Electronic Supplement 3- analytical details for microprobe analyses, sample 2746272

1 Analytical setup
Electron probe microanalyses (EPMA) is a non-destructive elemental analysis method to undertake qualitative and quantitative estimations of micron-sized volumes at surface of materials with detection limits of up to ppm (parts per million) levels. It is a precise and accurate micro-analysis technique available for all elements from B (Boron) to U (Uranium) and above.
The electron microprobe is a complex machine; however, it includes four major foundational components:
1. An electron source consisting of different emitter types: thermionic (tungsten filament cathode) or field emission (thin tungsten wire coated with zirconium oxide).
2. A series of electromagnetic lenses that focus/defocus the incoming beam from the emitter source.
3. Sample chamber consisting of a movable stage where the sample is mounted, and is under vacuum, and a light microscope for direct optical observation of the sample.
4. A series of spectrometers mounted with different types of crystals with varied compositions suitable for different element types under vacuum that deflect incoming characteristic X-rays, and detectors to collect these incoming X-rays and electrons from the sample using Braggs Law.

All electron-microprobe instruments are equipped with an EDS (Energy Dispersive Spectrometer) and a WDS (Wavelength Dispersive Spectrometer). WDS offers several advantages over EDS which is qualitative, such as better peak resolution, improved peak/background ratio and higher count rates. Peaks in EDS sometime require peak interference correction where both interfering and interfered element must be analysed to achieve this.

EPMA works by bombarding the sample with a focused electron beam and analysing the emitted X-ray photons released upon interacting with the element nucleus. The corresponding wavelengths of the emitted X-rays are characteristic of the respective elemental species and thus, the sample composition can be easily identified. This is done by recording a WDS (Wavelength Dispersive Spectroscopy) spectra. These spectrometers operate on Bragg’s law and employ various monocrystals as monochromators. 

2 Analytical Routine
In routine, the apparatus is first calibrated using standards i.e., samples with known compositions and stoichiometry (Table C1). To check the precision and accuracy of the calibrated equipment, secondary standards are analysed as ‘unknown samples’ against the machine. This is undertaken by analysing at least 3 separate spots per grain. The composition and stoichiometry obtained is then cross-checked against published values. Upon satisfactory results, the unknown sample is analysed in a method similar to that of the secondary standards. 

No. of accumulation: 3 (3 points per grain)
Accelerating voltage: 15.0 kV
Accelerating current: 10.0 nA
Analyses type: circle 
Probe (beam) diameter: 10μm


	Primary standards
	Elements
	Location

	Albite (NaAlSi3O8)
	Na, Al, Si
	Strickland Quarry, Haddam, CT, USA

	Sanidine (KAlSi3O8)
	K, Al, Si
	Hohenfels, Germany

	Diopside (MgCaSi2O6)
	Ca
	Wakefield, Quebec, Canada

	Rhodonite
	Mn
	Locality unknown

	Rutile (TiO2)
	Ti
	Synthetic single crystal, NL Industries, USA

	Periclase (MgO)
	Mg
	Synthetic single crystal

	Haematite (Fe2O3)
	Fe
	Arizona, USA

	Barite (BaSO4)
	Ba
	Sardinia, Italy

	Cuprite (Cu2O)
	Cr
	Synthetic

	Apatite (Ca5(PO4)3F)
	P
	Ontario, Canada

	Secondary standards
	Elements
	Location

	Almandine garnet (Fe3Al2Si3O12)
	Fe, Al, Si
	New York State, USA

	Plagioclase (An65) (Ca,Na)Al (Al,Si)Si2O8
	Ca, Na, Al, Si
	Sonora, Mexico

	Albite (NaAlSi3O8)
	Na, Al, Si
	Strickland Quarry, Haddam, CT, USA

	KAK (hornblende)
	Ca, Mg, Al
	Locality unknown


Table C1: Primary and secondary standards employed for calibration purposes.

