reported inireBligure4.1are mainly located along the
youngest part of the Louisville chain, along segmeietween longitudes 2070 222E. This
swell is probably formed by thateraction of dhotspotand the driftingoceanidithosphere
above. The largest depth anomaly of the swell is locatedl&titondes 48to 52°S and
longitudes 213to 219E, illustrated by the reds on Figudel. The orresponding volcanism
agesfoundin this area are between 13+0.2 and 1.14M0a. Other positive anomalies are
observed along the Hikurangi (HIK) plateau (Ito amath Keken, 2007)Xhe Valerieseamounts
andthe Tuamotuchain(Clouard and Bonneville, 20D5 Theseseparataswells will nd be
consideredn our calculation of the swell and magmatiigxes.

As stated in thdlethodssection, a minimizing filter of radius r will remove the features
of wavenoen ¢ toheadr. Amediam filtex of radius R will remove the features of
wavel ewogt h oaveuO, IRWWVdsdel, 1898). The wavelength we try to remove is
thespacingof the volcanoes. Along the Louisville chain, the volcanoes hapaengvarying
betweenl00 and 200 km (Figusel.1and4.2). In theory, the corresponding r should then vary
between 25 and 50 km, and R between 140 and 280 km. Howestxteskin Adam et al.

(2007),if the value chosen foris too large, theignature fom fracture zonesvould be
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exaggeratednd the swelunderestimatedIn order to study the influence of r and R on the swell
computation, we considered several valuesasfd R, chosen by considering the theoretical
range discussed here. More precisely, we consalaes forr = 10, 20, and 30 km, and R =
150, 250, and 350 km.
The influence ofraryingr is shown in Figure 2, a plot that compardbke depth anomaly
andthe filtered depth anomakalong the three profiles located in Figdré. The three profiles
(red ines in Figuret.2) were chosen because they are located in the area where a majority of the
swel | is found. Profil elso MA 6t hmen dmaCiCrd a xit &,r swet
profleisnot. The vol canoes al on gidgtfiedfoy thedlack &rdws. and CCi
Following the MiFil method, we first tested the minimizing filters along these profiles.
We kept the median filter (R) conataat 250 km and varied the minimizing filter (r) at 10, 20,
and 30 km. Figurd.2illustrates the effets of these filters along the profiles. In this figure, the

blue line represents r = 10 km, the red line is r = 20 km, and the green line illustr&@sm.
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Figure 4.2. Influence of theminimizing filter radius on the swell calculation for the first
segment.

The black I ine represents the depth anomaly a
Figure4.1 The black arrows represent individual volcanoes the profiles interSketcdor
lines represent the filtered depth anomaly. The radius of the median filter is constant at R = 250

km. The radius of the minimizing filter is fixed at 10, 20 &80 km (color code in the legend).

At a first glance, figure 2 shows thathat the mmimizing filtersmakelittle differences
in the filtered depth anomalpffall threeprofiles Si nce the filter 8@l ong p

CCO6 ar e h aishdront ooe adathertweagmfied the yaxisof these profiles from a
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depth anomaly vakiof-500 to 1000 m This is illustrated in Figurd.3. Figure 42 is useful, as

it illustrates that our filters provide a gogdneral basicapproximation of thewell.
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Figure 4.3. Magnification on the profiles displayed in Figure 4.2. to study the influence of
the minimizing filter radius on the swell calculation.

The color schemes are the same from Figwze The black arrows represent individual
volcanoes the profiles intersect.h e pr of i |, e SBaBedd of@gsmarniore limited
depth range o500 to 1000 m to be able ientify any differences between the minimizing

filters.

The filters have aisilar shape and wavelength across all three profiles but departures

from each other can be noticed. We saw that by increasing the minimizing radiudecress
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the value of the swell (i.e., removing more topography associated with volcanoes).e@his m
that r = 10 km (blue linelemoveghe largest amount of topoguay while r = 30 km (green line)
removeghe least, with r = 20 km (red line) remog an average of the two.

