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Introduction

Laccoliths are shallow magmatic intrusions which lead
to the vertical displacement of the overburden, creat-
ing a characteristic dome-like topography at the sur-
face. Laccoliths shape, structure and characteristics have
been well studied on Earth [1, 2] and laccoliths have re-
cently been proposed to explain various geological fea-
tures such as domes or floor-fractured craters at the sur-
face of the Moon, Mars or Mercury [3]. On the Moon,
several elongated low-slope domes have recently been
identified as possible laccolithic-type intrusions [4], al-
though their diameters are typically twice as large as ter-
restrial laccolith diameters.

The dynamics of magma intruding and spreading lat-
erally below an elastic crust is modeled and analyzed.
Depending on the initial overpressure in the magma
reservoir, on the injection rate and on the properties of
magma and crust, three regimes are identified and char-
acterized by different thickness to length and thickness
to time scaling laws. The first regime is controlled by
the elastic response of the crust and the intrusion shape
is determined by elastic deformation of the crust under
constant pressure. When the time and flow length be-
come larger than an elastic time scale and length scale,
the edges of the flow become steeper and the regime
changes to a gravity current regime. When the flow is
thick enough to accomodate the overpressure below, its
thickness remains constant and the flow enters a third
sill-like regime, where only its length increases.

The scaling law between flow length and thickness
in the elastic regime closely fits observations done on
a series of laccoliths at Elba Island, Italy [5]. The
shape, elastic thickness and length scales derived from
this model also fits the observed shape, characteristic
length and thickness of laccoliths on Earth.

On the Moon, the smaller gravity and a dryer crust
would lead to increase the characteristic elastic length
scale for laccolithic intrusions by a factor of about two,
which would explain the discrepancy noted by Wöhler
et al. [4]. And hence, low-slope domes identified on
the Moon might well result from laccolithic intrusions
at depth .

Model

The dynamics of magma spreading below an elastic crust
and above a rigid surface is modeled. The magma is a
newtonian fluid with viscosity η and density ρm. Con-
servation of mass and momentum in the flow leads to the
following non-dimensional equation for the evolution of
the flow thickness h as a function of time t and horizontal
coordinate x:
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where the first term on the right represents gravitational
spreading, the second term comes from the elastic re-
sponse of the crust and w(x) is the dimensionless injec-
tion velocity given by w(x) = 6γ
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a
are non-dimensional numbers that depend on gravity g,
initial magma overpressure ∆Pc, magma source width
a and on the characteristic thickness, length and time
scales:
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where Q0 = a3∆Pc/12ηLc is the injection rate in
m2.s−1 with Lc a characteristic length for the feeder con-
duit, d is the crust thickness, E Young’s modulus and ν
Poisson’s ratio.

Results

Numerical modeling as well as scaling analysis of Eqn
(1) show that, depending on the value of σ, the flow en-
ters three different regimes as it spreads, each character-
ized by a given power law in thickness versus time and
thickness versus length (Fig. 1). The flow starts in an
elastic regime, where the flow shape and dynamics are
controlled by the elastic response of the crust (second
term in Eqn (1)). The flow shape is given by the elastic
deformation of the crust under a constant pressure, such
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Figure 1: Three different regimes for the spreading of
an intrusion. Top left : thickness as a function of time;
top right, shape of the flow in the elastic and gravita-
tional spreading regimes; bottom, thickness as a function
of length. Quantities are dimensionless.

that h(x)/h0 = (1 − (x/l)2)2), where l is flow length.
In this regime the thickness is proportional to the length
to the power 3/2. When t > 1, l > 1, h ∼ 10, the shape
changes, the edges of the flow become steeper, indicating
that the gravitational spreading term in Eqn (1) becomes
important (Fig. 1). In this regime, the thickness is pro-
portional to the length to the power 1/2. When h→ 1/σ,
the flow enters a steady-state or sill-like regime, where
the thickness remains constant, and only the flow length
increases.

Laccoliths on Earth

Laccoliths on Earth have dimensions typically varying
between about ∼ 1 to 10 km in radius or length, and
several tens to hundreds of meters in thickness. Their
shapes are well explained by the elastic flexure of a thin
elastic overburden under homogeneous pressure [1]. On
the Island of Elba, Italy, Rocchi et al. [5] studied nine
laccolith layers, emplaced between about 2 and 3.5 km
depth: their lengths l and thicknesses h are related by a
power law such that h ∝ l1.36, very close to the elas-
tic power law of the dynamic model. Using g = 9.81
m.s−1, E = 20 GPa, ν = 0.25, ρm = 2700 kg.m−3 and

d between 1 and 4 km, the characteristic length or radius
for laccoliths is between 3 and 8 km. For an initial over-
pressure of 50 MPa in a feeding dyke of length 5 km and
width 10 m, H = 40 m, and the maximum thickness is
thus 10H = 400 m. This model hence provides a very
good quantitative description of laccolith spreading and
characteristics.

Intrusive domes on the Moon

On the Moon, candidate intrusive domes have been pro-
posed by Wöhler et al. [4] based on their shapes, slopes
and differences with other effusive domes. These domes
have elongated laccolithic shapes, with very low slopes.
However, their typical diameters are larger by a factor
of ∼ 2 than terrestrial laccoliths, for comparable thick-
nesses, with radii reaching more than 30 km. Using
g = 1.62 m.s−1andE = 50 GPa for a dry crust, the char-
acteristic laccolith length or radius in this model varies
between 6 and 16 km, i.e. twice the size of typical terres-
trial elastic flows. If the magma source is deeper, with a
feeder dyke of ∼ 100 km long, the thickness of the flow
remains unchanged, as observed.

Conclusion

This very simple model predicts 3 different morpholo-
gies for lateral magma intrusions and therefore gives a
unified explanation for different magmatic intrusions. In-
dividual laccolith intrusions on the Earth and Moon are
well explained by the morphology predicted in the elastic
regime.
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