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ABSTRACT  

GIS can be  used  to  def ine  and del ineate  geological  s t ructures  f rom sate l l i te  images .   In  th is ,  
s tudy the  GIS,  ARCVIEW, was  used  to  t race  l ineaments  f rom LANDSAT images  of  the  
Dammam dome,  eas tern  Saudi  Arabia .  The dome is  an  oval  shape  s t ructural  body t rending NW 
and cover ing an area  of  150 km2.  I t  hos ts  the  f i r s t  o i l  producing oi l  wel l  of  Saudi  Arabia ,  wel l  
No.  7 .  Lineaments  were  t raced  f rom the  LANDSAT MSS images  of  norm al  and NE,  NW, and NS 
Sun angle  v iews .  Data  acquired  f rom l ineaments  analys i s  are  co inc ided  and compat ib le  wi th  the  
f ie ld  s tudies  data  of  the  major  ( regional)  f rac tures .  Those  f rac tures  are  most ly  re la ted  to  the  
dome emplacement  and  they  expose  spec i f ic  f r ac tures  pa t te rn  tha t  represents  the  dome- shape  
body.  Trends  and  pa t te rn  o f  the  l ineaments  a re  a l so  sugges t ing  the  same conc lus ions .  Those  
l ineaments  may a l so  represent  a  weakness  zones  ( f rac tures  or  faul t s )  wi th in  the  Ear th  crus t .  
This  s tudy  emphas i ses  the  impor tance  o f  GIS and  remote  sens ing  u t i l i za t ion  in  s t ruc tura l  
geology s tudies .   

INTRODUCTION 

The GIS i s  used  in  many f ie lds  among them agr icul ture ,  land  use ,  moni tor ing  of  deser t i f ica t ion ,  
fores t ry ,  wi ld l i fe  management ,  a rchaeology,  c i ty  p lanning ,  munic i pal  appl ica t ions ,  and geology.  
Appl ica t ion  of  GIS in  geology i s  very  broad  and d iverse .  In  geology,  geologica l  re la t ionship  
can  be  de termined through spat ia l  character i s t ics .  Based on  th is  concept  severa l  data  se t s  can  
be  crea ted  and analyzed .   Hence ,  the  GIS can  be  used  in  geology in  d i f fe rent  f ie lds  among 
them;  minera l  and  pe t ro leum explora t ion ,  geologica l  mapping and reconnaissance ,  
envi ronmenta l  s tudies ,  and  hydrogeologica l  model l ing .  
In  th i s  s tudy the  GIS technology used  to  compare  the  re la t ionship  of  doming  of  Dammam dome 
to  the  l ineaments  d i s t r ibut ion  pat te rn  and to  the  reg ional  f rac tures  produced wi th in  the  dome as  
a  resul t  o f  i t s  emplacement .  The  Dammam dome i s  an  oval  shape  s t ruc tura l  body t rending  NW 
and covering an area of  150 km 2  (Figure  1) .  I t  encompasses  three  major  c i t i es  Dhahran ,  Khobar ,  
and  par t  o f  Dammam.  The  dome i s  a l so  charac ter ized  by  gent le  s loping  topography in  a l l  
d i rec t ions  wi th  four  s tand out  h i l l s ;  Jabal  Umm Er  Rus ,  and the  near  by  KFUPM Jabal  (a t  the  
top  of  the  dome) ,  and  Jabal  Midar  Ash Shamali  and Jabal  Midar  Al - Janubi  (eas t  o f  the  dome) .  
Elevat ions  of  these  hi l l s  are  150m, 100m, 125m and 92m respect ively  (Weijermars ,  1999) .  

GEOLOGICAL SETTINGS OF DAMMAM DOME  

The exposed  rocks  of  the  Dammam dome range  in  age  f rom Palaeocene  to  middle  Miocene 
 (Figure  2) .  The  rocks  sequence  f rom the  base  upwards  cons is t s  o f  the  fo l lowing Format ions ;  
Rus Format ion,  Dammam Format ion,  Hadrukh Format ion,  Dam Format ion and Quaternary 
coas ta l  depos i t s ,  Sabkha p la ins  and Aeol ian  sands .  
At  the  core  of  Dammam dome both  the  lower  and upper  Rus  Format ions  (Tlee l ,  1973)  are  
present  (F igure  2) .  The  lower  Rus  i s  made  up  of  a l te rnat ion  of  mar l s  and  th in  dolomi t ic  
l imes tone  beds  wi th  abundant  s lumps  and  geodes .  The  upper  par t  o f  the  uni t  i s  vuggier  
weathered  ca lcaren i te  wi th  abundant  mud ba l l s .  Jo in t ing  i s  more  pronounced  in  the  upper  par t  
o f  the  lower  Rus  Format ion  due  to  the  nature  of  the  rock.  The  upper  Rus  Format ion  i s  mainly  
made  up of  f ine- gra ined  chalky  l imes tone  wi th  few mar ls  and  c lay  layers  a t  the  top .   



