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Abstract: Visual observations of ca lo r  differences of Se ren i t a t i s  mare 

mater ia ls  from o r b i t  conplment photography and other  remotely sensed 

, data.  The l i g h t  tan gray inner f i l l  of the Se ren i t a t i s  basin is 

younger than the dark blue gray annulus; the l a t t e r  continues i n to  and 

appears t o  be contemporaneous with the f i l l  of Mare Tranqu i l l i t a t i s .  

E~iare ridges occur i n  both the  inner basin f i l l  and the dark annulus of 

Se ren i t a t i s .  Ridges a r e  interpreted as  the r e s u l t  of s t ruc tura l  defor- 

mation and up-doming a f t e r  t he - so l id i f i ca t ion  of the  basa l t i c  lavas. 

On the southeastern rim of the Se ren i t a t i s  basin i s  the  darkest 

blue gray uni t  within which Apollo 17 landed. Highland massifs surround- 

ing t h i s  u n i t  have unstable slopes which a re  believed t o  be the r e su l t  

O F  localized tec ton ic  a c t i v i t y .  On t he  southwest rim of t he  basin a r e  

the dark tan to  brolwn gray mantling materials of the Sulpicius Gallus 

Formation. Farther west on the rim a re  dark blue gray patches which 

resemble the mare material of the Se ren i t a t i s  dark annulus. 
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INTRODUCTION 

The object ive of visual observation from lunar o r b i t  t o  complement 

photography and other  remotely sensed data was successfully f u l f i l l e d  

on Apollo 17. Because the Apol l o  17 ground coverage duplicated about 80% 

of t ha t  of Apollo 15, much was known about t he  overflown areas-  For this 

reason emphasis was placed on the-study of co lor  tones of l u n a r  surface 

uni ts  and on the d e t a i l s  of small s c a l e  features .  A s e l ec t ion  of the  

coments made while i n  l u n a r  o r b i t  wi l l  appear i n  the Apollo 17 Prelimi- 

nary Science Report (Evans and El-Baz, 1973). This paper summarizes 

the  orb i ta l  observations r e l a t i n g  t o  Mare Seren i ta t i s .  Photogeologic 

interpreta t ions  a r e  included t o  confirm these observations and t o  po in t  

out t h e i r  geological s ignif icance.  

COLOR BOUNDARIES 
I 

The mare f i l l  of t he  Se ren i t a t i s  basin has long been known t o  

display un i t s  with d i f f e r en t  albedo cha rac t e r i s t i c s .  I t  includes some 

of the darkest  (low - albedo) u n i t s  on the ~ o o n ( P o h n  and. Wildey,l970; 

El-Baz, 1972a)..l.   here i s  cor re la t ion  between the albedo u n i t s  and co lor  u n i t s  

detected by special  photographic and photoelectric methods (Whitaker, 

1972; Strom, 1972). 

An attempt was made on Apollo 17 t o  discern the  co lo r  boundaries 

and t o  e lucidate  t h e i r  re la t ionships  t o  o ther  notable co lo r  dif ferences  

i n  adjacent maria. The importance of this stems from groundtruth data 

which indicates  t h a t  color differences ref1 e c t  compositional var ia t ions;  



e.g. ,  the darker and bluer the mare, the  more titanium i n  the  basa l t .  

The Apollo 11 and 17 s i t e s  a r e  both located in dark mare uni ts ;  the  mare 

basal ts  of both s i t e s ,  a s  established by numerous invest igators ,  a r e  

r e l a t i ve ly  r ich in titanium (Strom, 1972). 

As shown in Figure 1 ,  Mare Se ren i t a t i s  displays two major albedo 

uni ts .  The i n n e r  f i l l  of t he  basin is  characterized by-a -higher .. . albedo ~. . - ~ ~  ... \ 

than t h a t  of t he  darker annulus. The l a t t e r  was previously believed t o  

be the younger of the two units- (Carr, 1966; Nilhelms and McCauley,. 1971; 

El-Baz, 1972a; and o thers ) .  As wil l  be shown below, Apollo 17 provided 
. ~ ..... . .~ . . ... ~. . 

~ . .. 
contrary evidence, through visual observa t ions  a n d  o r b i t a l ,  photographs. , . ~ -. ~ . 

t h a t  the  l i g h t e r  colored inner f i l l  is  younger than the dark  annulus. 

