Topography-based Tectonic Evidence for
Longitudinal Magma Migration Under the

Southern Mid-Atlantic Ridge
By Simon Detmer, Adam Tjoelker, C. Renee Sparks

Calvin University

Department of Geology, Geography, and Environment

Abstract

Mid-ocean ridge systems are essential for the generation of new crust and are important sources
of volcanism, but many aspects of the tectonic forces governing their dynamics remain unre-
solved. In this study of the Mid-Atlantic Ridge system over latitudes between the equator and
30°S, mapping of ocean floor topography reveals tensional stresses between ridge and transform
segments. Orthogonal fracture sets provide evidence of rotation, faulting, and shearing during
ridge evolution. Current models of magma genesis suggest the vertical and lateral movement

of melt generated by decompression is associated with asthenospheric upwelling and plate

divergence.

The conceptual model presented in this research evaluates the potential of

magma migrating northward in addition to upwelling, extending the traditional two-
dimensional model of a triangular melt generation region to a three-dimensional triangular
prism. Variations in lithostatic load may slowly drive longitudinal migration of melts
northward toward the equa-tor. Shear forces arising from Coriolis effects may act on
northward-flowing magmas resulting in increased stress exerted on existing faults to produce
the observed geometry of the southern Mid-Atlantic Ridge system.

Introduction

Our understanding of mid-ocean ridge
(MOR) systems is coming into clearer focus
with increased knowledge of ocean floor to-
pography as well as geophysical insights into
subsurface structure and properties. Struc-
tural understanding of the fracture and fault
orientations represented within the topog-
raphy of MOR systems may elucidate cor-
responding stress regimes, providing insight
into tectonic forces. After reviewing major
MOR systems around the world, we chose
to examine interactions between topograph-
ical structures and forces affecting magmat-
ic and tectonic movement in the southern
Mid-Atlantic Ridge (MAR) system between
latitudes 1.5°S and 30°S. This region was
chosen for the relative simplicity of its tec-
tonic setting. The lower-latitude southern
MAR where the South American and Afri-
can plates diverge from each other is flanked
on either side by passive continental margins,

reducing the effect of lithospheric slab pull
on local ridge system dynamics. It is also
distanced from triple junctions where plate
movement is more complex. This study area
covers a broad range of latitudes, accommo-
dating a series of ridge segments that trend
slightly west of north. In comparison, the
longitudinal differences are small, primarily
consisting of offsets arising from transform
faulting. Within the defined study area, the
goal of this research is to describe structural
patterns in the MAR ocean floor topography
that may reveal unidentified stresses. We also
explore the possible role of magma move-
ment in generating these tectonic forces.

Magma Generation

Magma movement below the mid-
ocean ridges begins with the creation of mag-
ma through decompression melting and vol-
atile enrichment. The leading mechanism for
magma generation is decompression melt-

ing, which occurs as hot mantle rock rises
into areas of lower pressure. These low-pres-
sure areas are produced by the divergence of
lithostatic plates, allowing high-temperature
rock to partially melt under reduced pressure
as it rises through the mantle.2 According to
a one-dimensional model of upwelling mag-
ma below MOR systems, melting originates
in the mantle near a depth of 60 km.! Based
on this estimate, we performed analyses of
magma migration at 50 km below sea level,
within the melt triangle supported by theo-
ry.234 Although slab pull from subduction
zones at the opposite end of the plate is con-
sidered to be the primary driving force for
plate movement,5%7 magma generation may
also contribute to a positive feedback system
of ridge push characterized by diverging tec-
tonic movement. The newly deposited lava
at the ridge axis has a lower density than
the neighboring crust, providing an area
of decompression below the ridge. As the
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ridge is pushed up and away from the cen-
ter of the earth due to its relative buoyancy,
gravitational forces pull the areas adjacent
to the ridge axis down and further apart.
This allows for continued decompression
and the upwelling of magma plumes into a
triangular region under the MOR system,8
as shown in Figure 1, where the triangle is
extended as a prism under a ridge segment.
The second mechanism for magma genera-
tion is induced by volatiles such as water and
CO2 that produce localized melting deeper
within the mantle. Specifically, an increase
in water through the hydrothermal alter-
ation of primarily anhydrous silicates results
in an increased melt volume resembling the
effect of increased temperature.810:11 This
melting allows smaller amounts of magma
to form below the typical solidus depth and
rise into the larger magma regime, influ-
encing asthenospheric mantle convection.?

