
Romanian Reports in Physics 75, 205 (2023) 

USE OF ENERGY DISPERSIVE X-RAY SPECTROSCOPY  

AS A CONVENIENT TECHNIQUE FOR ESTIMATION  

OF QUARTZ PURITY IN GEOLOGICAL SAMPLES  

SUBJECT TO SURFACE EXPOSURE DATING  

WITH 10Be AND 26Al 

D. PASCAL1,2, M. ENACHESCU1,*, P. MEREUTA1, A.R. PETRE1,  

M. GRIGOROSCUTA3, P. BADICA3 

1Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering, Reactorului no. 30, 

P.O. Box MG-6, RO-077125 Bucharest-Magurele, Romania 
2 University of Bucharest, Faculty of Geography, Bd. Nicolae Balcescu, no. 1, sector 1, Bucharest, 

Romania 
3 National Institute of Materials Physics, Atomistilor, no. 405 A, Magurele, Romania 

 

* Corresponding author: Mihaela Enachescu, E-mail: menache@nipne.ro 

Received July 4, 2023 

Abstract. Accelerator Mass Spectrometry (AMS) and cosmogenic nuclides 

techniques are used in quantitative geomorphological studies on large time scale. In 

order to accurately date surface exposure to cosmic rays, the amount of pure quartz 

taken into account, needs to be well determined. Depending on the particularity of the 

rocks, sometimes the presence of feldspar in geological samples hinders the accurate 

determination of 26Al and 10Be by AMS. To overcome this problem, our paper proposes 

the assessment of quartz purity by SEM-EDX analysis, in an objective and facile way, 

compared to ICP-MS method. The proposed methodology is not only effective, but it 

shows features that save time and excessive consumption of reagents that often are not 

environment and health friendly. 
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1. INTRODUCTION 

Accelerator Mass Spectrometry (AMS) and cosmogenic nuclides techniques 

applied for evaluation of Earth surface processes provide invaluable tools towards 

understanding the planet. These techniques are used in quantitative geomorphological 

studies on time scale of 102–107 years.  

If the in situ nuclide production rates are known at the site where a sample has 

been exposed to cosmic radiation, then it is possible to obtain reasonably well the 
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exposure history of the sample through analysis of nuclides with a different half-live. 

The annual rate of production and concentration of the nuclide per gram of mineral, 

and the rate of decay of cosmogenic nuclides are used to determine exposure ages, 

burial ages, or erosion rates of rocks and sediment for a variety of landforms and 

geomorphological processes such as deglaciation, landslides, sediment transport and 

deposition rates, formation of fluvial terraces, volcanic eruptions, uplift and incision 

rates [1].  

Although there may be a very large number of nuclides that can be produced 

from cosmic-ray interactions with target atoms in rock, only He, Be, C, Ne, Al, and 

Cl have been commonly used for geologic applications. Most of them were produced 

through spallation and muon reactions on O and Si [2] and, therefore, on quartz. 

Quartz is geologically abundant and relatively easy to separate from other minerals, 

hence it is ideal for these studies. It has the advantage of a tight crystal structure 

which minimizes possible contamination (by meteoric 10Be produced in the 

atmosphere) and has a simple target chemistry. Si and O, the main constituents of 

quartz, allow straightforward theoretical calculations of 10Be and 26A1 production 

rates [2, 3].  

