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Abstract

The mid-ocean ridge serves as the epicenter of oceanic spreading. It generates
the majority of the Earth’s magmas and is the birthplace of new oceanic crusts.
However, our current comprehension regarding the operation of the mantle
beneath the mid-ocean ridge and the mechanism of melt migration remains
rather hazy. In this paper, by taking into account the geomorphological and
tectonic characteristics of the mid-ocean ridge as well as the arch tectonic ef-
fect, we put forward a mechanism for the melt migration dynamics of the mid-
ocean ridge. Moreover, in combination with the theories of neutrino oscilla-
tion-induced decay of radioactive elements and magma formation, we discuss
and account for the reasons underlying the formation of mid-ocean ridge dun-
ite channels, new oceanic crusts, and striped magnetic anomalies. This mech-
anism reveals that the mid-ocean ridge and the ocean basins on either side
together form an arch tectonic structure. Through this arch structure, the mid-
ocean ridge is capable of transforming the gravity of its rock mass into cir-
cumferential stresses and then transferring them to the basins on both sides.
As a result, the pressure exerted on the basins is significantly greater than the
gravity of their own rock masses, while the force acting on the lower part of

>«

the mid-ocean ridge’s “abdomen” is much smaller than the gravity of the mid-
ocean ridge’s rock mass itself. In this manner, within the mantle and astheno-
sphere beneath the ocean basin - mid-ocean ridge - ocean basin tectonic sys-
tem, there exists a transverse stress that points from the ocean basin towards
the ocean ridge. Meanwhile, the melts originating from the mantle and the
asthenosphere possess a substantial vertical upward buoyancy. Under the
combined action of these two forces, the melts migrate upward at a certain
inclination and eventually converge in the narrow region at the top of the mid-
ocean ridge and overflow, giving rise to the formation of new oceanic crusts.
Simultaneously, the symmetric distribution of magnetic anomalies on both
sides of the mid-ocean ridge is constructed.
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1. Introduction

These mid-ocean ridges are typically regarded as the centers of oceanic spreading,
responsible for generating the vast majority of the Earth’s magma and serving as
the sites where nascent oceanic crust forms. Nevertheless, up to now, the mecha-
nisms through which mantle melts are extracted and then migrate to mid-ocean
ridges to create new oceanic crust remain poorly understood [1].

Previous authors have developed a conceptual model of the extraction and mi-
gration system of mantle melt at mid-ocean ridges, incorporating experimental
petrological and geophysical investigations as well as detailed studies of ophiolites.
According to this model, partial melting of the upwelling mantle takes place, and
these melts ascend upward via diffuse pore flow. As lava reaction and deformation
progress, the melts gradually accumulate within the dunite dike in the deep man-
tle, forming a network of dunite channel systems that connect the source region
of the mantle and the oceanic crust (Figure 1). Subsequently, a substantial amount
of melts converge in the channel system and migrate to the shallow part of the
mantle to rapidly form the oceanic crust [2]-[5]. However, in this melt migration
model, there are still many aspects that are rather vague, especially the melt con-
vergence mechanism, which needs further research and improvement. Studies
have shown that the width of the deep mantle melting zone is several hundred
kilometers [6], and these melts eventually converge to a narrow area of several
kilometers at the top of the mid-ocean ridge, where they overflow to form new
oceanic crust [7]. Previous studies have proposed various models to explain melt
convergence [8], such as ridge suction [9], decompaction layers [10], and melting
pressure focusing [11], etc. Although these models have been widely studied and
recognized, they still have certain limitations because they discuss the process of
melt accumulation from different perspectives [8]. For example, regarding the po-
sition of the Lithosphere-Asthenosphere Boundary (LAB) at the mid-ocean ridge,
the decompaction layers model is inconsistent with geophysical observation re-
sults [8] [11]. The boundary conditions set by the melting pressure focusing model
are extremely complex, and the geochemical environment of the mid-ocean ridge
may hardly meet such conditions. In addition, experimental petrology reveals that
mantle melt compositions are controlled by variations in melt depth. Initial melts
of mid-ocean ridge basalts (MORBs) are unable to saturate plagioclase (Opx) at
depths of at least 30 km below the top of the mantle, which contrasts with the

widespread occurrence of Opx in peridotites in the deep ocean [2] [12]-[14].

