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ABSTRACT 

The value t o  geological  studies o f  r e p e t i t i v e  ERTS- 
imagery was invest igated by comparing two images 
gathered dur ing d i f f e r e n t  seasons over an area i n  
the western Transvaal Province o f  the Republic of 
South Afr ica.  

The f i r s t  o f  the two images [1050-073551 was gathered 
on September I l t h . ,  1972, co- inciding w i t h  the end o f  
the dry winter  season. The second image [1158-073631 
was gathered i n  the middle o f  the summer r a i n f a l l  
season on December 2Bth., 1972. 

A comparison o f  the two images reveals s t r i k i n g  d i f -  
ferences i n  the  amount o f  recognizable geological  
d e t a i l .  The most pronounced d i f ference i s  the marked 
enhancement on the December image o f  t o n a l  var ia t ions 
associated w i t h  i n d i v i d u a l  surface l i t ho log ies .  This 
contrast  i n  t o n a l  values i s  evident i n  a l l  f o u r  spect ra l  
bands, though p a r t i c u l a r  bands emphasize i n d i v i d u a l  
l i t h o l o g i e s  more c l e a r l y  than others. 
rocks o f  the Bushveld Complex, f o r  instance, are most 
c l e a r l y  defined on bands 6 and 7, whi le  c e r t a i n  areas 
under la in by g ran i te  are dis t inguishable only on band 4. 

Tonal va r ia t i ons  on the September image permit recogni t ion 
o f  the major l i t h o l o g i c a l  u n i t s  t o  a degree which i s  
s l i g h t l y  i n f e r i o r  t o  t h a t  displayed by a 1:l 000 000 scale 
geological  map. The very marked t o n a l  d i f ferences d i s -  
played by the December image, however, permit  recogni- 
t i o n  o f  de ta i l ed  l i t h o l o g i c a l  u n i t s  compatible w i t h  
publ ished geological  maps a t  1:250 000 scale. I n  addi- 
t ion,  t h i s  image reveals the presence o f  d i s t i n c t  s t ra-  
t i g r a p h i c  subdivisions w i t h i n  the previously undi f feren- 
t i a t e d  Dolomite Series o f  the Transvaal System. 

Basic igneous 

The di f ferences exhib i ted by the two images c l e a r l y  de- 
monstrate the importance o f  r e p e t i t i v e  ERTS coverage i n  
geological  invest igat ions,  p a r t i c u l a r l y  i n  areas o f  
marked seasonal var iat ions.  I n  the present case var ia-  
t i o n s  i n  s o i l  moisture content and atmospheric haze appear 
t o  cons t i t u te  the most important f ac to rs  exer t ing an i n -  
fluence on the t o n a l  cha rac te r i s t i c  o f  d i f f e r e n t  surface 
l i t h o l o g i e s  and consequently on the ease o f  recogni t ion 
o f  such l i t ho log ies ,  Under d i f f e r e n t  conditions, however, 
other seasonal factors may be o f  equal o r  greater importance. 
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INTRODUCTION 

T h i s  repor t  summarizes t h e  r e s u l t s  of a comparison of two ERTS- 
images of  t h e  same a rea  under d i f f e r e n t  c l ima t i c  conditions,  
allowing a preliminary assessment t o  be made of t h e  importance 
o f  seasonal f a c t o r s  on t h e  ease of recogni t ion of geological  
f ea tu re s  from ERTS imagery. 

The images (1050-07355 and 1158-073631 cover a port ion of t h e  
western Transvaal Province of t h e  Republic of South Africa,  
centered on a l a t i t u d e  of approximately 260s and a longitude 
of 27OE. T h e  a r ea  covered by t h e  images has a steppe cl imate  
w i t h  t h e  annual p rec ip i t a t ion  averaging from 900 mm i n  t h e  
e a s t  t o  some 650 mm i n  t h e  west. P rec ip i t a t ion  i s  almost ex- 
c lus ive ly  i n  t h e  form of showers and v io len t  thunderstorms, and 
f a l l s  mainly during t h e  summer months from October t o  March. 

