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Dr. Raymond Jeanloz is a Professor of Earth and Planetary Science and of Astronomy at 

the University of California at Berkeley. Professor Jeanloz is interested in how planetary 

interiors evolve over time in terms of their composition and properties. In this interview, 

we discuss not only the physical properties (pressures and temperatures) of Earth’s 

interior but also the chemical properties of materials at these conditions. The combination 

of these principles helps us understand how planets form and evolve, and the factors that 

contribute to observed phenomena such as planetary magnetic fields.  

 

 
Fig. 1 Professor Raymond Jeanloz 

 

BSJ: How did you initially get involved in the study of planets and what led to your 

interest in planetary formation? 

Professor Raymond Jeanloz: I got into Earth science by way of geology when I was in 

college, probably related to the fact that I like the outdoors a lot. But when I went off to 

graduate school, I got more interested in doing laboratory experimental work applied to 

planets, partly [because of] the Apollo program.  

It was just as I was finishing undergraduate courses (mid 1970s) that the Apollo program 

terminated. But by that point, there was already a huge richness – a few hundred 

kilograms – of materials that had been brought back from the Moon, and I was able start 

doing experiments on lunar samples that had to do with understanding impact processes 

on the Moon and other planets. These experiments effectively involved shooting a large 

bullet at a rock sample to simulate the impact of meteorites, asteroids and the like.  

 



 
Fig. 2 NASA’s Apollo program (1961-1972) 

 

BSJ: From a more experimental point of view, how do you predict the pressure at 

some point along the radius from the core to the crust of the Earth?   

RJ: In nature, high pressures show up in two different scenarios. One is the very high 

pressure deep inside the planets. At Earth’s center, the pressure is about three and a half 

million times atmospheric pressure. The center of Jupiter is at a pressure about twenty 

times higher than that, roughly 70 million atmospheres. Materials are cooked and 

squeezed at these long standing pressures for billions of years.  

The other scenario results when a planet is hit by a comet, asteroid or another planet. 

Very high pressures (millions of atmospheres) are created, but for only relatively short 

terms of seconds to hours or so.  

We do experiments both to simulate the interiors of planets and to reproduce the transient 

pressures associated with impact. The long terms conditions are mimicked using gem 

quality diamonds – we turn two of them so that they point towards each other and put a 

spec of sample material between them. Since pressure is force per unit area, if the area 

between the points is really tiny, it doesn’t take a lot of force to obtain huge pressures.  

 

 
Fig. 3 Schematic of a diamond-anvil cell melting experiment.  

[Adapted from Geballe and Jeanloz, Journal of Applied Physics, 2012] 

 

What we do [next] is study the kinds of materials that we think might be inside the Earth 

or other planets and study their chemical properties. We study, for example, the 

temperatures at which these materials melt in order to estimate the temperatures inside 

planets. We know that the most of the Earth’s rocky mantle is not molten but that there 

are some patches that are molten.  

 

BSJ: How exactly did we come to know that? 

RJ: Very good question! We know that from studying the transmission of seismic waves 

created by earthquakes (and also by impacts or explosions at the surface). These waves 



are recorded nowadays, more or less all around the world by hundreds of seismometers. 

In the molten part of the Earth, the seismic waves travel just like sound in air as 

compressional waves. But through rigid materials, shear-type waves also propagate.  

 

BSJ: And how would that inform us about the temperature at certain points along 

the radius?  

RJ: We approximate the temperature based off of what we know about the inside of the 

Earth. The core of the Earth is an alloy of mostly iron. Right at the interface between the 

solidified iron core and the liquid outer core the temperature has to be that of the melting 

(or, equivalently, freezing) point of the iron alloy making up the core. In the lab, we 

measure the temperatures that are required to melt various iron-rich alloys under the 

extreme pressures at those depths, and use those measurements to infer the temperature 

near the center of the Earth.  