Looking at profi Pte5C8 A ba tf rporno fliauide 4880886, f4r70 m |

and profil e CTd558, weidenfl thetareas whkrenost ofthe swell is
located for each profile The volcanoes in profiles AAG and
arr ows. I n profil e tAADKkm Alterds paSsth@ throughethec an s ee t

volcanoes in this ardae., theblue curve is located above the base of the depth anomaly, rather
than at the base). his means that the filter is removing too much of the topography because it is
underestimating theolume of the volcanoes while overestimating the swell. Betweendasitu
40and43Son profil e BBO6 the 30 (kemthdgreéntcerwveis( gr een |
located beneath the depth anomaly, rather than at the Bdss)is probably due to ¢hinfluence
of the fracture zone, located at latitud€23This meas that the minimizing filter r = 20 km,
passingat the base of the volcanoes volume, is the best fit for the youngest part of the chain since
it fully separa¢sthe swell and volcano cqmnents from one another.

To test the median filter, we ketbte minimizing filter constant at the chosen r = 20 km.
We then varied the radius of the median filter at R = 150 km, R = 250 km, and at R = 350 km.
Figure B illustrates the results of thesests. We see that the blue line represents R = 150 km,

the ed line is R = 250 km, and the green line is R = 350 km.
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Figure 4.4. Influence of the median filter radius on the swell calculation.

Theblack i ne represents the depth anomaly along t
Figure4.1. The black arrows represent individual volcanoes the profiles interEetcolor

lines represent the filtered depth anomaly. The radius of the maingyfilter is r = 20 km. The

radius of the median filter is fixed at 150, 250, and 350 km (color code in the led@suth

anomaly is reported in meters.

Along all threeprofiles,the filtered depth anomaly profiles createdivy three filtersare
indistingushable. This is becausthe vertical scale is set to encompass the maximum depth
anomaly found in profilé& A.0Viewing the results at this scale shows whether the filters

provide a good approximation of the sweHowever, to better observe thdgferences among
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thedepth anomaly curves generated by the three filters @lang f | | e 8 BABAA 6C C 06 ,
magnified the vertical scale so thavitries betweer600and1000 km. These results are

illustrated in Figure 17.
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Figure 4.5. Magnification of the profiles displayed in Figure 4.4 to study the influence of the
median filter radius on the swell calculation.

The color schemes are the same from Figude The black arrows represt individual
volcanoestie profiles intersect. All profiles halbeenmagnifiedfrom -500 to 1000 nto

identify any differences between thedmanfilters.

33

we



The biggest differensamong the filtered depth anomaly curves are found along the
profile C C,@roundlatitude57°S. At this locationthe curve calculated using a filterRf= 150
km drogs sharply, thus providingreegativeswell. The amplitude and the wavelength of the
swell at this location indicate that the curve calculated using a filer=0150 km (blue line)s
not adequate to characterize the Louisville swell. This filter also shows short wavelength
variations along the three profiles that are inconsistent with the swell morphology described by
previous authorsGrough 1983 We cantherefore, eliminate R £50 km as a viable median
filter for explaining the swell at this location. The curves calculated with the R = 350 km (green
line) and R = 250 km (red line) filters produce similar results and cannot be distinguished
unambiguouly using this analysis. ¥/ therefore, consider that results from other profiles, such
as the main axis and along older segments of the chain, in order to see which median filter best
characterizes the Louisville swell.
4.1.2. Segment 2

The second segmeot the chain extends fromatitude44.6°S and longitudd.99.9E to
latitude37.1°S and longitude 191% in between the two bends of the tradkifoted bywhite
square on Figuréd.6, from Koppers et al. 2004; 2011Y.he volcanism ages along this segment
vary between 25 and 40 MRigure4.63). The swell associated with Hawaii disappears for
volcanic ages 20 30 Ma (Vidal and Bonneville, 2004). Therefore, we expect the swell to be
small or norexistent along thisgement of the Louisville seamount
(Figure4.70), we can see a very small swell of amplitude ~100 m. Along this profile, the main
axis is located at latitude 23. The curve calculated by the filter r = 10 km (blue line) has
aready been eliminated in the previous sections. The diffetegteesen the calculated curves

of the r = 20 km (red |Iine) and r = 30 km (gr
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(Figure 47a), there is no more swell associated with the halleschain. Most of the swell we
see along this profile is thevell associated with the Hikurangi plateau. Along this profile, the
main axis is located at latitude %8
In Figure4.8, we test the influence of the median filter radius, R, for the lmiskgment
of the Louisville chain. Asthe swellisnotpresarit ong t he DDO6 profil e, we
di scussion on the EEO6 profile. I n the previo
filter R = 150 km (blue line). The curves calculated byRhe 250 km (red line) and the R =
350 km (green line) filtersrpduce similar results, and both provide a good approximation of the

swell along this profile.
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Figure 4.6. Depth anomaly (a) and swell (balong the Louisville chain.

