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The combination of 40Ar/39Ar, (U-Th)/He, and U-series 
dating of weathering-product and pedogenic Mn and/or Fe 
oxyhydroxides permits determining the chronology and rate of 
chemical reactions in the weathering crust. These 
methodologies are complementary and suitable for dating 
processes spanning from Recent to the earliest preserved 
weathering profiles on Earth. The application of these methods 
in weathering geochronology reveals that minerals hosted in 
pedoliths are invariably much younger then minerals 
preserved in the underlying saproliths, indicating that the 
pedolith has a much greater propensity to undergo mineral 
dissolution-reprecipitation than the remainder of the 
weathering profile. The greater reactivity of the pedolith 
appears to be controlled by organic activity, mechanical and 
chemical, which promotes frequent and recurrent mineral 
dissolution-reprecipitation. In contrast, the underlying 
saprolith appears to record the influx of weathering solutions 
during the early stages of evolution of a weathering profile. 
Once precipitated, saprolith minerals may remain in 
metastable equilibrium, sometimes for millions or tens-of-
millions of years. Saprolith minerals become more prone to 
dissolve and reprecipitate when the pedolith front advances 
into the saprolith, But only during drastic changes in 
weathering conditions do minerals within the saprolith 
undergo dissolution-reprecipitation. Identifying and dating the 
multiple generations of supergene minerals in both the 
pedolith and saprolith reveal a history of weathering that is 
protracted and episodic, particularly in the case of deep and 
stratified lateritic weathering profiles. The major challenges in 
applying these geochronological approaches to the study of 
weathering and pedogenesis is the difficulty in identifying and 
physically sampling distinct generations of supergene 
minerals. This challenge is particularly accute in the pedolith. 
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In this work the results of a geochemical and isotopic 
survey of 37 gas discharges was carried out in continental 
Spain are presented and discussed. On the basis of the gas 
chemical composition, four different areas can be 
distinguished, as follows: 1) Selva-Emborda (SE) region; 2) 
Guadalentin Valley (GV); 3) Campo de Calatrava (CC) and 3) 
the inner part of Spain (IS).  

The SE, GV and CC areas are characterized by CO2-rich 
gases, while IS has N2 as main gas compound. The CO2-rich 
gases can be distinguished at their turn on the basis on the 
helium and carbon isotopic composition. The SE and CC areas 
have a strong mantle signature (up to 3 Ra). Nevertheless, the 
carbon isotopic composition of CC is within the mantle range 
and that of SE is slightly more negative (down to -8‰ PDB). 
The GV gases have a lower mantle signature (61 Ra) with 
respect to SE and CC and more negative carbon isotopes (6-
10‰ PDB). It is worth to mention that the SE, GV and CC 
areas are related to the youngest volcanic activity in 
continental Spain, for example the Garrotxa Volcanic Field in 
Catalonia records the latest event dated at 10,000 years, and 
the isotopic features, particularly those of helium, are 
suggesting the presence of magmatic bodies still cooling at 
depth. The N2-rich gases, i.e. those from the IS area, has an 
atmospheric origin, as highlighted by the N2/Ar ratio that 
ranges between those of air and ASW (Air Saturated Water). 
The isotopic composition of carbon is distinctly negative 
(down to -21‰ PDB) and that of helium is typically crustal 
(0.02-0.08 Ra), confirming that these gas discharges are 
related to a relatively shallow source. 
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Main sponsors 

Aims: recognition of CO2 analogs and 

definition of sites where CO2 might be 

stored at depth.  
A pilot site was selected close to 

Burgos (N Spain) and at the end of 

2013, 20,000 tons of CO2 will be 

injected. 



The main goal of this work is that to provide a 

general geochemical and isotopic characterization 

of the main gas discharges in the Continental Spain 

(for this reason I asked for a poster), since, to the 

best of our knowledge, only few and local studies 

have been performed. 

 

The (relatively old) geological history of Spain is 

not apparently favorable to the presence of 

significant CO2-rich degassing areas. However, the 

most recent 3 volcanic areas (Neogene in age), 

located along a well-defined alignment, can be 

regarded as the best promising sites in this 

respect. 
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Several hypotheses were proposed 

to explain the recent volcanism in the 

Spanish Peninsula.  A suggestive 

one implies that NEVP (or GVF) and 

SEVP (or CGVF)  are part of an 

aborted rift whose has the highest 

expression in the Rhine Valley. 

CCVF would represent a lateral 

extension of this rift system. 
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Cabo de Gata 

Volcanic Field 

Garrotxa 

Volcanic Field 

CCVP: 

intracontinental 

plate magmatic 

association of 

leucitites, melilitites, 

nephelinites and 

olivine basalts 

extruded during the 

late Miocene to 

Quaternary.  

SEVP: Alkali basalts of Pliocene age are the last 

episode of volcanism in the SEVP, postdating a 

complex series of Miocene calc-alkaline to U-K rocks. 

NEVP: about 200 volcanic outcrops irregularly distributed in an area of ca. 

2500 km2. K/Ar ages: Ampurdán (10–9 Ma), Selva (7–2 Ma) and Garrotxa 

(0.7–0.11 Ma). Plag-thermoluminescence at Garrotxa: 11,500 y.  

CCVP 
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- Bubbling pool: warm and cold 

 

- Thermal spas; 

 

- Abandoned thermal wells drilled in the eighties 

 

- Thermal and mineral discharges (dissolved 

gases that represent the great majority of the 

studied samples) 

 

Main investigated gas/water discharges 



Calatrava Volcanic Field 

Cañada Real 

Estimated CO2 flux by Open-Path IR Laser Measurements 

Open-Path IR Laser Measurements: 8-10 ton/day 



Gas bursts repeatedly occurred 

when domestic wells were drilled: 

2000, 2006, 2011, 2012, 2013.  
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Preliminary considerations 

- Most of the studied dissolved and gas samples are N2 or 

CO2-dominated, the latter being mainly associated with the 

three Neogene volcanic provinces; 

 

- CC, SE and NE Volcanic Fields are characterized by 

relatively high R/Ra values (~3), which likely suggests the 

presence of magmatic bodies still cooling at depth. These 

data are also supported by the d13C-CO2 values that are 

within the magmatic interval, i.e. -6 to -3 ‰ V-PDB); 

 

- Other degassing areas and thermal water discharges are 

present in Continental Spain are still to be investigated. 

 



Grazie! 