DOI: 10.4236/0jg.2025.157018

359 Open Journal of Geology


https://doi.org/10.4236/ojg.2025.157018

M. K. Zhang, G. W. Zhang

Ocean Expansion Center

Oceanic Crust

o> — __ e — M — - -_— -
T s = — - - - == Gy e
— e S, - ) —
Crust-mantle - <= L - L e
transition zone - y/ = -

Lithosphere mantle

-—

Ancient refractory Dunite Mantle Recycled Chromlte thosphere
peridotite channels -convectlon pyroxene roc rock « > expansion

Figure 1. Schematic diagram of the giant magma extraction system in the center of the ocean
spreading. (Image quoted from Xiong [5])

In this work, we conduct an analysis of the forces acting on the melt beneath
the mid-ocean ridge by relying on the basin-mountain coupled arch-tectonic dy-
namics model [15] as well as buoyancy effects [16]-[18]. Subsequently, we put
forward a dynamical mechanism for the migration of the melt. Furthermore, on
the basis of the latest research findings regarding neutrino oscillation-induced ra-
dioactive decay and magma formation [19] [20], we explore the formation mech-
anisms of dunite channels, new oceanic crusts, and striated magnetic anomalies

at mid-ocean ridges.

2. Methods

2.1. Arch Tectonic Model of the Mid-Ocean Ridge and Its Force
Analysis

Zhang and Zhang [15] put forward an arch tectonic model of basin-mountain
coupling during their research on basin-mountain evolution. They contended that
in the basin-mountain-basin system, mountain ranges are analogous to a gigantic
arch bridge spanning the basins on both sides, thus forming an arch tectonic sys-
tem. In this system, the mountain range can convert its massive gravity through
the arch structure into lateral extrusion pressure (namely, circumferential stress)
exerted on the two sides of the basin. As a result, the pressure on the basin is sig-

nificantly greater than that in the hinterland of the mountain range. It is precisely
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the stress difference generated by this arch tectonic effect that furnishes the driv-
ing force for the subsidence of the basin and the uplift of the mountain range.
Mid-ocean ridges are submarine mountain ranges, and their formation mecha-
nism is fundamentally the same as that of onshore mountain ranges. The mid-
ocean ridge and the ocean basins on both sides of it constitute a typical arch-
shaped structure (Figure 2(a)). The lofty mid-ocean ridge resembles a huge “arch
bridge” spanning between the two ocean basins, while the two ocean basins on
both sides are like the two abutments of the “arch bridge”. The force characteris-
tics of the arch structure are as follows: under the action of the vertical load q of
the arch structure, the supporting point not only generates the vertical reaction
force V but also produces the horizontal thrust H (Figure 2(b)). Owing to the
existence of this horizontal thrust, the bending moment of the arch will be much
smaller than that of a horizontal beam with the same span. Consequently, the en-
tire arch construction is mainly under compressive stress. If the arch is sufficiently
rigid, the entire weight of the arch construction can be transferred to the bases on
both sides through circumferential stresses, which will then be borne by the bases,

and the stress beneath the arch construction can be as low as 0 [21].

Asthenosphere

Figure 2. Model of the mid-ocean ridge with arch structure and force analysis. (a): mid-
ocean ridge with arch structure; (b): force analysis of arch structure.

For convenience, we can planarize the arch structure and divide it into 4 small
pieces (Figure 3(a)), and take any small piece, e.g., piece “1” in Figure 3(a), and
analyze the force, it is clear that piece “1” is supported (squeezed) by pieces “2”
and “3” on both sides (Figure 3(b)), which remain in equilibrium for the follow-

ing conditions.
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(a) (b)

Figure 3. Stress anlaysis of arch structure model. (Image cited in Mao, et al [21])
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From Equation (2), the lateral stress (Ze., circumferential stress) of an arch is
greater than its perpendicular gravitational force. When the arch arc is large, its
lateral stresses (V;; and Ns;) are much larger than the gravity (G), i.e., most of the
gravity of the arch is converted into lateral stresses.

