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S i g n i f i c a n t  r e s u l t  are repor ted i n  s t r u c t u r a l  mapping lead- 

i i ng  t o  tec ton ic  i n te rp re ta t i on ;  i n  s u r f i c i a l  deposi ts  mappjng; i n  

analys is  o f  s a l t  d iap i r is rn  i n  southwest I ran;  i n  updating and cor-  

r e c t i n g  e x s i s t i n g  hydro log ica l  maps; i n  moni tor ing f l u c t u a t i o n s  

of water i n  some i n t e r m i t t e n t  lakes; i n  the de l i nea t i on  o f  wetland 

areas and the  study o f  f l u v i a l  suspended load  o f  the  head o f  the  

Persian Gu l f  i n  r e l a t i o n  t o  the f i s h i n g  indust ry ;  i n  excercises 

i n  s o i l  mapping; i n  range and a g r i c u l t u r a l  surveys and inventory  

using niul t i s  tage sampl i ng methods, and i n  the computer ana lys is  

o f  ERTS-1 d i g i t a l  tapes f o r  urban land use. The completion of 

a 1: 1,000,000 fa1 se co lour  photomosaic o f  I r a n  i s  a1 so reported. 



SUMNARY OF PROJECT STATUS AND SIGN1 FI CANT RESULTS 
OBTAINED USIiIG ERTS-1 DATA 

ERTS-1 data are now being applied by the Government of Iran to the 
following projects : 

- Geological interpretations 
- Hydro1 ogi cal interpretations 
- Oceanographical and Marine Resources studies 
- Land Use Analysis 
- Agriculture, Forestry and Range Management 
- Soil type identification studies 

Significant results obtained in the June 73 - June 74 reporting pe- 

riod using ERTS-l data include : 

- The completion of a colour photomosaic o f  Iran a t  a scale 

of 1: 1,000,000. This project which involved the colour' 
matching of 108 frames, and was produced in four seperate 
sheets, i s  be1 ieved to be a unique accomplishment i n  so 
fa r  as i f  was the f i r s t  product of i t s  kind t o  be prepared 
using ERTS-1 imagery. 

- Mapping of major tectonic, structural and stratigraphic 

features using various t e s t  s i tes  in Central, South and 
Eastern I ran. 
I t  has beenconcluded that the greatest value o f  ERTS-1 

imagery in geological appl ications i s  in the production 
o f  regional structural maps, especial ly where fracture 
pat terns can be del i nea ted. 
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- Compilation of a "Lineament Map" of Eastern Iran, and 

i t s  use in the subdivisior, of this part of- Iran into 
seperate t ~ c  tonic province:. 

- Tectonic mapping and analysis of the Tabas Quadrangle 

in East - Central Iran. 

. - Continued updating and correction of exsisting hydro- 
logical maps, including the mapping of previously un- 
recorded 1 akes, reservoirs, pi ayas , and drainage pat- 
terns. 

- Monitoring of the seasonal fluctuations of the surface 
water in Darya-e-Namak. 

- Continued use of ERTS-1 imdgery in range and agricul- 

tural surveys by the Kinistry of Agri cl ture and Na- 
tural Resources. Extensive mu1 t i s  taye sampl i ng me- 
thods are being used in this  project. 

- Delineation and evaluation cf high potential fishing 

zones in the Persian Gulf. These projects involved 
the identification of wetland areas along the coast- 
line, as well as the study of the offshore suspended 
sediment transport patterns. 

- Evaluation of the u t i l i t y  of ERTS-1 data i n  Soil type 

identification and mapping in the Qazvin Test Si te  area. 

- Further training of Iranian scientists in the Un4,ted 

States and England, in bo th  the interpretive techniques 
and the digital possibilities involved in using ERTS 

data. 
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SECTION I 

I ntroduction 



I n  June 1971, the Imperial  Government o f  Iran, submitted i t s  

proposal f o r  p a r t i c i p a t i o n  i n  NASA's Earth Resources Technology 

Sate1 1 i te-1  program, e n t i t l e d  "To Eva1 uate the U t i l i t y  o f  ERTS-A 

Data i n  t4apping and Developing Natural F?sources i n  I ran"  which 

was subsequently accepted i n  A p r i l  1972. A: a resu l t ,  an exten- 
s i ve  mu1 t i d i s c i p l  inary  program was i n i t i a t e d  i n  the Plan an d Bud- 

get  Organization w i t h  the ac t i ve  p a r t i c i p a t i o n  o f  s ~ v e r a l  minis- 

t r i e s .  

bbst o f  the work car r ied  ou t  on the ERTS-1 obtained dzta, bet- 

ween A p r i l  1972 and June 1973, has been already presented i n  our 

Type 1 and Type 2 Reports (Ebtehadj et .a l  1973) and i s  here pre- 

sented i n  review form only. 

From June 1973 t o  the present time, the bulk o f  the work ca- 

r i e d  ou t  has been addressed p r i n c i p a l l y  t o  the discip! ines o f  ge- 

ology, hydrology and oceanography. 

I n  the f i e l d  o f  geology the aim has been mainly conf ine 

.attempts a t  analysing the general tectonic  framework of  the - - 
country, w i t h  special a t t en t i on  being paid t o  Eastern I ran.  This 

p re l  iminary work was car r ied  ou t  i n  two stages. F i r s t l y  the sub- 

d i v i s i o n  o f  East and South East Iran, i n t o  seperate tec ton ic  pro- 

vinces based p r i n c i p a l l y  on a study of ERTS - observed 1 ineaments 

and associated trends, and culminated i n  a repor t  e n t i t l e d  "Tec- 

t on i c  Analysis o f  East and South East I r a n  us ing ERTS-1 imagery", 

which was subsequently presented a t  NASA's Th i rd  ERTS Symposium 

i n  Washington D.C. 

The s e c ~ n d  stage o f  the geblogical appl icat ions experiment 

Involved an attempt a t  an Intermediate l eve l  tectonic  mapping of 
a small Test S i t e  a rm,  the Tabbas ~ u a d r a n ~ l e .  



The hydrological studies ca r r i ed  out  were e f f e c t i v e l y  the 

cont inuat ion o f  the pro jec ts  i n i t i a t e d  a t  the beginning o f  the 

Earth Resources Program, These include l oca t i ng  previously un- 

recorded f resh water lakes, mapp.ing o f  playas and assuciated 

s u r f i c i a l  deposits, drainage network studies, and f i n a l l y  the 

monitor ing o f  seasonal f luc tua t ions  o f  some in te rm i t t en t  lakes. 

The oceanagraphi cal  and n a r i  ne reswrces  pro jects involve 

hydrographical studies v i n l y  i n  the form o f  coastal mapping 

w i t h  special a t t en t i on  k i n g  paid t o  wetland i d e n t i f i c a t i o n  and 

the analysis o f  seasonal var ia t ions  o f  the suspended 1053 a t  the 

head o f  th2 Persian Gulf. These p a r t i c u l a r  studies are consi- 

dered t o  be very re levant  t o  the i d e n t i f i c a t i o n  of high po ten t i a l  

f i s h i n g  tones i n  the Persian Gulf', 

I n  s o i l  sciences a p i l o t  p ro jec t  i n  the use o f  ERTS-1 ima- 

gery f o r  the i d e n t i f i c a t i o n  o f  s o i l  types i n  the Qazvin area, has 

been conducted. t h i s  study, which i s  s t i l l  i n  progress, i s  i nc lu -  

ded i n  t h i s  repor t  a1 b e i t  i t s  prelimir.,ry nature, t o  i nd i ca te  the 

long-term po ten t i a l  o f  t h i s  imagery i n  la rge  scales o i l  mapping o f  

Iran. From the resu l t s  obtained thus far ,  i t  would seem t h a t  d i -  

g i t a l  techniques f o r  mapping w i l l  be espcc ia l l y  appl icable i n  t h i s  

pro ject .  

Several "ground check" programs, associated w i t h  the above 

studies, were undertaken t o  conf irm the v a l i d i t y  o f  the in te rpre-  

tat ions, and t o  es tab l ish  the nature of sGme o f  the recognized bu t  

un ident i f ied  features as seen on the ERTS imagery. Care was taken 

t o  include personnel f r o m  as many d i sc ip l i nes  as possible on these 

t r i p s  i n  order t o  maintain the essent ial  mu1 t i d i s c i p l i n a r y  cut look 

o f  the program. 

F ina l l y ,  the p ro jec t  e n t i t l e d  "Range Land Evaluation i n  Iran",  

present ly  being ca r r i ed  ou t  by the M in i s t r y  o f  Agr icu l tu re  and Na- 

t u r a l  Resources, using mu1 t i s tage  sampling methods i n  add i t i on  t o  



ERTS imagery, oncludes the major a c t i v i t i e s  in Iran using ERTS-1 
data. 

I t  should be pointed out tha t  a f a l s e  colour composite (bands 
4.5, and 7)  m s a i c  of Iran a t  a scale of 1: 1,000,000 was also pre- 
pared during this period. This mosaic, consisting of 108 s ingle  

ERTS-1 frames, most of which are  to ta l ly  cloud free, was the f i r s t  
of i ts  kind to  be prepared, and played an important role i n  the 

projects undertaken during this reporting period. (Plate - 1) ' 
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INTRODUCTION 

The geolog ica l  p o r t i o n  o f  the I r a n  ERTS-1 p r o j e c t  experiment 

i s  i n  e f f e c t  seperated i n t o  trio pa r t s .  P a r t  I o f  t he  geolog ic  ex- 

per iment invo lved  examining a1 1  o f  t i l e  imagery, i n  t he  form o f  

1:1,000,000 b lack and white, band 7 ,  and f a l s e  co lour  mosaics, s i n -  

g l e  frame p r i n t s  and transpsrencies, as w e l l  as 1: 500,000 and 

1:250,000 enhanceiuents o f  "spec ia l  i n t e r e s t "  frames. Th is  p r e l  i- 

minary ana lys is  was c a r r i e d  o u t  main ly  t o  o b t a i n  an idea o f  t he  

d i f f e r e n t  types o f  geo log ica l  in for tnat ion,  and the  l e v e l  o f  d e t a i l  

t h a t  cou ld  be ext racted from the  imagery: i n  general t o  eva luate 

ERTS-1 data i n  terms o f  i t s  p o t e n t i a l  i n  geolog ica l  app l i ca t i ons  i n  

I r a r  

For t h i s  purpose, several  t e s t  s i t e s  were se lected and analysed 

i n  d e t a i l ,  Special  care was taken over  the  choice o f  these s i t e s ,  

so t h a t  they would e x h i b i t  as many geolog ica l  fea tu res  as possible 

and t o  be genera l l y  represen ta t i ve  o f  t he  country, as a  whole ( F i -  

glrre 1). 

P a r t  I 1  o f  t he  geolog ica l  p o r t i o n  cons is ts  o f  t he  p r o j e c t s  un- 

dertaken as a  r e s u l t  o f  the  s tud ies c a r r i e d  o u t  on t he  above men- 

t i oned  Test S i tes .  Since the  p re l im ina ry  ana lys is  i n  Pa r t  I, i n d i -  

cated t h a t  t he  p r i n c i p l e  use o f  ERTS-1 imagery f o r  geolog ica l  s tu -  

d ies  i n  I ran ,  i s  i n  the  d e f i n i t i o n  o f  s t r u c t u r a l  features', t he  se- 

cond p o r t i o n  o f  the  r e p o r t  i s  almost who l l y  invo lved  w i t h  s t r u c t u r a l  

and t e c t o n i c  i n t e rp re ta t i ons .  Nevertheless, geo log ica l  mapping and 

1  i tho log i ca l  i d e n t i f i c a t i o n  s tud ies  have no t  been t o t a l l y  neglected, 

and a t  present  several s tud ies  l ook i ng  i n t o  t he  f e a s a b i l i t y  o f  geo- 

 logical mapping i n  I ran,  us ing ERTS-1 imagery, have been i n i t i a t e d  

and a re  p resen t l y  i n  progress. 



Figure 1 - Test  S i t e  Locations 



I r a n  i s  t h a t  sec t ion  o f  t he  Tethyan Geosyncl i n e  t h a t  was com- 

pressed between the  Russian and Arabian Shields,  w i t h  the  r e w l  t i n g  

format ion o f  nlajor geoniorphological features apparent today such as 

the  Zagros and A1 burz mountain chains. 

I n  term o f  depos i t i ona l  h i s t o r y  I r a n  i s  thought t o  have ex- 

s i s t e d  i n  r e l a t i v e l y  s t a b l e  p l a t f o rm  cond i t i ons  throughout t he  en- 

t i r e  Paleozoic era, w i t h  the except ion o f  the emergence o f  south- 

k e s t  I r a n  dur ing  l a t e  Cambrian times, and gen t l e  ep i rogenic  m v e -  

ments main ly  i n  pre-Devonian and pre-Permian times, probably co in -  

c i d i n g  w i t h  the  Caledonian and Variscan orogenies . 

The q u i e t  p l a t f o r m  cond i t i ons  o f  the  Paleozoic gave way i n  12 te  

T r i a s s i c  tinies t o  in tense f o l d i ng  and f a u l t i n g  i n  the  cen t ra l  I r a -  

n i an  region. This orogonic phase d i d  n o t  however a f f e c t  southwest 

I ran,  where a comformabl e sedimentary sequence, several  thousands 

o f  meters t h i c k  was deposi ted ranging i n  age frotn Cambrian t o  l a t e  

Te r t i a r y .  The whole sequence was fo ld t ld  o n l y  by t he  l a t e s t  A l p i ne  

movements (P l  i o -P l  iestocene) i n t o  l ong  p a r a l e l l  asymmetric fo lds ,  

occas iona l l y  p ie rced  by Infracambrian aged s a l t  d i a p i r s .  There a re  

no metamorphic o r  igneous rocks i n  t h i s  f o l d  b e l t .  

The Zagros Fo ld  Be1 t i s  bounded northeastwards by a zone o f  i n -  

tense t h r u s t i n g  cu lm ina t ing  i n  the  main Zagros Thrust. Th is  major 

geofeature may be considered as the sur face expression o f  the  fun-  

damental break between the  once coherent Arabian and I r a n i a n  P l a t -  

form, r e s u l t i n g  i n  the  under t h r u s t i n g  o f  t he  Arabian Sh ie l d  below 

the  I r a n i a n  Pla t form.  

The Zagros Thrust  Zone a lso  represents the  deepest p a r t  o f  t h e  

former Zagros Trough, as shown by t he  presence o f  r a d i o l a r i a n  shales, 



and f lysch- type deposi ts,  l o c a l l y  accompanied by oph io l  i t i c  i n -  

t rus ions,  forming t y p i c a l  "Coloured Melange" sequences. 

The A lp ine  Crogeny a1 so brought i n t o  being the A1 burz moun- 

t a i n  chain. These ranges which are s t r a t i g r a p h i c a l  l y  and s t ruc -  

t u r a l l y  r e l a t e d  t o  Central  I r a n  a,*e considered t o  have commenced 

r i s i n g  i n  e a r l y  Pl iocene times w i t h  renewed movements i n  l a t e  

Pl iestocene. These l a t e r  movements are thought t o  have been res -  

ponsi b l  e  f o r  the  f o l d i n g  o f  the molasse-type eros ional  mate r ia l  

from the surrounding mountains, which had accumulated i n  nearby 

depress ions dur ing  the Neogene. 

The general area bounded by the Alburz and Zagros f o l d  b e l t s  

t o  the  n o r t h  and south west respec t i ve ly ,  and by the  L u t  Block t o  

the  eas t  i s  perhaps one o f  the  most geo log i ca l l y  complicated r e -  

gions i n  I ran,  i f  n o t  the world. 

Th is  reg ion  was p rev ious ly  considered t o  be o f  a  s t a b l e  p l a t -  

form character and o f t e n  r e f e r r e d  t o  as a s tab le  "Median Mars". 

However recent  work (J. Stock1 i n  l968), c l e a r l y  ind ica tes  t h a t  

o n l y  the Lu t  Block i s  o f  t h i s  p a r t i c u l a r  character.  The remaining 

regions were found t o  cons i s t  o f  i n t ense l y  fo lded  and f a u l t e d  Meso- 

z o i c  and T e r t i a r y  rocks, e x h i b i t i n g  many o f  t he  trends and charac- 

t e r i s t i c s  o f  i t s  sulv-ounding s t r u c t u r a l  s t y l es ,  bu t  i n  general bea- 

r i n g  the most a f f i n i t y  t o  the  Alburz mountains. 

To the east o f  t h i s  cen t ra l  region, there  e x i s t s  a  l a r g e  de- 

s e r t  reg ion  known as Dasht-e-Lut. This i s  genera l l y  an area o f  ran- 

dom f a u l t i n g  and i n s i g n i f i c a n t  fo ld ing .  

Three main types o f  surface l i t h o l o g y  are noted i n  t h i s  area. 

Mesozoic sedimentary rocks, forming the  extens ive tab1 e-mountai ns 

i n  the  western par t ,  t abu la r  vo lcanic  rocks o f  Paleogene age cove- 

r i n g  o l d e r  sedimentary rocks i n  the  n o r t h  and f i n a l l y  Pleistocene- 

Recent deposi ts  f i 11 i n g  young depressions. 



The Dasht-e-Lut, o r  more accura te ly  the  L u t  Block 

i t s e l f  i n  bounded t o  t h e  south and east  w i t h  extens ive 

developments o f  Eocene f l y sch .  These man i fes t  themselves 

as gen t l e  undu la t ing  s t r uc tu res  i n  t he  Makran Ranges t o  

the south and as t i g h t  l i n e a r  fo lds ,  l o c a l l y  metamorphosed, 

i n  the East I r a n i a n  Mountains border ing and passing i n t o  

Pakistan. I n  both cases the  f l y s c h  i s  occas iona l l y  as- 

soc ia ted w i t h  "Coloured Me1 ange" developments e s p e c i a l l y  

along t h e  j u n c t i o n  w i t h  the  L u t  Block. 

Th is  concludes a very w n e r a l  review o f  the  geology 

o f  I ran ,  and i s  inc luded is; . . ,  I S  sec t ion  t o  g i ve  the  rea-  

der  a  general background t l ad i .  nay be necessary f o r  a  f u l -  

l e r  unders tmd ing  o f  t he  discussions i n  t he  coming f o r t h  

pages. 



REVIEW OF PREVIOUS FINDIiiGS : 
L d 

Before commencing on the resu l t s  obtained i n  the s ing le  

Test S i t e  in terpretat ions,  regarding the value o f  ERTS-1 ima- 

gery i n  geological appl icat ions, i t  i s  perhaps i n  place t o  re- 

view some o f  the previous major f ind ings  using ERTS-1 imagery. 

These have been more f u l l y  reported i n  Types I and I 1  

(Ebtehadj et.al  1973). These resu l t s  r e l a t e  f i r s t l y  t o  the 

detect ion o f  major previously unrecorded tec ton ic  features o f  

Iran, t h a t  have been i d e n t i f i e d  using ERTS imagery and are shown 

schematically i n  Figure - 2 . and secondly t o  some very ge- 

neral  observations concerning s u r f i c i a l  deposits and t h e i r  pos- 

sib1 e i d e n t i f i c a t i o n  using ERTS-1 data. 

Major Tectonic Features as shown by ERTS-1 Imagery 

A regional tec ton ic  i n te rp re ta t i on  o f  the e n t i r e  country, 

using black and white ERTS-1 MSS, band 7 data as wel l  f a l s e  co- 

l o u r  composites (bands 4.5, and 7) was ca r r i ed  ou t  w i t h  t l ie  f o l -  

lowing resu l t s  : - 

(a) A major northwest - southeast t rending fau l t ,  passing 

through Rezaiyell and Esfandagheh, almost 2000 kilome- 

t e r s  i n  length and roughly para1 l e l  t o  the Zagros 

thrust,  was recognized. This f a u l t  which had no t  been 

previously recorded i n  i t s  e n t i r e t y  and thus does not  

appear on any geological map as such, was found t o  be 

in tersected by a ser ies o f  northeast - southwest tren- 

ding f a u l t s  i n  the v i c i n i t y  o f  the c i t y  o f  Nain. There 

have been ten ta l  i vely named the "Nain-Kashmar" f a u l t  



series, (Figure 2).  This new observation indicates 

tha t  previous tectonic  i n te rp re ta t i on  of t h i s  region 

(compilation map N I O C  1959) which showed these two 

series o f  fau l  t s  bcing cont i  nous and hence belonging 

to  one generation i s  probably erroneous. 

(b) Another l a rge  lineament, previously unrecorded, ex- 
tending from Khai rabad (Kerman Province) t o  south- 

west Teheran, and about 800 ki lometers i n  length was 

recognized. (Figure 2).  This 1 ineament, a1 though not  

very conspicuous i n  some sections o f  i t s  length, i s  

best noted by the sharp boundaries i t  has created i n  

some playas, as we1 1 as possib le displacements o f  

volcanic mater ia l  near the town o f  Anar. I n  addit ion, 

the presence o f  Quaternary volcanic a c t i v i t y  near o r  

on the 1 ineament may i nd i ca te  recent movements along 

i t s  length. 

S u r f i c i a l  Deposits as seen on ERTS-1 Imager1 

The fo l low ing are a few general observations concerning sur- 

f i c i a l  deposits as seen on ERTS-1 black and whi te as wel l  as fa lse 

colour composite p r i n t s  : - 

- The a e r i a l  extent, and the boundary between a l l u v i a l  fans 

and other  types o f  unconsol idated sediments are eas i l y  

observable on the ERTS-1 images. The de l ineat ion  o f  these 

fans are p a r t i c u l a r l y  s i g n i f i c a n t  f o r  hydrological inves- * 
t iga t ions ,  since most wel ls  o r  Qanats i n  I r a n  are d r i l l e d  

o r  dug i n  these a l l u v i a l  deposits. 

* Qanat i s  a hor izonta l  in te rceptor  t o  the ground water table, 
which i s  1 inked through a ser ies of interconnected wel ls .  

(Wul ff, 1968). . . 



- Sediments i n  playas and some r i v e r  channels being yre- 

dominantly e v a p o r i t i c  i n  nature are v i s i b l e  as wh i t e  

patches. As a r e s u l t  the  playa i s  probably the  most 

e a s i l y  recogni zabl e fea tu re  on the ERTS-1 imagery, 

Playas a re  f u r t h u r  discussed i n  the Hydro log ica l  sec- 

t i o n  o f  t h i s  repor t .  

- :,n impor tant  fea tu re  o f  ERTS-1 imagery regard ing sur-  

f i c i a l  deposi ts  i s  the p o s s i b i l i t y  t h a t  these images 

o f f e r  i n  t he  de tec t ion  of  p rev ious ly  unrecorded Recent 

f a u l t i n g  i n  a1 l u v i a l  deposi ts.  These 1 ineament/faul t s  

a re  seen on the imagery as narrow l i n e a r  bands contras- 

t i n g  i n  tone o r  co lour  w i t h  the immediately adjacent areas. 

The a b i l  i t y  t o  conduct r a p i d  and inexpensive reconnais- 

sance o f  Recent f a u l t i n g  has impor tant  app l i ca t ions  t o  

land use planning, ground water exp lorat ion,  geolog ica l  

hazard s tud ies  and the s i t i n g  and design o f  engi i ieer ing 

p ro jec t s  i n  general. 

- Areas covered by weathered and eroded by-products o f  

nearby igneous and n ~ t a ~ n o r p h i c  source rocks, e x h i b i t  

themselves w i t h  d i f f e r e n t  tona l  s ignatures. I n  general 

t he  by-products o f  a c i d i c  igneous rocks t e n t  t o  have a 
1 i g h t e r  tone, compared w i t h  those der ived from bas ic  mas- 

s i f s ,  

- Unconsolidated sand dune developments a re  c l e a r l y  noted 

on the ERTS-1 imagery i n  several p rev ious ly  unrecorded 

loca t ions .  This d e t e c t i  b i l  i ty o f  loose sand coupled 

w i t h  t he  r e p e t i t i v e  ERTS coverage, has great  p o t e n t i a l  

i n  a i d i n g  i nves t i ga t i ons  p resen t l y  be ing c a r r i e d  ou t  w a r  

urban areas such as Sabzevar, i n  attemps t o  moni tor  and 

con t ro l  unconsol idated sand movement. 



Flgure-2 Schematic map showlng major tectonic 

features of  I ran .  



PART I 



SINGLE FRAME TEST SlTE ANALYSIS OF 

ERTS-1 IMAGERY I N  IRAN 

I n  o rder  t o  f u l l y  evaluate the a p p l i c a b i l i t y  o f  ERTS data 

t o  geological  studies, the fo l low ing  t e s t  s i t e s  were chosen and 

analysed i s  d e t a i l  : - 

(a) Isfahan Region Frame No. 1169-06391 

The analys is  and i n t e r p r e t a t i o n  o f  t h i s  image taken on 8, 

Jan, 1973 may be s p l i t  up i n t o  two major por t ions,  those r e l a -  

t ed  t o  s t r u c t u r a l  s tud ies and those i n  s u r f i c i a l  depos i t  i n -  

ves t igs t ions .  These are f u l l y  described below: - 

The s t r u c t u r a l  in fo rmat ion  gained from t h i s  image i s  expec- 

t e d l y  i n  the form o f  i d e n t i f i c a t i o n  o f  1 ineanlents and associa- 

ted  trends. I n  t h i s  context  the  main Rezaiyeh-Esfandagheh f a u l t  

i s  observed as an extending f a u l  t zone, p a r t i  a1 l y  covered by 

snow, running from the northwest corner o f  the  image t o  t he  south- 

east, i n  addi t ion,  a ser ies  o f  1 ineanients, a l so  w i t h  a nor th -  

west-southeast trend, and passing t o  the  south o f  the c i t y  of 

Isfahan were noted. 

