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R E S u M É : L'étude  métallogénique  des  gisements  d'émeraude  de  Colombie 
encaissés  dans  les  shales  noirs  du  Crétacé  inférieur,  conduit A d'intéressantes 
applications  concernant  l'évolution  tectonique  de  la  Cordillère  Orientale  et 
notamment  la  phase  de  déformation  fini  Eocène-Oligocène A laquelle  sont 
attribués  les  mouvements  ascendants  de  saumures  hydrothermales  associées B la 
formation  des  émeraudes. 

KEY WORDS: Eastern  Cordillera,  Colombia,  Emerald,  Lower  Cretaceous  black 
shale,  Eocene-Oligocene,  Petroleum  exploration. 

INTRODUCTION 

Recent  progress in metallogenetic  studies of Colombian  emerald  deposits 
(Giuliani  et  al.,  1990a;  Cheilletz  et al., 1991)  have  issued  important  tectonic 
implications  interesting  the  Eastern  Cordillera  of  Colombian  Andes. ' As 
suggested  by  Mégard  (1987),  the  Eastern  Cordillera  constitutes  an  inverted 
sedimentary  back-arc  basin of Jurassic-Late  Cretaceous  age  filled  with  thick 
accumulations  of  marine  sediments.  Eocene-Late  Oligocene  synorogenic  non- 
marine  molasse  sequences  buried  the  basin as a  response  to  uplift of the Central 
Cordillera.  Inversion  of  the  Eastern  Cordillera  basin  occurred  during  the 
Andean  compressional  episode  at  Late  Miocene-Pliocene  time. 

The  Colombian  emerald  deposits  are  grouped  within  two  belts  (Fig.  1) 
situated  along  the  two  major  polyphased  thrust  zones  that  correspond 
approximatively to the  original  limits of the  Cretaceous  basin  (Mégard,  1987; 
Schamel,  1991).  The  emerald  mineralization  consists. of carbonate-pyrite  veins 
and breccia  hosted by Lower  Cretaceous  black-shales  corresponding  to  Macanal 
(Berriasian-Valanginian; Eastern  belt)  and  Paja  (Hauterivian-Barremian; 
Western  belt)  formations.  The  genesis of the  emerald  mineralization is 
undoubtly  attributed  to  epigenetic  hydrothermal  fluid  circulations  (Beus  and 
Mineev,  1972.);  however,  the  age  of the  tectonic  phase  responsible  for  the 
extension-vein  network  and  hydraulic  breccia  trapping  the  mineralization  has 
only  recently  been  obtained by 40Ar/39Ar  dating  of  cogenetic  muscovite 
(Cheilletz  et al., 1993).  Two  distinct  Upper  Eocene-Lower  Oligocene  ages  have 
been  determined for  the  deposits  of  Coscuez  (35-38 Ma) and Muzo-Quipama (31.5- 
32.6) in  the western  belt. 
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In this paper,  we  attempt  to  briefly  examine the  consequences  of  the  age 
of  emerald  formation on the  regional  tectonic-geologic  framework. 
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Figure 1: Tectsnie  provinces  of  the  Colsrnbian  Andes and location of emerald 
deposits  belts. 

ORPGIN OP THE EMERALD DEPOSITS OF CBLOMBIA 

Petrsgraphic  observations  and  mass  balance  calculation  in  black-shale 
hosting  the  emerald  vein  network  demonstrate  that  the  hydrothermal  fluid 
infiltration  process  is  aecsmpanied  by a strong  fluid-rock  interaction  leading 
to  sodium  and  carbonate  metasomatism;  as  a  consequence,  the  enclosing  black- 
shales  are  conversely  leached  in  major,  trace and REE elements  (Giuliani et al., 
1990b;  1993a). These  chemical  exchanges  involve  a  local  sedirnentary  srigin  for 
most  of  the  elements  constituting  the  vein-infilling  minerals  and  particularly 
emerald (Be, Cr,  V,  Si, Al). The  origin of the  hydrothermal  fluid  responsible for 
chemical  transfers  has  been  approached by oxygen  isotopic  measurements 
(Giuliani  et al., 1992);  ealculated 6 l 8 O  H 2 8  for  carbonate  and  quartz  indicate 
values  of  basinal  formation  waters.  Sulfur  isotopic  data  on  pyrite  and  fluid 
inclusion  studies of trapped  brines  within  emerald  crystals  indicate  an 
evaporitie  source  for  the  chlorine and sulfate  components  of  the  hydrothermal 
fluids  (Giuliani  et al., 1993b).  Indeed,  evaporitic plugs are  known within the 
Cretaceous  formations  (Campbell and Bürgl, 1965) and thus  might  have been in 
contact with or pcrcolatcd by thc  hydrothermal  brines.  Constrained by (1)  the 
40Ar/39Ar  age  dcternlination, (2) an Eastern  Cordillera  subsiding mode1 
(HCbrard, 1985), and (3) lithostatie  pressure  equilibration  assumption,  isochoric 
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extrapolation of these  complex  brines  in the NaCl-H2O  system  lead  to  a  pressure- 
temperature  estimate of 1 Kb and 290-360°C for  the emerald  deposition  (Cheilletz 
et al., 1993). 