To accurately perform surface exposure dating, the amount of used quartz 

needs to be well determined. This requires not only a precise weighing, but also a 

high quality of the purified quartz. Kohl and Nishiizumi [4] proposed an isolation 

method relying totally on chemical steps. The method was developed to separate 

large quantities (10–200 g) of clean mono-mineralic quartz samples from a variety 

of terrestrial rocks and soils for the purpose of measuring 10Be and 26A1 produced 

by cosmic rays in situ in the quartz. In fact, this method is applicable to any 

problem requiring purified quartz on a large scale. The procedure consists of 

grinding the sample, heating it in HCl, and treating it with a series of leaches using 

a dilute HF / HNO3 mixture in a heated ultrasonic tank. Syers et al. [5] used the 

NaHSO4 fusion of ground samples of rocks, sediments, and soils with sodium 

pyrosulfate to remove most of the minerals except quartz and feldspars. Then, they 

treated the residue with hydrofluosilicic acid (H2SiF6) to completely remove the 

feldspars. Henderson et al. [6] performed heavy liquid separation with HCl, NaOH 

and H2SiF6 for removal of minerals that are resistant to the chemical dissolution of 

non-SiO2 minerals. Within addressed methods, different laboratories also use a 

combination of standard mineral separation techniques including heavy liquid 

separation, magnetic, etching in hexafluorosilicic acid (H2SiF6), pyrophosphoric 

acid boiling and feldspar floatation.  

Often, visual inspection of the sample during quartz separation is applied. The 

drawback is that this approach can be misleading unless highly experienced 

personnel is involved. Once a sample visually looks pure, all cosmogenic nuclide 

laboratories perform etching in HF to remove meteoric 10Be from particle surfaces, 

and to eliminate remaining aluminosilicates. Quartz purity is routinely assessed after 
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this stage of processing by measuring Al concentration in the sample using either 

AAS, ICP-OES, or ICP-MS depending on in-house availability of the specialized 

equipment. For the reliability of the results, it is critical to obtain in a given sample 

the same nuclide concentrations within uncertainties regardless of the methodology 

followed during sample processing and AMS measurement [7]. It is noteworthy that 

the quality of the quartz before HF etching is of major importance, especially in the 

case of small sample quantities. 

Our proposal for effective assessment of the quartz purity before the step  

of etching in HF is to use SEM-EDX analysis. This work presents an example of 

SEM-EDX convenient application to geological rocks in the process of their 

preparation for surface-exposure-dating with 10Be and 26Al by accelerator mass 

spectroscopy. Our approach reduces the measurement time and reagents needed in 

the usually employed ICP-MS test. In SEM-EDS measurements, sample amount can 

be of few quartz particles, while in ICP-MS a sample aliquot of at least 0.5 g, 

depending on the quartz enrichment, is required. Often the ICP-MS measurements 

have to be repeated depending on the degree of enrichment of the quartz. In ICP-MS 

method sample preparation involves use of acids that are not environment and health 

friendly. Another advantage is that in SEM-EDS samples are not destroyed or 

consumed in the measurement so that they can be stored as reference samples or can 

be used for repeated or additional measurements.  

2. EXPERIMENTAL 

Enrichment of quartz in geological samples was performed by mixture of HCl 

and H2SiF6 and heavy liquid separation for seven geological samples from Făgăraș 

Massif, Southern Carpathians at RoAMS Laboratory, IFIN–HH, Romania. Samples 

were selected considering preliminary chemical processing information showing the 

presence of insoluble metal fluorides after HF acid treatment and solvent evaporation. 

This is an indication of a high concentration of Al-bearing-minerals and of impurities 

in the quartz. 

The chemical procedure used in case of these samples is presented in Fig. 1 

and it was designed based on the methods proposed in refs. [8, 9, 10]. Application 

of SEM-EDX as a quartz purity characterization step is also indicated: this step was 

used before removal of meteoric 10Be. X-ray diffraction (XRD) and ICP-MS were 

performed to check and support SEM-EDS results.   

In step 3 of chemical separation, purification was performed with HCl and 

H2SiF6. After step 3, two separations were necessary to remove minerals with higher 

and lower densities than quartz. To achieve this goal samples were introduced in the 

heavy liquid of lithium heteropolytungstates (LST) with 2.75 g/cm3 density in order 

to extract and discard the heavy fraction. Then, the LST was diluted towards a lower 
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density of 2.60 g/cm3 to recover quartz. The quartz fraction was rinsed with miliQ 

water to remove traces of LST and it was dried.  
 

