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and	
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  ecosystems	
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  group	
  



Hydrogeological	
  conceptual	
  models	
  
for	
  volcanic	
  islands	
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Which	
  rela7onship	
  exists	
  in	
  between	
  the	
  two	
  models?	
  
a  Strong	
  implica7ons	
  in	
  term	
  of	
  water	
  resources	
  management	
  



A	
  tricky	
  Equa7on	
  to	
  Ensure	
  Sustainable	
  
Water	
  Resources	
  Management!	
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Paul Hofmann web site 



Galapagos	
  Island:	
  Integrated	
  Water	
  Study	
  (GIIWS)	
  
Phase	
  I	
  2003-­‐2009	
  –	
  Sponsored	
  by	
  Founda8ons	
  
Phase	
  II	
  2010-­‐2013	
  –	
  ANR-­‐Blanc	
  2010	
  –	
  601-­‐01 
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Characterize	
  the	
  ac7ve	
  role	
  
of	
  vegeta7on	
  and	
  soil;	
  
Quan7fy	
  recharge	
  rates	
  
Assess	
  the	
  impact	
  of	
  land	
  
use	
  changes.	
  

From	
  sample	
  to	
  regional	
  scale,	
  define	
  
controlling	
  features	
  &	
  proper7es	
  of	
  basalt	
  

Validate	
  the	
  conceptual	
  model	
  	
  
Assess	
  the	
  impact	
  of	
  poten7al	
  scenarios	
  of	
  cc	
  



Methodology	
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Experimental sites, 
watershed scale: 
-  Pelican bay, SCZ 
-  Cerro Gato, SC 

VioleSe	
  et	
  al.,	
  accepted	
  



Task	
  1	
  –	
  Morphology	
  and	
  hydrogeology	
  
of	
  volcanic	
  forma7ons	
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Massive	
  and	
  fissurated	
  
lava	
  flows,	
  Santa	
  Cruz	
  

1	
  m	
  
Thermic	
  join	
  
«	
  basal7c	
  orguea	
  »	
  

Lava	
  flows	
  
«	
  effusive	
  ac7vity	
  »	
  

Pyroclas7c	
  cones,	
  Santa	
  Cruz	
  

Basal7c	
  lapillis	
  

Pyroclas7c	
  cones,	
  	
  
cinders,	
  lapilli	
  

Photos,	
  Pryet	
  courtesy	
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Permeability	
  
Barriers	
  

Volcanic	
  
Structure	
  

Lava	
  Tunel	
  

Dike	
   Massive	
  Lava	
   Paleo-­‐soil	
  

Task	
  1	
  –	
  Morphology	
  and	
  hydrogeology	
  
of	
  volcanic	
  forma7ons	
  

Photos,	
  Pryet	
  courtesy	
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Medium	
  eleva7on	
  
Soil	
  ~1	
  m	
  

Low	
  eleva7on	
  
no	
  or	
  very	
  thin	
  soil	
  

Thin	
  soil	
  

Adelinet	
  et	
  al.,	
  2008	
  

Task	
  1	
  –	
  Morphology	
  and	
  hydrogeology	
  of	
  soils	
  

Hydraulic	
  conduc7vity	
  of	
  soils	
  (SC	
  &	
  SCZ)	
  increases	
  with	
  decreasing	
  eleva7on	
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Task	
  1	
  –	
  Basal	
  aquifer	
  proper7es	
  

The	
  low	
  hydraulic	
  gradient	
  is:	
  
	
  

=>	
   confirmed	
   by	
   water	
   level	
  
measurement	
   on	
   Pozo	
   Profundo	
  
(7),	
  i=5.10-­‐5	
  
	
  
=>	
   characteris7c	
   of	
   high	
   hydraulic	
  
proper7es	
   obtained	
   with	
   1D-­‐
analy7cal	
   7dal	
   wave	
   propaga7on	
  
model,	
  D=140	
  m2/s	
  (D=T/S)	
  

5	
  

6	
  

7	
  

Sea	
  Level	
  

Water	
  level:	
  
+0.20	
  m	
  amsl	
  

d’Ozouville,	
  2007	
  &	
  Pryet,	
  2011	
  
Photos,	
  Pryet	
  courtesy	
  

Basal	
  aquifer	
  grieta	
  
Santa	
  Cruz	
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Santa	
  Cruz	
  &	
  San	
  Cristobal	
  
	
  
	
  
	
  
	
  
Contribu7on	
  of	
  Geophysics	
  Method	
  	
  
to	
  reveal	
  complex	
  internal	
  structure	
  
	
  
	
  
	
  
SkyTEM	
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Pryet	
  et	
  al.,	
  2012	
  

Task	
  1	
  –	
  3D	
  Resis7vity	
  model	
  of	
  San	
  Cristobal	
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Pryet	
  et	
  al.,	
  2012	
  

