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Abstract 
Scuba diving in Europa’s subsurface ocean offers a unique opportunity for exploration and scientific research. 
Despite the challenges posed by low temperatures, a thick ice shell and radiation, diving technologies from polar 
environments and long-duration dives on Earth could provide a foundation for such exploration. 
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Introduction 
Europa was once thought to be geologically 
uninteresting, but since the Voyager 1 and 2 missions 
in the 1980s, the discovery of a subsurface ocean 
beneath its icy crust has sparked significant scientific 
interest [1]. This ocean, which may contain liquid 
water, could provide the necessary conditions for life 
[2]. With the recently launched Clipper probe set to 
arrive at Europa in 2030, new data will provide key 
insights into its subsurface ocean and its potential to 
support life, making it an intriguing target in the 
search for extraterrestrial life [3]. 
 

 
 

Figure 1 – Artist’s impression of Europa’s interior, 
displaying the various layers of ice, liquid water 

and its rocky interior [4]. 
 
On Earth, extreme ocean environments, such as 
those beneath Antarctica's ice, have been explored 
through scuba diving. By drawing on existing 

knowledge and experience from underwater 
exploration in Earth’s harshest environments, this 
paper explores the feasibility of diving in Europa’s 
ocean, which could offer valuable scientific insights 
into Europa’s environment and contribute to 
understanding extraterrestrial habitats. 
 
Environmental conditions 
The temperature of Europa’s subsurface ocean 
ranges from 0 to –4 °C [5], significantly warmer than 
its surface temperature of around –200 °C [6]. This 
temperature difference is due to tidal heating from 
gravitational interactions with Jupiter and 
neighbouring moons, as well as radiogenic heating 
and thermal exchange with Europa’s silicate mantle, 
which prevent the ocean from freezing solid [7]. With 
temperatures comparable to Earth’s polar seas, 
human exploration could be feasible with 
appropriate thermal protection. 
 
There have been many estimates made about the 
thickness of the ice shell that surrounds the entire 
moon, ranging from 1 to 50 km [8]. This vast range 
means that the true thickness is essentially unknown, 
however, the range could vary by location due to 
differences in heat flow and it could also fluctuate 
over time [9]. While this variability adds uncertainty, 
drilling through the ice may be possible. For example, 
the deepest hole ever drilled in ice was 3.8 km during 
the Vostok drilling project in Antarctica (Figure 2) 
[10]. If the ice shell is thin enough, it could potentially 
be drilled to provide divers access to the ocean. 
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Other issues arise from Europa’s harsh environment, 
particularly due to its high radiation levels. The 
surface is exposed to intense ionising radiation from 
Jupiter’s magnetosphere [11], posing risks to 
humans. However, the ice shell provides natural 
shielding by blocking much of this radiation [12], 
meaning protection is mainly needed for surface 
activities, while exposure below the ice would be 
significantly reduced. Given the potential thickness of 
the ice, subsurface habitats could be a viable option 
for shelter when divers are out of the water. 
 

 
 

Figure 2 – Diagram showing the ~4 km hole that was 
drilled at Lake Vostok, Antarctica [13]. Similar 

techniques could be used on Europa for ocean access. 
 

Pressure and Depth Considerations 
Europa’s subsurface ocean is estimated to be 100 km 
deep, making it one of the deepest oceans in the 
Solar System [14]. Whilst its lower gravity (1.314 ms-2) 
results in a slower pressure increase with depth than 
on Earth [15], the immense depth means that 
pressures near the seafloor could exceed 1200 bar, 
similar to Earth’s Mariana Trench which has a 
seafloor pressure of around 1100 bar [16]. 
 

For comparison, the deepest recorded scuba dive on 
Earth reached around 332.5 m [17]. At this depth on 
Earth, the pressure is around 33 times that of Earth’s 
atmosphere, or 33 bar [18]. In order to calculate how 
deep a diver would have to go on Europa to be met 
with 33 bars of pressure, Equation 1 is used: 
 

𝑝𝑝 = 𝜌𝜌𝑔𝑔ℎ + 𝑝𝑝0,    (𝑒𝑒𝑞𝑞𝑛𝑛 1) 
 
The hydrostatic pressure equation, where 𝑝𝑝 is 
hydrostatic pressure in Pa, 𝜌𝜌 is density in kgm-3, 𝑔𝑔 is 
acceleration due to gravity in ms-2, ℎ is the depth in 
m and 𝑝𝑝0 is the atmospheric pressure at the surface 
in Pa. In this instance, 𝑝𝑝0 is negligible due to Europa’s 
extremely low atmospheric pressure of 0.1 µPa [19]. 
The density of water is assumed to be the same as 
that of Earth’s seawater, which has a mean density of 

1036 kgm-3 [20]. The acceleration due to gravity on 
Europa is 1.314 ms-2 [15]. Finally, the desired pressure 
of 33 bar in Pa is 3.3×106. Rearranging Equation 1 for 
h and inputting these values yields Equation 2: 
 

ℎ =
3.3 × 106

1036 × 1.314
= 2424 𝑚𝑚 or 2.4 𝑘𝑘𝑘𝑘. (𝑒𝑒𝑞𝑞𝑛𝑛 2) 

  
Therefore, a human could theoretically dive down to 
2.4 km on Europa and experience similar pressure as 
a 330 m dive on Earth. However, the prolonged dive 
time and harsh environment would require 
specialised equipment and advanced life-support 
systems. 
 

Technical Considerations 
Europa's extreme environment presents several 
technical challenges for scuba diving. Divers would 
need specialised dry suits, similar to those used in 
polar diving, to provide thermal protection against 
the moon’s low temperatures. These suits are 
designed with insulating layers and heavy-duty, tear-
resistant materials that withstand harsh conditions 
while maintaining warmth and flexibility [21]. 
Buoyancy control is another key challenge. The 
insulating undergarments in the dry suit increase the 
suit’s volume, making it harder to maintain neutral 
buoyancy. This requires additional weights and 
careful management of air pockets to prevent sudden 
shifts in balance [21]. For prolonged dives in Europa’s 
extreme depths, a gas blend such as trimix—helium, 
nitrogen and minimal oxygen—would be ideal. Trimix 
reduces the risk of nitrogen narcosis and oxygen 
toxicity, allowing for longer, safer dives [22]. Given 
that the longest open-water dive lasted 145 hours 
[23], such extended dives are possible, enabling 
prolonged exploration of Europa’s depths. 
 

Conclusion 
Multiple challenges arise when considering scuba 
diving in Europa’s subsurface ocean, with the primary 
difficulty being drilling through its thick ice shell. 
Additional obstacles include extreme temperatures 
and radiation. However, technologies from polar 
diving and long-duration expeditions on Earth 
provide a solid foundation for exploration. 
Specialised dry suits, buoyancy control techniques 
and the use of trimix gas for extended dives would be 
required. Whilst extensive research and preparation 
would be necessary, diving on Europa could offer 
valuable insights into its potential for life and 
extraterrestrial habitats. 
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