 
 

Fig. 1 – Chemical preparation of samples to measure 10Be and 26Al with AMS and the SEM-EDX 

analysis proposed in this paper.  

 

Some grains from the samples, before and after treatments, were analysed by 

SEM-EDX. They were also characterized by XRD and ICP-MS.  

2.1. SEM-EDX ANALYSES 

The Scanning Electron Microscope – Energy Dispersive X-Ray Spectroscopy 

(SEM-EDX) analyses were performed with a Zeiss EVO MA15 coupled with an 

EDX system, NORANTM 7, provided by Thermo Scientific. The image resolution 

for the SEM is 4 nm at 30 kV and the energy resolution of EDX is 129 eV (Kα Mn). 

The parameters used for taking SEM images and measuring EDX spectra 

were: 10 kV accelerating voltage and 900 pA current at a working distance (WD) 

between 8.5 and 10 mm. All samples were analyzed under the same conditions in 

variable pressure mode (VP) at a magnification of 100×. Figure 2 presents two SEM 

images for a sample before and after LST treatment. The EDX results are presented 

in Table 1. 
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Fig. 2 – Scanning electron microscope images for sample S4 before (left)  

and after (right) LST treatment. 

 

Table 1 

Elemental composition of samples obtained by EDX before (B) and after (A) LST treatment 

Sample 

ID 

Content of (wt. %) 

O Na Al Si K Ca 

S1B 45.28 ± 0.15 2.31 ± 0.04 2.65 ± 0.04 48.37 ± 0.13 0.47 ± 0.06 0.36 ± 0.03 

S1A 45.67 ± 0.15 0.66 ± 0.03 1.15 ± 0.04 52.11 ± 0.13 0.41 ± 0.06 0 

S2B 45.29 ± 0.15 1.67 ± 0.04 2.05 ± 0.05 49.53 ± 0.13 0.94 ± 0.07 0.50 ± 0.08 

S2A 47.20 ± 0.15 0.44 ± 0.03 0.58 ± 0.04 51.27 ± 0.13 0.27 ± 0.03 0.24 ± 0.03 

S3B 41.49 ± 0.14 1.66 ± 0.04 4.56 ± 0.04 45.09 ± 0.11 2.06 ± 0.07 0.73 ± 0.07 

S3A 45.97 ± 0.14 1.35 ± 0.03 2.46 ± 0.04 48.80 ± 0.13 1.01 ± 0.06 0.41 ± 0.07 

S4 B 43.55 ± 0.15 2.48 ± 0.04 3.16 ± 0.05 49.15 ± 0.13 0.78 ± 0.07 0.49 ± 0.04 

S4A 46.60 ± 0.15 0 0.46 ± 0.04 52.80 ± 0.13 0.14 ± 0.03 0 

S5B 42.90 ± 0.14 2.23 ± 0.04 4.35 ± 0.05 48.55 ± 0.13 1.98 ± 0.07 0 

S5A 47.52 ± 0.15 0.44 ± 0.03 0.61 ± 0.03 51.28 ± 0.12 0.15 ± 0.03 0 

S6B 45.68 ± 0.14 2.30 ± 0.04 2.85 ± 0.04 48.44 ± 0.12 0.54 ± 0.03 0.20 ± 0.03 

S6 A 45.70 ± 0.14 0 0.48 ± 0.03 53.71 ± 0.13 0.12 ± 0.03 0 

S7 B 42.59 ± 0.14 2.45 ± 0.04 3.73 ± 0.04 44.95 ± 0.11 1.97 ± 0.06 0.99 ± 0.04 

S7 A 46.55 ± 0.15 0.45 ± 0.03 0.45 ± 0.04 52.28 ± 0.13 0.28 ± 0.05 0 

2.2. X-RAY DIFFRACTION 

Samples for X-ray diffraction (XRD) were subject of manual grinding in an 

agate mortar and pestle. The XRD patterns were acquired with a Bruker-AXS D8 

ADVANCE (CuKα) diffractometer. The SiO2 (quartz, ICDD 01-075-8322) and 

(Na0.84Ca0.16)Al1.16Si2.84O8 (albite, ICDD 01-076-0927) phases were identified by 

