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The habitability of “aqua planets”- planets that are 
largely or entirely covered by a global ocean- have 
been a topic of interest in the astrobiology community 
[1].  Due to the emphasis on the necessity of water for 
life as we know it [2], such ocean worlds would seem 
to be strong candidate for harboring detectable 
biospheres.

However, this characterization may not be accurate.  
On Earth, the primary source of phosphorus in the 
oceans is river run-off from surface weathering [3]. In 
the absence of continental weathering, the predominant
source of phosphorus is the submarine weathering of 
felsic rock [3], and therefore the rate of this weathering
is the ultimate control on phosphorus input.  
Phosphorus is removed from the ocean via 
sedimentation, water-rock interactions in hydrothermal
systems [4], and biological uptake, though for the 
purposes of our modeling, we focused was primarily 
on the former two.

To investigate the rate and quantity of phosphorus 
input to an ocean-covered world, we generated a box 
model of an Earth with five times as much liquid 
surface water, and the same amount of continental 
(felsic) rock.  Using the mineral dissolution rate

 log R= log kH+ - nH+Ph [5]

where R is the log dissolution rate, kH+ is the intrinsic 
rate constant in mol m-2 s-1 and nH+ is the reaction order 
with respect to H+.  Assuming a pH of 6.7 (based on a 
higher CO2 abundance in the absence of carbon 
drawdown from surface chemical weathering), a log 
kH+ of -4.50, and an nH+ of 0.90 (both based on the 
combined average values for whitlockite, merrillite, 
chlorapatite, and fluorapatite), the dissolution rate of a 
prototypical phosphate-bearing mineral is 
approximately 2.95*10-11mol P m-2 s-1. Based on the 
surface area of Earth’s continental rock, this sets an 
upper limit of 1.37*105 mol P per year – orders of 
magnitude lower the 1010 mol P per year lost via water-
rock interactions in hydrothermal systems[4].  
Consequently, in the absence of surface run-off (which 
accounts for an input flux of phosphorus of 2.2*1010 

mol per year on Earth) [4], the ocean would quickly 
become phosphorus depleted. 

As phosphorus is one of the primary limiting nutrients 
for primary productivity [3] this could result in a 
highly oligotrophic biosphere that produces relatively 
little in the way of relevant biosignature compounds 
(such as O2 or methane).  While further modeling is 
needed, these preliminary results suggest it might be 
difficult or impossible to detect an aqua planet 
biosphere from Earth at our current level of 
technology. 
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