Note, though, that when I say that the mantle and the inner core are solidified, I mean that 

they propagate seismic shear waves and are rigid on human time scales. On geologic time 

scales, these materials undergo plastic deformation and behave much like fluids: like 

glaciers that flow over long periods of time but are made of ice.  

 

 
Fig. 4 Model of the Earth’s mantle depicting convection between the layers and localized 

heterogeneity (IWL: interconnected weak layers; LBF: load-bearing framework) 

[Adapted from Chen, Science, 2016] 

 

BSJ: You mentioned that materials like iron alloys are present in planetary cores. 

How do you determine which elements are more or less likely to exist in the cores? 

How does internal composition vary among different kinds of planets?  

RJ: First of all, we have a pretty good idea of the chemical elements that are present in 

the universe. Hydrogen and helium are the predominant chemical elements in the 

universe since the Big Bang. We know the composition of the Sun is more than 90% 

hydrogen and helium is the next most abundant element. Roughly the same can be said 

about giant planets like Jupiter and Saturn. All the elements in the universe that are 

heavier than helium have been built up in stars, and our explanation for this involves 

nuclear reactions and thermonuclear fusion leading to a buildup of heavier elements. In 

general, more energy and processing inside stars are needed to make elements that are 

farther into the periodic table, with the peak being for the 56 isotope of iron, an 



anomalously stable configuration that therefore exists in large abundance compared to its 

neighbors in the periodic table. This gives a hint as to why we consider iron as a kind of 

major heavy-element constituent inside planetary cores.  

For Earth, we know from lab measurements that the core of the Earth has a density and 

seismic (elastic) properties close to those of an iron alloy at very high temperatures.  

We also know that to make a magnetic field inside a planet, you need motions of a liquid 

metal. Inside the Earth, that’s a liquid iron alloy. Inside Jupiter, Saturn, and the Sun, it’s a 

liquid metallic form of hydrogen or hydrogen-helium metal alloy that can form at high 

pressures. 

 

BSJ: Do you see some sort of a trend with the chemical properties at high pressures? 

RJ: We do see a trend with so many materials that are nonmetallic at ambient conditions. 

At very high pressures, as you squeeze the molecules of hydrogen closer and closer 

together, some of the electrons in the atoms are torn away from the nuclei and start 

moving much more freely. It turns out hydrogen can be metalized at pressures as low as 1 

million atmosphere. Helium requires more pressure and higher temperatures. These are 

exactly the trends we study to develop an understanding of planetary interiors.  

 

BSJ: How much can one infer in general about how elements or matter behaves 

from studying just one element or one form of matter? Are there practical reasons, 

such as ease of working with or obtaining, that govern the use of an analog? 

RJ: We often look at materials that we don't think are inside planets because they are 

analogous. Often, these analogs show some of the properties at much lower pressures so 

it makes the experiments easier. But part of our thinking is also that we're trying to 

understand trends because we aren't sure exactly what elements are down there inside 

planets: we want to be able to reach general conclusions independent of details that we 

may not know with much certainty. 

 

 
Fig. 5 Osmium (Os, left) can be used as an analog of iron (Fe, right). Both elements have 

2 electrons in their outer shells that contribute to their shared chemical and physical 

properties.  

 

BSJ: Is there a validation process? For example, do you go out and test iron for the 

properties that you observed in the lab with osmium?  



RJ: Yes, we carry out experimental measurements but we also do theoretical calculations 

using quantum mechanics to develop, test and better understand these trends. Another 

analogy is that at high pressures we find that oxygen ends up taking properties similar to 

those of sulfur, the next element down in the Periodic Table. Sulfur makes metal sulfites 

at ambient conditions, for example, and we have similarly found that oxygen becomes a 

metallic allowing constituent at the conditions in Earth’s core. 

 

BSJ: You use diamonds to analyze the behavior of carbon under extreme conditions. 

However, is it possible that other forms of carbon exist within planetary interiors 

that we have not yet discovered? 