Several o f  the l a t t e r  1 ineaments were confirmed t o  be su r -  

fzce manifestat ions o f  p rev ious ly  unrecorded f a u l t s ,  dur ing  

"ground check" programs c a r r i e d  o u t  i n  the  Is fahan area. 



I n  add i t i on  t o  the  above para1 l e l  f a u l t  zones, a zone o f  

northeast-southwest 1 ineaments t o  the n o r t h  o f  Isfahan was re -  

cognized. These lineaments are o f  p a r t i c u l a r  i n t e r e s t  s ince . 

t h i s  t rend as a whole, has no t  been p rev ious ly  recorded i n  t h i s  

region. 

A pre l im inary  study i n t o  the  p o s s i b i l i t y  o f  de tec t ion  and r e -  

cording o f  the d i f f e r e n t  types o f  s u r f i c i a l  deposi ts was c a r r i e d  

out.  As a r e s u l t  several major types, such as a l l u v i a l  deposi ts  

(AD), piedmont (Pd), playa (PL) i n  a d d i t i o n  t o  o ther  features such 

as cul  t i  vd l  ed areas (Cul ), and spr ings (Sp), were d i  f f e r e n l i  ated. 

These a re  s%wn on f i g u r e . 3 .  

Of the above sur face deposits, the  most r e a d i l y  d i s t i ngu i shab le  

are playas and piedmont deposi ts.  The playas which genera l l y  show 

on the imagery as c l e a r  l i g h t - g r e y  t o  wh i t e  patches, due t o  t h e i r  

evapori t i c  content, were noted t o  be ~ a a i n l y  t o  the  east o f  Is fahan 

as we l l  as i n  the upper most r i g h t  bane corner o f  the  image. The 

tonal  d i f fe rences  noted w i t h i n  the  p l a y ~ s  themselves, a re  a t t r i  bu- 

ted  t o  probable va r i a t i ons  i n  the  e v a p o r i t i c  and/or mois ture con- 

ten ts  . 

Piedmont deposits, on the o ther  hand, appear as r a t h e r  more ex. 
tens ive and "smoother" appearing areas, t h e i r  co lour  genera l l y  r e -  

f l e c t i n g  t h e i r  source. I n  o ther  hords, t he  piedmont deposi ts o f  

in termediate o r  bas ic  vo lcanic  rock un i t s ,  which comprise t he  grea- 

t e r  p a r t  o f  t he  outcrops o f  t he  upper p o r t i o n  o f  the  image, tend 





t o  be darker than the  dcposi t s  der i ved  fron! the  p r e d c m i * m t l y  

sedin,entary sequences i n  the lower p o r t i o n  o f  the  image . 

I n  the southeast o f  the  imago and t o  a  l esse r  ex ten t  i n  

the nor th ,  several sca t te red  c i r c u l a r  patches o f  vegetat ion 

were noted w i t h i n  the darker piedmont deposi ts.  These a re  

be l ieved t o  be sur face man i fes ta t ion  o f  near sur face ground 

water accumul a t i ~ n s .  The in te rconnec t ing  road system between 

these springs, which are c l e a r l y  v i s i b l e  on the ERTS imagery 

i n d i c a t e  t h a t  these "oas is"  are e i t h e r  inhab i ted  o r  f requent ly  

used f o r  the  water supply o f  nearby sett lements.  

Perhaps the  most d i f f i c u l t  sur face mate r ia l  t o  d i f f e r e n -  

t i a t e  on the  image are a1 l u v i a l  deposi ts.  While some areas a re  

c l e a r l y  a l l u v i a l  such as the area immediately t o  the  n o r t h  o f  

Isfahan, o ther  areas, due t o  p a r t i a l  c u l t i v a t i o n ,  a re  r o t  so 

c l e a r l y  d i f f e r e n t i a b l e .  Also, as i n  the  ca,e o f  piedmont de- 

pos i ts ,  the co lour  and tone o f  t h e  a l l u v i a l  depos i ts  t o  t he  

n o r t h  o f  the  imagery are genera l l y  darker  than those i n  t he  

south. Th is  i s  again a  source in f luenced  phenomena. 

F i n a l l y  the image c l e a r l y  shows t he  c i t y  o f  Isfahan, and 

the major r i v e r  o f  t h i s  reg ion the  Zaiqdehrud, along which ex- 

tens i  ve cu l  t i v a t i o n  i s  undertaken. 



Yazd Region from Yo. 1149-Ot-182 

This  image , take on 19 Dec. 1972 covers the  reg ion  

surrounding t he  c i t y  o f  Yazd i n  Central  I r an .  

S tu r c tu ra l  Considera t i o n  : ........................ 

S t r u c t u r a l l y  t h i s  area can be d i v i ded  i n t o  two par t .  

F i r s t l y  i n  t he  l cwer  l e f t  o f  the  image a p o r t i o n  of 

Re7aiyeh- Esfandagheh 1 imeament can be c l  e z r l  y seen run- 

i n g  i n  a northwest-southeast d i r e c t i o n  . t h i s  1 ineament, 

which can be seen i n  i t s  e n t i r e t y  on F igure 4 i s  noted 

t o  t runca te  some recen t  piedmont deposi ts,  i n d i c a t i n g  

probable r ecen t  r e a c t i v a t i o n s  along an o l d e r  f r ac tu re .  

Th is  i s  f u r t h e r  corroborated by r epo r t s  o f  recen t  earth- 

quake a c t i v i t y  along t h i s  be1 t i n  inhab i ted  areas. 

To t he  n o r t h  o f  t he  R-E f a u l t  network o f  minor no r t h -  

east-soutwest and northwest-southeast 1 ineaments. have bnen 

recorded . I t  i s  o f  i n t e r e s t  t o  note t h a t  the  dens i t y  o f  

l ineaments recorded i s  higher i n  the  igneous bodies t o  t he  

west and southeast o f  t he  c i t y  o f  Yazd than those noted on 

t he  Cretaceous outcrop d i r e c t l y  t o  the  south o f  t he  c i t y  . 
The o r i g i n  o f  t h i s  minor 1 ineaments i s  p resen t l y  under 

i n v e s t i g a t i o n  and ground checking programs t o  t h i s  s i t e  

a r e  planned. 

To t he  nor theas t  pa ra l l ed  o f  t h i s  network a system o f  

1 arger  1 ineaments some exceeding 200 K i l  ometers a r e  noted 

t o  occure . The rocktypes i n  which most o f  these occur i s  

Jurass ic  and Cretaceous aged 1 imestones. 

I n  the  lower r i g h t  r eg ion  o f  t h i s  Tes t  S i t e  evidence 

f o r  r ecen t  volcanism i n  noted . The t rend  o f  these small cones, 





i s  roughly  p a r a l l e l  t o  the R-E f a u l  t (F igure 4 ). 

A t r i a l  mapping o f  the  s u r f i c i a l  deposi ts  o f  t h i s  frame 

using tonal  and t ex tu ra l  con t ras ts  was a lso  c a r r i e d  o u t  . 
These u n i t s  a re  shown i n  f i g u r e  4 . 



Nayshabur peg i o n  Frame No. E-1111-06154 

This  image taken on 11 November 1972 covers a  subs tan t ia l  p a r t  

o f  the  Khorasm Province i n  n o r t h t 3 s t  I r a n .  
i 

As i n  the  previous t e s t  s i t e  , the  image has been i n t e r p r e t e d  

from the  p o i n t  of view o f  ob ta inab le  s t r u c t u r a l  i n fo rmat ion  and 

poss ib le  i d e n t i f i c a t i o n  and de l  i n e a t i o n  o f  s u r f i c i a l  depos i ts  w i t h -  

i n  the  area . These ccns iderat ions are discussed below :- 

S t ruc tu ra l  Considerat ions 

The pr imary s t r u c t u r a l  i n f o rma t i on  der i ved  from t h i s  image may 

be summarized as f o l l ows  : 

The Durunek, Faul t , i s  c l e a r l y  seen i n  the  lower p o r t i o n  o f  t h e  

image , as an east-west t rend ing  major l ineament t h a t  begins t o  

swing t o  a icuthwest -nor theast  t r end  w i t h  approach towards c e n t r a l  

I r a n  , This  f a u l t  , which can be considered as one o f  the  major 

t ec ton i c  fea tu res  o f  eastern I r a n  , i s  i n  a l l  p i -obab i l i t y  s t i l l  

a c t i v e  , as i nd i ca ted  by recen t  earthquake a c t i v i t y  along i t s  

l eng th  as we l l  as i t s  t r ansec t i on  o f  Quaternary a l l u v i a 1  fans t o  

i t s  south . Immediately t o  the  n o r t h  o f  t h e  Duruneh F a u l t  , the re  

i s  a  network o f  northeast-southwes t and scutheast-northwest t rend-  

i n g  , minor 1  ineaments , t h a t  a re  seen t o  occur almost exc l us i ve l y  

i n  Eocene aged vo lcan ics  . Fur ther  " ground t r u t h  " s tud ies  a re  

planned t o  asce r t a i n  t h e  reason f o r  t h i s  p r e f r e n t i a l  j o i n t i n g  o f  

these vo l  can i  c rocks . 

Fur ther  t o  the  n o r t h  o f  t h i s  network o f  minor 1  ineaments a  

p rev ious ly  unrecorded major l ineament  has been recognized . This  
l ineament , which trends I n  an almost eastwest d i r e c t i o n  i s  o f  
p a r t i c u l a r  s i g n i f i c a n c e  , s ince  i t  i s  bordered along po r t i ons  o f  

i t s  l eng th  by extens ive " Coloured Melange " developments, which 

I n  t u r n  a re  considered t o  have impor tant  imp1 i c a t i o n s  regard ing 





p l a t e  boundaries !n Eastern I r a n .  

Also o f  i n t e r e s t  i s  the  d e t e c t i b i l  i t y  o f  i n t r i c a t e  f o l d i n g  i n  

Miocene and Eocene rocks t o  t he  west o f  t he  image . 

S u r f i c i a l  Ceposi t z  

A p re l  iminary  mapping excerc ise concerning s u r f  i c i a l  depos i ts  

was c a r r i e d  o u t  us ing ERTS imagery . As i n  t he  previous t e s t  s i t e s  

the s u r f i c i a l  depos i ts  were d i v i ded  i n t o  several  catagor ies  , 
dep?nd'ng on t h e i r  tona l  and t e x t u r a l  con t ras ts  . These i nc l ude  

a l l u v i a l  depos i ts  (AD) , piedmont (Pd) , playas (P I )  and c u l t i v a t e d  

areas ( c u l )  . These a re  shown on F igure 5 . 
The a l l u v i a l  depos i ts  mapped on the  image occrrr Por t he  most p a r t  

t o  the  south o f  the  Duruneh F a u l t  i n  the  lower p o r t i o n  o f  t he  image. 

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  almost a l l  o f  t h e  c u l t i v a t i o n  seems 

t o  be concentrated w i t h i n  these deposi ts.  

From the  imagery , i t  w i l l  be noted t h a t  t he  'supply p o i n t  o f  

most o f  t he  a l l  uv ia l /p iedmont  fans seem t o  f a l l  on t he  Duruneh Fau l t ,  

i n d i c a t i n g  t h a t  r ecen t  movements along t h i s  f a u l t  1  i n e  may have had 

a  d i r e c t  bear ing on t he  format ion o f  these fans . 

Piedmont depos i ts  a re  mos t l y  l oca ted  t o  t he  no r t h  o f  t he  

Duruneh Fau l t  , and appear on t he  imagery a s  extens ive " m o t h  " 
areas w i t h  tona l  v a r i a t i o n s  t h a t  a re  apparent ly  source c o n t r o l  1  ed. 



The econonii c  importance of the Zagros Fold Be1 t with 

respect t o  i t s  vast o i l  and gas accumulations makes i t  na- 
tural tha t  several Test S i t e s  should be chosen in t h i s  re- 
gion fo r  evaluating the potential of ERTS-1 imagery with 
view t o  a be t ter  understanding of the  geology of t h i s  area,  
especially i t s  tectonic evolution. I n  addition to  the above 

mentioned co~nmercial aspect, i t  should be pointed out tha t  
th i s  fold be1 t lends i t s e l f  par t icular ly  well to s a t e l l i t e  
orientated analyses due to i t s  exceptionally we1 1 exposed, 

double plunging antic1 inal s t ruc tures .  There i s  also the 
added advantage tha t  a  high qua1 i  ty Gemini photograph of 
t h i s  region i s  avai lable,  offering the in terpre ter  a  d i f -  
ferent  perspective of t h i s  fold be1 t from tha t  which i s  

attained using EKTS-1 imagery. 

For geolog icai evaluation, two t e s t  s i t e s ,  consisting 

o f  two single frames ( 1  .D. 1149-06294 and I  .D. 1149-06235) 

and a th i rd ,  composed of a  mosaic of two frames ( I  .D. 1168- 
06344) and I .  D. 1168-06350), were selected,  with the following 

resul t s  : 



Bandar-e-Lengeh Region Frame No. 1148-06235 

T h i s  image taken on 18 December 1972 s p e c t a c u l a r l y  

shows numerous almost  e q u a l l y  spaced, east-west  t~ ending, 

doubly p lung ing  carbonate a n t i  c l  ines ,  t y p i c a l  o f  t h e  Zag- 

r o s  Fo id  Be1 t. Abundant, p r e v i o u s l y  undetected 1  ineaments 

a r e  a l s o  noted, m s t  o f  which tend t o  f o l l o w  two p r i n c i p l e  

t rends  o f  northwes t - sou theas t  and n o r  theast-southwes t. 

The r e l a t i  ve importance o f  these 1  ineaments a r e  d iscussed 

l a t e r  i n  t h i s  sec t ion ,  ( F i g u r e  6 ) . 
h o t h e r  i n t e r e s t i n g  f e a t u r e  o f  t h i s  ilnage i s  t h e  de- 

t e c t a b i l i  ty o f  abundant s a l t  d i a p i r s ,  showing as da rk  co- 

loured,  alrnost c i r c u l a r  f ea tu res ,  many w i t h  c h a r a c t e r i s t i c  

weather ing ha los  t h a t  appear on t h e  i m a ~ e r y  w i t h  a  s l i g h t l y  

l i g h t , ! r  tone than t h p  p l u g  i t s e l f .  Several p o i n t s  o f  i n -  

t e r e s t  a re  noted on t h e  imagery r e g a r d i n g  these s a l t  d i a -  

p i r s .  These i n c l u d e  the  r e l a t i o n s h i p  between s a l t  p l  ugs 

and nla jur  l ineaments i n  t h e  area, and t h e  i d e n t i f i c a t i o n  

o f  t h e  va r ious  stages o f  development o f  t h e  s a l t  p l u g  i n  

general  ( i  . e .  domal f e a t u r e s  a t  t h e  p lunge p o i n t  o f  some 

l a r g e  a n t i  c l  i nes probab ly  denote unexposed s a l  t p l  ugs) , as 

w e l l  as t h e  d i f f e r e n t  stages o f  weather ing  o f  t h e  p lugs  

a t  t h e  sur face.  These p o i n t s  a re  a l l  f u r t h e r  d iscussed 

below. 

In a d d i t i o n ,  t h e  Mehregan p laya,  which i s  covered by 

a l a y e r  o f  s a l t  c r u s t  th roughout  t h e  y e a r  i s  c l e a r l y  seen 

as a w h i t 0  patch i t ,  t t rc southeast  co rne r  o f  t h e  image. 

The h i g h  r e f l e c t i v i t y  o f  t h i s  area on t h e  imagery i s  no 

doubt  due t o  t h e  h i g h  s a l t  c o n t e n t  o f  t h e  playa,  r e s u l t i n g  

f rom t h e  l each ing  of  t h e  sur round ing s a l t  p lugs  by pere-  

n n i a l  stream ac t i on .  





Furthermore, the extremel!l high temperatures of the region 
result in quick evaporatio.1 of the a l r ~ x l y  s a l i n e  waters 
i n  t h i s  depression, leaving a relatively t h i c k  s a l t  crust. 



North Of Lavan Island Frame No. 1149-06294 

This image taken on 19 December 1972, and located im- 

mediately t o  the west of the Uandar-e-Len-~eh frame, again 

shows typical "Zagros type" gently folded Tertiary and 

Cretaceous carbsnate rocks in the form of long 1 inear a l -  

nios t equal ly spaced, en echelon, anti cl i nal and sync1 i n -  

structures.  Again as in the previous t e s t  s i t e ,  several 

major as well as minor previously undetected lineaments, 

were noted on the imagery. Of these lineaments of par t i -  

cular in teres t  i s  the one trending northeast-southwest and 

terminating a t  an intermittent lake, located to  the top 

right corner of the image. This feature here termed the 

"Kowareh Lineament" passes very close to the town of Q i r ,  

which wds recently devastated by a major earthquake. The 

possible relationship betwen these 1 inearnerits and deep 

seated fractures and earthquake act iv i ty  will be discussed 

l a t e r .  

I t  should be noted that  while s a l t  diapirism decrea- 

ses as one moves from the Bandar-e-Lengeh area to the area 

covered by th is  frame, there i s  a corresponding increase 

i n  the number of recorded lineanents. These t w ~  phenomena 

and the i r  possible relationship are being presently inves- 

tigated. 

The Lavan (1 arger) and llendurabi (smdll e r )  i s l  ands are  

also clearly visible on the imagery. (Figure 7 ; 





Kangan Area Fra_me Nos. : - 1168-06344 And - - - 

I n  terms o f  l o c a t i o n ,  t h i s  i s  a composite image o f  two 

frames, taken on 7 January 1973, o f  t h e  r e g i o n  immediate ly 

t o  the  west o f  t h e  area covered by image 1149-06295. By 
and l a r g e  t h e  image covers t y p i c a l  nor thwest .~southeast  t r e n -  

d i n g  Zagros f o l d s ,  w i t h  an dx~ndance  o f  assoc ia ted  f a u l t i n g ,  

bo th  p r e v i o u s l y  and newly observed. ( F i g u r e  8 ) 

The most outstanding f e a t u r e  o f  t h i s  area i s  a ma jo r  

l ineament  runn ing  i n  a nor theast -southwest  d i r e c t i o n ,  here 

named t h e  " F i  ruzabad Lineament". Tile a lmost  t o t a l  absence 

o f  l a t e r a l  niovcment a t  t h e  sur face,  coupled w i t h  t h e  pre-  

sence o f  s a l t  p lugs  a long i t s  l e n g t h  may suggest basement 

c o n t r o l .  Th i s  i s  f u r t h e r  co r robora ted  by t h e  f a c t  t h a t  ex- 

t e n s i v e  earthquake a c t i v i t i e s  have been recorded i n  t h i s  

r e g i o n  (F i ruzab?d Earthquake). 

I n  a d d i t i o n  t o  t h e  above i n v e s t i g a t i o n s ,  u s i n g  f a l s e  

c o l o u r  imagery, s i n g l e  band a n a l y s i s  o f  t h i s  frame was a l s o  

c a r r i e d  o u t .  From t h i s  a i ~ a l y s i s ,  bands 4 and 5 c l e a r l y  i n -  

d i c a t e d  t h a t  a g r e a t  deal o f  f i n e  g ra ined  sedimentary mate- 

r i a l  i s  be ing  c a r r i e d  i n t o  t h e  Pers ian G u l f  v i a  t h e  Mand 

River .  Th i s  l o a d  i s  then be ing  c a r r i e d  southeastwards by 

a coas ta l  c u r r e n t  which i n  c o n j u n c t i o n  w i t h  wave a c t i o n ,  

has r e s u l t e d  i n  t h e  fo rma t ion  o f  severa l  o f f s h o r e  ba rs  near 

t h e  coas tl i ne. 





RESULTS OF THE ZAGROS TEST SITE ANALYSIS 

The main spheres o f  i n t e r p r e t a t i o n  a c t i v i t y  and subse- 

quen t conclusions concerning t he  ana lys is  o f  t he  se lected 

Test S i t e s  i n  the Zagros Fo ld  Be1 t, can be considered t o  

fa1  1 i n  three d i s t i n c t  categor ies .  F i r s t l y ,  s t r u c t c r a l  

i n fo rmat ion  espec ia l l y  the  i d e n t i f i c a t i o n  o f  p rev ious ly  un- 

recorded lineaments; secondly t he  observat ion a ~ d  ana lys is  

o f  s a l t  d i ap i r i sm  i n  the  Fars region, and f i n a l l y  conside- 

r a t i o n s  regarding 1 i tho log i ca l  i d e n t i f i c a t i o n s  w i t h i n  t he  

Test S i tes ,  using ERTS-1 imagery. These catager ies  a re  se- 

pe ra te l y  discussed be1 ow: 

7 St ruc tu ra l  Considerations --------------"----..----- 

The most conspicuous c o n t r i b u t i o n  o f  ERTS-1 imagery i n  

the f i e l d  o f  s t r u c t u r a l  geology i n  t h i s  reg ion (as indeed i s  

the  case f o r  most o the r  areas) i s  the  i d e n t i f i c a t i o n  o f  a 

g rea t  many h i t h e r t o  unrecognized 1 i neaments. The p a r t i c u l a r  

s i gn i f i cance  2nd o v e r a l l  importance of  these newly ,  recorded 

l ineaments i n  t h i s  reg ion  cannot be overeniphasised f o r  two 

fundemental reasons. F i r s t l y  i t  must be borne i n  mind t h a t  

the  Zagros Fold Be1 t, due t o  i t s  extremely va luable  hydro- 

carbon deposi ts has been mapped i n  g rea t  d e t a i l ,  t he  qua1 i ty 

o f  t he  maps produced competing w i t h  any i n  t he  wor ld.  Thus 



the observat ion o f  so many new 1 ineaments cannot be a t t r i b u t e d  

t o  poor mapping o r  l a c k  o f  geo log ica l  knowledge o f  t h i s  area, 

bu t  t o  t he  inheren t  value o f  ERTS-1 imagery i t s e l f ,  w i t hou t  

which many o f  these features would have remained undetected. 

Secondly and more impor tant  i s  the f a c t  t h a t  whereas i n  o the r  

pa r t s  o f  I r a n  w i t h  l ess  sediment cover o f  t he  basement, the  

observed l ineaments main ly  tend t o  co inc ide  w i t h  known sur face 

trends (a1 though t he  number o f  l ineaments observed tends t o  

increase using ERTS-1 imagery), i n  the  Zagros Fold Gel t, due 

t o  i t s  extens ive and re1  a t i v e l y  undis turbed sedimentary cover 

i n  places purpor ted t o  be over 30,000 f e e t  t h i c k  the  presence 

o f  these 1 ineaments may i n d i c a t e  p rev ious ly  unrecognized funde- 

mental deep-seated s t r u c t u r a l  t r e t~ds ,  i n  a1 1 probabi 1 i t y  r e -  

l a t i n g  t o  the  basement i t s e l f .  Th is  re -eva lua t ion  o f  basement 

t rends w i l l  no doubt promote a g rea t  many new ideas concerning 

t he  r e l a t e d  sedimentary h i s t o r y  o f  t h i s  f o l d  b e l t ,  l ead ing  t o  

major r ev i s i ons  o f  the present  theor ies  o f  i t s  t e c t o n i c  evolu- 

t i o n .  

S a l t  Dome Analysis - 
The soutnern p o r t i o n  o f  the  Zagros Fo ld  Eel t i s '  an i d e a l  

reg ion  f o r  the  study o f  s a l t  d i a p i r i s m  and i t s  associated pheno- 

mena. I n  the area over 50 s a l t  plugs, o f  va ry ing  s izes  a re  found 

t o  occur between two major s t r u c t u r a l  t rends, the  "Oman-Lut High" 

t o  the  eas t  and t he  "Kazerun F a u l t  Zone" t o  the  west. The Zag- 

r os  t h r u s t  zone l i m i t s  the  nor thern  p a r t  o f  t h i s  reg ion.  



As can be seen on image 1148-OG235,salt d i a p i r s  which 

are found t o  occur i n  var ious stages of  developnient, a re  

very conspicuous on t h e  EhTS imagery. These inc lude  unex- 

posed non-piercenient s a l t  p l  ugs, t h a t  have caused doming 

of  the  o v e r l y i n g  carbonate beds ( I n s e t  A ) ,  exposed p i e r -  

cement d i a p i r s  i n  d i f f e r e n t  stages o f  weather ing showing 

c h a r a c t e r i s t i c  halos ( i n s e t s  B and C), and f i n a l l y  plugs 

t h d t  seem t o  have been t o t a l l y  weathered o u t  and subse- 

quen t l y  covered by a l l u v i a l  deposi ts ( I n s e t  D).  ( F igure  6) 

It should be here mentioned t h a t  n o t  a l l  p rev ious ly  

recorded s a l t  p lugs a re  v i s i b l e  on t he  ERTS-1 imagery. 