Task	
  1	
  –	
  Hydrogeological	
  structure	
  of	
  San	
  Cristobal	
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d’Ozouville	
  et	
  al.,	
  2008;	
  Hamann,	
  1979	
  completed	
  by	
  Pryet,	
  2011;	
  Pryet,	
  2011	
  

Volcanic	
  cones	
  
Park	
  land	
  
Agriculture	
  land	
  
Urban	
  areas	
  
Fractures	
  
Extracted	
  drainage	
  network	
  
Roads	
  
GIIWS	
  Hydro-­‐climatologic	
  sta7on	
  
CDF	
  Weather	
  sta7on	
  
Cerro	
  Gallito	
  Weir	
  
Encañada	
  Sr	
  Cando	
  (Fig.	
  5)	
  
Pozos	
  Profundo	
  &	
  Tes8go	
  
Grieta	
  

Task	
  2	
  –	
  Boundary	
  condi7on	
  of	
  the	
  system,	
  	
  
i.e.:	
  Recharge	
  –	
  Pelican	
  Bay	
  Watershed	
  



Séminaire ANR Changements Environnementaux          17 – 18 avril 2013 

Task	
  2	
  –	
  Seasonal	
  and	
  spa7al	
  distribu7on	
  of	
  rainfall	
  

VioleSe	
  et	
  al.,	
  accepted	
  

Garua	
  season	
  
-­‐  Orographic	
  rainfall	
  
-­‐  Low	
  intensity	
  rainfall	
  

Invierno	
  season	
  
-­‐  Convec7ve	
  rainfall	
  
-­‐  High	
  intensity	
  rainfall	
  
	
  	
  	
  	
  	
  &	
  short	
  dura7on	
  

2011	
   2012	
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MESF	
  –	
  390	
  m	
  	
  	
  	
  	
  HEES	
  –	
  638	
  m	
  	
  	
  	
  	
  	
  	
  

Task	
  2	
  –	
  «	
  Garua	
  season	
  »	
  Cloud	
  water	
  intercep7on	
  

Measured	
  &	
  calculated	
  climate	
  variables	
  –	
  Intercep8on	
  model	
  –	
  Water	
  balance	
  quan8fica8on	
  

Modified	
  Intercep7on	
  model,	
  	
  
RuSer	
  et	
  al.,	
  1972,	
  1975	
  

with	
  drainage	
  func7on	
  from	
  Gash	
  et	
  
Morton,	
  1978	
  

Pryet	
  et	
  al.,	
  2012	
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d’Ozouville,	
  2007,	
  d’Ozouville	
  et	
  al.,	
  2008,	
  Pryet,	
  2011	
  

Task	
  2	
  –	
  Rainfall	
  versus	
  Morphology	
  

SC	
  receives	
  	
  
30%	
  more	
  	
  

precipita7on	
  than	
  SZ	
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Perspec7ves	
  
	
  
Task	
  1	
  -­‐ 	
  Con7nue	
  data	
  collec7on	
  and	
  treatment	
  on	
  experimental	
  sites	
  to	
  quan7fy	
  	
  

the	
   water	
   balance,	
   their	
   spa7al	
   and	
   temporal	
   variability,	
   impact	
   of	
  
vegeta7on	
  cover	
  (pasture	
  vs	
  forest)	
  and	
  of	
  cloud	
  water	
  (garua	
  season)	
  

	
  
Task	
   2	
   -­‐	
   Improve	
   the	
   characteriza7on	
   of	
   Galápagos	
   basalt	
   hydro-­‐physical	
  

proper7es	
  from	
  sampling	
  and	
  field	
  inves7ga7ons	
  
	
   -­‐	
   Valorize	
   results	
   on	
   the	
   assessment	
   of	
   the	
   hydrogeological	
   impact	
   of	
  
major	
   discon7nui7es	
   (faults,	
   dykes…)	
   over	
   regional	
   groundwater	
   flow	
  
from	
  remote	
  sensing	
  and	
  field	
  inves7ga7ons	
  	
  

	
  
Task	
  3	
  -­‐ 	
  Test	
  perched	
  aquifer	
  occurrence	
  as	
  revealed	
  by	
  3D	
  geophysics	
  mapping	
  

by	
   numerical	
   simula7on	
   of	
   non-­‐saturated	
   and	
   saturated	
   flows	
   and	
  
reproduce	
  the	
  dynamic	
  of	
  the	
  basal	
  aquifer	
  (Santa-­‐Cruz)	
  

	
  



Séminaire ANR Changements Environnementaux          17 – 18 avril 2013 

Valorisa7on	
  GIIWS	
  Phase	
  II	
  –	
  ANR	
  blanc	
  2010	
  
Publica7ons	
  7	
  ACL	
  –	
   2	
   Invited	
   Seminar	
   –	
   13	
  Oral/Poster	
   (EGU,	
  AGU,	
  AGU-­‐

