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On 2 5  March 1989 two ins t rumen t s  on  board t h e  Phobos-2 spacecraft 
measured s c t r a  of t h e  sa te l l i te  Phobos, covering t o  t h e r  t h e  wide range 
between f i 1 5  a n d  3.1 pm. Measurements of t h e  spec%al propert ies  of Phobos  
over such  a wide range were done  here fo r  f i r s t  t ime .  Also fo r  t h e  f i r s t  t i m e  
spectral observations of Phobos were provided w i t h  a spat ial  resolut ion o f  
ap  roximately 1/20 of i t s  diameter .  The  in s t rumen t s  used were 1) a near 
inrrared mapping  s c t rome te r  ISM / 2 / and  2) a s c t ropho tomete r  wh ich  was 
t h e  part of t h e  K@M ins t rumen t  / 3 / . The  s p e c r a l  range of ISM' Is 0.85-3.1 
pm w i t h  resolving h / M  -- 50 a n d  ins tantaneous  FOV about  12'. The  
spectral range of K R ~ ~ ; S  0.32-0.6 pm. There are  10 spectral pixels in  t h i s  
ran e w i t h  h / M  -- 10. The  FOV of KRFM is about  15'. so  t h e  FOV of bo th  
insfrurnents a re  comparable. The  d is tance  t o  t h e  sa te l l i te  Phobos was measured 
t o  be about  200 km a n d  t h e  spat ial  resolut ions provided by ISM and  KRFM o n  
i t s  surface were about  0 . 8  a n d  1 km correspondingly. 

An impor tant  difference between t h e  two i n s t r u m e n t s  is t h a t  t h e  ISM has a 
mir ror  before t h e  telescope en t r ance  w i t h  t h e  ab i l i t y  of periodic angular  
mot ion, providing ( toget  her  w i t h  orb i ta l  mot  ion  of t h e  spacecraft) 
two-di mension coverage of t h e  observed surface (mul t  ispectral i m i ng). The  
KRFM has  n o  s c a n n i n g  mir ror  and  makes measurements a long  a o n e y i m e n s i o n a l  
"track". T h i s  t rack is approximately coincident w i t h  t h e  ISM track, 
corresponding t o  t h e  zero posi t ion of i t s  s cann in  mir ror  ( t h l s  co-al ignment 
f o r  o n e  of t h e  ISM arrays was, f rom groundbase fests ,  almost exact; fo r  t h e  
o the r s  t he re  is -- 30' displacement).  

T h i s  co-al ignment (if i t  was preserved in f l i gh t )  makes i t  possible t o  
combine  resul ts  of bo th  in s t rumen t s  and  ob ta in  for  some set  of po in t s  of t h e  
observed surface t h e  spec t rum in  t h e  full range covered by them,  namely f rom 
0.315 t o  3.1 microns.KRFM obta ined  two tracks (Track 1 a n d  Track 2, see 
Fig.1). ISM ob ta ined  simultaneously a set  of spectra w i thou t  angle  s c a n n i n g  
(wl th  zero pos i t ion  of s c a n n l n g  mirror)  in t h e  f i r s t  sequence a n d  a 
mul t i s  c t ra l  image In t h e  second. We d o  n o t  use in  t h i s  s tudy  track 1 f o r  t h e  
ISM/K~%FM com arison because ISM sequence 1 spec t ra  are con tamina ted  by 
scat tered l i g h t  &om Mars, which  was much nearer in  t h i s  t i m e  t o  Phobos  ( in  
angular  ,posit ion)  t han  in  t h e  second sequence. Track 1 of KRFM and  t h e  "zero 
posi t ion l i n e  of ISM in  t h e  second sequence have 14 common po in t s  a n d  da t a  
on ly  obta ined  the re  will be discussed below. 

F ig . l .  Pos i t ion  of t h e  observed 
parts  of Phobos: 0-ISM, sequence 2, 
Arra 0.1-ISM, sequence 2, Arra 1, 
T I - ~ R F M  and  ISM (Array 0)  t rac% in  
sequence 1. 