TECTONIC  CONSEQUENCES 

The  location of the  emerald  deposits  along  the  original  limits of the 
Cretaceous  basin  suggests  that  these  limits  might  constitute  deep-seated 
rejuvenated  faults  allowing  hot-fluid  circulations  up  through  the  sedimentary 
pile.  Hydro-fracturing  and  strongly  reducing  environment  conditions  highly 
favoured  by  the  black  shale  lower  Cretaceous  horizons,  provoked  the  emerald- 
pyrite-calcite  precipitation.  Comparison  between  thermo-barometric  data  for 
emerald  generation  (290-360"  C,  1Kb;  Cheilletz  et  al.,  1993)  and  burial 
temperature  estimations (135" C at 4500 m  depth;  Hébrard,  1985)  requires  a 165 
to 225" C  additional  input  within the  Lower  Cretaceous  formations at the Eocene- 
Oligocene  boundary.  This  can  be  obtained  either by correlative  intrusive 
emplacement  as  suggested  earlier  by  Campbell  and  Burgl  (1965)  and  Escovar 
(1979), but  already  not  found  in  that  area, or by heat  conduction  implemented 
during  halokinetic  ascent.  Both rnechanisms  might be related  to  extensional or 
transtensional  tectonic  regime  as  evidenced at that  period  in  the  northernmost 
portion  of  the  Andean Chain (Stephan,  1985;  Beck,  1986).  However,  detailed 
structural  data  are  lacking  in  the  emeraldiferous  area  to  support  that 
hypothesis .  

CONLUSIONS 

The  tectonic  evolution of the  Eastern  Cordillera  is  characterized by a 
strong  shortening  episode  starting  during  the  Eocene  and  corresponding  to an 
acceleration  of  the  convergence  rate  between  Nazca  and  South  American  plates 
(Daly,  1989). At  that  time,  sedimentation  in  the  Eastern  Cordillera  basin  is 
changing  to  non-marine  clastic  deposition,  whereas  the  underlying  mesozoic 
series  are  affccted by alternating  compressive  and  extensive-transpressive 
episodes in response  to  general  crustal  shortening.  The  emerald  formation  at 
38-31 Ma appears  as  a good clock of this  strong  change  in the tectonic  regime of 
the Colombian  Andes.  Following  that  period,  major  crustal  deformation  involves 
collisional  regime  between  the  Caribbean  arc  system  and  South  America, 
leading  to  thrusting  and  uplift of Eastern  Cordillera  during  Late  Miocene- 
Pliocene  time  particularly  through  rejuvenation of the  older  faulted  limits of 
the  Cretaceous  basin  (Fig.1).  Considering  the  depth of formation  of  emerald 
(4250-4500m;  Cheilletz et al., 1993),  a minimum of  .6000  m  (excluding  erosion) of 
vertical  transfer  can  be  deduced , which is  responsible  for  the  inversion of the 
Cretaceous  back-arc  basin and  emerald  outcropping. 

Considering  petroleum  exploration  in  the  Magdalena  Valley-Eastern 
Cordillera  system,  the  study of  emerald  genesis  within  the  Lower  Cretaceous 
black-shales  shows  that  temperatures of 360°C  were  reached  at  least in two 
large  belts of these  petroleum  source  rocks  at  Upper  Eocene-Lower  Oligocene 
time,  implying  that  after an earlier  maturation  phase,  some  remobilization of 
trapped  oil  might  have  occurred in response  to  hydrothermal  activity,  as 
suggested by Fabre (1987). 
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