The reasons f o r  t h i s  a re  n o t  y e t  q u i t e  apparent, b u t  a t  

a glance, i t  would seem t h a t  the  plugs t h a t  are more d i f -  

f i c u l t  t o  d iscern  f a l l  i n  the  more r e c e n t l y  exposed, smal ler  

sized, category. To f i n d  o u t  i n  more d e t a i l  the  reason f o r  

the d i f f i c u l t i e s  i n  d iscern ing  some o f  these. s a l t  '11 ugs on 

t he  imagery, f i e 1  d checking programs have been planned. 

Another major f ea tu re  o f  the ERTS-1 imagery when study- 

i n g  s a l t  d i ap i r i sm  i n  the  Fars Region i s  the  c l e a r  i d e n t i -  

f i c a t i o n  o f  major l ineaments along which these s a l t  p lugs 

seem t o  occur. There i s  no doubt t h a t  ERTS imagery o f f e r s  

by f a r  t he  bes t  node o f  ana lys ing t he  re1at ions l : ip  between 

s a l t  d i a p i r i s m  and these deep seated f r ac tu res  t h a t  e i t h e r  

f a c i l i t a t e d  the  r i s e  o f  t he  s a l t . o r  indeed acted as condui ts  

f o r  t he  d i ap i r s .  Consider ing the  f a c t  t h a t  the  hor i zon  from 

which these s a l t  d i a p i r s  o r i g i n a t e d  (Hormuz S a l t  Ser ies)  i s  

o f  e a r l y  Cambrian o r  l a t e  Precambrian age, t h e  de tec t i on  o f  

these p a r t i c u l a r  l ineaments, which a re  very probably connec- 

t ed  i n  some manner w i t h  basement t rends, o r  indeed r e f l e c t  

ac tua l  major breaks i n  t he  basement, w i l l  g r e a t l y  a i d  our  

understanding o f  t he  mode o f  format ion o f  t he  Zagros Fo ld  Be l t .  



I n  t he  general eva lua t ion  o f  the  Zagros l e s t  S i tes ,  

a c e r t a i n  amount o f  p re l im ina ry  e f f o r t  was channeld i n t o  

s tud ies concerning poss ib le  geolog ica l  mapping o f  t h i s  

reg ion.  

The sedimentary p i l e  o f  t he  Z,gros Fo ld  Be1 t being 

dominantly caronate i n  na tu re  makes t he  task  o f  d i f f e -  

r e n t i a t i n g  1 i tho log ies  mucli more d i f f i c u l t ,  e s p e c i a l l y  

when t ak i ng  i n t o  account t he  abundcint fac ies  changes 

t h a t  occur across the  reg ion  w i t h i n  these carbonates. 

However these d i f f i c u l t i e s  are more o r  l ess  o f f s e t  by 

the  advantage o f  dea l ing  w i t h  a sedimentary sequence 

o f  i nterbedded competent and incompetent 1 i tho log ies  

(i .e, 1 imestone/marl sequences). Th is  v a r i a t i o n  i n  

1 i thology has produced t he  p r e f e r e n t i a l l y  weath- 
ered geomorphology o f  t he  present  Zagros landscape, 

i .e. the  major p o s i t i v e  fea tu res  tend t o  be 1 imestone 

wh i l e  the  weathered o u t  areas i n d i c a t e  marly sequen- 

ces. 

Th is  v a r i s t i o n  i n  weather ing s t y l e ,  i n  conjunc- 

t i o n  w i t h  d i f f e r e n t  e ros iona l  pa t te rns  w i t h i n  the  1 inie- 

stone sequences themselves, seems t o  be the  bes t  para- 

meter t o  be used i n  the  mapping o f  the  region. It i s  

a l so  noted t h a t  c e r t a i n  l i t h o l o g i e s  seen1 t o  have p a r t i -  

c u l a r  c h a r a c t e r i s t i c  t ona l  s ignatures,  bu t  again as i n  



the  case o f  weathering s t y l e ,  the  mapping o f  these u n i t s  

tends t o  take on a more o r  l e s s  sub jec t i ve  character  which 

i s  n o t  p a r t i c u l a r l y  des i rab le .  

I n  conclusion, i t  would seem t h a t  a t  present geo log ica l  

mapping per  se i s  n o t  a  feasable p ropos i t i on  i n  t h i s  reg ion.  

Iiowevcr i t  should be po in ted o u t  t h a t  e x s i s t i n g  maps can be 

q u i t e  s a f e l y  checked aga ins t  ERTS-1 imagery o f  t h i s  r eg ion  

f o r  t h e  purpose o f  c o r r e c t i n g  mis located 1 i tho log ies  o r  

adding omi t ted  rock u n i t s .  



PART I I  



PART I 1  

As has been p a r t l y  discussed i n  P a r t  1, i t  i s  concluded 

t h a t  i n  I ran ,  where the  na tu re  o f  rccK deformat ion a t  the  sur -  

face i s  so we1 1 exposed t h e  geolog ica l  data immediately ob- 

t a i n a b l e  from ERTS-1 imagery i s  most l i k e l y  t o  be o f  a  s t r uc -  

t u r a l  character  and t he re fo re  readi  l y  appl i c a b l  e  t o  t e c t o n i c  

i n t e r p r e t a t i o ~ i s .  I t  i s  f o r  t h i s  reason t h a t  the  Geological  

App l i ca t ions  p a r t  o f  t h i s  r e p o r t  i s  p r i m a r i l y  i nvo l ved  w i t h  

t ec ton i c  i n t e r p r e t a t i o n  rather than attemps a t  geo log ica l  

mapping. This does n o t  however mean t h a t  geolog ica l  mapping, 

espec ia l l y  a t  reconnaissance l e v e l ,  i s  n o t  a  v i a b l e  propus i -  

t i o n  us ing ERTS imagery, b u t  j u s t  t o  i n d i c a t e  t h a t  t ak i ng  i n -  

t o  account the  present s t a t e  o f  the  a r t ,  l i t h o l o g i c a l  iden- 

t i f i c a t i o n s ,  except f o r  the  most genera l ized rock  type cate-  

gor ies,  s t i l l  tend t o  be p r i m a r i l y  o f  a  sub jec t i ve  nature, r e -  

q u i r i n g  considerably more judgement, experience and f i e l d  work. 

The t ec ton i c  i n t e r p r e t a t i o n s  t h a t  have been undertaken 

a re  here presented as i n  two seperate p ro j ec t s .  The f i r s t  i s  

a  l a r g e  sca le  1  ineament study, d i v i d i n g  Eastern I ran ,  i n t o  r e -  

cognizable t e c t o n i c  provinces, e n t i t l e d  "Tectonic Analys is  o f  

East and Southeast I r a n  Using ERTS-1 Imagery", w h i l e  the  se- 

cond i s  invo lved  i n  a  t r i a l  i n te rmed ia te  l e v e l  t e c t o n i c  map- 

p i ng  o f  the Tabas Quadrangle. 



TECTONIC ANALYSIS OF EAST AND SOUTHEAST IRAN 

The c loud f r e e  nature and t he  exce i l en t  ground exposure 

o f  I ran,  coupled w i t h  t he  synopt ic  v i e w  o f f e r e d  by s a t e l l i t e  

photography has g iven us a  unique oppo r t un i t y  t o  note t h e  pre- 

sence o f  sew-a1  major, as we l l  as limy minor, h i t h e r t o  un- 

recognized 1 i nea r  t ransgress ive features,  here termed "1 inea- 

r~ients'!, For t he  most par t ,  these 1 ineaments are considered t o  

be t he  surface e x ~ r e s s i o n s  o f  f a u l t s  and t h rus t s .  

I t  i s  noteworthy t h a t  many years o f  f ield-work, as we l l  

as extensive a rea l  photographic andlys is ,  had f a i l e d  t o  reveal  

many o f  t hese  m j o r  t ec ton i c  features.  I n  f a c t  t he  r a t i o  o f  

the  number o f  l ineaments recognized us ing ERTS-1 imagery t o  t he  

number o f  those a l ready recorded, we l l  exceeds 10: 1. As an 

explanation, i t  must be r e a l i z e d  t h a t  t he  l a r g e  sca le  synthesis,  

o r  i n t e g r a t i o n  o f  geo log ica l  data, such as f i e l d  mapping, how- 

eve, pa ins tak ing  and exact, does n o t  necessar i l y  mean t h a t  a  

l a r g e  f ea tu re  w i t h i n  t h a t  area w i l l  become apparent froni a  snia- 

l l e r  sca le  map generated. Hence t he  absence o f  many o f  these 

features on preccct day geolog ica l  maps. I n  the  case o f  area l  

photography, t h i s  de f i c i ency  i s  ev i den t l y  due t o  i ncons i s t en t  

condi t ions,  such as va r i ab l e  sun angle and seasonal changes o f  

t he  na tu re  o f  t he  ground, i .e. vegetat ion and snow cover. 



ERTS-1 data ,  on the  o ther  hand, have inherent ly  none o f  

the  above disadvantages and a r e  there fore  an excel l e n t  too l  

f o r  the  i d e n t i f i c c t i o n  o f  these major l ineaments, the  recog- 

n i t i o n  o f  which i s  essent ia l  f o r  unravelling the  very com- 

p l i c a t e d  t e c t o ~ l i c  h i s t o r y  o f  Eastern I r a n .  



AREA OF STUDY 

An area o f  over  500,000 square k i lon ie tcrs ,  cover ing 
0 East ar,d South East I ran ,  bounded by long i tudes E54 and 

0 0 0  E62 and l a t i t u d e s  N25 and N3G , has been chosen a s  tha  

"springboard" study area (F ig .  - 9 ) The main reasons 

f o r  t he  chaice o f  t h i s  p a r t i c u l a r  area a re  out1 ined be- 

low: - 

(1) The general anibi g u ~ u s  nature o f  present-  

day knowledge o f  tectonism i n  t h i s  re2 ion.  

The deser t  c l  ir;.ate, couyled w i t h  enorlllous 

conmuni ca t i on  probl  rnls, has r csu l  t ed  i n  a? - 
most impossible f i e l d  work candi t i ons ,  ma- 

k ing a rea l  reconnaisaoce, and especial  l y  

ERTS-1 imagery, i dea l  fo r '  t h i s  reg ion.  

(111)  The sca le  o f  l ineaments i n  t h i s  area i s  such 

t h a t  the  s a t e l l i t e  synopt ic  view i s  the  o n l y  

means poss ib le  f a r  t h e i r  de tec t ion .  

Th is  Ss a very  impor tant  area when cons i -  

de r i ng  t he  o v e r a l l  t e c t o n i c  evo lu t i on  o f  

t h e  Arab ia - I  ran-Pakistan province. 

The presence o f  minera l  i z a t i o n  associated 

w i t h  i n t r u s i v e  and e x t w s i v e  n ~ a t e r i a l s  I n  

t h i s  area, o f f e r s  t h s  p o s s i b i l i t y  o f  a  d i -  

r e c t  economic "bay-of f "  by m a n s  of de tec t i ng  

re1  a t i o n s h i  ps between t i m e  1 ineaments and 

p r c v i w s l y  undetected "n~ inc ra l  i za t i on  t rends" .  





METHODS AND PROCEDURE 

The b u l k  of t h e  work presented here i s  based on t he  ana- 

l y s i s  o f  ERTS-l, MSS, band 7 b lack  and white,  as w e l l  as, 

fa1 se co lour  composite photornosaics. 

I n  add i t i on ,  s i n g l e  frame ana lys is  has been c a r r i e d  o u t  

f o r  t he  wore compl ex and i n t e r e s t i n g  areas. 

The l ~ l a i n  stages o f  ana lys is  have been: - 

(I) Primary c o r r e l a t i o n  w i t h  a v a i l a b l e  

"ground-truth" data i n  the  form of  

geolog ica l  maps, and t h e i r  correc- 

t i o n  when necessary. 

(I I) Recognit ion and rec0rd.i ng o f  t e c t o n i c  

I i nea r  fea tu res - " I  ineaments" . 

OBJECT1 VES -- 

The ob jec t i ves  o f  t he  present p r o j e c t  may be div;ded i n -  

t o  two seperate pa r t s .  F i r s t ,  t he  shor t - term ob jec t i ve ,  which 

was t o  prepare a d e t a i l e d  "l ineament" map o f  Eastern I ran ,  us ing 

1: l,C00,000, NSS, band-7, ERTS-1 imagery. Th is  has been success- 

f u l l y  ~omple ted ,  and here presented i n  two forms, a 1: 1,000,000 



d e t a i l e d  S t ruc tu ra l  "Lineament" Map (enclosure A ) ,  and a  

reduced form o f  t h a t  map, showing o n l y  t he  major and i n -  

termediate 1  ineaments (F ig .  10 ) Using the  above men- 

t i oned  maps, several  s t r u c t u r a l  provinces have been re- 
cognized i n  t h i s  region. S i m i l a r  p ro j ec t s  w i l l  be under- 

taken f o r  o the r  pa r t s  o f  I ran ,  w i t h  the  f i n a l  view o f  

p r o d u c i n g a  1:1,000,000 "1 ineament "mapfo r  t h e w h o l e  .,. 
country.  

Second, and more important,  i s  the  l ong  term objec-  

t i v e ,  which i s  t o  produce a  1: 1,000,000 Tectonic Hap o f  

I r an .  To a t t a i n  t h i s  aim, t he  above mentioned " l i n e a -  

ment" waps w i l l  p rov ide the  framecvork on vihich f u t u r e  

data, obta ined from d e t a i l e d  i n t e r p r e t a t i o n  o f  1: 500,000 

co lour  images, and re1 evant "ground t r u t h "  s tud ies  w i l l  
be based. 



GENERAL ASSESSMENT OF LINEAMENTS 

(I) Recosni t i o n  and c h a r a c t e r i s t i c s  

Perhaps the  most spectacu lar  and unexpected feature 

o f  ERTS-1 imagery o f  Eastern I ran ,  i s  t h e  nbrnber and d i s -  

tri bu t ion  o f  h i t h e r t o  unrecogn:'zed 1  i nea r  features.  These 

t ransgress ive features are e i t h e r  o f  a near s t r a i g h t - l i n e  

character  o r  s l i g h t l y  curved, and e x h i b i t  themselves on 

the  ERTS-1 images as chz i - ac te r i s t i c  narrow bands, cont ra-  

s t i n g  i n  "Grey Scale" w i t h  surrounding areas o r  d i sp l ac i ng  

areas o f  1  i ke pa t te rn .  Sudden reversa ls  i n  d i p  and chznges 

i n  s t r i k e  d i r ec t i on ,  as vie11 as morphological  fea tu res  such 

as gaps i n  r idges, g u l l y  developxents and abrupt changes i n  

v a l l e y  a1 ignments, a re  a lso  i n d i c a t i v e  o f  t he  presence o f  

1 i neament . 

The l eng th  o f  these features va r ies  from tens t o  hun- 

dreds o f  k i l omete rs  (occasional  l y  exceeding a  thousand), 

and have been here c l a s s i f i e d  as f o l l  ows : - 

M i  nor  1  i neaments : 10-100 kms 

Interniedi a t e  1  ineaments : 100-350 kms 

Major 1 ineaments :250 kms and above 

The Dorouneh f a u l t  (800 kms) t o  t he  n o r t h  and t h e  Nayband 



f a u l t  (500 kms) t o  the  west o f  t he  area o f  study, a re  two 

c l a s s i c a l  examples o f  major l ineaments w i t h  impor tant  ge- 

o l o g i c a l  #-onsequences (F ig .  10 ) . A1 together,  about 20 

major 1  i neanients have been recogni  zed i n Eastern I r a n .  

JII) St ruc tu ra l  cons idera t ion  

With the except ion o f  1  ineaments co inc iden t  w i t h  known 

f a u l t s ,  when they can be taken as sur face man i fes ta t ion  o f  

near v e r t i c a l  moven~ents, t he  phys ica l  na tu re  o f  these fea-  

t u res  i n  th ree  dimensions i s  n o t  known, a1 though there  can 

,11 a r  be 1 i t t l e  doubt, t h a t  they have a subsurface con t ro l  s i r  '1  

t o  t h a t  o f  f r a c t u r e  t races.  I t  i s  a1 so niost probable t h a t  

a  zone o f  deformat ion such as niovements betvieen major blocks 

o r  un i t s ,  underlays the l a r g e r  l ineaments. Gold (Gold e t .  a1 . 
1972) has suggested cons ider ing these major 1  ineaments as 

" c rus ta l  j o i n t s " ,  a  term we be l i eve  t o  be very app l i cab le  f o r  

some o f  t he  fea tu res  i n  t h i s  p a r t  o f  I r a n .  

I n  conclusion, i t  seems t h a t  these major 1  ineaments a re  

n o t  c o n t r o l l e d  by l o c a l  s t ruc tu re ,  bu t  ra ther ,  by reg iona l  

s t r u c t u r a l  trends, both recen t  and anc ient .  





TECTONIC PROVINCES O F  EASTERN I RAN BASED ON STRUCTURAL STYLE 

One of the main purposes of th i s  project has been 
to outl ine and asses the significance of the main simi- 
la :  i t i e s  and differences in "tectonic s ty le"  of the 
major tectonic provinces of Eastern Iran. 

Each of these provinces i s  a discrete area s e t  apart 
from a l l  others by sa l i en t  characterist ics of orogenic de- 
formation which has stan~ped i t  with a d i s t inc t  inprint .  
The "tectonic style" of each region i s  the aggregate ex- 
pression of a wl~ole array of d is t inct ive  b u t  interelated 
"tectonic parameters", each of which provides an indica- 
tion of sonle aspect of i t s  tectonic evolution. The most 
important parameters used i n  th i s  study include: 

(1) Lineaments: thei r  scale, distr ibution and 
direction 

(2)  Shape and physical dimensions of each pro- 
v i  nce 

( 3 )  Crustal s tabil  i  ty 

(4)  Nature and intensity of folding 

(5) Relationship of one unit  with adjoining units. 

(6) Patterns of sedimentary deposition 



( 7 )  Presence of "Coloured Nelange". This i s  
a tergi used particularly in Iran, to de- 
fine a structurally chaotic mixture of 
flysch and volcanic rocks with diabasic 
and ul trabasi c cornpone~ts . 

, (8) Volcanicity 

(9)  Metamorphism, i t s  character, distribution 
and timing. 

Based on the above parameters, and a great deal of  additional 
information from previously published data, (especially J .  

Stocklin 1968, and the N.1 .O.C compilation Map), several tec- 
tonic provinces (overlay of Fig. 10 ) have been recognized 
and are described below: - 



1. LUT BLOCK 

The most conspicuous t e c t o n i c  f ea tu re  o f  Eastern I ran ,  

as seen on the ERTS-1, NSS, band 7 ,  photomosaic, i s  an elon- 

gated, nor th-south t rend ing,  i r r e g u l a r  shaped, 1  ineament 

bounded u n i t ,  about 900 Ki lometers long  and 200-300 Kilome- 

t e r s  wide, cover ing an area o f  approximately 200,000 square 

Kilometers, termed t he  L u t  block.  

T e r t i a r y  vo lcan ic  rocks cover most o f  the  nor thern  p a r t  

o f  t h i s  province wh i l e  t o  the  south the  block d i ps  below 

one o f  the  major morphological fea tu res  o f  Eastern I r a n  

known as the L u t  Depression, which i s  p resen t l y  covered 

unfolded con t inen ta l  depos i ts  and recer i t  sand accumulat 

the  whole o f t e n  r e f e r r e d  t o  as t he  1.ut Desert ( F i g -  11 

Fur ther  south the L u t  Depression i s  seperated from t h a t  

t he  Djaz-Murian by t he  Bazman Massif,  which i s  composed 

b 

by 
ions,  

1 
o f  

0 f 

T e r t i a r y  and Quaternary vo lcan ic  rocks and g ran i t es  (F ig .  12 ) . 

S t ruc tu re  
-7 

The term "Block" has been app l i ed  t o  t h i s  r eg ion  s imply  

t o  de f i ne  i t  as an aeea o f  r e l a t i v e l y  low i n t e n s i t y  o f  defor-  

mat ion o f  post -Jurass ic  rock,  w h i l e  i t s  i n f e r r e d  p re - j u rass i c  

r i g i d i t y  i s  assumed t o  be a consequence o f  consol i d a t i o n  and 





E,y3 ,,.,,,:: Tarflury granite 



metamorphism, by ir strong fo ld ing  phase i n  l a t e  Tr iass ic  

times (Reyre dnd Mohafez, 1970). 

The post Jurassic rocks e x h i b i t  a r e l a t i v e l y  simple 

tectonism which includes both block f a u l t i n g  and gent1 e 

folding, ne i ther  showing any preferred or ien ta t ion ,  w i t h  

the exception o f  the South Tabas area, where an east-west 

d i rec t i on  i s  noted on some 1 ineaments. 

The "Lineament Map" o f  Eastern I r a n  (Fig. 10 ) 
c l e d r l y  i l l u s t r a t e s  t h i s  decrease i n  i n t e n s i t y  o f  tecto-  

nism by a corresponding dscrease, b r  i n  some instances, 

t o t a l  absence, o f  lineaments, such as fau l t s ,  thrusts, and 

f o l d  trends. O f  those lineaments tha t  are recognit,J the 

ma jo r i t y  a r?  small i n  scale, w i t h  random d i rec t ions .  Two 

major, sub-parall e l ,  poorly def ined, northwest - southeast 

features, and a north-south running 1 ineamcnt i n  the south- 

eastr are the exceptions to  the above, and are bel ieved t o  

be f o l  lowing inlportant Precambrian trends. 

Boundaries 

The southern boundary o f  the Lu t  Block w i th  the M a k r i ~  

Ranges, and i t s  eastern contact w i t h  the East I ran ian  Ranges, 

are very sharp and can eas i l y  be d is t inguished ( Fig. 13 ). 
Both these boundaries are associated w i t h  the presence of a 

chaot ic sequence o f  f l ysch  deposits, o f t en  mixed w i t h  blocks 







o f  serpent inized u l  t rabasic  mater ia ls .  The whole rock jumble 

i s  usua l l y  referred t o  as the "Coloured Melange" ser ies. To 

the west the boundary i s  a major continuous north-south run- 

n ing lineament, the Nayband Faul t .  Further south, the western 

margin i s  less c lea r  but  i n  general fo l lows a north-south t ren-  

d ing lineament s y s t e ~  ( F i g .  14 ). 

I n  the northwestern po r t i on  o f  t h i s  province, a near nor th-  

south t rending sequence o f  t i g h t l y  fo lded rocks w i t h  associated 

intense f a u l t i n g  and th rus t i ng  known as the  Shotor i  Ranges, are 

recognized, ( Fig. 15 ) Iii t h  the prev iously  mel~t ioned de- 

f i n i t i o n  o f  a "Block" as a u n i t  o f  r e l a t i v e  s t a b i l i t y ,  t k i s  f o l -  

ded region i s  c l e a r l y  anomalous. I t  has become there fo re  nece- 

ssary t o  s p l i t  the block i n t o  two por t ions,  the Lu t  Block pro- 

per on the cast, and the smal ler Tabas Block on the  west (F ig .  

16 ). I t  i s  be1 ~ e v e d  t h a t  l a t e  T r i ass i c  moverfients ac t i ng  on 

a ngrth-south Precambrian "Oman-Lilt" trend, created a ho rs t  fea- 

t u r e  which was subsequently t i g h t l y  fo lded i n t o  t h i s  north-south 

t rending mountain be1 t (J . Stock1 i n  1968). 

I n  the south, the  Bazman volcanic  massif seperates the  

Djaz-Murian and Lu t  Depressions ( F i g *  17) and appears as the  

m s t  souther ly  terminat ion o f  a d i s t i n c t  northrvest t rending 

volcanic b e l t  running from r,orthwest I r a n  t o  the southeast 

corner (Fig. 12 ). With t h i s  i n  mind, i t  i s  suggested t h a t  

the Rezayieh-Esfandagheh f a u l t ,  which approximately fo l lows 

t h i s  vo lcanic  be1 t, also continues across the Lu t  Block and 

j o i n s  the major east-west t rending 1 ineanlents of the  f l y s c h  

deposits o f  South East I ran .  









This  would then r e q u i r e  t h a t  t h e  D j s z - W i a n  p a r t  o f  t he  

Lu t  Block be seperated as another subun i t  ( c f .  Tabas Block) ,  

on the  basis o f  the  presence of  t h i s  major f r ac tu re .  However 

i n s u f f  i c i a n t  evidence as regards t o  t he  genesis and general 

t ec ton i c  h i s t o r y  nof t h i s  feature,  coupled k r i t l i  t he  f a c t  t h a t  

the  vo lcan ic  rocks o f  t h i s  b e l t  a re  o f  d i f f e r e n t  ages, makes 

t h i s  suggestion o f  a  t e n t a t i v e  na tu re  on ly .  



