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Constraints on the Feasibility of Ferrovolcanism on Asteroid
16 Psyche
J. J. Jorritsma1,2 and W. van Westrenen1

1Department of Earth Sciences, Faculty of Science, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands, 2Now at
Faculty of Aerospace Engineering, TU Delft, Delft, The Netherlands

Abstract Asteroid 16 Psyche's surface appears to be highly metallic, but its bulk density suggests a silicate‐
rich interior. Ferrovolcanism has been suggested to explain how a silicate‐rich body could develop a metallic
surface. This requires trapping of light elements bearing iron‐rich metallic melt in a core solidifying from the
outside inwards. The buoyancy of the lighter melt must then generate sufficient pressure to carry metal melt
through the mantle and cover the surface. Here, we test whether sufficient pressure could have been generated
on 16 Psyche in different scenarios. Core size, light element partitioning between mantle and core, and silicate
mass loss are calculated for three meteoritic bulk compositional models (H‐chondrite, EH‐chondrite and
mesosiderite) based on mantle density and mantle porosity combinations. The resulting core compositions are
used to calculate excess pressure. Mantle density and porosity combinations leading to ferrovolcanism are
constrained for each bulk composition. Iron‐rich bulk compositions with low light element abundances are
favored. Mesosiderite bulk composition is most conducive to producing ferrovolcanism but does not naturally
fit the ferrovolcanism framework. Primitive compositions are favored as the timing of ferrovolcanism is tied to
the earlier stages of solar system formation. H‐chondrite model scenarios may produce ferrovolcanism but
require high amounts of mass loss to be considered as a building block for Psyche. EH‐chondrite model
scenarios are chemically not conducive to producing ferrovolcanism. Both confirmation and rejection of the
ferrovolcanism hypothesis by upcoming observations from NASA's Psyche mission can therefore provide key
new constraints on 16 Psyche origin and evolution scenarios.

Plain Language Summary Asteroid 16‐Psyche, the largest M‐type asteroid, appears to have a
significant amount of metal on its surface. Its density is not high enough to be fully metallic which leads to
questions on the origin of the metal‐rich surface. A recent hypothesis invokes ferrovolcanism as the
responsible process. This mechanism starts with a metallic core and silicate mantle. If the core solidifies from
the outside in, a solid outer core shell can encapsulate lighter metallic magma in the center. The density
difference between the molten inner core and solid outer core generates a buoyant pressure that can break
apart the outer core and the mantle, carrying molten metal to the surface. This work tests whether sufficient
buoyant pressure can be generated for a variety of bulk compositions and mantle properties of Psyche. Core
size, composition and density are calculated for each model to assess buoyant pressure generation. Bulk
compositions with lower density struggle to produce sufficient excess pressure as the cores that can be
produced are small, as a consequence of their low iron content. Higher density building blocks with high iron
contents are more conducive to generating sufficient pressures to carry metallic melt from 16‐Psyche's inner
core to the surface.

1. Introduction
Asteroid 16 Psyche (hereafter simply referred to as “Psyche”) is the largest M‐type asteroid and the 10th most
massive asteroid in our solar system, accounting for ∼1% of the mass of the main asteroid belt (Polanskey
et al., 2018). To estimate Psyche's shape and size, Shepard et al. (2021) combined a large data set of radar ob-
servations, advanced optics images and stellar occultations. This yielded a shape model approximating a tri‐axial
ellipsoid with major axis lengths of 278 (− 4/+8) km, 238 (− 4/+6) km and 171 (− 1/+5) km for the a‐, b‐ and c‐
axis respectively. The axis of rotation corresponds to the c‐axis. The shape model has a volume of 5.73 (− 0.08/
+0.31) × 106 km3. The most recent mass estimate is based on the mutual deflection after close encounters with
other bodies, yielding a mass of 2.399 ± 0.025 × 1019 kg (Farnocchia et al., 2024). These combine to give Psyche
a bulk density estimate of 4,187 (− 240/+86) kg/m3.
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Psyche is classified as an M‐type asteroid in Tholen's taxonomy (Tholen, 1984) based on its relatively featureless
red‐sloped surface reflectance spectra with moderate optical albedo in the visible wavelength region. Due to
similarities with enstatite chondrites and iron meteorites, these reflectance features are thought to be indicative of
a surface with a high metallic fraction. This originated the hypothesis that Psyche and other M‐type asteroids are
the exposed or disrupted cores of differentiated planetesimals (Binzel et al., 1995).

Analysis of a broader wavelength range revealed a weak absorption feature at ∼0.9 μm, commonly linked to a
low‐Fe, low‐Ca orthopyroxene component. The surface abundance estimates of this component range from 0% to
20%, with the rest of the surface consisting of metal (Becker et al., 2020; Cantillo et al., 2021; Cloutis et al., 2009;
Fornasier et al., 2010; Hardersen et al., 2011; Landsman et al., 2018). Mercury and asteroid 21 Lutetia produce
similar optical reflectance spectra but have entirely silicate surfaces based on MESSENGER and Rosetta mission
data, respectively (Coradini et al., 2011; Domingue et al., 2010; McClintock et al., 2008).

The radar albedo of Psyche's surface is high, with an average value of 0.34 ± 0.08 (Shepard et al., 2021),
consistent with a high surface metal fraction (Elkins‐Tanton et al., 2020). There is significant variation in the radar
albedo of Psyche's rotation, with individual measurements ranging from 0.22 to 0.52. The lower boundary
registers at the high end of C‐ and S‐class asteroids' radar albedos (Magri et al., 2007). The upper end of this range
is only rivaled by M‐type asteroid 758 Mancunia with a radar albedo of 0.55 ± 0.14 (Shepard et al., 2015) and
possibly 216 Kleopatra with a radar albedo of 0.43 ± 0.10 over its southern hemisphere (Shepard et al., 2018).
These high radar reflectivity values are found on the southern hemisphere of Psyche and appear to be correlated to
areas of optical albedo reflectivity (Shepard et al., 2021). The large range of radar albedo measurements suggests
significant variation in the surface metal abundance or surface density over Psyche's rotation (Elkins‐Tanton
et al., 2020).

A possible anti‐correlation is observed between the absorption band depth and radar albedo during a full rotation
of Psyche (Sanchez et al., 2016); a higher band depth, likely caused by an increased abundance of the ortho-
pyroxene component, corresponds to a lower radar albedo, likely caused by a decreased metallic abundance.
Similarly, a positive correlation between the spectral slope and radar albedo was observed. Higher values for both
are interpreted to be caused by an increased surface metallic abundance (Sanchez et al., 2016).

Cambioni et al. (2022) fit thermal emission data from ALMA to a model with variable thermal inertia and
dielectric constants. They found that most of Psyche's surface has both a thermal inertia and dielectric constant
that are indicative of a metal‐rich material in the uppermost fewmillimeters. The bulk density of Psyche is too low
for it to be a predominantly metallic body. With the meteoric Fe‐Ni mineral kamacite having a 1 atm density of
7,870 kg/m3, a bulk porosity of ∼50% would be required if Psyche consists mostly of this metal (Elkins‐Tanton
et al., 2020). Nichols‐Fleming et al. (2022) modeled the viscous pore space closure of a pure iron body through
time at different starting porosities and temperatures and concluded that a Psyche‐sized metallic core must have
cooled to and remained below an upper limit of 800 K to retain a bulk porosity of>50%. At any temperature above
this limit, iron bodies rapidly lose most of their bulk porosity on a Myr timescale, with an iron body of >850 K
retaining <10% of its porosity. If Psyche is a cooled rubble pile, models indicate that the required ∼50% porosity
can be supported by cold‐welding ∼1 m size metallic boulders (Zhang et al., 2022).

An intact differentiated planetesimal with a core of the mass of Psyche would require a minimum cooling time of
more than 100 Myr (Bryson et al., 2015; Nichols‐Fleming et al., 2022; Tarduno et al., 2012). A stripped core with
the mass of Psyche would require a minimum of 10 Myr to cool to 800 K (Scheinberg et al., 2016). Any porosity‐
adding impact must therefore have occurred at least 10 Myr after a mantle stripping event for the metallic core to
retain a significant amount of porosity. Potential porosity adding collisions, such as hit‐and‐run collisions or the
subsequent catastrophic impact phase, are tied to the early phases of solar system accretion, before planetesimals
become massive enough for most impacts to result in perfect mergers (Bonsor et al., 2015; Cambioni et al., 2021;
Chambers, 2013). Catastrophic impacts are supposedly the cause of the disruption of ordinary chondrites' parent
bodies which took place at or near those parent bodies' peak temperatures (Lucas et al., 2020). These temperatures
are expected to be reached prior to the 10 Myr mark post CAI‐formation (Bouvier et al., 2007). As Psyche's
10 Myr minimum required cooling period likely exceeds the hit‐and‐run collision and catastrophic impact phases
of the solar system formation, Nichols‐Fleming et al. (2022) deem it unlikely that such collisions could be the
cause of Psyche's inferred ∼50% porosity, should it indeed be predominantly metallic.
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In the absence of a younger porosity‐adding event, the core is assumed to have little to no porosity. This implies
the presence of a significant non‐metal component in Psyche, as including a non‐metal component of lower
density is required to achieve Psyche's present‐day bulk density. If the core has little to no porosity, the bulk
porosity is limited as the non‐metal component is the only contributor to Psyche's bulk porosity. This limit on bulk
porosity further increases the required volume fraction of the non‐metal component (Elkins‐Tanton et al., 2020).