Magma Migration

After magma is formed, it tends to mi-
grate upward as a result of buoyancy. Since
hot magma is less dense and more buoy-
ant than the residual solid, it will rise into
mid-oceanic ridge systems as a component
of upper mantle convection.!2 Models such
as the Enthalpy Method, which uses conser-
vation of bulk enthalpy to predict melting
dynamics in thermodynamic equilibrium,
suggest that the rise of magma is accompa-
nied by a decrease in temperature and an
increase in melting, porosity, and fluid ve-
locity, such that melt fraction increases from
0% at a depth of 60 km to 20% near the
surface.?13 These changes decrease magmatic
density and drive further vertical movement
due to buoyancy. Thus, magma generation
below the MOR systems contributes to a
net vertical movement towards the crust.

The observed crustal thickness of MOR
systems indicates that magma must not
only move upward from beneath the ridge
axis but also laterally inward. Crustal
thickness at MOR systems with spreading
rates greater than 15 mm/a is approximate-
ly 6-7 km.3# If magma was only generated
below the ridge systems, the crustal thick-
ness would be thinner as there is not enough
melt to generate a crust with the indicated
thickness. Therefore, there must also be a
horizontal component to magma migra-
tion.13 The combination of vertical and hor
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Figure 1 - A magmatic prism below a mid-ocean ridge segment.

A magmatic prism is produced by decompression melting under divergent segments of a MOR
system. The lower limit of the magmatic prism represents the solidus bound by pressure and the
upper limit represents the solidus bound by temperature.” Melt focuses in the central region of the

prism moving vertically through buoyancy and laterally as a result of pressure.’ Lateral

movement from higher pressure toward lower pressure is depicted.
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izontal magma movement creates a triangu-
lar melt regime below the ridge (Figure 1).
Magma being produced over 50 km
away on either side of the ridge requires a high
degree of focusing toward the axis, which is
provided by lateral pressure gradients.>>!*
The magma directly below the ridge axis ris-
es vertically, not interfering with the litho-
spheric plates. However, the melt that rises
beneath the flanks of the melt triangle may
encounter the cooler lithosphere. Since the
solid lithosphere is an impermeable layer,
pooling of magma may occur at the contact
between the asthenosphere and lithosphere,
forming a highly porous zone about 100 me-
ters thick by increasing the melt fraction at
the top of the asthenosphere.!> As magma
continues to accumulate beneath the solidus,
the permeability of the high-porosity layer
increases, allowing buoyancy to drive mag-
ma along the solidus boundary. The solidus
boundary slopes away from the axis due to in-
creasing lithospheric thickness away from the
ridge.' Buoyancy focuses magma migration

Higher pressure

Asthenospheric mantle

toward the region of thinner crust, and, thus,
toward the ridge axis.> In summary, decom-
pression melting is thought to be the primary
magma-producing component under MOR
systems. After magma is generated, buoyan-
cy drives its vertical movement upward while
the slope of the rigid aesthenosphere-lith-
osphere boundary focuses magma hori-
zontally within the triangular melt region.

Expanding upon the traditional 2D
model where magma flows directly upward
or latitudinally in the MAR systems, we
propose that longitudinal pressure gradients
may also induce an axial component to mag-
ma flow. Thus, upwelling occurs in a 3D tri-
angular prism both upward and, to a lesser
extent, along the ridge axis either toward or
away from the equator (Figure 2C). We pro-
posed this model since Coriolis forces result-
ing from axial flow along the MAR system
may account for the asymmetry noted in our
topography of right- and left-lateral trans-
form faults. For comparison, Coriolis forces
on a hurricane with a radius of 250 km and
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Figure 2 - Load calculation and pressure gradient.