Long l t ude 

Two problems required so lu t ion  before t h i s  analysis could  be made: 1) 
recovery of coordina tes  o n  t h e  , surface of Phobos, a n d  2) recovery of  t h e  
in t ens i t  cal ibrat ion f o r  both  ~ n s t r u m e n t s .  Final  orb i ta l  da t a  for  Phobos-2 
were c r h i c a l  t o  f i n d  t h e  coordinates,  and  on1 recently were f x i d e d  by t h e  
astrodynamic team. Coordinates were re t r ieve2  f rom these usi n t h e  
Duxbury / 4 / vector  model of t h e  Phobos f i  ure by Khatuntsev  a n d  ~ i k o & k ~  of  
t h e  Soviet ISM team. The  French ISM team /g 5 / used t h e  a n o t h e r  me thod  of 
coordina te  retrieval based partially on  t h e  identif  icat lon of of t h e  
craters  o n  t h e  ISM im e. The  two last versions have Ongg (-1 km) 
difference in  l ~ n g i  t ude  a n y  are almost co inc iden t  in latitude.on%e phase angle 
was about  29 in  t h e  second observational sequence. The  t e rmina to r  is 
posi t ioned near t 4 e  l&ft side of t h e  ISM fl&ld ghown in  F i g  1.The S u n p s  
zen i th  angle  is 60 -70 a n d  reflection angle 50  -55 in  most of t h e  "common 
points". 

Now we cons ider  t h e  cal ibrat ion problems. Laboratory cal ibrat ion of KRFM 
was r e c o n i z e d  as unreliable a f t e r  analysis of t h e  results of measurements 
of Mars  ehrurchle e t  al. / 6 / proposed t o  use a spectrum of Phobos  com iled b 
Pang  e t  al. / 1 / f rom di f ferent  observations for  recalibration of KRFM. d 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



SPECTRUM O F  PHOBOS (0.315-3.1 pm). J .  P. B i b r i n g  e t  al. 

now cons ider  t h a t  t h i s  was n o t  a good  idea because t h e  b r i g h t n e s s  of small  
areas of Phobos  depends o n  t h e  eomet ry  o f  t h e  observat ions  ( p h o t o m e t r i c  
angles) a n d  by d i f f e r e n t  a m o u n t s  a P  d i f fe ren t  wavelengths. It is m u c h  be t te r  
t o  use n o t  Phobos  i tse l f ,  b u t  Mars as a na tura l  p h o t o m e t r i c  screen.  

O u r  new1 cal ibrated spec t rum o f  Phobos  i s  presented i n  Fig.2a. It is 
subs tan t ia l ly  d h f e r e n t  f r o m  t h e  "average" spec t rum p u b l ~ s h e d  by Pan e t  al. 
/ I / i n  t h e  c o m m o n  part  of  t h e  wavelength range, a n d  e x t e n d s  i t  yar t o  t h e  
infrared. There  a r e  several reasons f o r  t h e  d i f f e r e n c e  with P a n g  e t  al. (see 
Fig.2b):  1) T h e  d i f fe rence  i n  phase angle.  In t h e  case of P a n g  e t  al. i t  is 
nomina l ly  zero, whi le  i n  q p r  case i t  i s  2g0. T h e  phase f u n c t i o n  of P h o b o s  has  
a s t r o n g  maximum a t  0 / 7, 8 /. T h e  Phase. f u n c t l o n  a n d  o t h e r  an  ular 
dependence explains  sa t i s fac to r i ly  t h e  d i f fe rence  in  t h e  b r i g h t n e s s  f o r  %. 55 
mlcrons ,  2) T h e  curve o f  P a n g  e t  al. / 1 / i s  a c o m p i l a t i o n  of d a t a  o b t a i n e d  
by d i f fe ren t  i n s t r u m e n t s ,  a n d  f rom t h e i r  i t  is n o t  possible t o  
unders tand  h o w  t h e  normal iza t ion  t o  phase a n g l p v  was made, o r  w h i c h  phase 
f u n c t i o n s  ( I n  pr inciple ,  wavelength d e  nden t )  were used, e t c .  3) P h o b o s  has  

