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OE3DUCTION EVZDENCE ON THE 
BOLIUGR ULTRGMAFIC COMPLEX,,, 

SOUTH-WESTERN COLOMRIA 
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( 1 )  INGEOMINAS - Hegional Pacifico,  Apartado AerCo 9724, Cal i ,  Colombia. 

RESUMEN: Asociado a un complejo d e  rocas  ultramiCficas y mdficas, 
deformadas, anf ibol i t i zadas  y localmente  migmatizadas  ocurren  tanto 
d i q u e s  pegmatiticos que cortan a t rav6s  d e  &te, como un depo’sito d e  
magnesita c r i p t o c r i s t a l i n a .  Estas rasgos se  interpretan como producto d e l  
t ranspor te  d e  f luidos  der ivadas d e  l a  base  de un bloque d e  l i tc isfera  
ocesnicd  durante s u  obduccirjn s o b r e   l a  margen continental  d e  Sur Ambrica. 
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INTRODUCTION 

Geological and geophysical studies show t h a t  t h e  Northern Andes are made 
of twa li thospheric  Cretaceous  provinces of different a f f in i t ies t  
cont inenta l   to  t h e  east and oceanic ( t h e  Oceanic Western Lithospheric 
Province - OWLP) t o  t h e  West. The boundary i n  marked b y  t h e  
Cauca-al maquer Faul t ( a l  ÇO cal  1 ed  Ramera1 Faul t and Do1 ores-Guayaqui 1 
Megashear) t h a t   p a r a l l e l s  the western f lank of t h e  Central Cordi l le ra  
from the  Gulf af Guayaquil,  through Ecuador and Colombia, t o  the 
Caribbean sea. To t h e  e a s t  of t h e  f aul t ,   calculated  values  of both 
gravimetric  anomalies and seismic  velocit ies  (Case et  a l .  1971, 1975; 
Meyer e t  a l .  1977; Ocala et  a l .  1977)  çuggest a c rus t  composed  of s i a l i c  
mater ia l s  (M=4d-50 Km; Case e t  a l .  1984). To t h e  West t h e  Andes a r e  made 
of h i g h  d e n s i t y ,  h i g h  veloci ty   mater ia ls ,  commonly in te rpre ted  a5 oceanic 
c rus t  (M=25-90 Km; Case e t  a l .  1984). The  Pre-Cenoïoic rocks of t h e  
eastern province  consist  on Precambrian and Paleoïoic  igneous and 
metamorphic rocks i n t r u d e d  by  Mesozoic granitoid  plutonç, whereas t h e  
OWLP is made of Merjazoic (not  older  than Lower Cretaceous)  basic  volcanic 
rockç,  associated w i t h  ultramafic complexes and marine  çedimentary 
s t r a t a .   In t e rp re t a t ions  of the evolution of t h e  l i thosphere i n  Colombia 
(bar rero  1979; Bourgois et: a l .  1982; McCourt e t  a l .  1984; Açpden Zt 

McCourt 1486) consider   that  t h e  UWLP was acc re t ed   t o  t h e  northern margin 
of t h e  South American continent d u r i n g  t h e  Late  Cretaceous. 
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Associated w i t h   t h e  OWLP, w i t h i n  a b e l t   s i t u a t e d  some 20-30 K m  t a  t h e  
west o f   t h e   C a u c a - h l m a g u e r   F a u l t ,  are f o u n d   s e v e r a l  bodies o f   u l t r a i n a f i c  
rocks, t h e  b e s t  ~ R Q W R  o f  which is t h e  Upper C r e t a c e o u s   B o l i v a r   U l t r a m a f i c  
Complex (BUC). This   camplex  is a) t h e   h a s t  rock of a stockwark d e p e s i t  sf 
c r y p t o c r y s t a l   l i n e   m a g n e s i t e ,  b) c u t   b y  a s u i t e  of mafic p e g m a t i t i c   d y k e s  
and c )  e x h i b i t s  local zones of s t r o n g   p e r v a s i v e   d e - f a r m a t i o n  and 
a m p h i b o l i t i z a t i o n .  E t  is proposed t h a t   t h e s e   t h r e e   f e a t u r - e s  are Irelatecl 
w i t h   t h e   s u t u r e   e v e n t  of t h e  two p r o v i n c e s   d u r i n g   w h i c h   t h e   t h e   l e a d i n g  
edge of t h e  QWLF' was o b d u c t e d  on t o p  8 4  t h e   C r e t a c e o u s   c o n t i n e n t a l   m a r g i n  
of S o u t h  America. 