The black line represents the main axisd the red lines are trajectories perpendicular to the
main axisfor the second segmenithe Mid-Oceanic Ridge (MOR) is reported in magentae
dark red arearound latitudes 4@5°S and longitudes 18595°E is theHikurangi (HIK) plateau
(Ito and varKeken, 2007) The feature around latitude ®and longitudes 208 is the Valerie
seamouts (Clouard and Bonneville, 2005 he volcanism ages, tak&woppers et al. (2004

2011), are reported in black and white in panel a.
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Figure 4.7. Influence of the minimizing filter radius on the swell catulation for the second

segment.

The black | ine represents

t he

dept H6 dreomal y

black arrow represents individual votages the profile intersect3.he color lines represent the

filtered depth anomaly. The rad of the median filter is constant at R = 250 km. The radius of

the mnimizing filter is fixed at 10, 20, and 30 km (color code in the legend).
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Figure 4.8. Influence of the median filter radius onthe swell calculation along the second

segment.

The black line represents the depth anomaly alon®b@and EB

profil es 46hown

The black arrow represts individual volcanoes the profile intersect$ie color lines represent

the filtereddepth anoma&ts The radius of the minimizing filter is r = 20 km. The radius of the
median filter is fixed at 150, 250, and 350 km (color code in the legend).

4.1.3. Segment 3

The third segment is the oldgxrt of the Louisville chain. This segmt extends from

the bend in the track &titude37.1°S and longitudd91.0E to the oldest recorded part of the

chain atlatitude 25.8S and longitude 186°H. That location is the Osbourn seamount, which

has the oldest recorded volcanic agé&8 +0.8 Ma(Koppers et al. 2004; 2011). Since this

area is the oldest part of the chain, there should be no swell present in thecarese the
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lithosphere associatedtv this part of the track has migrated away from the mantle pluie

can see thig both the depth anomaly and swell map in Figu&
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Figure 4.9. Depth anomaly (a) and swell (b) along the Louisvillehain.

The black line represents the main axis, and the red linésapgretories perpendicular to the
main axisfor the third segmenihe Mid-Oceanic Ridge (MOR) idemarcated by magenta
line. The dark red arearound latitudes 4@5°S and longitude 185195°E is theHikurangi
(HIK) plateau(lto and van Keken, 2007)The feature around latitude ®and longitudes 208
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arethe Valerie seamounts (Clouard and Bonneville, 2008 volcanism ages, from Koppers

et al. (2004; 2011), are reported imad¢k and white inlext panel a.

In Figures4.10and4.11, we can sethat there is no swell associated with this part of the
chain. Al ong the FF6 and GGO6 pfPSafdi3’Ses, the m
respectively. The swell observed aladngp e GG6 profil e i s associated
All of our filters indicate a lack of swell along this part of the chain. This agrees with previous
studies on swells, which are, in general, not found along the older parts of hotspotsg®ins (
discussion in section 2.Background Information Thecalculated depth anomaly profiles are

indistinguishable along this part of the chain, regardless of filter parameters chosen.
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Figure 4.10. Influence of the minimizing filter radius on the swell calculationfor the third
segment.
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The black line represents the depth anomaly albe§ F 6 and Gé&owniniFigurei | e s ,
4.9. The black arrows represent individual volcanoes the profiles interSbetblack colored

line represerstthe depth anomaly. The radiof the median filter is constant at R = 250 km.

The radius of the minimizing filter is fixed at 10, 20, and 30 km (color code in the legend).

