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LUNAR RILLES - A CATALOG AND METHOD OF CLASSIFICATION 
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and Michael J. Lovas 

ABSTMCT 

A r e p r e s e n t a t i v e  sample of lunar r i l l e s  observed on Lunar Orbi te r  I V  and 
V photographs i s  presented.  A method of  c l a s s i f i c a t i o n  of r i l l e s  i s  descr ibed 
which w i l l  provide a means of  q u a n t i t a t i v e l y  grouping r i l l e s  of similar plane- 
met r ic  shape. 
edge of t h e  r i l l e .  It provides an adequate approximation t o  a l l  d a n e m e t r i c  
c h a r a c t e r i s t i c s  of t h e  r i l l e  except r i l l e  recurvature .  

The method i s  based on a f i n i t e  Fourier  approximation of  t h e  

INTRODUCTION 

Lunar r i l l e s  have been subjec t ive ly  c l a s s i f i e d  as sinuous,  normal, 
s t r a i g h t ,  a rcua te ,  and branching. While the re  seems t o  be general  agreement 
f o r  t h e  o r i g i n  of many r i l l e s ,  t h e  or ig in  of sinuous r i l l e s  has always been a 
s u b j e c t  of considerable controversy. The d i v e r s i t y  of t h e o r i e s  proposed for 
t h e  production of sinuous r i l l e s  includes:  sur face  and subsurface erosion by 
flowing water ,  erosion by ash flows, l a v a  channel formation, l a v a  tube col- 
l a p s e ,  magma i n t r u s i o n  followed by co l lapse ,  gas venting along subsurface 
f r a c t u r e s  and i n t e r s e c t i o n  of f rac ture  p a t t e r n s .  The grea t  d i v e r s i t y  i n  
t h e o r i e s  may i n d i c a t e  r e a l  differences i n  shape and o r i g i n  of d i f f e r e n t  sinu- 
ous r i l l e s .  I f  s o ,  t h e  subjec t ive  d e f i n i t i o n  of sinuous r i l l es  i s  much too  
genera l .  A l t e r n a t i v e l y ,  a l l  sinuous r i l l e s  may be similar i n  shape which 
might favor  a s ing le  theory f o r  a l l  sinuous r i l l e s .  It i s  c l e a r ,  t h e r e f o r e ,  
t h a t  an objec t ive  c l a s s i f i c a t i o n  of lunar  r i l l e s  i n  general  and sinuous r i l l e s  
i n  p a r t i c u l a r  i s  required i f  the  or ig in  of r i l l e s  i s  t o  be s tudied  on a 
q u a n t i t a t i v e  bas i s .  

The purpose of t h i s  paper is  t o  p resent  a ca ta log  o f  a representa t ive  
group of l u n a r  r i l l es  and a b r i e f  descr ipt ion of a q u a n t i t a t i v e  method of 
r i l l e  c l a s s i f i c a t i o n .  The catalog w i l l  be used t o  obtain a subjec t ive  c l a s s i -  
f i c a t i o n  of lunar  r i l l e s  from workers a c t i v e l y  engaged i n  lunar  s tud ie s .  The 
s u b j e c t i v e  c l a s s i f i c a t i o n  can then be compared t o  the  r e s u l t s  of an indeDen- 
dent q u a n t i t a t i v e  c l a s s i f i c a t i o n .  I n  t h i s  way, Ire can determine which r i l l e s  
are considered by most workers t o  be sinuous and determine t h e i r  s t r u c t u r a l  
f ea tu re s  q u a n t i t a t i v e l y .  I n  addi t ion,  t h e  q u a n t i t a t i v e  r e s u l t s  might be used 
t o  f u r t h e r  d i f f e r e n t i a t e  sinuous rilles into other  subclasses .  
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FINITE FOURIER APPROXIMATIONS OF LUNAR RILLES 
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If one end of a luna r  r i l l e  i s  connected t o  t h e  o t h e r  by a s t r a i g h t  l i n e ,  
t h i s  base  l i n e  can be  considered t h e  X ax is  of  a Car tes ian  coordinate system. 
The course of e i t h e r  bank of t h e  r i l l e  can be  considerea mathematically as 
F(X).  I n  t h i s  case ,  F (X)  i s  usua l ly  an i r r e g u l a r  single-valued funct ion over 
most of  t h e  r i l l e  length .  Most single-valued funct ions c m  be represented by 
t h e  Four ie r  s e r i e s  i f  an adequate number of harmonics i s  considered. However, 
r i l l e s  o f t en  recurve upon themselves and i n  t h i s  i n t e r v a l  of  X t h e r e  i s  more 
than one value of  F(X) and t h e  simple Four ie r  s e r i e s  does not  def ine  t h e  func- 
t i o n .  I n  gene ra l ,  t h i s  i n t e r v a l  i s  small  compared t o  t o t a l  r i l l e  length  s o  
t h a t  t h e  d i scon t inu i ty  has small e f f e c t  on the  s p e c t r a l  components of t h e  r i l l e  
and t h e  method i s  s u i t a b l e  f o r  def ining a r i l l e  q u a n t i t a t i v e l y .  