Chapman)	
  –	
  9	
  Memoirs	
  (2	
  PhD)	
  –	
  3	
  Report	
  (LA)	
  
	
  
Training	
  of	
  French	
  and	
  Ecuadorian	
  students	
  (M,	
  D,	
  Post-­‐doc)	
  
	
  
Strengthening	
   collabora7ve	
   ac7ons	
   in	
   between	
   French	
   and	
   Ecuadorian	
  
ins7tu7ons	
  
	
  
2	
  IAC 	
  UPMC-­‐Sorbonne	
  Universi7es/EPN-­‐Quito	
  

	
  &	
  UPMC-­‐Sorbonne	
  Universi7es/INAMHI	
  (in	
  progress)	
  
	
  
SENECYT	
  offers	
  3	
  grants	
  for	
  Ecuadorian	
  students	
  working	
  on	
  GIIWS	
  (2	
  PhD	
  –	
  

1	
  Post-­‐doc)	
  
	
  
Inclusion	
  of	
  the	
  GIIWS	
  project	
  in	
  the	
  POA	
  of	
  FCD	
  
	
  
Dissemina7on	
   of	
   scien7fic	
   results	
   to	
   the	
   local	
   ins7tu7ons:	
   Municipali7es,	
  

SENAGUA,	
  PNG…	
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GIIWS	
  Publica7on	
  List	
  (ACL	
  Phases	
  I	
  &	
  II)	
  
 Adelinet, M., Fortin, J., d'Ozouville, N., Violette, S., 2008. The relationship betweenhydrodynamic properties and 

weathering of soils derived from volcanic rocks -Galápagos Islands (Ecuador). Environ. Geol. doi:10.1007/
s00254-007-1138-3. 

Ozouville d’ N., Deffontaines B., Benveniste J., Wegmuller U., Violette S., Marsily G. de, 2008a. DEM generation 
using ASAR (ENVISAT) for addressing the lack of freshwater ecosystems management, Santa Cruz Island, 
Galápagos. RSE – Special issue on Monitoring Freshwater Ecosystems, doi:10.1016/j.rse.2008.02.017. 

Ozouville d’ N., Auken E., Sorensen K, Violette S., Marsily G. de, Deffontaines B., Merlen G., 2008b. Extensive 
perched aquifer and structural implications revealed by 3D resistivity mapping in Galápagos volcano. 
EPSL, doi:10.1016/j.epsl.2008.03.011 

Auken E., Violette S., Ozouville d’ N., Deffontaines B., Sorensen K, Viezzoli A., Marsily G. de, 2009. SkyTEM 
contribution to hydrogeology of volcanic Islands of Galápagos Archipelago. CRAS-Geoscience, doi:
10.1016/j.crte.2009.07. 006  

Trueman, M., and N. d'Ozouville, 2010, Characterizing the Galapagos terrestrial climate in the face of global 
climate change, Galapagos Research, 67, 26-3. 

Pryet A., Ramm J., Chiles J.-P., Auken E., Deffontaines B., Violette S., 2011. 3D resistivity gridding of large AEM 
datasets: a step toward enhanced geological interpretation. J. App. Geo., doi:10.1016/j.jappgeo.
2011.07.006 

Loaiza S., Fortin J., Schubnel A., Gueguen Y., Vinciguerra S.  and Moreira M., 2012. Mechanical behavior and 
localized failure modes in a porous basalt from the Azores, GRL, doi :10.1029/2012GL053218, 2012. 

Pryet A., Dominguez C., Fuente-Tomai P., Chaumont C., Ozouville d’ N., Villacis M., Violette S., 2012. 
Quantification of cloud water interception along a windward slope of Santa Cruz Island. Agr. For. Met., doi:
10.1016/j.agrformet.2012.03.018 

Pryet, A., d’Ozouville, Violette S., Deffontaines B., Auken E., 2012. Hydrogeological settings of a volcanic island 
(San Cristobal, Galápagos) from joint interpretation of airborne electromagnetics and geomorphological 
observations. Hydrol. Earth Syst. Sci., doi:10.5194/hess-16-4571-2012, 2012. 

Violette, S., d’Ozouville N., Pryet A., Deffontaines B., Fortin J., Adelinet M., (accepted 2013), Hydrogeology of 
the Galapagos Archipelago: an integrated and comparative approach between islands. AGU-Monograph 
Special issue « The Galapagos: A Natural Laboratory for the Earth Sciences ». 

Ozouville, d’ N., Tournebize, J., Vincent, B., Chaumont, C., Pryet A., Violette S., (in progress), Transferts 
hydrique along the windward side of Santa-Cruz Island, Galapagos. AGU-Monograph Special issue « The 
Galapagos: A Natural Laboratory for the Earth Sciences ». 