6000 T T T T T T T
Depth Anomaly
= 20 km; R = 150 km
4000 + e = 20kt R = 250 km | |
r=20km:; R =350 km

f

F j\ o
0 _& _A V. VOGS, s o A AN e e, M -

-35 -34 -33 -32 -31 -30 -29 -28 -27

Depth Anomaly (m)
II\)
o
S
S

o )i
/
|
-
;
/
(o

1 t
-2000 E ! ! ! ! ‘ | ! 4
-40 -39 -38 -37 -36 -35 -34 -33 -32
Latitude

Figure 4.11. Influence of the median filter radius on the well calculation of the third
segment.

The black line represents the depth anomaly alon§ thedn d pBoBIés, shown in Figure
4.9. The black arrows represent individual volcanoes the profitessect. The color lines
represent the filtered depth anomaly. The radius of the minimizing filter is r = 20 km. The
radius of the median filter is fixed at 150, 250, and 350 km (color icatie legend).
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4.1.4. Swell along the main axis

In this s&tion, we investigate the impact of different filter parameters on calculated depth
anomaly curves along the main axis of the Louisville ch&igures 412 and4.13illustrates the
effects of he minimizing filters r = 10, 20, and 30 km along the erntaekwhile the median

filter remains constant at 250 km
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Figure 4.12. Influence of the minimizing filter radius along the main axis.
The color sheme is reported in the legend.

Theoldest part of théouisville chain, from 191.%E to 186.0E has ncassociatedwell.
The swell observed west of longitude 2B0s associated with the Hikurangi plateau, the

boundaries of which are from 1%5t019C°E. The large variations in the depth anomiabm
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19 to 185° could still be caused by the HIK plateaurterference from the Valarie seamount
chain. Figure4.12 shows the swell along the whole Louisville chain, while Figulgfocuses

onyoungest part of thechain, where the swell associated with Louisval@resent.
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Figure 4.13. Influence of the minimizing filter radius along the main axis.
Magnification along the youngest part of tein.

In the previous section, we showed a minimizing filter of r k20produces the
characterization of the swell. The same conclusion can be made while looking along the main
axis. The curve of filter r = 10 km (blue line) is indeed too high amibves a nomegligible
part of the volcanoes while the curve of filter BO km (green line) is too low. It overestimates

the volume represented by the volcanic products and underestimates the swell volume.
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Figures4.14and4.15show graphically the fluence of the median filter, R, on the
filtered depth anomaly curve.igure4.15focuses on the youngest part of the chain, where the
swell is associated with the seamount chain. In the previous section, we eliminated the curve
calculated by the filter R = 150 km (blue line) but could not distinguish between the R = 350 km
(green lire) or R = 250 km (red line) curves. Along the main axis, we can see that the curve
from the R = 250 km filter provides the best estimate of the swell component. The curve from
the R = 350 km filter smooths out too much the long scale varidtiemgelengh ~500 km),
which we can see in the depth anomaly (black line in Figurg, and that are generally

associated with hotspot swells (Croud¥83 Vidal and Bonneville, 2004; Adam et al., 2007).
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Figure 4.14. Influence of the median filter radius along the main axis.
The color scheme is reported in the legend.
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Figure 4.15. Influence of the median filter radius along the main axis.

Magnification almg the yomgest part of the chain.

4.2. Influence of the compensation root

Before wecompute the swell and magmatic fluxeg must first consider the
compensation rootAs stated in the Methods section, in order to compute the volume of
magmatigproducs, i.e, the volcanic edicesvolume, we had to take into accoulnat the
lithosphere has a finite strength, and therefore flexes downwards when loaded by volcanoes
(Watts et al., 1975; 1980). Previous studies have pointed out that ignoring the vblume o

magmatic material encompassed in the flexural root would leawiderestimating the total
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volume of erupted magmatic material (Watts et al., 1975; 1980; Smith, 1990; White, 1993; Vidal

and Bonneville, 2004; Adam et al, 2007).