Lithostatic load variations may induce pressure gradients and magma flow in the upper mantle.
A demonstrates the assumption of load equilibrium in the crust and mantle whereas B illustrates
a more realistic picture of local load variations leading to magma flow in the underlying mantle
from regions of high pressure to low pressure. C depicts a possible global variation in lithostatic
load due to fluctuations in the gravitational field at the Earths surface that arise from the ellip-
ticity of the Earth. Shown also are the three layers — water column, mafic ocean crust, and upper
mantle — whose weights were incorporated into the calculation of the total load at a depth of 50
km. Loads were calculated with the densities and average thicknesses indicated. Acceleration due
to gravity values were determined from latitude based on the empirical equation shown in C
sourced from the 1985 NIMA report.18 The resulting global pressure gradient shows the potential
for fluid flow from higher pressure at higher latitudes to lower pressure at lower latitudes given the

same average column of weight-bearing material.
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an internal pressure gradient of 0.4 millibars/
km produce extremely high wind speeds as-
sociated with the pressure gradient force. It
should be noted that the viscosity of magma is
roughly 105 times that of air and the relevant
pressure gradients are 15-fold lower in the
asthenosphere, so the fluid velocity induced
by Coriolis forces in the asthenosphere will
be much lower than hurricane wind speeds.

A reasonable question to ask is whether
or not the magma has a low enough viscosity
to migrate due to Coriolis forces. Since vis-
cosity is related to temperature and composi-
tion, magma movement is more likely in areas
with warmer conditions. As the magma rises
to shallower depths and cools, the viscosity in-
creases, inhibiting lateral movement. The lat-
eral flow of magma would also be dependent
on the permeability and porosity generated
by melting within the source rock, as well as

Sea water (o, = 1029 kg/mq)
Average depth 3700 m

Ocean crust (o, = 2900 kg/m?)'s
Average thickness 6300 m

Upper mantle (o = 3300 kg/m?®)6:17
Average thickness 40000 m

the viscosity of magma produced. However,
given the long time scales of tectonic migra-
tion, the effect of slow but persistent magma
movement due to the Coriolis force could be
visible in the orientation of fault segments.

Another question our study address-
es regards the source of the pressure gradi-
ent leading to axial magma migration. One
of our hypotheses was that variation in the
gravitational field strength due to the equa-
torial bulge might create a pressure gradient
from the poles toward the equator. As Earth
spins on its axis, it bulges an additional 22
km at the equator and flattens near the poles,
influencing the gravitational values in a pre-
dictable manner. The force of gravity expe-
rienced at sea level increases with increasing
latitude. We explored the possible effect of
the global variation in gravitational field
strength, as well as more local variations in
pressure, by calculating lithostatic load vari-

ations at 50 km below sea level. The Nation-
al Imagery and Mapping Agency published
the relationship between latitude () and
acceleration due to gravity as an equation as
part of the World Geodetic System 1984
(equation 1 in Figure 2C).18 This relation-
ship calculates the acceleration of gravity at
0° latitude as 9.78032 m/s? (ge) and 9.7932
m/s? at 30°S. The constant used for the ellip-
soid shape of the earth (k) is (1.913185x10"
3) and e is the first eccentricity of the
ellipsoid (6.69438x10-3).18 With the accel-
eration due to gravity determined at each
point of interest (g(¢p)), the lithostatic load
can be calculated as shown in Figure 2C.

(2) Pso = g@)(pwdw + pcldc — di) + prn (dim — d.))