The   Upper   Cre taceous  BUC o u t c r o p s  on t h e   e a s t e r n  Q l a n k  of t h e   W e s t e r n  
C o r d i l l e r a  of t h e  Andes i n  sou thwes te rn   Co lambia .  To t h e  east and n o r t h  
i t  is covered b y   t h e   r e c e n t  deposi tsj o f   t h e   C a u c a   H i v e r .  TB t e  west t h e  
R o l d a n i l l o   q a u l t  marks its c o n t a c t   w i t h  the V o l c a n i c   F o r m a t i o n  a thick 
s e q u e n c e  o f  Cretaceous t k o l e i i t i c   b a s a l t s  and d o l e r i t e s .  Based on 
similarities i n  t h e   g e o c h e m i c a l   c h a r a c t e r i s t i c s  betrveen f i n e  g r a i n e d  
isotropic g a b b r o s  from the BLlC a n d   t h o l e i i t e o  $rom t h e  V Q ~ C ~ R ~ C  F o r m a t i o n  
t h e  two u n i t 5   h a v e  been i n t e r p r e t e d  as comagmat i c   (N iv ia  19873, t h e  
f o r m e r   r e p r e s e n t i n g   t h e   p r o d u c t s   a c c u m u l a t e d  an the   magmat ic   ckamberr ;  
Mhere t h e  lat ter evolvecf .   The   chemis t ry  of thelei i tes  f rom t h e  Vol c a n i c  
Formation include low LPL-element  abundances (fr/M$ =El t a  17) and 8 l a t  t o  
e n r i c h e d  REE p a t t e r n s  (CeP4/YbE~ = O. 9 ts 3.5) t h a t  alllow p o s i t i v e  
c s m p a r i s o n s  with t h i c k   a c e a n i c  Cr-ust t yp ica l .   o f   Gce land  or with p l a t e a u  
basal t p r o v i n c e s   s u c h  as those oG t h e  Nauru Basin or t h e  Caribbean 
(Mi 1 l w a r d  et al. 6984; Eilivia 6987). These suspec tec l  materials 08 the WBLP 
rn igh t   r ep resen t   .F ragmen t s  of t h e  Caribbean P l a t e   s t r i p p e d  o f f  d u r i n g  i ts 
emplacement   tmtween North and S o u t h  Am@~ica. 

T h r e e   d i f f e r e n t  h o r - i ~ ~ ~ ~  are p r e s e n t  i n  t h e  BUE: a lower one of  
i n t e r c a l a t e d  bands ol: s e r p e n t i n i z e d   d u n i t e s ,   l h e r n o l i t e s ,   o l i v i n e  
websterites and olivine g a b b r o n o r i t e s ;  and i n t e r m e d i a t e   h o r i z o n  04: banded 
( c u m u l u s )   g a b b r o n o r i t e s   a n d  an upper one of i so t ropic  g a k d m m o r i t e s .  
Replacement  sf p r e - e x i s t i n g   p y r o x e n e ç   b y   u r a l i t e ,   c u m m i n g t o n i t e  and 
h o r n b l e n d e  i s  c o n s p i c u s u s  on t h e   g a b b r o   l a y e r s .  BR ou tCl rop ,   t heçe  Sam@ 
horizons show s t r o n g  p e r v a s i v e   f o l i a t i o n  paraalel t o  t h e   c u m u l u s  banding 
and local. development  el: m i g m a t i t i c   t e x t u r e s   w i t h  cloar i n t r u s i v e  
r e l a t i o n s h i p s   b e t w e e n  coarçe grainecl l e u c o g a b b r o s   c u t t i n g   t h r o u g h  f ine  
g r a i n e d ,  a-Ften  cumuli t i c ,  melagabrss. 

The BUC is c u t   b y  a s u i t e  o f  dykerj, 50 cm t h i c k   a n   t h e   a v e r a g e ,   t h a t  
cansist rnainly on v e r y  coar5ie g r a i n e d  ksi-nblende, p l a g i o c l a s e  and q u a r t z  
c r y s t a l s .  The c a m p o s i t i o n   o f   t h e   d y k e s  seems t o  v a r y   a c c o r d i n g  t a  t h e i r  
level of i n t r u s i o n .  The lower p a r t s   a f   t h e  complex a re  c u t  by 
playioclase-hornblende dykes w h e r e a s  i n  t h e  Ltpper p a r t s   t h e   d y k e s  are 
r i c h  i n  p l a g i o c l a s e ,   q u a r t z ,   m u s c o v i t e  and sericite. The  prec;enc@ of  
d u m o r t i e r i t e   a s s o c i a t e d   w i t h   t h e  latter phases i ç  alrjo r e p o r t e d .  