There are two main modet$é compensation to considefrhe compensation can be local
(thisi s call ed OAirydé compensation) or regional
takes into account the fact that the lithosphere has an elastic thicWredss #énd tenBrink
1989). The elastic thickness depends on the age of the lithoghikestime of loading, as

illustrated in Figuret.16

Calculation of the lithospheric flexure was done by my advisor, Dr. C Adam, so | will
only briefly summarize this calculation. It isowever, important to test the influence of the
compensation méanism of the fluxescomputation. The elastic thickness is generally
considered to be situated between the isotherm¥A&8d 600C (Watts and Ribe, 1984), as
illustrated in Figurel.16 The youngest volcano along the Louisville chain, (1.1 Ma), stéat
on seafloor that is 45 Ma old (Figu4el79. This corresponds to an elastic thickness af 28

km.

In Figure4.17, | report in blue the flexure computed with an elastic thickoB&85 km,
and in the red the flexure computed assumingaloaaldi r y6 compensation, al
profile represented in Figukel7. When the compensation is local, most of the flexure is
located immediately beneath the volcanoes. When the flexgmmputed assuming an elastic
thickness of 25 km, the flexure walength is larger, while the amplitude is smaller.
In Figure4.18 | report the magmatic flux computed with the local compensation (in red)
and with a regional model assuming an elasticktiess of 25 km (in blue)The means of each

modeare reported iTable 2. We have only included the first two segments of the Louisville
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chain, where the swell is observable. The estimated fluxes calculated by the two approaches are
similar, with onlya .5 difference between thenthis lack of sensitivity of the magatic flux to

the compensation mechanism has already been noticed by Vidal and Bonneville (2004). The
Airy approximation gives the same results as the regional model. This is illustr&tigdie

4.19 extracted from Vidal and Bonneville (2004). Thade explained by the fact that the

flexure volume is the same whatever the compensation mechanism. The shape of the flexure
(i.e. its wavelengthand amplitude changes however. In thiofving we used a compensation

root, computed assuming an elastickness of 25 km (blue line in Figudel8).
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Figure 4.16. Elastic thickness of the lithosphere as a function of the seafloor age at tlraé¢
of loading

The isotherms correspond to the plate model (Parsons and Sclatter, 1977). The seismic thinness
is from Nishmura and Forsyth (1989). The arrows indicate the gbort relaxation of the

seismic thickness.
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Figure 4.17. Compensation root.

(a) Seafloor age along the Louisville chain. (b) Profile showing the depth anomaly, in black as
well as the flexureomputed with an elastic thickness of 25 km in blue, and the flexure
computed assuming adoa | o r om@ehsatioy id recc (c) Location of the profile along

which we study the compensation along the depth anomaly map.
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Figure 4.18 Magmatic flux, Qv.
Computed assuming a local compensatiomgd) and witha regional model assuming an elastic
thickness of 25 km (in blue).

Table 2. Mode of compensation magmatic fluxes

Mode of Magmatic

Compensation Flux (nis?)
Elastic Thickness 0.92
Local ('Airy") 0.95

50



- 20
6 |-
250 118
Q) <
_ 5 E 116 €
3 | g2t :
= g —114 =
m 4L = o
> 0 #12—0-
= 0]
= £15[ 3
> T g
g, 8 1193
s 3 % o
>
o = [®)
> = —8<
a0] o {1 L —_
- 3
2'6 - 6 &
S L
0.5 14
1_
- 2
oL 0 L ! i 1 L ! ! L ! J0

Age of volcanism (Ma)

Figure 4.19. Magmatic and swell fluxes along the Hawai'ian chain.

Correlation between the two calculated parameters: (1) temporal variation of the volume flux of
magma (left axis) when assuming an Airy compensdticay line) or a flexural deformation

(black line) and (2) temporal variation of the volume flux Qs associated with the swell and
buoyancy flux B (right axis) for the Parsons and Sclater (PS) model (dashed line) and the Global
Depth and Heat flow model (Gi1) (dotted line) thermal subsidence modElgure modified

from Vidal and Bonneville (2004).

4.2.1. Influence of the filter parameters on the flux determinatioa
A minimizing filter of radius r = 20 km andraedian filter ofradius of R = 250 km

producs a good estimate &f o u i s swell. [The diference between the results for a median
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filter of R = 250 km vs. R = 350 km is relatively small, so we use the R = 250 km filter for the
remaining calculations.