In summary, Psyche's main characteristics are enigmatic; the bulk density requires a significant non‐metal mantle,
but the surface appears to be highly metallic. This led to the inception of the ferrovolcanism model, first by
Abrahams and Nimmo (2019) for a fully metallic body and later adapted by Johnson et al. (2020) to include a
mantle.

The model by Johnson et al. (2020) relies on having an initially fully molten metallic core solidified from the
outside in. The solidifying outer core is assumed to comprise of FeNi dendrites, trapping interconnected regions
of progressively light‐element enriched melt, with sulfur considered the only light element by Johnson
et al. (2020). The density difference between the FeNi dendrites and the trapped melt increases as the outer core
continues to solidify and the melt enriches in S. This density difference generates sufficient excess pressure to
overcome the yield strength of the mantle, creating ferromagmatic dykes. If sufficient excess pressure is
generated to overcome the negative buoyancy of the S‐rich metallic melt in the mantle as well, the dykes can reach
the surface, resulting in the ferrovolcanism that covers parts of the surface in molten metal.

The viability of the ferrovolcanism mechanism is necessarily limited to the early stages of Psyche's history, when
the core was solidifying. Ferrovolcanic units are therefore likely mixed with silicates in regolith produced by
impacts over billions of years (Johnson et al., 2020). This could provide the origin of the lowest radar albedo
measurements on Psyche's surface, equivalent to the highest silicate asteroids' radar albedo measurements. If
ferrovolcanism occurred preferentially in the southern hemisphere, a remnant of high‐volume ferrovolcanic units
could be the cause for the high radar albedo in this hemisphere.

The effect of light elements other than S, the available amount of melt that can be trapped in the dendritic outer
core growth, as well as the portion of this melt that could be expelled on the surface, were not explored in the
Johnson et al. (2020) study. Alternatively, as the outer core solidifies, the molten inner core also gets progres-
sively enriched in light elements. The buoyant pressure generated here may also be sufficient to overcome the
yield strength of the outer core, thereby creating a pathway to the core‐mantle boundary (CMB) where it can
continue to intrude into the mantle (Johnson et al., 2020). The goal of this study is to quantify conditions under
which sufficient pressure can be generated in the molten inner core to overcome the yield strength of the outer
core and the mantle, as well as the negative buoyancy of metallic melt in the silicate mantle, in order to produce
ferrovolcanism on Psyche. Additional light element partitioning and chemical constraints are also considered.

Three meteorite compositions were used as end member models for Psyche's bulk chemical composition. The
widest possible range of input parameters is tested for each composition, in an attempt to evaluate the likelihood
that ferrovolcanism is indeed the cause for Psyche's enigmatic characteristics.

2. Methods
To quantify whether sufficient excess pressure is generated, Psyche's core size, mantle thickness and core
composition need to be calculated for each model scenario. This study's model simplifies Psyche's shape to a
perfect ellipsoid with the primary axis lengths of 278, 238, and 171 km and corresponding volume of
5.924 × 106 km3. The core is assumed to be perfectly centered and is given the same axial ratios as the total body
to retain an equal mass distribution (Figure 1).

The considered endmember meteorite building blocks of Psyche are an ordinary chondrite, an enstatite chondrite
and a mesosiderite, with the used bulk compositions presented in Jorritsma and van Westrenen (2025).

Ordinary chondrites are the most common meteorites. Of the ordinary chondrites, the H‐chondrite has the highest
Fe content, making this the ordinary chondrite composition that is most conducive to producing ferrovolcanism. It
has a grain density (i.e., bulk density in the absence of porosity) of 3,640 kg/m3 (Britt & Consolmagno, 2003).

The enstatite meteorite composition is chosen as this is interpreted to be the source for asteroid 21 Lutetia
(Drummond et al., 2018), the onlyM‐type asteroid to be visited by a spacecraft so far. This work considers an EH‐
group enstatite. It has a grain density of 3,670 kg/m3 (Britt & Consolmagno, 2003). Enstatite chondrite
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compositions crystallize low‐FeO pyroxenes first when solidified (McCoy et al., 1999), placing them in the lower
regions of the mantle. This matches Psyche's spectral properties if later formed mantle minerals are preferentially
stripped in mass loss (Section 1).

Ferrais et al. (2020) theorize that Psyche's current shape is the remnant of a Jacobi ellipsoid, the result of so-
lidification from a fully molten state caused by a later giant impact. This allows non‐primitive meteorite com-
positions to be considered in the ferrovolcanism framework. Here, mesosiderites are considered a possibility
based on the match with Psyche's density and supposed pyroxene composition, although Libourel et al. (2023)
concluded that Psyche's low fraction of surface pyroxene was not compatible with a mesosiderite‐like surface. A
grain density of 4,400 kg/m3 is used (Britt & Consolmagno, 2003).

The core composition is based on the calculated metal‐silicate partitioning of C, O, S, Ni, P and Si. It is assumed
that this partitioning equilibrated under mantle liquidus conditions, simulating core differentiation and light
element partitioning from a fully molten state in the early stages of solar system solidification.

The metal‐silicate partitioning equation from Steenstra et al. (2017) is used for P, partitioning equations from
Steenstra & van Westrenen (2018) are used for C, O, S and Ni;

log Dmet− silP = 1.75(±0.72) − 1.25(2 log(
χsilFeO
χmetFe

) + 2 log(
γsilFeO
γmetFe

)) − 2.81(±0.76)χsilMgO + 22.54(±4.42)χ
sil
Al2O3

− 10.22(±0.95)χsilCaO + 2.71(±1.01)χ
sil
FeO −

6068(±1011)
T

+ 469(±118) (
P
T
)

+ 4.18(±0.52) ln(1 − χmetS ) (1)

log Dmet− silC = 2.26 +
2920
T

+ 115(
P
T
) − 0.66(

nbo
t
) − 0.15(2 log(

χsilFeO
χmetFe

) + 2 log(
γsilFeO
γmetFe

)) − 2.9χmetNi

− 0.17χsilH2O (2)

log Dmet− silO = 2.19(±0.53) −
10731(±1329)

T
+ 33(±18) (

P
T
) + log(

χsilFeO
χmetFe

) − log(
γmetO
γmet− 1Fe

) (3)

log Dmet− silS = − 3.30(±0.47) +
3000(±1023)

T
+ 33(±11) (

P
T
) + log(χsilFeO) − log (CS) + 14(±2)

ln(1 − χmetO )

(4)

Figure 1. Schematic representation of the ferrovolcanism mechanism for one of the model scenarios. Numbers on the axes indicate the radii of the molten inner core,
solid outer core and mantle in km from the center of the core on the a‐ and b‐axes. White texture indicates mantle porosity.
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log Dmet− silNi = 0.46(±0.16) +
2700(±300)

T
− 61(±6) (

P
T
) + log(

χsilFeO
χmetFe

) − log(
γmetNi
γmetFe

) (5)

Dmet− sili is the partition coefficient between the metallic core and silicate mantle of element i. χsilox represents the
molar fraction of oxide ox in the silicate mantle. χmeti represents the molar fraction of element i in the metallic core.
P (in GPa) and T (in K) are the pressure and temperature at which partitioning occurred. ( nbot ) is the number of
non‐bridging oxygen anions per tetrahedrally coordinated cation, a parameter calculated from the mantle
composition (Mysen et al., 1982). Equation 4 depends on the CS term, representing the sulfide capacity which
incorporates the effect of oxygen fugacity on S partitioning (Steenstra & vanWestrenen, 2018). This parameter is
calculated from the silicate melt composition and regression parameters reported by Haughton et al. (1974);

log(CS) = − 5.704 + 3.15(±0.64) χsilFeO + 2.65 (±0.56) χ
sil
CaO + 0.12(±0.38) χ

sil
MgO + 0.77(±0.91) χ

sil
TiO2

+ 0.75(±0.58) χsilNa2O+K2O (6)

γsilox and γmeti are activity coefficients which are assumed to be unity (Doyle et al. (2019). This eliminates the
activity terms from all equations.

Partitioning for Si is calculated using the partitioning equation from Steenstra & van Westrenen (2020);

log Kmet− silapp Si4+ = log
( χsilFeO

2 ∗ χmetSi )

(χsilSiO2 ∗ χmetFe )
+ log

( γmetSi )

( γmetFe )
2 + log

( γsilFeO)
2

( γsilSiO2 )
, (7)

with Kmet − silapp Si4+ representing the apparent exchange coefficient of Si4+ between the metallic core and silicate
mantle. Again, the activity coefficients are set to unity. This equation was parameterized by Steenstra & van
Westrenen (2020) for the 0–5 GPa range as;

log Kmet− silapp Si4+ = 2.23(±0.82) − (
17409(±1420)

T
) + 509(±108) (

P
T
) − 0.7(±0.07) (

nbo
t
) (8)

Equation 8 is used to calculate the value for log Kmet− silapp Si4+ which can then be used to calculate χmetSi by rewriting
Equation 7;

χmetSi =
Kmet− silapp Si4+ ∗ χsilSiO2 ∗ χmetFe

χsilFeO
2 (9)

For simplicity, the error margins in each of the partitioning equations and the calculation of the CS parameter are
ignored. Only the reported center values are used.