 

                                     
 

 
 

F igure  1 :  Locat ion  and topographic  map of  Dammam dome shows the  dome s t ruc ture  
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F igure  2:  Simpl i f ied  geological  map of  Dammam dome (af ter  Wei jermars ,  1999;  St ieneke e t .  a l . ,  

1958; Tleel ,  1973; Roger,  1985)  
 

 



 

                                     
 

The depos i t ional  envi ronment  of  Rus  Format ion  cons is t s  a t  the  base  of  sabkha,  which  subjec ted   
ep i sodica l ly  to  sha l low mar ine  incurs ions  and  changes  towards  the  top  o f  the  Format ion  in to  
regress ive  fac ies ,  lagoonal  associa ted  wi th  cont inenta l  fac ies  (Wei jermars ,  1999) .  The Rus 
Format ion  i s  over layed conformably  by  Dammam Format ion  (Figure  2) .  Dammam Format ion  i s  
subdivided  in to  f ive  members ;  Midra  shale ,  Sai la  shale ,  Aveol ina  l imes tone ,  khobar  and Alat  
members  of  dolomit ic  mar l  and dolomit ic  l imes tones .  The  four  lower  mem bers  of  the  Dammam 
Format ion  are  present  in  a  smal l  r idge  a t  the  core  of  the  Dammam dome (Wei jermars ,  1999) .  
The Dammam Format ion represents  a  t ransgress ive  fac ies  sequence  (Wei jermars ,  1999) .  The 
sabkha and sub t idal  to  cont inental  lagoon facies  were  prog ress ive ly  t rans formed in to  an  open  
sha l low mar ine  envi ronment .  
The  Miocene  Hadrukh Format ion  f r inges  the  outer  r im of  the  Dammam dome and comprises  
sandy mar l  a t  the  base  wi th  in te rca la t ions  o f  th in  l imes tone  beds ,  and  sands tone .  Towards  the  
top the  facies  changes  in to  ca lcareous  sands tone  and  sha les  in te rbeded  wi th  minor  amounts  o f  
mar l  and  gypsum.  The  Hadrukh Format ion  represents  cont inenta l  to  shal low mar ine  fac ies  
(Power et  al . ,  1966;  Weijermars ,  1999).  
The  Dam Format ion  unconformably  over l ies  e i ther  Rus  or  Dammam rocks ,  depending upon  
locat ion .  At  Jebel  Midra  Al  – Janubi  the  Dam Format ion  comprises  sandy conglomerate  a t  the  
base  over la in  by  s t romatol i t i c  l imes tone .  The  middle  par t  o f  the  sequence  i s  dominated  by  
c las t ic  l imes tone ,  and  in terca la t ions  o f  microcrys ta l l ine  l imes tone  wi th  ca lc i te  geodes .  In  the  
top  of  the  sequence  cons i s t s  o f  mass ive  ca lcrudi te ,  wi th  anc ien t  subaer ia l  co l lapsed  d i sso lu t ion  
caves .  This  fac ies  changes  up  in to  mass ive  reef  l imes tone .  
The  Dam Format ion  indica tes  a  major  mar ine  t r ansgress ion ,  and  i t  shows  sha l low mar ine  
environment  (Wei jermars ,  1999) .  Shal low subt idal  to  in ter t ida l  environment  i s  a l so  indica ted  a t  
the type local i ty  of  Al - l idan  escarpment  ( I r tem,  1996) .   
Quaternary  coas ta l  depos i t s ,  Sabkha pla ins  and eol ian  sands  ar e  cover ing  the  low area  a t  the  
per ipyr ies  of  Dammam dome (Figure  2)  and large  a l luvia l  fans  of  conglomerate  and sand 
deposi ted  wi thin  major  wadies  (Wei jermars ,  1999) .  

NATURE AND GROWTH OF THE DOME  

Dammam dome is  a  resul t  o f  a  subsurface  sa l t  d iapi r i sm that  i s  re lated to  Hormuz sal t  body.  
Hormuz sa l t  s tar ted  i t s  in i t ia l  growth  in  Jurass ic  and  Cre taceous  t ime in  response  to  genera l  
tec tonic  extens ion  that  took place  wi th in  the  Arabian  p la te  (Wei jermars ,  1999) .   The  tec tonic  
extens ion was  fur ther  accelera ted  i n  Miocene  t ime.  Based on the  e levat ion  of  Dam Format ion  of  
150m over  20 Ma,  Weijermars  (1999)  es t imated the  upl i f t  ra te  of  Dammam dome in  Neogene 
t ime to  be  in  the  ra te  of  7 .5m/  Ma.  He also  es t imated an upl i f t  ra te  of  7m /  Ma in  Ol igocene 
f rom the  maximum hiatus  of  150m in  s t ra t igraphic  sect ion over  22 Ma.  Furthermore ,  
Wei jermars ,  (1999)  suggested a  minor  s t ructural  growth of  Dammam dome during middle  
Eocene  according  to  the  Dammam format ion  th ickness .  The  sugges ted  modern  upl i f t  o f  the  
dome i s  a t  a  ra te  of  5 .6  to  7m /Ma ( i .e .  0 .56 to  0 .75 mm per  century) .   