For the ocean basin - mid-ocean ridge - ocean basin arch tectonic system, the
vertical height of the arch is considerably smaller than its lateral span. Such a small
curvature might seemingly weaken the role of the arch tectonic structure. How-
ever, given that the Earth itself is a near sphere with a certain curvature, which has
an amplifying effect on the mid-ocean ridge arch tectonic structure, even if the arc
of the ocean basin - mid-ocean ridge - ocean basin arch tectonic structure is rather
slight, the mid-ocean ridge arch tectonic structure will still have a highly signifi-
cant effect. Consequently, despite the small arc of the ocean basin - mid-ocean
ridge - ocean basin arch structure, the role of the mid-ocean ridge arch structure

remains very significant.

2.2. Analysis of the Force on the Lithosphere and the
Asthenosphere of the Mid-Ocean Ridge

The mid-ocean ridge arch structure primarily consists of the lithosphere, which
possesses a certain degree of rigidity. The asthenosphere underlying the litho-
sphere is composed of plastic materials that are prone to flowing or creeping and
have difficulty in resisting shear. As a result, the thickness of the arch is basically
equivalent to that of the lithosphere. Given that the thickness of the lithosphere is
extremely thin compared to the radius of the Earth, it can be regarded as a simple
thin layer of the spherical shell in the mechanical structure of the lithosphere, with

the lithosphere’s own gravity acting as the load on the shell.
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For a simple thin spherical shell, the maximum critical elastic bucklingload P,

that it can actually withstand can be expressed by the following equation [22]:

5 2
P = 0.84E[EJ 3)

where Erepresents the Young’s modulus of the rock, dstands for the thickness of
the spherical shell, and Ris the radius of the spherical shell. Li e al. [23] calculated
the maximum critical elastic buckling loads that different compositions of the lith-
osphere can endure based on Equation (3). The findings reveal that the Earth’s
lithosphere, functioning as a thin spherical shell, can only bear a load of less than
30 MPa. On average, the stress distribution caused by the lithosphere’s own grav-
ity is approximately 3 GPa. Consequently, the strength of the lithosphere is far
from sufficient to withstand its own gravity. However, the lithosphere usually re-
mains in a state of mechanical equilibrium thanks to the support provided by the
underlying asthenosphere. In other words, to guarantee that the lithosphere is not
crushed (fractured), the plastic asthenosphere must share at least an average pres-
sure (gravity) of around 3 Gpa - 30 MPa = 2.97 GPa exerted by the overlying lith-
osphere. Since the Earth’s lithosphere is neither uniformly thick nor intact, the
forces acting on the asthenosphere beneath the lithosphere vary significantly. Par-
ticularly at mid-ocean ridges and their adjacent areas, which feature arch for-
mations, part of the lithosphere’s gravity is transferred to the ocean basins on both
sides. This leads to a decrease in the actual gravitational force exerted beneath the
mid-ocean ridges while increasing the pressure exerted on the basins on either
side. Moreover, on average, the thickness of the lithosphere in the ocean basins is
about tens of kilometers greater than that of the mid-ocean ridges, and the hydro-
static pressure they bear is approximately 1 to 2 GPa higher than that of the mid-
ocean ridges. Therefore, the pressure on the plastic asthenosphere beneath the
ocean basin is considerably higher than that beneath the mid-ocean ridge, which
will cause the asthenosphere melt to flow from the high-stress ocean basin to the

lower-stress area beneath the mid-ocean ridge.

2.3. Buoyancy of Mantle Melts

It has been demonstrated that atmospheric neutrinos can generate MSW (Mi-
kheyev-Smirnov-Wolfenstein) [24] [25] mechanisms as they propagate and oscil-
late within the Earth by interacting with Earth matter. Zhang and Zhang [19] [20]
further emphasized that the MSW mechanism is, in fact, a typical physical reso-
nance. This resonance has a profound impact on the behavior of atmospheric neu-
trino oscillations, increasing the probability of neutrino flavor conversion. Mean-
while, it also exerts a certain influence on the Earth’s matter. It can trigger the
unstable radionuclides in the resonance region, boost their decay probability, re-
lease more heat, and even cause some of the materials to melt. The melts or mag-
mas originating from the upper mantle and the asthenosphere are produced due
to the MSW resonances formed by atmospheric neutrino oscillations, which stim-
ulate radioactive decay and heat generation. A notably distinct feature of this the-
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ory regarding the origin of magma, when compared to the theories of magma pro-
duction through depressurization or volatile fraction injection melting, is that the
temperature of the initial melt or magma is typically significantly higher than that
of the surrounding rock. Moreover, its temperature and chemical composition are
independent of depth. Even at shallow depths, the temperature can be high enough
to melt refractory components, provided that sufficient decay heat is generated.
Owing to the expansive nature of silicate melts, the volume and structure of the
melt expand considerably with increasing temperature [26]. Consequently, once
the melt is formed, its density decreases due to volume expansion to a level that is
significantly lower than the density of the surrounding rock. As a result, the melt
experiences greater buoyancy [16]-[18]. If the densities of both the magma and
the surrounding rock are homogeneous, then the buoyancy force exerted by the
magma on the viscoelastic or plastic surrounding rock can be expressed as F =
ApgV, where Aprepresents the difference in densities between the magma and the
surrounding rock, g is the gravitational acceleration, and V'is the volume of the