ronounced  i n  h o m o  ene i  t ies in  spectra? properties,  a s  was d e m o n s t r a t e d  clear1 gy c o m  ar ison of Fhobos  d i s k  h o t o m e t r y  made by TV-camera o n  t h e  ~ h o b o s - 8  
s acecrart  i n  two  wavelengths ( 8 5  a n d  0.9 microns ,  see / 10 /). F o r  exam le. 
tffe rat lo  o f  b r i g h t n e s s  a t  these  two wavelengths (0.5A0.9 approxi rnarelE 
1 . 5  t i m q  large o n  t h e  'sStickney" side of Phobos  t h a n  o n  !hels''anti-Stlckney 
part ,  w h i c h  we observed. 
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Fig.2.  a) An example of c o m b i n e d  KRFM a n d  ISM spec t ra  f o r  o n e  of t h e  14 
c o m m o n  l o c a t i o n s  of s uence  2.  Y axis  IS t h e  measured bri h t n e s s  f a c t o r  
f o r  ISM a n d  KRFM and?he phase ang le  d e e n d e n t  g e o m e t r i c  aybedo P(9) f o r  
TV camera a t  t h e  same phase ang le  9=29 . TV camera  values P( ) were 
grovided by B.S.Zhukov (improved version of phase curve publ isged by 

vanesov e t  a l . , /  7 /). T h e  p o i n t  a t  0 . 6  p m  f o r  KRFM is d o u b t f u l  because 
Mars KRFM photomet r ica l  d a t a  are  absent  (oversaturated) f o r  t h i s  
wavelen t h  a n d  an  extrapolat ion based o n  laborator  ca l ib ra t ion  was used 
t o  resfore t h e  s e n s i t i v i t y  level given here. b) ?he "aver s p e c t r u m  
of Phobos  compi led  f rom t h e  Mariner-9 UV-spectrometer.  X Y n g  landers  
a n d  groundbased data ,  a c c o r d i n g  P a n g  e t  al. / I /  a n d  Klaasen e t  al. /12/. 

T h e  s p e c t r u m  shown o n  F i g . 2 a  h a s  n o  d i rec t  analogs a m o n g  spec t ra  of 
meteoritic samples resent1 available t o  us. It looks l ike  C1 s h o r t e r  0.6 p m  
but  is very dif feren!)  a t  1 ) t h e  slope is m u c h  more  t h a n  f o r  all  t y p e  of 
carbonaceous a n d  even enstab?: c h o n d r i t e s  a n d  2) t h e ~ e  is n o  t race  of t h e  
known h d r a t i o n  band near  3 pm.  T h e  same confusion ar lses  i n  compar i sons  w i t h  
C asterords.  Perhaps t h e  CM meteor i t es  a re  nearest t o  t h e  observed part  of 
Phobos  i n  t e r m s  of spectral  ref lect ivi ty .  D as te ro ids  have a s lope i n  
near  in f ra red  / 10, 11 / but  have n o  s i g n i f i c a n t  decrease in  ':;%ctivity i n  
t h e  blue. Grad ie  a n d  Veverka / . I 0  / s u g  es ted t h a t  t h e  low albedo a n d  red 
spec t ra  of s o m e  Trojan a s t e r o ~ d s  can  %e explained by t h e  resence of 
kerogen-like o r g a n i c  compounds .  Perhaps t h e  same h y p o t h e s i s  appl ies  t o  bhobos.  

We can conc lude  t h a t  Phobos '  surface, a t  least i n  t h e  observed re  ion ,  
h e  a m u c h  m o r e  compl ica ted  c o m p o s i t i o n  t h a n  a n t i c i  a ted.  It is probab7y a 
m l x t u r e  of d i f f e r e n t  s o r t s  of mater ia ls  inc lud ing ,  f o r  example, i ron-bear ing 
s i l i ca tes  (p rov id ing  UV absorp t ion) ,  carbon and /or  i t s  compounds .  
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