Physiographically most of t h e  a rea  l i e s  w i t h i n  t h e  Transvaal 
Highveld region, a f l a t l y i n g  o r  gent ly  undulating plateau a t  
an a l t i t u d e  of between 1 800 and 2 200 m above sea leve l .  The 
topography is  s t rongly dependent on t h e  underlying,geology w i t h  
t h e  more r e s i s t a n t  rock u n i t s  f requent ly  forming conspicuous 
elongated ridges.  The Highveld area i s  covered la rge ly  by 
p ra i ry  grasslands,  though t h e  r idges  f requent ly  support some 
acacia  thronbush and various indigenous and cu l t i va t ed  trees 
l i n e  t h e  l oca l  streams. Large a reas  a r e  devoted t o  t h e  
cu l t i va t ion  of corn. 

T h e  northeastern port ion of t h e  image forms p a r t  of t h e  Trans- 
vaal  Plateau basin,  cons is t ing  of an even f l a t  t e r r a i n  which 
is only occasional ly  broken by low inse lbergs  of rock outcrop. 
The vegetation cons i s t s  almost exclusively of Thornbush savanna 
but  a few small a reas  a r e  under i r r i g a t i o n  and devoted t o  
c i t rus  groves, tobacco and wheat farming. 

The  area is of considerable geological  interest a s  it includes 
the  gold and uranium mines of t h e  cen t r a l  and west Rand, t h e  
platinum and chrome m i n e s  of t h e  Bushveld Complex, t h e  L i c h t e n -  
burg dtamond f i e lds ,  t h e  Marico lead/zinc deposi ts ,  a s  well a s  
numerous o the r  mineral occurrences. I n t e n s e  geological  i n -  
ves t iga t ion  has been i n  progress over t h e  l a s t  90 odd years  
following the  discovery of gold i n  1886. and t h e  a rea  has been 
repeatedly mapped both by mining companies and t h e  Geological 
Survey. 

ERTS DATA AND ANALYSIS 

The two images compared a r e  1158-07363 gathered on t h e  28th of 
December. 1972 and 1050-07355 gathered on September 1 1 t h .  , 1972. 
Both images a r e  completely free o f  cloud cover. A l l  f o u r  spec t r a l  
bands on image 1050-07355 a r e  ra ted  "G" but de f in i t i on  i n  a l l  
fou r  bands on 1058-07363 is poor and a l l  were ra ted  rlPfl., 
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A deta i led comparison o f  the geological  informat ion contained 
i n  the two images was based on "conventional" f a l s e  colour 
composite p r i n t s  o f  spect ra l  bands 4, 5 and 7. enlarged t o  a 
scale o f  1:500 000. 
between the fa l se  colour composite pr in ts ,  a more rap id  com- 
par ison was made between black and white paper p r i n t s  o f  a l l  
f o u r  spect ra l  bands o f  the two images a t  1:500 000 scale. 

I n t e r p r e t a t i o n  o f  the geological  informat ion on the images 
centered mainly on the recogni t ion and accurate de l ineat ion o f  
surface l i t h o l o g i e s #  S t ruc tu ra l  features such as lineaments 
f rac tu re  patterns, and f a u l t s  were given only scant at tent ion.  

I n  add i t i on  t o  the de ta i l ed  comparison 

REGIONAL GEOLOGY 

Figure I i l l u s t r a t e s  the reg ional  geology of the area covered 
by the images. 

FIG. 1 : Regional geology o f  p a r t  o f  the Transvaal Province 
showing the approximate area covared by ERTS-images 

1050-07355 and 1158-07363 

645 



Most of t h e  area i s  underlain by rocks belonging t o  t h e  Trans -  
vaal System of l a t e  Proterozoic  age, cons is t ing  of a very t h i n  
basal  c las t ic  u n i t  [ B l a c k  Reef Ser ies ]  overlain by a 1 700 m 
sequence of  massive dolomitic limestone [Dolomite Ser ies ] ,  which 
i s  i n  t u r n  overlain by a t h i c k  sequence of a l t e r n a t i n g  qu 
and shales w i t h  occasional volcanic horizons, [Pre tor ia  S 
I n t r u s i v e  diabase si l ls  become abundant near t h e  top of t h e  
P r e t o r i a  Ser ies .  T h e  rocks of t h e  Transvaal System have been 
folded i n t o  two syncl ina l  basins, port ions of both being re- 
presented on t h e  imagery. T h e  northern 2/3 of  the images cover 
t h e  south western port ion of t h e  Transvaal basin,  character ized 
by regular  structure and shallow dips.  T h e  south eastern corner 
of t h e  images includes a port ion of t h e  curved Potchefstroom 
basin of more complex s t ructure  and s teeper  dips.  