There are multiple feedback mechanisms within this set of equations (Equations 1–9). The ( nbot ) and CS pa-
rameters are calculated from the abundances of mantle oxides that depend on the total partitioning, as some of the
considered mantle constituents partition between the mantle and the core. χmetFe depends on the partitioned amounts
of all light constituents, on the mass of the core and on how much Fe is required to fill out this mass. χsilFeO depends
on the distribution of Fe between the mantle and the core. The partitioning of S depends on the partitioning of O as
it includes the ln(1 − χmetO ) term. Similarly, the partitioning of P depends on ln(1 − χmetS ) and the partitioning of
C on χmetNi . To resolve these feedback loops, all parameter calculations are performed iteratively until convergence
to a balanced state. A constant metal‐silicate equilibration temperature of 2050 K was used throughout the
partitioning calculations. This value approximates the peridotite liquidus temperature at the low pressures ex-
pected for a body of Psyche's size and mass (Jennings & Holland, 2015). With this temperature and a calculated
pressure, core composition and mantle composition, all partition coefficients can be calculated for use in the core
composition calculations of the next iteration. When the iterative process has converged (typically within 10
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iterations), the resulting core composition is used to calculate the attainable excess pressure from trapping
metallic melt in the inner core. All steps in the model calculations are further outlined below.

2.1. Core Size and Mantle Thickness

The first step in the iterative process is to calculate the core and mantle volume fractions using a mass balance
equation;

ρb = fc ∗ ρc ∗ (1 − φc) + fm ∗ ρm ∗ (1 − φm) (10)

With ρb, ρc, and ρm denoting the bulk, core grain and mantle grain densities respectively. fc and fm represent the
core and mantle volume fractions and φc and φm represent the core and mantle porosities. The core porosity is
assumed 0 because of viscous pore space closure (Nichols‐Fleming et al., 2022).

The difference in volume between Psyche's most recent shape model and the model's perfect ellipsoid repre-
sentation of present‐day Psyche is accredited to mass deficit regions in the shape model, assumed to be mass loss
regions where lighter mantle material was stripped. To account for the additional light material in the model, the
bulk density ρb is set to 4,150 kg/m

3, slightly lower than the measured present‐day value of 4,187 kg/m3.

The core density was calculated from the core composition of the previous iteration. With the bulk density known
and the core porosity disregarded, the mantle grain density and mantle porosity are the only remaining variables.
When these are chosen, the core and mantle volume fractions can be calculated by rewriting Equation 10, given
that fm is equal to 1 − fc;

fc =
ρb − ρm ∗ (1 − φm)
ρc − ρm ∗ (1 − φm)

(11)

The a‐axis radius of the core can be calculated using a rewritten version of the volume of an ellipsoid;

a =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
3
4
VP ∗ fc/(

b
a

∗
c
a

∗ π)3

√

(12)

where a is the a‐axis core radius, VP is Psyche's ellipsoidal volume of 5.924 × 106 km3, fc is the calculated core
volume fraction and b

a and
c
a are the b‐ and c‐axis length ratios with the a‐axis length, respectively. The b‐ and c‐

axis radii can be calculated by multiplying the calculated a‐axis radius by these ratios. The mantle thickness on
each axis is calculated by subtracting the core radius from the total radius.

2.2. Mass Loss and Pressure

The core and mantle volume fractions and chosen mantle porosity can be used to calculate Psyche's grain density
ρg as;

ρg =
ρb

(1 − φb)
=

ρb
fc + fm ∗ (1 − φm)

(13)

Each considered meteoritic bulk composition has a given grain density. The difference in grain density between
Psyche and the meteorite used is used to calculate a hypothetical mass loss (illustrated in Figure 2). The
assumption is made that a volume of meteoritic material produces a differentiated body with the same grain
density as the meteorite building block. The mantle has a grain density below the meteorite's grain density.
Stripping away mantle material therefore increases the grain density of the remainder (Figure 2). The volume of
mantle material that needs to be stripped to increase the meteorite's grain density to Psyche's current grain density
can be calculated as;

VL =
Vg ∗ (ρg − ρmet)
ρmet − ρm

(14)
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where VL is the volume of mantle material lost, Vg is Psyche's grain volume (equal to VP ∗ (1 − φb)), ρg is
Psyche's grain density, ρmet is the meteorite grain density and ρm is the mantle grain density.

With a mantle grain density closer to the grain density of the meteorite, more mantle stripping has to be reversed to
close the gap between the asteroid and meteorite grain densities. Higher porosities produce higher grain densities
for Psyche (Equation 13), increasing the density gap with the meteorite and the required mass loss.

The volume of mantle material lost is used to calculate the original size and mass of Psyche, before any mantle
material was stripped as well as the original core mass and volume fractions. These are used to calculate the CMB
pressure. The metal‐silicate equilibration pressure was set to the pressure at the CMB. This pressure is calculated
from the body's gravitational acceleration;

g = G ∗
m
r2

(15)

where g is the gravitational acceleration, G is the universal gravitational constant and m is the mass contained
within distance r from the center of the body. At the CMB,m is the mass of the core and r is the radius of the core.
At the surface,m is the original mass and r is the radius corresponding to the original grain volume (Figure 2). The
mantle porosity is set to zero for this step, as it represents a fully molten state in which porosity cannot persist.

Since the ellipsoid model has variable radii for the core and for Psyche as a whole, the core and mantle are
simplified to a volume equivalent perfect sphere in which pressure is even over the CMB. Using the original grain
volume and core volume fraction, along with their respective volume equivalent spherical radii, the gravitational
acceleration is calculated at the CMB and Psyche's surface with Equation 15. The difference between the
gravitational acceleration at the surface and CMB is converted to a pressure gradient over the thickness of the
mantle, which is used to calculate the pressure at the CMB.

2.3. Core Composition and Core Density

For the first iteration, the core is assumed to consist solely of Fe with a density of 7,900 kg/m3. This iteration
yields the first partition coefficients for the core's lighter constituents P, Ni, S, O, C and Si that are used to
calculate the core composition for the next iteration.

Figure 2. Mass loss schematic of an H‐chondrite model scenario with a mantle density of 3,050 kg/m3 and a mantle porosity of 15%. The core density was calculated in
the iterative process. Numbers on the axes indicate the radii in km from the center of the core on the a‐ and b‐axes. Left: Pre‐mass loss model without mantle porosity.
The grain density of the original body (dashed line) is equal to the meteorite grain density: 3,640 kg/m3. The mantle is stripped until the remnant has a grain density of
4,642 kg/m3. Right: adding 15% mantle porosity to the remnant mantle reduces the grain density of 4,642 kg/m3 to Psyche's current bulk density of 4,150 kg/m3 and
increases the remnant body to Psyche's current size. White texture indicates mantle porosity. 52.7% of the original mass is lost in this model scenario.
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P, Ni, S, O and C partitioning behavior is quantified by calculating metal‐silicate partition coefficients Dmet− sili
(Equations 1–5). These are used to calculate the core mass fraction of each element with a simple mass balance
approach (Rai & van Westrenen, 2014), where, in the case of siderophile elements, for every (Dmet− sili + 1 )
atoms of element i in the bulk composition, Dmet− sili atoms partition to the core and 1 remains in the mantle. The
partitioning fraction is used to calculate the mass fraction of the total body that is situated in the core. Dividing by
the core mass fraction gives the mass fraction of the element in the core;

iC = (
Dmet− sili

Dmet− sili + 1
∗ ib)/mC (16)

where iC is the mass fraction of element i in the core, ib is the mass fraction of element i in the bulk composition
andmC is Psyche's original core mass fraction. The core mass fractions of P, Ni, S, O, and Cwere calculated in this
way. The remainder of the core mass is filled with Fe. These core mass fractions are converted to molar fractions.

The molar fraction of Si in the core is calculated using Equations 8 and 9. The mass fractions of P, Ni, S, O and C
in the core should be unaffected, so the calculated molar fraction of Si takes the place of Fe. Therefore, the molar
fraction of Fe is lowered by a mass equivalent amount of the molar fraction of Si. More moles of Si are added than
moles of Fe taken out because Fe is heavier than Si, so the previously calculated molar fractions of P, Ni, S, O and
C along with the lowered molar fraction of Fe and the added molar fraction of Si are renormalized to 100%. The
calculated core molar fractions are used in various partitioning equations. The partitioning equations of P, C, O,
Ni and Si depend on χmetFe . The partitioning of C further depends on χmetNi , the partitioning of S depends on χmetO and
the partitioning of P depends on χmetS .

To calculate the density of the core composition, the molar fractions of each light element alloyed with Fe were
calculated. The considered endmembers are Fe, FeO, Fe3C, Fe3P, FeS, FeNi and FeSi. The core density ρC is
calculated using ideal mixing equations of these alloys;

ρC =
μmix
Vmix

=
Σχi ∗ μi
Σχi ∗Vi

(17)

where μmix is the molar mass of the mix, Vmix is the unit‐cell volume of the mix and χi,μi and Vi are the core molar
fractions, molar masses and unit‐cell volumes of each of the light elements' Fe alloys. Room‐temperature and
room‐pressure unit‐cell volumes are used as these are readily available (Li et al., 2002; Montes‐Arango
et al., 2016; Pachmayr et al., 2016; Scott et al., 2007; Vočadlo et al., 2002; Yu & Ji, 2017). This represents
the present‐day cooled core density. This density is used in the following iteration for the core size (Section 2.1)
and subsequent mass loss and pressure calculations (Section 2.2).

2.4. Mantle Composition

The mantle composition is mainly used in the calculation of the ( nbot ) and CS parameters as well as compositional
parameters for the partitioning of P (Equation 1). The ( nbot ) parameter is calculated from the mass fractions of the
main mantle forming oxide components, normalized to 100%, in accordance with Mysen et al. (1982). The
considered oxide components are FeO, Na2O, MgO, Al2O3, SiO2, P3O5, K2O, CaO, TiO2, MnO, Cr2O3, and NiO.
The CS parameter is calculated from molar fractions of a selection of these oxides (Equation 6).

