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Abstract 
 Trace concentrations of boron in rocks may cause essential rise of neutron absorption 
of rocks thus changing the results of interpretation for porosity.  The boron in 48 rock samples 
was chemically assayed and its correlation with Σa plotted.  The commonly used method of 
boron assay was insufficiently accurate and a better method was devised.  Using this method a 
clear cut almost linear dependence of Σa on boron content was observed. 
 
 
 Recently Woznicka [1] has shown, in an indirect way, the possibility that the high 
boron content is probably the source of thermal neutron absorption cross-section (Σa) rise in 
samples from Miocene layers in Tarnogrod area (South eastern Poland). 
 Small concentrations of boron of order of 100 ppm may cause an essential rise of Σa 
value by 60 to 100 % (Woznicka [2]).  The change of the value of Σa by 10 capture units (1 
c.u. = 10-3 cm-1) will cause a shift in apparent porosity by 5 to 6 porosity percent during 
porosity interpretation in sandstones and dolomites according to Zorski et al [3]. 
 Therefore the boron concentration may have an important influence on the assessment 
of reservoir properties of a rock formation and in consequence on the perspective of its 
exploitation. 
 We have preformed boron content analysis on samples from Jordanow area and also 
for a small amount of Miocene samples from Tarnogrod area.  The samples have been used 
before in another research project and are described more extensively in the paper by 
Loskiewicz et al [4].  From this study also the values of Σa are taken. 
 The problem of dissolving the rock samples without loss of its boron was one of main 
difficulties of the study.  The first approach, in current use in many geological laboratories, is 
to dissolve the rock samples in a mixture of sulfuric and fluoric acids at room temperature.  
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The boron hex fluoride formed during dissolution is forming a blue colored complex with the 
methylene blue.  This complex is extracted from the solution using dichloroethane and then  
 
 
measured using a photo calorimeter.  This method is simple and of low cost but the result 
varies easily by 30 to 50 % on a second assay. 
 The second approach was to use sodium carbonate (Na2CO3.10H20), which was 
melted down with powdered rock sample on a platinum melting pot at 900o C.  The boron 
from rock powder reacts with sodium forming sodium tetra borate (Na2B4O7.10H2O), which 
was then leached out with HCl at 100o C.  The water solution obtained was analyzed using a 
plasma emission spectroscopy apparatus (IPC-AES) of type “Plasma 40” produced by Perkin-
Elmer. 
 The cross-plot of Σa as function of boron content obtained in this way for 48 samples 
is shown in Fig.1.  It is well visible that higher boron content means statistically a higher Σa 
value.  The correlation coefficient was R= 0.61 and standard deviation was SD= 3.1 c.u. Thus 
the dependence is not to well defined.  This may be caused by two possible reasons: either 
there is another independent factor also causing an increase of Σa or the obtained values of 
boron concentration are charged with large errors.  Other neutron absorbers like gadolinium 
or samarium may provoke the additional neutron absorption although this is an unlikely 
perspective.  In the Fig.2 is shown the gadolinium versus boron content plot where the data 
are taken from Shaw [5].  It is well visible that gadolinium content looks rather constant for 
all boron concentrations. 
 We have decided to test the other hypothesis i.e. that the extraction of boron from rock 
samples by melting with soda was not a perfect process. 
 We turned toward a newer method of dissolving the rock samples, which uses 
microwave heating in closed sample vessel.  In this vessel the sample is dissolved under 
action of an acid mixture.  The “Spectro-Lab” apparatus of MILESTONE was used and also 
TMF sample containers.   
 It turned out that the rock samples also contained some organic material – peat or coal 
as admixtures.  Thus a special acid mix was to be developed which will dissolve completely 
the rock sample including organic substances and silica (silicium dioxide).  The problem was 
aggravated by the fact that the organic parts give rise to exothermic chemical reactions raising 
dangerously the temperature of the sample.  The acid mixture finally used was composed of 
fluoric, sulfuric and nitric acids mixed in proportion of 2:4:1.  The microwave heating was 
divided into 4 steps each of five minutes duration.  The microwave power used was 250, 400, 
650 and 250 Watts in consecutive steps.  This procedure allowed us to obtain complete 
dissolution of all samples.  As the sample vessel was hermetically closed, no volatile parts 
were lost. 
 A peristaltic pump introduced the obtained solutions into the plasma burner giving a 
temperature of ~ 10 000o C.  The emitted light was analyzed using the previously mentioned 
“Plasma-40” spectrometer of Perkin-Elmer.  The intensity of emitted lines was measured by 
photoelectric method and compared to the calibration curve. 
 The gadolinium and samarium content was found on the level of background (~1 
ppm).  The boron versus Σa plot for 36 measurements taken out of the initial lot of 48 samples 
is shown in Fig.3.  Now a much clearer picture is obtained.  There is visible an evident Σa 
dependence on boron content.  The correlation coefficient is now R=0.89. The correlation is 
almost linear until 100 ppm of boron.  Afterwards a saturation effect is taking place.  The 
standard deviation is 2 times smaller than in the previous case (SD=1.57 c.u.). 
 These results may be interpreted as showing, that most of the rise of thermal neutron 
absorption cross-section of rock samples from sedimentary rocks of Southern Poland is 
caused by high boron content.  It may take the form of mica or tourmaline or may be present 
in other materials.  A further study of a more numerous set of rock samples and additional 
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mineralogical and particle size analysis will allow the obtainment of a fuller and more 
detailed picture of boron distribution in rocks and its influence on neutron absorption 
properties of the sedimentary rocks. 
 
 
 
 
References 
 

1. U. Woznicka  Thermal Neutron Absorption Cross Section and Clay Mineral Content 
for Miocene Carpathian Samples   Appl. Rad. Isotopes  53 (2000) 1023   

2. U. Woznicka  The Significance of the Thermal Neutron Absorption Cross Section in 
Geophysical and Geological Problems  Proc. Geopetrol 2000 Conference, Zakopane. p 
283 

3. T. Zorski, M. Stadmueller, A. Drabina  Quantitative interpretation of neutron logging 
in Geofizyka Krakow Company    Mat.  of VII National Conference on Borehole 
Geophysics, Koninki, 1998 

4. J. Loskiewicz, J. Swakon, K. Kulczykowska  Estimation of thermal neuron absorption 
cross-section from K, U and Th concentrations from Miocene rocks from the 
Carpathian Piedmont in Poland using artificial neural networks.  Appl. Rad. Isotopes 
52 (2000) 1459 

5. D. M. Shaw Similarities and contrasts in lunar and terrestrial boron geochemistry,  
Reviews in Mineralogy, Boron Mineralogy, Petrology and Geochemistry, Eds. E.S. 
Grew& L.M. Anovitz, Washington 1996 p.745 

 
 
 

 
 
 



 

 4 

 
 

 