I n  addi t ion t o  the  dark annulus w i t h i n  t h e  basin t he re  a r e  darker 

areas on the  southeastern and southwestern par ts  of the  bas in ' s  rim. 

Refering t o  these color dif ferences ,  the  CI4P made the following comment 

during the  Apollo 17 mission: "To me the  Moon has a l o t  more color than 

I had been led t o  believe. (P r io r  t o  the mission) I had the  impression 

t h a t  everything was the  same color.  T h a t  i s  f a r  from being true." 

In t he  followi-ng discussion t h e  regions of eastern,  southern and 

western Se ren i t a t i s  wi l l  be t rea ted  separately.  

A. Eastern Se ren i t a t i s  

The dark material on the  southeastern rim of the Se ren i t a t i s  basin 

(Fig. 2 )  i s  dark gray with a bluish t i n t .  During the mission, t he  CMP 

s ta ted  tha t  i t  is s imi la r  i n  color  t o  the  dark f loo r  f i l l  o f  Maraldi Crater 

t o  the  eas t .  A t  both l o c a l i t i e s ,  he a l so  noted the presence of bluish 

gray blocks around l a rge r  c ra te rs ;  e.g.,  the  300-600 m c r a t e r s  c lustered 
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in the Apollo 17 landing s i t e  area (Fig. 3 ) .  

Prior  TO Apollo 17, photogeologic investigations suggested t h a t  the 

darker un i t  i s  r e l a t i ve ly  young (e .g . ,  El-Baz, 1972a). This bras based 

primarily on the smooth appearance of the  surface.  In addi t ion,  the 

premise t h a t  the bluer maria a r e  younger (Whitaker, 1972), t h e  r e l a t i v e l y  

low number of c r a t e r s  within the dark u n i t  (Greeley and Gault, 1973), and 

the probabili ty of t h e  presence of a source of a pyroclast ic  mantle i n  

t he  form of volcanic vents o r  cinder cones i n  t he  area (El-Baz and Worden, 

1972), a l so  suggested t h a t  the darker u n i t  is r e l a t i ve ly  young. Earth- 

based radar  and IR s tud ies  (Thompson e t .  a l ,  1973) a l so  supported the 

in te rpre ta t ion  of an unusually smooth surface,  which suggests a low 

c r a t e r  density and therefore  a r e l a t i ve ly  young surface. 
. . 

Age d a t i n g . r i s u l t s  ind ica te  t h a t  the  basa l t s  of the  ~ a u r u s / ~ i t t r o w  . . .  

landing s i t e  a r e s i m i l a r  i n  age t o  the Apollo 11 basal ts ,  about 3.7 b. y. 

old (Tera e t .  a l ,  1973). The dark co lor  is probably due t o  t h e  high 

titanium content of the basa l t s  (Strom, 1972) and/or a moderate amount - 
of dark g lass  beads and fragments i n  the  s o i l  samples. There is a l so  

photographic evidelTce t h a t  the mare material on the  southeast  rim of 

Mare Se ren i t a t i s  i s  embayed by, and therefore  o lder  than, t h e  dark annulus 

mater ia ls  (Fig. 2 ) .  

8. Southern Sereni t a t i s  

Perhaps the sharpest  demarcation between the two major u n i t s  of 

Se ren i t a t i s  i s  i n  the southern par t  of the  basin north of t h e  c r a t e r s  

P l in ius  (Fig. 4) and Menelaus. Materials of the  outer annulus a r e  dark 

blue gray in  co lor ,  with a s l i g h t  tannish tone. The mare in  t h e  inner 

par t  of the  basin i s  l i g h t  tan gray. 



As shown in Figure 4 ,  the  mare of the dark annulus i s  more textured 

(with small sca le  undulations and numerous arcuate r i l l e s  and 1 ineamsnts) 

and has more c r a t e r s  per u n i t  area than the mare of the inner basin. The 

superposition re la t ionships  a r e  a l so  c lear :  Ri l les  and other  depressions 

i n '  the  older  annulus a r e  encroached and flooded by the l i g h t e r  and younger 

u n i t .  The broad mare r idge which i s  a r e l a t i ve ly  young f e a t u r e  is a l so  

confined t o  the  l ight-colored u n i t .  