The total mass fractions of the lithophile elements Na, Mg, Al, Ca, Ti, Mn, and Cr in the model bulk compositions
are divided by Psyche's mantle mass fraction to calculate each element's mass fraction in the mantle. Fe, P, Si, and
Ni partly partition to the core. For these elements, the mass fraction of the total that partitions to the core is
subtracted from the bulk composition before calculating the mantle remnant. Elemental mass fractions are
converted to moles/100 g of mantle material. These values are converted to moles/100 g of each element's
respective oxides with the assumption that sufficient oxygen is available for each. These are normalized to 100%,
representing molar fractions in the mantle. Molar fractions are converted to mass fractions.

With the mantle composition calculated in both molar and mass fractions, a chosen temperature of 2,050 K, the
CMB pressure calculated in Section 2.2 and the core composition calculated in Section 2.3, all parameters in each
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partition coefficient equation are now available. The resulting partition coefficients are used in the core and
mantle composition calculations of the next iteration.

The calculations outlined in Sections 2.1‐2.4 are repeated for each iteration, until the process produces an iteration
that does not differ significantly from the previous. The process is deemed complete when each calculated data
field in an iteration is equal to the previous iteration within 0.1‰. This is usually attained by the 10th iteration.
The results of the 100th iteration are reported. By this iteration, all model scenarios are within the 0.1‰ boundary
from the previous iteration. The core size, mantle thickness and core composition of this iteration are then used to
calculate the excess pressure as detailed below. An open‐source Excel spreadsheet that can be used for all cal-
culations are provided in Jorritsma and van Westrenen (2025).

2.5. Excess Pressure Calculations

The excess pressure generated by trapping melt in the inner core is calculated as follows;

Pe = ∆ρ(solid− melt)hg (18)

where Pe is the excess pressure, ∆ρ(solid− melt) is the density contrast between the solid outer core and molten inner
core, h is the column height of interconnected melt in the outer core and g is the gravitational acceleration at the
CMB (as calculated following Section 2.2).

In this study's framework, wherein the buoyant pressure of trapped melt in the inner core first has to overcome the
yield strength of the outer core, the column height spans the entire radius of the outer core. The outer core is
assumed to grow concentrically inward without incorporating any other constituents besides Fe and Ni. The
volume of the outer core dictates the column height in the excess pressure calculations. Excess pressure is
therefore largest when all of the available Fe is solidified.

Fe in the core is firstly used in alloys with the light elements. These alloys have binary eutectic compositions taken
from the literature (Fe‐S: Breuer et al. (2015); Fe‐O: Steinberg et al. (1998); Fe‐C: Pollack (1998); Fe‐Si: Meco
and Napolitano (2005); Fe‐P: Zaitsev et al. (1995)). All alloys are treated separately, each requiring a different
amount of additional Fe for a eutectic composition. The Fe required for light element alloys and their eutectic
compositions is, in our model, the minimum required amount of Fe in the inner core melt. The Fe that is not used
in either the light element alloys or their eutectic compositions is considered as available for outer core solidi-
fication (“free Fe”). This allows for a Fe–Ni outer core to grow. A supereutectic core composition is possible
above the eutectic temperature but would not be conducive to producing ferrovolcanism, because in this case the
resulting outer core would consist of light element Fe alloys with a much lower density than an Fe‐Ni outer core.

Ni is the only minor constituent that this work considers to partition between the solid outer and molten inner
cores. Ni has a solid metal‐molten metal partition coefficientDsolid − meltNi ≅ 1 regardless of pressure or molten metal
sulfur content (Stewart et al., 2009). Therefore, the distribution of Ni is calculated to have an equal molar fraction
in the solid outer core and molten inner core. The molar abundances of the light elements, their eutectic Fe and
alloy Fe are calculated, as well as the molar abundance of free Fe. Ni is then distributed by the ratio of the free Fe
compared to the total reservoir of the other light elements, their eutectic Fe and alloyed Fe. The outer core consists
of this Ni alloyed with Fe and all free Fe that is not used in the alloys or eutectic compositions of the other light
constituents.

The molten inner core consists of all the P, S, C, O and Si and the remaining Ni in the core composition, with
enough Fe for each light element's respective alloy and eutectic composition. In the presence of sufficient other
light elements (>1 wt%), two immiscible liquids are formed when the S concentration reaches∼5 wt% (Bercovici
et al., 2022 and references therein, Bromiley et al., 2024). Since all light elements are enriched to their eutectic
compositions by outer core solidification, these mass fractions are easily attained in the molten inner core. It is
therefore assumed that an immiscible low‐density sulfide liquid forms in every model scenario, separated from
the rest of the inner core due to its buoyancy (Bercovici et al., 2022). This liquid is used as the melt source for
ferrovolcanism (Figure 3).

With decreasing pressure, the immiscible sulfide liquid contains less additional light elements, which are largely
concentrated in the sulfur‐poor liquid. Dasgupta et al. (2009) show this immiscible liquid relation in a Fe–C–S
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system. The sulfide‐rich immiscible liquid contains molar fractions of ∼16%, 7%, and 3% C at 5 GPa, 4 and
2 GPa, respectively. The calculated CMB pressure in Psyche for the bulk compositions rarely considered exceeds
0.05 GPa. Bromiley et al. (2024) experimentally determined the immiscibility in the Fe0.9Ni0.1‐S‐P‐O‐C system,
resulting in a separate FeS‐rich melt and an Fe‐rich melt with P and C. O is potentially distributed between the two
liquids in 0.5 and 1 GPa experiments.We assume for our low‐pressure model scenarios that the sulfide immiscible
liquid contains all of the sulfur in the core in an eutectic composition with no additional light elements. This leaves
the sulfur‐poor immiscible liquid with all other light elements and no sulfur.

The molar fractions of Fe, FeS, Fe3C, Fe3P, FeNi, FeSi, and FeO for the entire core are known (Section 2.3).
These are separated into Fe + FeNi for the outer core, a eutectic Fe + FeS for the sulfide layer and
Fe + Fe3C + Fe3P + FeNi + FeSi + FeO for the inner core, accounting for Fe that is used in each alloy's eutectic
composition. The room‐temperature density of each layer is calculated using the ideal mixing relation that was
used to calculate the core density (Section 2.3). The molar fractions of the total core are converted to mass
fractions of the total core for each layer. The total core mass is known, so the mass of each layer can be calculated.
Each layer's volume can be calculated from their respective mass and density.

These densities and volumes are representative of the current core in its fully cooled state. The outer core volume
is assigned a thermal expansion factor of 1.045, based on a temperature increase of 900 K and a thermal

Figure 3. Schematic representation of inner core separation and excess pressure generation for the H‐chondrite model with a mantle density of 3,050 kg/m3 and a mantle
porosity of 15%. The solid outer core and molten inner core density were calculated from their respective compositions and adjusted for thermal expansion. Column
height h spans the thickness of the outer core. This model scenario results in a penetration ratio of 1.07; penetration height t is higher than the mantle thickness, so
ferrovolcanism can be achieved. Numbers on the axes indicate the radii of the thermal expansion corrected volumes of each layer on the a‐ and b‐axis in km from the
center of the core.
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expansivity of 0.00005 per K (Chopelas & Boehler, 1992). This gives the outer core a total temperature near the
eutectic temperature of Fe+ FeS (1261 K at low pressure, Breuer et al., 2015). The calculated outer core density is
decreased by the same thermal expansion factor.

Johnson et al. (2020) used a parameterized equation to calculate the density of Fe‐S melts at 1900 K;

ρFe− S = 6950 − 5176χ − 3108χ2 (19)

where χ is the molar fraction of S in the FeS melt. The eutectic composition of Fe+ FeS at low pressure is 31 wt%
S (Breuer et al., 2015), equivalent to a molar fraction of 0.439 S. ρFe− S is therefore equal to 4,079 kg/m

3.

Using the ideal mixing relation (Equation 17), a eutectic Fe + FeS layer is calculated to have a room‐temperature
density of 6,593 kg/m3. This gives the eutectic Fe + FeS layer a thermal expansion factor of 1.616 between its
current cooled state and molten state at 1261 K. This expansion factor is applied to the immiscible sulfide layer as
well as the rest of the inner core, in order to more accurately calculate the solid outer core thickness (Figure 3).
This thickness is calculated similar to the mantle thickness calculations (Section 2.1).

The density contrast between the eutectic Fe + FeS melt density of 4,079 kg/m3 and the outer core density
corrected for thermal expansion is used in the excess pressure calculation (Equation 18). This excess pressure
should overcome the yield strength of warm Fe as well as the tensile strength of the mantle (<10 MPa and ∼0.5–
6 MPa, respectively. Johnson et al., 2020).

If both of these are overcome, ferromagmatic dikes of eutectic sulfide composition can propagate through the
mantle. The melt is denser than the mantle, so the excess pressure has to be sufficient to overcome the negative
buoyancy of the melt in the mantle. The penetration height can be calculated by equating the excess pressure to the
negative buoyancy of the melt in the mantle;

Pe = ∆ρ(melt− mantle)tg (20)

where ∆ρ(melt− mantle) is the density contrast between the eutectic Fe + FeS melt and the mantle, including the
mantle porosity, and t is the penetration height (Figure 3). The gravitational acceleration g at the CMB is used
again (Section 2.2). The effect of increasing gravitational acceleration with distance from the core center is
ignored as the difference is small, in accordance with Johnson et al. (2020).

The mantle is assumed to have cooled at the stage of ferrovolcanism and the mantle volume and density are
therefore not corrected from the calculations in Section 2.1. The increased core volume does mean that the mantle
is spread over a larger ellipsoid, so the mantle thickness on each axis is recalculated. Dividing the penetration
height t by this mantle thickness gives a penetration ratio. Values of more than 1 indicate that sufficient excess
pressure is generated to carry the melt through the mantle to the surface, meaning that ferrovolcanism can be
achieved.

