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Disclaimer

IN NO EVENT SHALL PROBE SOFTWARE BE LIABLE TO ANY PARTY FOR DIRECT,
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, INCLUDING
LOST PROFITS, ARISING OUT OF THE USE OF THIS DOCUMENTATION, EVEN IF
PROBE SOFTWARE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

PROBE SOFTWARE SPECIFICALLY DISCLAIMS ANY WARRANTIES, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THIS DOCUMENTATION PROVIDED
HEREUNDER IS ON AN "AS IS" BASIS, AND PROBE SOFTWARE HAVE NO
OBLIGATIONS TO PROVIDE MAINTENANCE, SUPPORT, UPDATES,
ENHANCEMENTS, OR MODIFICATIONS.

Conventions Used in this Guide

The following conventions are used in this document; Menu Commands and Dialog Box
(Windows) Names and buttons are bold-faced whenever they occur in the text. Dialog Box
Options are italicized and FILE NAMES are capitalized.

Several tips for saving time/steps include:

Context sensitive HELP is available in any window by pressing the F1 key.

Pressing <Enter> (or <Return> <+ > on international keyboards) on the keyboard is identical to
clicking the OK button.

Pressing the <Esc> key on the keyboard is identical to clicking the Cancel command.

To select a range of items in Multi-Select list boxes, click on the first item, move to the last and
hold the <Shift> key down while clicking on the last item.

To select individual items in Multi-Select list boxes, hold down the <Ctrl> key down while
clicking on the item.

De-select items in Multi-Select list boxes by holding the <Ctrl> key down and clicking the item.



Introduction

PROBE FOR EPMA is a very versatile and powerful acquisition, automation and analysis
package for WDS and EDS electron microprobe analysis running under Microsoft Windows
operating systems.

One of the strengths of PROBE FOR EPMA is the wide variety of options and features for many
different tasks that are available to the probe operator. The aim of this manual then is to
document some of the more advanced features usually skipped over in an introductory text. And
as always, the path taken to cover a feature may not be the only avenue to approach the subject.

This manual was originally produced on the Washington University (Earth and Planetary
Sciences) JEOL 733 Superprobe equipped with three wavelength dispersive spectrometers and
updated using PROBE FOR EPMA in demo mode in the configuration of the Cameca SX100 at
University of Tasmania.



Element Setups

Individual element analytical configurations for a specific element, x-ray, spectrometer, and
diffraction crystal may be saved to the SETUP.MDB database for use in creating new sample
setups within a probe run, for use in future runs or for documentation and performance
evaluation purposes. The example below will illustrate how to create element setups from within
a typical eight-element olivine routine and store them in a new SETUP.MDB database.

Open a new PROBE FOR EPMA run in the usual manner. From the Acquire! window, create a
new unknown sample from the New Sample dialog box, then click the Elements/Cations
button. Next, enter the elements of interest into the Acquired and Specified Elements window
in the usual manner. Below is the completed Acquired and Specified Elements window after
the entry of all seven elements plus oxygen.

'Acqmred and Specified Elements

Selected Samples
Cancel
Un 1 = —

olivine setup

Load Element Setup

[ Load Sample Setup

Add/Remove Standards

Reload Standard Assignment

Read cunent setup from MOVE window

Hgll [c7 [c Sl =
' ka ka ka ka ka

| —Chick Element Row to Edit Element/Cations Parameters [click empty row to add)

Channel Element X-Ray |Acquited  [Spectro [Crystal |On-Peak -

1 ka Yes 4 TAP 27738.0 .
2 Ti ka Yes 3 LPET 314300 '
3 Al ka Yes 4 TAP 32463.0

4 Fe ka Yes 5 LLIF 48085.0

5 Mn ka Yes 5 LLIF 52202.0

6 Mg ka Yes 1 TAP 38502.0

7 Ca ka Yes 2 PET 38387.0

8 1] No

Go through the calibration process; find new peak positions and standardize to acquire intensity
data on each standard. Normally one should save the element setup of an element that is
assigned as the standard for that element. This is done because in that case the x-ray intensity
data, P/B data, PHA parameters, and other information will also be saved in the SETUP.MDB
database. This information is very useful for documentation and evaluation purposes.



After completing the calibration and standardization process, open the Analyze! window.
Choose the element setup to be stored and highlight the standard (calcium in clinopyroxene, in
this example).