11. MAKRAN RANGES 

The Rakran Ranges i n  the south east  o f  I ran ,  e x h i b i t  them- 

selves as a se r ies  o f  genera l l y  east-west t rend ing,  gen t l y  f o l -  

ded a n t i c l i n e s  o f  Upper Cretaceous f l y sch  and T e r t i a r y  deposits, 

(F ig .  18 ) which g radua l l y  grade i n t o  the  chao t i c  sequences 

o f  the  "Coloured Iqelange" towards the  j u n c t i o n  o f  t h i s  prov ince 

w i t h  the  L u t  Block ( F i g .  19 and Fig.  12 ) .  

I t  should be noted t h a t  " t he  d i f fe rence  between t he  Crea- 

taceous f l y s c h  and t he  l k l a n g e  i s  n o t  one of  s t r a t i g r a p h i c  po- 

s i  t i o n  bu t  o f  i n t e n s i t y  o f  deformat ion" (stock1 i n  e t .  a1 . 1972).  

That i s  t o  say, the re  i s  a  gradual t r a n s i t i o n  fro111 normal gen t l y  

f o l ded  f l y s c h  t o  the s t r u c t u r a l l y  chao t i c  Melangc, whose recog- 

n i t i o n  a lso  depends on the  a m u n t  o f  u l t r a b a s i c  ma te r i a l  t h a t  

i s  in termixed w i t h  the  f l y s c h .  There exs'sts therefore,  a  r e -  

l a t i o n s h i p  between t he  amount o f  u l t r a b a s i c  rocks and the degree 

o f  tectonisrn, which reaches i t s  peak a t  the j u n c t i o n  o f  the  L u t  

Block w i t h  the Makran Ranges. It i s  w i t h  t h i s  background, t h a t  

the  presence o f  "Coloured Melange" was chosen as one o f  t he  main 

parameters on which the bas ic  d i v i s i o n  o f  t e c t o n i c  provinces i n  

t h i s  area was based. 

The abundant l inealnents recognized i n  t h i s  province are ge- 

nera l  l y  o f  an in termediate  na tu re  (100-350Kms), w i t h  northwest-  

southeast and eastwest d i r ec t i ons ,  the former g radua l l y  merging 

i n  t o  the l a t t e r  t rend  wh i l e  approaching t h e  Pakistan border 

(F ig .10 ) .  

I n  terms o f  s t r u c t u r a l  s ty1 e  the  Makran Ranges s u p e r f i c i a l l y  

' t i  

- i 



seem t o  be a con t inua t ion  o f  the Zagros Fo ld  Be l t ,  bu t  t h i s  s i -  

m i l a r i t y  i s  considered t o  be co inc identa l ,  and the  "Oman-Lut 

High" which seperates the  f l ysch  facies o f  the  Makran from the  

t h i c k  marine sequences o f  the Zasros i s  thought t o  have played 

a v i t a l  r o l e  i n  the  seperat ion o f  these two provinces. 







111. EAST IRANIAN RANGES 

The East I r a n i a n  Ranges, form an elongated reversed S-sha- 

ped mountain b e l t  between the L u t  Block t o  t he  west and the 

Iran-Afghanis t ;n/P~kistan borders t o  the east .  This prov ince 

has a nor th-south extension o f  a p p r o x i m t e l y  800 k i lomete rs  

and a maximum w id th  o f  above 200 k i lomete rs  i n  the  extreme south- 

east. I t  i s ,  on the  wholc, composed o f  t i o h t l y  f ~ l d e d ,  occa- 

s iona l  l y  nietaniorpl~osed c l  a s t i c  and calcareous f l ysch  type  se- 

diments associated w i t h  d iabas ic  and tu f faceous rocks (N. T .O.C 
Compi lat ion K3p). The who1 e sequence o f t e n  g r a d a  i n t o  t y p i c a l  

"Coloured kiel ange" . 

The l i m i t s  o f  t h i s  province t o  the  east  e. ,d west w i t h  t h e  

Himland and L u t  depress ic~ is  respec t i ve ly ,  a re  vy abrupt  and 

q u i t e  c l e a r  on the ERTS-1 images o f  t h i s  area ( F ig .  20 1. 
They mani fest  themselves as two se ts  o f  nor th-south t rend ing  

1 inesqients t h a t  branch o f f  and gen t l y  swing i n  a northwest- 

southeast d i r e c t i o n  i n  the  Zahedan area ( F ig . !  21 ), and f i n a l -  

l y  merge i n t o  the eastwest t rend i l l g  Iblakran province, t o  form the  

Bal uchestan Flysch Be1 t. 

7 ;  the north,  the  boundaries o f  t h i s  provin,e w i t h  the L u t  

Block are l ess  c l e a r  on the  K S ,  band 7, photomosaics, and a re  

hence more d i f f i c u l t  t o  de f ine .  While some o f  the  l ineaments 

cont inue t h e i r  northward trend, o thers  begin to  swing around t he  

Shahkuli g r a n i t i c  mass, becoming nor thwes te r l y  o r ien ta ted ,  and f i n a l l y  







c ross i nq  i n t o  the  Lu t  Clock reg ion  w i t h  an east-west t r end  (Fig.10 ) .  

In t h i s  repor t ,  the East I r a n i a n  Ranges have been s p l i t  up 

i n t o  th ree  par ts ;  Upper (111,) Middle ( I I I b ) ,  and Lower ( I l l c ) ;  

(see Fig.  10 , and over lay ) .  The s e p e r ~ t i o n  o f  the Lower 

from the  I4iddle Ranges has been based on the presence of an ano- 

molous zone o f  g r a n i t i c  i n t r us i ons ,  (Zahedan Grani te) ,  w i t ; ,  asso- 

c i a t e d  low grade contact  metervnrph i sm and "Coloured Me1 angc" de- 

velopments (F ig .  12 ) .  The 1  ineaments o f  t h i s  reg ion  a lso  show 

B c l e a r  dev ia t i on  f r o n ~  t h e i r  nor th-south t r end  t o  one t h a t  i s  

genera l l y  nort t~xest-sout l1ci ;st  ( Fig.  2 1  ) .  

The i ine  d i v i d i n g  the  Midd le  p o r t i o n  o f  t h i s  prov ince from 

t i l e  Upper k;,,ps, i s  obscure and i s  b a s i c a l l y  chosen or, geometric 

shape such as  a change i n  the  t e c t o n i c  "q ra in "  o f  t he  prov ince 

frcr~n nor ih-soutn i n  the Fi iddle Rangcs t o  the  a r c i ng  northwest-south- 

, cas t  l inear~ ic i l ts  o f  the B i rd jand  area ( F-ig, 22 ) .  

I t  i s  i n k v e s t i n g  t o  note tha t ,  c x c l ~ ~ d i  ng the Re - r . a i~eh -E~ f~ i c -  

ddgheh f au l t ,  c n l v  i n  the nor thves t  o f  ou r  study area dr; w e  f i ~ d  

tuaj~r 01' intermediat; 1 ineaments cross ing i n t o  the s t a b l e  Luf: Block. 

l i  111sy be suggested t h a t  i n  general the no r t hwes t im  p s r t  o f  t he  

b lock i s  r e l a t i v e l y  less  s t ab le  t h a t  t he  r e s t  o f  the p r w i n c e ,  hnd 

113s the re fo re  a1 lowed i t s e l f  t o  be somehow invo lved  i n  Tcr t f  a r j  tw- 

ton ics  o f  the  A lp ine  Stage ( a l b e i t  i n  a  very  i l l inor way), the remain- 

der o f  the b lock having stayed r e l a t i v e l y  undisturbed and "passive".  

On the  o t h e r  hand, the  "Coloured Melange" sequences ~r the  

upper East I r an i an  Ranges a re  reputed t o  bc s l i g h t l y  o l d e r  that, 

those found i n  South East i ran ,  and can there fo re  be t e n t a t i v e l y  







considered t o  be s i m i l a r  t o  those o f  Central  Afsh.nistan (Per- 

sonal ccmmunication; M. Takin) . Consequently i t  becomes a 

p o s s i b i l i t y  t h a t  the Upper East I r a n i a n  Ranges a re  i n  r e a l i t y  

the  nor thern p a r t  o f  another smal ler  reversed S-shaped f ea tu re  

( c f .  East I r an i an  Ranges), the lower p a r t  o f  which d ips  belcw 

the  recen t  deposi ts o f  the  Hirnland Depression i n  a  northwest-  

southeast d i r e c t i c n ,  emerging again w i t h  a  northeast-southwest 

o r i e n t a t i o n  on the o the r  s ide  o f  the  Depression, i n  t he  form 

o f  the  Central  Afghanistan Ophiol i t e  Dzl t. The irnniediate con- 

sequence of  the  above i s  t h a t  the  Upper East I r a n i a n  Range 

p r e k t e  the formation o f  the Pliddle and Lower East I r a n i a n  Ran- 

ges, and might  ever be b e t t e r  c l a s s i f i e d  ou ts ide  t h i s  y a r t i c u -  

l a r  province. 

I t  w i l l  be a lso  noted t h a t  sonle o f  the  l ineaments i n  the  

lower p a r t  o f  the Unper East I r a n i a n  Ranges tend t o  cont inue i n  

a northwest-southeast d i r e c t i o n  i n t o  Afghanistan, r a t h e r  than 

j o i n i n g  the  nor th-south t rend ing  1i i :eanents o f  t he  Middle and 

Lower East I r an i an  Ranges. 

A Nimbus 111 daytl'nle imager) o f  I r an ,  c l e a r l y  d isp lays  t h i s  

smal ler  reversed S-shaped fea tu re  -- w i t h i n  the  l a r g e r  e n t r o l  i t h i c  

megal ineament, t h a t  runs through the  I ran-Afghanis tan-Pak is tan 

Region (F ig .  23 ) .  

I n  conclusion, i t  would seem, t h a t  the  h k r a n  and the East 

I r an i an  Ranges (espec ia l l y  bl iddle and Lower po r t i ons )  a re  much 

more c l a s e l y  r e l a t e d  t o  the  Baluchestan Ranges o f  Pakistan, and 

would therefore be b e t t e r  considered as p a r t  o f  a  l a r g e r  province, 

engu l f i ng  both southeast I r a n  and Western Pakistan. 
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This sec t ion  o f  t he  r e p o r t  deals w i t h  a  t e s t  o f  ERTS imagery 

fq t ec ton i c  mappins o f  the Tabas Quadrangle i n  east -cent ra l  I r an .  

Th is  quadranglz was chosen as a  t e s t  s i t e  becauzc i t  has good ge- 

o l o g i c  naps border ing i t  on t i i o  s ides (see F igure 24 ):  t he  ge- 

o l o g i c  n:ap o f  the  Shi rgesht  Area (Ruttner,  e t  61, 1968) t o  t h e  

nor theast  and the  geologic maps o f  the  Sho to r i  Range (Stock1 i n ,  

e t  a1 , 1965) and t he  koshruyeh Quadrangle (Eftekar-nezhad, e t  a1 

1971) t o  the  east. The Tabas Quadrangle i s  a lso,  i n  par t ,  i n c l u -  

ded i n  a  1:5,000,000 sca le  t ec ton i c  map inc luded i n  S t o c k l i n  (1968). 

I n  add i t i on ,  we had access t o  exce l l en t  1:500.000 sca le  f a l s e  co- 

l o r  ERTS inages o f  t h i s  area. 

I n  the  ERTS imagery, the most r e a d i l y  a v a i l a b l e  in fo rmat ion  i s  

s t r u c t u r a l  i n f o rn~a t i on .  Thus, i n  t h i s  present  experinlent we w i l l  

l i m i t  our o b j e c t i v e  t o  the  product ion o f  a  t ec ton i c  map ( ~ h i c h  em- 

phasizes s t r u c t u r a l  fea tu res )  f o r  the  guidance o f  exp lo ra t i on  f o r  

mineral  resource< and no t  at tempt a  geologic map which would r e -  

q u i r e  d e t a i l e d  1 i t h o l o g i c  information. This i n i t i a l  at tempt i n -  

volved i n t e r p r e t a t i o n  a t  a  sca le  o f  1:500,000 f o r  a  map t o  be r2.- 

proauced a t  1:1,000,000 scale.  

The sca le  l i m i t a t i o n  i s  such t h a t  we perhaps cannot expect t o  

recognize a i r e c t l y  i n t r u s i o n s  t he  s i z z  o f  a  t y p i c a l  porphyry copper 

depos i t  , b u t  we might  expect t o  see the  s t r u c t u r a l  i n t e r sec t i ons  

t h a t  may con t ro l  t h e i r  l o ca t i on .  The p e t r o l  eun~ exp lo ra t io r ,  geolo- 

g i s t  should be ab le  t o  use the  map t o  guide h i s  t h i n k i n g  as t o  the  

s t r u c t u r a l  g r a i n  o f  t he  region. He w i l l  be ab le  t d  d i r e c t l y  recog- 

n i ze  some o f  the l a r g e r  an t i c1  i n a l  features.  The map w i l l  a l so  be 

usefu l  f o r  ground water exp lo ra t ion .  
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To o u r  knowledge, t h i s  i s  t h e  f i r s t  t ime  ERTS imagery has 

been used on an opera t ion21 b ~ s i s  f o r  p roduc ing a  t e c t o n i c  map 

o f  an area.  The r e s u l t s  o f  t h i s  e f f o r t  a r e  so encouraging t h a t  

we hope t o  map a l l  o f  I r a n  e v e n t u a i l y  u s i n g  t h e  techniques we 

developed d u r i n g  t h i s  exper i l~ ien t .  

I n t e r p r e t a t i o n  o f  t h e  Tabas -- Quadranql e  

The c r i t i c a l  f a c t o r  f o r  t e c t o n i c  ; n t e r p r e t a t i o n  i s  t h e  boun- 

d a r i e s  betireen t e c t o n i c  u n i t s  niust be based upon p r a c t i c a l  ob- 

j e c t i v e  c r i t e r i a  t h a t  a r e  observab le  i n  t h e  imagery. Moreover, 

appearance o f  these boundar ies Elay va ry  w i t h  t h e  c r u s t a l  l e v e l  

t h a t  i s  exposed and t h e  th i ckness  and c h a r a c t e r  o f  any pos t -  

o rogen ic  supracrus t a l  cover.  

Based c n  examinat ion o f  t h e  ERTS iniagcry (Franies 1148-06215 

and OG221), and rev iew  o f  a v a i l a b l e  1  i te ra t l r re ,  t h e  Tabas Quari- 

d rang le  c o n s i s t s  o f  f i v e  major  ~ i o r p h o l o g i c a l .  u n i t s .  Th i s  i n t e r -  

p r e t a t i o n  was performed on 1: 500,000 zca l  e  c o l o r  composites (Land 

4,5, and 7 )  o f  t i l e  ERTS iniagcry and p h o t o g r a p h i c a l l y  reduced t o  a  

s c a l e  o f  1:1,000,000 ( F i g u r e  2 5 ) .  These u n i t s  are :  

1. The S h o t o r i  range i n  t h e  n o r t h e a s t  which was w e l l  niapped 

a t  a s c a l e  o f  1:100,000 by S t c c k l i n ,  :t a l ,  (1965). 

T h i s  range c o n s i s t s  o t  a  f o l d e d  and s t r o n g l y  f a u l t e d  b lock  

o f  Perriiian and Mesozoic sedimentary rocks  bordered by a  

Paleogene v o l c a n i c  sequence on t h e  eas t .  The range i s  a  

h o r s t  bounded on t h e  e a s t  and west by grabens. . 

2. The sedilnents d e r i v e d  f rom t h e  S h o t o r i  and P i r h a j a t  ranges 

These a r e  a l so ,  i n  p a r t ,  mapped by Stock1 i n ,  e t  a l ,  (1965) 

and by Rut tner ,  e t  a1 , (1968). Th is  i s  a  graben i n  which 

t h e  exposures a r e  m a i n l y  g e n t l y  f o l d e d  Neogene c o n t i n e n t a l  

r e d  beds. 



LEGEND FOR P R E L I M I N A R Y  T E C T O N I C  MAP O F  

THE TAGAS QUADRANGEL 

Tecton ic  U a i t  

Utideforn~ed qua t e r n a r y  

s u r f i c i a l  depos i t s  

Descr ip t ion  

A1 1 u v i  urn 

A1 1 u v i a l  fans 

P,:dinient sur face 

Eol i a n  depos i ts  

Playa depos i ts  ( s a l t  and c l a z t i c s )  

Gent ly  f o l d e d  and b lock  Th is  i s  a g e n t l y  deformed c o n t i -  

f a u l  t e d  Neogene c o n t i  - nen ta l  r e d  bed sequence t h a t  r e -  

neti t a l  depos i t s  presents t h e  c o n i i  nu i  ng uppa- 

A l p i n e  deformat ion.  Fo ld  a x i s  

o r i e n t a t i o n s  a r e  v a r i e d  and r e -  

1 a ted  t o  ad jacent  b lock f a u l t i n g .  



Synibol 

L 

Tectonic Unit 

Lo~g  l inear  folds of 

we1 1 bedded Eocene 

marine sedin~ents 

Description 

The angular discordance between 

th i s  unit  and the next one i s  
small and these sediments have 

participated in the same cycle of 

long l inear  folds with NS axes. 
This represents the cul~iiination 

of the iiiddle Alpine stage defor- 

mation in th i s  area. 

Long l inear  folds of vie1 1 

bzdded Cretaceous marine 
sedinients 

Strongly faulted, well 

bedded Upper Jurassic 

evapori tes  and marin- 

sediments 

The folding i s  concurddnt with the 

above unit bgt the angular discor- 

dance in bedding suggests t i l t i n g  

and erosion (perhaps emergence) 

during Paleocene. Fold axes a re  NS. 

The abrupt difference in structural  

s t y l e  indicates that  the early Alpine 

stage in th i s  part of Iran was respon- 

sib1 e for  intense b r i t t l e  deforlnation 

( faul t ing)  and jointing rather than 

the siiilpl e comprersional fol di ng of 

the l a t e r  A1 pine stages. However, 

long NS s t r i ke  ridges are  probably 

the resul t  of the l a t e r  Alpine stages 

of deformation. Fold axes a re  poorly 

defined, probably because of the deve- 

loprnent of axial faul t iny.  



Symbo 1 

bi 

Tectonic U n i t  Descr ip t ion  

Upper T r i a s s i c  con t inen ta l  The i ntens i  t y  o f  b r i  ttl e  defor-  

depos i ts  which form the  mat ion o f  i n i t i a l l y  poor l y  bed- 

d iscordant  cores o f  a n t i -  ded con t inen ta l  sediments r,~akes 

c l i n a l  features i n  t he  M, i n t e r p r e t a t i o n  d i f f i c u l t  i n  the 

sediments small areas a v a i l a b l e  f o r  i n t e r -  

p re ta t ion ,  bu t  t he  outcrop l o -  

c a t i o n  suggests t h a t  the  P i r h a j a t  

Range i s  essen t ia l  l y  an t i c1  i n a l  

and t h a t  in tense  deformat ion oc- 

cu r red  between t he  Upper T r i a s s i c  

and the Upper Ju rass ic .  The an- 

t i c 1  i n a l  aspect o f  the  range i s  

a  l a t e  A lp ine  stage fea tu re .  

Older more h i g h l y  meta- These rocks do n o t  have contacts  

aorphosed rocks i n  conmion w i t h  kny o f  t he  deformed 

rocks l i s t e d  above i n  t h i s  quad- 

rangle, therefore,  we w i l l  have 

t o  awa i t  t h e  i n t e r p r e t a t i o n  o f  

adjacent quadrangl es before com- 

menting on t h e i r  re7 a t i v e  t e c t o n i c  

h i s t o r y .  

One outcrop o f  massive The geolog ic  niilp o f  I r a n  (NIOC, 

unbedded rock occurs 1959) i nd i ca tes  t h a t  t he  i n t r u s i o n  

on the  western edge o f  came i n t o  t he  P(?) above bu t  f u r -  

the  quadrangle. t h e r  i n t e r p r e t a t i o n  i s  needed on 

the  quadrangle t o  the  west. 





3 .  TI12 P i r h a j a t  ranges o f  which t h e  n o r t h e r n  payts,  

n o r t l ~  o f  t h e  Tabas Quadrangle, \ rere w e l l  mapped 

by Rut tner ,  e t  a l ,  (1968). This,  on t h e  b a s i s  

o f  R u t t n e r ' s  work and o u r  i n t e r p r e t a t i o n ,  i s  es- 

s e n t i a l l y  an a n t i c l i n a l  mountain range o f  f o l d e d  

and f a u l  t e d  t k s o z o i c  mar ine  sedirrients draped 0vc.r 

a  co re  o f  Pa leozo i c  roc:,\. The biesozoic rocks,  

which outc rop,  a r e  younger i n  t h e  southeast  and 

a r e  p r o g r e s s i v e l y  o l d e r  t o  t i l e  no r thwes t  i n  t h e  

range, i m p l y i n g  g r e a t e r  up1 i f t  by Q u a r t e r n a r y  

b l o c k  f a u l  t i ng i n  t h e  nor th :es  t. 

F a u l t s  

, No t-ma1 

. Transcu r ren t  

Contacts o f  t e c t o n i c  u n i t s  

Traces o f  bedding 

F o l d  axes 

irr tr 'a u n i t  con tac ts  

Genera l ized s t r i  kc and d i p  o f  bedding 

Preva i  1  i ng wind d i  r c c t i o n  f rom June i n t e r p r e t a t  n 



4 .  The easterr? edge o f  t h e  Great  K a v i r  depression,  i n c l u -  

d i n g  t h e  western sediment o f  t h e  P i r h a j a t  range. The 

ERTS irnagcry i n t e r p r e t a t i o n  suggests t h a t  t h i s  i s  a  com- 

p l e x  o f  grabens w i  t l ~  i s o l a t e d  outcrops o f  g e n t l y  f o l d e d  

c o n t i n c r i t a l  r e d  beds, r a t h e r  s i l r r i la t  t o  u n i t  2 abov:! ex- 

c e p t  f o r  t l ~ e  enormous e x t e n t  o f  t h i s  u n i t ;  t h e  western boun- 

dary  W i i S  n o t  v i s i b l e  on o u r  imagery. 

5. Is01 a t e d  smal l  ranges o f  pre-Flesozoic metamorphic rocks  

i n  t h e  s o u t h w s t e r n  p o r t i o n  o f  t h e  quadrangle. These 

rocks  a r e  i d e n t i f i e d  on t h e  geo log ic  map o f  I r a n  ( N I O C ,  

1959) as nietamorphic rocks  o f  undetermined age. The 

ERTS c c r r e l a t i o n  suggests t h a t  they  are,  a t  l e a s t  s i m i -  

l a r  t o  t h e  Pa leozo ic  co re  o f  t h e  P i r h a j a t  range. 

The Tabas Quadrany! e  has been d i v i d e d  i n t o  e i g h t  Tec ton ic  u n i t s  

on t h e  bas i s  o f  t h e  i n t e r p r e t a t i o n  o f  ERTS. The ERTS irnagcry c!p- 

pears t o  be e x c e l l e n t  f o r  t h i s  pucpose. These u n i t s  and t h e i r  

bas i s  f o r  i d e n t i f i c a t i o n  a r c  d iscussed below. ' 

The youngest u n i t  separated on t h e  t e c t o n i c  map i s  t h e  essen- 

t i a l  l y  ur~deforrl:ed Quaternary  s u r f i  c i a 1  dcpos i t s  . These depos i t s  

a r e  unconsol i d a t e d  a ~ d  would o n l y  be expected t o  shou deforrr iat ion 

i n  except iona l  c i r c u m t a n c e s  such as t h e  o f f s e t t ' i n g  o f  s a l t  r i n d s  

i n  t h e  Great  K a v i r .  Ldcsi of  t h e  P i r h a j a t  range l a r g e  areas o f  dunes 

cover a l l  ou tc rops and s t r u c t u r e s  and comple te ly  mask t h e  bedrock 

geology. The wind d ~ i v i n g  these d ~ n e s  i s  c o n t r o l l e d  by l x a l  moun- 

t a i n  l o c a t i o n s  and where i r r l c r p r e t a b l e ,  wind d i r e c t i o n s  have been 

noted. A l l u v i a l  fans a r e  noted as p o s s i b l e  sources o f  s t o r e d  ground 

water .  Th i s  t e c t o n i c  u n i t  i s  impor tan t  t o  e x p l o r a t i o n  as i t  covers 

o t h e r  u n i t s  o f  i n t e r n s ?  and f o r  t he  ground water  s t o r e d  i n  i t .  