In this section, we investigate the influerdfghese parameters on theliminaryswell
and magmatic fluxesThe official swell and magmatic fluxes will be calculated in the next
section As stated previously in tHdethodssection, we used the slidjribox method to
calculate the swell and magneatiuxes (Figure3.6). Themagmatic flux is calculated by the
sliding boxmeasuring the volcanic edificeslumebetween the topography and regiotheure
(i.e., elastic thickness of 25 krdpng the filteed depth anomalyThe swell fluxis calculatd in
a similar way. The slidingbaxe asur es t h ebesveer thd base of the deaflooeand
the top of the swellTo make this a function of timé¢he volumes of the swell and magmatic
material willbe divided by the volcanic age difference @améd within the box. The influence
of the parameters of the boxy( I», andty) will be described in the next few sections.

In Figures4.20and 421, we show thewelland magmatic fluxes computed while
varying the filtering parameters. In Figur@4 we magnified the Jaxis to observe the youngest
part of the chain where we can find the Louisville sw&he mean swell and magmatic fluxes
for the youngest part of ¢hchain are reported in Tal8e In Figures4.20a and 41a, we can see
that varyirg r has anoticeableeffect on the amplitude of the swell fluxs. Qrhe differing
minimizing filterscalculatea difference in the measwell flux of .47 .5 m®s1. Whenr is too
small,as is the case for r = 10 kme underestimate the volume of thdoamic edifice and
overestimate the swell volume, as discussed above. The shapseain® relatively unaffected
by variations in r. Thenagmatidlux, Qv, (Figures4.20b and 420b) also varies as a function of

r. However, the amplitude of\@aries lss than the amplitude ofsQThe differenceamong the

52



mean magmatic fluxemngesrom .002i 3 n®s. Results presentdd sectionst.1.1.i 4.1.4.

and belowshow that a value of r = 20 km provides the best fit for the minimizing filter.
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Figure 4.20. (a) Swell and (b) magmatic fluxes computed along the Louisville chain.

The different color lines represent ttexes computed with different filters. Blue, r = 10 km, R
=250 km. Red, r =20 km, R =2%m. Green, r = 30 kpR = 250km. Dashed black r = 20
km, R =350 km.
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Figure 4.21. Magnification of (a) swel and (b) magmatic fluxes computed along the
Louisville chain.

Magnification of the youngestpt of the chaipfrom volcanic ages 035 Ma, where the swell is
located from Figure 4.20.

Table 3. Summary of swell andmagmatic fluxes of varying minimizing and median filters

Minimizing Median  Swell Flux Magmatic
Filter ()  Filter (R) (m®s?)  Flux (nis?)

10 250 0.2746 0.1908
20 250 0.2092 0.2307
30 250 0.1623 0.2371
20 350 0.2018 0.2371
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4.3 Influence of thesliding box parameters on the swell determination

Once the swell and magmatic components have been separateskdieel s | i di n g
b o xméthod,(described irMethodssection) previously developed by Vidal and Bonneville
(2004) and Adam et al. (2007), to computefthal swell andmagmaticvolumes During this
processa box with characteristic length)( and widh (W), is translated along the main axis,
with a tanslation steptf) (Figure 5 inMethodssection). The volume ahagmatiamaterial and
swell encompassed in this box is computed for each translation step. In this section we tested the
influence of tke sliding box parameters on the swell and volcaniare$ along the Louisville
volcanic chain.
4.3.1 Influence of the length of the boxp

We first testedhe influence of the length of the badix,on the swell andhagmatidlux
computatios. This paraneter depends on the characteristics of the volcdam and
associated swell. Previous studies on the Hawaiian, Walvis, and St. Helena chains hive used
1000 km (Vidal and Bonneville, 2004; Adam et al., 2007) due to their physically larger and more
widespread volcanoes. Since the volcanoes assbeigtethe Louisville chain are smaller and
less widespread relative to the main gkigure 3, Background Information), we also tested
smaller valuesTo test the influence of the length of the box, eonsidered values bf= 500
(black line in Figure&3), 700 (red line), and 1000 km (blue line), while the width and translation
step of the sliding box are kept constami € to = 50 km). The swell anchagmatidluxes
obtained with these parameters displayed in Figurd.22a (magmatidlux) and Figure4.22b

(swell flux).
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Figure 4.22. The influence of length of the translating box on the (a) magmatic and (b) s
fluxes.