If there is no sufficient excess pressure in this scenario, more pressure can be generated by increasing the column
height in the outer core. We assume progressive concentric inward core growth. No more free Fe is available, so
instead this is done by solidifying parts of the immiscible sulfide liquid that resides between the outer core and the
rest of the molten inner core. As detailed above, this liquid has a eutectic Fe + FeS composition. Adding solid
eutectic sulfide to the outer core increases the column height but lowers the average outer core density and with it,
the density contrast used in the excess pressure calculation. This partly mitigates the effect of the additional
column height, so the excess pressure increase is limited. Furthermore, the available melt volume decreases as the
additional outer core growth is sourced from the same layer as the ferromagmatic melt. Up to 90% of the available
Fe + FeS is solidified and added to the outer core in order to assess if sufficient excess pressure can be attained in
this way.

2.6. Input Parameters

In addition to the assumed bulk composition and grain density, the only input variables for our models are mantle
grain density and mantle porosity. The range of plausible values for the mantle grain density and mantle porosity
is; however, heavily constrained. The lower bound of the mantle grain density is governed by the core size
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calculations (Section 2.1) and the methodology of the core composition calculation (Section 2.3). Lighter mantles,
resulting from a low mantle grain density, require larger core mass fractions to achieve Psyche's bulk density. The
mass fractions of light elements in the core are calculated from the metal‐silicate partition coefficients, and the
rest of the core mass is filled with Fe. However, a limited amount of Fe is available in the bulk composition.
Mantles with lower densities require cores with more Fe, at some point exceeding the Fe that is available in the
bulk composition.

Conversely, if the core size is too small due to high mantle grain density, it cannot contain the required amount of
Fe to alloy with all the partitioned light elements and their eutectic compositions. This depends on the amounts of
light elements that partition to the core as they use Fe for alloys and eutectic compositions as well as lowering the
amount of Fe that fills up the rest of the core mass. Above this mantle grain density, the core is enriched beyond
the eutectic composition and will not solidify an Fe‐Ni outer core. Instead, light element alloys will solidify first
until the remaining melt is at its eutectic composition. This results in a low‐density outer core, which is not
conducive to producing ferrovolcanism due to the low density contrast with eutectic Fe+ FeS melt (Equation 18).

If enough Fe is present for each light element's eutectic composition, the core may still be too small. The excess
pressure generated is based on the outer core thickness and should be high enough to overcome the negative
buoyancy of the melt in the mantle. With smaller cores, lower outer core thicknesses are produced, resulting in
lower excess pressures, while higher excess pressures are required to overcome the increased mantle thickness
associated with a smaller core. Conversely, lower mantle densities are conducive to producing ferrovolcanism
because the associated larger cores have more available Fe for outer core growth and less mantle to overcome.

Mass loss is used in the framework of this model in order to equate Psyche's grain density to the densities of the
meteoritic building blocks. Preferential erosion of the mantle is the only form of mass loss considered in this
work. This does however provide additional constraints on the mantle grain density. Psyche's grain density can
only be decreased to a meteorite's grain density when reversing mass loss of lighter mantle. Psyche's current grain
density therefore has to be higher than the meteorite's grain density. This means that meteoritic building blocks
with a higher grain density than Psyche's bulk density (mesosiderite in this work) require a minimum mantle
porosity; this increases Psyche's grain density to above the meteorite grain density. Psyche's grain density is
governed by the mantle porosity, as the mantle porosity is the only contributor to Psyche's bulk porosity in this
work (Equation 13). The core is assumed to have no porosity. The asteroid survey by Carry (2012) shows that
asteroids with up to 1019 kg mass can have macroporosities ranging from 0% to 60%. A mass of 1020 kg is needed
to compress asteroid interiors to lower porosities. Psyche approaches but does not reach this mass; therefore, this
scenario cannot be ruled out on that basis (Shepard et al., 2017). Carry (2012) found that most asteroids more than
200 km in diameter have a bulk porosity of<10%. Large asteroids such as Ceres and Vesta have estimated silicate
porosities similar to the upper lunar crust (<15%), implying that self‐gravitation has closed the pores significantly
in silicate bodies of this size (Elkins‐Tanton et al., 2020). This work considers a viable mantle porosity range of
0%–25%.

The allowable range of mantle grain densities is dependent on the light element abundances and Fe abundances in
the bulk composition. This range therefore differs per meteorite. The mantle porosity is tested at intervals of 2.5%.

3. Results
3.1. Partition Coefficients

The calculated CMB pressures in model runs that fall within mantle density constraints on core size (Section 2.6)
range from 0.012–0.060 GPa. Most of the calculated partition coefficients are very extreme as a result, either
almost all or almost none of the respective light element partitions to the core, except for P (see below). This
behavior is expected at such low pressures (Bercovici et al., 2022).

Partitioning of S is high in every model scenario; the lowest calculated value for Dmet− silS is 35.

The partitioning of Ni incorporates the (χ
sil
FeO
χmetFe
) parameter. Larger cores resulting from low mantle densities require

more core Fe to fill up to their mass fraction so less Fe stays behind in the mantle. This means the (χ
sil
FeO
χmetFe
) parameter

is low which leads to relatively low Dmet− silNi values (Equation 5). The lowest mantle densities have Dmet− silNi of <1.
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Conversely, the higher mantle densities, attained only by mesosiderites, have Dmet− silNi nearing 50. Typical values
across all model scenarios are more than 5.

The reverse is true for C partitioning, where a higher (χ
sil
FeO
χmetFe
) parameter results in a lower partition coefficient

(Equation 2). This results in very low partition coefficients for the mesosiderite model scenarios, which support
the highest of the mantle densities. The used mesosiderite composition (Jorritsma & vanWestrenen, 2025) has no
appreciable C; therefore, partitioning of C is irrelevant for the mesosiderite model scenarios. For the H‐ and EH‐
chondrites, the lowest calculated value for Dmet− silC is 68, meaning that almost all C partitions to the core.

The partitioning of P is more strongly dependent on (χ
sil
FeO
χmetFe
) (Equation 1) than the partitioning of C (Equation 2).

On the lower mantle density limit, where there almost all Fe is required in the core, (χ
sil
FeO
χmetFe
) is low which results in

high partition coefficients (>20). With mantle densities above this limit, partition coefficients diminish rapidly. In
this mantle density range, a second control on partitioning behavior comes from the ln(1 − χmetS ) term. With
increasing mantle density and thus lower Fe content, χmetS increases which lowers the P partition coefficient. H‐
and EH‐chondrite model scenarios produce the highest S content core, which results in P partition coefficients as
low as 0.08. Mesosiderite model scenarios have a limit of 1.45 due to lower core S content.

Calculated log Kmet− silapp Si4+ values do not exceed 8.9 × 10− 8 across all meteorites, resulting in a maximum core
molar fraction of 2.2 × 10− 4 for Si. This amount does not significantly impact the results.

Maximum values for Dmet− silO are 7.5 × 10− 4 and corresponding molar fraction of 2.5 × 10− 3. This is a small
amount but not insignificant; the solubility of O in Fe is very low, ranging from 0.16 wt% at 1820 K to 2 wt% at
2319 K at atmospheric pressures (Steinberg et al., 1998). The cooling planetesimal exhibits the lower end of this
temperature range, so 0.2 wt% O is used for the inner core eutectic composition. This means that a small amount
of FeO can use a lot of the Fe in the core for its eutectic composition, limiting the outer core thickness in some
model scenarios.

3.2. Core Compositions

Figure 4 summarizes the elemental mass fractions and alloy molar fractions of all model Psyche cores based on
mesosiderite (Figure 4ab), ordinary chondrite (Figure 4cd) and enstatite chondrite (Figure 4ef) bulk compositions.
The core compositions are nearly identical for each porosity combination with a single mantle density. Adding
mantle porosity increases Psyche's grain density and therefore requires a more mass loss by mantle stripping
(Equation 14). The original body therefore had a larger size for higher porosities. This increases the CMB
pressures for those scenarios. This increased pressure does not significantly affect the partitioning behavior of
light elements; however, partition coefficients are barely affected by pressures in this range (Equations 1–8).
Since the original body has the same composition regardless of size, this results in nearly identical core com-
positions, core densities and core volume fractions in the mass balance equation (Equation 10). The only dif-
ferences between the porosity combinations with a given mantle density are the original volume and
corresponding core size, grain density and required mass loss.

Different mantle densities produce different core compositions as they result in different core mass fractions in the
mass‐balance equation. As such, core compositions are reported per mantle density (Figure 4). The abundance of
light elements in the core does not change significantly between the mantle densities (except for P, Section 3.1)
but the total core mass, and thus Fe required to fill out the core mass, does. Lower mantle densities are paired with
more massive cores and thus, lower light element mass fractions.

3.3. Penetration Ratio

The core has the same axial ratios as the full body. The thickness of the outer core and the thickness of the mantle
are also scaled to the same axial ratios. The excess pressure on each axis is therefore scaled to the axis length ratio
with the longest axis. The excess pressure is highest on the a‐axis and lowest on the c‐axis. However, since the
mantle thickness on each axis is scaled to the same ratios, the scaled excess pressure results in an equal penetration
ratio over the entire body.
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Figure 4. Core compositions in elemental mass fractions and alloy molar fractions for Mesosiderite (a, b), H‐Chondrite (c, d) and EH‐Chondrite (e, f) models.
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The pressure on the a‐axis is reported in order to assess whether sufficient pressure is generated to overcome the
yield strength of the outer core and the mantle. The higher pressure on the a‐axis means that sufficient pressure to
overcome the outer core and mantle yield strengths is attained on this axis first, potentially resulting in a pref-
erential orientation of melt propagation along this axis.

