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Electron Microprobe
All You Need to Know In 30

Minutes



Topics

» \What is an Electron Microprobe?
» Why do we want to use it?

» How does it work?

» \What can’t we use it for?




What is an electron microprobe?

1. Chemical analysis of micron scale
volumes (= numbers)

2. Chemical mapping of very small areas (=
images)



Why do we want to use it

» No current technique which combines the
sensitivity of the electron microprobe with
it imaging and small volume capabilities

» Relatively non-destructive
> Rapid
» Easily understood data



How Does it work?

» Two distinct sub-
systems
o Electron optical
o X-ray Spectrometry
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Figure 1.6 Schematic arrangement of an electron probe equipped with beam scanning.
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Electron — Sample Interactions
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Figure 1.3 Schematic representation of processes resulting from electron bombardment.



Generation of X-rays

¥

Figure 2.1 Simulated trajectories of electrons (initial energy 20 keV) in silicon (rectangle = 1
X 2 um).



Energy levels
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Figure 2.2 Schematic diagram of inner atomic electron shells.
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Proportional Counter

Figure 2.10

ELECTRON PROBE MICROANALYSIS
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WDS vs EDS

> Speed

» Resolution

» Detection limit

» Precision

» Complexity and expense



Where do the numbers come from?

C o«-LxC



X-Ray Intensity vs Composition
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X-Ray Intensity vs Composition
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Matrix Corrections

» Allows use of standards which are
different from unknowns

» ZAF, PAP, @pz (phi-rho-z)



ZAF Correction

» Z — atomic number
correction

» A — Absorption
correction

» F — Fluorescence
correction







Analytical Nitty Gritty |

> Samples
« Polished
o Carbon coated (prevent charging)
o Solids
o Vacuum Stable



Analytical Nitty Gritty I

» Standards
« Homogeneous
o Well Characterized

o Similar to unknowns (i.e. silicate standards for
analyses of silicates, sulphide standards for
analysis of sulphides — not always possible)



Analytical Nitty Gritty IlI

» Analytical conditions
o Accelerating Voltage

o Beam Current
- Counts are proportional to current
- Spot size proportional to current
- Beam damage

« Beam Size



Chemical analysis of minerals

A. Olivine Analyses

OLl OL2 OL3 OL4 OL5

SIO, 4094 40.24 39.57 40.70 39.75
TIiO, 0.00 0.00 000 0.00 0.00
Al,O4 0.00 000 000 0.00 0.00
V,0; 0.00 000 000 0.00 0.00
Cr,05 0.00 000 000 0.00 0.00
FeO 819 836 987 748 8.80
MnO 000 013 000 015 0.17
MgO 49.75 50.11 4941 50.63 50.13
NiO 042 039 030 035 035
CaO 0.00 000 008 0.00 0.00
Na,O 0.00 000 000 0.00 0.00
K,O 0000 000 000 0.00 0.00

TOTAL 99.30 99.24 99.23 99.32 99.20

There are a number of ways to obtain
chemical data on minerals:

EMPA (EDS, WDS)

X-ray fluorescence

Wet-chemistry

Mossbauer spectroscopy

Laser ablation ICP-MS

Nano-SIMS

Nuclear probes (NRA, PIXIE, proton)
Synchrotron microanalysis

lon microprobe

Raman, FTIR



Calculation of mineral formulae

Analysis of minerals by the electron microprobe results in weight percent
(wt.%) oxide data (e.g. SiO,, Fe,0O,, Al,O,, etc.). You must convert this
oxide data into elemental or cation proportions in order to develop a
mineral formula. This can be done by hand or in a spreadsheet by

following the steps below:

1) Divide each oxide constituent by the formula weight of the oxide. This
gives you the Molar Proportions of each oxide.



Mineral formula calculation: olivine

Mol. Wi. of
Oxide Wit.% . Mol. Ratio
oxide
SiO, 40.99 60.09 0.6821
FeO 8.58 71.85 0.1194
MnO 0.20 70.93 0.0028
MgO 50.00 40.32 1.2400
Total 99.77

Molecular ratio: wt.% / molecular weight



Calculation of mineral formulae

1) Divide each oxide constituent by the formula weight of the oxide. This
gives you the Molar Proportions of each oxide.

2) Multiply the molar proportions of each oxide by the number of cations in
the oxide. This gives you the cationic ratio.

3) Multiply the molar proportions of each oxide by the number of oxygens
in each. This gives you anionic ratio in your mineral.



