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Figure 1A: 2D and 3D seismic data (TGS-001 survey) and location of commercial and IODP boreholes offshore Algarve (southern Portugal). 1B: Cross-section highlighting 
the late Miocene GCS plays. The inset shows the relative locations and sizes of the Messinian (yellow) and Tortonian (orange) prospects. 
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Offshore Algarve Basin geological 
carbon storage potential
Portugal emits roughly 40 Mt of CO₂ each year, (APA, 2025), with about a quarter 
(10 Mt) coming from the country’s ten largest industrial point sources, including 
refineries, gas‑fired power plants, and cement production. This study evaluates the 
geological carbon storage (GCS) potential of the offshore Algarve Basin, highlighting 
its capacity to support the decarbonization of Portugal’s hard‑to‑abate industries and 
strengthen the national climate strategy
TIAGO CUNHA, IGI, HUGO MATIAS, NET4CO2, MARTIN NEUMAIER AND NICKY TESSEN, ARIANELOGIX

I
N THE ALGARVE Basin, two late Mi-
ocene plays have been identified 
southeast of the Faro Peninsula  
using high-quality seismic and bore-

hole data (Figure 1). These comprise 
of high-porosity turbiditic sands of  
Tortonian and upper Messinian age, 
overlain by regionally extensive,  
shale-dominated seals (Ng et al., 2022).

Their GCS potential reflects the 
interplay of stratigraphic architec-
ture and structural closures. The 
stratigraphic features were recognised 
along sedimentary fairways interpret-
ed from the morphology of the late 
Messinian and top Tortonian surfac-
es. The structural traps are predom-
inantly salt-related, including reser-
voir pinch-outs against diapir flanks 
and four-way anticlines above dia-
pirs (Matias, 20007). Five prospects 

have been identified, based on the 
lateral continuity of the Messinian 
(Prospects 1, 2 and 3) and Tortonian 
(Prospects 4 and 5) reservoirs.  

PROSPECT ANALYSIS 
Figure 2 illustrates the workflow for 
Prospect 5, showing the parameteri-
sation of key Monte Carlo simulator 
inputs and predicted outputs. The anal-
ysis focuses on the theoretical storage 
resources, based on net pore volumes 
(NPV), which are dependent on the size 
of the trap and the proportion of reser-
voir rock and the porosity (Figure 2A). 
The thermal model uses a mean geo- 
thermal gradient of ~31° C.km-1, 
consistent with regional constraints 
(Muñoz-Cemillán et al., 2025), and a 
surface temperature of 11.8° C, averaged 
from the CTD data within the study area  

(EMODNet). Hydrostatic pressures 
at the crest of the prospects vary be-
tween 9 and 14 MPa. To account for 
potential overpressure fracturing, a 
fracture gradient is applied (Figure 2B).  
Figure 2C shows that Prospect 5 carries 
some risk of liquid CO₂ under low-
er than average geothermal gradients, 
a very small risk of top seal leakage, 
and substantial theoretical resources  
(p50 of ca. 2.3 Gt of CO2).

Table 1 summarises the key 
aspects controlling the variations in 
NPV, theoretical resources and phase 
in the modelled prospects. Prospect 2 
holds significant NPV, but a high risk 
of liquid CO2, as a result of shallower 
burial, and will not be considered in 
the overall estimation of resources. 
Prospects 1, 3 and 4 show low to 
medium risk of liquid CO2 and 
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may also contribute to the GCS 
potential of the area.

GCS RESOURCES
Prospects 1, 3, 4 and 5 have been 
combined to estimate the range of 
possible theoretical resources for the 
entire block. A probabilistic aggrega-
tion of multiple prospects consists of 
calculating both risk and success case 
CO2 masses as part of an interde-

pendent co-simulation of all individ-
ual prospects. These prospects can be 
related to each other via risk depend-
encies: If one prospect succeeds, other 
dependent prospects are also likely to 
succeed, and volume parameter cor-
relation (e.g. porosity, NTG).

The likelihood that at least one 
prospect succeeds is 48 % (prospect 
cluster chance of success). In case of 
success, the theoretical resource range  

(Figure 3A) is very large – 116 Mt (p99)  
to 7.6 Gt (p01) – reflecting early ex-
ploration uncertainty. A more realis-
tic conservative-to-optimistic range is  
0.6 Gt (p90) to 5.3 Gt (p10). The mean 
theoretical resource is 2.8 Mt, with a 
median of 2.7 Mt (p50).

The most likely outcome is rep-
resented by the peaks in the resource 
distribution (either <200 Mt, 1 Gt 
or 3 Gt), dependent on the possible 
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Figure 2: Monte Carlo simulator Inputs and outputs for Prospect 5. A: Reservoir definition (top) and pore volumes (bottom); B: Thermal model (top), pressure and 
seal integrity (bottom); C: Predicted phase and density (PVT, top), limiting factor (middle), and theoretical storage capacity (bottom). 

Table 1: Key features and predicted resources in modelled prospects.

B CA

Prospect 1
(Messinian)

Prospect 2
(Messinian)

Prospect 3
(Messinian)

Prospect 4
(Messinian)

Prospect 5
(Messinian)

Area (km2) 49 154 137 26 193

WD range (m) 438-510 522-860 484-744 515-558 558-858

Av. Burial (m) 715 600 822 1019 740

Av. Res. Thick (m) 60 160 50 70 110

P50 NPV (m3) 390 ·106 2702 ·106 885 ·106 231 ·106 2806 ·106

P50 Theor res. (Mt) 276 2246 692 174 2294

CO2 phase risk Low-medium High Low Very low Low-medium
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combinations of successful pros-
pects. There are a few possible cases 
where either Prospect 3 or Pros-
pect 4 are the only ones to succeed  
(<200 Mt scenarios). The 1Gt sce-
narios exclude Prospect 5, whereas 
Prospect 5 (chance of success 35 %) is 
needed for the cluster to exceed 2 Gt 
with a most likely of 3 Gt.

DISCUSSION
Meeting a 200 Mt storage target over 
20 years requires converting theoretical 
resources into effective capacity, which 
depends on storage efficiency. This is 
still uncertain for the Algarve margin.  

Even so, the results indicate that con-
servative scenarios or those excluding 
Prospect 5 would require unrealistical-
ly high efficiencies (Figure 3c). Pros-
pect 5 should therefore be the focus of 
further work, including pore volume 
refinement, dynamic simulation, and 
risk assessment, with other prospects 
providing supplementary capacity.
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Figure 3: Aggregation of prospects 1, 3, 4 and 5: Histogram and cumulative distribution function 
of prospect cluster (A), contribution of each prospect to the cluster (B), and summary of theoretical 
resources versus target effective resources.
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