3.4. Mesosiderite Results

The mesosiderite composition has a grain density of 4,400 kg/m3, above Psyche's bulk density of 4,150 kg/m3.
Therefore, the mantle requires a minimum 7.5%–10% porosity, depending on the mantle density (Figure 5), for
Psyche's grain density to be above the meteorite grain density (Section 2.6).

The high meteorite grain density correlates with a high Fe abundance in the used composition (59.4 wt%,
Jorritsma & van Westrenen, 2025). This abundance of Fe means that a wide range of mantle densities produces
cores within the core size constraints (Section 2.6); on the lower limit of mantle densities (2,584 kg/m3), the
large core mass fraction requires a high amount of Fe. The upper limit of mantle density is constrained by the
light element alloys taking up Fe for their eutectic compositions. The abundances of the light elements are
comparatively low as a result of the large amount of Fe in the mesosiderite bulk composition. This results in
lower core mass fractions for these elements and a high maximum mantle density (3,990 kg/m3) is possible as a
result (Figures 4a and 4b).

Most tested scenarios do not require significant amounts of mass loss (Figure 5a) as the required porosity puts
Psyche's grain density just above the mesosiderite grain density. The upper end of the mantle density range does
result in small core mass fractions and therefore high mantle thicknesses (Figure 5b). The small cores come at the
cost of Fe required to fill out the core mass as the absolute amounts of the minor elements considered are mostly
fixed by the extreme partition coefficients. The lowered amount of Fe required to fill out the core increases the
relative abundance of these light elements and the portion of Fe they use for eutectic compositions. For the higher
mantle densities, this means that there is little Fe available for outer core solidification. Since Ni has to have the
same concentration in the outer core and the inner core (Section 2.5), very little FeNi solidifies in the outer core as
well. Very little excess pressure and very low penetration ratios are produced as a result (Figure 5cd).

The mantle densities ranging from 2,584–3,800 kg/m3 do not have these issues. This mantle density range
produces reasonably large cores without thick mantles. Excess pressures on the a‐axis approach or exceed the
<10 MPa yield strength for warm iron used by Johnson et al. (2020). The high excess pressures combined with
low to medium mantle thicknesses produce a sufficient penetration ratio for almost all scenarios in this mantle
density range (Figure 5d), making the mesosiderite bulk composition a suitable candidate for producing ferro-
volcanism on Psyche. The mantle density range that produces ferrovolcanism is wide. The minimum porosity
requirement can realistically be achieved. The mass loss for most of these scenarios does not exceed 25%.

3.5. H‐Chondrite Results

The H‐chondrite has a grain density of 3,640 kg/m3 (Britt & Consolmagno, 2003). This is lower than Psyche's
grain density, so no minimum porosity is required. The H‐chondrite has the lowest Fe abundance among the bulk
compositions of the tested meteorites (27.5 wt%), as well as low amounts of S (2.0 wt%). With Fe and S being the
largest contributors to core compositions (Figure 4c), their low abundances result in small maximum core mass
fractions, limiting the low‐end of mantle densities. Low light element abundances require small amounts of Fe for
eutectic compositions, increasing the upper limit on mantle density. This increased density does mean that very
high mass loss amounts are required, especially combined with high porosity scenarios (Figure 6a), as these
factors increase the grain density gap between Psyche and the meteorite (Section 2.6).

Lower porosities correlate with higher mantle thicknesses that need to be traversed to lead to ferrovolcanism
(Figure 6b). However, as adding porosity to the mantle increases the negative buoyancy of Fe + FeS melt in the
mantle, lower porosities still produce higher penetration ratios (Figure 7d). High mantle densities leave little free
Fe for outer core solidification, resulting in insufficient excess pressures to overcome the yield strengths of the
outer core and the mantle (Figure 6c). Lower mantle densities approach the suggested<10MPa limit to overcome
these yield strengths. If these are overcome, ferrovolcanismmay be achieved in a narrow range of mantle densities
of 2,999–3,100 kg/m3 (Figure 6d).
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Figure 5. Mesosiderite results for mass loss calculations (a), average mantle thickness (b), excess pressure generated on the a‐axis (c) and resulting penetration ratios
(d) for different mantle density and mantle porosity combinations. Red colors indicate unrealistic mass loss requirements (a), high mantle thickness (b), excess pressures
below the yield strength of the outer core (c) and penetration ratios <1 (d) which limit ferrovolcanism possibilities, whereas green colors indicate sufficient excess
pressure to overcome the yield strength of the outer core (c) and penetration ratios more than 1 (d).
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Adding solid Fe + FeS to the outer core significantly increases the excess pressure and penetration ratios
(Figure 7ab). Sufficient pressures to overcome the yield strength of the outer core and mantle are achieved by this
mechanism. This helps model scenarios up to 3,200 kg/m3 produce ferrovolcanism. Scenarios with a 3,250 kg/m3

mantle and porosities up to 10% also achieve penetration ratios of >1, but pressures generated in these scenarios
may not be able to overcome the yield strength of the outer core. Higher mantle densities are associated with a
further increased mass loss requirement.

3.6. EH‐Chondrite Results

The EH‐chondrite composition has a similar Fe abundance (29 wt%) and grain density (3,670 kg/m3) to the H‐
chondrite but higher abundances of the highly partitioning light elements (5.8 wt% S and 0.4 wt% C). These
almost complete partition to the core (Section 3.1). This means that larger cores are possible with lower mantle
densities, as the large cores can be made with less Fe. The lower mantle densities require less mass loss compared
to the mantle density range that is viable for the H‐chondrite (compare Figures 6a and 6e).

The increased light element abundance in the core also means; however, that almost all of the Fe is required for
eutectic compositions in the inner core, and the upper limit of mantle density is significantly diminished as a result
(Figure 6f). The possible mantle density range for this meteorite is very narrow (2,851–2,943 kg/m3).

The low Fe availability for outer core solidification results in insufficient excess pressure to overcome the yield
strength of the outer core (Figure 4g) as well as low penetration heights in the mantle, should a melt migration path
exist. This leaves the penetration ratio very low for all scenarios (Figure 4h).

Adding Fe + FeS to the solid outer core increases the column height but significantly decreases the outer core
density as there is little Fe and FeNi to contribute to the average outer core density. The average density is
dominated by the density of the added eutectic Fe + FeS, which is significantly lower. The excess pressure is
increased to sufficient levels to possibly overcome the yield strength of the outer core and mantle (Figure 7c). A
very limited number of model scenarios at the lower density limit generate sufficient penetration ratios
(Figure 7d).

3.7. Results Overview

The mesosiderite bulk composition readily produces ferrovolcanism in a wide range of model scenarios with a
mantle density between 2,584 and 3,800 kg/m3 without requiring excessive mass loss. A minimum 7.5%–10%
mantle porosity is required. Overall, from a chemical perspective, this composition is most likely to produce
ferrovolcanism.

H‐chondrite model scenarios produce ferrovolcanism in a narrow but not unrealistic mantle density range of
2,999–3,100 kg/m3. Large amounts of mass loss are required for these scenarios. Additional solidification of
Fe + FeS extends the mantle density range that produces ferrovolcanism up to 3,200 kg/m3. This mechanism
yields a limited available melt volume. The increased mantle densities that produce ferrovolcanism have even
higher mass loss requirements.

The EH‐chondrite model scenarios have tight mantle density limits due to the low Fe and high light element
abundances in the core. The high light element abundances further limit outer core growth, making it unlikely to
produce ferrovolcanism. Additional outer core growth has to be considered for a very limited number of model
scenarios to achieve penetration ratios of more than 1. The possibility for this meteorite to produce an FeNi outer
core, as well as subsequent ferrovolcanism, is minimal.

4. Discussion
4.1. Sensitivity to Input Parameters

The model uses simplified physical parameters for Psyche.

A bulk density of 4,150 kg/m3 was used throughout. The most recent mass and volume estimates combine for a
bulk density of 4,187 (− 240/+86) kg/m3. As discussed in Section 3.2, different porosities do not produce
different core compositions but only different core sizes and mass loss requirements. The core mass fraction and
core composition of the original body depend only on the mantle density. The same is true for the bulk density; a
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Figure 6. H‐chondrite and EH‐chondrite results for mass loss calculations (a, e), average mantle thickness (b, f), excess pressure generated on the a‐axis (c, g) and
resulting penetration ratios (d, h) for different mantle density and mantle porosity combinations. Red colors indicate unrealistic mass loss requirements (a, e), high
mantle thickness (b, f), excess pressures below the yield strength of the outer core (c, g) and penetration ratios<1 (d, h) which limit ferrovolcanism possibilities, whereas
green colors indicate sufficient excess pressure to overcome the yield strength of the outer core (c, g) and penetration ratios >1 (d, h).
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higher bulk density, similar to a higher mantle porosity, requires a larger core size in the mass balance equation
(Equation 10), which is produced in a larger original body. The CMB pressure in this body does not sufficiently
increase to be significant in the metal‐silicate partitioning equations. The larger original body therefore has the
same core composition, density and original volume fraction. The mantle density limits remain the same. The
increased size of the original body is compensated for by an increased mass loss. For mesosiderite scenarios, this
also lowers the mantle porosity requirements. The larger core produces a thicker outer core and comes with a
thinner mantle, both of which increase the penetration ratio for all model scenarios. A higher bulk density is
therefore more likely to produce ferrovolcanism.