*#* Analyze! EM

- Sample List [multi-select) [double-click to see intensity data) - | KB & Combine Selected Samples
Analyze Raw Data :
ICEIE L LE (I St 602 Sel 1 Clinopwioxene, Delegate [UTAST bl | >>Exce Combine Analysis Lines From
" Unknowns St 533 5et 1 Rutle [4stimex block) 7 List Standard Calculation Dpti Selected Samples
C Wovmea |3 8262 1 mabtilitmunin] | | Ui | Coloton oo | i
" All Samples 1 Ne ek i Hoat 2 Selected Samples
P St 529 Set 1 Marcasite [Astimex block) E | [T [ Pause Belween Samples Report ——
Select All St 524 Set 1 Hematite (Astimex block) [~ Use All Matix Conrections Sort Stat and Data Grids By
Add To St 660 Set 1 Quartz (UTAS3 block) ; Geological/Atomic Number
Setups St 5705t 1 Cr metal (Cameca block] || Disable Selected Samples) | MatcH
e St 509Set 1 Bustamite (Astimex block) Enable Selected Sample(s) [~ DoNot Output To Log
Save Setups St 607 Set 1 Olivine, San Carlos, USNM111312/44 ~ 3 =
— Combined Conditions |

Combine the Selected Samples
into a New Sample

Search For Remove
Total Oxygen e : ’Shaled" Bgds| "Shared" Bgds
Calculated Oxygen Z-Bar Boundary C

| Excess Oxygen Atomic Weight eate Material File

Co [ \ [ [ \

Standard Assignments | Specified C ions

Namefl)escriplion| Conditions

Disable Selected Line(s) | Enable Selected Line(s) | Analyze Selected Linefs) |

Cq | | \ | | \ |

>

Cancel Next |

Click the Elements/Cations button.




This opens the Analyzed and Specified Elements window.

-Analyzed and Specified Elements

—Selected Samples

Cancel

St 602 Set 2 Clinopyroxene. Delegate [UTAS1 block]

Save Element Setup

sossaansnissssissssansasnrnind

Add/Remove Standards

Heload Standard Assignments

Hemove TDI Correction

1‘2’3]4‘5‘6

— Click Element Row to Edit Element/Cations Parameters [click empty row to add)

Channel Element X-Ray |Analyzed  |Cations |Oxygens  |Off-Peak  »
1 ka Yes 1 2 Linear [
2 Ti ka Yes 1 2 Linear

3 Al ka Yes 2 3 Linear

4 Fe ka Yes 1 1 Linear

5 Mn ka Yes 1 1 Linear

6 Mg ka Yes 1 1 Linear

7 Ca ka Yes 1 1 Linear

8 0 No 1 0

Click the Save Element Setup button.



The Element Setup Database opens.

Element Setup Database -

— Element Setup Data From SETUP.MDB Database
Current Sample:

gtlfgf'ffltnz 3'?‘?‘?&""“’“9“9- I Nl 4 I Data Cursor P | M || Delete from Database |

Enter Search

Sika Spectio 4 TAP (27738.( El t>> | |
Ti ka Spectro 3 LPET (31430 e
Al ka Spectio 4 TAP (32463.(
Fe ka Spectio 5 LLIF 48005 11T e/ Ca sy I | ! |
Mn ka Spectio 5 LLIF (52202 | Spec/Crystal/2d [ [ | |

Mg ka Spectro 1 TAP [38502.

Ca ka Spectro 2 PET [38387.

0 (specified)

User Name

Sample Name

Date - Time

I
I
I
Probe Data File |
I
I
I

Double click Analyzed Element List to

see Element Setups On/Hi/Lo Pos

BgdType/Offset

<< Add to Sample

S-Hi/Lo/Exponen | |
Delete from Sample BaseNinIGainiBies[ I | |
| Delete &l Elements From Sample ReVANO/DTDIEE ' I I I
: Standard Intensity Data
Add To Database >> Std/PeakToBgd | |
= On/Hi/Lo sec | | |
Load Standard Intensity Fram
Database To Current Run On/Hi/Lo cps | | |
_ Beam/Abs cument | |
Stage Position | | | |
i+ SETUP.MDB (" SETUP2.MDB (MAN])  SETUP3.MDB (Interf.) Import | Export |

~Wavescan and Peaking Parameters
Wavescan Hi/Lo/Points/Time | | | |
Peakscan Hi/Lo/Points/Time | | | |
Start/Stop/PB /Count/Attempts | | | | |

Highlight the specific element to save and click the Add To Database>> button.