Data f o r  ana lys i s  of  a r i l l e  i s  obtained by measuring d i s c r e t e  values of 
F($) a t  N+1 equal ly  spaced po in t s  along t h e  base l i n e ,  Q ,  of a given r i l l e .  
Thus , t h e  r i l l e  i s  represented  by the  da t a  funct ion Xr = r Q / N ,  , 

r = OJ,. . . , N and F ( 0 )  = 0. This d a t a  funct ion can be  approximated by any 
given set  of  harmonics n 5 N at each of t h e  N + 1  p o i n t s  by t h e  f i n i t e  
Four ie r  s e r i e s :  

F ( X r )  where 

The Four i e r  c o e f f i c i e n t s ,  %, a r e  determined by 

2 
% = ;  

- N  s i n  c 
r= 1 

= 1,2,. . . , N  

l e  as t -s quare s 

Xrk.rr ' 

When n = N t h e  Four ie r  approximation, % ( X r ) ,  i s  equal  
r ep resen ta t ion  of t h e  r i l l e  at each of t h e  da t a  po in t s .  When 
i n  f i t  i s  est imated by: 

The method used t o  es t imate  t h e  least number of harmonics n 

es t imates :  

t o  t h e  empirical  
1 S n < N e r r o r  

t h a t  provide an 
adequate f i t  w a s  t o  compare t h e  percent reduct ion i n  e r r o r  r e s u l t i n g  from an 
inc rease  i n  t h e  number of harmonics with the  reduct ion i n  e r r o r  t h a t  r e s u l t e d  
from a preceding increase  i n  t h e  number of harmonics; t h a t  i s  , commarisons of 
t h e  type :  

[E(n)-E(n+A)/E(n)] x 100 

were computed f o r  n = A ,  28, 3A, . . . u n t i l  t h e  percent  reduct ion w a s  l e s s  
than  1. These ca l cu la t ions  were a l so  analyzed with regard t o  t h e  average 
amplitude of each r i l l e .  

EXAMPLES OF SPECTRAL COMPONENTS OP LUNAR RILLES 

The method of Four ie r  ana lys i s  o f  r i l l e s  i s  i d e a l l y  s u i t e d  f o r  an objec- 
t i v e  c l a s s i f i c a t i o n  of l una r  r i l l e s  because it can def ine  q u a n t i t a t i v e l y  a l l  
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p lan ime t r i c  f e a t u r e s  of r i l l e  shape except recurva ture .  A modif icat ion of 
t h e  simple Four ie r  ana lys i s  i s  being developed t o  allow f o r  t h e  desc r ip t ion  of 
recurva ture .  
of harmonics o f  t h e  Four ie r  s e r i e s  i s  shown graphica l ly  i n  f i g u r e  1. Approxi- 
mations t o  t h e  r i l l e  a t  t h e  top  of the f i g u r e  r e s u l t  from t h e  fewest number of 
harmonics. A s  h igher  order  harmonics a r e  included,  t h e  ca l cu la t ed  values of 
F(X) more near ly  approximate r i l l e  22 of t h e  ca ta log  shown a t  t h e  bottom of 
t h e  f i g u r e .  
using t h e  f i r s t  109 harmonics i s  very accura te .  