magma [18].

3. Results and Discussion

3.1. Dynamical Mechanisms of Mantle and Asthenosphere Melt
Migration at Mid-Ocean Ridges

The melt or magma produced in the mantle and asthenosphere will be subjected
to two main forces: a lateral stress (F) pointing from the ocean basin to the mid-
ocean ridge, created by arch tectonic effects and uneven lithospheric thickness,
and a vertically upward buoyant force (F,). Under the combined effect of these
two forces (F = F; + F,), the melt or magma is transported upward from the man-
tle and the asthenosphere at a certain inclination and converges towards the top
of the mid-ocean ridge (Figure 4). Notably, this mechanism imposes fewer com-
plex boundary constraints and demonstrates greater conceptual simplicity com-
pared to previous models such as melting pressure focusing [9]-[11]. Additionally,
the proposed mechanism’s description of melt attraction by the low-stress region
formed via arch structures offers a more transparent mechanical framework than
the ridge suction model presented in prior studies [9]. However, a critical limita-
tion of this mechanism is that its melt-source hypothesis remains untested. When
considered in isolation, the mechanism does not explicitly address the melt origin—
whether via “neutrino oscillations perturbing radiogenic heat generation” [20],
volatile injection, or decompression melting—all of which are thought to con-
verge at mid-ocean ridges under buoyancy and transverse stress effects. Yet, when
integrated with the “neutrino oscillations perturbing radiogenic heating” theory
[20], the mechanism reveals a coherent process for melt formation and migra-
tion. This integrated framework elucidates the genesis of asthenosphere, LAB, sea-
mounts, dunite channels, and new oceanic crust (including oceanic core complexes).
As such, extending the proposed mechanism enables it to explain a broader spec-

trum of geological phenomena than competing models.
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Figure 4. Melts stresses and migration directions below the mid-ocean ridge.

3.2. Formation of Dunite Channels

It has been proposed that the melt migrates within the mantle primarily through
two modes: widespread diffuse intergranular porous flow and localized focused
channel flow [5]. The former mainly takes place in the deep source regions where
mantle melting occurs with low melt/rock ratios, as well as in the non-channelized
areas of the shallow mantle. In contrast, the latter occurs within the dunite chan-
nels in the mantle. The dunite channel (e.g., Figure 1) serves as a passageway for
the rapid migration of deep melts towards the shallow oceanic crust [2] [12]-[14].
This channel represents a melt extraction and migration model put forward by
previous researchers based on in-depth studies of dunite dikes preserved in ophi-
olites [2] [27]. The main primary minerals in mantle dunite dikes include olivine
(Ol) and a small amount of spinel (Sp), along with occasional pyroxene and sul-
fides, etc. [5]. It is widely acknowledged that the core process in the formation of
dunite dikes is the reaction between silica-unsaturated melts originating from the
deep mantle and pyroxene, which generates silica-rich melts and olivine (Meltl +
Opx/Cpx > Melt2 + Ol). This reaction increases the mass of the resultant melts
(Melt2) compared to the reactant melts (Meltl), thereby enhancing the porosity
of the product peridotites and facilitating the accumulation of surrounding melts
into the peridotites [2]. We hold the view that since the upper mantle and the
asthenosphere are compositionally heterogeneous [28], it is improbable that melts
from the asthenosphere would react with surrounding rocks of diverse composi-
tions at different depths to yield dunite with essentially the same composition.

Consequently, there must be another mechanism responsible for the formation
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of dunite channels aside from the lava reaction. Moreover, this mechanism
should also be closely associated with the processes of melt formation and upward
transport.