The two major basins  of t h e  Transvaal System are separated by 
a major N.E.-trending a n t i c l i n a l  a x i s  along w h i c h  o l d e r  rocks 
of Archaean and Proterozoic  age a r e  exposed, t h e  former 
cons is t ing  predominantly of g r a n i t e  w i t h  a few s c a t t e r e d  occur- 
rences of greenstones. Proterozoic  rocks a r e  represented by 
t h e  Witwatersrand and Ventewdorp Systems, t h e  former sequence 
consis t ing la rge ly  of q u a r t z i t e s  w i t h  occasional interbedded 
shales w h i l e  t h e  l a t t e r  comprizes a n d e s i t i c  volcanics  w i t h  
interbedded sediments. 

The  centre of t h e  Transvaal B a s i n  is  occupied by t h e  Bushveld 
Igneous Complex comprizing t h e  Layered Sequence of bas ic  
igneous rocks and t h e  Bushveld Granite cons is t ing  of g r a n i t i c  
material. T h e  structure of t h i s  area i s  very regular  and d ips  
are shallow. West of  t h e  Pilansberg, however, t h e  structure i s  
more complex and numerous outcrops of q u a r t z i t i c  f l o o r  rocks 
protrude t h e  bas ic  rocks. The  Pilansberg Complex, a c i rcular  
r i n g  structure made up of a var ie ty  of a l k a l i n e  rocks, in t rudes  
t h e  Bushveld Complex a t  t h e  northern extremity of t h e  images. 
Throughout t h e  area small sca t te red  patches of f l a t - l y i n g  and 
deeply weathered Karroo sediments I t i l l i t e ,  sandstone and shale1 
occur. Locally su r f i c i a l  deposi ts  of a l l u v i u m ,  surface lime- 
stone, windblown sand and scree may obscure bedrock geology. 
I n t r u s i v e  rock types include diabase si l ls  i n  t h e  P r e t o r i a  
Ser ies ,  a lka l ine  dykes r e l a t e d  t o  t h e  Pi lansberg Complex, and 
numerous post-Karroo d o l e r i t e  dykes and sills. 

Outcrop condi t ions a r e  poor and most of t h e  western Transvaal 
i s  covered by res idua l  s o i l .  The  only u n i t s  w h i c h  form sig-  
n i f i c a n t  outcrops a r e  t h e  q u a r t z i t e s  of t h e  Witwatersrand and 
Transvaal Systems, t h e  Pilansberg and occasional inse lbergs  
w i t h i n  t h e  Bushveld Complex, 

ERTS-1 IMAGE 1050-07355 

T h i s  image [ f ig .  21 was gathered on September 11, 1972 a t  t h e  
end of t h e  dry w i n t e r  season. 
area was la rge ly  covered by ”khaki-coloured” dry grass  w i t h  a l l  

A t  t h i s  time o f  t h e  year  t h e  
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indigenous vegetation being v i r t u a l l y  l e a f l e s s  and t h e  corn- 
f i e l d s  lying fallow. The f a l s e  colour composite image of 
bands 4, 5 and 7 shows a r e l a t i v e l y  uniform predominantly 
l i g h t  brown colour tone. The  most d i s t i n c t i v e  tona l  var ia t ions  
a re  r e l a t ed  t o  a reas  of dense vegetation along stream channels 
and a reas  of wheat ag r i cu l tu re  and orange groves. Areas of 
recent burning a r e  marked by very dark colour tones. 
tona l  va r i a t ions  a r e  associated w i t h  ce r t a in  surface l i t ho log ie s  
allowing recognition of t h e  major geological  u n i t s  t o  a degree 
roughly comparable t o  t h a t  shown on published 1:l 000 000 sca l e  
maps. [Figs. 1 and 41. 