The degree of approximation of a given r i l l e  by d i f f e r e n t  s e t s  

Inspec t ion  of f i g u r e  1 shows t h a t  approximation of t h e  r i l l e  

"here i s  a wide range i n  p a t t e r n  of harmonics assoc ia ted  wi th  luna r  
r i l l e s .  It i s  t h i s  v a r i a t i o n  of values of Four ie r  c o e f f i c i e n t s  and v a r i a t i o n  
i n  s i g n i f i c a n c e  of harmonic order  t h a t  suggests  t h a t  r i l l e s  can be c l a s s i f i e d  
us ing  t h i s  technique.  Figure 2 shows t h e  amplitudes of & of  t h e  t h r e e  
r i l l e s  ( r i l l e s  4, 1 2 ,  and 22 of t h e  r i l l e  c a t a l o g ) .  Amplitudes of Bk a r e  
p l o t t e d  as a func t ion  of harmonic order.  The wavelength of t h e  f irst  harmonic 
i s  twice t h e  r i l l e  base l ine  l eng th ,  the wavelength of t h e  second harmonic i s  
equal  t o  t h e  base l ine  l eng th ,  and s o  on. "he number of harmonics with s i g n i f i -  
cant amplitudes t h a t  a r e  requi red  t o  def ine each of t h e  r i l l e s  i s  q u i t e  dif-  
f e r e n t ,  as a r e  t h e  amplitudes.  While r i l l e s  4 and 22 a r e  charac te r ized  by a 
s m a l l  number of  harmonics, r i l l e  12 i s  adequately descr ibed only by a complex 
s p e c t r a l  p a t t e r n  t h a t  i nd ica t e s  t h e  importance of  higher  order  harmonics. The 
wide range i n  p a t t e r n s  of s p e c t r a l  components i n d i c a t e s  t h a t  l una r  r i l l e s  can 
be e a s i l y  c l a s s i f i e d  using Four ie r  ana lys i s .  

RILLE CATALOG 

Lunar Orb i t e r  photographs were examined f o r  r i l l e s  shown at r e so lu t ions  
s u i t a b l e  f o r  ana lys i s .  Most of t h e  photographs i n  t h e  ca t a log  a r e  taken from 
LO I V ,  al though some a r e  from LO V .  The r i l l e  ca ta log  i s  i n  two parts. The 
f i r s t  s e c t i o n  ( r i l l e s  1-91) shows simpZe KZZes  ( those  t h a t  u sua l ly  contain no 
t r i b u t a r i e s ;  however, some contain one or two branches or t r i b u t a r i e s ) .  
a r e  obviously i s o l a t e d  r i l l e s  t h a t  are not  p a r t  of a r i l l e  system. The second 
s e c t i o n  ( r i l l e s  1001-1029) shows compZex K Z Z e  systems. These sometimes occur 
completely wi th in  c r a t e r s  and they are charac te r ized  by many i n t e r s e c t i n g  or 
branching sec t ions  of r i l l e s .  

meY 

Each p l a t e  of  t h e  ca ta log  shows one or more r i l l e s  or r i l l e  systems and 
t h e  l a t i t u d e  and longi tude of t h e  center  of each. 
r i l l e  branches are l e t t e r e d ,  named ri l les a r e  l a b e l l e d ,  and a s c a l e  i s  given 
on each photograph. 

Each r i l l e  i s  numbered, 

Although t h e  ca ta log  w a s  produced pr imar i ly  as a working document f o r  a 
q u a n t i t a t i v e  ana lys i s  of lunar r i l l e s ,  i t  may a l s o  be  u s e f i l  as a re ference  
f o r  i n v e s t i g a t o r s  making o ther  quan t i t a t ive  and q u a l i t a t i v e  s t u d i e s  of r i l l e s .  

L 
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