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Introduction:   

Clathrates (which contain a cage like host structure 

enclosing a guest molecule) reservoirs are thought to 

be present at a variety of locations throughout the Solar 

System, most notably of methane and carbon dioxide.  

On Mars, a clathrate reservoir is queried to be the 

source of both gases in its atmosphere, where the 

source clathrates are thought to be located up to 10 km 

deep in its cryosphere [1].  It is also suspected that 

during the winter months, conditions for the survival of 

multi-guest carbon dioxide and methane clathrates may 

even occur on the surface of the polar ice caps [1]. 

 

A clathrate reservoir is also suggested to occur under 

the icy crusts of moons in the outer Solar System. Eu-

ropa, a moon of Jupiter’s, is thought to have a CO2 

clathrate reservoir supplying its atmospheric carbon 

dioxide.  The clathrates are proposed to be stable un-

derneath its crust to depths of 10 km and unstable on 

the surface where dissociation of the clathrate cage 

occurs.  It is thought that disturbances to the ice crust 

such as tectonic activity or impact events many cause 

clathrates stored in the subsurface to be exposed to the 

surface and caused to outgas [2]. This source of stored 

gases may account for the gases observed in the plumes 

observed by the Cassini mission [3].  It is supposed 

that the CO2 water ice cap covering the tiger stripe 

structural cracks on the bodies southern hemisphere act 

like seals to the clathrate reservoir below. Tectonic 

activity causing the caps to break, exposing the clath-

rates below to a near vacuum which causes almost in-

stant dissociation [2]. Clathrate reservoirs are also like-

ly as far out as Pluto and the Kuiper belt.   
 

Zeolites are microporous aluminosilicate minerals 

that can accommodate a wide variety of cations and 

also CO2 and Methane and thus effectively act like 

clathrates for storing these gases. They thus have im-

plication for climate change and atmosphere content 

wherever they appear on planets in the Solar System, in 

particular on Mars where zeolites (e.g. chabazite, anal-

cime and clinoptilolite) are found [4].  Zeolites are 

numerous in Martian volcanic terrain where they are 

thought to exist in reservoirs 8 to 15 km in depth. 

 

Project Aims:  

Initially, we wanted to investigate the possibility of 

undertaking impact experiments into a fragile and 

difficult material such as clathrates. This prompted a 

summer project for undergraduates Dugdale and Aden-

tunji to work with the PI Harriss to investigate the 

plausibility of investigating impact and gas release of 

clathrates. This included a detailed analysis of clath-

rates types and formation methods, and the limitation 

of our Light Gas Gun facility (LGG) to impact, analyse 

and collect the gas released. To do this we used CO2 

ice as a proxy for the clathrate. The CO2 ice required 

similar conditions for the impact experiment and the 

sublimation. As a result, an impact would provide CO2 

gas to collect and analyse.   

 

The aim of this project was therefore to investigate 

whether collisions onto CO2 ice and CO2 ice covered in 

water ice of 1 cm thickness, are a viable analogue for 

impacts on clathrates, and to develop appropriate ex-

perimental methods.  The CO2 ice is used here as an 

analogue for a clathrate, with the sublimation of the 

CO2 ice analogous to the outgassing of a clathrate. In 

the second half of the project, zeolites were then inves-

tigated as a source of atmospheric gasses by testing the 

survivability of these structures in hypervelocity colli-

sions. The zeolites are relatively easy to handle in the 

laboratory and again acted as an analogue for clathrates 

themselves.  

 

The experiments were performed using the LGG at the 

University of Kent, Canterbury [5]. The gun is used to 

simulate hypervelocity impacts common in the Solar 

System. In such impacts the speed of an impactor ex-

ceeds the velocity of the compression waves in the pro-

jectile and the target. Moreover, hypervelocity colli-

sions are characterized as collisions where energy is 

transferred to the impact slightly faster than it can be 

dissipated resulting in extreme shocks.  

 

Impacts onto CO2 ice and CO2 ice covered by wa-

ter ice: 

Three shots were completed in a target of CO2 ice (6.2, 

4.8 and 5.0 kms-1) and two into a target of CO2 ice be-

low a water ice layer (3.1 and 3.0 kms-1). All shots 

used 1.5 mm diameter stainless steel spheres as projec-

tiles. The shots were undertaken at a pressure of around 

50 mBar. The change in target chamber pressure was 

observed instantly after the impact and showed an in-

crease by around 14 mbar for CO2 target impacted at 6 

kms-1 and 6.6 mbar when impacted at 4.8 kms-1. The 

layered water ice / CO2 ice target showed a pressure 

increased by 7 and 3 mbar post shot. The target mass 

was also measured pre and immediately post shot, and 
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found to have decreased by 0.5 kg for 6 kms-1 impact 

and 0.3 kg for the 4.8 kms-1 impact into the pure CO2 

ice and 0.25 kg for the layered water ice/CO2 ice target. 

The difference between the two target types is small 

when comparing similar impact but it shows that gas is 

released as a result of the impact speeds and at a great-

er rate than just sublimation of the CO2 ice alone indi-

cating that a suitable gas collection method can be de-

veloped using CO2 targets.  

 

Impacts on zeolites: 

The impact experiments onto zeolites was an initial 

investigation about the use of zeolites as a suitable tar-

get and a 2 mm Al projectile. The zeolite material was 

impacted to discover if gas was released from the im-

pact alone rather than just the low pressure within the 

gun chamber during a shot. The three initial targets 

were unloaded (with no CO2 gas), baked out zeolite (no 

gas present), and a loaded zeolite with CO2. Shot 

speeds were 3 kms-1. The impact on the unloaded zeo-

lite occurred on the edge of the target, meaning some 

of its energy was not transferred as expected.  The im-

pact onto the loaded zeolite occurred in the centre as 

planned. The shot onto the baked out zeolite broke this 

target into sections exposing the underling resin. 

 

Rather than measure gas emission during impact, the 

analysis focused on Raman spectroscopy of samples 

before and after impact, looking for changes. No such 

changes were seen. Further analysis of the debris is 

required to establish the condition of the structure 

which is ongoing. More analysis techniques will also 

be applied to the samples and impact debris to better 

characterize their gas content pre- and post-shot.      

 

Ongoing work: 

Modifications to this particular experiment will be 

made at the University of Kent including impacts into 

larger zeolites capable of being loaded with relevant 

gases such as carbon dioxide and methane, along with 

developing a better and reusable collection method for 

the released gas.  

 

This initial investigation has shown that the University 

of Kent LGG facility has the capability to impact clath-

rates and zeolite material and that with adjustment to 

these initial experiments a suitable collection and anal-

yses method can be developed. The work with zeolite 

will continue in the near future and the development of 

a suitable clathrate material will continue through col-

laboration with the Open University.   
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