Record number 1 has been stored as illustrated below. Note that the Standard Intensity Data and
Wavescan and Peaking Parameters are stored as well.

Element Setup Database

— Element Setup Data From SETUP.MDB Database
Current Sample:

St 602 Set 2 Ch 2 1
p “’"Thm":‘?ff:‘:"e“e | I4| 4| Data Cursor » | Dl || Delete from Database
Enter S h
Sika Spectio 4 TAP (27738.0 |  Element 5> [Total Records = 1
Tika Spectio 3 LPET (31430
Al ka Spectlo 4 TAP !32463.[ Elem/01der/Cat0xd
Fe ka Spectio 5 LLIF (48085, | o oraer/Catxd (€2 ka I o
Mn ka Spectro 5 LLIF (52202 | Spec/Crystal/2d
Mi ka SEectro 1 TAP |385l]2. P Y 2 PET B.75 1.000144
Ca ka Spectro 2 PET [38387. User N
D (specified) ser Name |[Karsten Goemann
Sample Name |Clinopyroxene, Delegate (UTAS1 block)
Date - Time [1470372013 18:15:19
Probe Data File |IC:\Probe Software\Data\Dlivine.MDB
Double click Analyzed Element List to :
see Element Setups On/Hi/Lo Pos |38387 139237 |37587
BadType/Offset B
<cAddto Somple gdliype/Ulise IOFF |LIN 1850 |-800
S-Hi/Lo/Exponen [ i [
Delete from Sample Base/Win/Gain/Bias|).56 14.99 1868 11843
KeV/TO/DT/DIFF 15 |40 |0.000003 (1]
Standard Intensity Data
Add To Database >> Std/PeakToBgd 1602 1168.9263
On/Hi/Lo sec
Load Standard Intensity From o 5 15
Database To Current Fun On/Hi/Lo cps 12385.24 15.28 12.96
_ Beam/Abs current  [20.23494 o
Stage Position -14103 |-29391.8 |96.6 (1]
f+ SETUP.MDB (" SETUP2.MDB (MAN) ¢ SETUP3.MDB (Interf.) Import | Export |

Wavescan and Peaking Parameters

Wavescan Hi/Lo/Points/Time |44366.91 |41151.09 {100 5
Peakscan Hi/Lo/Points/Time {39706.89 137067.11 |50 |8

Start/Stop/PB/Count/Attempts [38.31945 [3.831945 5 (10 |30

Click the Close button. The Analyzed and Specified Elements window reappears. Click the
OK button. The Analyze! window returns.

The other element setups from this calibrated and standardized run or other probe runs may be
entered into the database in a similar manner for future use.



The Save Setups button in the Analyze! window will allow the user to save all element setups in
the selected sample (highlighted in the Sample List) to the element database (SETUP.MDB).

To recall an element setup from the SETUP.MDB database for a new sample setup follow the
procedure outlined below. Open a new PROBE FOR EPMA run. This process will also be
applicable if the user simply wants to add an element to an existing sample setup. This example
will illustrate recalling elements from the database for the setup of a new pyroxene run.

From the Acquire! window, click the New Sample button.

*# Acquire! L
SP1 SP2 SP3 SP4 SP5 X A Spectro Progress
I 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP b5-LLIF Faraday
| .00 .00 .00 .00 .00 1l
[ . " : . .000000 &
Curent Sample: [Un 6 = olivine setup
Start Standard or Unknown Acquisition
|Normal Acquisition Unknown
Data Rows: 0 |Good Data Rows: 0 Start Wavescan n ?ﬁ%-lgggg 1&0205088
px 0 0
PHA Acquisition Options Peaking Options Magnification 2533
Elements/Cations Peak/Scan Options Special Options Start Peaking Beam Made [Analog Spot
Kilovalts | 15
Analgtical Conditions Count Times Stage Imaging Beam Cunent [ 100
Beam Size 0
Combined Conditions Standard Assignments Locate Move |




This opens the New Sample window. Edit the New Sample Name text field.

‘New Sample

~MNew Sample Type
(" Standard

Cancel

Load Element Selﬁps

Loaa SampieTSetup

f* Unknown

" Wavescan

| Load File Setup
Add/Bemove
i Standards

Load Multiple Setup

Mote that a new standard sample element setup is bazed by
default on the last unknown sample in the un. To change the
analyzed elements in a run, either click one of the Load Setup
buttons above or first create a new unknown sample and then

make any necessary changes to the element setup.

