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Physical properties of Icelandic basalts: preliminary field observations and experimental data

     Iceland is the onshore part of the Mid-Atlantic Ridge. The 
icelandic crust is abnormalously thick (up to 40 km) due to an 
excess in mantle melting  (Foulger et al., 2003). The active rift 
system is divided in distinct volcano-tectonic segments centered 
on a polygenic volcano, which is the locus of an important hydro-
thermal activity.
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1. Introduction

Fig. 1: Geology of Iceland

In Bourgeois, 1998

This poster represents the most preliminary stage of this study. 
A number of samples have been collected from an eroded site in W-Iceland.

Characterizing physical properties of icelandic basalts in hy-
drothermal circulation zones: porosity tests (preliminary re-
sults shown here), permeability measurements and mecani-
cal properties of basalt flows.
          To model quantitatively fluid circulation in volcano- 
              tectonic segments     

1.1. Geological setting

1.2. Problematics

2. Basalt and fluid circulation: Hvalfjörður example site  
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      Hvalfjörður is located between Mosfellsbær and Akranes. The 
study area is in the North-East part of this fjord (64°24’N / 21°26’ W), 
i.e. on the western side of the Western Volcanic Zone. Geological 
formations are dated from 3,3 to 0,8 m.y. (Fig. 1). The paleodepth 
may be estimated at about 2 km (Geirsdottir, 2006).

Fig. 2: Western Part

      The basalt flows are about 10 m thick and exhibit an eastward flexing. A fault system dipping to the West controls the 
setting of the basalt formation (Fig. 2 and 3). The site was probably located at the center of an accretion segment, above 
a crustal magmatic chamber. This chamber was the place of magmatic differenciation, responsable for late acid 
magma injection within the basaltic pile. Extruded and intruded acid magmatic rocks are indeed observed. It was the 
preferential location of a huge hydrothermal system. 

2.1. Location

2.2. Structure

Fig. 3: Hvalfjordur conceptual diagram
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Fig. 4:  Evidence of fluid circulation

Hydric fluids  and acid magma used the same fracture 
system > fluid / magma interactions.

Physical properties of basalt flows should be considerably 
influenced by these circulations.
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3. Mercury Porosity data

3.3. Results

Fig. 5: Pore size distribution

3.1. Method

ISL 01 ISL 02 ISL 04 ISL 05
Median Pore Diameter (Volume) 0.019700 0.068700 0.026400 0.017900 µm

Median Pore Diameter (Surface area) 0.010500 0.021100 0.011500 0.014500 µm
Average Pore Diameter (4V/A) 0.017100 0.040800 0.021300 0.017400 µm

Bulk Density at 0.0035 MPa 2.6335 2.1468 2.6709 2.4165 g/mL
Apparent (skeletal) Density 2.7043 2.7523 2.8877 2.8197 g/mL

Porosity 2.6190 22.001 7.5098 14.300 %
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      Mercury porosimetry uses the Washburn equation to describe mercury intrusion into a porous material as a function 
of pressure (P) applied to the mercure :  

 γ :  mercury surface tension
 θ : contact angle between mercury and material
 R : radius of the pore

    An autopore IV 9500 mercury porosimeter was used to measure porosity on four icelandic samples. It can characterize 
pore radius ranging from 0.003 µm to 360 µm. 

 Breccia sample (ISL 02) is the most porous mate-
rial. Moreover, the porosity of ISL 05 (sampled 0,6 m 
away from the fault) is about twice the porosity of ISL 
04  (sampled 1,7 m away from the fault). The acid 
sample is the less porous. 

Both porosity and the porosity structure are constrained 
by the rock microstructure

Importance of rock tectonical history: brecciation as-
sociated with fault considerably increases porosity

 Fig. 5 shows the pore size distribution for each sample. 
The breccia sample has the  widest pore size distribution, 
between 0,01 µm and 1 µm. ISL 01 and ISL 02 present simi-
lar pore size distribution. Both samples are massive rocks 
whereas the two others are less coherent rocks. The fault 
proximity confers to ISL 05 an increasement in the number 
of little pores.

3.2. Samples microstructure

3.4. Interpretations

     Samples have been chosen following three aims: comparing porosity of rhyolites and basalts,observing the 
influence of the rock structure (breccia/massive rock) and studying, in a same basalt flow, the brecciation  
effect  nearby the fault.
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acid rock rhyolitic breccia basaltbasalt

Microstructure: microphaneritic 
with quartz and feldspar minerals

Fine breccia with rhyolitic frag-
ments integrated in a vasicular 

matrix

Basalt sample extracted 1,70 m 
away from a secondary fault
 Microstructure: microlithic with 
microliths of Feldspar and py-

roxene

Basalt sample extracted 0,6 m 
away from a secondary fault
 Microstructure: same as ISL 5 

with macrofractures
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