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Planetary exploration and human innovation



Exploration of magma

• Of places we have not explored, few are as 
close (2 km) and as important (energy and 
hazard) as magma.

• Magma does come to us, but in a modified 
and often unpleasant manner.



Detecting the signatures of magma and 
magmatic activity

Magma is:
• Capable of flow, causing seismicity and deformation.
• Non-magnetic, causing magnetic anomalies.
• Generally low density, causing gravity anomalies.
• Conductive, producing electrical anomalies.
• Hot, producing heat emission.
• Rich in volatiles; producing gas emission.
These measurements are rich in information but untested. 
Interpretations point in different directions, meaning some are 
incorrect. Compare this with oil & gas prospecting, where hypotheses 
are continually tested and technologies improved, often at much 
greater depth than magma.

Paolo Papale: “This is worrying”.
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US Magma Energy Program: A prototype with lessons



Kilauea Iki Lava Testbed
1. Time series of cooling and crystallization

2. Discovery of magma-hydrothermal coupling

3. Liquid line of descent

4. Demonstration of 
coring of molten rock. 
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The Incredible Shrinking Magma Body



Yellowstone:

“Geodetic” and “seismic” magma 

causes great concern at 

Yellowstone.

Rapid uplift 

(InSAR image)



“MT” and “seismic” magma at Krafla

Vp/Vs magma at KraflaMT magma at Krafla II



“Visions of sugar plums danced in their heads”



Iceland Deep Drilling Project:
To tap supercritical fluids

MT “magma”

IDDP PLAN



Iceland Deep Drilling Project:
To tap supercritical fluids

Real magma

REALITY



KMT’s Drivers

• By serendipitous discovery by Landsvirkjun National 
Power Company we now know that a scientific 
objective, long dreamed about, can be accessed, 
samples, and controlled.

• Hundreds of millions of USD are annually spent 
globally to monitor volcanoes and warn of eruptions, 
but in ignorance of the conditions and behavior of the 
magmatic source.

• With the rapid rise of CO2 in the atmosphere and 
Earth’s temperatures, there us a dire need to find 
carbon-neutral, renewable energy sources. 
Geothermal, while not applicable everywhere, is the 
only continuous and small footprint option.

• Our continual exploration of our environment and its 
processes are a key to human sustainability.



The KMT Mission

• To reach, sample, and observe over time the 
most extreme environment in Earth’s crust: 
Magma and its coupling to the geothermal 
system under Krafla Caldera, Iceland.

• Although infinitely closer to extraterrestrial 
environments we have visited, it is far more 
extreme:

• Venus: 90 atmospheres and 500oC

• Krafla magma: 500 atmospheres and 900oC



KMT’s Promise

• Provide the first ever view of a magma body in 
situ, including the mechanisms of evolution of 
planetary crust.

• To understand the linkage between magma 
and the geothermal systems they drive.

• To understand the signals magma bodies 
produce that may or may not lead

• To advance sensor and drilling technology into 
more extreme environments. 



Form

• A long-term international research facility, open to all qualified research terms.
• A permanent sample and observation port(s) into an evolving magma body.
• A range of experiments encompassing surface and borehole observations, testing 

of equipment and data interpretations, and intentional manipulation of magma.
• Surface support facilities, including a visitor center for eco-tourists and short- and 

long-term education and training courses.
• Budget: a near-term need for the first borehole estimated to be $24 M; longer 

term scope including research of the order of $100 M.
• Although usual in high energy physics, astronomy, and sapce exploration, this is 

“off-scale” in geosciences, hence we are in search of multiple sponsors with 
overlapping mission, rather than molding KMT to a single program.