Lithostatic load is the pressure occurring
at depth in response to the overlying load.
It can be expressed as an equation (2) where
the density (p in kg/m3) is used along with
the change in depth (d in m) for three differ-
ent layers. The sum of these layers represents
the lithostatic load as the pressure exerted
on the material at 50km depth. In a MOR
setting, the layers to evaluate include the wa-
ter column of the ocean, oceanic crust, and
mantle material. Figure 2 illustrates the col-
umn with layers as well as the values used to
determine the confining pressure associated
with the lithostatic load to a depth of 50 km.
It should be noted that vertical gravitational
variation was not accounted for in this sim-
plified model. If there is melt is present at
this depth, the lithostatic load on that melt
will produce a higher pressure where the ac-
celeration due to gravity is higher.

Methods

Gridded bathymetry information was
obtained from the General Bathymetric
Chart of the Oceans (GEBCO) website in
January 2021. The downloaded fields repre-
sent an information product based on inter-
polation through the application of mathe-
matical algorithms using bathymetric data
(15 arc-sec resolution). The GEBCO grid is
in the public domain and resulting fields can
be placed into ArcGIS software for mapping.
Boundary coordinates were entered at the fol-
lowing website https://download.gebco.net/,
where ESRI-ASCII files were downloaded to
cover the Mid-Atlantic Ridge between the
equator and 30 degrees south latitude. (Note:
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Figure 3 - Southern Mid-Atlantic Ridge
topography.

Map of ocean floor topography based on
GEBCO products focused on the Mid-Atlantic
Ridge system extending from the equator to
30°S. Color raster exhibits red for shallow
elevations associated with the ridge system and
magenta to white for very deep locations along
with hillshading . Structural lineations of
ridge and transform segments are outlined in
black to highlight the continuum of the diver-
gent plate margin.
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The TID Grid data can be used to distin-
guish bathymetry data sources. Information
about the GEBCO TID Grid can be found
at:  https://www.gebco.net/about_us/con-
tributing data/tid grid.html). ESRI-ASCII
files were converted to raster files using spa-
tial analyst tools in ArcGIS to produce a lay-
er representing the ocean-floor topography.

Once the layer was established, a se-
quential visible spectrum color ramp from
white to red was employed to indicate the ba-
thymetry depth. With a color ramp in place,
the Hillshade raster tool was used to generate
an additional raster file and displayed with
50% transparency above the GEBCO data
raster to develop terrain visualization for the
data. Maps of the study area were generated
from 1.5°S to 30°S and between 8°W and
18°W with a UTM projection to preserve
the geometry of the area mapped. Since
the data information spans the boundary
of UTM zones 28 and 29 South, a custom
UTM zone was made with a central me-
ridian of 13°W, which was centered on the
data set. All other parameters of the custom

UTM projection remained the same as the
standard UTM southern zones. For an ac-
curate representation of the data from the
bathymetry rasters, all rasters must be set
to use the projection and coordinate system
for the area of interest. In this case, rasters
were set to the custom UTM projection. Fig-
ure 3 shows the mapped topography of the
ocean floor in the study area with connect-
ed ridge and transform segments identified.

With the study area represented in
a raster map form, the ridge axis and axial
valley were identified and delineated. Hill-
shading and color ramping provided most of
the visualization to identify these divergent
boundaries. In areas where the ridge system
is well-defined with tall ridges to the east and
west of a lower rift valley, the ridge line is
drawn between the ridges in the center of the
lowest part of the valley. When the ridge line
reaches a transform fault, the line is drawn
along the transform fault until an orthogonal
line can then continue along the rift valley.
In areas where the rift valley is less defined,
but an axis of divergence is apparent due to
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Azimuth | Number of Transforms
40-45 1
50-55 1
70-75 2
75-80 19
80-85 3
Table 1
Azimuth | Number of Ridges
150-155 2
155-160 3
160-165 4
165-170 9
170-175 4
175-180 0
180-185 1
185-190 2
190-195 0
195-200 1
Table 2

Figure 4 - Structural azimuths of the southern MAR system.