S l igh t  

T h e  d i s t r ibu t ion  of t h e  Transvaal System is readi ly  recognized 
and some individual  l i t ho log ica l  u n i t s  can be dis t inguished,  
pa r t i cu la r ly  i n  t h e  cen t r a l  port ion of t h e  image where t h e  
structure i s  regular .  The Magaliesberg q u a r t z i t e  is  very evident,  
primarily d u e  t o  a shadow effect .  Shale bands are character ized 
by l i g h t  colour tones though becoming more purple near t h e  top 
of t h e  sequence. The  Dolomite shows a uniform darker tone w i t h  
pa r t i cu la r ly  t h e  basal  zone, immediately above t h e  Black Reef 
being readi ly  dis t inguishable .  Towards t h e  eas te rn  extremity 
o f  t h e  image outcrop areas  of dolomite a r e  c l e a r l y  evident.  The  
pre-Transvaal a reas  general ly  show very uniform tona l  q u a l i t i e s  
but t e x t u r a l  pa t t e rns  permit recognition of Witwatersrand rocks. 
Basic rocks of t h e  Bushveld Complex a re  readi ly  dis t inguished 
by t h e i r  dark colour  tones but a de ta i led  assessment of t h e i r  
d i s t r sbut ion  i s  hampered by t h e  effects of numerous a reas  of 
burning over t h e i r  outcrop area.  The area underlain by Bushveld 
g ran i t e  is  character ized by a textureless l i g h t  colour tone. 
T h e  Pilansberg Complex can be recognized pr imari ly  on t h e  bas i s  
of t e x t u r a l  c h a r a c t e r i s t i c s  which very c l ea r ly  accentuate t h e  
concentr ic  r ing  s t ructure .  Throughout t h e  image outcrop areas  
a r e  character ized by uniform darker colour tones. Fracture  
pa t t e rns  a re  c l ea r ly  v i s ib l e ,  a s  a r e  some of the more prominent 
dykes. 

ERTS- 1 IMAGE 11 58-07363 

T h e  image [ f i g .  31 was gathered on December 28th., 1972 a t  t h e  
height of t h e  ra iny summer season. A t  t h i s  time t h e  a rea  was 
covered by green grassland w i t h  t he  indigenous vegetation i n  
f u l l  l ea f .  The  majority of t h e  cornf ie lds ,  however, were s t i l l  
la rge ly  bare w i t h  p l an t s  i n  a very youthfu l l  s tage.  The f a l s e  
colour composite image of bands 4, 5 and 7 shows very s t rong tona l  
var ia t ions ,  t h e  majority of w h i c h  appear t o  be d i r e c t l y  r e l a t ed  
t o  surface l i t ho log ie s ,  pa r t i cu la r ly  where shallow dipping rocks 
of t h e  Transvaal System and t h e  Bushveld Complex a r e  concerned. 
T h e  major geological  u n i t s  a r e  immediately apparent and can be 
accurately delineated. {Fig. 41. 

Areas underlain by Archean  Granite i n  t h e  eastern portion of t h e  
image a re  character ized by a mottled reddish colour tone, and show 
a uniform t e x t u r a l  pa t te rn .  The s l i g h t l y  darker  tone associated 