Based on the theory regarding neutrino oscillation-induced radiogenic heat
generation and magma formation [19] [20], the melts generated in the mantle are
typically distributed randomly and discontinuously. This is due to the probability
associated with neutrino oscillations and radioactive decays, along with the heter-
ogeneity in the distribution of mantle radioactivity. These randomly and sporad-
ically distributed melts are gradually transported upwards and accumulate be-
neath mid-ocean ridges under the influence of buoyancy and lithospheric stresses.
The process through which high-temperature melt or magma ascends via rock
interstices by osmosis also represents its continuous evolution. During this pro-
cess, magma exchanges materials and energy with the surrounding environment
through melting, extraction, metasomatism, alteration, and dissolution. Moreo-
ver, as heat is released and the temperature drops, it crystallizes and precipitates
minerals that are compatible with the environmental temperature and pressure
[20]. Generally speaking, the melt content in the upper mantle and its astheno-
sphere is quite low, meaning that they both have low melt/rock ratios. As a result,
the melts mainly continue to migrate by infiltration in the form of diffuse inter-
granular pore flows. Initially, the mantle had a uniform and low temperature. As
the magma percolated upwards, it heated the minerals along its path, melted or
extracted some low-melting-point medium-acidic or even basic minerals, while
precipitating refractory ultrabasic or basic minerals. Consequently, over time,
some of the routes where more melt flows became high-temperature basal or ul-
tramafic channels for melt migration. Occasionally, some of the melt might have
a lower initial temperature and completely solidify during its journey, forming
acidic minerals that block the channel. However, when subsequent high-temper-
ature melt passes over these acidic minerals, it melts and removes these low-melt-
ing-point minerals, leaving behind ultramafic or basal minerals like dunite. It is
imaginable that through such repeated heating actions, the longer the channel
transports the melt, the smaller the temperature difference between the deep and
shallow channels becomes. With an increase in the amount of melt and an accel-
erated transport rate, the temperatures of the deep and shallow channels may
eventually be nearly identical. Thus, in this high-temperature channel where the
upper and lower temperatures are basically the same, apart from the dunite that
remains and recrystallizes in the rising melt, the other basic and acidic compo-
nents are melted into the melt and migrate to the oceanic crust together, thereby
forming a dunite channel. Given that the temperature of the deep channel is al-
most the same as that of the shallow channel, it is unsurprising that orthopyroxene

(Opx) is widely present in seafloor peridotites [2] [12]-[14].

3.3. Formation of New Oceanic Crust at Mid-Ocean Ridges

Based on geophysical probes and studies of paleo-oceanic crust (ophiolite), it is
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widely held that the top-down layering sequence of the current oceanic crust can
be roughly divided into the following: sedimentary layers, extruded basalts (pillow
lavas), dykes, gabbros, and peridotites (Figure 5) [29] [30]. According to the tra-
ditional theory, this layered structure of the oceanic crust can only be formed
within the magma chamber. The crystallized gabbro and peridotite precipitate to
the lower part of the magma chamber, while the remaining melt floats upward to
the upper part of the magma chamber to form dykes and pillow lava. However,
geophysical exploration has revealed that there is no such large magma chamber
beneath the present-day mid-ocean ridges; instead, only some small and scattered
magma-like chambers exist [29]. Consequently, some scholars have abandoned
the traditional view regarding large magma chambers and have put forward sev-
eral new models for the formation of oceanic crust [29] [31]. Nevertheless, all of

these new models also have various flaws.
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Figure 5. Penrose model of oceanic crust based on Oman ophiolite and its comparison to
seismic data. (The image is quoted from Zhou [29]).

In the mantle and the asthenosphere, in addition to the dunite channels, there
are regions where some magma migrates as diffuse intergranular pore flows, some
of which enter the dunite channels in close proximity and some of which rise out-
side the dunite channels. However, this form of migration is slow and discontin-
uous, and therefore does not equalize the temperature in the regions through
which the magma migrates, 7.e, there are still significant geothermal gradients in
these regions. The temperature gradient is larger in the deep, broad mantle re-
gions where magma is scarce, and the closer to the top of the mid-ocean ridge, the
more concentrated the magma is, and the temperature gradient is smaller. There-