N P |
Load Wavescan From &nother Probe Hun |

New Sample Name

Ipylo::ene setud

New Sample Description Add <er> |

|
' -
|

-

' To add standards to the standard list below, cancel this dialog,
then click the Standard | £dd Standards to Fun menu item from |
the main menu.

| [371 Wollastonite UNE (B5) R
| 509 Bustamite [Astimex block])

| | 524 Hematite [Astimex block)

529 Marcasite [Astimex block]) l
539 Rutile [Astimex block)

570 Cr metal |Camec:a hlnckl

m

Click the Load Element Setups button in the New Sample window.

10



This opens the Element Setup Database.

Element Setup Database

Element Setun Data From SETUP.MDB Database
Current Sample:
Un 2 *pyroxene setup | |4| 4| Data Cursor b | M|} Delete from Database |
Elment ) |Total Records = 93
Elem/Order/CatOxd [Mg [ka 11 i i
Spec/Crystal/2d n |TAP |25.745 |0.00218
User Name |[Karsten Goemann
Sample Name [Olivine, San Carlos, USNM111312/444
Date - Time 12471072012 16:03:36
Probe Data File |D:\ProbeD ata\Methods\Routine_calibs_15k¥_
Double click Analyzed Element List to -
see Element Setups On/HifLo Pos 138499 139399 137599
BadT /0ffset g
CERN b S ol gdType/Offse IOFF |LIN 1900 1-900
S-Hi/Lo/Exponen  [1.23 n il
Delete from Sample Base/Win/Gain/Bias|0_56 |4.99 12874 11328
KeV/TO/DT/DIFF |15 |40 |0.000003 0

Delete &ll Elements From Sample

Standard Intensity Data

Add To Database >> Std/PeakToBgd |607 {174.9937
On/Hi/Lo sec [10 |5 5
On/Hi/Lo cps [6681.26 [28.96 474
_ Beam/Abs current  [20.108 |0
Stage Position |-11395.6  |-343306 |91 |0
(+ SETUP.MDB (" SETUP2.MDB (MAN) ( SETUP3.MDB [Interf.) Import | Export I

—Wavescan and Peaking Parameters -

Wavescan Hi/Lo/Points/Time |148308.57 144411.43 1100 5
Peakscan Hi/Lo/Points/Time |40209.62 |36788.38 |50 8
Start/Stop/PB /Count/Attempts |54.82761 |5.48276 5 10 130

Scroll through the list of elements (records) and find the desired element and setup using the data
cursor. Use the left, right arrows (top, center) to move through the database. To see all the
setups for a particular element, enter the element symbol into the Search Element text field and
use the arrow keys as before. To see all element setups again, simply clear the Search Element
text field. To view the most recent addition(s) to the SETUP database, click the [ button on
the data cursor.

11



Here, the user browses through the records and selects the appropriate silicon (si) entry as the
first element setup to load. The output list order of elements will follow this list.

Element Setup Database

Element Setup Data From SETUP.MDB Database
Current Sample:

Un 2 = pyroxene setup

Delete from Database I

Enter Search

Elomont 5 |Total Records = 93
Elem/Order |ka Il L |2
Spec/Crystal/2d 4 |TAP |25.745 |0.00218
User Name |Karsten Goemann
Sample Name |Clinopyroxene, Delegate (UTAS1 block)
Date - Time 11470372013 14:42:16
: Probe Data File |D:\ProbeD ata\Methods\Routine_calibs_15kV.
Double click naI_uzedEIeent List to On/Hi/Lo Pos 27738 28538 26938

BgdType/0Offset E

cc Al Sannie galyp se |OFF |LIN {800 -800
S-Hi/Lo/Exponen |1 i [1

Delete from Sample Base/Win/Gain/Bias|0.56 14.99 2100 1317
KeV/TO/DT/DIFF 15 |40 |0.000003 (1]

Delete &l Elements From Sample

Standard Intensity Data

Add To Database >> Std/PeakToBgd  [g02 [210.7927
Ry e On/Hi/Lo sec 10 5 5
stabase To Current Rur On/Hi/Lo cps [7678.125 [323 [40.55
_ Beam/Abs current  [20.05442 [0
Stage Position |-14221 |-29404.25 |96 |0
* SETUP.MDB (" SETUP2.MDB (MAN) (" SETUP3.MDB (Interf.) Impot | Expot |

—Wavescan and Peaking Parameters

Wavescan Hi/Lo/Points/Time |48283.36 |44410.64 (100 5
Peakscan Hi/Lo/Points/Time 129740.39 |25735.61 {50 |8
Start/Stop/PB/Count/Attempts |64.59314 |6.459314 5 [10 |30

Click the << Add to Sample button to add the element setup to the current sample.