647 



FIG. 2 : Composite colour  p r i n t  o f  bands 4, 5 and 7 o f  
ERTS-image 3050-07355 gathered on September 1 3 ,  
1972 a t  end of d r y  Winter season. 
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FIG. 3 : Composite colour p r i n t  of bands 4, 5 and 7 of 
ERTS-image 1158-07363 gathered on December 28, 
1972 during r a i n y  Summer season. 
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w i t h  g r e e n s t o n e s  c a n  be d i s t i n g u i s h e d  o n l y  w i t h  d i f f i c u l t y .  
Darke r  colour tones are a l so  a s s o c i a t e d  w i t h  t h e  W i t w a t e r s r a n d  
Q u a r t z i t e s ,  t hough  g e n e r a l l y  t h e s e  r o c k s  are more r e a d i l y  
d i s t i n g u i s h e d  on t h e  b a s i s  of t h e i r  d i s t i n c t  l i n e a r  t e x t u r e .  
The V e n t e r s d o r p  r o c k s  i n  t h e  s o u t h  western corner of t h e  image 
are c h a r a c t e r i z e d  by a uni form,  t e x t u r e l e s s ,  g r e e n  c o l o u r  t o n e .  
The area i s  o n e  of v e r y  p o o r  o u t c r o p  b u t  i t  i s  n e v e r t h e l e s s  
p o s s i b l e  t o  r e c o g n i z e  areas u n d e r l a i n  by g r a n i t e ,  t h e s e  e x h i -  
b i t i n g  a y e l l o w  c o l o u r  tone. 

S t r o n g t o n a l  v a r i a t i o n s  p e r m i t  i d e n t i f i c a t i o n  and a c c u r a t e  
d e l i n e a t i o n  of d e t a i l e d  l i t h o l o g i c a l  u n i t s  i n  t h e  T r a n s v a a l  
System. Wi th in  t h e  P r e t o r i a  Series, a l l  s ign i f icant  l i t h o l o g i -  
c a l  u n i t s  can  b e  r e c o g n i z e d ,  w i t h  d e t a i l  i n  t h e  c e n t r a l  p o r t i o n  
of t h e  image b e i n g  comparab le  w i t h  t h a t  shown on t h e  o f f i c i a l  
p u b l i s h e d  1:125 000 map o f  t h e  area. Q u a r t z i t e  u n i t s  have  an 
i n t e r m e d i a t e  g r e y  c o l o u r  t o n e ,  [ f i g .  41. t h e  i n t e r b e d d e d  s h a l e s  
e x h i b i t  a v e r y  l i g h t  c o l o u r  t o n e ,  and t h e  Ongeluk v o l c a n i c s  are 
l o c a l l y  c l e a r l y  d i s t i n g u i s h a b l e  by t h e i r  g r e e n  c o l o u r  t o n s .  
The s h a l e s  of t h e  M a g a l i e s b e r g  S t a g e  e x h i b i t  a v a r i a b l e  c o l o u r  
tone r a n g i n g  f rom l i g h t - ,  t o  dark-brown, and  t h i s  may b e  due  t o  
t h e  p r e s e n c e  of d i a b a s e  sills, some o f  which  can b e  d i s t i n g u i s h e d  
i n d i v i d u a l l y .  A few l i t h o l o g i c a l  u n i t s  no t  shown on t h e  p u b l i s h e d  
g e o l o g i c a l  maps can be i d e n t i f i e d  i n c l u d i n g  t h i n  d i s c o n t i n u o u s  
s h a l e  u n i t s  i m m e d i a t e l y  above  t h e  u p p e r  Daspoor t  Q u a r t z i t e  dnd 
l i t h o s t r a t i g r a p h i c  d e t a i l  w i t h i n  t h e  M a g a l i e s b e r g  s h a l e s .  The 
T r a n s v a a l  Dolomite i s  c h a r a c t e r i z e d  by b r o a d  a l t e r n a t i n g  z o n e s  
o f  l i g h t  g r e e n  and d a r k  g r e y  c o l o u r  t o n e s .  These  c l e a r l y  reflect 
b r o a d  s t r a t i g r a p h i c  u n i t s  which  t o  d a t e  had n o t  been  r e c o g n i z e d  
from t h i s  area i n  s p i t e  of t h e  long h i s t o r y  of g e o l o g i c a l  a c t i v i t y .  
F i e l d  i n v e s t i g a t i o n s  (Groo tenboe r ,  E r i k s s o n  and  T r u s w e l l ,  19731 
i d e n t i f i e d  t h e  z o n e s  as c o r r e s p o n d i n g  t o  u n i t s  of c h e r t - r i c h  
l i g h t - c o l o u r e d  and c h e r t - p o o r  d a r k - c o l o u r e d  d o l o m i t i c  limestone 
which c o u l d  be  c o r r e l a t e d  w i t h  t h e  d e t a i l e d  s t r a t i g r a p h y  es- 
t a b l i s h e d  e l s e w h e r e .  C e r t a i n  areas w i t h i n  t h e  T r a n s v a a l  Dolomi te  
show a d i s t i n c t  u n i f o r m  g r e e n  c o l o u r  t o n e .  S t r a t i g r a p h i c  d e t a i l  
i s  a b s e n t  i n  t h e s e  areas and  t h e y  a l m o s t  c e r t a i n l y  c o r r e s p o n d  t o  
l o c a l  t h i c k  s o i l  c o v e r ,  much o f  wh ich  may b e  o f  a t r a n s p o r t e d  
n a t u r e .  