FRACTURES WITHIN DAMMAM DOME  

Based  on  the i r  s i ze ,  t rend  and  ex tens ion  f rac tures  wi th in  Dammam dome were  d iv ided  in to  th ree  
types ;  reg ional  (major)  f rac tures ,  local  (minor)  f rac tures  and very  smal l  s ize  - loca l ized  
f rac tures .  Mode of  f rac ture ,  f i l l ing  mater ia l s  opening  and spacing  were  noted  for  each  type  
(Harir i  and Abdul la t i f ,  2004) .   
F ie ld  s tudy indica ted  tha t  two f rac tures  Modes  present  wi th in  Dammam Mode I  and  Mode I I I .    
No indica t ion  or  presence  of  M ode I I  f rac tures  wi th in  the  Dammam dome.   Mode I  f rac ture  i s  
ex tens ion  or  tens ion  f rac tures  and  charac ter ized  by  lack  of  d i sp lacement  in  both  the  hor izonta l  
and ver t ica l  d i rec t ions .  Frac ture  opening in  th is  type  i s  perpendicular  to  the  f rac ture  p lanes .  
Mod e I I I  f rac tures  are  normal  faul t s  where  movement  i s  para l le l  to  the  f rac ture  sur face  and in  
the  ver t ica l  d i rec t ion .    
F ie ld  s tudy  ind ica ted  tha t  reg ional  f rac tures  are  the  mos t  prominent  or  dominant  type  o f  
f rac tures  present  wi th in  Dammam dome.  These  f rac t ures  character ized  by the i r  large  s ize ,  long 
extens ion  (>500m) and sys temat ic  t rends  compared  to  the  o ther  two types .  These  charac ter i s t ics  
made  them the  bes t  candidate  to  be  s tudied  to  de termine  the i r  re la t ionship  of  f rac tures  to  the  
tec tonic  (doming)  and  s t ruc tura l  se t t ings .  In  addi t ion ,  those  f rac tures  are  more  impor tant  than  
the  o ther  loca l  types  concern ing  the  engineer ing ,  envi ronmenta l  and  hydrocarbon  impl ica t ions .  
Pa t te rns  and  t rends  o f  those  f rac tures  were  de termined  in  severa l  loca t ions  wi th in  the  Dammam 



 

                                     
 

dome.  The  resul ted  pa t te rn  conf i rmed the  re la t ionship  of  those  f rac tures  to  the  doming in  the  
area  (Figure  3) .  Concentr ic  and radia l  t rends  are  character iz ing the  f rac ture  pat tern  that  i s  
co inc ided  wi th  a  pa t te rn  produced  by  an  e l l ip t ica l  shape  dome (Figure 4;  Harir i ,  1995).  
 

 
F igure  3 :  Rose  d iagrams of  major  f rac ture  t rends  wi th in  the  Dammam dome and  the  expec ted  

major  t rends  (af ter  Har i r i  and Abdul la t i f  2004) 
 

 
F igure  4 :  The  propose  f rac ture  t rends  assoc ia ted  wi th  e l l ip t ica l  shape  dome (Har i r i ,  1995)  