The next o l d e r  u n i t  cons is ts  o f  a  g e n t l y  f o l ded  con t inen ta l  

r ed  bed u n i t  which i s  symbolized on the  map by an "Nu because i t  

i s  i d e n t i f i e d  as Neogene by S t o c k l i n  e t  a1 (1965). The red  beds 

a re  probably i n  p a r t  t r a n s i t i o n a l  i n t o  t h a  ove r l y i ng  s u r f i c i a l  

depos i ts  as the  s u r f i c i a l  depcsi t: represent  a  cont in l ra t ion i n t o  

t he  present o f  t i le  Ileogene de~osit'c;,;'~ el:vfr3nn;rtlt bu t  i n  the  

T a ~ a s  quadrangle i n t e r p r e t b t i o n  the  Neogene ,vas i nd i ca ted  o n l y  

where the  bedding has a  d e f i n i t e  d i p  w i t h  respect  t o  the  present 

surface. The lower contact  o f  t h e  Neogene r e d  bed sequence i s  

6 major angular unconiormity i n  the  Tabas Quadrangle as the  next  

t ~ l d e r  u n i t  i s  concen t r i ca l l y  f c l ded  and s t r ong l y  f a u l t e d  Eocene 

marine sediments. The change i n  t ec ton i c  s t y l e  between the  two 

u n i t s  i s  s t r i k i n g  because the Eocene f o l d i n g  e x h i b i t s  s t r o n g l y  

p a r a l l e l  a x i a l  planes and extremely un i form spacing o f  f o l d  axes 

i n  very we1 1  bedded marine sediments. The super jacent iieogene on 

the  o ther  hand i s  a  poor l y  bedded, t ec ton i ca l  l y  d i s rup ted  sequence 

w i t h  broad don~al f o l d s  whose axes are niGre near l y  r c l a t e d  t o  l o c a l  

b lock f a u l t s .  The two u n i t s  a rc  i n  f a u l t  contact  everywhere ob- 

served i n  the  Tabas Quadranglz. Thus, con tac t  r e l a t i o n s  a re  some- 

what obscured. I n  ad jacent  areas ( 5 t o r k l  i n ,  e t  a l ,  1965) Paleo- 

gene vo lcan ics  and vo lcaq ic  sedi~nents separate the  two u n i t s  bu t  

the  volcanics apparent ly  do n o t  occur i n  t h i s  qr!adrangle. Accor- 

d ing  t o  S t o c k l i n  (19C8), the  Neogene deformat ion i s  l a t e  uppcr- 

A1 p ine  stage defornlation. 

The Paleogene vo l  canisni i s  impor tant  i n  porphyry ca pper ex- 

p l o r a t i o n  because i n  adjacent areas the  igneous a c t i v i t y  seems t o  

be c l o s e l y  r e l a t e d  i n  t ime and space t o  eniplacement o f  t he  pnr2 

phyry i n t r us i ons .  

The next  o l d e r  u n i t  outcropping i n  the  Tabas Quadrangle, t he  

Eocene mr-ine sediments, have been descr ibed above. Th is  u n i t  



outcrops i n  a very small area on the southern border o f  the  

quadrangle i n  the  southeast p a r t  o f  t he  P i r h a j a t  range. I t  

i s  ~ u c h  nrsr? widespread i n  the  quadrangle t o  the south. It 

res t s  w i t h  s111all angular discordance on a Cretaceous f o l d  

b e l t  and f o r  the purposes o f  t h i s  presentat ion could we l l  

h i ve  been represented as a subun i t  o f  the  under ly ing Creta- 

ceous because o f  the  g rea t  s i n i i l a r i  ty o f  t ec ton i c  s t y l e .  

The dec is ion t o  dep i c t  t h i s  as a separate u n i t  i s  based upon 

the need o f  porphyry copper exp lo ra t ion  geolog is ts  t o  have 

a l l  t he  d e t a i l s  o f  t ec ton i c  events a t  about t h i s  per iod  i n  

the  t ec ton i c  h i s t o r y .  

The angular discordance betwecn t he  Eocene (L )  and the  

Cretaceous niarine sedinients (Mu) i s  srnall bu t  we l l  de f ined  

j u s t  south of t he  Tabas Quadrangle, bu t  the  t ec ton i c  s t y l e  

i s  very s i m i l a r  and f o l d  t rends and axes i n  one un i  t o f t e n  

cont inue i n t o  th2  nex t  u n i t .  The f o l d s  i n d i c a t e  post-Eocene 

pre-f4iocene cast-wes t conpress i o n  f o l  1 owed by 1 e f t  1 a t e r a l  

f a u l t i n g  along an e s s e n t i a l l y  nor th-south systeni o f  f a u l t s ,  

i n d i c a t i n g  a s h i f t  o f  the pr imary compression d i r e c t i o n  from 

west t o  northwest. These same f a u l t s  wcre r eac t i va ted  i n  

the  fkogene as normal f a u l t s  i n  which appears t o  bc a bas in  

and range type c ruc ta l  extenr ion.  

The nex t  o l d e s t  t ec ton i c  u n i t  i s  the  middle l~tesoroic 

( M )  marine sedimentary, main ly  1 i~?iestone, sequence whose 

outcrop and t e c t o n i c  s t y l e  i n d i c a t e  t h a t  they had been de- 

formed and welded i n t o  a conlpact u l ~ i  t before the  Cretaceous 

depos i t ion and deformation. Few signs o f  the  east-west com- 

press ion t h a t  produced the  Cretaceous f o l d i n g  are apparent 

i n  the  rocks because o f  t he  pos t - j u rass i c  pre-Cretaceous 

Lower A1 p ine phase o f  deformat ion had a1 read;! we1 ded these 



rocks i n t o  a  more o r  l ess  un i form mass. This deformat ion 

does no t  appear t o  have been dccorilpmied by igneous a c t i -  

v i t y  i n  the  Tabas Quadrangle o r  i n  the  adjacent we l l  mapped 

areas. These rocks form a  p a r t  o f  the basenlent f o r  norphyry- 

copper exp lo ra t ion .  S t r u c t z r a l  trends, f o l d  axes, bedding 

beaces and f a u l t ? ,  a re  more var ied  than i n  the Cretaceoue 

rocks, bu t  the  n o r t h  t rend  i s  s t i l l  dominznt and beddins i s  

no t  so we l l  def ined a t  ERTS scale. The c o t ~ t a c t  between t h i s  

u n i t  and the  Cretaceous above i s  fau l ted ,  bu t  where i n t c r -  

pre tab le ,  i t  i s  a  s t rong angular unconformi t y .  

The o l d e s t  t ec ton i c  u n i t  present  on the  Tabas Quadrangle 

i s  mapped as undated "metamorphics" ( P ? )  on the Geologic Clap 

o f  I r a n  (NIOC, 1959) and as "Ancient Cores" ( I - i l )  by s t o c k l i n  

(1968). I t  includes, i n  t h i s  area, t he  low grade nletaniorphic 

equfva lent  o f  the Paleozoic sedill ientary rocks o f  the  S l i i rgesht  

area t o  t he  n o r t h  (Hut tncr ,  e t  a l ,  1968). Jn the Tabas Quad- 

rar ly lc  these rocks form the  cores o f  ant i for rna l  features and 

occur as i s o l a t e d  mountain ranges i n  the  soutt~western p a r t  

o f  the  quadrangle. I n  bo th  arcas they sho~ i  major s t r u c t u r a l  

discordance w i t h  the youngcr rocks bu t  tione o f  the areas a re  

l a r g e  enough s t  t he  i n t e r p r e t a t i o n  scal  e  t o  a1 low i n tc rp re ta -  .' 

t i o n  o f  t h c i r  i n t e r n a l  s t r u c t u r e  and t ec ton i c  s t y l e .  The o l d e r  

rocks for111 a  r~o r t heas t  t rend ing  s t r i n g  o f  sr.ructura1 highs 

along the  east  edge o f  t i 12  Dasht - i -Kav i r  making the  western- 

most rancJes o f  the  P i  r i ~ a j a t  ranges an t i c1  i n i l l .  This s t r i n g  

o f  highs i s  a t  a  30' angle w i t h  the younr,er p r a i n  and probably 

represents the  g r a i n  o f  ea,-l i e r  A1 p ine  phase deformation. 

These rocks are a lso  base~iient f o r  p o r p h j r j  copper deposi ts.  

The r e s u l t s  o f  our  at tempt t o  pi-oduce a  t ec ton i c  map o f  

the  Tabas Quadrangle are por t rayed i~ F i g ~ r e  This  

f i g u r e  cons is ts  o f  a legend and a  del  ineated iciage and demcns- 

t r a t e s  the  lev21 o f  t ec ton i c  d e t a i l  i t  i s  poss ib le  t o  e x t r a c t  

from ERTS imagery a t  a  sca le  o f  1:1,000,000. . 



The fo l low ing are some o f  the pro jec ts  tha t  have e i t h e r  

been recent ly  i n i t i a t e d ,  o r  are planned t o  commence i n  the 

near future: 

This area i s  considered ideal  f o r  t h i s  type o f  excer- 

cise, because, whereas i n  areas o f  th inner  sediment cover 

of basement and volcanic rocks, ERTS observed features main- 

l y  tend t o  coincide w i th  know surface trends, i n  the Zagros 

Fold Be1 t, due t o  t h e i r  concealmmt by the extensive seJi-  

ment p i l e ,  major and fundemental l y  important deep-seated 

c rus ta l  trends, lend themselves t o  detect ion on ly  through 

a technique using a synoptic mode o f  viewing such as ERTS-1 

imagery. 

Several p ro jec ts  are i n  hand i n  an attempt ---------------- to  determine the 

f e a s a b i l i t y  ---------- ---- o f  geological ---- mapping -- ------------------ based as much as possib le ------- 
o r  non subdective parameters. ---------- ------- --------- 

Test s i t e  areas i n  these pro jects inc lude the Zagros Fold 

Be1 t, Central and Northwest Iran, and extensive "ground check" 

programs i n  these areas have been planned f o r  t h i s  purpose. 



A program o f  geomorpho1ogic;al ----- ---- ------------------- o r  landform mapping -- -------- o f  I r a n  

a t  1:250,OOO o r  1:500,000 i s  a t  present i n  the i n i t i a l  

stages o f  commencement. The evidence so f a r  ind icates 

t h a t  the synoptic and r e p e t i t i v e  proper t ies o f  ERTS h a -  

gery w i l l  no doubt provide new perspectives i n t o  the geo- 

morphology o f  I r a n  t h a t  could n o t  have been a t ta ined by 

o ther  means. One problem tha t  exs is ts  however, i s  the 

lack  o f  a standard and genwal  l y  accepted c l a s s i f i c a t i o n  

system appl i cab1 e t o  small scale 1 andform mapping. 



SUMMARY AND CONCLUSIONS ....................... 
--------em------------- 

A detailed systematic evaluation of the potential of 
ERTS-1 imagery for geological applications i n  Iran was un-  
dertaken. This consisted of analysing several t e s t  s i tes  
in detail to ascertain what types of geological information 
could be obtained, and the level of detail that could be ex- 
tracted from the imagery. 

From this  general evaluation, the fo1 lowing conclusions 
were made : 

With some major exceptions, the geological app- 
lication of ERTS-1 imagery tend to be more ob- 

servational than explanatory . 

Of a l l  spectral Bands, Band 7 ,  and occasionally 
Band 5 are the most useful . 

The principal "output" of geological studies 
using ERTS-1 imagery i s  in defining structural 
features a t  the earth's surface. These include 
folds (as strikingly noted in the Zagros fold 
be1 t )  , and abundant circular and 1 i near features 
I t  would seem that the synoptic and illumination 
properties of ERTS imagery are the main factors, 
responsible for the detection of these hitherto 
unrecoried features. I t  i s  concluded there- 
fore that the greatest value of this  imagery 
l i e s  in i t s  potential to produce regional struc- 
tural maps. 



Regarding geolog ica l  mapping from ERTS iniagery, 

w h i l e  conceeding i t s  value i n  c o r r e c t i n g  exs is -  

t i n g  maps i n  the  form o f  record ing omi t ted  o r  nl is- 

l oca ted  rock un i t s ,  i t  would s e a l  t h a t  geo log i -  

ca l  mapping per  se, i s  no t  as y e t  a  feasable pro-  

pos i t i on .  

Fo l lowing t he  conclusions a t t a i n e d  i n  the  p re l im ina ry  

eva lua t ion  o f  ERTS imagery i t  was decided t o  c a r r y  o u t  a  

reg iona l  s t r u c t u r a l  and t e c t o n i c  ana lys is  o f  Eastern I ran ,  

i n  the form of  a  study o f  s t r u c t u r a l  l ineaments and assoc i -  

a ted  trends. As a r e s u l t  several  major "Tectonic Provinces" 

based on the recogn i t i on  o f  d i f f e r i n g  s t r u c t u r a l  s t y l es ,  were 

recognized. I n  addi t i o n  several  new theor ies ,  regard ing t he  

tec ton ics  o f  t h i s  reg ion  have been pu t  forward, t he  most i m -  

portand being: - 

- The p o s s i b i l i t y  o f  the  Upper East I r a n i a n  Ranges be- 

long ing  t o  a  g e n e t i c a l l y  d i f f e r e n t  phase o f  formation, from 

t h a t  which formed t he  Middle and L ~ w e r  Ranges. 

- The theory o f  t he  Rezaiych - Esfandagheh l ineanlent 

con t inu ing  across t he  L u t  Block and j o i n i n g  the  east-west 

1  ineaments o f  t he  Bal uchestan Province. 

The v e r i f i c a t i o n  o f  the  above suggestions, as w e l l  as 

the  answer t o  the  many unsolved problems t h a t  s t i l l  remain 

regard ing t h i s  region, w i l l  have t o  awa i t  f u r t h e r  "ground 

t r u t h "  s tud ies.  



I n  t h i s  context ,  a  program o f  d e t a i l e d  geo log ica l  

mapping e n t i t l e d  "Geological Mapping and Mineral  Explora- 

t i o n  o f  Eastern I ran" ,  cover ing an area o f  330,000 square 

Ki lometers :s planned t o  be c a r r i e d  o u t  by the  Geological  

Survey o f  I r an .  Th is  program o f  d e t a i l e d  mapping w i l l  be 

l o c a l l y  augmented by a i rborne  geopl~ys ica l  surveys o f  se- 

l e c t e d  areas, thus completing t he  "Mu1 ti stage Sampl i ng "  

o f  t h i s  reg ion.  

Sate l  1  i t e  ana l ys i s  o f  geo log ica l  phenomena w i l l  un- 

d w b t e d l y  b e n e f i t  f rom the bas ic  "ground t r u t h "  as w e l l  

as geophysical data t h a t  w i l l  be a v a i l a b l e  a t  the end o f  

t h i s  survey, and i t  i s  hoped t h a t  w i t h  i r ,c reas ing expe- 

r ience  i n  analys ing ERTS-l imagery, and t he  weal th  o f  

mu l t i s t age  geolog ica l  i n fo rmat ion  t h a t  w i l l  soon be a t  

hand, impor tant  steps maybe taken i n  f u l l y  understand- 

i n g  t he  geology, and i n  p a r t i c u l a r ,  t he  t e c t o n i c  evolu- 

t i o n  o f  Eastern I r an .  

Wi th  regards t o  the  t r i a l  i n te rmed ia te  l e v e l  t ec to -  

n i c  mapping o f  the Tabas Quadrangle, i t  can be concluded 

t h a t  the  ERTS image interpretat- ion prov ides a un iquely  

valuable bas is  f o r  p repra t ion  o f  t e c t o n i c  maps f o r  t he  

whole country.  A t e c t o n i c  u n i t  de f ined  i n  terms o f  cha- 

r a c t e r i s t i c s  i n t e r p r e t a b l  e  from ERTS imagery proves t o  

bc an inva luab le  c o r r e l a t i o n  t o o l  f o r  ana l ys i s  o f  l a r g e  

areas. I t  must be emphasised t h a t  I r a n  i s  p a r t i c u l a r l y  

we1 1 s u i t e d  , t o  t h i s  type o f  i n t e r p r e t a t i o n  based on ERTS 

(o r  o the r  space acquired imagery) because o f  gene ra l l y  

c l e a r  atmospheric cond i t i ons  and the  absence o f  masking 

veqetat ion.  Th is  approach may n o t  be as e f f e c t i v e  i n  

o ther  reg ions o f  t h e  wo r l d  t h a t  do n o t  have these cha- 

r a c t e r i s t i c s .  
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INTRODUCTION 

I r a n  i s  located between geographic coordinates 26*-38'~, 
and 46°-620~. The cent ra l  po r t i on  o f  the country i s  covered 

by a plateau, ~urrounded by very high and snow covered moun- 

tains. Temperatures vary from we1 1 below oOc t o  over 50°c, 

and f reezing condit ions i n  some areas may occur simultaneous- 

l y  w i t h  enormous evapotranspirat ion losses i n  other  areas. 

The average annual amount o f  p r e c i p i t a t i o n  f o r  I r a n  does not  

usual ly  exceed 28 centimeters, and i n  terms o f  d i s t r i b u t i o n ,  

i s  h igh ly  var iab le  across the country. For example, i t  i s  

qucte comnon t o  have ovor 130 centimeters o f  p r e c i p i t a t i o n  

i n  the mountainous areas o f  the northwest o r  i n  the Caspian 

Sea region, whi le  i n  some desert  areas no r a i n  may f a l l  f o r  

several years. 

k r e  quant i ta t i ve ly ,  it has been estimated t h a t  basins 1 ~ 2  
and 7a, (Figure-1) which cover only  25% o f  the country re -  

ceive h a l f  o f  the t o t a l  annual p rec ip i t a t i on ,  while, the 

other  h a l f  i s  d i s t r i b u t e d  over the remaining 75% o f  the coun- 

try. 

Due t o  the sca rc i t y  and non-uniform d i s t r i b u t i o n  o f  pre- 

c i p i t a t i o n ,  the study and management o f  water resources are 
o f  prime importance t o  I ran .  Therefore, new sources o f  ob- 

t a i n i n g  supplementry information such as sate1 1 i t e  acquired 

data are extremely important. 

In t h i s  repo r t  an attempt has been made t o  sa t i s f y  the 





main objectives which had been originally proposed 
for the use of sa t e l l i t e  imagery i n  water rcsocrces 
management. These objectives can be su~nmari zed as 
follows : 

1- Demonstration of the ahili ty of ERTS-1 
Imagery to add significantly to the 
present avai 1 able data. 

2- To use the sa t e l l i t e  data together with 
"ground-truth" information to expand on 
the knowledge of the hydrological pro- 
cesses in Iran. 

3- To employ the repetitive nature of ERTS-1 
imagery in developing seasonal inputs to 
water management operation. 

The followinc results are part o f  the attempt to 
meet the above objectives i n  the use of sa t e l l i t e  ima- 
gery in water resources management. 



RESULTS 
tltl=tO 

In t he  present  inves t iga t ions ,  the ERTS-1 tmages were 

used t o  c o l l  e c t  supplemer. .a ry  water resources data i n  I ran .  

The s i g n i f i c a n t  r e s u l t s  may be surmierized as fo l lows :  

A. Updating, and Cor rec t ing  the  E x i s t i n g  Hydro log ica l  Map 

The o n l y  na t i ona l  nydro log lca l  map a v a i l a b l e  a t  present  

i s  the Main R ive r  Basins and Rain Gauge and Runoff S ta t ions  

Maps o f  I ran ,  prepared by the MinSstry o f  Water & Power, i n  

1971. On comparing t h e  above nlentioned map w i t h  E?TS-1, 

imagery a number o f  h i t h e r t o  unrecorded hydro log ica l  fea- 

tures such as lakes, r eso rvo i r s  and playas, as we l l  as ma- 

j o r  d iscrepancies i n  drainage pat terns,  were noted which 

a re  d i  s c r i  bed below. 

I- Lakes ana Reservo- 

1. The f o l l o w i n g  lakes  and rese rvo i r s  were i d e n t i f i e d  on t h e  

ERTS-1 imagery which d9 n o t  appt l - r  on t he  e x i s t i n g  Hyd- 

r o l o g i c a l  Maps (Figure-2).  

(i) Lakes 

A- Shor Go1 : West Azarbayejan Province, South o f  Lake 

Rezaeheh 

8- Dargah : West Azarbayejan Province, South o f  Lake 

Rezaeheh 
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D- Marivan 

: West Azarbayejan Province, Sout+ o f  

Lake Rezaeheh; the  above mentioned 

lakes a re  loca ted  on a east-west 
1 i n c a r  trend, and a re  poss ib ly  f a u l t  

con t ro l  i 24. 

Kurdes tan Province, nor i n  wcs t o f  

Kermanshah, near t he  I r a n - I r a q  

border. 

E- Cheran : Hamadan Province, n o r t h  o f  Malayer. 

F- Mighan : Central  Province, n o r t h  edst  o f  Arak. 

* 
G- Keynow : Khuzestan Province, a small lak*. l oca-  

ted  on c r e s t a l  area o f  Kuh-e-Kcynow, 

probably f ed  by sncw me l t  o f  t h e  sur -  

rounding area. 

H- Shatt-3- : Khuzes tan Province, n o r t h  o f  Izeh. 

Mangar 

* 
I- Ab-bandun : Khuzestan Province, south east  o f  Izch. 

The above two laires (H , I )  appear t o  be 

'de f la t ion  hollows," formed by ground 

* Confirmed by f i e l d  checking 



water discharges, poss ib ly  from near- 

by exposed Assmari , Limes tone. 

* 
J- Kafter : Fars Province, n o r t h  of  Zargan. 

This l ake  i s  formed by ground water 

discharges from a Karst  l imestone 

i n t o  a shal low depression. 

K- Ar jan : F a x  Province, n o r t h  o f  Lake Parishan, 

i n  the  Kazerron area. 

(i i) Reservoir  - 
a- Shapour Aval : West Azarbayejad Province, on Mahabad 

R iver  south of  Lake Rezaeyeh. 

b- Nowroz-Loo : Nest Azarbayejan Province, an associ - 
ated rese rvo i r  t o  a d ive rs ionary  dam 

on Zarineh rud  River,  south east o f  

Lake Rezaeyeh. 

e- Darius Kabi r  : Fars Province, on Kor River.  

f-* Kowreh . : Fars Province, a r ese rvo i r  formed as 

a r e s u l t  o f  the  cons t ruc t ion  o f  a 

small dani a t  a g u l l y  mouth, near Lar. 

The absence o f  some o f  the p rev ious ly  n~entfoned lakes 

- 
* Confirmed by f i e l d  checking 



and rese rvo i r s  on the e x i s t i n g  Hydro log ica l  Maps o f  I r a n  

might be expla ined as fo l lows :  

1, The map was pub1 ished i n  l a t e  1971, and a t  t h a t  

t ime cons t ruc t ion  o f  some o f  t he  dams were not 

y e t  compl eted. 

2.  The r e l a t i v e l y  h igh  p r e c i p i t a t i o n  dur ing  1971- 

1972 may have had an anomalous e f f e c t  on t he  

normal l y  dry  topographic deprescions. 

Using c o l o r  a d d i t i v e  technique t o  study the ERTS 

imagery, i t  was ns t i ced  t h a t  some lakes  exh ib i t ed  tona l  

d i f fe rences .  Th is  phenomena presumably i s  due t o  one o r  

some combination of such fac to rs ,  as depth o f  water, che- 

mica l  composit ion o f  t he  water, suspended sediments, and 

the presence of  organic  mate r ia l ,  i .e .  a l g a l  growth. 

The cause o f  t he  tona l  v a r i a t i o n s  i s  probably d i f f e r e n t  

f o r  d i f f e r e n t  lekes and needs t o  be i nves t i ga ted  on t he  

ground. 

I 1  Playas 

One of t h e  most r e a d i l y  detectab le  hydro log ica l  fea-  

tu res  on the  ERTS, imagery i s  t he  Playa. This phenomena 



i s  due t o  a g rea t  tonal  d i f fe rences  caused by the eva- 

p o r i  t i c  content o f  t h i s  feature,  which appears as wh i t e  

patches on the  ERTS-1 imagery. I n  some instances the  

de l i nea t i on  o f  the boundaries between playas and adja- 

cent  geomorphic features i s  by f a r  eas ie r  using ERTS-1 

imagery than by us ing ground observat ion. Therefore, 

the use o f  s a t e l l i t e  imagery has increased t he  detec- 

t a b i  1 i t y  o f  these features. 

Some o f  the  major Playas i n  I r a n  t h a t  had n o t  been 

p rev ious ly  recorded on the e x i s t i n g  hydro1 og i  ca l  maps 

and are v i s i b l e  on the ERTS-1 imagery a re  1 i s t e d  as f o l -  

lows : 

1- Hoze Sultan: North o r  Qom 

2- Datnghan: south o f  Damghan 

3- Dasht-e-Kavi r: East o f  Qom 

4- Great Kavir :  Southeast o f  Damghan 

5- Chah Now: West o f  Lake Hafnun 

6- Ghah Darasht i :  West o f  Lake Hamun 

7- Mehregan: North o f  Banaar-e-Lengeh 



I I I Drainage Pat te rn  

Wi th in  the d i f f e r e n t  ERTS-1, MSS, bands, bands 6 and 7 
are  considered more s u i t a b l e  f o r  drainage stccl ies. I n  terms 

o f  drainage resoul  u t ion ,  the norm i s  usua l l y  taken as 40 me- 

ters,  whereas i n  some o f  the images studied, g u l l i e s  w i t h  es- 

t imated w id th  o f  no more than 15 meters could be detected. 

Upon coniparing the  drainage pat terns shown on e x i s t i n g  

hydro log ica l  maps w i t h  those v i s i b l e  on (MSS, band 7 )  EKTS-1 

imagery, numerous discrepancies were noted. 

To i l l u s t r a t e  t h i s  po in t ,  two examples have been chosen 

a~:d are presented i n  the form o f  two p l o t s  o f  the  same area, 

showing the ERTS-1 i n t e r p r e t a t i o n  against  t h a t  which i s  shown 

on the  e x i s t i n g  maps (Figure-3).  