B a s i c  r o c k s  of t h e  Bushve ld  Complex show a d i s t i n c t i v e  d a r k -  
b l u e  c o l o u r  tone, r e s u l t i n g  f rom t h e i r  low reflectance i n  band 7. 
Areas o f  o u t c r o p  w i t h i n  t h e  Laye red  Sequence  are  c l e a r l y  i d e n t i -  
f i a b l e .  The b a s a l  c o n t a c t  o f  t h e  Sequence  i s  i n v a r i a b l y  
o b s c u r e d  by s u r f i c i a l  scree, b u t  t h e  u p p e r  contact w i t h  t h e  
Bushveld  G r a n i t e  i s  c l e a r l y  d e f i n e d  and  c a n  b e  a c c u r a t e l y  t r a c e d .  
O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  r e c o g n i t i o n  of a d i s t i n c t  zone  of 
d a r k e r  t o n e  a t  t h e  t o p  o f  t h e  Laye red  Sequence  c o i n c i d i n g  w i t h  
t h e  so-called ”Upper Zone”, a u n i t  of r e l a t i v e l y  more magnetite 
r i c h  g a b b r o i c  r o c k s .  To t h e  west o f  t h e  P i l a n s b e r g  t h e  numerous 
small o c c u r r e n c e s  o f  q u a r t z i t e ,  w i t h  associated scree, p e n e t r a t i n g  
t h e  b a s i c  r o c k s  o f  t h e  Complex, are c l e a r l y  v i s i b l e .  W h i l s t  t h e  
g r a n i t i c  r o c k s  o f  t h e  B . I .C .  as a whole are r e a d i l y  r e c o g n i z a b l e ,  
a more d e t a i l e d  s u b d i v i s i o n  i n t o  g r a n i t e ,  g r a n o p h y r e  and  f e l s i t e  
i s  n o t  p o s s i b l e .  I n t e r p r e t a t i o n  i s  r e n d e r e d  d i f f i c u l t  by 
v a r i a b l e  l a n d  use p a t t e r n s ,  sur f ic ia l  d e p o s i t s  and  t h e  effects 
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of donga erosion. A small folded o u t l i e r  of Transvaal rocks 
[Crocodile River Fragment1 within t h e  Bushveld g ran i t e  i s  
r ecogn izabb  only on t h e  bas i s  of i t s  t e x t u r a l  cha rac t e r i s t i c s .  

Additional features of geological interest  w h i c h  a r e  c l ea r ly  
recognizable on t h e  image include dykes, lineaments, j o i n t s ,  
f a u l t s ,  concentr ic  r ing  s t ruc tu res  ( a l l  character ized by 
d i s t i n c t i v e  t e x t u r a l  pa t t e rns ) ,  a r eas  of scree cover and 
s u r f i c i a l  deposits.  Outcrop areas  a r e  charac 
r e l a t i v e l y  uniform dark-grey colour tone, 
a r e  f requent ly  ind is t inguishable  on t h e  bas i s  of colour tone 
alone,in s t rong cont ras t  w i t h  a reas  of poorer outcrop where 
s t rong tona l  con t r a s t s  reflect t h e  various l i tho logies .  Non- 
geological  f ea tu re s  include na tu ra l  vegetation pa t te rns ,  
ag r i cu l tu ra l  land use pa t te rns ,  urban areas ,  dams, streams, 
r ivers ,  m i n e  dumps, and roads. 