For both fluxes, the widthral translation step are at 50 km. The x axis represents the age of

volcanism and the y axis represents the depth anomaly.

We noticed that increasing the length of the sliding box, deg#ssamplitudes of both
fluxes (Figured.22). This is due to théact that most of the volcanoes and swell are concentrated
along the main axis. If the box is not long enough, the computation will not consider all the
material created by the Louisville plume, especially towtrdsnd of the trackAs the fluxes

arethe volumes of the swell and the volcanoes encompassed in the sliding box, divided by the
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surface area of this box, this will lead to an overestimation of the flux amplitude. Only the
maximal values of the swell dmagmaticvolumes will be encompasseuthe sliding box. If

the box is too long, we underestimate filo@ amplitudes, as regions not associated with

volcanoes or swell will be encompassed in the box. Based on considerations of the volcano and
swell characteristics, we decided that the lédngt 700 km [, = 700 km) is the best parameter for
both fluxes along the Louisville chaiy = 700 km was chosen because this length encompasses
all of the volcanoes and the associated swell. Anything biggebevdlathering unneeded
information and aything less will be cutting out volcanoes from the measureméigsire4.23

illustrates the different sizes of the boxes being sent along the chain.
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Figure 4.23. lllustration of the sliding boxes length #ng the youngest segment of the chain.
The swell map was created with a rGBn; R = 250 km filter. The black box represdnts
500 km, the purple box represehts 700 k, and the red box represdgts 1000 km.
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The teston the length of the bo, are necessary to sedetherthis parameter has any
influence of the coputed fluxes. As we can see in Figd@e Iy has an influence on the
amplitude of the fluxes, but the pattern of theses fluxes remains almost unchanged while varying

lb. Two exeptions have been notdebwever.

In Figure4.22b, we see thdt = 500 and 700 kndentify the smaller variations
associated with the swell flux while the flux computed W4th 1000 km starts to lose these for
ages less than 20 Ma. Similarly, tmagmatic flux computed witH, = 1000 km shoviewer
details than the other fluxes for ages younger than 5 Ma (Fgie).

4.3.2. Influence of the width of the boxwy

Similarto Vidal and Bonneville (2004) and Adam et al. (20@ry, test on the influence
of the box width set thiganslation step and dth of the box equal to one anoth&gr< wy).
Previous studies assigned a lvaglth of 100 km for Hawaii (Vidal and Bonneville, 2004) and
20 km for Walvis and St. Helena (Adam et al., 2007). In our studykept the length corestt
atl, = 700 km, had the translation step equal the width of the box, and varied the widtk,from
= 20, 50, and 100 km. Figu#e24a illustrates the influence of the width of the sliding box on the

volcanism flux, while Figurd.24b illustrates its influence on the swell flux.
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Figure 4.24. The influence of width of the sliding box on the (a) magmatic and (b) swell
fluxes.

For both fluxes, the length of the sliding box is 700d&mdthe translation step is equal to the
width for each test. Blue arrows indicate individual volcanoes.

We noticed that by increasing the width valg, the amount of detail in both fluxes is
reduced We see the largest difference are found formbgmatic fluxes (Figure4.24a). There
are almost no differences thecalculatedswell fluxes (Figuret.24b). The differences between
the black \, = 20 km) and redwp = 50 km) lines in Figure Za areconsistent with the locations

of individual volcanos (indicated by the blue arrowsBince we wanted a flux that illustrates
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the general trend of the fluxes, without details at the scale of volcanoes, we decidgd-tGat
km is a better parameter tham= 20 km. When comparing the blug,= 100 km)and red o
= 50 km) lines in Figurd.24a, we can see that more variations are seenwyith50 km. Using
Wb = 100 km does na@ncompasall the variations we want to study. Therefavg= 50 km is
the most suitable value for this parameter
4.3.3. Irfluence of the translation stept,, and overlap of the sliding boxes
In previous studieghe translation step is equal to the width of the ox (), (Vidal
and Bonneville, 2004; Adam et al., 2007). This means that there is no ovévaet¢he
diding boxes. Here we test the influence of the overlap of the sliding boxes. We varied the step
astp = 50, 25, and 5 km as we kept the length and width constant at 700 and 50 km respectively.
The overlap of the boxes wh&y= 50 km is 0%.Whent, = 25 km andy, = 5 km, the overlap is
50 % and 90% respectivelyllustrations of these overlaps are reportefligure4.25. The
results of thesensitivity of the fluxes on the translation séepreportedn Figure4.26 Figure