Conversely, using a lower bulk density decreases the core mass in the mass balance equation, which results in a
smaller core from a smaller original body. This produces a thinner outer core and a thicker mantle, decreasing the
penetration ratio for all model scenarios. This is not conducive to producing ferrovolcanism. The minimum
porosity requirement for mesosiderite model scenarios is increased and the mass loss requirements for all model
scenarios are decreased.

The shape model is simplified to a perfect tri‐axial ellipsoid to make volume and thickness calculations of
different layers possible. The core is assigned the same axial ratio as the full body. This gives the body an equal
mass distribution which is in line with the theory by Ferrais et al. (2020) that Psyche's ellipsoidal shape is a
remnant of a Jacobi‐ellipsoid. However, the shape may also be caused by asymmetric mass loss, decreasing the c‐
axis length from an originally spherical shape. In this case, the core may be spherical.

A spherical core increases the potential column height on the c‐axis while decreasing the mantle thickness,
thereby increasing the penetration ratio on the c‐axis. The opposite is true for the a‐axis. Thus, the possibility for
ferrovolcanism to occur increases on the c‐axis while it decreases on the a‐axis. The excess pressure is equalized

Figure 7. Excess pressure on the a‐axis and penetration ratio for H‐chondrite (a, b) and EH‐chondrite (c, d) scenarios after solidifying 90 mol% of the eutectic Fe + FeS
layer. Red colors indicate excess pressures below the yield strength of the outer core (a, c) and penetration ratios <1 (b, d), which limit ferrovolcanism possibilities,
whereas green colors indicate sufficient excess pressure to overcome the yield strength of the outer core (a, c) and penetration ratios >1 (b, d).
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over the entire core instead of being scaled to the major axis ratios. This means that is the excess pressures in this
case would be lower than the reported a‐axis excess pressures (Figures 5–7).

Additionally, the core may not be perfectly centered. Psyche's spin parameters indicate that the center of gravity is
located on the c‐axis, which corresponds to the spin axis (Shepard et al., 2017). However, the center of gravity,
highly dependent on the placement of the core, is not necessarily in the center of the spin axis. The core can be
situated anywhere along the c‐axis, producing asymmetrical mantle thicknesses along this axis. This has im-
plications for the possibility of ferrovolcanism as the column height used to calculate excess pressure remains the
same but the penetration height required to produce ferrovolcanism changes; one end of the c‐axis has a thicker
mantle that requires more pressure, whereas the opposite end has a thinner mantle that therefore requires less
pressure. Haba et al. (2019) suggested that a hit‐and‐run collision on Vesta with subsequent asymmetrical
reaccretion could cause a heterogeneous mantle thickness, a mechanism that fits in the ferrovolcanism framework
outlined in this work.

Disc‐averaged measurements indicate high radar albedo areas in the southern hemisphere, in correlation with high
optical albedo (Shepard et al., 2021). Some craters have been suggested on the southern hemisphere in Psyche's
shape model (Shepard et al., 2021 and references therein) although the disc‐averaged nature of the measurements
means that data resolution is too poor to firmly suggest a correlation. If this correlation exists, it might be caused
by a thinner mantle and weakened lithosphere from the impact causing the crater, making dike propagation
through the mantle easier underneath the crater floor. Combined with a spherical core, producing higher pene-
tration ratios along the c‐axis, this might help explain a preferential orientation of ferrovolcanism along this axis.
If the core is not centered, with a lower mantle thickness on the southern axis as a result, the southern hemisphere
has an increased likelihood of producing ferrovolcanism compared with the northern hemisphere. Alternatively,
the impact causing this crater may have excavated previously emplaced ferromagmatic diapirs (Raducan
et al., 2020).

Lastly, a spherical non‐centered core might make the mantle sufficiently thin for impact cratering to reach the
CMB, exposing the core and creating a mixed iron‐silicate regolith (Kim & Hirabayashi, 2022). This could also
explain the correlation between high radar albedo and cratering in the southern hemisphere, without requiring
ferrovolcanism.

4.2. Sensitivity to Partitioning Values

The metal‐silicate distribution of Ni, C, O and S during core formation was calculated based on the partitioning
equations by Steenstra & van Westrenen (2018). These equations are calibrated for the pressure‐temperature
range of the Moon (0–5 GPa). The partitioning of P was parameterized based on experiments performed at
1.5 GPa in addition to data previously obtained at <5 GPa (Steenstra et al., 2017). These pressures and the
corresponding silicate liquidus temperatures are both significantly higher than those inferred for Psyche in this
work and therefore might not be applicable. Extreme partition coefficients are expected at low pressure; however
(Bercovici et al., 2022), resulting in most of the considered elements either mostly or barely partitioning into the
core. Above a threshold where simply “most” of a particular element partitions into the core, the accuracy of the
calculated partition coefficient becomes insignificant as the resulting core composition is not significantly
affected. Proper calibration is more important at pressures where the distribution starts to become more equal.
This is the case for the partitioning of Ni and P (Section 3.1). Of these, the partitioning of Ni plays a large role as a
primary contributor to outer core growth. It does not use eutectic Fe but does use Fe for its alloy. Reducing or
increasing the Ni content of the core directly influences the FeNi content of the outer core. With less Ni in the
core, more Fe is available for outer core growth which somewhat mitigates the effect on outer core volume and
subsequent column height.

Regarding the effect of phosphorous, the EH‐chondrite has the highest bulk P content at 0.2 wt%, resulting in a
maximum 0.5 wt% P in the core in our models. This uses an additional ∼4.5 wt% Fe in its alloy and eutectic
composition which is consequently unavailable for outer core growth. P partitions more into the core at lower

mantle densities due to the effect of the (χ
sil
FeO
χmetFe
) parameter (Section 3.1). Regardless, penetration ratios remain

higher at lower mantle densities. In most of the model scenarios, P does not readily partition into the core,
therefore using a lot less Fe. Other than decreasing the outer core growth by using Fe, the core P content has no
effect on the ferrovolcanism mechanism as it separates from the sulfide melt into the inner core.
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The reported center values of the partitioning equations and log CS calculation (Equations 1–6 and 8) are used in
the model. The upper and lower error margins were tested for sensitivity. The pressure and temperature were also
tested for sensitivity. Although calculated partition coefficients of C, S, Si and O can change by up to ∼50%, their
overall behavior does not change and resulting core compositions are not significantly affected.

4.3. Meteorite Compositions

The meteoritic bulk compositions used in this work were selected based on a subjective assessment of the
likelihood that Psyche may have been built from them. The H‐ and EH‐chondrites were chosen for their un-
differentiated nature (Section 2). This nature perfectly fits this work's modeling framework, calculating the core
differentiation and light element partitioning from a fully molten undifferentiated state in the early stages of
condensation in the solar system. Mesosiderites have a more circumstantial possibility to be a building block for
Psyche, although a fully molten state can hypothetically be achieved by a massive impact (Ferrais et al., 2020).

Additional uncertainties arise from the use of meteorite grain densities from Britt and Consolmagno (2003). A
meteorite's grain density is highly sensitive to the relative abundances of silicate and metallic parts. This ratio can
be particularly variable between smaller meteorite samples. The meteorite grain densities measured by Britt and
Consolmagno (2003) were used to calculate Psyche's mass loss, original volume and original core volume fraction
and the corresponding pressure at which partitioning occurred. However, these grain densities are not necessarily
the same as the grain densities of the meteorite samples that were used for mass spectrometry. The used com-
positions and grain densities of the meteorites may not correlate.

The H‐ and EH‐chondrite bulk compositions both have comparatively low Fe contents, unable to produce large
cores with thin mantles. The low Fe abundance means that there are comparatively more light elements in the bulk
composition, of which C and S mostly partition to the core as well as P in some model scenarios. The subsequent
highly light element enriched cores use a lot of the available Fe for eutectic compositions, leaving little Fe for
outer core growth. The mantle density window for both meteorites is tightly constrained on the lower and high
ends by the low Fe abundance (Section 2.6). The EH‐chondrite has the highest S, C and P abundances and
struggles to produce ferrovolcanism as a result; it has the narrowest mantle density window and the eutectic
compositions of the light elements in the inner core leave very little Fe to grow a solid FeNi outer core. Coun-
terintuitively, the most light element enriched cores do not produce ferrovolcanism because of this. Additionally,
the chondrites' low Fe fractions are related to a low grain density. Mass loss has to be considered in order to
increase a meteorite's grain density to Psyche's grain density. Both chondritic bulk compositional models require
significant mass loss amounts to result in a planetesimal with 4,150 kg/m3 bulk density.

The mesosiderite bulk composition better fits the chemical requirements for producing ferrovolcanism. The high
grain density is related to a large Fe fraction which is required for the wide range of mantle densities to fall within
core size constraints. However, the conditions for a fully molten state, required in the framework of this model,
are more circumstantial than for the undifferentiated chondrites.

The Fe content in the bulk composition is the leading chemical constraint in this model. A higher bulk Fe content
naturally comes with a lower abundance in other core forming elements, which is conducive to producing fer-
rovolcanism. Additionally, a high bulk Fe content is related to a high grain density, which reduces the mass loss
requirements to equalize the meteorite and asteroid grain densities. The abundances of S, C and P are a secondary
constraint as showcased by the different results for the H‐ and EH‐chondrite model scenarios.

Alternative promising building blocks may be the CH‐ and CB‐chondrites. These are primitive building blocks
that therefore naturally fit the ferrovolcanism model, with a high bulk Fe content and putative grain density
compared to the H‐ and EH‐chondrites tested in this work. These should be chemically conducive to producing
ferrovolcanism as described above, have lower mass loss requirements compared to H‐ and EH‐chondrite model
scenarios and forego the main drawback of the mesosiderite composition. Available data on the elemental
composition and grain density of these meteorite types are insufficient to test this with our model.

