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1. Introduction

This report summarizes the results of a series of analytical tests performed on the Thermo Scientific Niton XL3 Analyzer during Expedition 335. The tests were carried out to evaluate the precision and accuracy of this portable X-ray fluorescence (XRF) instrument for the rapid characterization of gabbroic core samples. The shipboard Niton XL3 Analyzer was used for the first time on igneous rocks (basalts) during Expedition 330 (Koppers et al., 2011). During Expedition 335, we used existing analytical settings to analyze the chemical elements that are the most useful for the characterization of gabbroic and basaltic rocks, and assessed the precision and accuracy of the shipboard XRF analyses using powdered Certified Reference Materials (CRM) and the precision of measurements on slabs of gabbro core of IODP Expedition 312.

2. The Thermo Scientific Niton XL3 Analyzer

The shipboard handheld XRF is a Niton XL3t Goldd*(Geometrically optimized Large Area Drift detector) version 7.0 made by Thermo Scientific (Fig.1). The unit contains an enclosed X-ray tube (Au and Ag anode), and semiconductor detector and amplifier, equipped with three excitation filters (High Range, Main Range and Light Range) for optimizing sensitivity. It has the capability of analyzing either 8 mm or 3 mm spot sizes and can provide elemental concentrations of up to 33 elements simultaneously (see Table 1). One drawback of the instrument is that it cannot analyze Na, which is an important element for the characterization of igneous rocks. Another drawback is that it was impossible to modify the analysis protocols to optimize for igneous rocks.

The analyses were carried out using the Cu/Zn procedure in Mining mode. (Table 1). The amount of time that the analyzer spends in each filter position is user definable: the analysis time was set to 30 seconds for the High and Main Range filters, and to 60 seconds for the Light Range filter. One complete spot analysis required 150 seconds. The Light Range filter works only with He-purged analysis mode to avoid interferences from air, and is used for light element (e.g., Mg, Al, Si and P) analysis. An auto adjusted He flow regulator is provided with the instrument and a 70cc/min flow rate was used during the analysis.

The elements useful for petrological characterization are listed in Table 2. In order to provide the results in a conventional, easy accessible format, we created an excel template which converts the data for major elements into oxides, as commonly used for geochemistry/petrology (Template_Petro.xls). The raw data from the instrument can be copied into the template yielding the element of interest in the next sheet converted into oxides (Table 2).

3. Results

3.1 Analysis of Standard samples (Powder vs. Powder)

We analyzed three CRM: MRG-1 (gabbro, CCRMP Canada), BHVO-2 (basalt, United States Geological Survey), and JB-2 (basalt, Geological Survey of Japan). In order to minimize the effects of spot size on the results, and to facilitate the comparisons, powdered pellets were prepared from all the CRM’s. 8 mm spot size was used for all measurements. The results are shown on Table 3 and Figure 2.

The precision is better than 5% for most major elements, with the exception of Mg which had analytical precision ranging from 5 to 15% (Table 3). The precision for trace elements varies significantly: from 5 to 10% for most trace elements (including Ti, Mn, P and K) to 10% to 25% for Ba, Ni, Cu and Zn. 

The results were compared to a compilation of published values for the CRM (Govindaraju, 1994, Georem database (http://georem.mpch-mainz.gwdg.de; 15 May 2011)) to assess the accuracy of XRF measurements. Except for Ti and Mg which are systematically underestimated by ~20% in the 3 CRM, the results obtained for the two basalt standards, JB-2 and BHV0-2, were satisfactory: the difference from recommended values is less than 10% for most major and trace elements and for Ni, Cu and Zn, the measurements were accurate within the analytical precision. In contrast, the analyses of gabbro MRG-1 were significantly different from recommended values: most major element and trace element concentrations were underestimated by 20 to 30% compared to compiled values, except for Ba, V, Cr which concentrations are strongly overestimated. In contrast, the measurements of Ca, Mn, Cu and Zn concentrations were accurate within the analytical precision.