12



The Element Properties window for silicon appears.

Element/Cation Properties

Enter Element Properties For: Si ka 1 -Background Type [note that Background Type can differ for standards and unknowns]
Element X-Ray Line Bragg Order Cations / Dxygens - Background Type Dfif-Peak Entry

[E =] [ka =l EHeh Eli E Concel | L BV —  Absolute Position

& WDS Setx-ray line blank for unanakyzed  MAN | Help | & Relative Difset
~ EDS elements (specified, by difference, etc) Charge: Delete
4 [~ Disable Acq
[~ Disable Quant — DIf Peak Correction Type
WDS Spectrometer Parameters @ Linear " Average " High Only " Low Only
Spectrometer Crystal On-Peak High Off-Peak Low Dff-Peak “E 5 1.0000 Posibion1 Posibion2 Position3
s ~| [TaP ~| [277380 | 800000 | -s00.00 : [ .ooo000 | ooooon | _oooooo
" Slope [Hi)  [1.0000 " Polynomial Cosffl Cocft? Coeif3
Bopek dudivies Buy -] Biby Desime b " Slope [Lo)  [1.0000 0 | .ooooo0 [-oo0000 [ oo00DOO
| 56 |4.93 |2100.00 = [1317. [3.00 : = . :
Slculate Empirical ‘ Sht Size: St Position Detector Mode  Multi-Paint Acquire Low lterate Low Acquire High  Iterate High
[~ Use Differential PHA Mode | =1 =l =l [ a B =] [ a [z =]
Fit Type
o S c : = k) = Lineiar & Low Multi-Point Positions High Multi-Point Positions
T[14628m -] <f146280 T[1462699 ~| <[1462699

J 581 8 55 L S | ) S . e

Hi Dif-Peak Interferences Low DifPeak Inieiferences | I Check AllInterfering Elements ! |
N8 TS5 1T LS S | U 1 L8 [ [ S S S S TS TS T fE S 8 8 T

Integrated Intensily Scan
ru Initizl Step Size Mirimumn Step Size Specified APF
se
. r | 41.3m19 | 10.3295 | 1.00000

Edit if required, then click the OK button to accept these values.
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The silicon record is then listed in the text field under the previously defined sample name.

‘Element Setup Database

-Element Setup Data From SETUP.MDB Database
Current Sample:

lUn 2 * pyroxene setup | |4| 4 | Data Cursor P | 2] ||1 Delete from Database
Enter § h
Wl Si ka Spectio 4 TAP (27738, (NI et i [Total Records = 93

Elem/Order/CatOxd [Sj [ka 1 i |2
Spec/Crystal/2d |4 |TAP |25.745 |0.00218
User Name |[Karsten Goemann
Sample Name |Clinopyroxene, Delegate (UTAS1 block)
Date - Time {1470372013 14:42:16
Probe Data File |D:\ProbeD ata\Methods\Routine_calibs_15k¥

Double click Analyzed Element List to

see Element Setups On/Hi/Lo Pos |27738 128538 |26938
BgdType/Offset 2
<< Add to Sample QCRypa/Ues [oFF JLIN |soo |-800
S-Hi/Lo/Exponen |1 i (I
Delete from Sample Base/Win/Gain/Bias|0_56 |4.99 [2100 317
KeV/TO/DT/DIFF |15 |40 |0.000003 (1]

Delete All Elements From Sample

Standard Intensity Data

Add To Database >> Std/PeakToBgd {602 {210.7927
o On/Hi/Lo sec {10 |5 5
QD5es To Gt Bt On/Hi/Lo cps [7678.125 B23 [40.55

_ Beam/Abs current  [20.05442 0

Stage Position |-14221 |-29404.25 |96 (]
« SETUP.MDB (" SETUP2.MDB (MAN) ¢ SETUP3.MDB (Interf.) Import | Export

~Wavescan and Peaking Parameters

Wavescan Hi/Lo/Points/Time |{48283.36 |144410.64 (100 5
Peakscan Hi/Lo/Points/Time [29740.39 |25735.61 |50 8
Start/Stop/PB/Count/Attempts [64.59314 |6.459314 5 10 130

Continue browsing the element setup database and add all required element setups desired to the

sample.
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A typical pyroxene element setup list is shown below.