C. Western Se ren i t a t i s  

The dark blue gray mare material of t h e  Se ren i t a t i s  annulus is 

exposed i n  the  western pa r t  near Sulpicius Gallus Crater, and t h e  exposure 

continues northward in  a broad zone beyond the  point of merger-of Mare 

Se ren i t a t i s  and Mare Imbrium. Another dark u n i t  i s  exposed i n  t h e  area 

of the  Sulpicius Gallus R i l l e s  on the western rim of the Se ren i t a t i s  

basin. T h i s  u n i t  has a dark brownish t i n t .  I t  appears t o  f i l l  val leys  

and th in ly  mantle small h i l l s  between the Haemus Mountains, whose tops 

a r e  not mantled. The color and tex ture  of this un i t  d i f f e r  from those of 

o ther  t e r r a  mantliag mater ia ls  f a r t h e r  t o  the  west, which fonn smooth and 

f l a t  patches of blue-gray mater ia ls  (Fig. 5 ) .  

The Sulpicius Gallus R i l l e s  themselves are  located i n  a dark brownish 

gray u n i t  t h a t  appears t o  mantle the rim materials of t he  S e r e n i t a t i s  

basin. This u n i t  has been mapped a s  the  Sulpicius Gallus Formation (Carr, 

1966). I t  i s  i n  t h i s  area t h a t  several c r a t e r s ,  probably of impact 

or igin ,  and i r r egu la r  elongate depressions of unknown or ig in ,  have a rust- 

colored o r  orange t i n t .  Since the same t i n t  was observed from o r b i t  on 

the n o r t h  f lank of Shorty Crater (Evans and El-Baz, 19731, i t  i s  reasonable 



_- assume tha t  the  orange colors a t  both l o c a l i t i e s  a r e  caused by the 

presence of orange-tinted glass  beads which may be e i t h e r  volcanic o r  

impact in or ig in .  

MARE RIDGES 

One major system of wrinkle r idges ,  and several subsidiary ridges 

occur in  Mare Se ren i t a t i s .  The major c i r cu l a r  system occurs within t he  

l i g h t e r  colored inner mare material of Se ren i t a t i s .  The subsidiary ridges 

t ha t  a r e  e i t h e r  subparallel  t o  the  major r idge system o r  rad ia l  t o  i t ,  

occur i n  both un i t s  of Mare S e r e n i t a t i s -  

O n e  prominent subsidiary r idge is i n  t h e  eastern p a r t  of Mare 

Seren i ta t i s .  A pa r t  of t h i s  r idge unusually laps  up against  t he  south- 

western corner of the  flooded c r a t e r  Le Bonier (Fig. 6 ) .  I t  continues 

t o  the  south as  a broad r idge,  w i t h  sharp discontinuous escarpments near 

i t s  borders. This cha rac t e r i s t i c  is a l so  common along the  major r i dge  

system (Fig. 6) .  

Figure 4 i l l u s t r a t e s  an example of a radial  subsidiary r idge.  As is 

common, there  a r e  n_o crosscut  re la t ionships  w i t h  t he  main c i r c u l a r  r idge,  

and both appear t o  have formed contemporaneously. In t h i s  pa r t i cu l a r  

example, the  ridge abuts against  the older mare material t h a t  forms t h e  

dark annulus near the  rim of Se ren i t a t i s .  There a r e  however, cases  where 

subsidiary ridges extend through the  darker annulus, such as  i n  t h e  south- 

eastern corner of Mare Se ren i t a t i s  (El-Baz, 1972a). 

I n  most cases, there  i s  c l e a r  evidence of correla t ion between the 

Seren i ta t i s  mare ridges and f a u l t  systems in  and around t h e  basin (El-Baz, 

1972a). I t  was previously shown (El-Baz, 1972b) t h a t  r e l a t i v e l y  young 
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mare flows i n  southwestern Mare Imbrium a r e  pushed upward by ridges of 

substant ia l  e levat ion,  which suggests t h a t  the  ridges a r e  younger than the 

flows. This and superposition of ridges on mare materials of Se ren i t a t i s  

indicate t h a t  the  ridges a r e  formed a f t e r  the emplacement and so l id i f i ca t ion  

of the lava f i l l .  The ridges a r e -bes t  explained by thrust ing u p  of the  

so l id  materials,with the exception of a few small extrusions and flow l i k e  
i 

features  t h a t  were probably f l u i d  i n  t he  eastern pa r t  of the Se ren i t a t i s  

r idge system (Strom, 1972). 