On the whole, the Niton XL3 Analyzer gave consistent results for the 3 CRM, and the poor precision of some analyses can be attributed to the low concentrations of the elements analyzed. Therefore, the instrument could be a useful tool to qualitatively assess the composition of igneous rocks.  

The lack of accuracy of the results probably reflects the fact that the predefined calibration of the instrument provided by the manufacturer is not suitable for the quantitative bulk rock characterization of the igneous rock hand-specimens. The fact that the Zn and Cu measurements were accurate in the Zn-Cu Mining mode is interpreted as evidence that this problem of accuracy is not instrumental, and that it could be solved by improving the calibration of the Niton XL3 Analyzer. The instrument internal calibration file is however not accessible to the user. 

3.2. Analyses of gabbro samples from Expedition 312 

We analyzed 11 times a single 8 mm size spot of Sample 1256-216R-1, 49-58 cm (piece 10) a coarse grained gabbro from IODP Expedition 312 to assess analytical reproducibility on a relevant rock surface. The precision was within 2% for almost all major elements and better than 15% for trace elements (Table 4, Figure 3). However, the sum of all major elements is high (105 wt.%) indicating that some, and maybe all, of the analyses are inaccurate. As mentioned above, the instrument does not allow measurement of sodium indicating an even greater inaccuracy.

We also analyzed solid core samples from Expedition 312 and compared the results with shore-based XRF data acquired on powdered samples from the same intervals (Yamazaki et al., 2009) in order to assess the variability of concentrations at the scale of a hand sample. The 8 mm spot size was used and the analyzed surfaces commonly comprised several minerals in the analyzed coarse grained gabbros. The results are presented in Table 5 and plotted against the values obtained by XRF in laboratory (Yamazaki et al., 2009) in Fig.4.

Each measurement is the average of 6 analyses of different locations (within roughly 1 cm on the same core piece). The standard deviation is commonly around 20% (although it is sometimes greater than 100% for some elements) and reflects the variability of mineralogy of the analyzed surfaces. Although the average value for some elements such as Si and Al appear systematically overestimated, the averaged analyses of major elements for almost all analyzed samples are consistent with the bulk analyses within the standard deviation estimate. This indicates that the instrument could be used to assess to the first order differences of compositions between two rock types, before more accurate analyses of the samples can be carried out. Indeed, in the second part of the expedition, the hand held XRF was used to successfully identify bentonite from the drilling mud, which was recovered along with basaltic grains in one of the Junk baskets.  

4. Summary and conclusion


These tests show that the hand-held Niton XL3 Analyzer can provide an overall qualitative outlook on the geochemistry of rocks, even by analyzing saw cut surface. The tests indicate a good repeatability of the analyses but definite problems of accuracy of the measurements. This problem could be solved by improving and adapting the calibration of the instrument for rock analyses.
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Table captions:

Table 1. List of elements measured by the Niton XL3t instrument and their limit of detection.

Table 2. List of elements of interest, conversion factors and calibration factors. Note: During the tests, Ti, V and Cr were analyzed using the Light Range Filter.

Table 3.  XRF Measurements of Powder Pellets of Three Rock Standards.

Table 4.  Multiple Measurements of single spot in gabbro (Core Pieces) from IODP Expedition 312.

Table 5.  Comparison of XRF Data for Solid Slabs with ICP Data for Gabbros from Exp 312.

Figure Caption: 

Figure 1. Photograph showing the laboratory set up of hand-held XRF.

Figure 2. Comparison of the measurements of (from top left to bottom right) SiO2, Al2O3, MgO and CaO  obtained by the Niton XL3 Analyzer  on  pellets BHV0-2, JB-2 and MRG-1 to compiled reference values. The compiled values are from Govindaraju (1994) and the Georem database (http://georem.mpch-mainz.gwdg.de; 15 May 2011).

Figure 3. Multiple analysis of single spot (8mm).

Figure 4. Comparison of data obtained by hand held XRF and powder XRF in a shore based laboratory.
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