	Element
	Background position (mm)
	Measuring time (sec)
	Peak Position (λ)

	Measuring time (sec)
	Crystal used

	
	Lower
	Upper
	
	
	
	

	Na
	5.000mm
	5.000mm
	5.0
	129.395
	10.0
	TAPH 

	Al
	4.500mm
	4.500mm
	10.0
	90.731
	20.0
	TAPH

	Si
	2.000mm
	2.000mm
	5.0
	77.762
	10.0
	TAPL

	K
	5.000mm
	5.000mm
	10.0
	119.695
	20.0
	PETJ

	Ca
	5.000mm
	5.000mm
	10.0
	107.474
	20.0
	PETJ

	Mn
	5.000mm
	5.000mm
	7.0
	146.268
	15.0
	LIFL

	Ti
	1.500mm
	1.500mm
	10.0
	88.039
	20.0
	PETJ

	Mg
	5.000mm
	5.000mm
	10.0
	107.521
	20.0
	TAPH

	Fe
	3.000mm
	3.000mm
	10.0
	134.775
	20.0
	LIFL

	Ba
	5.000mm
	5.000mm
	10.0
	193.051
	20.0
	LIFL

	Cr
	5.000mm
	5.000mm
	10.0
	159.316
	20.0
	LIFL

	P
	2.000mm
	1.750mm
	10.0
	197.086
	20.0
	PETL

	Cl
	2.000mm
	1.500mm
	10.0
	151.513
	20.0
	PETL

	F
	4.300mm
	5.000mm
	15.0
	199.320
	30.0
	TAPL


Table C2: Background, peak positions and crystals used for elements analysed

3 Calibrations
The desired elements (Table C2) analysed in this study were first calibrated using primary standards. This was done by assigning each element to a specific monocrystal which would analyse the wavelength of the emitted X-ray photons upon bombardment of the sample. In principle, an element can be analysed using various crystals at different wavelengths, however, depending on the collection of elements to be analysed specific monocrystals can be assigned to elements with overlapping wavelengths to attain better data quality and avoid peak interference(s). It is also vital to calibrate the equipment and undertake analyses on unknown samples using the same probe (beam) diameter to optimise data quality. 
The monocrystals employed in this study are:
1. LIF: Lithium Fluoride, LiF
2. PET: Pentaerythritol, C(CH2OH)4
3. TAP: Thallium acid phthalate, TlHC8H4O4

4 Data correction
Following data analyses, correction factors are employed to the raw data to more accurately determine the composition of the unknown material. This study as employed the ZAF matrix correction method. It is an algebraic procedure which assumes a linear relation between concentration and X-ray intensity.

ZAF stands for:
Z: Stopping power and backscatter correction
Stopping power correction: incident electrons lose energy during inelastic interactions with the inner shell electrons of the target element. This results in higher number of X-rays produced with higher Z (atomic number) elements. Thus, if the mean Z of the unknown is higher than the standard, a downward correction in composition must be applied.

Backscatter correction: The fraction of high energy electrons backscattering increases with increasing atomic number. Therefore, relatively less electrons will penetrate higher Z specimens resulting in smaller number of emitted X-rays. Thus, if the mean Z of the unknown sample is higher than that of the standard, an upward correction in the composition must be applied.

A: Absorption correction
This correction accounts for the attenuation/absorption experienced by the X-rays of intensity I0 (initial) to final intensity IF as they propagate through a substance over a certain distance travelled. 

F: Fluorescence correction
This correction is undertaken to account for the secondary fluorescence i.e., second generation of X-rays generated by the high energy X-rays produced by the specimen.

Raw data—WDS measures X-ray intensity at a given spectrometer position i.e., the peak position of characteristic X-ray of interest (A), and intensity at background positions (B and C; Table 2) to obtained a net X-ray count of the characteristic X-ray.
[image: ]
Figure C1: WDS spectrum demonstrating peak and background positions (Chen, 2018)

Net intensity= total intensity-background intensity

Below is a brief summary of the analytical setup employed for samples in this study (Table 1-2). Table 2.3 is a summary of the samples analysed using EPMA in this study.
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