fore, except for the narrow area at the top of the mid-ocean ridge where small
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magma chambers may be formed, there is usually no large amount of magma con-
verging away from the mid-ocean ridge to form magma chambers. Thus, away
from the mid-ocean ridge region, magma migration and evolution can be strongly
modulated by geothermal temperature gradients. Compared with the crust, the
mantle is usually high-temperature, and after a long period of penetration of the
rising magma to melt and clean up, only high-temperature-resistant peridotite
can remain. At the same time, rising magma in the mantle can only precipitate
high-temperature-resistant peridotite, so that during geological periods, relatively
single high-temperature resistant ultrabasic peridotite was formed in the mantle
through melt flow, infiltration, and removal. When the magma rises to the oceanic
crust, which is sufficiently rigid, the magma can no longer migrate by osmosis and
is trapped between the mantle and the oceanic crust, where it continues to con-
verge. As more magma converges and cools, it crystallizes and precipitates some
minerals. The first to precipitate, peridotite, sinks to the bottom and becomes part
of the mantle, while the gabbro, which crystallizes later, piles up on top of the peri-
dotite and becomes the lower oceanic crust. The residual magma rose to the top
and continued to diapir and heat the overlying oceanic crust. At this time, under
the action of the overlying low-temperature seawater and the underlying high-
temperature magma, the oceanic crust was ruptured by large thermal stresses and
numerous cracks were formed, so the magma reached the cold sedimentary layer
along the cracks and solidified rapidly into pillow basalt or glassy material, and

the cracks were filled with magma to form a dikes (Figure 5).

3.4. Formation of Distribution of Striped Magnetic Anomalies on
Both Sides of Mid-Ocean Ridges

The magnetic structure of the oceanic crust can be divided into four basic units
from top to bottom: ejected basalts, dykes, gabbro, and peridotite (e.g., Figure 5)
[29]. The uppermost basalt layer mainly consists of pillow lavas with stable strong
remanent magnetism compared to the induced magnetization component, and is
the main source of shallow seafloor magnetic anomalies [32]-[34]. Talwani et al
[35] have developed a model of seafloor magnetic anomaly strips considering
topographic variations, and concluded that the seafloor magnetism is mainly orig-
inated from the pillow lavas and massive magma flows comprising the ejecta layer
of the seafloor crust, and that the dykes or intrusive rocks comprising the seafloor
crust do not contribute to the magnetic anomalies. Other models [33] also suggest
that the upper layers of predominantly fast-cooling basalts are the main magnetic
source of seafloor magnetic anomalies. Thus, the so-called mid-ocean ridge mag-
netic anomalies are actually magnetic anomalies of surface ejected basalts.

Due to the arch tectonic effect, magma originating from the ocean mantle and
the asthenosphere, when arriving at mid-ocean ridges, will mostly flow to the low-
stress area directly below the arch tectonic structure. The magma converging in
the narrow region of the mid-ocean ridges exerts strong thermal pressure on the

surrounding rocks due to the volume expansion of the surrounding materials
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caused by temperature changes [36]. This thermal stress is an elastic stress (ie., a
force that leads to elastic deformation) that will slowly dissipate in high-tempera-
ture creep (plastic deformation) [37]. When plastic deformation can abate the
stress generated by elastic deformation in time, the surrounding rock can always
remain intact without rupture. At this time, due to buoyancy, the magma con-
verging below the mid-ocean ridge squeezes the overlying rocks, causing the mid-
ocean ridge to rise and grow fat. When plastic deformation fails to reduce the
stress generated by elastic deformation in time, the surrounding rocks will rup-
ture, at which time the magma converging under the mid-ocean ridge will over-
flow from the oceanic crust along the fracture cracks, and solidify at the top of the
ridge to form a pillow-shaped lava (basalt), which will cause the mid-ocean ridge
to grow further taller.