B. Dynamic changes o f  the Darya-e-Narnak ( S a l t  Lake) 
-- 

The lower p a r t  o f  the  Qom Watershed, which i s  loca ted  i n  

a c o r r i d o r  between the southwest f l a n k  o f  the  Alborz Range and 

the nor theast  f l a n k  o f  the  Zagros Range i s  termed "Darpa-e- 

Namak". The l a t t e r  which i s  loca ted  t o  the south o f  Tehran, 

i s  a c t u a l l y  a playa covered by s a l t  c rus t ,  under la in  by wet, 

gray, c layey s i l t .  This playa, i n  i t s  northwestern border 
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receives water discharged from a network o f  braided stream 

channels, These streams w i t h  a northwest t o  southeast d i rec-  

t i o n  are the terminals o f  the Karaj River, Rud-i-Shur, and 

Qom Rud. Due t o  the  extreme a r i d i t y  and the  h igh r a t e  of 

evaporation, the Darya-e-Namak i s  usua l l y  dry dur ing most o f  

the  year. However, the r e p e t i t i v e  sate1 1 i t e  imagery cove- 

rage o f  the  lake  dur ing the  year 1972-1973 ind icates t h a t  

a body o f  water has been accumulating i n  i t s  western par t .  

Observation o f  the water f l u c t u a t i o n  o f  t h i s  l ake  i n d i -  

cates t h a t  the areal extent  o f  the  water body has aug- 

mented dur ing the  wet season i .e. from December 3, 1972, 

t o  May 14, 1973 (Fig-4). With an average depth o f  2 

meters the volume o f  water accumulated from the end o f  

the dry  season t i l l the  end o f  the wet season was estima- 

ted  (Table 1).  

Table 1. Water f l u c t u a t i o n  i n  the  western p a r t  of the  

Darya-e-Nanki k 
- - -  - -  - -  - 

Date o f  ERTS-1 Time In te rva l  Surface Estimated Volume 
Imagery ( i n  Days) Water Area o f  water (m3) 

September ~ 2 ,  1972 F i r s t  Image Dry None 

December 3, 1972 7 3 7 0 140,000, 000 

December 21, 1972 18 245 490,000,000 

January 8, 1973 18 333 ,660,000,000 

May 14, 1973 126 296 592,000,000 





The resul ts  of the preliminary investigation descri - 
bed here not only demonstrate tile nionitoring capability 
of ERTS-1 repet i t ive  imagery coverage as a re l iable  means 
of studying dynamic changes, b u t  also indicate i t s  vi tal  
significance i n  the economic management of water resour- 
ces in a country l i ke  Iran, whcrc the average ~nnual  pre- 
cipi tat ion i s  about 280mm. 



The work submi t ted  here  i s  t h e  r c s u l  t o f  i n v e s t i g a -  

t i o n s  c a r r i e d  o u t  i n  t h e  f i e l d  o f  hydro logy w i t h  t h e  a i d  

o f  ERTS-1 imagery. The s i g n i f i c a n t  r e s u l t s  ob ta ined  can 

be summcrized as f o l l c w s  : 

1- (Siscovcry o f  a nunibcr o f  lakes,  r e s e r v o i r s  and 

p layas  i n  d i f f e r e n t  p a r t s  of  t h e  c o u n t r y  which 

do n o t  appear on t h e  e x i s t i n g  h y d r o l o g i c a l  maps 

(F ig-2) .  

2- Demonstrat ion o f  t h e  a b i l i t y  o f  ERTS-1 imagery 

i o  p r o v i d e  an accu ra te  assessnient o f  t h e  na- 

t i o n a l  water  dra inage n e t  work. 

3- M o n i t o r i n g  t h e  f l u c t u a t i o n  o f  s u r f a c e  water  i n  

Darya-e-Namak ( S a l t  Lake) and an e s t i m a t i o n  o f  

t h e  volume o f  water  which accumulates annual l y  

i n  t h i s  l a k e .  (Fig-3,  t a b l e - 1 ) .  

I n  concl  us ion,  sa te1 1 i t c  imagery has proved i t s e l  f t o  

be a ve ry  va luab le  t o o l  i n  t h e  s tudy o f  water  rcsourccs  and 

i t  i s  f i r m l y  be1 ieved  t h a t  by compl en~en t ing  data  o b t a i n e d  

f rom t h e  i n t e r p r e t a t i o n  o f  sate1 1 i t e  imagery, w i t h  f i e l d  ob- 

se rva t i ons ,  a s u b s t a n t i a l  as w e l l  as an ex t remely  usefu l  

volunie o f  da ta  w i l l  become a v a i l a b l e  f o r  water  resources ma- 

nagenlent and p lann ing  f o r  t h e  e n t i r e  coun t ry .  



Future Planning - - 

The following p r o j e c t s  a r e  planned ' t o  be c a r r i e d  

o u t  i n  the  f i e l d  of hydrology wi th  t h e  a i d  of s a t e l l i t e  

I'magery . 

Prepar ing o f  new hydrological  maps o f  I ran a t  

s c a l e  a f  1: 1,000,000, 1:500,000, 1:250,000 
and evaluat ion o f  individual  drair ,age bas ins  

i n  d e t a i l .  

To I?ap a r e a s  of poss ib le  ground water  poten- 

t i a l ,  such a s  a1 luv ia l  d e p o s i t s  a s  well a s  

regions  of i n t e n s e  rock f r a c t u r i n g  which may 

be r e l e v a n t  i n  ground water s t u d i e s .  

Monitoring t h e  s u r f a c e  water f1 i ;c tuat ions  i n  

var ious  l akes  and r e s e r v o i r s .  

To c a r r y  o u t  mow surveys i n  o r d e r  t o  d e t e r -  

mine a r e l a t i o n s h i p  between snow coverage o f  

a region and i t s  correspcnding runoff .  

To map f lood p l a i n  a r e a s ,  especially around 
t h e  Karun and Karkheh Rivers  in  Khuzestan 

Province. 

To c a r r y  o u t  sedimentation and water p o l l u t i o n  

s t u d i e s  along r i v e r s  and i n  land locked water 

bodies . 
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INTRODUCTION 
-.----.-.------- 
- m e - - - - - - - - - -  

I r a n  i s  bordered by t i i e  Pers ian Gul f t o  t h e  south, and 

p a r t l y  by the  Caspian Sea t o  t h e  no r th ,  w i t h  a): es t imated 

t o t a l  coast1 i n e  o f  about 2000 k i l o m e t c r s .  

The F i s h i n g  i n d u s t r y  r e l a t e d  t o  t l , :  csve two water  

bodies i s  an i ~ ~ ~ p o r t a n t  s u p p l i e r  o f  pr-otl ' .\r the  n a t i o n  

as w e l l  as  having g rea t  p o t e n t i a l  i n  tcrnis o f  n a t i o n a l  eccl- 

nomics. However, due t o  the  l a c k  o f  adequate in fo r ina t ion  

such as ocearmgraphy and niarine b i o l o g i c a l  data,  t h e  f i s h -  

i n g  p roduc t ion  t o  date, has ren~ained reniarkably low. I t  

would seem the re fo re ,  t h a t  the  s tudy o f  s a t e l l i t e  itnagcry 

conhined w i t h  niarine surveys w i l l  p rov ide  va luab l  c  i n f o r -  

mat ion p e r t i n e n t  t o  t h e  F i s h i n g  i n d u s t r y  i n  I r a n .  

I n  t h e  present  i n v e s t i g a t i o n ,  i n t e r  p r e t i v e  e f f o r t s  

o f  CkTS-1 data  have been concentrated on a n a l y s i s  o f  se- 

d imen ta t ion  and wet land area delineation i n  the southern 

coas ta l  zone. Th is  study, i s  ccinsidered t o  be cif pararnount 

i r~ iportance i n  t i i e  i d e n t i f i c a t i o n  o f  h i g h  p o t e n t i a l  f i s h i n g  

zones and assoc ia ted n u r s e r i e s  a l o c ~  the  Pers ian  G u l f  area.  

Cwing t o  t h e  s h o r t  p e r i o d  o f  s tudy and t h e  absence o f  ground 

t r u t h  data, t h e  r e s u l t s  r e p o r t e d  hc rc  a r e  t h e r e f o r e  o f  a 

p r e l  i n l i na ry  nature .  



RFSULTS 

:he present  i n v e s t i g a t i o n  i s  an i i t t empt  t o  use t h e  

ERTS-1 data  f o r  t h e  de te rm ina t ion  and i d e n t i  f i c a t i o l i  o f  

gross I i ydrogray l i i c  f e a t u r e s  a long  t l i c  Pe rs ian  G u l f .  The 

r e s u l t  ob ta ined  can be sumicr ized as f o l l o w s :  

I. - I d e n t i f i c a t i o n  --. and Area l -Dc tc r rn inGon  o f  C02:tal \# let lands --- 

One o f  t h e  most r e a d i l y  d e t e c t a b l e  hydrograph ic  fea-  

t u r e s  on t h e  I R T S - 1  i n ~ a g e r ~ .  i s  coas ta l  wet land.  The case 

o f  i d e n t i f i c a t i o n  o f  these l t u r c s  i s  c o n c l ~ ~ d e d  t o  be 

due t o  t h e  h i g h  mo is tu re  content ,  sus'ng a r e d u c t i o n  i n  

t h e  r e f l e c t i v i t y  o f  thcse areas, r e s u l t i n g  i n  a da rke r  

2ppcarancc on a l l  MSS bands. 

I n  t h i s  st i rdy a s e r i e s  o f  llSS band-7 irnagrl-y was s t u -  

died, arid as a  r c s u l  t, t h r e e  major  w t l a n d  arcas were iden,- 

t i f i e d  a long t h e  Pers ian  Gulf.  These a r e  found t o  cover  

an area o f  430,000 hcc ta rs  a t  head s t  t h e  Gul f ,  15,000 

hectars  n?ar  Eushchr, and f i n a l l y  a t o t a l  o f  55dO h c c t a r s  

i n  northviest  o f  Gesl~n: I s l a n d  and co i i s ta l  Cat-dzr-e-Al lbas. 

Figures-1,2 and 3 show t h e  c x t c n t  o f  t he  areas i ~ v o l -  

ved; they were preparc  by o u t l i n i r i g  t h e  coas ta l  wet land 

areas u s i n g  band-7 imagery and o v c r l  a y i n g  t l i e  r e s u l  t a n t  

wet land de l  i n a t i o n  on t h e  respective MSS band 4 .  T h i s  

was done n ia in l y  t o  sl~ow t h e  t u r b i d i t y  o f  t h e  i l i i l i lcdiate 

o f f  shore areas and t h e i r  r e l a t i o n  t o  ad jacen t  h e t l a n d s .  









I I. Seasonal Va r i a t i on  o f  Suspended -- Load a t  Head o f  t he  Pel s i  an hl f 

The present study i s  an examination o f  ERTS-1 r e p e t i  .ve 

imagery t o  demonstrate the  d i s t r i b u t i o n  o f  t h e  sus(,?nZed 

l oad  and i t s  va r i a t i ons  a t  head o f  t h e  Persian Gul f .  

Of a1 1 t he  d i f f e r e n t  ERTS-1 images, Sands, 4 and 5 

are  usua l l y  considered more app l i cab le  f o r  de tec t ion  o f  

suspended load. I n  t h i s  r e p o r t  however ClSS, band 4 ima- 

gery was disregarded because o f  the observed hazyness i n  
t h i s  band and d i f f i c u l t i e s  invo lved  i n  d i f f e r e n t i a t i n s  

between the  1 i t t o r a l  bank areas and suspended load. Other 

p r o b l e m  invo lved  i n  us ing  band 4, a1 so inc lude  the  l a c k  

o f  d i f f e r e n t i a t i o n  between the var ious dens i t y  loads w i t h i n  

the  study area. 

I n  t h i s  study, t he  t e s t  s i t e  area i; a d e l t a i c  reg ion 

fed by the  Arvand, Bahnianshir, Ja r rah i  and Hendi j a n  Rivers.  

(Figure-4).  These r i v e r s  discharge l a r g e  quant i  t i e s  o f  

s i l t s  and clayes i n t o  t h e  Gul f ,  r e s u l t i n g  i n  the steady 

growth o f  the  d e l t a  seaward. 

To observe the  seasonal v a r i a t i o n s  o f  t h i s  l oad  two 

MSS band 5, images taken dur ing  d i f f e r e n t  seasons ( e a r l y  

September and 1 a t e  December) were analyzed. As a resu l  t, 

several  zones were d i f f e r e n t i a t e d  on t he  bas is  o f  t h e i r  

dens i t y  v a r i a t i o n  o f  suspended load. Figures 5 and 6 show 

the  dens i t y  v a r i a t i o n  pa t te rns  i n  the  above mentioned dates 

from which t h e  f o l l o w i n g  s i g n i f i c a n t  observat ions were made:- 



Figure-4  General s tudy area a1 so showing area covcrcd by tRTS-1 image: 115-05460-701 

1. I n  bo th  images, t h r e e  zcines o f  h igh,  medium, and l o \ /  d e n s i t y  

o f  t h e  suspendcd l o a d  a r e  i d e n t i f i e d .  

2. Thesc zones i n  general ,  a r e  n o t d b l y  s l i i f t c d  t o  the n o r t h e a s t  

f rom t h e i r  main p o i n t  o f  supply.  T h i s  phenomenon i s  p a r t i -  

c u l a r l y  noted i n  t h e  rnediut;i and low d e n s i t y  zones on ' t h e  l a t e  

Gece~nber frame, On t h e  e a r l y  Sep te~ ibe r  frame however, t h e  

r~ieclium d e n s i t y  zone, e x h i b i t s  an anonlalous tongue t o  t h e  south.  

The general  n o r t h e a s t  ward d e v i a t i o n  o f  d e n s i t y  p a t t c r n s  i s  be1 ieved  

t o  bc t h e  r e s u l t  o f  a near shore coas ta l  c u r r e n t ,  t r a v e l l i n g  p a r a l l e l  t o  

thc: m a s t l i n e .  Th is  i s  e s p e c i a l l y  pronounced a t  . the mouth o f  t h e  Hebdi j a n  







River in the l a t e  December frame (Figure-6), where the medium 
and low density extensions are seen to  deviate completely i n  

an easterly direct ion,  whereas the Hendi jan River, flows into 
the Gulf with an opposing southwesterly course. 

The above wentioned sourtherly tongue of the medium den- 
s i t y  zone in the September image, may be a t t r ibuted  to  a den- 
s i t y  current ,  resul t ing from t ida l  backwash i n  the Kur-e-M~rsa 
In le t .  The absence of a s imilar  anomaly in the l a t e  Deceinber 
frame i s  possibly due to higher velocity of the previously 
mentioned coastal current during tha t  season, which drives 
the load north-eastwards. 

3.  In the l a t e  December frame, there i s  an increase 
in  the seaward extension of the  high density zone, 
a s  compared to  tha t  of the early September image, 
while the low density zone in the l a t t e r  fram ex- 

hi bi t s  a reverse phenonlenon. 

The changes of the seaward extens!'ons of the high and ?ow 
density zones in the above mentioned dates are due to several 
fac tors ,  such as variations in r iver  d i s c h a r y ~ s ,  quantity and 
qua1 i ty of suspended load, t ida l  act ion,  surface and subsur- 
face costal currents.  In the December frame, (Figure-G), the 
increase in  precipi tat ion,  causing an increase in the run off 
and respective sediment load, resul t s  in a seaward extension 
of the high density zone, whereas stronger coastal currents ,  
and more turbulent condi tions in general , do not permi t the 



smal ler  s i zed  p a r t i c l e s  ( o f  t he  low dens i t y  zone) t o  extend 

f a r  i n t o  the  Gul f .  On the o the r  hand, t he  reverse cond i t i ons  

apply i n  the  September image. 

I n  a d d i t i o n  t o  the  above s i n g l e  band analys is ,  co lour  

a d d i t i v e  techniques were a1 so u t i l  i zed  f o r  b e t t e r  d e f i n i  - 
t i o n  o f  l oad  dens i t y  d i s t r i b u t i o n .  O f  a l l  t he  c o l o r  combi- 

nat ions used, the  bes t  r e s u l t s  were found t o  be obta ined 

w i t h  the f o l  lowing band / f i l  t e r / i n t e n s i  t y  combinations. 

Band - F i  1  t e r  I n t e n s i t y  

G r ed  maximum 

5 b lue  maximum 

4 green moderate 

Using the  above con f igu ra t ion ,  the  high, medium and 

low dens i t y  zones man i fes t  themselves c l e a r l y  i n  red, blue, 

and green respec t i  vel  y . 

Future Planning 

The f o l l ow ing  p ro j ec t s  a re  pianned t o  be c a r r i e d  o u t  

i n  the f i e l d s  o f  Oceanography and Marine resources w i t h  the  

use o f  s a t e l l i t e  aqui red data :- 



1. Prepar ing Hydrographic Maps o f  I ran ,  a long t he  per-  

s i an  Gu l f  and the  Caspian Sea, a t  var ious scales. 

2.  Studies on the  f e a s i b i l i t y  o f  de l i nea t i ng  h igh 

p o t e n t i a l  f i s h i n g  areas i n  t he  Persian Gu l f  and 

the  C a s p i ~ n  Sea. 

3. Extending the  present i nves t i ga t i ons  o f  the  sea- 

sonal v a r i a t i o r s  o f  suspended l oad  t o  t he  remai - 
n i ng  o f f - sho re  areas o f  the  Persian Gu l f  and t he  

Caspian Sea. 



SUMMARY AND CONCLUSIONS ----------------------- 
-----------em---------- 

The o v e r a l l  synopt ic  view coupled w i t h  t he  r e p e t i t i v e  

na tu re  o f  ERTS-1 imagery has o f f e r e d  us a  unique opportu- 

n i t y  t o  study the hydrographic features along the  Persian 

Gu l f  coast 1  ine.  The s i g o i f i c a n t  r e s u l t s  obta ined can be 

summerized as f o l l ows  : 

1- I d e n t i f i c a t i o n  and a rea l  determinat ion o f  

th ree  major wet land areas along the Per- 

s i an  Gu l f  coast  l i n e ,  ( t o t a l l i n g  450,500 

hectars)  . 

2- Eloni tor ing and analyz ing the  seasonal va- 

r i a t i o n s  o f  suspended l oad  a t  the  head o f  

the  Persian Gul f .  

With the relevance o f  the above s tud ies to  the  f i s h i n g  i n -  

d ~ s t r y ,  i n  so f a r  as wetlands a re  considered exce l l en t  nur -  

se r ies  and t u r b i d i t y  ac t i on  may be considered as one o f  

the  mgst i tuportant f ac to r s  i n  l o c a t i n g  f i s h  concent ra t ions,  

i t  can be concluded t h a t  r e p e t i t i v e  ERTS-1 inlagery i n  con- 

j unc t i on  w i t h  o the r  r e l evan t  data, such as te~ i ipra ture and 

sa l  in;  t y  va r i a t i ons ,  o r  b i o l o g i c a l  cons iderat ions o f  an 

prea, can be extremely use fu l  i n  the  task o f  a l l o c a t i n g  

h igher  p o t e n t i a l  f i s h i n g  p r i o r i t i e s  i n  d i f f e r e n t  seasons. 
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ERTS-1 APPLICATIONS TO AGRICULTURE, FOREST, AND RANGELAND MAIiAGEt4ENT 

I n t r o d u c t i o n  

The a g r i c u l t u r e ,  f o r e s t ,  and range resources o f  I r a n  a r e  

presently t h e  s u b j e c t s  o f  1  arge i c a l e ,  i n t e n s i v e  development 

programs, ' Several  s t u d i e s  have been undertaken i n  a g r i c u l  t u r e  

i r ,  r e c e n t  years, p a r t i c u l a r l y  i n  t h e  Caspian Sea area, t o  de- 

t enn ine  t h e  b e s t  s t r a t e g y  f o r  a l l o c a t i n g  l a n d  use between ag- 

r i c u l t u r a l  crops and pas tu re  grasses. The d c t c n y ~ i n a t i o n  o f  - 
an optiniuni balance o f  l a n d  use between crops and pas tu re  i s  

p a r t i c u l a r l y  p ress ing  now because o f  t h e  u r g e n t  need t o  i n -  

crease an'imal p r o t e i n  p r o d u c t i c n  t in-ougho~rt I ran.  One impor- 

t a n t  way o f  a c h i e v i n g  increaced anil:lal p;,oduction i s  by pas- 

t t : r i n g  more atlin:als, froril t iw t o  tihie, t h a t  'normal ly  feed  on 

n a t u r a l  range lands so t h a t  these lands can a t  l e a s t  p a r t i a l l y  

r ccove r  f rom years  o f  overgraz ing.  

A range survey o f  I r a n ,  w h i c l ~  uses t R T S - 1  da ta  i n  a  rnul- 

t i s t a g e  sample dcsign,  has been u n d e r t a k ~ n  t o  dc tc r in i  ne t h e  

c u r r e n t  s t a t u s  o f  t h e  rarlge resources end t o  l o c a t e  areas o f  

the  h i g h e s t  p r o d u c t i v e  p o t e n t i a l .  The use o f  LRTS-1 iomgcry 

t o  h e l p  nloni t o r  t h e  s t a t u s  and d i s t r i b u t i o n  o f  range grasses 

c o u l d  prove t o  be o f  trerwndous b c n e f i  t i n  a  c a t t l e  exbans io~ ,  

program. Th is  survcy  i s  desc r ibed  i n  more d e t a i l  l a t e r  i n  

t h i s  r e p o r t .  

The I l l i n i s t r y  o f  h g r i c u l  t u r e  i s  engaged a1 so i n  s t u d i e s  

t o  iniprove food  p r o d u c t i o n  th rough i r r i g a t i o n ,  f e r t i l i z a t i o n ,  

and g e n e t i c  iniprovement o f  p l a n t i n g  s tock .  I n  o r d e r  tc i  n lon i to r  



t h e  c u r r e n t  c rop  product ion ,  t h e  M i n i s t r y  p e r i o d i c a l l y  ga- 

the rs  s t a t i s t i c s  concerning t h e  amount o f  d i s t r i b u t i o n  o f  

y i e l d s .  

These a r e  trenlendously d i f f i c u l t  tasks .  C u r r e n t l y ,  t h e  

M i n i s t r y  depends h e a v i l y  on qu3s t i onna i res  and r e p o r t s  s e n t  

i n  by fanners.  Because o f  t h e  i n a c c e s s i b i l i t y  o f  many v i l -  

lages,  t he  ga the r ing  o f  t h e  i n f o r m a t i o n  i s  very  d i f f i c u l t .  

Furthermore, many farmers do n o t  respond, and d i f f e v  ,it i n -  

t e r p r e t a t i o n s  o f  t h e  quest ions  a r e  n o t  uncommon. Also,  d i f -  

f e r e n t  a g r i c u l t u r a l  p r a c t i c e s  p r e v a i l  i n  va r ious  p a r t s  o f  

t h e  count ry .  A1 together ,  these c o n d i t i o n s  tiiske i t  d i f f i c u l t  

t o  o b t a i n  c o n s i s t e n t  da ta  ove r  t h e  e n t i r e  coun t ry  i n  any cne 

p e r i o d  o f  t ime. The i nt lsoduct ion  o f  ERTS techno1 ogy, t he re -  

fo re ,  cou ld  g r e a t l y  f a c i l  i t a t e  t h e  'pl arming and execu t ion  o f  

c rop  survzys i n  r e l a t i v e l y  s h o r t  pe r iods  o f  t ime.  Beczuse 

o f  t h e  divergence i n  l a n d  form and c l  inlate vary ing,  s t r a t e -  

g ies  a r e  be ing examined. I n  t h e  Caspfan Sea area, t h e  fa rm 

lands a r c  inore o r  l e s s  cont iguous k i t h  sorm ine rm ing l  i n g  o f  

h i g h  q u a l i t y  g raz ing  l and .  Th is  s i t u a t i o n  c a l l s  f o r  one 

c lass  o f  p o s s i b l e  sample designs. On t h e  o t h e r  hand, t h e  

remainder o f  I r a n  has a  much d r y e r  c l  imate. Hence, t h e  ag- 

r i c u l  t u r a l  areas a r e  re1 a t i  v e l y  smal l  and w i d e l y  sca t te red .  

The l a t t e r  s i t u a t i o n  c a l l s  f o r  a  d i f f e r e n t  sarnpl i n g  approach 

than t h e  former f o r  optin~utn r e s u l t s .  I n  bo th  ins tances,  

however, ERTS-1 imagery prov ides an excel  1  e n t  ~ i e d i  urn f o r  

l o c a t i n g  a l l  t h e  c rop areas i n  the  p o p u l a t i o n  and s e t t i n g  

up t h e  sampling frame f o r  c rop  census a c t i v i t y .  

I n  t h e  c u r r e n t  ERTS-1 i n v e s t i g a t i o n  i n  A g r i c u l t u r e ,  f o u r  

major  o b j e c t i v e s  a r e  be ing  sought. These a re :  



1. The development of methods to inventory farming and 
grazing 1 ands. 

2. The identif icat ion of new lands sui table  fo r  far -  
mi ng . 

3.  A class i f ica t ion  map showing land use, and 
4. The development of techniques to discriminate bet- 

ween agriculture and range areas and to measure 
change. 