In reference to the Mid-Atlantic Ridge (1.5-30°), (a) plots the azimuths of 26 of the transforms

indicated in Table 1, (b) plots the azimuths of the 26 ridges indicated in Table 2.
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a partial rift valley north and south of a high
region in the ridge topography, the line is
drawn to connect directly between the ap-
parent lower areas of the rift valley. An ex-
ample of this is seen in the divergent mar-
gin south of the Ascension Fracture Zone.

Forty topographic cross-sections were
also used to verify the placement of major
faults that define the divergent boundary. In
other areas of the divergent margin, occasion-
ally, the lowest part of the rift valley appeared
to not conform to a strict path with orthogo-
nal changes in direction and rather appeared
to have a diagonal direction containing many
transform faults between transform faulting
boundaries and the typical orientation of the
divergent margin. In these areas, the line was
drawn to best conform to the lowest area of
the rift valley and may take on an occasional
diagonal path that is not orthogonal to the
normal faulting direction and not oriented
with the typical transform faulting direction.
A more detailed analysis, using a higher res-
olution bathymetry data set than is currently
publicly available, could result in subdivid-
ing these diagonally drawn sections into a
set of multiple transform faulting regions.

Results

Connected ridge and transform seg-
ments delineate the divergent plate bound-
ary in the study area as a result of topo-
graphic analysis and provide the basis for
structural analysis associated with tectonic
forces. A total of 26 ridge segments, 26 trans-
form segments, and three oblique connect-
ing fault lines were identified in this study.
Identified transform segments found in the
study area are plotted in Figure 4. The pre-
dominant direction of the major southern
transform faulting is between 75° and 80°
(73% of the azimuths). Additional analysis
indicates that 69% of the transform faults
exhibit a right-lateral, strike-slip movement.
Furthermore, of the 19 transforms that ex-
tend beyond the ridge zone longitudinally,
16 show right-lateral movement, and 18
have azimuths between 75° and 80°. Anal-
ysis of the ridge segments shows an orthog-
onal relationship to the transform faults
with azimuths between 165° and 170°.

Comparable depths at different latitudes
exert differential lithostatic loads producing a
pressure gradient toward decreasing latitudes
for an equivalent depth. The pressure gradi

Figure 5 - Conceptual model of tectonic development in the southern MAR system.

Conceptual model of tectonic forces leading to the current orientation of the Southern Mid-At-
lantic Ridge from 30°S latitude toward the equator. Stage 1 illustrates an idealized N-S trending
ridge with tensional stresses producing divergence and orthogonal fracture sets. The larger vector
shows a pressure gradient force toward lower latitudes associated with lithostatic load based on
gravitational differences, while the smaller vector shows the Coriolis term of force. Stage 1 ro

Stage 2 illustrates a slight counterclockwise rotation of the system including major fracture sets.

During Stage 2, shear stresses from the Coriolis force produce transform movement as shown by

smaller right-lateral arrows, off-setting the ridge segments to develop Stage 3 as a segmented ridge.

Ridge segments could also experience counterclockwise rotation resulting in some lefi-lateral,

smaller-scale stress accommodation.

a. Stage 1

b. Stage 2

c. Stage 3

ent calculated by Equation 2 showed a change
in lithostatic load of 2.1 MPa over a distance
of 30° latitude, 6.36 millibars per kilometer.
A simplified model of magma movement in
MOR systems suggests that the difference in
gravity may induce an overall flow from high-
er pressures at higher latitudes to lower pres-
sures in equatorial regions. However, to un-
derstand the significance of these calculated
variables, a linear flow velocity was calculated
using constants specified in earlier studies.

kO(pz Ap

6 u= =

The predicted linear flow velocity of
the magma moving northward is calcu-
lated using a rearrangement of Darcy’s law
and the standard equation for flow veloci-
ty (equation 3). This calculation assumes a
controlled environment where only a few
variables are considered. In this calcula-
tion, u is the flow velocity in m/s, u is the
dynamic viscosity (Pa-s), ¢ is the porosity
(p=0.02)3, L is the length of the ridge (3.33
x 10m for MAR 1.5-30° South), Ap is the
pressure difference between the two depths,

and ko is the permeability 10°m2.3:13 The
calculated velocity of magma is 2.5x10°3
cm/yr, which is three orders of magnitude
smaller than MOR systems’ spreading rates.