At the same time, when magma overflows from the oceanic crust, it may cause
the arch structures of mid-ocean ridges to be damaged and collapse, creating de-
pressions in the mid-ocean ridges that further develop into mid-ocean ridge rift
valleys. However, as the magma cools and solidifies, the collapsed ridges are re-
paired and new arch structures are re-established. As the ridge grows taller and
fatter, the overall weight of the ridge increases, so the lateral compressive stresses
on the ocean basins on both sides of the mid-ocean ridge that are decomposed by
the arch tectonic effect increase further, and the magma underneath it is squeezed,
causing it to converge further directly under the mid-ocean ridge (arch structure).
The convergence of magma once again subjected the surrounding rocks below the
mid-ocean ridge to strong thermal stresses, which led to the uplift or rupture of
the overlying rocks again, and the converging magma overflowed and solidified
again to form the newer oceanic crust, which also caused the mid-ocean ridge to
grow further in height. The old oceanic crust that was torn apart was distributed
on both sides of the new oceanic crust formed by the upwelling magma in the later
stage (Figure 6 and Figure 7). As a result, the highest oceanic crust at mid-ocean
ridges is usually the youngest. As a result, the mid-ocean ridge grows higher and
higher as a result of long-term magma overflow and solidification. It can be seen
that the lowest point (Ze., the foot of the mountain) is the earliest generation of
oceanic crusts, and from the lowest point upward, the age of the oceanic crusts is
getting younger and younger, to the highest point of the oceanic ridge, the oceanic
crusts are the youngest. When these oceanic crusts solidified, they recorded the
geomagnetic features (including geomagnetic inversion) at that time, thus form-
ing the symmetrical distribution of magnetic anomalies on both sides of the mid-

ocean ridge in bands.

3.5. Formation of Oceanic Detachment Faults and Oceanic Core
Complex

Oceanic detachment faults (ODFs) are low-angle normal faults with large, long-
activity fault distances that form at or near mid-ocean ridges. Detachment faults

are often accompanied by the formation of oceanic core complex (OCC) [38].

DOI: 10.4236/0jg.2025.157018

369 Open Journal of Geology


https://doi.org/10.4236/ojg.2025.157018

M. K. Zhang, G. W. Zhang

Dunite channel

Asthenosphere

Figure 6. A map of melt convergence at mid-ocean ridges. Mantle melts converge at mid-
ocean ridges through dunite channels and spill over.

Mid-ocean ridge profile Mid-ocean ridge top ciew

Figure 7. Schematic diagram of the formation of new oceanic crust and striated magnetic
anomalies. A, B, and C are the initial, secondary, and latest oceanic ridges, respectively. The
green, yellow and red parts are the initial, secondary and latest basalts, respectively.

These detachment faults and OCCs are anomalies in oceanic crust: firstly, their
structure lacks the melt, dike and gabbro part of normal oceanic crust, and only
the peridotite is exposed directly on the ocean floor; secondly, the magnetization
intensity of the rocks does not show a symmetrical distribution, but is character-
ized by a high degree of anisotropy [39]. These OCCs cannot be explained by the
traditional seafloor spreading model, so geoscientists proposed the ocean floor
spreading hypothesis of detachment faults, Ze, the Chapman spreading model
[40] [41], as a supplement to the old seafloor spreading theory. However, what is
the driving force behind the Chapman spreading model? What is the structure
and nature of the lithosphere on the other side opposite to the OCC, and how are
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the Chapman spreading model and the traditional Penrose spreading model tem-
porally and spatially coupled in the mid-ocean ridge section? A series of questions
are still very vague and need to be solved by further research [42].

As we have already discussed, mid-ocean ridges sometimes collapse for certain
reasons. When the collapse area is large, the mid-ocean ridge arch structure will
be damaged, and then the weight of the rock body will not be able to be disassem-
bled and transferred to the two sides of the ocean basin, but rather all the weight
will be pressed on the area directly below the ridge, resulting magma beneath the
mid-ocean ridge to flow to the sides, and the rocks on the two sides of the ridge
will be subjected to huge lateral shear stresses, resulting in the rocks slip and rup-
ture, and the formation of a low-angle detachment faults [41]. If the magma gath-
ered in the belly of the mid-ocean ridge is small, small detachment faults are
formed, such as the Gakkel Ridge section in the northern Atlantic Ocean and the
easternmost section of the Southwest Indian Ridge; if the magma gathered under
the mid-ocean ridge is large, large detachment faults are formed, such as the Mid-
Atlantic Ridge [41] [42]. Because of the high temperature on both sides of the
magma convergence area below the mid-ocean ridge, and the temperature gradi-
ent from top to bottom and from outside to inside, when the magma crystallizes
(or when the magma and the surrounding rocks undergo a melt-rock reaction),
various kinds of rocks, such as serpentinized peridotite, troctolite, gabbro, diabase
and serpentine, are produced. The strong impact of the ridge collapse will cause
these pre-existing rocks to crush or collide with each other, and interact with high-
temperature magma or plastic materials to form metamorphic rocks dominated

by mylonite, chloritization breccias, fault breccias, and fault gouge, etc. [42] [43].

