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We have previously described the use of ~ulme's volcanic model (1) of sinuous rille forma- 
tion to analyse measurements of the depths and lengths of lunar (2,3,4) and martian (5) sinuous 
rilles in terms of the eruption rates of turbulent lava flows which thermally eroded the 
surfaces over which they flowed to form the sinuous channels. A key step in such analyses is 
the fitting of a function given by Hulme (1) to observations of the variation of channel depth, 
D, with downstream distance, X, from the source vent. The function is 

where 
z = i + (x/x ) ( [ T ~ / T ~ ] ~  - 1) 

m 

and 0 is the maximum depth of the rille just downstream of the source, X is the total length 
0 m 

of the rille channel, and T and T are the solidus temperature and the eruption temperature of 
the lava, respectively. TSe dataefitting process leads to estimates of the three parameters 
D Xm and [T /T 1, which are then used, together with the observed rille width, in calculating 
tR: lava erup?ioR rate from the vent, the thermal erosion rate of the substrate, the duration 
of the eruption, and the total erupted lava volume. 

In earlier work (2,3,4), [T /T ] was estimated for several lunar rilles by visually fitting 
e s 

graphs of D as a function of X to a standard set of curves plotted for various values of the 
temperature ratio. We have now attempted to place the curve fitting on a quantitative basis 
by using a computer program to search the (D Xm, [Te/Ts]) parameter space iteratively with 
progressively decreasing parameter increment sizes to find the parameter set which minimises 
the sum of squares of deviations of measured 0 values from the computed D values at the corres- 
ponding values of X. This procedure is in principle more objective than the method used 
earlier. It allows in an unbiased fashion for such complications as: the possible sub- 
mergence of the distal part of a rille by later flood lavas, leading to an underestimate of the 
true length; the potential infilling of the rille near the source vent by later eruption pro- 
ducts from the same or a nearby vent; and the possible deepening of the rille near the source 
as a re<ult of post-eruption collapse processes. 

In practise, however, some interesting complications occur. These are largely due to the 
relative scarcity of data enforced by the need to obtain rille depths from shadow length 
measurements on Lunar Orbiter and Apollo photographs (there is insufficient high resolution 
stereo coverage in the form of Topophotmaps to make these a viable alternative). The meander- 
ing nature of sinuous rilles ensures that, even when lighting conditions are at their best, 
there are only a limited number of places along a rille where reliable depth measurements can 
be made; and even these locations may be disturbed by the consequences of local impact crater 
formation on the rille walls or floor. It is found that, when random (or systematic) errors 
in rille depth become sufficiently large, the parameter estimates made by our computer program, 
particularly for the rille length and lava temperature ratio, become very unreliable. The 
problem can be highlighted by deliberately omitting a few depth measurements from the analysis 
(either at random or on the basis of suspicions about their quality): the parameter estimates 
(which should be stable against such perturbations) then vary by a large amount. 

Table 1 shows an example of this for the rille Handel, where three sets of parameter 
estimates from the program using measurements by one of us (01) are compared with the visual 
estimates of the others (JWH and LW) given in (4). It is clear that different individuals may 
obtain maximum rille depth estimates which differ systematically by between 5 and 10%; in 
contrast, the computer method can yield depth values for which the internal error due to the 
uncertainty in curve fitting is less than 2%. However, even the computer method cannot provide 
a rille length estimate to better than 20% for this particular data set, and the temperature 
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ratio estimates are extremely unreliable, two of the values reaching the physically unacceptable 
limit of the mathematical range at 1.00. 

Fortunately, the situation is not so bad for all the rilles measured; but even so we find 
that with the currently available data set of Orbiter and Apollo imagery, errors in fitted para- 
meters are likely to be up to 20% for rille length and 10% for maximum depth and temperature 
ratio. The uncertainties propagate through subsequent stages of the analysis (in a non-linear 
fashion) and eventually lead to errors of up to 50% for the eruption rates of lava flows forming 
the rilles and as large as a factor of 3 for the total erupted volumes. These results place in 
perspective the accuracy of previously (2 - 5) reported characteristics of rille-forming erup- 
tions and underline the need for higher-resolution imagery of the rille channels than is 
currently available. 
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426, 1980; (3) L. Wilson & J.W. Head, LPS XI, 1260, 1980; (4) J.W. Head & L. Wilson, LPS XII, 
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Table 1. Estimates of parameters X , Do and [Te/Ts] (see text) for Rima Handel. The first 
m 

3 groups are determined from the least-squares program by omitting different subsets of the data; 
the fourth group is taken from (4). Values marked (!) are physically implausible. 

[ Te/Ts 1 X m /km D o h  norrnalised sum of comments 
squares of residuals 

1.06 48 167.9 0.0336 measurements by DI 

1.10 55 180 (visual fit) measurements by JWH & LW 
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