
Lava tubes formation and extensive flow field development 
during the 1858 eruption of Mount Vesuvius

        T. Lemaire1,*, D. Morgavi1, P. Petrosino1, S. Calvari2, L. Repola1, L. Esposito1, D. Di Martire1, V. Morra1, F. Frondini³
1Dept. of Earth, Environment and Resource sciences (DiSTAR), University Federico II, Naples, Italy *(E-mail: thomas.lemaire@unina.it), 

2Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo - Sezione di Catania, Catania, Italy.
³Dept. of Physics and Geology, University of Perugia, piazza dell’Università 1, 06123, Perugia, Italy 

References

Figure 2. Location of Vesuvius b) Location of the complete and surfacing 1858 lava �low �ield and its lava tubes. 

Somma-Vesuvius complex:
• Southern Italy, 15 km east of Naples
• Composite stratovolcano[3]:
▪ Monte Somma, a pre-existing edifice that

collapsed repeatedly
▪ Vesuvius, the new edifice
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Lava tubes are an important transport mechanism in lava flows [1,2]:

Morphology analysis using a complete 3D 
model composed of:
▪ An internal scan produced using a

time-of-fligth terrestrial laser scanner
▪ A surface scan (DEM) realized using an

optical camera equipped UAV
▪ Photogrammetry scans produced with an

optical camera

Collection of historical documents to 
describe the 1858 eruptive activity:

▪ Descriptions of the eruption
▪ Paintings
▪ Geological maps
▪ Description of the lava tube

Figure 5. Scanning devices. a) UAV equipped with an optical  
camera; b) Riegl VZ-400 terrestrial laser scanner 

• Insulation of the molten lava by
the overlying cooled crust

• Keeps the molten lava hot for a
longer time

• Can greatly increase the distance
of emplacement of a lava flow

Lava
 tub

eRoof

Molten 
lava

Convection

Partial or complete drainage of the tube 

Temporal and spatial evolution
The 1858 eruption and its lava flow field[8]:

• 659 days of eruption (27/05/1858 - 15/03/1860)
• 6 eruptive fissures
• 2 deep valleys inundated
• Estimated erupted volume of 147 million m³

• Reconstruction of the evolution of the emplacement of the 1858 lava flow field
• Morphological analysis of the largest lava tube found in the 1858 lava flow field

• Description of the internal features observed inside the lava tube
• Model of the formation mechanism based on an inflation process
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Contours of the exposed surface
Six different geological maps show the 
contour of the 1858 lava flow field, but many 
discrepancies appear. We then defined:

• A complete lava flow field contour
• An exposed lava flow field contour

 Exposed surface analysis
Using a 1-meter resolution Lidar DSM:

• Average slope over the exposed flow field ~16°
• Lava flow field surface full of fine scale features

▪ Tilted slabs of pahoehoe lava
▪ Small tumuli

• Presence of large scale features
▪ Large tumuli
▪ Dome-like features

The largest lava tube found in the 1858 lava 
flow field:
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Figure 1. Thermal transfer comparison between lava channels and lava tubes 
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Figure 10. Colored DEM with interior 
contours of the lava tube (red line) 

• Four major Plinian eruptions[4]

• Last eruptive cycle (1631-1944)[5]:
▪ Open conduit condition
▪ Hawaiian and Strombolian eruptions
▪ Over 120 lava flows
▪ Alkali-rich and crystal-rich lavas[6,7]

Figure 4. Geological maps from 1866, 186? (unknown precise date), 1908 and 1908 (Left to rigth). 

Figure 3. 1858 eruption. a) Unknown artist; b) Giovan di Battista Gatti

Figure 6. Sketches of the temporal and spatial evolution of the 1858 lava �low �ield reconstructed 
using historical documents. Fissures or vents are red circles. Flow �ield is solid black. Blue lines 
are boundaries of main valleus. Red diamonds is the former observatory.

Figure 7. Contour of the 1858 lava �low �ield from six geological 
maps (coloured lines) and from the resthis study (solid orange)

Figure 8. Surface parameters of the exposed 1858 lava �low �ield. Top left, slope. Top rigth, aspect. 
Down left, relative relief with a radius of 5 meters. Down rigth, relative reliefwith a radius of 100 
meters.

a) Wall linings
▪ Repeated coatings of lava on the walls and

ceiling due to drainage and refill cycles of
the lava tube[9]

b) Rolls
▪ Wall lining rolled down on itself while still

being plastic when the lava tube drained
c) Vertical grooves
▪ Caused by solidified lava on the edges of

the flow surface during a drop in lava level
d) Imprint of a gas blister
▪ Accumulation of gas in between two linings

e) Gas blister
▪ Surrounded by melted lava

f) Bulbous in shape ceiling
▪ Welded blocks of lava

g) Cone shaped stalactites
▪ Formed by remelting of the ceiling by accu-

mulating hot gases[10,11]

h) Horizontal stalactites
i) Possible degassing tubes in the wall lining
j) Coating on a fallen block
▪ Fracturation of the wall during the activity 

of the tube, the block collapsed after
k) Last lava
▪ Solidified lava that last entered the tube

Interior of the lava tube
Description of the morphology:

• 30.15 meters long (AR)
• From 1.20 m to 17.41 m wide
• Internal surface of 222.6 m²
• Mean inside heigth of 1.40  m
• Internal volume of 328 m³
• Mean roof thickness of 2.40 m

Figure 11. 3D sections and cross-sections of the lava tube using the complete 3D model, axonometric projection 

Figure 12. Photographs of the observed internal features 
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Step evolution of the formation mechanism based on inflation processes that formed the 
largest lava tube present in the 1858 lava flow field of Vesuvius:

Radiation

Conduction
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Understanding lava tube formation and preservation
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5. Lava tube morphology

• 2 meters high
relief on the
flow surface

• Oriented north
south

• T r i a n g u l a r
shape

• Uplifted and
tilted slabs of
pahoehoe lava

Surface of the lava tube

Figure 9. Photograph of the lava tube surface 
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