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Points of Discussion

Standards for Si (silicate vs. glass)
*Coordination Peak shifts?
*Beam damage?
*Charging Effects

| nstrument drift
Beam drift corrections
Intensity drift corrections

. e Spectrometer drift
Volatilization effects

*Na, K Sulfur Peak Shift Mechanisms
T *Peak Shape Changes?
_ *Peak Position Changes?
Water by difference «Variables (time, current)

Matrix correction effects
*\Volatile Correction effects
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Al Kq Peak Shifts

Al Ka Peak Shift Relative to Al-Fe Alloy
coord Iy jineral | Sp1 Ave| Std Dev n Mineral |Sp4 Ave Std Dev | S0
¢ TAlbite -14.2 | 0.7 4] |Albite -18.0 0.7 4
g Microcline 133 | 1.0 8| [Pyrope 165 1.0 i
- Pyrope -12.9 0.9 4| |Anorthoclase -16.2 0.9
. Topaz -12.3 0.7 7| |Alunite -16.2 2.0 p
Gahnite -11.8 0.5 4 |Microcline -15.8 0.8 5
5 Alunite -11.6 1.1 4| |Topaz -15.1 0.5 4
6 Kyanite -11.5 1.2 7| |Plag - An18 -14.9 0.4 6
4 Jadeite -11.3 1.0 4| [Gahnite -14.4 0.7 6
4 |Plag - An18 -11.2 0.3 4 | |Jadeite -13.9 0.5 6
6 Anorthoclase -11.0 0.8 4| [Kyanite -13.8 0.7 6
6+4 [Corundum -10.8 0.3 7| |Corundum -13.4 0.5 644
4 [Sillimanite -10.7 0.3 7| (Sillimanite -12.8 1.0 4
4 |Celsian -8.5 1.0 4| |Celsian -11.7 1.1 4
4 |Plag - An49 -7.5 1.6 4| |An49 -10.3 1.2 4
4 |Anorthite -7.4 0.4 4| |Anorthite -9.9 1.0 4
F Phlogopite -7.0 0.7 7| |F Phlogopite -9.8 1.4

Two independent measurements, very similar trends

From: Fournelle, Al and Si quantitation in routine silicate epma: Maybe not so routine: 2005 Goldschmidt
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Si2 Quartz (80 sec el apsed tine)

ELEM Si Si Si @)
AVER: 46. 672 46.614 46.459 50. 260
SDEV: . 145 . 383 . 327 . 371
VOL% . 346 . 038 .290 -8.022
DEV% .0 .1 .1 .2

23

20 40 60
Sequence Number (~ 30 minutes)

| : .
oo FOr more information see:

Cazaux, 2004



Standazd
Standazd
Sbandazd
Btandlaxd

i

374 rthoclasm HAD- LG
A58 piopwide (Chestesmean)
336 Wepheline (pactial anal.}

- Bample List fmuls-saluct) (dostile-click 1o sap _iﬂ:'-'_:'ru_r:dﬁh:l —_—

o Stmadards [Un 1 *24H-1-1
;.-um U 2 W2 me unk

Ihe 7 CALIEE 1

Btaidlagd 2 A e e e o

standamd 2 ES6r Gtondard Adslgnmants Fo so k. o
nidazd 2 e : |

e 3 Elamemt %Ry : Assigeed Standwmd

Stamlaxd 2 [ns 2 [ 2111 238 Maphobag |pasiial anal) H Cancal |

Stamilaxd 1

Bramlamdl 1 = y50 vislual Siandaesd For Steadand essily Colcisalion faee Asalvcal masul

Standazd K-

Dhata Salectid Samgle(s)

Undainie Selncied Sampledsh

Un 4 206 inrtmnce Stoasard Assignments (" [es] T]mdielaRle] B s <] wlElola ] 210

TakeOff =
Hxmleer of B
Firet/Last

Aversge Tot  Jod

Average al
Average Exo "ﬂ

LL
WRLHIWG- Ux  gng .

| - Un 4 24H-1-1

55

111

3
-
—

oo |

j_ Elemests/Cabons

Toaal Wasght %
I-Bar
Advic Waight
[0z |
12218 [T
"7 WEE
(B 2037
s HL
5 &b
12138 3o