4.4. Core Composition and Density

The core density is calculated based on the ideal mixing of binary systems for each light element, using unit‐cell
volumes and molar abundances (Section 2.3). Low P/T unit‐cell volumes are used for the density calculations in
the mass balance as these are readily available. These are accurate for use in the mass balance as they reflect the
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current cooled state of the core. The same density is used in the CMB‐pressure calculations, which is inaccurate,
as the core and mantle had not solidified at the time of partitioning that the pressure is calculated for. Considering
thermal expansion for this step would not significantly impact results, the resulting pressure would still be too low
to significantly impact partition coefficients, resulting in very similar core compositions.

A thermal expansion factor was used to calculate the excess pressure generated when the core was not fully
cooled, to correct for the difference between low and high temperature unit‐cell volumes. This correction is highly
simplified. The corrected volumes are only used to calculate a more accurate density contrast in excess pressure
calculations, and the outer core volume and thickness over a molten inner core with a larger volume than its
cooled equivalent (Figure 3).

A maximum mantle density is obtained when all of the available Fe is used in eutectic compositions of light
elements. This is again done using an ideal mixing approach where each light element has its own binary eutectic
Fe requirement. The fully integrated multicomponent mixing behavior of all the considered light elements is
poorly understood. Mixing of light element systems may require less eutectic Fe than when treating them indi-
vidually. This would increase the maximummantle density as this is constrained by the amount of Fe required for
eutectic compositions. This effect is mitigated by the formation of immiscible liquids as this separates the Fe‐S
system from the other light elements. The Fe‐S system requires its own eutectic Fe in this scenario. The overlap in
eutectic Fe should then only be considered in the inner core.

The formation of immiscible liquids is central to the model and strongly supported by experimental data (e.g.,
Dasgupta et al. ,2009; Hakim et al., 2019; Bercovici et al., 2022, Bromiley et al., 2024 and references therein). If
no immiscible liquids are produced in the inner core, the melt density increases and excess pressures across all
scenarios are thereby decreased, resulting in a lower likelihood for ferrovolcanism to occur.

4.5. Mass Loss

Bonsor et al. (2015) performed N‐body simulations of impacts between two bodies of >0.16 Earth masses with
varying mass ratios and impact parameters, to model the accretion of protoplanets from smaller differentiated
planetesimals. They show that around 30% of collisions between planetesimals of this size result in near perfect
mergers, whereas only 10% of impacts result in any amount of mass loss. This means that significant mass loss
over the collision history of larger planetesimals is unlikely. A sequence of erosional collisions is likely required
for higher mass loss amounts, as most individual erosional impacts result in a smaller amount of mass loss.
However, for smaller differentiated planetesimals in the early phases of solar system accretion, hit‐and‐run
collisions with larger amounts of preferential erosion of the mantle have been suggested (e.g., Asphaug &
Reufer, 2014; Asphaug et al., 2006; Carter et al., 2018; O’Neill & Palme, 2008). Cambioni et al. (2021) suggest
that hit‐and‐run collisions are far more likely between planetesimals of <0.1 Earth mass, with perfect merger
collisions becoming dominant above this threshold. Such erosive impacts have been suggested to be at the origin
of Psyche's comparatively high bulk density (Cambioni et al., 2024, 2025). Similarly, a giant impact with mantle
stripping has been proposed by Ferrais et al. (2020), which allows for non‐primitive meteorites to be considered as
building blocks (Section 2). This type of erosion is most likely to have occurred during the early stages of solar
system evolution, which is consistent with the timeframe at which molten metal was still present in Psyche's core.

A limited amount of mass loss is required to form Psyche from a mesosiderite composition. It should be noted;
however, that a lot of initial mass loss is implied in the giant impact that hypothetically left a remnant Psyche with
a mesosiderite composition (Ferrais et al., 2020).

The H‐ and EH‐chondrites, which have lower grain densities, require significant amounts of mass loss of the
mantle to increase the original grain density to Psyche's current grain density. One or more hit‐and‐run collisions
or giant impacts as the final steps of accretion may have caused these mass loss amounts, similar to the giant
impact proposed as the reason for Psyche's potential mesosiderite bulk composition.

Preferential stripping of mantle material is highly conducive to producing ferrovolcanism. The decreased mantle
volume fraction is paired with an increased core volume fraction. The larger core can produce more excess
pressure and the decreased mantle thickness is easier to overcome with that pressure, resulting in higher pene-
tration ratios.
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4.6. Outer Core Growth

The ferrovolcanism mechanism relies on having the core solidifying from the outside in. The initialization of core
growth at the outer core may not be uncommon for low pressure planetesimals as the core adiabat is steeper than
the core liquidus (Williams, 2009). The extent that outer core growth can continue is uncertain, as a dense solid
outer core is gravitationally unstable. Instead of growing inward, solids nucleating at the CMB might sink and
accumulate in the center (e.g., Neufeld et al., 2019; Nichols‐Fleming et al., 2024).

Johnson et al. (2020) consider a dendritic outer core growth trapping melt in the interdendritic space. These melt
pockets are the proposed source of ferrovolcanism. The available melt volume is however unexplored. This
work's model uses concentric outer core growth, using the inner core as the melt reservoir. Scheinberg
et al. (2016) modeled core solidification on a 200‐km core with a 1‐kmmantle and concluded that concentric outer
core growth is unlikely. Instead, the dendritic outer core growth is preferred. Instead of considering ferro-
volcanism, the model by Scheinberg et al. (2016) assumed that the trapped melt solidifies in situ.

As discussed in Sections 3.5 and 3.6, adding concentric solid eutectic Fe + FeS to the outer core increases the
penetration ratios and helps the H‐chondrite produce ferrovolcanism in a wider range of model scenarios. This
should be the case whether Fe + FeS is solidified as a concentric layer after the solidification of the FeNi outer
core, as described in this work, or in interdendritic space as suggested by Scheinberg et al. (2016). This may serve
as a hybrid between this work's model and the work by Johnson et al. (2020), where the outer core grows in
dendrites but the inner core is used as a melt reservoir. Again, the penalty to available melt volume should be
considered, as very small molten sulfide volumes remain in this framework. The fraction of a melt reservoir that
can be expelled if sufficient pressure is achieved has not been explored.

5. Conclusions
Sufficient penetration ratios are produced in some scenarios if the boundary conditions for the ferrovolcanism
mechanism are met; in these cases, progressive concentric outer core solidification is required.

The model outcomes are very sensitive to Psyche's bulk density as this dictates the core and mantle volume
fractions. Mass loss is required in the model framework as a way to reconcile input meteorite density and Psyche's
grain density, especially for the H‐ and EH‐chondrites. This struggle to produce a body with high grain density
while satisfying compositional constraints in the core. The range of mantle densities that falls within core size
constraints is very narrow but does exhibit a common range for mantle densities in the solar system.

This behavior is largely dictated by Fe abundance in the bulk composition. High Fe amounts are required to
produce significant outer core thicknesses after the eutectic compositions of the light elements in the inner core
are satisfied. High Fe abundances correlate to higher grain densities, which result in lower mass loss requirements,
as well as increasing the viable mantle density range that falls within chemical and mass balance constraints.

The mesosiderite bulk composition more readily produces ferrovolcanism, over a far wider mantle density range,
due to the high abundance of Fe. High grain density means that little mass loss is required, instead requiring
minimum 7.5%–10% mantle porosities to produce a planetesimal with equal grain density. Mesosiderite is not a
primitive building block; however and therefore, does not naturally fit the methodology outlined in this work. The
chondrites fit better in the ferrovolcanism framework but are otherwise limited in being able to produce
ferrovolcanism.

All of the tested model scenarios require significant mass loss amounts; the H‐ and EH‐chondrites explicitly to
achieve Psyche's grain density, and the mesosiderite implicitly through the idea that Psyche is a mesosiderite‐like
remnant of a giant impact in an initially much larger body (Ferrais et al., 2020). Mantle stripping by hit‐and‐run
collisions or giant impacts is highly conducive to producing ferrovolcanism and fits the timing of the ferro-
volcanism framework; both are tied to the early phases of solar system accretion.

Ferrovolcanism is itself quite a novel and relatively unexplored phenomenon. The poorly understood core so-
lidification and melt dynamics in this framework make it hard to rule out. With the uncertain boundary conditions,
the low possibility for the chondrites to produce ferrovolcanism and the circumstantial possibility for meso-
siderites to fit the ferrovolcanism framework tested in this work, the only conclusion to be made is that ferro-
volcanism is possible, not that it is likely or even probable. Other, perhaps simpler and more intuitive mechanisms
could also provide the origin for Psyche's enigmatic appearance and should similarly be considered.
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The low data resolution of Psyche's surface properties provides few stringent tests with which to corroborate or
disprove the ferrovolcanism theory. With NASA's Psyche mission set to arrive at the asteroid at the end of this
decade, this data set is sure to improve. These data will be the true test for the ferrovolcanism hypothesis. The
mission will include gravity and magnetometry investigations (Weiss et al., 2023; Zuber et al., 2022). Mea-
surements of the moment of inertia can be used to assess whether Psyche is a differentiated planetesimal, what the
core size, shape, placement and mantle thicknesses are, and whether the core grew concentrically inward or not
(Nichols‐Fleming et al., 2024). Additionally, ferrovolcanic dykes or provinces may have detectable magnetic
signatures from a dynamo generated in a solidifying core (Courville et al., 2025). Together with models such as
the ones developed here, these investigations will further constrain whether ferrovolcanism is the origin for
Psyche's surface characteristics.
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