RJ: Absolutely! We did a study where we tried to compress diamond up to not only very 

high pressures but also very high densities. At these conditions, the forces being imposed 

on atoms are comparable to the quantum mechanical forces that hold the atom together. 

We are very interested in conditions under which chemical bonding involves not only the 

outermost electrons but also involves deeper electrons. We’re motivated because we 

know we can get into this regime and because there are now theoretical calculations that 

show that the nature of chemical bonding changes dramatically when the inner electrons 

get involved.  

 

BSJ: How does that chemistry change? 

RJ: One specific prediction out there is that as you squeeze iron, the way the atoms are 

packed together goes to a much more efficient packing called the ‘closest packing’. But 

as you get into this super high-pressure regime where core orbitals can get involved, it 

goes back into looser packing. That is very surprising!  

The idea is that this is because the packing is not the optimal geometry anymore. That’s 

partly because the atoms are shrinking but more so because some of the core electrons are 

coming off and moving into the space between the atoms. 

 

BSJ: Back to the bigger picture, what properties determine the size of the planet 

and what makes a gaseous planet a gaseous planet? 

RJ: That’s a great question! The most honest answer is that we’re not sure. One idea is: 

in order to make a giant planet, you need a nucleus of a planet that is formed early as a 

star and its planetary system are formed. It is like the first crystal of a solution can grow 

preferentially relative to the others. The gravitational attraction of the first nucleus draws 

on the dust and gas in the stellar nebula. Another idea is that there are instabilities. We 

think of the young star planet systems as big disks of dust and gas. It is thought that there 

may be fluid-dynamic-like instabilities that can form the concentrations that give rise to 

giant planets. Both have merit, but the two hypotheses make different predictions that can 

be checked.  



 
Fig. 6 Planetary disks collapse to form giant gaseous planets 

[Adapted from Thommes et al. Science. 2008] 

 

BSJ: What can you tell us about the rotational properties of the Earth’s core? 

RJ: That’s a very controversial subject because there’s limited and, quite frankly, 

contradictory information about the inner core of the Earth. We know that the outer core 

is very fluid, with fluidity like that of water at ambient conditions. We have some 

tentative evidence in the research community that shows that the inner core, which is just 

a little smaller than the Moon, is spinning at a rate a little different than the rate we’re 

spinning at. We’re spinning once per day and there’s tentative, but conflicting 

information that the inner core may be spinning a little faster – a result that has been 

theoretically predicted by those who model how the dynamo process that creates our 

planet’s magnetic field. 

 

BSJ: What can magnetic fields tell us about the composition of the core or of the 

formation of the planet itself? 

RJ: They tell us something very fundamental: the fact that there is liquid metal down 

there. Beyond that, there’s more information to be gained and some controversy in the 

details. For example, the magnetic field we see at the surface has to pass through many 

electrically conducting patches in the mantle and in the crust. Magnetic field lines tend to 

get hung up when they intersect a patch with high electrical conductivity like a metallic 

patch. So there has been a lot of study about how the magnetic field of the earth changes 

with time and people have made numerous interpretations of the interior composition 

based on where the magnetic field lines have gotten hung up.  

 



 
Fig. 7 Computer simulation of the Earth’s magnetic field 

 

BSJ: Where do you see your research heading and what are the broader questions 

that the field is hoping to answer in the upcoming years? 

RJ: So, the technical research we’re doing is getting into the regime where we’re 

“crushing” atoms, at pressures comparable to or much larger than the quantum forces that 

determine atomic structure at ambient conditions. At the same time, we’re also 

committed to understanding the majority of planets, including those much larger than the 

Earth (“super earths” that are as much as 5-10 times bigger than our planet). 

Understanding properties of metals, rocks and fluids at those conditions will inform us 

about origins of those planets, and how they evolve with time. For the giant and super 

giant planets that have been found, we’re interested in the transition between planetary 

objects and star-like objects, including so-called ‘brown dwarves’ that are the 

intermediate between planets and stars.  

 


