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Introduction:  The predictions of crater chronology 

models have customarily been evaluated by dividing a 

crater population into discrete diameter intervals, plot-

ting the crater density for each, and finding a best-fit 

model isochron. The uncertainty in the procedure has 

been assessed using 1/√n estimates [1], where n is the 

number of craters. This approach yields only an approx-

imate estimate of the model predictions, the approxima-

tion being good until n becomes small. Different vari-

ants of this approach yield slightly different results [2] 

because of the way the approximations are com-

pounded. This presentation will outline an approach for 

exact analysis within a crater chronology model using 

Poisson statistics, expressing the result as a probability 

density function (PDF) with an intrinsic uncertainty, 

providing better quality estimates for low-n measure-

ments [3]. 

 

Discussion: The Poisson statistics method results in 

measurement values close to those of the previous bin-

ning/best-fit approaches, either cumulative or differen-

tial, when the number of craters is large. Figure 1 shows 

measurements taken from a synthesised dataset, con-

structed with a Monte Carlo simulation to represent an 

ideal surface of 1 Ga in age, using three approaches: fit-

ting with a cumulative production function, fitting with 

a differential production function, and using the Poisson 

calculation, each applied for three intervals illustrating 

a) large-n, b) mid-range n, and c) small n.  

For large n, there appears to be no systematic ad-

vantage in the use of one method over another, although 

the differential error margin is indicated larger. At me-

dium n, the spread of values increases as does the frac-

tional error margin. Note that the measured values vary 

over repeated population syntheses, with the variation 

being of the order of the quoted errors. 

For small n, the spread is greatest: here we deliber-

ately consider a measurement from only two craters to 

maximise the effect. For the Poisson calculation it is im-

portant to be more careful about the selection of the di-

ameter interval: it is not only the largest and smallest 

craters which are significant, but also any empty interval 

where craters would have been observed had they been 

present: this typically extends beyond the largest ob-

served crater. Indeed, this was a shortfall of previous 

approaches, since the absence of craters also carries in-

formation about the surface age. We note that the shape 

of the PDF is no longer symmetrical as is implicitly as-

sumed when using 1/√n as the estimate of error. 

 
Figure 1. Measured ages of synthesised crater population for a 

1 Ga surface obtained by fitting of cumulative production function 

(red), by fitting of differential production function (blue), and by Pois-

son calculation (black, with PDF), for diameter intervals of a) 50–180 

m, b) 200–350 m and c) 350–450 m (350–800 m for Poisson calcula-

tion). The measured values vary for repeated population syntheses, 

with the variation on the order of the quoted errors. The Poisson cal-

culated ages are accompanied by a plot of the uncertainty as a proba-

bility density function, marked with vertical lines at the 50 and 50±34 

percentiles. 

 

μ-notation: Most crater-dating studies are careful to 

indicate that their given ages are crater model ages or 

absolute model ages (AMAs), meaning that the values 

should be interpreted within the context of a specific 

chronology model with its own uncertainties, which 

must be compounded together with the statistical errors. 

It has been suggested that confusion remains because 

the numbers are frequently dissociated from this clarifi-

cation. We propose a new notation for the representation 

of crater model ages, intended to serve as an inseparable 

reminder that the quoted statistical errors are not the end 

of the story. Namely, to write a model age in the form 

𝜇𝑡, e.g. 𝜇1.0−0.02
+0.02 Ga, where the 𝜇-term represents the 

compounded uncertainties of the particular chronology 

model. 𝜇 is the presently unknown function of 𝑡 which 

maps a given chronology model’s ages onto true ages. 
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The age of an uncratered surface: A natural con-

sequence of the Poisson analysis approach is the possi-

bility to estimate the age of a surface from an image 

showing no observable craters at all. The PDF evaluates 

to a decaying function of 𝑡, with the rate of fall-off being 

determined by the image’s threshold for resolving small 

craters.  

 

 
Figure 2. (a) Maricourt Crater on Mars, seen in HRSC image 

h1440_0000 with mapped ejecta unit (dashed line) and smooth-tex-

tured sub-unit selected for crater counting (solid line) (b) Poisson tim-

ing analysis for zero observed craters, assuming a crater identification 

threshold of 5 (black), 10 (red) and 15 (blue) pixels before image pro-

jection: local HRSC ground sampling distance was 16.7m, corre-

sponding to crater diameter thresholds of 84m, 167m, and 251m re-

spectively. μ is a function representing the uncertainty of calibration 

of the chronology model. 

Figure 2a shows a Mars Express HRSC image [4] of 

Maricourt Crater with a mapped region of its smooth 

continuous ejecta which might be used to date it. How-

ever, the image reveals no craters on the unit.  Figure 2b 

shows a Poisson timing analysis for three estimates of 

the threshold for being able to identify all craters of the 

size: 5 pixels (blue) – which we consider to be too low 

– corresponding to 83m, 10 pixels (red) and 15 pixels 

(blue), corresponding to 167 and 251m. The inset PDFs 

are shown together with the median and 50±34 percen-

tiles. All indicate that the most probable age (the mode) 

of the unit is zero; nevertheless, among an uncorrelated 

collection of similar units, half would be expected to be 

older than the given median, and 68% to fall within the 

stated error margin. In this case, for the 10-pixel thresh-

old, we find an expected median age of 𝜇11.3−8.0
+19  Ma. 

The top limit is straightforward to interpret: there is only 

a 16% chance this unit is older than 30 Ma. The lower 

limit works the same way but is perhaps better under-

stood in terms of the uncorrelated collection of similar 

units: only 16% would be younger than 3 Ma. 

 

Conclusion: The Poisson statistics evaluation of a 

chronology model prediction should be considered su-

perior to results obtained by binning and fitting: it is the 

exact prediction of the model, whilst binning and fitting 

merely yield approximations to this result. Binned plots 

remain useful to interpret influences on the crater popu-

lation which are external to the chronology model, e.g. 

the resolution fall-off, resurfacing effects, or contami-

nation of the counts by secondary craters or other sur-

face features.  

A more detailed exposition is given in [3]. 
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