S e r p e n t i n i t e s   o f  the lower hor izon form t h e  ho& rock of a stockwark 
deposit a f   c r y p t o c r y s t a l l i n e   m a g n e s i t e  veins t h a t  ape 5 cm t h i c k   a n  t h e  
a v e r a g e .  8pal v e i n s   d e p o s i t e d   a f t e r   t h e   m a g n e s i t e  ones OCCUF i n  t h e   u p p e r  
levels of t h e  depos i  t. 
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The facts  previously  presented can be i n t e r p r e t e d   i n  terms  of an 
obduction  event  during which the  leading edge of  the  Caribbean  plateau 
was overthrust  on the  continental  margin  of  northern South  America. The 
lack  o f   the  tecton ic   harzburgui te  on the BUC and  on other  Ltltramafic 
complexes placed i n   s i m i l a r   s t r u c t u r a l   s i t u a t i o n   m i g h t   i n d i c a t e   t h a t   t h e  
decoupling of  th is   p iece  o f   oceanic   l i thosphere was produced a t   t h e   l e v e l  
o f   the  pet ra log ica l  Moho. During t h i s  processes  the geotherm of  the 
l i thosphere   tha t   car r ied   the   obduc t ion   sh i f ted   to  a reg ion of  higher 
temperature d i s t i l l i n g   t h e  H A ,  COz and boron  contained i n   t h e  
terr igenous and calcareous  sediments  found i n  the  cont inenta l  
l i thosphere’s upper par t .  The transportat ion  of   these  f lu ids  through  the 
overthrusted  block  might  then have  cause both  local  fusion.  (by  lowering 
of   the  sol idus)  leading  to  the  format ion  of   migmat i tes and 
amphibol i t izat ion  o f  gabbros. Also,   the  products  of   the  react ion between 
these f l u i d s  and t h e   l i q u i d s  pt-odnced by local  fusion  might have 
c rys ta l l i r ed   a t   f rac tu res   l ead ing   t o   t he   f o rma t ion  o f  the  pegmatite dykes 
tha t   cu t   the  BUC. On the  other hand, the  mechanism of  forming  the 
magnesite  deposits  associated  with  ultrmafic  rocks i s  commonly bel ieved 
to   i nvo l ve   a l t e r i ng   se rpen t ine  by  CO,,-rich waters,  produced  by steam 
d i s t i l l a t i o n   a t  depth. This mechanism agreed with  the  obduction model 
proposed and a l  lowed t a   p o s t u l a t e  a genet ical  model for   the  format ion  o f  
the  Bol ivar  magnesite  deposit.   In  addit ion,  the  world’s most important 
deposi ts  of   th is  type,  located on a discontinuas  belt  through  former 
Yugoslavia,  Albania and Greece (par t i cu la r ly   those  o f   the   Cha lk id ik i  
Peninsula i n  Greece; Dabi tz ias 1980) have s i m i l a r   c h a r a c t e r i s t i c s   t o  
those  of  the  Bol ivar  deposit.  These cha rac te r i s t i cs  suggest that   these 
deposits formed as the  result  of  obduction  processes  during  the  closure 
o f  Neo-Tethys. 

CONCLUSIONS 

The BUC was probably formed  by c r y s t a l l i z a t i o n   i n   t h e  magmatic chamber 
where the  Volcanic  Format ion  tholei i tes (documented a5 formed on a 
oceanic  plateau  basalt  province)  evolved.  During  the  col l is ion  of  this 
plateau  against  the  proto-South American cont inent it5 leadïng edge was 
obducted on top  of  the  continental  margin.  During t h i s  process,  connate 
waters  contained’on  terrigenous and calcareous  sediments  that  laid on top 
o f   the   con t ine ta l   p la t fo rm were expel led as wel l  a5 H and COz. The 
in t roduc t ion   o f  Hz0 t o   t h e  base of  the  obducted  l i thosphere  (probably 
ho t )  and the  heat  generated by f r i c t ion   dur ing   th rus t ing   o f   the   ocean ic  
plateau  helped i n  the   p roduc t i on   o f   f l u ids   t ha t   f i l l ed   t he  open cracks 
where cryçta l ized  as  pegmat i t ic  dykes. The action  af  hydrothermal 
C02-rich  waters on serpent in i tes  formed  by a l terat ion  o f   basal   duni tes  o f  
the  CUB, produced  Mg-enriched so lu t ions   tha t   p rec ip i ta ted  as veins  c lose 
ta the  surface when t h e   t o t a l  pressiure change f rom  l i t hospher i c   t o  
hydrospheric  or whenever the  craks caused by  tectonism produced pressure 
drops. 
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