Mineral formula calculation: olivine

Oxide Wt.% EA)Z;:VL of Mol. Ratio ggz)onic (F\D)Z::gnic
SiO, 40.99 60.09 0.6821 1.3642 0.6821
FeO 8.58 71.85 0.1194 0.1194 0.1194
MnO 0.20 70.93 0.0028 0.0028 0.0028
MgO 50.00 40.32 1.2400 1.2400 1.2400
Total 99.77 > =2.7264

Anionic ratio = molecular ratio x # of oxygens in oxide
Cationic ratio: = molecular ratio x # of cations in oxide




Calculation of mineral formulae

1) Divide each oxide constituent by the formula weight of the oxide. This gives you
the Molar Proportions of each oxide.

2) Multiply the molar proportions of each oxide by the number of cations in the
oxide. This gives you the molar proportions of cations in your mineral.

3) Multiply the molar proportions of each oxide by the number of oxygens in each.
This gives you the molar proportions of Oxygen in your mineral.

4) Sum the Molar proportions of Oxygen, and divide this sum by the
number of oxygens in the mineral's ideal chemical formula (i.e., 4
oxygens for olivine; 6 oxygens for pyroxene). The value you get is a
normalization factor (a "fudge factor") that will allow you to obtain
formula units.

5) Now, divide the Molar Proportions of each Cation by the Correction
Factor. This will give you the proportions of each cation with
respect to oxygen (or the "Oxygen units" of each cation) in your
mineral. At this point, one can group your cations by valence and
calculate the REAL mineral formula.



Mineral formula calculation: olivine

Oxide Wt.% EA)Z;:VL of Mol. Ratio ggz)onic (F\D)Z::gnic
SiO, 40.99 60.09 0.6821 1.3642 0.6821
FeO 8.58 71.85 0.1194 0.1194 0.1194
MnO 0.20 70.93 0.0028 0.0028 0.0028
MgO 50.00 40.32 1.2400 1.2400 1.2400
Total 99.77 2=2.7264

F = fudge factor/normalization factor

F = ideal number of anions/anionic ratio sum =4/2.7264 = 1.4671




Mineral formula calculation: olivine

F = fudge factor/normalization factor

F = ideal number of anions/anionic ratio sum = 4/2.7264 = 1.4671

F x Cationic Ratio = # of cations

1.4671 x 0.6821 (Si02) = 1.00 Si
1.4671 x 0.1194 (FeO) = 0.18 Fe
1.4671 x 0.0028 (MnO) = 0.00 Mn
1.4671 x 1.2400 (MgO) = 1.82 Mg

CHEMICAL FORMULA:
(Mg 82F €0 18)52.00911.0004

Olivine general formula: XYO,

To determine the species:
Mg/(Mg+Fe) = 1.82/(1.82+0.18)
=0.91

Fog,Fag



Mineral formula calculation: olivine

Olivine general formula: XYO,

To determine the species:

CHEMICAL FORMULA: Mg/(Mg+Fe) = 1.82/(1.82+0.18)
=0.91

M Fe Siy 0gO
( oF .82 0.18)22.00 1.00~4 |2091|:a9
monticellite - - Kirschsteinite
CaMgSio, A solid solution \ care+sio,
forsterite ¥ e i fayalite



My Camputer

Formula (© T.S. Ercit, 2006)

- uses EMPA oxide data to calculate mlneral formulae
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G afn et g f'oOu p General formula: X;2*Y,3*(SiO,),
compositions X~ Ca Mg, Feror M-

Pvyvralspite Group Ugrandite Group
Pyrope “Pyralspite”
Mg,Al,Si;0,, (Mg,Fe,Mn);Al,Si;O,,

~~_
-

No solid
solution

No solid
solution

~o
~
-~
-
-
-
-
-
-
-
-

Almandine Spessartine Grossular Andradite
Fe,AlLSi;0,, Mn,AlSi;O,, Ca,AlLSi;0,, CasFe,Si;0,,



Pyroxene compositions — general
formula

Three main groups:
1. Fe-Mg pyroxenes > 90% of M1+M2 = Fe+Mg
XYZ O 2. Calcic pyroxenes: M2 =Ca>2/3
206

3. Sodic pyroxenes: M2 = Na > 2/3

5 [4]Si&Al

, M(1) - [6]
Mg, Fe, Al, Ti, Cr,
V, Zr, Zn

s M(2) — distorted [6]-[8]
Ca, Na, Li, Mn, Fe, Mg



Pyroxene Quadrilateral

CaSi0; To calculate the proportions:

Ca/(Cat+Fe+Mg)
Fe/(Ca+Fe+Mgq)
Mg/(Ca+Fe+Mg)

Clnopyroxenes

CaMgSi,0Og CaFeSi,0g

Diopside | Hedenbergit

Figeanite \
rae Hyp Elﬂiune“ \1,; Femogjjite w A\
MgSiO3 Orthopyroxenes FeSi0y
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