LINEAMENTS AND GIS STUDIES   

Lineaments  on  aer ia l  photos  or  Landsa t  images  may be  re la ted  to  zones  o f  weakness  in  the  
Ear th  crus t  and probably  represent  f rac ture  t races  (Sabins ,  1997) .  The  technique  of  observing  
and  mapping  l ineaments  f rom aer ia l  pho tographs  began as  ear ly  as  1928,  (Lat tman 1958) .  
Lineaments  de f ined ,  in  l i t e ra ture ,  as  a  mappable  s imple  or  compos i te  rec t i l inear  or  s l igh t ly  
curvi l inear  fea ture  d i f fe r  d i s t inc t ly  f rom the  pat te rns  of  adjacent  fea tures  and  poss ib ly  re f lec t  a  
subsurface phen omenon (O’leary  e t  a l . ,  1976) .  Lineaments  may be  made up of  geomorphic  
( re l ie f )  or  tonal  (cont ras t  d i f fe rences) .  They may inc lude  s t ra ight  s t ream val leys ,  cont ras t ing  
tone ,  s t ra ight  r idges  and  a l ignment  o f  vegeta t ion  (Roy e t .  a l .  1993,  Ross  and  Frohl ich ,  1993, 
Cepda,  1994,  Hatcher ,  1995 and Sabins ,  1997) .  Lineaments  s tudy a lso  provide  general  p ic ture  
about  the  poss ib le  f rac ture  presence  wi th in  the  dome.   
For  fur ther  examinat ion  of  the  f rac tures  d i s t r ibut ion  and  the  sugges ted  f rac ture  pa t te rn  wi th in  
Dammam d ome l ineaments  were  t raced  for  the  dome area ,  us ing  Landsat  MSS image (8  Jan  
1973) .  Dif ferent  Sun angle  v iews were  used for  th is  purpose;  NE,  NW, NS and normal  (Figure  
5) .   The  se lec t ion  of  the  d i f ferent  Sun - angle  i s  to  enhance  the  l ineaments  exposure  wi th in  the  
image;  for  example ,  the  Sun - angle  in  the  NE d i rec t ion  wi l l  enhance  l ineaments  tha t  t r end  NW.   



 

                                     
 

   A.                  B.                           

    C .         D.           
Figure  5:  Four  Landsat  images  MSS (1973)  for  Dammam dome showing the  l ineam ent s  

d i s t r ibut ion  wi th in  the  dome area  in  d i f fe ren t  Sun - angle .  A.   normal  colour  image,  B.  Sun - angle  
i s  nor thwest ,  C.  Sun - angle  i s  nor theas t  and  D.  Sun - angle  i s  nor th -  south  direct ion  
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Figure  6:  Rose  d iagram for  l ineament  t races  for  Landsat  image MSS1973 A.  Color  image,  B.  
image with  Sun -angle  in  the  nor thwest  C.  image wi th  Sun - angle  in  nor theas t  d i rec t ion  and D.  

Sun - angle  in  the  nor th - south  direct ion  
 



 

                                     
 

The four  images  of  Dammam dome expose  genera l  compat ib le  and  concordant  l ineament  t rends  
(F igure  6) .   Major  t rends  present ,  in  a l l  images ,  a re  a lmos t  nor ther ly ;  nor th - nor thwest  south  
- southeast ,  and nor th -northeast  south - southwes t .  These  t rends  were  a l so  noted  in  the  f ie ld  in  
severa l  loca t ions ,  for  the  reg ional  f rac tures ,  par t icular ly  a t  the  apex  of  the  Dammam dome.   
Those  t rends  are  a l so  present  in  the  southwes t ,  wes t  and  wes t - centra l  par ts  (Figures  3  and 6) .  
The  eas t  wes t ,  nor thwes t  southeas t  and  nor theas t  southwes t  t rends  are  no t  very  pronounced  in  
the  images  as  they  presen t  in  the  f i e ld  s tudy .  This  might  be  a t t r ibuted  to  the  fac t  tha t  none  o f  
the  images  represents  the  Sun - angle  in  the  eas t  wes t  or  wes t  eas t  d i rec t ion .   
Pa t te rn  o f  l ineament  t rends  wi th in  Dammam dome,  i s  a l so  genera l ly  co inc ided  wi th  the  
sugges ted  f rac ture  pat tern  model  (Figures  3  and 5) .  This  genera l  pa t tern  may a lso  indica te  tha t  
the  dominat ion  of  l ineament  t rends  wi th in  the  dome i s  par t icular ly  re la ted  to  the  dome 
emplacement .  

CONCLUSION 

Studies  conducted  on  f rac tures  and  l ineaments  for  Dammam dome area  indica ted  tha t  the  oval  
shape  dome s t ruc ture  has  a  grea t  in f luence  on  the  t rend  and  pat te rn  of  those  fea tures .  Moreover ,  
major  f ractures  and l ineaments  wi thin  the  dome area  are  most ly  re l a ted  to  the  dome 
emplacement .  Trends  of  l ineaments  t raced  f rom sa te l l i te  images  for  Dammam dome are  
genera l ly  concordant  and  comparable  wi th  the  t rends  of  major  f rac ture  measured  in  the  f ie ld .  
Those  l ineaments  may represent  f rac tures  or  weakness  zones  wi th in  the  dome.   
This  s tudy indica ted  tha t  remote  sens ing  and  GIS techniques  could  be  of  grea t  use  to  the  
geological  s tudies .  Moreover ,  l ineaments  and major  s t ruc tura l  fea tures  can  be t ter  be  observed 
and s tudied by us ing sa te l l i te  images  and or  aer ia l  photos .  This  might  be  a t t r ibuted  to  the  fac t  
tha t  the  la rge  s ize  o f  those  fea tures  makes  them di f f icu l t  to  be  not iced  in  the  f ie ld .     
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