Forest resources of Iran are r e s t r i c t ed  mainly to the north 
slopes of the El burz I4ountai ns \lhich ring the agricul ture  region 
south of the Caspiati Sea. While r e s t r i c t ed  in area,  the fores ts  

do contain s igni f icant  an:ounts of beech, maple, oak and pine in 
addition to  several nlinor species. There are also scrmt. oak for-  

e s t s  i n  the western part of the country, b u t  these do not have 
the productive capacity of the Caspian Sea fores ts  bxause  of 
the ri~uch more ar id  cl iriiate. 

The main problems in forestry tha t  can be addressed by means 
of ERTS-1 technology deal with obt:ining an adequate inventory of 
the fo res t  resources and i n  monitoring changes tha t  a re  taking 

place as a rosul t of logging, burning o r  grazing. Historical ly,  
the fores ts  have bcen heavily used fo r  tirnber, firewood, charcoal 

and grazing. However, much of t h i s  usage has been sporadic in 

nature depending on the needs of local residents.  Therefore, 
there i s  no consistent record of the s t a tus  of the present fo res t  
resources even though they a re  now protected from il-,discriminate 
use. Since some of the prime fo res t  areas are now k i n g  brought 

under more intensive riianagenient and u t i  1 i zation, ( i  . e.  the lkka 
Zaleni Rud Project) the need for  more current informatiori concer- 
ning the quantity, quali ty and location of fores t  resources will 
s teadi ly  increase. The introduction of ERTS teclinology into I r an ' s  

fores c inventory and management program would he1 p accel e ra te  the 
achievement of these goal s .  



The mair orestry objectives of the  present ERTS-1 study 

a re  to: 

1. Explore the f e a s i b i l i t y  of classifying fo res t  types 

on the imagery fo r  use in inventory and management 

programs, 

2. Plan the location and developnient of access roads 

and f i r e  breaks on a broad sca le ,  and 

3.  D e t e r ~ ~ i n e  the f e a s i b i l i t y  of monitoring changes in  

, forests  tha t  occur as a r e s u l t  of planr~ed harvesting 

and sporadic cutt ing by local residents .  

Results t o  Date 

The progress achieved toward sa t i s fy ing the objectives 

specified above in agricul ture ,  range and fores t ry ,  during 

the f i r s t  year of t h i s  e f fo r t  has been: 

1. Training in the hand1 ing 2nd use of ERTS data 

2. Fanil ia r iza t ion  with the interpretat ion equipments 

avsi lable 

3.  'The exact ident i f ica t ion  of t e s t  areas, the i r  a e l i -  

neation on tRTS imagery, and the gathering of ground 

t r u t h  infornation. 

4 .  The inplernentat.;on of a ranrje resources inventory using 

ERTS-1 data in the f i r s t  stage of a mu1 t i s t age  sampling 

design . 

Training and Famil i  a r i  zation 

A course i n  remote sensing techniques and the application of , * 

ERTS imagery t o  resource surveys and management problems was con- 

ducted by Earth Sate1 1 i  t e  Corporation (Earthsat)  and attended by 



ten key sc ien t i s t s  and administrators froin the Plan Organiza- 

t ion and other resource ministr ies  of Iran. During t h i s  pro- 

gram, ERTS images of Iran were stddicd in conjunction ~ i t h  the 

study of images of s imilar  areas in the Southwestern tinited 

Stztes.  Farr,,, range, and f o r t s t  areas were studied to  deter-  

mine the appearance of d i f ferent  agriculture and fo res t  areas 

were studied to d c t e r ~ i  ne the appearance of d i f ferent  agricul- 
ture md fo res t  types on ERTS images. Image enhanceincnt de- 

2 vices, such as the 1 S Digicol were employed to  determine the 

iniprove~nent tha t  can be gained in identifying these kinds of 

resources colupared t o  the black and white materi a1 . 

Fie1 d t r ips  were undertaken throughout Cali forilia and 

Arizona for  the ;,urpose of comparing the appearance of the  

d i f ferent  kinds of vegetation on tk,e ground with the i r  s ig-  

natures on the ERTS data. During these t r i p s ,  d i f ferent  kinds 

o f  crop and fo res t  types were v is i ted  and compared with t h 2  

inlagcry. In addition, several v i s i t s  were made to range areas 

in the American Southwest. 

Establis0n;ent o f  Test Areas i n  Iran 

After tile study team returned to Iran, ground v i s i t s  were 

made to several areas tha t  resulted in the establishment of 

four t e s t  s i t e s ;  two in agriculture,  one in  fores t ry ,  and one 

i n  range. 



A. Agr i cu l  t u r a l  Test S i t e s  

The Shah Mazraeh Development Area 

One s i t e  chosen t o  study t he  s ignatures o f  key ag- 

r i c u l t u r a l  crops on ERTS images over  t ime i s  t he  Shah Maz- 

raeh Development area near Gargan, i n  t he  Caspian Sea area. 

Th is  a g r i c u l t u r a l  development area was es tab l i shed  about ten  

years ago t o  study farming methods and crop r o t a t i o n  p lans 

i n  t h i s  prime a g r i c u l t u r a l  r eg i on  o f  I r an .  The main crop 

types c u r r e n t l y  be ing grown here are cot ton,  wheat, ba r l ey  

( i r r i g a t e d  and d r y  land) ,  and pasture grasses w i t h  sma l le r  

amounts o f  corn, sunflowers, and orchard crops. 

Dur ing the  f i e l d  v i s i t  t o  t h i s  area i n  A p r i l  1973, an 

i d e n t i f i c a t i o n  was made o f  t he  crop t h a t  was grown on each 

f i e l d  i n  1972 as w e l l  as the  crop be ing grown i n  1973. 

These i d e n t i f i c a t i o n s  were i nd i ca ted  on i a r g e  sca le  maps 

which show c l e a r l y  the  l oca t i ons  o f  t he  f i e l d  boundaries. 

Then an over lay  was prepared a t  a sca le  of'1/250,000 t o  

match an enlargement o f  ERTS frame number 1294-06324, 13 

May 1973 (F igure 1 ) .  While t h i s  scene i s  p a r t i a l l y  obscured 

by clouds, the re  i s  enough o f  the  area v i s i b l e  t o  a l l ow  an 

i n v e s t i g a t i o n  i n t o  var ious mu1 ti spec t ra l  techniques f o r  

d i sc r im ina t i ng  among the  crop types. F igure 2A, shows a 

bar ley  f i e l d  i n  the center  o f  the t e s t  s i  t c .  Th is  f i e l d  

has v i s i b l e  c o l o r  values very s i m i l a r  t o  nearby pasture 

grasses (F igure 28).  To d i s t i n g u i s h  between these two k inds o f  







vegetation w i l l  probably require sonle form of pattern recogni- 
tion technique in addition to  point-by-point mu1 t ispectral  ana- 
lys is .  Discrimination between these two classes of vegetation 
is extremely impcrtant i n  order to plan and monitor the balance 
of land use betweeq agriculture acd grazing in this area. Main- 
tenance of th i s  balance i s  crucial to the success of the range 
improvement program i nd therefore to  the  enti re aninla1 protein 
product ion program. 

The Isfahan Study Area 

ihe  second agricultural t e s t  s i t e  selected i s  the crop re- 

gion immediately surrounding :he City of Isfahan (Figure - 3 ), 
about 400 kilomet.ers south of 'ehran. This region, being sur- 
~ i ~ n d e d  by desert,  i s  much dr ier  than the Caspian Sea region to 
the north. Crops grown there a r t  similar to the Caspian vegion. 
Therefore, i t  will provide a contrasting s e t  of silailar crop spe- 
cies that  can be used to determine spectral differences on the 
ERTS images that  resul t  frob\ cl inlatic variations. A 1/10,000 
scale map was obtained for  th i s  area showing the senera1 d i s t r i -  
bution of crops. Then an overlay was wepared a t  tl scale of 
1/500,000 to match ERTS frame FIurnLer 1133-06393, 3 kcember 1972 
(Figure - 3 ) .  As can be seen from tlie i l lus t ra t ion ,  the mapping 
of the agricultural zone a t  th i s  point i n  time can be greatly im- 
proved by means of the ERTS-1 image. 

\ 

As of th i s  date, f i e ld  checking has not been suff ic ient  in 
t h i s  area to identify actual crops f i e l d  by f i e ld .  Howover, 

1/20,000 scale aerial photographs a re  available for  the area which 
can be used to annotate actual crops during th ,?  next f i e ld  v i s i t .  
The ground photo of Figure - 4 are typical of the kind of agri-  

culture and range that  surrounds the Isfahan  are^. i t  can Ise seen 







t ha t ,  i n  con t ras t  t o  t he  Gorgan area, the re  should be no g rea t  

problem here i n  d i s t i n g u i s h i n g  between a g r i c u l  t u r e  and range 

resources from ERTS imagery. Also, the re  should be no g rea t  

d i f f i c u l t y  i n  i d e n t i f y i n g  a g r i c u l t u r a l  arcas by s i z e  and loca-  

t i o n  because o f  t h e i r  extreme con t ras t  w i t h  t he  surrounding 

desert .  

On the  o the r  hand, d i sc r im ina t i on  among crop t ypes  w i l l  

be more d i f f i c u l t  due t o  t h e  g i ~ n e r a l l y  smal ler  s i z e  o f  i n d i -  

v idua l  f i e l d  compared t o  t he  nor thern  areas around the Caspian 

Sea. Only a  d e t a i l e d  spot-by-spot mu1 t i s p e c t r a l  ana lys is  coni- 

b ined w i t h  c l u s t e r  analys is  by means o f  t he  ERTS d i g i t a l  tapes 

w i l l  deternline the p o s s i b i l i t i e s  f o r  d i s c r im ina t i ng  among crop 

types i n  t h i s  area. The Is fahan s tudy area and t he  area around 

i t  i s  niuch l i k e  the cropping p a t t e r n  i n  the  e n t i r e  southern por- 

t i o n  o f  I r an .  T l~s rc fo re ,  re1  i a b l  e  techniques f o r  1  oca t i ng  and 

i d e n t i f y i n g  these snia.11 sca t te red  a g r i c u l t u r a l  oases a r e  v i t a l  

t o  t he  implementation o f  ERTS data i n t o  t he  crop survey and 

nnni  t o r i n g  program o f  the  M i n i s t r y  o f  Ag r i cu l t u re .  

The Golestan Park Rangeland Study Area 

The A p r i l  1973 t r i p s  a lso r esu l t ed  i n  the se lec t i on  o f  the  

Go1 es tan Park area as a  range1 ands t e s t  s i  t c  (F igure  - 5 ) . 
This area l i e s  about 75 k i lometers  east o f  the soutl iern shore 

o f  t he  Caspian Sea. Here, both p ro tec ted  and unprotected rafige 

lands are present i n  l a rge  contiguous areas. The area a l so  en- 

compasses a  s i g n i f i c a n t  range o f  e l  eva t iona l  d i f f e rences  as we1 1  

as g r a s j  and browse types. I t  i s  an i dea l  area t o  study t he  va- 

r y i n g  s ignatures o f  range vegetat ion on t h e  ERTS imagery. 







L v g e  sca le  maps o f  the  area have been obta ined which show 

the  annotated boundaries o f  Golestan Park. A t  t he  t ime o f  w r i -  

t i n y ,  i t  has no t  been poss ib l e  t o  annotate t h e  exact  boundaries 
o t  the  study area on ERTS frame Number 1059-06260, 20 September 

1972 (Figure - 5 ). This w i l l  be done i n  t he  near fu tu re .  A 

co l o r  composite o f  ERTS frame Number 1221-06270, 1 blarci? 1973 

has been obtained which shows some o f  t he  study area. Unfor-  

tunate ly ,  t,he besc rangelands, which a re  loca ted  a t  h i gh  a1 ti- 

tudes, were covered w i t h  snow. Also, many o f  the  remai l l ing 

areas a re  p a r t i a l l y  obscured by clouds and cannot be i n t e ~ s i ~ ; c i y  

s tud ied  us ing EHTS d i g i t a l  tapes. 

r i g u r e  - 6 shows two k inds ~f rangeland c h a r a c t e r i s t i c s  o f  

t he  Golestan area, The photo on the  l e f t  (A) shows a p o r t i o n  o 

the  h igher  e l eva t i on  range area of s u p c i o r  qua1 i t y  t h a t  has teen 

under p ro tec t i on  from graz ing f o r  several  year.  The r i g h t  photo 

(B) SIIOV~S a t y p i c a l  sage-type browse area t h a t  has a l s o  been un- 

der p ro tec t ion .  The approxinlate l o c a t i o n  o f  t he  ground photos 

a re  i nd i ca ted  on F igure , 5 . One o f  t he  low a1 t.i tude photogra- 

ph ic  s t r i p s  used i n  the  mu1 t i s t a g e  rang? inventury ,  descr ibed 

l a t e r  i n  t h i s  repor t ,  t raversed across t he  h igher  c l c v a t i o n  range 

area shown i n  F igure - 6~ . Therefore, t h i s  i s  an i dea l  arca f o r  

more in tens ive  study 1 a t e r  i n  the i nves t i ga t i on .  The development 

o f  techniques t o  s t r a t i f y  e f f e c t i v e l y  the  rangelands o f  I r a n  i n -  

t o  s i g n i f i c a n t  p r o d u c t i v i t y  groups w i l l  be most impor tant  t o  t he  

animal p r o t e i n  ilnprovefiient program o f  the l4 in is  t r y  o f  Ag r i cu l t u re .  

The Neka Zalern Rud Fores t ry  Study k e a  

The s i t r  chosen as the  f o r e s t r y  t e s t  s i t e  i s  the  Neka Zalem 

Rud P r o j e c t  (F igure  - 7 ) . I h i s  p r o j e c t  area encompasses approxi-  

mately 80,000 hectares o f  which 60,000 hectares a re  i n  c o r m e r c i ~ l  





fores t .  The Neka project i s  a long term, experimental fores t  
management and u t i l  i zation program. I t  incl udes the i nsttil 1 a- 
tion of an integrated timber processing f ac i l i t y  consisting 
of a sawmill and par t ic le  board plant as well as various re- 
manufacturing equipment for  producing finished products. 

The fc res t  management program of the Neka project c a l l s  
for  partitioning the fores t  into f ive  twenty-year management 
section. Harvesting and reforestation ac t i v i t i e s  a r e  to  take 
place'in each area so as to  obtain a sustained yield of fores t  
products over a me-hundred year period. Within each twenty- 
year section, fores t  stands have been identif ied on aerial  
photographs and mapped by type c lass i f ica t ion.  Timber cru- 

i ses  have been completed i n  the f i r s t  twenty-year management 
area so that  the specier composition and timber volumes are  
known for each forest  type mapped. Copies of these naps and 
the accompanying data are  now being obtained so tha t  the lo- 
cations of these known stands can be accurately projected 
into the ERTS images for  stcdy. 

The study area i s  shown as the bright re3 area near the 
center of Figure - 7 ERTS Framtl !iilmter 1294-06339, 13 t h y  

1973. 

Figure - 8A shows a typical stand of young beech w i t h i n  

the Neka forest  project.  

Figure - 8B shows a typical yra 
the Neka project. 

The intermi ngl ing of fores t ,  agr 

n f i e ld  tha t  borders 

cul ture  and range 1 ands 

is f a i r l y  typical of much of the Elburz mountain area. There- 
fore,  the discrimination among them on ERTS imagery i s  i m -  

portant to the survey and monitoring of these kinds of vegetation 





resources. While i t  i s  obvious t h a t  there are co lo r  d i f ferences 

d iscern ib le  i n  d i f f e r e n t  por t ions o f  Figure - 7, t h e i r  exact 

meaning i s  as y e t  unknown. A s t u d j  of the crop calendar o f  ag r i -  

cul ture, and the annual phenologic var ia t ions  o f  the major f o res t  

and range types w i l l  probably be required Sc discr iminate consis- 

t e n t l y  among these three major vegetation groups i n  t h i s  area. 

Plans f o r  the Next Reporting Period 

During the f i e l d  t r i p s  t o  the above areas, w i t h  ERTS images 

i n  hand, i t  was possible t o  i d e n t i f y  a t  l e a s t  the broad d i f f e ren -  

ces between ag r i cu l t u ra l ,  range and f o r e s t  areas t h a t  are i n t e r -  

mingled throughout the region. I t  was a lso apparent t h a t  f i n e r  

d i f f e r e n t i a t i o n s  on ERTS imagery are possib le among ag r i cu l t u re  

and forest  types and t h a t  rangeland areas can be categorized as 

t o  forage density. 

Next, the p r i nc ipa l  tasks are to  quant i fy  the observations 

i n  such a way as t o  per~ni t meaningful experiments t o  be conducted 

i n  mu1 t i spec t ra l  analysis over time. The object ives o f  t' .se ex- 

periments would be to: 

1. Determine the extent  t o  which ~ ; a j o r  agr icu l tu re ,  range 

and forest  types can be cons is ten t ly  d is t inguished by 

means o f  ERTS-1  data, 

2 .  Determine the extent t o  which d i f f e r e n t i a t i o n s  between 

species types w i t h i n  each o f  the three main categories 

can be made, 

3. Determine how we l l  the product ive capacity o f  rsngelands 

can be quant i f ied  from ERTS data, 

4 .  Determine the r e l a t i v e  e f f i c i ency  o f  using ERTS data as 

an i n teg ra l  p a r t  o f  sampling designs f o r  surveying and 

nioni t o r i n g  agr i  cul t u r a l  , range and fo res t  resources. and 
0 



5, Determine how accura te ly  t imber  volumes can be 

determined from an ana lys is  o f  ERTS data. 

The most 1 i k e l y  form o f  exper imentat ion w i l l  be by means 

o f  d i sc r im inan t  ana lys is  of the  form Y = X B + e i n  which 

Y i s  t he  vec to r  o f  d i s c r e t e  va r iab les  r e l a t i n g  t o  

c lasses o f  vegetation, 

X i s ' t h e  m a t r i x  o f  independent va r iab les  which desc r i -  

bes the  vegetat ion as i t  appears on t h e  ERTS ima- 

gery ( i .e .  tone, dens i ty ,  co lo r ,  pat tern,  etc.), 

B i s  the  ma t r i x  o f  c o e f f i c i e n t s  t h a t  r e l a t e  X t o  y, 

and 

e i s  the random e r r o r  t e r ~ n  t h a t  i s  n o t  accounted f o r  

by X. 

I n  the sho r t  term, manual i n t e r p r e t a t i o n  techniquzs w i l l  

be used t o  generate the X mat r i x ,  w h i l e  i n  the long  term, the  

computer coinpatible d i g i t a l  tapes w i l l  be used f o r  t h i s  purpose. 

A f t e r  determining t he  c o e f f i c i e n t s  o f  t he  t r a i n i n g  models i n  

t he  agr i cu l tu re ,  fo res t ,  and range areas: each t e s t  f i e l d ,  fo -  

res.: type, and range cond i t i on  w i l l  be c l a s s i f i e d  by means o f  

t h e  appropr ia te  model. F i na l l y ,  c l a s s i f i c a t i o n  matr ices w i l l  

be prephred showing the  performance o f  the  var ious models. 

On completion o f  these exper in~ents,  i t  w i l l  be poss ib le  t o  

determine the ex ten t  t o  which t he  ERTS data can be used i n  a 

p r a c t i c a l  way t o  achieve the  ob jec t i ves  s e t  f o r t h  above. 



The I r a n i a n  Range Resources Survey 

\ 

As mentioned e a r l i e r ,  the  M i a i s t r y  o f  A g r i c u l t u r e  i n  I r a n  

i s  engaged i n  a  program t o  improve a n i ~ a l  p r o t e i n  p r o d u c t i v i t y .  

As p a r t  o f  t h i s  program a  range resources survey has been i n i -  

t i a t e d  t o  determine t he  ex ten t  and present  cond i t i on  o f  the  ran- 

gelands i n  I r a n  and t o  i d e n t i f y  s p e c i f i c  areas on which forage 

improvement programs might  ;e p r o f i t a b l y  undertaken. 

I n  t h i s  range survey, ERTS imagery i s  being used as a  

medium f o r  s t r a t i f y i n y  t he  popu la t ion  i n t o  geobotanical u n i t s  

based on e leva t ion ,  aspects, and geogrcphical l o ca t i on .  Me- 

t eo ro l og j ca l  s a t e l l i t e  data a re  a l s o  being employed t o  p l o t  

r a i n f a l l  and s o i l  mois ture pat terns,  i n  an e f f o r t  t o  i n t e r j e c t  

vegetat ion growth p o t e n t i a l  i n t o  t he  range qua1 i ty eva lua t ion  

as depic ted on ERTS imagery. 

The sampling design f o r  t he  range survey i s  a  s t r a t i f i e d  

threestage model w i t h  va r i ab l e  weights a t  each stage o f  t he  

nlodel. The weights a re  der i ved  from an ana lys is  o f  each o f  

th ree  scales of ixagery .  The f i r s t  stage (pr imary sample 

u n i t s )  o f  the  design cons is ts  o f  ERTS frames. Ten frames a re  

t o  be se lec ted  over  the  e n t i r e  country;  f o u r  i n  t he  n o r t h  

around the  Caspian Sea and fiashhad a r e x ,  and s i x  i n  the  

southern p a r t  o f  I r an .  

The second stage sample u n i t s  cons i s t  o f  app. l x imate ly  

twelve 1/60,000 sca le  a e r i a l  photographs w i t h i n  ea .h ERTS 

frame inc luded  i n  the  pr imary sample. On these photos, a  
more d e t a i l e d  de l i nea t i on  i s  being made o f  the  lands t h a t  
a re  devoted t o  grazing. As w i t h  t he  data ex t rac ted  from 

ERTS imagery, t he  in fo rmat ion  ex t rac ted  from the  1/60,000 

sca le  photo w i l l  be used as weights f o r  expanding t he  data 

f rom the  t h i r d  stage t o  the e n t i r e  a e r i a l  photo. 



The t h i r d  stage o f  t h e  design cons is ts  o f  sample s t r i p s  o f  

l a r g e  sca le  (113,200) 70mm c o l o r  I R  photographs f l own  across 

t h e  areas o f  t h e  1/60,000 sca le  a e r i a l  photos. Each sample 

s t r i p  i s  n e a r l y  10 k i l omete rs  i n  l eng th .  On these photos, de- 

t a i l e d  analyses o f  t h e  range vegetat ion complexes and d e n s i t i e s  

a re  being made. Then, a  small number o f  these area i s  v i s i t e d  

on t h e  ground where t h e  ac tua l  determinat ions o f  browse species 

and tons o f  forage per hectare  a r e  made. These nieasurements a re  
expanded back through the sa~ l ip l i ng  model t o  o b t a i n  est imates of 
forage y i e l d  f o r  t h e  country.  

A t  t h i s  w r i t i n g ,  a l l  the data c o l l e c t i o n  has been completed 

f o r  t h e  f o u r  ERTS fraines i n  the  nor the rn  p a r t  o f  I r a n  through- 

o u t  the  El burz  i4ountains f rom Tabr i z  t o  Mashhad. The t h r e e  , 

scales o f  imagery a re  now being analyzed through which t h e  ground 

data  w i l l  be expanded. The f i n a l  i n t e r p r e t a t i o n s  o f  t h e  ERTS 

imagery over  t h e  e n t i r e  area w i l l  be done on t h e  c o l o r  mosaic 

t h a t  i s  now be ing prepared f o r  I r a n .  The data c o l l e c t i o n  f o r  

the southern p a r t  o f  I i-an b ! i l l  be conducted i n  e a r l y  s p r i n g  o f  

1974. 



SECTION V I  

ERTS-1 Applications in  Soil Sciences 
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"ERTS-1 APPLICATIONS IN SOIL SCIENCES" 

An area of approximately 30,000 sq. Kilometers, the 

Dasht-c-Qazvin region, was chosen for a pilot  project, i n  

wnich an attenipt was made to assess the value of ERTS ima- 

gery in large scale soil mapping. 

Geographically, Diisht-e-Qazvin i s  bounded to the East, 

North, and West by the Alborz Mountain range, wl~ile t o  the 

south the Central Iranian ranges form the boundary of this  

unit. (Fig-1) 

This senii-arid intermountain basin i s  characterized by 

an average rainfall of 225nini per annurn, and a tcrnperature 
range o f -3 '~  in the winter t o  39'~ in summer. I n  terms of 

water supply, this area, being part of the Greater Tehran 

Watershed, i s  fed by the southern Alborz drainage network 

as well as extensive sub-surface sources, in the form of 

deep we1 1 s . 





AREA OF STUDY: 

The area chosen f o r  t h e  present  p re l im ina ry  s tudy i s  p a r t  

o f  t he  Dasht-e-Qazvin in termounta in  basin, which i s  one o f  t he  

n m t  f e r t i l e  basins i n  I ran ,  and i s  p resen t l y  be ing i n t e n s e l y  

c u l t i v a t e d .  

The main reasons f o r  the  choice o f  t h e  above mentioned 

area f o r  i n i  t i a t i n g  pedolog ica l  s tud ies  us ing ERTS imagery a re  

as ~ O I ~ O W S  : 

1. Exce l l en t  ERTS-1 coverage o f  t he  area, especial  1y 

t he  image take on 3 J u ~ e  1373 on which the  pre-  

sent  study i s  based. 

