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Introduction: Paramagnetic impurities in rock materials are causing line broadening (Δν) that 
obscures the quality of data obtained in high field MRI and NMR [1]. We have created a core 
model system for spatially localized high field MRI/NMR measurements with high image quality 
and where liquid signals can be separated due to chemical shift differences. Recently, we showed 
that correlations between internal gradients (G0) and differences in magnetic susceptibility (Δχ) 
enable determination of pore size distributions [2, 3]. Furthermore, G0-Δν correlations can be used 
to determine grain size heterogeneities [3, 4]. Here we present results from spatially resolved G0-Δχ 
and G0-Δν correlations obtained during liquid displacement in samples with varying properties.  
 
Methods: The core model system consists of closely packed NC4X high purity quartz sand (The 
Quartz Corp). All experiments were conducted on a Bruker Ascend 500MHz vertical wide bore 
spectrometer equipped with a MicWB40 micro-imaging probe using methods presented in [2, 3].  

Results and Discussion: Examples of spatially resolved NMR data obtained from liquids in areas 
of different grain sizes and wettability are shown in the figures below.  The data reveals how these 
properties of the porous system influence the confinement and dynamic behavior of the liquids. 

 

both sample 1 and 3 (top layer) seem to consistently omit the
smallest pores in the 5–50 lm glass spheres (Fig. 9 A). This is con-
sistent with the loss of higher G0 values, seen in Fig. 7 A. The highest
G0 values originates from the smallest pores, which means that a
loss in high G0 values may also remove the smallest pores from
the pore size distribution. Still, the median values from both of
the selective as well as the non selective pore size distributions

are approximately 20 lm. This is a reasonable value for the 5–50
lm glass spheres and is in good agreement with the median value
from the DDIF method and from previous experiments with the
same glass spheres [8]. In the 5–50 lm glass spheres, the DDIF
method yielded a pore size ranging from 1 lm to 200 lm while
sequence 1 and 2 produced ranges of 3 lm to 40 lm and 3 lm
to 100 lm respectively. Since the largest glass spheres have a

Fig. 9. Pore size distributions from the 5–50 lm glass spheres (A) and the 140–165 lm glass spheres (B) obtained from slice selective and non slice selective G0 ! Dvapp

correlations (sequence 1 and 2) as well as the DDIF method.

Fig. 10. G0 ! Dm correlations from water saturated 5–50 lm (A) and 140–165 lm (B) glass spheres obtained from sequence 1 (in sample 1, 2 and 3) and 2 (in sample 1 and 2).

46 H.N. Sørgård, J.G. Seland / Journal of Magnetic Resonance 301 (2019) 40–48

both sample 1 and 3 (top layer) seem to consistently omit the
smallest pores in the 5–50 lm glass spheres (Fig. 9 A). This is con-
sistent with the loss of higher G0 values, seen in Fig. 7 A. The highest
G0 values originates from the smallest pores, which means that a
loss in high G0 values may also remove the smallest pores from
the pore size distribution. Still, the median values from both of
the selective as well as the non selective pore size distributions

are approximately 20 lm. This is a reasonable value for the 5–50
lm glass spheres and is in good agreement with the median value
from the DDIF method and from previous experiments with the
same glass spheres [8]. In the 5–50 lm glass spheres, the DDIF
method yielded a pore size ranging from 1 lm to 200 lm while
sequence 1 and 2 produced ranges of 3 lm to 40 lm and 3 lm
to 100 lm respectively. Since the largest glass spheres have a

Fig. 9. Pore size distributions from the 5–50 lm glass spheres (A) and the 140–165 lm glass spheres (B) obtained from slice selective and non slice selective G0 ! Dvapp

correlations (sequence 1 and 2) as well as the DDIF method.

Fig. 10. G0 ! Dm correlations from water saturated 5–50 lm (A) and 140–165 lm (B) glass spheres obtained from sequence 1 (in sample 1, 2 and 3) and 2 (in sample 1 and 2).

46 H.N. Sørgård, J.G. Seland / Journal of Magnetic Resonance 301 (2019) 40–48

 

 
Conclusions: The presented core model system and spatially resolved NMR methods presented 
reveals detailed information about local confinement during liquid displacement in porous systems. 
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Fig. 1: Spatially resolved G0−Δν correlations 
from areas of different degrees of grain size 

heterogeneities.  

Evolution of magnetic susceptibility induced internal gradients (G0) during displacement experiments in 
porous media. 
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Paramagnetic impurities present in several types of sandstones are responsible for the devastating line broadening observed in high field 
NMR [1].  Therefore, we have created a core sample model appropriate for high field measurements performed on a vertical bore Bruker 
Ascend 500 MHz spectrometer with a commercial 25 mm magnetic resonance microscopy (MRM) probe. The sandstone model consists 
of pure quartz sand, with a heterogeneous particle size, compressed in a cell. The cell functions as a core sample holder and is equipped 
with inlet and outlet tubing, thus allowing for drainage and imbibition experiments without extracting the sample from the magnet. 

Here we study the evolution of the magnetic susceptibility induced internal gradients (G0) during drainage and imbibition experiments 
in samples with varying wettability. Using this model system reduces the line broadening so that the oil and water signal is actually 
directly distinguishable as seen in Figure 1. We present spatially resolved G0 distributions, from the water and the oil, obtained with a 
recently published pulse sequence [2]. Figure 2 shows an example of G0 distributions around the imbibition front in an oil-wet sample.   

 

Figure 1. 1H NMR spectrum, averaged over the entire sample after injecting 0,5 pore volumes of oil, acquired with a 90-degree single-pulse 
sequence. This shows that oil and water are directly distinguishable in the porous sample.  

 

 

Figure 2. Spatially resolved G0 distributions acquired from the water and the oil signal during oil imbibition in an oil-wet sample. The bottom slice 
(red) is located in the iso-center and the top slice (green) is located 4 mm above the iso-center. 
 

 

References  

[1] J. Mitchell, T. C. Chandrasekera, D. J. Holland, L. F. Gladden, E. J. Fordham, Magnetic resonance imaging in laboratory petrophysical core analysis, 
Rhysics Reports, 526, (2013), 165-225. 

[2]  H. N. Sørgård and J.G. Seland, Investigating pore geometry in heterogeneous porous samples using spatially resolved G0-Δχapp and G0-Δν correlations, 
Journal of Magnetic Resonance, 301, (2019), 40-48.  

 

Fig. 2: Examples of spatially 
resolved G0 distributions 
acquired from water and oil 
signals during oil imbibition 
in an oil-wet sample. Signals 
from water and oil are 
separated due to their 
differences in chemical shift.   
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