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Summary: Organic acids act to enhance the dissolution of various minerals through the formation of 
stable aqueous complexes. Here we monitor the in situ changes in mineral phases observed in a 
weathered sandstone in a series of micro-CT scans of a core plug undergoing reaction in an organic 
acid for 78 days. 

 
 

1. INTRODUCTION 
 
Formation damage in the near well-bore environment is a significant risk to industries dependent on reliable 
injectivity in sub-surface reservoirs. Permeability is arguably the most important petrophysical property for 
maintaining reliable injectivity and can be impacted by formation damage in the form of fines migration and 
clogging of pore throats within a porous media. Industry currently employ various treatment strategies for 
managing fines migration, including the use of mud-acids of concentrated HCl and HF solutions for dissolving 
fines within a reservoir. Here we explore the potential of using an environmentally benign organic acid, oxalic 
acid, as an alternative treatment for dissolving mineral fines within a weathered sandstone core. 
 
 

2. EXPERIMENTAL METHOD 
 
Cores of Catherine Sandstone, sampled from outcrops in Queensland, Australia, were used in a core incubation 
tests. A cylindrical core plug (11 mm x 5 mm in diameter) was used for micro-CT analysis, taking CT scans on a 
weekly basis to identify changes in pore structure during treatment. Micro-CT scanning was conducted through 
the TrACEES platform in the School of Earth Sciences at The University of Melbourne using a Phoenix Nanotom 
m (GE Sensing & Inspection Technologies GmbH). The core plug was scanned dry and wet in a glass pasteur 
pipette using the parameters in Table 1. Scans were conducted after 0, 8, 15, 22, 28 and 78 days of reaction with a 
solution of 0.1 M oxalic acid buffered at pH = 4. 
 
Table 1. Micro-CT Scanning Parameters 

Total time: 90 minutes (2500 projections; 500 msec timing; averaging 3 images with 1 skipped image) 
Energy: 60 kV and 180 mA 
Voxel Resolution: 3.55 µm (focus-object distance = 6.75 mm; focus-detector distance = 225 mm; 
magnification = 33.33) 
Target / Filter: Diamond / 0.5 mm Al  

 
A watershed segmentation of 4 distinct phases within the core plug was conducted on micro-CT images (see 
Figure 1) using the Avizo software suite (Thermo-Fisher ScientificTM; FEI). The composition of the sandstone 
core was characterized using XRD and a QEMSCAN analysis was conducted on 5 thin sections from a core taken 
from the same location.  
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3. RESULTS & DISCUSSION 
 
Previous batch dissolutions tests [1] indicated that this treatment solution led to rates of kaolinite dissolution an 
order of magnitude greater than inorganic acids under similar conditions. Therefore, it was hypothesized that 
some kaolinite dissolution would be observed within the 78 day reaction time. Figure 1 quantifies the various 
phases segmented by watershed analysis (Fig. 1c) and when compared to a quantitative QEMSCAN analysis of a 
similar core material (Table 2) indicated that the low density (LD) phase corresponds to kaolinite in the core [2]. 
Figure 1c indicates that there was an increase in porosity of the core of c. 1% over two months mainly due to the 
dissolution of heavy minerals, such as hematite, within the core. Mobilisation of the lower density fine material, 
corresponding to kaolinite, was also observed. 
 
 

Table 2: QEMSCAN quantification of phases from 5 thin sections of weathered Catherine Sandstone. 
Quartz 63.7 to 67.2% Albite 1.4 to 2.3% Porosity 10.7 to 19.7% 
Kaolinite 10.7 to 19.8% Muscovite 0.7 to 1.2% Other* 0.2 to 0.7 

*Other minerals include heavy mineral such as ilmenite, rutile, hematite and magnetite. 
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Figure 1: (a-b) Vertical cross sections through micro-CT data (left) and a watershed segmentation of 4 
distinct phases (right) in the dry cylindrical core plug before reaction (a) and after 78 days of reaction (b), 
5mm total height shown. (c) Quantification of the 4 distinct phases (D = Dense phase; MD = medium density 
phase; LD = low density phase; P = porosity) from watershed segmentation of the unreacted core (thick 
lines) and the core reacted with acid for 78 days (thin lines). 

 
 


