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Introduction: Hokusai is the most prominent large 

young impact crater on Mercury – if the bulk of Mer-
cury’s water-ice inventory was indeed delivered by a 
single recent impact event, Hokusai is the best candidate 
source crater. We have previously constrained the im-
pact conditions that created Hokusai from morphologi-
cal and color observations of the crater and its ejecta [1]. 
Here, we use these parameters to update estimates of the 
possible contribution of the Hokusai impact to water ice 
on Mercury. 

Projectile Mass:  Assuming a 35º impact angle 
(measured from the horizontal) [1] and using crater scal-
ing rules [e.g., 2], we estimate the projectile size neces-
sary to form a crater of Hokusai’s size for both asteroi-
dal (2250 kg/m3) and cometary (500 kg/m3) impactors 
over the impact velocity range of 10–80 km/s expected 
at Mercury [3, 4]. These calculations indicate a projec-
tile diameter in the range of 6–31 km. This diameter 
range equates to a total impacting mass ranging from 2.6 
´ 1017 to 8.0 ´ 1018 g. Depending on the assumed water 
content of the projectile, 1.3 ´ 1016 to 8.0 ´ 1017 g of the 
impacting mass is water for an asteroidal impactor (5–
10% water by mass), and 1.6 ´ 1016 to 2.6 ´ 1018 g is 
water for a cometary impactor (6–33% water by mass). 

Delivered Water Mass: To estimate the mass of 
water potentially delivered to Mercury’s polar cold traps 
from Hokusai, we apply the velocity-dependent water 
retention efficiencies of both analytical [5] and scaled 
numerical [6] studies, and use a water migration sur-
vival rate of 10% [7]. The results of these calculations 
are shown in Figure 1. The water mass retained drops 

off steeply with increasing velocity, due to the fact that 
both the water retention factor and projectile size de-
crease with increasing velocity. At the low end of the 
velocity range, both asteroidal and cometary impactors 
could account for the 1016–1018 g estimates of water ice 
in Mercury’s polar deposits. 

Implications: On the basis of these calculations, the 
Hokusai impact is within the scope of having contrib-
uted sufficient water ice to account for Mercury’s esti-
mated polar deposit inventory, if the inventory is on the 
lower end of current estimates. The contributed mass in-
creases with lower velocity and higher water content. 
Higher retention and migration rates would act to en-
hance the total mass delivered. An impact velocity <~30 
km/s is estimated as necessary in order for the Hokusai 
impact to have delivered >1016 g of water to Mercury’s 
polar cold traps, a velocity which is achieved by 24–
32% of impacts into Mercury, depending on the size dis-
tribution model employed [3, 4]. Intriguingly, this ve-
locity limit is consistent with the velocity constraints 
suggested by Hokusai’s high impact melt volume; an 
impact velocity of ~23–26 km/s would produce the larg-
est volume of melt for a crater of Hokusai’s size. 
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Figure 1. The mass of water delivered to the polar cold traps by a Hokusai impactor versus velocity for (a) a 5–10% 
water by mass asteroidal impactor and (b) a 6–33% water by mass cometary impactor. To account for 1016 g of water, 
a 10%-water-by-mass asteroidal projectile would need to have had an impact velocity <~20 km/s, and a 33%-water-
by-mass cometary projectile would need to have had an impact velocity <~30 km/s. 
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