Element Setup Database

Element Setup Data From SETUP.MDB Database

Current Sample:

IU“ 2 * pyroxene setup | H| 4 | Data Cursor p N||2 Delete from Database
Enter Search

Si ka Spectio 4 TAP [27738.( Element >> |[3 |Total Records = 93

Tika Spectro 2 LLIF (682401

Al ka Spectro 4 TAP [32464.(

Cr ka Spectio 2 LLIF (56851.1 | C'e™/Order/CatOxd |k ka i 2 i

Fe ka Spectro 5 LLIF (48085. | Spec/Crystal/2d [3 [LPET [8.75 [0.000144

Mn ka Spectro 5 LLIF (52203
Mg ka Spectro 1 TAP [38499.

Ca ka Spectro 3 LPET (3838; User Name [Karsten Goemann
Na ka Spectro 1 TAP (46352. - -
K ka Spectro 3 LPET (42768 Sample Name [Microcline (UTAS3 block)
Date - Time {1470372013 18:24:09
Probe Data File |D:\ProbeD ata\Methods\Routine_calibs_15kV.
Double click Analyzed Element List to On/Hi/Lo P
Bl St n/Hi/Lo Pos 42768 43468 42068
BgdType/Offset g
<2 Add'to Sample gdlype sel |OFF |LIN {700 -700
S-Hi/Lo/Exponen |1 il 1
Delete from Sample Base/Win/Gain/Bias|0.56 14.99 873 |{1845
KeV/TO/DT/DIFF 15 |40 |0.000003 o

Delete All Elements From Sample

Standard Intensity Data

Add To Database >> Std/PeakToBgd  [g56 126.6787
On/Hi/Lo sec fo |5 5
On/Hi/Lo cps [468458 |45.68 [28.28
_ Beam/Abs current  [20.22976 (1]
Stage Position |-8285.2  [24214.4 |85 ]
* SETUP.MDB ¢ SETUP2.MDB (MAN) (" SETUP3.MDB (Interf.) Impot | Expot |

—Wavescan and Peaking Parameters

Wavescan Hi/Lo/Points/Time |44369.85 |41154.15 {100 |5
Peakscan Hi/Lo/Points/Time (4401255 [41511.45 (50 8

Start/Stop/PB/Count/Attempts 136.30633 {3.630633 |5 ] 130

Click the Close button when finished. The New Sample window reappears.
Click the OK button, returning to the Acquire! window. Don’t forget to add oxygen as a

specified element to the list for stoichiometry and other calculations. Note specified elements
cannot be saved to the SETUP.MDB database.

15



Sample Setups

Normally, PROBE FOR EPMA uses the sample setup from the last unknown (or standard if
there are no unknown samples) to create the next new sample setup. Sample setups on the other
hand are designed to allow the user to easily recall a previous sample setup within a current run.
This allows the user to create and re-use multiple setups comprised of different groups of
elements within a single run. In the example below, sample setups for pyroxene and olivine will
be created, each with a different set of elements and conditions, that may be recalled at anytime
during the current probe run.

The saving of a sample setup actually saves only a pointer to the sample selected. All of this
sample’s acquisition and calculation options, elements/cations, standard assignments, etc will be
utilized when a new sample is created based on this sample setup.

A new PROBE FOR EPMA run is opened in the usual manner. Ten elements and appropriate
standards for pyroxenes are loaded from the SETUP.MDB database and the STANDARD.MDB
database, respectively. Each element is then calibrated and standardized. Count times,
acquisition and calculation options are adjusted to optimize the analyses and output
requirements.

16



To save the just calibrated pyroxene sample as a sample setup, start by clicking the Add To
Setups button from the Analyze! window.