3.6. Issues Related to the Dynamic Mechanism of Seafloor
Spreading

As mentioned earlier, the power of the mid-ocean ridge magma to migrate to the
seafloor to form new oceanic crust comes from the differential stress formed by
the arch tectonic effect of the mid-ocean ridge and the buoyancy of the magma
itself. So are these two forces the long-sought driving force for seafloor spreading
(i.e, plate movement)? This is an intriguing question. What the mid-ocean ridge
arch tectonic effect transmits to the ocean basin is actually circumferential stress,
which can be broken down into vertical and horizontal stresses; the vertical stress
causes melt to flow from under the ocean basin to the belly of the mid-ocean ridge,
while the horizontal stress has a certain squeezing effect on the ocean basin plates.
On the whole, the Earth is an approximate sphere, and there are certain circum-
ferential stresses formed by curvature and arch tectonics at any two places on the
surface. Mao et al [21] have estimated the circumferential stress of the Earth,
which is about 900 MPa at a depth of 20 km, and the authors believe that this
stress is sufficient to drive plate motion. Theoretically, the Earth’s circumferential
stresses can indeed drive plate motion, but in practice, there may be a variety of

factors that prevent circumferential stresses from being transmitted over long dis-
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tances. 1) Rocks all have a certain degree of elasticity and plasticity, and their elas-
ticity enables stress to be transmitted down, while their plasticity consumes the
stress [37], deforming the rock or converting the circumferential stress into a driv-
ing force for rock uplift or subsidence. If the stress is continuously consumed, it
cannot be transmitted to the far side. 2) Since all mountain ranges have arch tec-
tonics [15], the circumferential stress transmitted by the mid-ocean ridge is diffi-
cult to be transmitted if it encounters the circumferential stress formed by other
mountain ranges (e.g., island arcs, continental mountain ranges, etc.), in which
case the rock will either heat and deform or rupture to produce earthquakes,
which will cause the circumferential stress to be consumed. 3) Rock slip to form
detachment faults also deplete stresses and prevent them from being transmitted
down. 4) Subduction depletes circumferential stresses. If all the circumferential
stresses are consumed by subduction, then plate motion can continue. However,
it is doubtful whether subduction exists [44]. However, since the magma overflow
at mid-ocean ridges is the largest and produces a larger volume of new oceanic
crust, and thus the lateral extrusion formed by the increase in oceanic crust vol-
ume cannot be ignored, it is worthwhile to further investigate whether the stresses
generated by the arch tectonic effect of mid-ocean ridges and the extrusion pres-

sure formed by magma solidification can drive seafloor spreading.

4. Conclusion

We propose a mechanism for the focusing of melt beneath mid-ocean ridges. The
mechanism states that the arching structure of mid-ocean ridges can create differ-
ential stresses on the ridge and its sides. The magma originating from the ocean
mantle and the asthenosphere, under the differential stress formed by the arch
tectonic effect and the buoyancy of the magma itself, gradually rises from the vast
ocean mantle to converge right below the mid-ocean ridge and overflow upward,
and ultimately solidify to form a new oceanic crust, resulting in the mid-ocean
ridge growing taller and fatter. When the overflowing magma solidified to form
basaltic oceanic crust, it recorded the geomagnetic information of the time. After
repeated magma overflows and solidification, a symmetrical distribution of mag-
netic anomalies was formed on both sides of the mid-ocean ridge. At the same
time, due to the long-term convergence and migration of magma, a high-temper-
ature channel, 7e, a dunite dike, was formed in the upper mantle, where only
refractory peridotite could exist. The dynamical mechanism proposed in this pa-
per is currently only a qualitative theoretical description, which requires further
in-depth research and refinement. In further research, the focus should be placed
on the following two aspects: 1) the proposed construction of a 2D or 3D finite
element modeling system to simulate the melt paths and compare the results with
the known data; 2) the validation of the conclusions obtained by the mechanism
through geophysical exploration, such as measuring the stresses in the oceanic
crust at the top, waist and bottom of the mid-ocean ridges, respectively, in order

to verify the stress differentials formed by the arch tectonics, and so on.
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