HIGHLAND UNITS 

Highland o r  t e r r a  u n i t s  t h a t  surround the landing si te (both massif 

un i t s  and sculptured h i l l s )  cons t i t u t e  the best  exposures of S e r e n i t a t i s  

rim materials.  They were s tudied from o r b i t  and compared t o  mater ia ls  

surrounding Crisium and Imbrium basins. 

Massif un i t s  surrounding the  Taurus-Littrow valley have an unusually 

high albedo- A concentration of blocks occurs on the tops  of the  massifs 

t h a t  i s  matched only on the  tops of central  peaks of r e l a t i v e l y  f resh 

c r a t e r s  such as  Tsiolkovsky. Evidence of downslope movement of material 

including numerous t racks  of downward moving blocks (Fig. 7)  suggests 

t h a t  the  massifs have unstable slopes.  The l i g h t  mantle i n  the  landing 

s i t e  area (Fig. 3 )  i s  believad t o  be a landsl ide t h a t  or iginated from 

South Massif (El-Baz, 1972a). 

Massif un i t s  of comparable s i z e  surrounding Mare Crisium and Mare 

Imbrium do not show s imi l a r  fea tures ,  although both Crisium and Imbrium 

basins a r e  believed t o  be younger than the Se ren i t a t i s  basin (Wilhelms 

and McCauley, 1971). Block exposures and downslope movement of material 
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on the Se ren i t a t i s  massifs may have been tr iggered by r e l a t i ve ly  recent 

tectonic  a c t i v i t y  i n  the area;  one poss ib i l i t y  i s  the tectonic  movement 

that  Formed the  Scarp ( F i g .  3 ) .  

The Sculptured Hi l l s  have a  lower albedo than tha t  of the  massifs 

("intermediate between t h a t  of t h e  massifs and the  dark mantle"). and a r e  . 

l i g h t  gray i n  color .  These h i l l s  which dominate the  t e r r a in  north and 

e a s t  of the  landing s i t e  area are believed t o  be of d i f f e r en t  o r ig in  
. . 

~... 
from h i  1  l y  u n i t s  surrounding Mare Crisium, a1 .. - though \both g ive  t h e  

.. . . .~ . . . .  
so-called corn-on-the-cob appearance a t  high Sun e leva t ion  a n g l e s . ,  The- .~ 

. . 

sculptur ing i s  believed t o  have been- efihanced by accumulation '&dark 

materials i n  grooves between the highland h i l l s .  

CONCLUSIONS 

The low albedo material which f o n s  t he  dark annulus of Mare Sereni- 

t a t i s  has the same co lor  and albedo a s  the  f i l l  of most of Mare Tranquil- 

l i t a t i s .  This is  supported by s i m i l a r i t i e s  i n  chemistry and i n  c r y s t a l l i -  

zation age of the Apol l o  17 and Apollo 11 mare basal ts. Mare material of 
-- 

the  dark annulus appears t o  be flooded by and therefore  o lder  than the 

l i g h t e r  mare f i l l  i n  the  inner pa r t  of the Se ren i t a t i s  basin. 

To summarize the colors  of the mare uni ts  of Se ren i t a t i s  as  observed 

from o rb i t :  The inner f i l l  of the  basin i s  l i g h t  tan gray; the  o u t e r  

annulus i s  dark blue gray; t he  Taurus-Littrow valley where the Apollo 17 

LM landed i s  a darker blue gray; t he  Sulpicius Gallus Fonnation i s  dark 

tan t o  brown gray and the  mare-like patches between the Haemus and 

Apennine Mountains a r e ,  l i k e  the annulus mater ia ls ,  dark bluh ray. 
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These color  cha rac t e r i s t i c s  a r e  important in extrapolating ground- 

t r u t h  data t o  l a rge r  areas of t he  Moon, as well a5  i n  the i n t e rp re t a t i on  

of r e su l t s  of both Earth-based and orb i ta l  geochemical and geophysical 

remote sensing. 

A c i r c u l a r  major r idge system i s  located i n  t he  l i g h t  i nne r  mare 

f i l l  of Se ren i t a t i s .  Subsidiary r idges ,  both subparallel  and radial  t o  

the  major system occur i n  both the  l i g h t  inner  mare and i n  the dark annulus, 

but none appear t o  be d i r e c t l y  re la ted  t o  the  lava extrusion. T h e  r idges 

a r e  probably due t o  s t ruc tura l  deformation a f t e r  the s o l i d i f i c a t i o n  of the 

mare lavas. 