(4) f =20sinsin (¢)

U
(5) Ro = E
© LT

L kog?

Using the Rossby number (Equation 5) to
compare the importance of length vs. the cal-
culated velocity of the magma flow through
the system, and Darcy’s law (Equation 6)
to compute the fluid velocity induced in a
viscous liquid by pressure gradients, we find
that the pressure differential required to cre-
ate magma movement in the decompression
melting zone comparable to upwelling is on
the order of 10 MPa/km. The calculated ve-
locity of magma due to variation in the grav-
itational field strength at different latitudes is
2.5x1073 cm/yr, which is three orders of mag-
nitude smaller than MOR systems’ spread-
ing rates, but may contribute long-term over
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many millennia if it is not canceled out by
other forces and is constant long term. While
this exceeds the pressure gradients attribut-
able to global variation in the gravitational
field strength on the Earth’s surface, it does
not rule out local variations in lithostatic
load which may lead to pressure gradients
of the required strength to induce axial
magma migration subject to Coriolis forces.

Interpretation and Conclusions
Model of Structural Deformation
Structural data collected from the
GEBCO information supports the tension-
al stresses expected for a divergent mar-
gin with orthogonal fracture sets. Normal
faults and tension fractures are the most
common structural elements of MOR sys-
tems.!® With an upwelling asthenosphere,
the oceanic crust would experience tensional
stress producing fracture sets at 90 degrees
to one another. The starting orientation
of the fracture set would be related to the
stress field experienced nearly 80 Ma ago
during the westward migration of the ridge
system.20 This would produce a stress field
with o1 related to upwelling, 03 associated
with the westward drift providing the ten-
sion, and 02 neutral, which would result in
N-S and E-W conjugate sets of fractures.2!
Our conceptual model, shown in Figure 5,
is initiated with a set of orthogonal fractures
oriented with ridge segments striking N-S.
Although this study uses GIS to iden-
tify a path for these major faults, the path
typically represents a set of parallel frac-
tures visible in areas where the bathymetry
is higher resolution. These fracture sets have
been recognized in basalt flows exposed in
Iceland with fault swarm areas of 5-10 km
width and 40-80 km length!® and are similar
in size when considered within much of the
MAR within the study area. It is likely that
the fracture sets start with a vertical opening
but then develop into normal faults parallel
to the ridge axis. Examples of this can be
seen in Iceland, where nucleation of normal
faults occurs on inclined fractures shifting to
dip-slip movement at a depth of 0.5 km.1?
Brittle deformation associated with the ridge
segments would be accommodated by nor-
mal faulting facilitating decompression, up-
welling asthenosphere, and magma gener-
ation within the prism shown in Figure 1.
Though there may or may not be addi-
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tional melt at depth, this study focuses on
the decompression melt prism directly under
the ridge system. As with the regional flow
of air or water, these materials are subject
to the Coriolis parameter of force induced
by shearing associated with Earth rotation.
This shearing causes a deflection to the left
in the southern hemisphere, as shown by
the smaller arrow in Stage 1 of Figure 5. At
these transform faults, the Coriolis force
could lead to the counterclockwise rotation
we see evident in the southern hemisphere
along the MAR system.22 If the initial frac-
ture orientation was N-S, rotation due to
the Coriolis parameter of force is modeled
to be approximately 10 degrees in a coun-
terclockwise direction. Should the entire area
rotate equally, the ridge will remain linear.