1231 1595

Calcstatian Opsioas

ol [Teoe -l
12139 [E]
1210 1o
1280 7
19 L B
12340 i

Avmrage DAY g & Lnesg
oaygen Calo :
Elsment H 1 Crdoalnte Iarsancas I =, ﬁ_"
| e N A & o
Rawultn imn 33 B ® Lina5g
by ] 2
EPFEL: E E
TERE c =k
AVER: S, ?E o Ling fil
SDEV: g, Tt
ELEH: E -
BN | i -
RS E Vol Elemest Calibation Samp ¢ Lo &1
= fﬁﬂ“ﬂ
Us 1 - Z&H1-1
ELEM: A ? WiG-7 &% unk IF.'H?HB"
1] L 0 CAM-EE 1 .
L] 4o | | | | + Line G2
H0 SHATLT 1 1 ! 1
& a 1o 20 2 40
&2 e et
ol Elapsed Ti e Foam Full i
‘alatlle Coerechns Fa S1ops Costslest
U gimg (S} Csbntins Yilasin Corraclio Pengs Slope of Log Gounts = -7 F8076EE-0F

Mstan| wpEudon-[in|

| Eiicmeot PowaE. | ) Grapher-[208 6| Q) Explomg-Giis . | J-Probs Forvindo. | 1 Al

| Bitsrmphics Sonvar | LEER Vg @ 435 M

Correct for
Na, K loss
and S and
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36% loss 0.6% gain
15 keV, 10 nA, 10 um (linear change regime)










1.1202
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4. 96

1. 1536
. 3080
59. 36

. . 037 . . . . . .
. 065 2B . 010 . 387 . 0E7 . 028 . 005 . 000 . 000
10.8 .4 27.9 16. 2 .5 41.5 223.6  418.3 .0

1.1987 1.2061 1.4303 1.8227 1.2568 1.1983 1.4641 .0000 .0000
.0057 1.0344 .0003 .1323 .7242 .0006 -.0004 .0000 .000O
4.84 370.59 1.42 30.93 77.40 1.46 . 87 .00 .00

Excel Spreadsheet Subtraction Gives ~ 4.7% H20



AVER:
SDEV:
9RSD:;

ZCOR:
KRAW
PKBG
VOL%
DEV%%

. 426
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. 000
.0
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. 203 . 065 . 275 . 010 . 557 . 062 . 064 . 005 . 000
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1.1530 1.1983 1.2092 1.4391 1.8180 1.2625 1.1979 1.4627 .0000
.3114 .0057 1.0276 .0003 .1819 .7242 .0008 -.0004 .0000

60. 00 4.84 369.28 1.43 42.09 77.77 1.58 . 87 .00
1.135 .000 -.658 . 000 36.111 . 000 20.283 . 000 . 000
.2 .0 .0 .0 .4 .0 20. 3 .0 .0

Na, S, K Intensity Over Time Iteration Gives ~ 4% H20
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Water By Difference Matrix Effects

24H-1-1 With Volatile Correction, Water By Difference

Results in Oxide Wight Percents

ELEM CaO K20 FeO Si &2 MO Na20 Al 238 Ti 2 P2Co O HO SuM
58 .414 4,885 .542 T74.776 .039 3.668 12.139 . 030 . 000 . 000 3.506 100.000
59 .441  4.759 . 618 75.464 .036 2.457 12.181 . 195 . 000 . 000 3.849 100.000
60 .426  4.951 .531 74.441 .026 3.848 12.281 . 076 . 000 . 000 3.420 100.000
61 .426  5.239 . 641 74.934 .050 3.058 12.249 . 077 . 000 . 000 3.327 100. 000
62 .438 4.730 . 682 75.149 .051 3.539 12.240 . 048 . 011 .000 3.112 100.000