The brightness of t he  Se ren i t a t i s  massifs, t he  numerous blocks t h a t  

crown them, the t racks  of downward moving blocks, a s  we11 a s  the  land- 

s l i d e  t h a t  i s  believed to  have formed the l i g h t  mantle i n  t h e  Apollo 17 

landing s i t e  are  believed t o  be indications of r e l a t i ve ly  l a t e  tec ton ic  

movement. One poss ib i l i t y  i s  t he  displacements t h a t  resul ted i n  t h e  

formation of the Scarp, which is probably older  than the  s l i d e .  
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CAPTIO>IS OF FIGURES 

Figure 1.  Oblique view looking westward across Mare Tranquil1 i t a t i s  ( l e f t )  

and Mare Se ren i t a t i s  ( r i g h t )  showing the  s imi la r i ty  i n  apparent 

albedo and color  of T ranqu i l l i t a t i s  and the dark annulus of 

Se ren i t a t i s .  The dark patch on the  southeastern rim of S e r e n i t a t i s  

i s  shown i n  more- de t a i l  i n  Figure 2. Apollo 17 Hasselblad 

Figure 2. The dark area ( cen te r  t o  lower edge) between highland massifs i n  

t h e  s o u t h e a s t e k  r i m :  o f  Mare Seren i ta t i s .  .. A t  cen te r  of upper 
. .  - 

edge of photograph, t he  mare f i l l  of the s e r e n i t a t i s  basin: ( the  . . 

dark annulus mater ia l )  appears t o  t runcate ,  and therefore  is 

younger than, t he  dark u n i t  on the  Se ren i t a t i s  basin rim material 

( t h e  darkest  u n i t )  ; see  a l so  Lunar Orbi ter  V ,  frame 6644. 

Figure 3. The Apollo 17 Taurus-Littrow landing s i t e .  The two massif un i t s  

. . 
. . . . 

- . .7 a r e  separated b y l 8  k,m-#ide-darc deposit  o ~ ' w h i c h a ~ : l ~ i ' g h t n a ~ f 1 ~  - . - ' .  :-. _ . : . . - -. ./?. ' I  . . . . . . . . . . . . .;. .r . .  . '. . : . _. . . ~ .. , . ~ .  ,. ~ . 

i s  superposed. Blue gray colored blocks were observed i n  the  

c l u s t e r  Gf c r a t e r s  near the  r i g h t  edge. The Scarp which bisects  

the  dark deposi t  continues across the  lower slopes of North Massif 

in  a northrvesterly trend.' Apol l o  17 Hassel blad frame 150-23005. 

Figure 4.  Albedo/color boundary i n  southern Mare Se ren i t a t i s  north of the 

c r a t e r  P l in ius  whose rim appears on the lower edge of the photo- 

graph. Portion of the  c i r cu l a r  mare ridge system appears on the 

upper edge of t he  photograph; a subsidiary ridge t h a t  i s  radial  

t o  i t  abuts against  the older  and darker mare un i t  i n  the middle 

of t he  photograph. Apollo 17 Hasselblad frame 150-23069. 
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Figure 5.  Oblique view looking westward of the western rim deposits of 

the  Se ren i t a t i s  basin. The dark blue gray material of the  

Se ren i t a t i s  annulus i s  i n  t he  lower r i gh t  corner. The Sulpicius 

Gallus Ri l les  ( r i g h t  edge) and the un i t  in  t he  near f i e l d  are  

tan  t o  brown gray i n  color. This i s  contrasted t o  patches i n  t he  

background of dark blue gray mare-like mater ia ls .  Apollo 17 

Hassel bl ad frame 153-23571. 

Figure 6 .  Ridge systems of easterrr~Mare Seren i ta t i s :  top, portion of t he  

subs id ia ry  r i d g e  system i n  t h e  dark annulus near the southwestern. 

rim o f  Le:'Menier C r a t e r  (Apollo 17 Hasselplad f r a m  153-234s); 

bottom, portion of the  major c i r c u l a r  r idge  system shoring the - .  

sharp escarpments on both s ides  of t he  broad r idge (Apollo 17 

Hasselblad frame 150-23021 ) . 
Figure 7. View from the Taurus-Li ttrow valley of North Massif showing 

boulders (some a r e  c i r c l ed )  t h a t  moved downslope leaving conspi- 
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