and t h e i r  l i t ho log ie s  

DISCUSSION 

A comparison of t h e  colour  composites of t h e  two images 
( f ig s .  2 and 3)  revea ls  s t r i k i n g  d i f fe rences  i n  t h e  tona l  
cont ras t  between various surface l i t ho log ie s  differences.  
The depth of colour and tona l  con t r a s t s  on t h e  December image 
are enhanced, r e l a t i v e  t o  t h e  September image, permit t ing re- 
cognition of a grea t  amount of geological  d e t a i l  i n  s p i t e  of 
i t s  technica l ly  poor qua l i ty .  T h e  wealth of tona l  var ia t ion  on 
t h e  former image does t o  some degree obscure o the r  geological  
fea tures  s u c h  as f r ac tu re  pa t t e rns  and a reas  of outcrop. An 
examination of t h e  individual  spec t r a l  bands revea ls  t h a t  t h e  
tona l  con t r a s t s  displayed by t h e  colour  composite i s  present  
i n  every individual  spec t r a l  band. I n  v i r t u a l l y  every instance 
a p a r t i c u l a r  geological  f ea tu re  i s  more c l ea r ly  displayed on a 
p a r t i c u l a r  band of t h e  December image compared t o  t h e  same 
band on t h e  September image. Table 1 provides a summary of t h e  
degree t o  w h i c h  various geological  f ea tu re s  a re  character ized 
by tona l  d i f fe rences  i n  individual  spec t r a l  bands and on t h e  
colour composites. 

A number of f a c t o r s  could be responsible f o r  t h e  d i f fe rences  
i n  t ona l  cont ras t  between t h e  two images. The  uniform tona l  
enhancement over t h e  whole a rea  of t h e  image and i n  every 
individual  band s t rongly  suggest t h a t  a major la rge  sca l e  
seasonal influence i s  a t  work. W h i l e  f a c t o r s  l i k e  vegetation, 
and d i f f e r e n t i a l  land use could a l l  cont r ibu te  t o  t h e  effect ,  
s u c h  contr ibut ions would general ly  be confined t o  ind iv idua l  
bands only o r  t o  p a r t i c u l a r  areas.  
fac tors ,  both ind i r ec t ly  r e l a t ed  t o  r a i n f a l l ,  a r e  la rge ly  
responsible  f o r  t h e  va r i a t ion  i n  t ona l  cont ras t ;  viz .  s o i l  
moisture cont ras t  and atmospheric haze. Fig. 5 i l lust rates  
t h e  weekly r a i n f a l l  f o r  a number of s t a t i o n s  i n  t h e  western 
Transvaal a s  well a s  t h e  da tes  on which t h e  images were 
gathered. 
image t h e  t o t a l  p rec ip i t a t ion  did not exceed 20 mm a t  any one 
of t h e  s t a t ions .  
gathered i n  t h e  middle of t h e  ra iny season w i t h  weekly preci-  
p i t a t i o n  reaching up t o  60 mm. 

It would seem t h a t  two 

Over t h e  4 month period preceding t h e  September 

The December image on t h e  o the r  hand was 
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Table I 

TONAL CHARACTERIZATION AND RECCGNIZABILITV OF GEOLOGICAL FEATURES IN VARIOUS SPECTRAL BANDS 
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FIG. 5 : Weekly r a i n f a l l  f igures  f o r  several  towns i n  t h e  

January, 1973. 
western Transvaal f o r  the period May, 1972 t o  
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During t h e  d ry  w i n t e r  months atmospheric haze occurs  over  
most of  South Afr ica .  with windblown dus t  being t h e  main 
cons t i t uen t .  Such m a t e r i a l  produces s i g n i f i c a n t  back re- 
f l e c t i o n  of s u n l i g h t  and a l s o  scatters much of t h e  r a d i a t i o n  
r e f l e c t e d  from ground ob jec t s .  Both effects r e su l t  i n  re- 
duced c o n t r a s t  i n  ground scenes. During t h e  summer months 
most o f  t h e  dus t  i s  removed by r a i n f a l l ,  t h u s  producing a 
c l e a r  atmosphere and good c o n t r a s t .  

