
Michael Ojovan*, Fergus Gibb*, 
Pavel Poluektov**, Vladimir Kascheev** 

*University of Sheffield (UK), **Bochvar’s Institute of Inorganic Materials (Russia)

Self-sinking capsules to investigate 
Earth's interior

Reaching the Mantle Frontier: Moho and Beyond, 

September 9 – 11, 2010, The Carnegie Institution of Washington



Reaching the Mantle Frontier: Moho and Beyond, September 9 – 11, 2010, The Carnegie Institution of Washington

Introduction

Our knowledge of the composition and structure of the 

Earth’s interior through direct observation and sampling is 

limited to the uppermost 12 km. 

The top 2 to 3 km of the crust have been sampled 

extensively at outcrop, by excavations, mines and 

boreholes.

From 3 to 12 km sampling is restricted to a handful of very 

deep boreholes.
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Chemically, the Earth can 

be divided into the crust, 

mantle (upper and lower), 

outer core, and inner core. 

By material strength, the 

layering of the earth is 

categorized as lithosphere, 

asthenosphere, mesosphere, 

outer core, and the inner 

core.

Principal layers of the Earth (after Jordan 1979).
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Reaching Deep Earths Layers

Stevenson (2003) proposed a 

“mission to the Earth’s core” in 

which a small probe embedded in a 

huge mass of molten iron would 

descend along a crack propagating 

under the influence of gravity.

We have investigated the possibility of exploring the deeper reaches 

of the Earth’s crust and upper mantle with a small, self-descending 

probe that melts the rocks and creates acoustic signals that could be 

detected at the surface, thus yielding information about the nature of 

the rocks through which the probe and the signals pass (Ojovan, 

Gibb, Poluektov and Emets 2005).
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The self-descent of a spherical body 

by melting of the rock through 

which it passes has been considered 

in the contexts of nuclear reactor 

core melt down, the so-called 

“China syndrome” (Emerman and 

Turcotte 1983), and the deep self-

burial schemes for nuclear wastes 

first proposed by Logan (Logan 

1973; Kascheev et al. 1992; Byalko 

1994). 

The mechanism is simple. Heat from a source within the body partially melts the 

enclosing rock and the relatively low viscosity and density of the silicate melt allow 

it to be displaced upwards past the heavier body as it sinks (Emerman and Turcotte 

1983). Eventually the melt cools and vitrifies or recrystallizes, sealing the route 

along which the body passed.

Self-Descending Probe
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From a practical standpoint the probe needs to be small, dense, relatively 

inexpensive and spherically symmetrical to ensure an even distribution of 

temperature at its surface. In its simplest form it would consist of two concentric 

spheres with an outer diameter of less than, say, 1 m.

The outer sphere, or capsule, needs to be made of mechanically strong, dense, 

refractory material. Its main functions are to protect the inner sphere (the heat 

source), conduct the heat efficiently to the outer surface of the probe and provide 

weight.

Ceramic materials, although suitably refractory, tend to be 

poor heat conductors and would overheat (Kosachevskiy 

and Sui 1999), thus limiting thermal loading of the probe 

and hence descent rates and ranges. The capsule should 

therefore be made of metal and we would propose 

tungsten (W). W melts at 3410ºC, has a specific gravity of 

19.3, is relatively inexpensive and is predicted to have a 

low corrosion rate in silicate liquids at high temperatures 

and pressures and low oxygen fugacities.
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For the inner sphere, or heat source, we would propose 60Co metal with a total 

initial activity of at least 3.85 1018Bq (104 MCi). 

60Co is chosen because it has a high specific heat 

generation, yields a solid daughter decay product 

(60Ni) and is readily available from the spent 

sealed radioactive sources (SRS) widely used in 

industry, medicine and research. Deep self-burial 

of SRS has been proposed as a means of safely 

disposing of them (Ojovan and Gibb 2005).
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The probe would have to be launched from a 

reasonably close-fitting, large-diameter 

borehole or small shaft. Depending on the 

local near-surface geology this could be 

anything between a few tens and a few 

hundreds of metres deep. 

Initial heating and melting of the rocks would 

probably be accompanied by some surface 

emission of steam as groundwater evaporated 

but this would soon cease as the probe attained 

greater depths with higher hydrostatic and 

lithospheric pressures and the passage became 

sealed by vitrified or recrystallized rock.

