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Image credits: Patricia Clay © - Reflected light photomicrograph of  

a section of the primitive enstatite chondrite ALH 77295. 
 

 
The physical and chemical evolution of planets relies 
on certain volatile elements, such as Hydrogen (H), 
Carbon (C), and Nitrogen (N). For instance, on Earth 
volatile elements influence magma chemistry, 
volcanism and the evolution of our atmosphere and 
climate. Perhaps most important, the presence of 
volatile elements is critical to the overall habitability 
potential of any planet. For these reasons, scientists 
have long been interested in understanding some 
fundamental questions as how and when the Earth 
acquired its volatile elements and how volatiles are 
currently distributed between Earth’s geochemical 
reservoirs, like the atmosphere and mantle. This 
research is not restricted to Earth alone, and there 
has been significant research into understanding the 

same questions for other planetary bodies, such as 
the Moon and Mars.  
 
In order to understand the source of Earth’s volatiles, 
we need to not only sample Earth’s current 
inventory, but also look to the past and try to 
characterize the planet’s likely building blocks. What 
materials made Earth, and what do their volatile 
inventories look like? To do this, we can look at 
different meteorites. Meteorites fall to Earth as 
remnants of other planets (like Mars), the Moon, and 
asteroid ‘parent bodies’ and offer scientists a cross 
section of planetary compositions to study. In this 
study, we focused on primitive chondrites, which are 
meteorites that have undergone only minor to 
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ABSTRACT 
Research into understanding how the Earth acquired its volatile elements suggests that primitive materials that formed early in the 
Solar System had a limited range in halogen compositions. 
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moderate chemical processing, such as being heated 
or aqueously altered by fluids. These samples have 
never been melted and offer a snapshot of primitive 
chemical compositions from the early Solar System.   
 
We chose a wide range of primitive meteorites from 
different parent bodies with different physical and 
chemical attributes and measured a particular group 
of volatile elements, the halogens (chorine, bromine 
and iodine). Our unique methodology enables 
measurement of very small samples (which is often 
necessary when working with meteorites) with very 
low concentrations of these volatile elements. 
Halogens are very useful geochemical tracers, as 
they are present in low abundances and they track 
with water, allowing us to study the fate of Earth’s 
volatile inventory. Halogens are also important 
constituents of salts and a balanced salt budget is 
critical to the development of life on Earth. Prior to 
this research, it was thought that the Earth would 
have needed to lose a significant amount of its 
halogen budget (chlorine in particular) in order for 
life to develop, because the meteorites that may 
represent material that formed Earth had a relatively 
high chlorine concentration. One popular proposed 
method for doing so is impact-driven removal of a 
chlorine rich early crust on Earth. Although the 
mechanism is feasible, it is hard to envisage because 

it is difficult to exclusively lose chlorine from early 
Earth without affecting other elements of similar 
volatility, like potassium or sodium.  
 
We measured the halogen concentrations in over 
twenty small meteorite samples. We found that 
across very different meteorite types and chemical 
compositions, that the ratios of halogens were 
remarkably similar, and furthermore very similar to 
the ratios preserved in the silicate Earth today. These 
ratios are also very different to other planetary 
materials, like pieces of the Moon and Mars. We also 
found that the absolute halogen concentrations 
were very low - a different result to previous studies. 
These results show that the Earth formed from 
materials that had much lower halogen abundances 
than previously thought, which means that early 
Earth didn’t need to exclusively lose chlorine, it 
simply formed from materials with low chlorine to 
begin with. This simple explanation means that early 
Earth didn’t require impact-driven removal of 
halogens and places the halogens squarely in line 
with elements of similar volatility. Our results also 
have implications for where and how Earth’s 
volatiles were delivered – that a significant portion 
of Earth’s halogen budget were retained from initial 
accretion. 
 

 