2. Geographical ly, as w e l l  as i n  terms o f  c l imate,  

t h i s  area can be considered very r ep rescn ta t i  ve 

o f  ,the var ious areas under c u l t i v a t i o n  i n  I ran ,  

and i s  therefore a good reg ion  f o r  t r i a l s  i n  s o i l  

mapping us ing  ERTS-1 images. 

3. Th is  i s  one o f  t h e  o h l y  reg ions i n  I ran ,  where 

adequately accurate "ground t r u t h "  is ,  ava i l ab l e .  

i n  the  form o f  s o i l  maps a t  1:20,000, and almost 

a l l  o t he r  data t h a t  may be considered re l evan t  i n  

such a study. 

4.  The p rox im i t y  of the  area o f  study t o  Tehran, 

f a c i  1 i t a t e s  any "ground t r u t h "  checking t h a t  may 

be requ i red .  





METHODOLOGY : 

The main mode o f  ana lys is  c a r r i e d  o u t  f o r  t h i s  survey 

has been as f o l l ows  : 

The reconnaissance 1  eve1 de l  i neat ion o f  S o i l  Type 

o f  t h i s  area us ing  1/500,00O,MSS, band 5  imagery, 

bssed on change o f  tone, co lour  and t t  t a re .  

The use o f  f a l s e  co lour  coinposi t c  imagery (bands 

4,5 and 7), f o r  a  more d e t a i l e d  i d e n t i f i c a t i o n  o f  

t he  s o i l  bcunckries p l o t t e d  above. 

111. The use o f  co lour  a d d i t i v e  viewer techniques f o r  

the  f i n a l  d e t a i l e d  d i sc r im ina t i on  o f  s o i l  types, 

as w e l l  as vesc ta t i ve  cover and associated drainage 

pa t te rns .  

RESULTS : 

Using ERTS-I, IlSS band 5, iuagzry,  sevcra l  s o i l  assoc ia t ions 

based on tonal  and t e x t u r a l  con t r - s t s  were recugnized. These a re  

shown on F ig .  2 and a lso  d iaqrsn~ t  ,a l ly  i n  Fig-3. 

F i g 3  , shows the  p resen t l y  a v a i l a b l e  s o i l  map o f  t h i s  area 

p r e p ~ r e d  by t ire S o i l  I n s t i t u t e  o f  I ran ,  as con~pared t o  the  niap 

obta ined us ing ERTS-1 imagery. 





L E G E N D  

S O I L - A S S O C I A T I O N  

I 1 Fink TexturedAlluv- ,a l  S o i l s .  

Coarse Textured A1 l u v i a l  and Col l u v i a l  S o i l s  
and Rego so1 s . 

S a l t  Marsh S o i l s .  

Sierozem S o i l s .  

Blown S o i l s .  

Chestnut S o i l s .  

Brown S d i l s  - Li thoso l s .  

- -- - 
F ? d  Calcareous Ll t h o s o l s  - Desert  and Sierozem S o i l s .  

Ca1 careous Li t h o s o l s  ( f r o a  Sal  i f e r o u s  and gypsi ferou 

nlarls) - Desert  2nd Sierozcm S o i l s  ( inc lud ing  s a l t  

plugs) 

.:.:..:.:<:.i;:.:.:':.:.'.. ...:..:.... Calcareous L i thoso l s  - Brown S o i l s  arc! Chestnut S o i l s .  .'. . ....' ......., s:.::... 

b-4 Li thoso l s  (from igneous rocks)  - Brow s o i l s  dnd 
sierozem s o i l s .  

Li thoso l s  - ' ~ r o w n  f o r e s t  S o i l s  and Reodzinas. 



The strik'ug resemblance between Figures 3a and 3b, 

clearly i l l u s  .r'aLcs the value and u t i l i t y  of ERTS-1 ima- 

gery in soi l  studies. 

As can be seen on Figure 3:, in general, most of the 

soil  types present, were differentiable using changes in 

contrast and texture on the ERTS-1 1:500,000 imagery. 

There were however some di f f icul  t i e s  encountered in 

the separation of Brown Soils (7) and Brown Soils  - Li tho- 

sols  (7-15). This problem, though expected due to the very 

small differences in the composition of the soi l  types, i s  

hoped t o  be overcome by using 1:250,000 Band 5 imagery in 

conjunction with fa lse  colour enhancements of the area. 

I t  should be emphasi sed that  any soi 1 boundaries mani fes- 

ting thernselves with poor tonal contrasts !lave not been 

drawn on figure Zb, in order to  give the ERTS-produced map 

the maxiroum credi bi 1 i ty possible. 

A part icular  advantage of the ERTS-1 imagery as com- 

pared to conventional soi l  maps i s  i t s  repet i t ive  nature, 

making possible the detection of seasonal soi l  types uhich 

nay nct have been included in the conventional sc i l  map. 

An exari!ple of th i s  phenolnenon i s  the identif icat ion of 

patches of Sal t  Marsh Soils (3-4)  south of the town of 

Qazvin, which are  nat recorded on the Soil Ins t i tu te  map. 

Notwithstanding, the soil  map of t h i s  area i s  otherwise 

considered adequately viable for  general soil  type identi - 
f icat ions,  hence detailed "ground truth" studies were n o t  



undertaken for the present study . Nevertheless, even 
in this case i t  can be seen that some of the boundaries 
in f ig  2b could be corrected or made more up to date 
using the ERTS-1 imagery. 

For Iran the great value of this  typz of excercies 
i s  n o t  primarily correcting existing maps, a1 though this 
is obviously an asset, b u t  t o  carry out a similar excer- 
cise in more remote and "unknown" areas. This in con- 
junction with a . - small associated "ground truth" program, 
will enable one to prepare a general soil map of a very 
large area, which would be, b o t h  very time consuming, as 
well as extremely costly, i f  conventional methods were 
use. 

I n  this context, a1 though our studies have not rea- 
ched a stag2 where we might be in a position to carry o u t  
a coingarative cost analysis between ERTS-1 interpretation 
cost as compared w i t h  aircraf t  data, we would readily agree 
with Dr. Colweli of Berkeliy caliiornia, who has reported 
c rv!:ciion in analysis and interpretation costs o f  up  t o  
20 tinizs, using ERTS data. I t  i s  our opinion that in a 
country 1 i ke Iran, where c. xnication problems coup1 ed 
with extreme weather condi ,; tend t o  increase survey 
costs enormously, the figure proposed by Dr. Colwell in 
a t  best a minimum. 

Another major advantage of the ERTS-1 imagery i s  i t s  
potential for digital use. This means that by using well 
chosen "trained" samples for computer analysis, a quick 
and reasonably accurate means for obtaining soil mps over 
large areas i s  a t  our disposal. 
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EXPERIMENTS I N  URBAN LAND-USE ANALYSIS USING ERTS-1 DIGITAL TAPES 

I n t r o d u c t i o n  

I n  A p r i l ,  1973, hav ing performed a cons ide rab le  amount o f  

a n a l y s i s  u s i n g  t h e  70 nini and 9"x9" NASA f i l n i  products,  t h e  

Government o f  I r a n  began t o  i n v e s t i g a t e  t h e  p o t e n t i a l  o f  t i l e  

co~nputer  compat ib le  d i g i t a l  tapes. The m o t i v a t i o n  f o r  t h i s  i n -  

vest.i y a t i o n  \vas two- fo ld :  f i r s t ,  conversat ions  w i t h  o t h e r  a c t i v e  

i n v e s t i g a t o r s  had suggested t h a t  t h e  dynamic range o f  r x l i o m e t r i c  

i n t e n s i t y  p resen t  on t h e  d i g i t a l  tapes exceeded t i ~ a t  o f  any o f  

t h e  image format  f i l n i  products;  and second, a number o f  a p p l i -  

c a t i o n s  r e l e v a n t  t o  I r a n i a n  needs c a l l  f o r  t he  r a p i d  assessmefit 

o f  area and f o r  t h e  differentiation o f  types o f  ground cover .  

Reports f rom ~qorke rs  u s i n g  d i g i t a l  methods (She f f i  e l  d, 1972) had 

shown t h a t  area e s t i m t i o n  and ground cover  a n a l y s i s  c o u l d  be pe r -  

fornied u s i n g  computer p r o c e s s i n ~ j  o f  t h e  ERTS-1 tapes t o  good e f -  

f e c t .  

I n v e s t i g a t i o n s  t o  date  have been c o n f i r ~ c d  t o  t h e  a n a l y s i s  

o f  tapes o f  an area sur round ing Tchran (See F i g u r e  -1 ) .  

D i g i t a l  P rocess in3  

Fo l l ow ing  a d i g i t a l  exr~ans ion o f  t h e  computer s t o r e d  image o f  

t h f  Tehran image shown i n  F i g u r e - 1  and o u t p u t  t o  a film r e c o r d i n g  

device,  i t  was p o s s i b l e  u s i n g  bands 5 and 7 o f  t h e  t1SS Imagery t o  

see c l e a r  evidence o f  road netciorks i n  and around Tehran. k i n g  

t h i s  image, taken on 5 October, 1972, t h e  P l a ~ i  Organ iza t i on  s e t  o u t  

t o  app ly  a sequence o f  D i g i t a l  Image Process ing techniques,  w i t h  t h e  

s p e c i f i c  o b j e c t i v e  o f  sharpening t h e  road n e t s  v i s i b l e  i n  t h e  image, 





(us ing  a gray  l e v e l  s l i c i n g  and area  computat ion) .  Each o f  

these  appl i c a t i o n s  should b e n e f i t  from an appropr ia te  use o f  
t h e  computer-compati bl e  tapes provided by ERTS-1 . 



Plans f o r  Cont inu ing Work Using D i q i  t a l  Tapes 

The work o f  t h e  P lan Organ iza t ion  us ing  t h e  ERTS-1 d i g i t a l  

tapes i s  s t i l l  a t  an e a r l y  stage. I n  t h e  n e x t  r e p o r t i n g  per iod,  

i t  i s  proposed t o  eva lua te  images o f  t h e  same area i n  bands 4 
and 6, t o  determine tlwir p o t e n t i a l  f o r  1  and-use a n a l y s i s  s i m i -  

l a r  t o  t h a t  now be ing ccnducted us ing  hands 5 and 7.  
I t  i s  a l s c  proposed t o  pe r fo rm experiments i n  t h e  area o f  

mu1 t i s p e c t r a l  a n a l y s i s  us ing  c l a s s i f i c a t i o n  programs t h a t  have 

been developed f o r  c rop  c l a s s i f i c a t i o n  !n t h e  Un i ted  S ta tes .  

The Plan, Organ iza t ion  i s  c u r r e n t l y  i n v e s t i g a t i n g  t h e  a v a i l a b i -  

li t y  of the  LAESYS programs, developed by purdue U n i v e r s i t y ,  f o r  

use on t h e  3701145 computer : m a t e d  a t  t h e  P lan Organ iza t ion  i n  

Tehran. 

A d d i t i o n a l  a n a l y t i c a l  programs and o u t p u t  reco rd ing  devices a r e  

a1 so under cons ide ra t ion .  

Conclusions 

A1 though t h e  experiments t o  date  us ing  t h e  d i g i t a l  tapes 

have been ve ry  l i r n i  ted, i t  scer~is c l e a r  a l ready  t h a t  they  rep re -  

s e n t  an i n f o r m a t i o n  source o f  cons iderab le  promise. Tho f i r s t  

r e s u l t s  ob ta ined  suggest t h a t  t h ~ i  r rad io rue t r i c  range and ground 

r e s o l u t i o n  a re  s u p e r i o r  t o  t h a t  o f  t h e  f i l m  products.  I t  the re -  

f o r e  s e m s  l o g i c a l  t o  per form a  cons iderab le  aniount o f  d i g i t a l  

a n a l y s i s  on the  ERTS-1 tapes, b e f o r e  ll ioving t o  image product 'on. 

The P lan Organ iza t ion  o f  I r a n  l o o k s  f o r v ~ a r d  t o  a  c o n t i n u i n g  se- 

r i e s  o f  experiments u t i l i z i n g  ERTS-1  d i g i t a l  tapes, i n  appl i c a -  

t i o n s  t o  a g r i c u l t u r e  and f o r e s t r y  (us ing  m u l t i s p e c t r a l  a n a l y s i s ) ,  

t o  hydro logy and t u r b i d i t y  a n a l y s i s  (us ing  i n t e n s i t y  adjustments 

and area computation), geo log ica l  a n a l y s i s  and urban 1  and-use m a -  

l y s i s  (us ing  enhancenient techniques) and t o  snow cover mapping 



and of providing a f i r s t  analysis of land use within 'the urban 
area of Tehran. The choice of bands 5 and 7 reflected experience 
derived in work using the 70 riun and nine-inch film products, which 
suggested these bands should show most clearly the road networks. 

The sequence of digital operations performed on the tapes was 
as follows: 

1. 

2. 

Reformat ERTS taws  of Northern Iran to  separate 
spectral band;. 

Gray scale adjust band 5 (red) to linearly Stretch 
the gray level values from 5 t o  95 into the r i q e  0 
t o  255. 

O u t p u t  :he adjusted picture to a Litton Image Recor- 
der. A 1536x1536 window was in i t ia l ly  displayed. 
This \/as used t o  determine the location of a 512x512 

window showing the c i t y  of Tehran and envi ro~s .  
The unadjusted original image was wirldovied t o  s e p -  
rate out the appropriate 512x512 region and this  re- 
gion was subjected t.o the Laplacian operation. This 
operation computes a t  each point an isotropic d x i -  
vative and consequently desi gnat2s the location of 
edges in the scene. 
This Laplacian imge was gray scale adjusted to give 
gray 1 eve1 s in the range 0 t o  255. 

The adjusted Laplacian and the criginal image were 
added tosether. 
The adjusted Laplacian was added to the result of 

step (6) 
The result of step ( 7 )  was gray scale adjusted to f i l l  
the range 0 to 255. 

The result of step (8) was ou:,~ut t o  the Litton Re- 
corder. 
The segment of the imagz produced in step (9 )  t h d t  

exhibits the city of Tehran i t se l f  was phatographical ly 
enlarged and printed on high contrast paper. 
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The a d d i t i o n  o f  the  Laplacian t o  the o r i g i n a l  image i s  an 

edge enhancewmt opera t ion  t h a t  sacr i t i ces rad iomet r i c  f i d e l  i ty  

f o r  sharpness o r  cr ispness o f  l i n e s  and edges. S i m i l a r  opera- 

t i o n s  were performed on Gand 7 [second I R  band). The f i n a l  pro- 

duct, c reated as the  end product o f  the  above sequence, i s  d i s -  

played i n  Figures 2 and 3. 

The images o f  f4gures  - 2 and 3 were cumpared w i t h  a  

stzndard colnlnercial highway and urban feature mar o f  Tehran. A 

Bausch and Lonlb zoom t r ans fe r  scope was used l o  over lay  the  map 

a r~d  t he  i m g e .  The devi  cc permi t s  rot .at ion,  t rans1 a t i o n  and d i f -  

f e r e n t i a l  sca le  change o f  t he  two, so t h a t  a  very accurate ovc r -  

l a y  was pcss ib le .  

I t  i s  apparent t h a t  the ERTS-1 iniage rcves led urben duva- 

lopments t h a t  tiad occurrcd s ince the product ion o f  the nap (da-  

t ed  1970, b ~ + ,  probably cot i td in ing a gmc! dcal o f  i n f c : w  t 'oa  t h a t  

had n o t  been updated s ince 1968). I n  p a r t i c u l z r ,  major nw: hil- 

ding  developi~~cnts t ict-e r e a d i l y  i d e n t i  f i ed. 

The c i t y  can be p a r t i t i o n e d  i n t o  several  land-use categor ies  

s i l , l ;~ ly  by de l i nea t i ng  bct\;ecn bas ic  tone and t ex tu re  groups on 

. 2 n a g  For example, t l ~ c  cen t ra l  t ~ s i n e s s  d i s t r i c t  o f  Tehran 

i s  imaged pz a reg ion  o f  s ca t t c r cd  b lack picture clenients Orr a  

c h t - i ;  gray background. I t  i s  no t i ceab le  t h a t  the read network i s  

Ics; d;scc rn iS lc  i n  the  cen t ra l  p a r t  o f  the  c i t y  than i t  i s  i n  

t hc  olde;. sccti~nz, end t h a t  a t  thc  sca le  d isp layed here s i n g l e  

r;laj(~r b u i l d  i11c;s product: L: . f i r :  i t c  t.ecogi:izaLle e f f ec t s  on t hc  

inage tone. 

It i s  c l o d r  i h a t  cS!en w i t h  ii r;rb,:1,!1 r c s o l u t i o t i  o f  or l ly  70 

meters, ERTS-1 c l f f c rs  a  to i j? llnder good c.:oud. Trv cond i t i ons  5y 

which crtjali developments i n  l ~ i a j o r  c i  t i c s  c m  I : !:,.r, l i y  an? cheap- 

l y  i d e n t i f i e d ,  a t  l e a s t  t o  a  f i r s t  l e v e l  o f  accuracy. 
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CARTOGRAPHIC ASPECTS OF ERTS-1 IFLAGERY 

A t  t h i s  po in t  i t  i s  worth d i scuss ing  some o f  t h e  "ca r to -  

craphic"  c h a r a c t e r i s t i c s  o f  t h e  ERTS-1 imagery, and i n  p a r t i -  

c u l a r  t h e  nosa ic .  Photogramnetrical l y  t h i s  i s  an uncontrol led  

mosaic, but  i t  i s  much more a c c u r a t e  f o r  i t s  s c a l e  than any 

control  1 ed a e r i a l  photography ciosaic i n  x-y e r r o r s ,  p r imar i ly  

due t o  t h e  absence of x-y e r r o r s ,  caused by t i l t s  i n  t h e  ca- 

mera and t o  e x c e l l e r t  d i n ~ n s i o n a l  s t a b i l i t y  of t h e  f i l m  and 

d i g i t a l  da ta .  

Error: o f  a s i ~ g l e  frame 1:1,000,000 a r e  not  increased 

by reproduct ion,  a s  f i r s t  generat ion afid f o u r t h  generat ion 

p o s i t i v e s  have e s s e n t j a l l y  i d e n t i c a l  geometrical e r r o r s  (based 

on rmnocoriipat a t o r  work by Col vocoresses o f  t h e  U .  S .  Geological 

Survey).  

The l a r g e s t  e r r o r  i s  in  s c a l e ,  a1 though t h i s  i s  r e l a t i v e l y  

rei~ioved i f  a l l  70 n.iin i11;ages a r e  enlarged a t  t h e  same t i f ie  wi th  

t h e  sanie en1 a r q e r  s e t t i n g s .  Powever, t h e  achievement o f  exac t -  

l y  1: 1,COG,000 s c a l e  i s  very d i f f i c u l t  because o f  t h e  problem 

o f  p r e c i s e l y  i d e n t i f y i n g  geodet ic  c o n t r r ~ l  po in t s .  \le can pro- 

hably achieve two p a r t s  i n  10,OOC (0.2 iim acros;) s c a l e  accu- 

racy.  Thus, t h e  s c a l e  from mosaic s h e e t  t o  mosaic 2hce-b lnay 

vary from 1:1,000,20Cl t o  1.999,800. 

Using l e a s t  squares  s o l u t i o n s  o f  a b e s t  f i t  t o  !~t-ound con- 
+ 

t r o l  , i t  appears t h a t  a s tandard e r r o r  o f  -300 w t w s  i s  usual l y  

acheived f o r  bulk MSS imagery. There i s  a v a r i a t i c n  o f  t h e  e r -  
t 

mr  from -225 meters t o  f 4 0 ~  meters i n  imager j  o f  d i  Fferent d a t e s  



wi t h  e a r l y  ( J u l y  1972) imagery being geometr ical  1 y 1 ess accurate .  
+ 

Th is  means t h a t  a t  1:1,000,000 r o u t i n e  accuracy o f  0.3 mm per  

frame can be achieved. 

aPP 

Hat 

Enough f o r  a s i n g l e  frame, b u t  how accurate  i s  a sheet, o f  

twenty f ram??? L i t t l e  has been done ( f rom a w r i t t e n  1 i t z r a t u r e  

search) or: e r r o r s  o f  mosaics because standard photo mosaics nave 

h i g h  e r r o r s  due t o  t h e  inaccurac ies  i n h e r e n t  i n  t h e  o r i g i n a l  

geometry o f  t h e  e n t i r e  system. I t  appears t ! ~ a t  standard e r r o r  

propagat ion i n  a mosaic o f  ERTS -images would be a random ~ a l  k 

system along a l i n e  from p o i n t  t o  p o i n t .  I i  so, t h e  e r r o r  i s  
t 

about 0.45 mni f o r  l i n e s  across 4 t o  6 Frames. Th is  i s  cons is-  

t e n t  w i t h  the rnosaics we have observed. However., i t  probably  

reaches a p la teau  a t  7-10 iniages a f t e r  which the  r a t e  o f  e r r o r  

accumulation decreases because o f  t h e  c o r r e l  a t i n g  e f f e c t s  o f  

t i l e  f r a n i ~ s  on e i t h e r  s ide,  which i n h i b i t  er-ror propagat ion above 

c e r t a i n  v i s i b l e  1 i n ~ i  t s .  Thus t h e  e r r o r  over  many franies m u l d  
+ 

roach an asynipto te  o f  perhaps - 0.7 mm. 

Th is  nimns t h a t  a 1,000,000 sca le  ERTS photomap niay nieet 

i o n a l  Kap Acc~l racy Standard;. I n  f u t u r e  work e f f o r t s  w i ; l  be 

made t o  i d m t i f y  es tab l i shed  geopoints (geodet ic  ground c o n t r o l  

po-ints) on the imagery i n  o rder  t o  determine o r  c o n f i r r ~ i  t h e  ge- 

ometr ic  f ic le l  i t y  o f  such uncontrolled mosaics and inws:igat,e 

the  f e a s i  b i l  i t y  and va lue o f  c o n i 9 i l i ~ g  ERTS niosaics w i t h  con- 

t r o l .  I r a n  has a geodet ic netuork  ( t r i a n g u l a t i o n  and r a d i o  tri- 

l a t e r a t i o n )  and i s  c u r r e n t l y  es taL l  i s h i n g  a s e r i e s  o f  p o s i t i o n s  

u t i l i z i n g  tke Doppler gcoceiver and a c t i v e  n a v i g a t i o n  sate1 1 i tes.  



SECTION I X  

Conclusion 



This  r e p o r t  i s  a  c o m p i l a t i o n  o f  t h e  r e s u l t s  ob ta ined  

from i n v e s t i g a t i o n s  us ing  ERTS-1 imagery i n  t h e  f i e l d s  o f  

geology, water  resources, a g r i c u l t u r e ,  s o i  1 sciences, and 

cartography,  a t  t h e  Remote Sensing and Data C o l l e c t i o n  D i -  

v i s i o n  o f  t h e  P lan and Budget Organ izat ion.  Thcse r e s u l t s  

have been found t o  be ex t remely  f r u i t f u l  and encouragina, 

and have i n d i c a t e d  t h a t  spacec ra f t  i ~ a g e r y  a n a l y s i s  can 

p l a y  a  major  r o l e  i n  t h e  e f f e c t i v e  developrient and u t i l  i- 

z a t i o n  o f  n a t u r a l  resources i n  I r a n .  

A number o f  s t u d i e s  a r e  c o n t i n u i n g  i n  a l l  t h e  above 

m m t i o n e d  d i s c i p l i n e s .  A l i s t  o f  prograiiis planned f o r  t h e  

f u t u r e ,  o r  p r e s e n t l y  a t  hand, i s  i nc luded  a t  t h e  end o f  

each sec t ion .  

I n  o r d e r  t o  o p t i m i z e  t h e  e f f e c t i v e n e s s  o f  f u t u r e  i n -  

v e s t i g a t i o n s ,  ex tens ive  t r a i n i n g  p r o g r a m  i n  the  f i e 1  d o f  

remote sensing w i t h  p a r t i c u l a r  emphasis on ERTS data i n -  

t e r p r e t a t i o n  have been planned. I t  i s  i,oped t h a t  by t h e  

end o f  1975, a  l a r g e  cadre o f  spec ia l  i s  t s  w i l l  be a v a i l a -  

b l e  t e  c a r r y  o u t  numercus i n v e s t i g a t i o n s  on a  n a t i o n a l  sca le .  

F i n a l l y ,  i n  view o f  t h e  e x t r e m l y  promiss ing r e s u l t s  

ob ta ined  thus f a r  from t h e  a n a l y s i s  o f  ERTS data, t h e  Im- 

p e r i a l  Government o f  I r a n ,  through i t s  P lan and Budget Or- 

g a n i z a t i o n  has reached the  d e c i s i o n  t o  e s t a b l i s h  a  r e q i o -  

n a l  ground s t d t i o n ,  w i t h  f u l l  compl einentary reco rd ing  ~ n d  

process ing f a c i l i t i e s .  I t  i s  envisaged t h a t  the  s t a t i o n  

w i l l  be o p e r a t i o n a l  by eat l y  1976, and thus serve bo th  na- 

t i o n a l  and r e g i o n a l  needs. 
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