AVER: . 429 4,913 . 603 74.953 .041 3.314 12.218 . 085 . 002 .000 3.443 100. 000

SDEV: . 011 . 203 . 065 . 285 . 010 . 562 . OEY . 065 . 005 . 000 . 270

98RSD: 2.5 4.1 10. 8 .5 25.7 16.9 .5 75.6 223.6 -104.6 7.9

ZCOR: 1.1241 1.1571 1.2053 1.2156 1.4515 1.8372 1.2731 1.2037 1.4591 . 0000 . 0000

KRAW . 0161 . 3114 . 0057 1.0276 . 0004 . 1821 . 7244 . 0008 -.0004 . 0000 . 0000

PKBG 5.03 60.00 4.89 372.20 1.46 43.35 78.99 1.58 . 87 .00 .00

VOL% .000 1.135 .000 -.658 . 000 36.111 . 000 20.283 . 000 . 000 . 000

DEVY% .0 .2 .0 .0 .0 .4 .0 20.3 .0 .0 .0

Both Na, Si, K Change and Water By Difference Gives 3.4% H20
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Comparison of melt inclusion water contents measured by FTIR in sub-micron
melt inclusion water contents estimated as the difference between 100% and microprobe
analysis totals or “water by difference” (WBD).

Solid diagonal line indicates 1:1 correspondence, dashed line is a linear regression fixed at
the origin. Gray symbols show WBD water content before matrix correction of the analysis

and black symbols show matrix-corrected WBD estimates.
From Roman, 2003



Minimize Analysis Time Using MAN
Background Corrections

e SaveTime! (t=39)

s  Avoid Off-Peak
o
~ g Interferences

10 15 Z-ba:ﬂ 24 a0 o Spectrometer

Intercept = -5.4054 Slope = 1.63025 Curvature = ~02091 HRel Z Deviation = 1.852029 ReprOdUCI bl I |ty

Chck Channel Row to Plot MAH Fit 1 1 Standards [multi-zelect] | Update after

Chann|Eleme|®-R ap|Spect|Crysta|0rder |Ahsl:c - 305 Labradorite [Lake Co.] ﬂ cl‘_ianging
1 ca ka 2 PET [2nd Yes 342 Sodalite [Ingamells) i

345 Hornblende MMhb-1 <
2 k ka 2 PET : 358 Diopside [Chesterman] Hodats Ea . .
i e I P 7 7 * Beam Sensitive
4 ki ka 3 LIF |2nd Yes 374 Orthoclaze MAD-10 Defaultz
5 na ka 1 TAP (2nd Yes 395 Hagnetile U.C. #3380
3 al ka 1 TAP |2nd Ye:lj 396 Chromite [UC # 523-9 mpl %
d | | : v Comect for Continuum Absorption (114

[~ Force Straight Line Fit
- TakeOFf Ke¥

Heluns |02 ®¥ 120 Plot Last MAN Set Dnly Cancel

e Quantitative Imaging



eSpectrometer Reproducibility
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Sulfur In Silicate Glasses

 Sulfur occursin both oxidized (sulfate - S°*) and reduced
(sulfide - S*) formsin natural silicate glasses

o Spectroscopic (MXANES) evidence suggests that sulfite
(S*) may also be present, but only about 15% of total

sulfur

 Thewavelength of SKa radiation in glass changes as a
function of the mean oxidation state of sulfur

Kucha, 1989
Wallace, 1994
Brown, 1999
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Does the peak shape change also?

VG-2 glass S analysis (spectrometer re-peaked on each standard)

Primary Std

Anhydrite:

Pyrite:

Pyrrhotite:

Pyrrhotite:

Pyrrhotite:

S weight percent (15 kev, 10 sec)
. 14452

. 14470

. 13285 (assuned 50/ 50)

. 14968 (Fe(1-x)S, where x=0.17)

(from web dat abase)

. 14472 (Fe(1l-x)S, where x=0.13)

(from EPMA anal ysis of actual standard)



Analysis Conditions

Operating conditions: 15 kV accelerating voltage, 25-30 nA beam
current, 10 mm beam diameter

PET crystal

Spectrometers. moved through atotal range of 0.005 sin g unitsin 100
steps of 0.00005 sin g units per step

Counting time: 20-40 s per step for glass samples; 5-10 s for standards

Pitfalls

L eaving the electron beam in a single spot longer than about 15
minutes causes an 'apparent’ increase in DI (SKa), I.e., oxidation

Therefore the electron beam must be moved to a new spot after each
step in the scan



Suggestions for Improved Accuracy

«Standards (use glass for glass)
*Matrix effects of H20 (iterated re-calculation)

*Re-peaking vs re-standardizing (drift corrections and
reproducibility)

*MAN backgrounds for speed (minimize damage)
|ntensity changes over time (“volatile” corrections, matrix effects)

*Acquisition parameters (keV, beam focus, current: linear regime)