= Analyze! =] B

Sample List [multi-select) [double-click to see intensity data) |

P ‘ Raw Data Combine Selected 5amples
" Standards gt ggg gel I g;hr;l; BrazELJbSNM145EIBS3 lHTAggZ[ ” i _ »>kxcel Combine Analysis Lines From
 Unknowns t et gioclase radorite NM11 List Standard . . Selected Samples
~ Wavescans |3t 5295et 1 Marcasite (Astimex block) Inteneitics | Calculation Options B o
& All Samples St 524 Set 1 Hematite [Astimex block) I Selected Samples
2 1 Quartz UTAS3 block) E| | [T [ PauseBetween Samples Report
1 Cr metal [Cameca block) | . Sort Stat and Data Grids By
1 Bustamite [Astimex block) LS I_ sE o ek Orle NS Geological/Atomic Number
1 Qlivine, San Carlos, USNM111312/44 Disable Selected Sample(s) alct
2 Clinopyroxene, Delegate (UTAST bloc Enable Selected Sample(s) |7 DoMNotDutput Ta Log
Combined Conditions |

Combine the Selected Samples
into a New Sample

Standard Assigmnemsl Specified Etlm:enllal'mn:l NamalDescliplinnl Conditions |

Search For
"Shared" Bods

Hemove
“Shared" Bods

) a Total Oxygen | aje.
| Calculated Oxygen Z-Bar

Excess Oxygen Atomic Weight 3| File
Co I I I I I I

Disable Selected Line(s) I Enable Selected Line(s) ] Analyze Selected Line(s) l

Co [ I [ I I [ I

| »

Cancel | Mext |

To review the saved sample setup, click the Elements/Cations button.
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The Analyzed and Specified Elements dialog box appears.

'Analyzed and Specified Elements

—Selected Samples

Un 2 * pyroxene setup

Cancel

Save Element Setup

i Save Sample Setup

........................................................................................

Add/Remove Standards

Reload Standard Assignments

Remove TDI

Correction

1‘23‘45‘6

~Click Element Row to Edit Element/Cations Parameters [click empty row to add)

Channel Element

Ti
Al
Cr
Fe
Mn
Mg
Ca
Na
K
0

ek (D00 D W N =

-0

X-Ray |Analyzed  |Cations |Oxygens  |Dff-Peak
ka Yes 1 2 Linear
ka Yes 1 2 Linear
ka Yes 2 3 Linear
ka Yes 2 3 Linear
ka Yes 1 1 Linear
ka Yes 1 1 Slope [Hi)
ka Yes 1 1 Linear
ka Yes 1 1 Linear
ka Yes 2 1 Linear
ka Yes 2 1 Linear
No 1 0

~

(3

Click the Save Sample Setup button.
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The Sample Setup Selection window opens.

lSample Setup Selection

—Available Sample Setups Sample Setup Description

13 pyroxene setup |py fONone et

<< Add To Sample Setups

Un 2 pyroxene setup

TO = 40, Ke¥ = 15, Beam = 20, Size = 2
[(MagAnal = 2533.), Mode = Analog Spot
(MagDef = 2533. Maglmag = 2533)
Image Shift [X.Y):

-2.00, 3.00

Ti ka Spectro 2 LLIF [68240.0)
Al ka Spectro 4 TAP (32464.0)
Cr ka Spectio 2 LLIF (56851.0)
[~ Load Sample Setups In Reverse Order :'8 ia %DECttIO SSLLLI]IFF [[45%02305?; %]]
When running combined multiple sample setups, X0 SPAcHD ;
the program will base the first column condition on Mg ka Spectro 1 TAP (38439.0)

- e - Ca ka Spectro 3 LPET (38387.0)
the condition specified for the first element on p
spec?romeler e Na ka Spectro 1 TAP (46352.0) S

Cancel |

All saved sample setups are listed in the Available Sample Setups section. Note: the first number
(13) represents the sample’s row number and can be seen listed using the Run | List Sample
Rows, Names, Conditions menu.

Delete Selection(s) From Sample Setups

Clear Sample Setup Selection(s)

Use the Delete Selection(s) From Sample Setups button to remove sample setups if desired. If
the sample setup has not been saved yet, it can also be saved here by clicking the << Add To
Sample Setups button. Before adding the sample setup, edit the Sample Setup Description text
box to change the name as desired.

Click the OK button, returning to the Analyzed and Specified Elements window.