4 26a illustrates the voanism flux while Figurel.26b illustrates the swell flux.
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Figure 4.25. Varying the translation step,ty, and the overlap

Forthethree case#lustrated hergthe length and widtbf the sliding box ar&00 and 50 km
respectively In panela, thetranslationstep t,, is 10 km, in panelb 25km, andin panelc is D

km. The blue and the red rectangles represent the sliding box at two consecutive iterations. The
green area represents the overlap betweercomputation stepsihe overlap percentage

panelsa, b, and c is 90%, 50%, and 0% respectively.
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Figure 4.26. The influence of the translating steps on the (a) magmatic and (b) swell fluxes.

Forbothfluxes, the length of the sliding box is 700 km and the wadlttkm The x axis

represents the age to active volcanism and the y axis represents the depth anomaly.

In Figure 4.26ye see that increasing ttranslationstep,ts, decreasethe amounhof
details seen in the fluxe&Ve can alscsee thathere is actually very little difference between the
magmatic fluxes, Q computed with, = 5 km (blue line, corresponding to a 90% overlap)tand
=25 km (red line, corresponding to a 50% overlap). Qheepresented in black has been

computed withty = 50 km, and therefore, there is no overlap in this case. Some details in the Q
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variations seem to be lost by using this last value. We decided that a step of 25 km is the most
adequate, as it gives agletailed description of the temporal variations of the volcanism flux. In
Figure 29b, we can see there is very nearly no difference betive swell fluxes computed

while varyingts. To summarize, the box parameters to best approximate the sweilagmaatic

fluxes ardp = 700km, wy, = 50 km, andp = 25 km.
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Chapter5-Di scussi on

In this section, we discuss the temporal evolution for the swell and magmatic fluxes
along the Louisville hotspot. We will focus on the Louisville swell and magmatic fluxegdsr a
younger than 35 Ma because any variations seen from the swell flutderaages are
associated with the Hikurangi plateau (see section 4.1.4; Ito and van Keken, 2007). The fluxes
are also compared to the previous studies performed by Vidal an@Bla(2004) and Adam
et al . ( 2 O0-Bmpgror,oMalvidlanavSt.iH@&la volcanic chains. We then discuss the

potential origin of the temporal variations of the swell and magmatic fluxes.

5.1 Temporal evolution of the swell (Q and magmatic (Q) fluxes

5.1.1 Variations observed along the Louisville seamount chain
The calculated swell and magmatic fluxes, computed along the Louisville chain, through
the methods described in sections 3 and 4 (see for example Figure 4.18 in section 4.2 and Figure
4.20in section 4.2) are illustrated in Figure 5.1 in the upper and lower panels respectively. For
the past 30 m.y. both of these fluxes have be
activity (i.e., magma production) is also increasing (Figure S hesetrends are highlighted by
the black lines in Figures 5.1 and 5.2. The black lines have been computed through linear
regression between the fluxes and the volcani
We observe several maxima in botha@d Q at2, 12 25 Ma (blue arrows on Figure
5.1) which occur around every 10 m.y. We also notice oscillations that occur for ~5 m.y., which
are identified by dashed green ellipses in Figure 5.2. These ~5m.y. variations occur from 25
20 Ma, 151 10 Ma, and 5 0 Main both fluxes. In the following, we discuss the origin of the
fluxds variations along the Louisville hotspo

along other londived chains.
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Figure 5.1. Trends and corelations between the (a) swell and (b) magmatic fluxes along the
Louisville chain.

The black line indicates the trend of these fluxes. They have been computed through linear
regression between the fluxes and volcanism age. The blue artheaernpeakshat are found

simultaneously in Qand Q.
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