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Introduction: Crater counting is a common 

method for dating solar system bodies [1].  The 
method assumes a new surface forms with no impact 
craters, and that craters accumulate at some known 
rate. Before Cassini arrived at Saturn, Titan’s crater 
population (and hence its age) was unknown due to the 
lack of high-resolution images of its surface.  Cassini 
RADAR images of Titan indicate that its surface is 
relatively lightly cratered. An analysis of the ~22% of 
Titan’s surface observed by Cassini RADAR through 
December 2007 revealed a population of only 49 pos-
sible impact craters larger than 3 km [2].  In a similar 
surface area on Titan’s neighbor Rhea, we would ex-
pect to see ~105 impact craters [3]. This reduction is 
likely a result of several factors, including shielding of 
projectiles by Titan’s atmosphere, and erosion and 
burial of craters by active geologic processes on Ti-
tan’s surface, possibly including resurfacing by cryo-
volcanic activity. 

But just how young is Titan’s surface?  Early at-
tempts to date its surface ranged over almost an order 
of magnitude, from 100 Myr to 1 Gyr [2].  The princi-
pal uncertainty stemmed from the differing crater pro-
duction rates in the literature, specifically those found 
in Artemieva and Lunine [4, hereafter AL05] and 
Korycansky and Zahnle [5, hereafter KZ05].  In this 
work, we update Titan’s crater counts through January 
2010 (Titan flyby T65), and make a size-dependent 
correction for the incomplete coverage (~33%) using a 
Monte-Carlo model.  We then determine the cause for 
the differences in the two crater production rates, and 
use them to constrain the age of Titan’s surface. 

Crater Counts:  To date a surface, one must first 
count the number of craters.  Wood et al. [2] summa-
rized the crater population for Titan by examining Cas-
sini RADAR images from flybys Ta – T39 (taken be-
tween October 2004 and December 2007).  In this pe-
riod, Cassini RADAR imaged 22% of the surface of 
Titan, and in this data set Wood et al. [2] identified 5 
certain craters, 23 nearly certain craters, and 21 prob-
able craters. Since then, two additional undisputed 
craters have been discovered, the 80 km diameter cra-
ter Selk [6] and the 115 km diameter crater Afekan, 
which we include in our data set. 

We have also surveyed RADAR data from flybys 
T41 – T65 to identify other possible craters. Following 
Wood et al. [2], each of the craters is classed on a 1–3 
scale, representing our evaluation of the likelihood that 
its origin is impact related. Class 1 craters are consid-
ered to be of certain impact origin; Class 2 features are 
nearly certain; and Class 3 objects are probable. We 
identified an additional 4 nearly certain craters, and 4 
probable craters in the new 11% of Titan coverage. 

Given the incomplete coverage of Titan’s surface 
with the high-resolution RADAR instrument, it is 
likely that many more craters exist on the surface that 
have yet to be identified. We determined the probabil-
ity of detection for craters of different sizes by con-
ducting a simple Monte-Carlo experiment.  We con-
structed a 360 x 180 array, with each box representing 
a 1° x 1° area on Titan’s surface, and set with a flag for 
those latitudes/longitudes covered by SAR through the 
T65 flyby.  The center location for an impact crater of 
a specified diameter (30 – 1200 km) was chosen at 
random, and spherical trigonometry was used to iden-
tify those elements in a separate 360 x 180 array where 
a rim would be observed. If the product of the two ar-
rays was non-zero, the crater would have been de-
tected. The experiment was repeated 1000 times at 
each crater size to determine the probability of detect-
ing a crater through T65. At small crater sizes, the val-
ues returned are roughly equal to the areal percent of 
RADAR coverage. At large crater sizes, the probability 
of detection approaches 100%, since there is no cover-
age gap large enough to hide the craters. To account 
for these potentially unseen craters, we have multiplied 
the actual craters counts by 1/(probability of detection 
through T65). The resultant crater density is shown in 
Figure 1. 

Crater Production Rates:  The second key piece 
of information needed to quantitatively date a surface 
is the predicted impact rate.  Unfortunately, these rates 
are not well known for the Saturnian system. The ap-
proach applied to date relies on predicting the impact 
rate based on observed cometary populations [7]. Once 
an impact rate has been determined, it is necessary to 
include the effects of Titan’s atmosphere on the impact 
process, which tends to disrupt smaller projectiles. 
Two recent papers, AL05 and KZ05 have used pre-
dicted impact rates from Zahnle et al. [7], coupled with 
models of atmospheric disruption of impactors, to es-
timate the crater size distribution on Titan. 