using EVA v2.0 software. The phase contents were estimated by extracting the 

intensity values of the peaks for each phase. In the calculation, peaks considered 

for quartz were those located at 2θ of 20.81°, 26.57°, 36.49°, 39.4°, 40.2°, 42.38°, 
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45.74°, 50.09°, 54.81°, 55.28°, 59.91°, 64.01°, 67.71°, 68.12°, 68.27°, 73.44°, 

75.63°, 77.6°, 79.86°, 81.11°, 81.42°, 83.8°, and for albite at 13.79°, 21.99°, 

23.45°, 24.08°, 24.23°, 27.68°, 27.86°, 28.06°, 34.98°. The weight percent of one 

phase was estimated by dividing the sum of the intensities for one phase by the 

sum of the intensities of both phases and multiplying by 100. Results are presented 

in Table 2. 

 
Table 2 

Phase contents from XRD analysis of SiO2 and of (Na0.84Ca0.16)Al1.16Si2.84O8  

for the tested powders 

Sample 

Phase content of SiO2 

(wt. %) 

Phase content 

(Na0.84Ca0.16)Al1.16Si2.84O8 

(wt. %) 

Enrichment of the 

quartz (%) 

Before LST After LST Before LST After LST  

S1 82.9 97.6 17.1 2.4 17.6 

S2 92.7 99.6 7.3 0.4 7.4 

S3 80.5 81.6 19.5 18.4 1.4 

S4 93.9 99.8 6.1 0.2 6.3 

S5 80.1 99.1 19.9 0.9 23.7 

S6 84.1 98.2 15.9 1.8 16.7 

S7 72.2 98.5 27.8 1.5 36.4 

2.3. ICP-MS ANALYSES 

Inductively Couple Plasma-Mass Spectrometry (ICP-MS) measurements 

were performed on a Perkin Elmer Nexion 300× device, being able to detect trace 

elements as down as 1ppb. The samples were prepared as solutions and were fed into 

the mass spectrometer through a nebulizer system, the whole system being optimized 

beforehand for this type of analysis. For the calibration curves, seven reference 

solutions with the Al and Be concentrations of 0 ppb, 50 ppb, 100 ppb, 150 ppb, 

200 ppb, 500 ppb and 1000 ppb were prepared in our chemistry laboratory. For this 

we used a Certipur® Aluminum ICP standard traceable to SRM from NIST as 

Al(NO3)3 with concentration of 1000 mg Al/L and a Certipur® Beryllum ICP 

standard traceable to SRM from NIST as Be4O(C2H3O2)6 in HNO3 with concentration 

of 1000 mg Be/L.  

In steps 3.1, 3.3, and 4.1 (Fig. 1) a sample weight of 0.5 g was used. It was 

completely dissolved in HF and solution was evaporated to dryness. Dried samples 

were re-dissolved in 1% HNO3. An aliquot of 0.1 mL from this solution was diluted 

in 30 mL of 1% HNO3 and analyzed by ICP-MS. Each sample was measured three 

times and the relative standard errors were below 3 %. The results are presented in 

Table 3 Figs. 3(B) and 4. 
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Table 3 

The aluminium concentrations obtained by ICP-MS before and after LST treatment  

and after meteoric 10Be removal with HF 

Sample 
Al Concentration (ppm) 