Transport of the completed probe to the launch site would require (radiation) 

shielding and refrigeration. As an alternative, only the heat source requires special 

transport arrangements and it could be loaded into the capsule, which is then 

welded closed, on site immediately prior to launch.
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Descent Rates

The descent rates and ultimate depth range are largely functions of the initial design 

parameters of the probe.
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The probe would reach the Mohorovicic discontinuity in 5.1 months. 

The initial descent through the basaltic layer is 

remarkably rapid. 

At just under 2 m/hour this is comparable with 

conventional rotary drilling of scientific 

boreholes. 
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The results of the modelling indicate that the initial 

sinking through the granitic upper crust is over 30% 

faster than through the oceanic basaltic layer.

The probe would reach the mantle in just over a year 

and a half.

Thereafter it would attain a depth of 101.5 km before 

stopping after 34.6 years.
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Acoustic Tracking

A few suitably positioned 

detectors continually 

monitoring the signals 

reaching the Earth’s 

surface from the probe 

would provide data on the 

position and motion of the 

probe as well as the 

properties of the rocks 

through which it was 

sinking and through which 

the acoustic signals passed



Furnace

Pressure 

Vessel

Acoustic emission monitoring on 

melting-crystallization of granite 
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Melting and Solidification/Recrystallisation of Granite

Crystal

Crystal Glass

Before After

Granite + 2.54 wt%, at 780 ˚C for 334 hours, 0.15 GPa

Glass

Crystal

Granite + 4.64 wt%, at 780 ˚C for 338 hours, 0.15 GPa
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Solid Heating

Stage of Constant Temperature 

at Cooling

Total Number of AE 

Hits

0 - 351.5 hours

1,838 hits

351.5 - 685.5 hours

778 hits

685.5 - 982 hours

1,234 hits 3850
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Powder Heating

Stage of Constant 

Temperature at 780ºC Cooling

Total Number of 

AE Hits

0 - 4 hours

1,111 hits

4 - 341.5 hours

3,964 hits

341.5 - 362 hours

2,058 hits 7,133

0 50 100 150 200 250 300 350 400

0

100

200

300

400

500

600

700

800

T
e

m
p

e
ra

tu
re

, 
0
C

Time, hrs

 CrAl

 PtRh

0 50 100 150 200 250 300 350 400

40

50

60

70

80

90

100

A
m

p
li
tu

d
e

, 
d

B

Time, hrs

 B



Reaching the Mantle Frontier: Moho and Beyond, September 9 – 11, 2010, The Carnegie Institution of Washington
23

The signals associated with the granite melting-crystallization were distinguished 

from the equipment noise on the basis of their primary frequencies of 39 kHz and in 

the range between 101 and 300 kHz, particularly at 249, 244, 283, 205 and 112 kHz.

Melting of natural 

granite at 780ºC 

and 0.15 GPa is 

associated with 

acoustic signals.
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The melting of the solid granite is associated with characteristic acoustic signals of 

durations from a few µs to 30 ms and amplitudes from 40 to 78 dB.

On cooling, the processes of recrystallisation/solidification is associated by signals 

characterised by high primary frequency signals (between 501 and 800 kHz) with 

relatively low amplitudes between 40 and 55 dB and short durations (mainly <100 

µs).

An issue for the remote detection of those AE signals is the attenuation over the 

large distance that they have to be transmitted. The amplitudes of the signals 

recorded from the granite samples in our experiments did not exceed 80 dB at a 

distance of <40 cm from the source. 

Appropriate experimental assessment of the options for transmission of the 

generated AE signals, e.g., using waveguides and signal attenuation has to be 

conducted. For this purpose, the first step would be to use larger samples, which 

was not possible with the equipment available.
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Conclusions

Small, spherical, heat-emitting probe could reach 

depths well in excess of 100 km below the surface of 

both oceanic and continental crust. Initial penetration 

of the crust would be very rapid and worthwhile 

depths in the mantle could be reached in ~35 years. 

The acoustic signals generated during the melting 

and subsequent recrystallisation of the rocks through 

which the probe descends could be detected at the 

Earth’s surface. These signals could provide valuable 

information about the physical properties of the 

rocks and uniquely define the mineralogical and 

chemical compositions and other properties of the 

rocks.