During Stage 2 of the conceptual model,
the rotated transform faults are exposed to a
greater shearing and begin to offset the ridge
segments. If magma continues to travel to
the north along the pressure gradient, it gets
deflected to the left and shears the juncture
between the ridge and transform, pulling the
southern ridge segment to the west and re-
sulting in an overall right-lateral transform
fault movement. Data collected in this study
shows that 69% of the transform segments ex-
hibit this relative movement offsetting ridge
segments with right-lateral transform fault-
ing, meaning that the remaining transforms
have left-lateral movement. In these cases,
the left lateral movement could be related to
brittle deformation above the magma prism
as it rotates in a counterclockwise direction.
As a result, we can conclude that berween
1.5 and 30° south, ridge orientations and
relationships are primarily controlled by the
shearing at the ridge to transform junctures.

Magma migration interpretation

Considering the combined net move-
ment of magma migration, further analysis of
crustal thickness, faulting, and gravitational
variance indicates that the Coriolis parame-
ter (fin equation 4) may play a role in MOR
system formation and evolution in conjunc-
tion with the aged rotation rate of the earth
(Q =7.29 x 105 Rad/s). The Coriolis effect
is indicated by the Rossby number (Ro in
equation 5), which is the ratio between the
force of inertia and the Coriolis parameter
induced over a specified distance.?3 The dy-
namic fluid mechanics of magma movement

within the Earth’s asthenosphere as expressed
by the Coriolis parameter causes large-scale
circulation of matter (e.g. air and water)
to rotate clockwise in the northern hemi-
sphere and counterclockwise in the southern
hemisphere. If the prismatic magma source
regions are affected by the Coriolis param-
eter, then a westward migration would be
present at the equator as the clockwise and
counterclockwise rotations come together.
Recent research regarding subduction zones
indicates a westward drift along the margins
supporting large-scale motion that could be
connected to the Coriolis parameter of force.
22,2324 Geochemical assessment of magma
movement in a MOR system supports this
idea.25 Additionally, a study surveying nine
transverses over MOR systems reveals that
heat flow asymmetry favors the westward
side in the southern hemisphere.26 This later-
al movement would be governed by pressure
differential, causing magma to migrate from
higher latitudes to lower latitudes. Magma
also has the potential to pool at depth, pro-
ducing additional magmatic movement such
as the northerly flow of magma under the
ridge system between 7°30°S to 11°30°S of
the Ascension Fracture Zone and the Bode
Verde Fracture Zone indicated by isotopic
studies.?” Magma pooling and subsequent
migration could introduce additional stresses
and magma movements that may be affected
by the Coriolis force.20:28:2 Given that mag-
matic mass under the MAR may move toward
the equator through a variety of mechanisms,
stress can build along existing fault planes
where ridge segments meet transform faults.

Conclusions

Topological analysis of faulting along
the Mid-Atlantic Ridge provides evidence for
rotation and westward drift, suggesting the
influence of forces and flows that generate
shear stress as important contributors to tec-
tonic plate movement. The model presented
suggests an additional latitudinal compo-
nent of magma migration along mid-oce-
anic ridge systems. Based on the calculated
gravitational forces and seafloor depths along
the Mid-Atlantic Ridge system 0-30° south
and the predicted pressure loads at a 50 km
depth, a 2.1 MPa differential along the ridge
system is estimated. If the viscosity of the
melt fraction is low enough and magma can
flow, the expected flow direction under the
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ridge would be toward lower latitudes. With
flow, the magma migration would be sub-
jected to shearing, possibly associated with
the Coriolis parameter of force or westward
drift, to induce stress on existing faults. This
stress would manifest as right-lateral, strike-
slip movement on existing transform faults,
producing a model with similar geometry
to the Southern Mid-Atlantic Ridge. Fur-
ther research regarding magma movement
and mega-scale tectonic faulting is required
to understand the relationship more clearly
between magma movement and mid-oce-
anic ridge development. Additional studies
analyzing the relationship between fluid dy-
namics, rock porosity, and permeability, or
comparing faulting stress dynamics along tec-
tonic boundaries would provide more insight
into the dynamics of these ridge systems.
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