Before LST After LST After 10Be meteoric removal 

S1 32781.90 10617.84 57.06 

S2 25522.03 3699.67 22.06 

S3 39739.81 31159.37 48.36 

S4 16535.23 2083.07 40.13 

S5 42509.85 6915.64 55.33 

S6 36179.91 6886.23 31.47 

S7 53727.46 24888.99 12.26 

3. RESULTS AND DISCUSSIONS 

Results of XRD measurements (Table 2) indicate that besides quartz (SiO2) 

only albite ((Na0.84Ca0.16)Al1.16Si2.84O8) occurs in substantial quantities. In some XRD 

patterns (not shown), the presence of small unidentified peaks was detected 

suggesting that the corresponding impurity phases are at trace levels. These phases 

were not taken into account in the estimation of the amount of the main phases. XRD 

data are considered to indicate that, with the exception of one sample (S3), the phase 

content of quartz after LST treatment is suitable for further chemical processing of 

the samples in order to accurately determine 10Be and 26Al by AMS [7].  

Next, elemental purity of the samples characterized by XRD was assessed by 

SEM-EDX (Table 1). Fe and S were found in concentrations at trace level, as such 

they were not presented in the table. Consequently, the presence of these elements 

can explain the appearance in the XRD spectra of small peaks ascribed to already-

mentioned unidentified impurities with concentrations at trace level. The considerable 

content of Na and Ca attests the presence of the albite mineral phase as shown by the 

XRD. The presence of these elements in the initial samples and after separation with 

LST is due to the fact that many feldspars (a major high-Al mineral phase in many 

rock types) have densities close to quartz density of 2.65 g/cm3. Namely, the 

plagioclase (Na, Ca) feldspars have densities in the range 2.62–2.76 g/cm3, and the 

K feldspars have densities of 2.56 g/cm3 [4]. Aluminum is an important quality 

indicator of quartz purity because if high Al concentrations are detected then 

concentrations of Li, K, Na and H will be high [11]. For AMS measurements is 

recommended that the quartz contains less than 200 ppm of Al [7]. Therefore, 

evaluation of Al concentration in the samples after removal of meteoric 10Be indicate 

if the sample can be chemical processed further for AMS measurements. 

We perform assessment of Al content by SEM-EDX and ICP-MS before and 

after LST treatment. Samples are also measured by ICP-MS after removal of 
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meteoric 10Be. The results are presented in Table 3 and Figs. 3 and 4. One observes 

that SEM-EDX and ICP-MS data regarding the decrease of Al content in the samples 

after LST treatment are in agreement (Fig. 3). The trend of these data is also 

supported by the lower phase content of albite and higher phase content of quartz 

determined by XRD. The revealed relationship is applicable in the case of all studied 

samples. Results of ICP-MS test on the samples after the removal of meteoritic 10Be 

show a concentration of Al between 12–60 ppm (Fig. 4). These values recommend 

use of as-processed quartz for measurements of the surface exposure dating of the 

geological samples by AMS.  

 

Fig. 3 – Al concentration in analyzed samples by EDX (graph A)  

and by ICP-MS (graph B), before and after LST. 

 

 
Fig. 4 – Al concentration in analysed samples by ICP-MS measurements, before and after LST and 

after meteoric 10Be removal with HF. 
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4. CONCLUSIONS  

The presence of Al bearing minerals and impurities in quartz in geological 

samples represents a challenge for quartz separation, and their presence complicates 

the chemical extraction procedures of 10Be and 26Al and affects the 26Al/27Al ratio, 

thus preventing the accurate determination of 26Al by AMS. 

The assessment of quartz purity using XRD, SEM-EDX or ICP-MS analyses 

is necessary for verifying the Al content required in AMS measurements to perform 

the accurate surface exposure dating of the geological samples. 

Results suggest that SEM-EDX is a reliable analysis that can be easily 

applied onto few quartz grains after each treatment (whether with heavy liquid, 

boiled acids and others) step until the concentration of Al is below the measurement 

limit without the complete dissolution of the aliquots from the samples and their 

analyses by ICP-MS. In this way, time of measurements and consumption of 

reagents are reduced.  
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