AL05 and KZ05 both report the differential crater 
size distribution derived from their models. The crater-
ing rate per Gyr in KZ05 is ~5 times lower than that 
presented in AL05. To determine the cause of the dif-
ference, we took the stated assumptions from both pa-
pers (with additional input from N. Artemieva), and 
compared the expected crater distribution to the results 
presented in the two papers. We determined that the 
major discrepancy between the two papers stems from 
the different crater scaling laws used.  In particular, the 
two papers used (1) different projectile densities (0.5 
vs. 1.0 g/cm3), (2) different scaling relationships for 
Ds(d) (dry sand vs. water), and (3) a different scaling 
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exponent, ξ (0.13 vs. 0.176) for determining the diame-
ter of a complex crater. 

The differences noted above cause the predicted 
crater diameters to differ by a factor of ~2, with the 
data presented by KZ05 representing a minimum crater 
diameter, and the data presented by AL05 representing 
a maximum crater diameter. When combined with the 
impactor rate, this causes a difference in the predicted 
crater distribution on Titan that ranges from a factor of 
2 (for small craters) up to 30 (for 1000 km craters).  In 
effect, AL05 assumes Titan’s crater population was 
created by more common small impactors (and hence 
is younger), while KZ05 assumes Titan’s crater popu-
lation was created by less common large impactors 
(and hence is older). The differences seen here under-
score the large uncertainties in quantitatively dating 
bodies in the outer solar system. 

Titan’s Age:  Comparing the predictions of KZ05 
to the observed crater distribution on Titan’s surface, 
the data seems most consistent with a 1 Gyr surface 
(Figure 1a). Comparing the predictions of AL05 to the 
observed crater distribution on Titan’s surface, the data 
seems most consistent with a 200 Ma surface (Figure 
1b).  Given the difference in the crater scaling laws 
used in these two works, these two ages can be consid-
ered upper and lower limits on Titan’s age (200 Myr < 
t < 1 Gyr). Titan therefore seems to have a relatively 
‘young’ surface, suggesting that something more than 
erosional processes has been acting there to reduce the 
number of observed craters.  Significant numbers of 
craters would have to be buried by sand or liquid, or 
eroded beyond recognition to account for the more 
than 10-fold reduction we see compared to Rhea at 
large crater diameters. 

Tobie et al. [8] suggest a possible explanation for 
Titan’s young age. They predict a thickening of Titan’s 
crust ~ 500 Ma ago, from a few kilometers in thickness 
to more than 50 km. Craters formed in a thin, elastic 
lithosphere look morphologically quite different from 
craters with ‘conventional’ topographic expressions, 
and therefore may be difficult to detect on Titan.  For 
example, there exists a class of impact features on the 
Galilean satellites that are very flat, circular features 
that lack the basic topographic structures of impact 
craters [9]. Examples include Callanish and Tyre on 
Europa. Impact simulations suggest that these mor-
phologies could be produced by impact into an ice 
layer ~10 to 15 km thick overlying a low-viscosity 
material such as water [10]. Such flat features would 
be more difficult to detect on Titan, given active ero-
sional processes and/or burial by sand or liquid. It is 
thus possible that large craters with recognizable to-

pographic expressions could only form in the last 500 
Ma on Titan. An age of 500 Ma falls within the limits 
obtained by AL05 and KZ05. Remarkably, six years 
into the Cassini mission, Titan’s surface appears to be 
as youthful as it did when Lorenz et al. [11] estimated 
an age of 100 Myr – 1 Gyr based on just three craters. 

 
Figure 1:  Titan’s observed crater population, scaled upward 
to reflect the portion of the surface that has not been imaged 
by Cassini RADAR. Predicted impact crater distributions are 
shown with solid lines from (a) Korycansky and Zanhle [5] 
for a 1 Ga surface and (b) Artemieva and Lunine [4] for a 
200 Ma surface, assuming a constant impact rate over time. 

 
References: [1] Hartmann, W.K. (1966) Icarus, 5, 

565-576. [2] Wood C.A. et al. (2009) Icarus, 206, 334-
344. [3] Kirchoff M.R. and Schenk P. (2010) Icarus, 
206, 485-497. [4] Artemieva N. and Lunine J.I. (2005) 
Icarus, 175, 522-533. [5] Korycansky D.G. and Zahnle 
K.J. (2005) Planetary and Space Science, 53, 695-710. 
[6] Soderblom J.M. et al. (2010) Icarus, 208, 905-912. 
[7] Zahnle K. et al. (2003) Icarus, 163, 263-289. [8] 
Tobie G. et al. (2006) Nature, 440, 61-64. [9] Schenk 
P.M. et al. (2003) In: Jupiter: The Planet, Satellites, 
and Magnetosphere, pp. 427-456. [10] Moore J.M. et 
al. (1998) Icarus, 135, 127-145. [11] Lorenz R.D. et al. 
(2007) GRL, 34, L07204.  

 

1412.pdf42nd Lunar and Planetary Science Conference (2011)