The  effect of s o i l  moisture  conten t  i s  important  i n t e r  a l i a  
i n  so f a r  a s  it a f f e c t s  t h e  t ex tu re  of t h e  r e f l e c t i n g  sur- 
f a c e  of  a ground ob jec t .  Dry s o i l  w i l l  approximate a matt  
s u r f a c e  w h i c h  may result i n  s i g n i f i c a n t  s p e c t r a l l y  non- 
selective r e f l e c t i o n  from t h e  top  sur face .  A wet s o i l  [ o r  
a s o i l  w h i c h  has been wet but  not d i s t u r b e d )  w i l l  presumably 
e x h i b i t  g r e a t e r  s p e c t r a l l y  s e l e c t i v e  absorp t ion .  

SUMMARY 

1. 

2. 

3. 

4. 

5. 

Two s e q u e n t i a l  ERTS images of  a po r t ion  of t h e  
western Transvaal  Province ga thered  dur ing  t h e  
dry w i n t e r  and r a iny  summer seasons were compared 
t o  i n v e s t i g a t e  t h e  va lue  of  r e p e t i t i v e  ERTS imagery 
i n  geo log ica l  s t u d i e s .  

A d e t a i l e d  comparison was based on co lour  composite 
p r i n t s  of bands 4. 5 and 7 ,  bu t  t h i s  was followed 
by examination of a l l  f o u r  i n d i v i d u a l  bands f o r  t h e  
two images. 

The  w i n t e r  image proved t o  be o f  low t o n a l  c o n t r a s t  
and l i t h o l o g i c a l  d e t a i l ,  roughly comparable t o  t h a t  
shown on a 1:l  000 000 s c a l e  map could be recognized. 
F rac tu re  p a t t e r n s  and a r e a s  of  ou tcrop  a r e  r e a d i l y  
ev ident .  

The  summer image [ i n  s p i t e  of  a NASA r a t i n g  o f  "P" 
f o r  a l l  fou r  bands) shows very marked t o n a l  c o n t r a s t  
r e l a t e d  t o  s u r f a c e  l i t h o l o g i e s ,  l o c a l l y  pe rmi t t i ng  
recogni t ion  of l i t h o l o g i c a l  d e t a i l  comparable t o  t h a t  
i n d i c a t e d  on 1:250 000 maps of t h e  a r ea .  T h e  i n t e n s i t y  
o f  these t o n a l  v a r i a t i o n s  t ends  t o  obscure o t h e r  
geologica l  f e a t u r e s .  

T h e  summer image r e v e a l s  new l i t h o l o g i c a l  information 
p a r t i c u l a r l y  i n  t h e  Transvaal Dolomite where major 
s t r a t i g r a p h i c  u n i t s  a r e  c l e a r l y  ev ident .  I n  s p i t e  o f  
90 y e a r s  of cont inuous geo log ica l  a c t i v i t y  i n  t h e  
western Transvaal ,  no s u c h  s t r a t i g r a p h i c  subd iv i s ions  
had e v e r  been recognized. 
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6. 

7. 

8. 

The enhancement of tonal  con t r a s t  i s  evident i n  every 
s i n g l e  band of t h e  December image. 
a l l  bands of both images ind ica t e s  t h a t  v i r t u a l l y  every  
s i n g l e  band of each image may display p a r t i c u l a r  geo- 
l o g i c a l  f ea tu re s  t o  a g r e a t e r  degree t h a n  any other. 

A comparison of 

Atmospheric haze and s o i l  moisture content appear t o  
c o n s t i t u t e  the most important f a c t o r s  i n  enhancing 
t h e  tonal  contrast  of t h e  December image. Both these 
f a c t o r s  a r e  d i r e c t l y  r e l a t e d  t o  r a i n f a l l .  

The invest igat ion c l e a r l y  ind ica t e s  t h e  importance of 
r e p e t i t i v e  coverage i n  t h e  enhancement of p a r t i c u l a r  
geological features ,  i n  an area of strong seasonal 
changes. 
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