Click the OK button of the Analyzed and Specified Elements window returning to the
Analyze! window.
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Return to the Acquire! window to create a new sample.

s Acquire! lﬂ‘_&

SP1 SP2 SP3 SP4 SP5 X ' Z Spectio Progress
| 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500

1-TAP 2-LLIF 3-LIF2 4-TAP 5-LLIF Faraday
| .00 .00 .00 .00 .00 1
I : - : : : .000000 -

Current Sample: |Un 6 * olivine setup

Start Standard or Unknown Acquisition i

|INormal Acquisition Unknown

/| [Data Rows: 0 |Good Data Rows: 0 Start Wavescan

300.000 1125.00
um AIZIIIIEEIDI] ,IJI]DDDUEI

px
PHA Acaquisition Options Peaking Options Magrification [ 2533
Elements/Cations Peak/Scan Options Special Options Start Peaking BgarnMude Analog Spot
Kilovolts 15
Analytical Conditions Count Times Stage Imaging Beam E!.wlent 100
s - Beam Size 0
Combined Conditions Standard Assignments Locate Move

Click the New Sample button.
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Edit the New Sample Name text field. Here, the user will establish an olivine sample setup.

‘New Sample

~MNew Sample Type
" Standard

Cancel

Load Element Setups

Load File Setup

* Unknown

" Wavescan

Add/Remove
Standards

Load Multiple Setup

MNaote that a new standard sample element setup is based by
default on the last unknown sample in the run. To change the
analyzed elements in a run, either click one of the Load Setup
buttons above or first create a new unknown sample and then

‘ make any necessary changes to the element setup.

New Sample Name

|olivine setup

1
| New Sample Description Add <er> I

‘ A

To add standards to the standard list below, cancel this dialog,
| then click the Standard | Add Standards ta Bun menu item from |
the main menL.

| [ 210 Rutile TiD2 P&H (B13) '

| »

310 Fayalite Rockport NMNH 85276 [J15) |
311 Dlivine San Carlos NMNH 111312-44 (J14) |
334 Gahnite Brazil NMNH 145883 [112) ;
371 Wollastonite UNE [B5)

509 Bustamite [Astimex block)

524 Hematite [(Astimex block]) v

|- m

Several paths may be taken from here to load new elements for the olivine sample. To enter an
entirely new list of elements and parameters it might be easier to click the OK button and follow
the Element/Cations button of the Acquire! window to the Element Properties dialog.

If (as in this example) only minor changes to a sample are required then from the New Sample
window, click the Load Element Setups button.
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The Element Setup Database opens.

Element Setup Database

Element Setup Data From SETUP.MDB Database
Current Sample:

IU“ 3 * olivine setup | N[ 4 | Data Cursor p | N”1 Delete from D atabase
Enter S h
Sika Spectro 4 TAP [27738.( E|::ne:ta;i |Total Records = 93

Ti ka Spectro 2 LLIF [68240.1
Al ka Spectro 4 TAP (32464 .(
Cr ka Spectro 2 LLIF (56851 )ttt LI L n_s
Fe ka Spectrio 5 LLIF (48085. | Spec/Ciystal/2d ] [TAP [25.745 [0.00218

Mn ka Spectio 5 LLIF (52203
Mg ka Spectio 1 TAP [38499.

Ca ka Spectro 3 LPET (3838; User Name KKarsten Goemann
MNa ka Spectro 1 TAP (46352. —
K ka Spt?(.:tlﬂ 3 LPET l‘2753 sample Name [OII?IHB, San CEIIOS, USNM111312/444
0 (specified) Date - Time 2471072012 16:03:36
Probe Data File |D:\ProbeD ata\Methods\Routine_calibs_15kY.
Double click Analyzed Element List to On/Hi/Lo P
see Element Setups Ll 138499 139399 137599
BadT /0ffset T
¢ Add In: Samule gdType/Offse! |OFF |LIN /900 |-900
‘ S-Hi/Lo/Exponen [1.23 i n
Delete from Sample Base/Win/Gain/Bias|0.56 |4.99 {2874 1328
I . KeV/TO/DT/DIFF  [i5 [40 [0.000003 0

Delete All Elements From Sample

Standard Intensity Data

Add To Database >> Std/PeakToBgd |607 [174.9937
] On/Hi/Lo sec [10 5 |5
: On/Hi/Lo cps 6681.26 28.96 47.4
_ Beam/Abs current 20108 1]
Stage Position |-11395.6 |-34330.6 |91 0
+ SETUP.MDB (" SETUP2.MDB [(MAN) ( SETUP3.MDB [Interf.) Import | Export I

—Wavescan and Peaking Parameters

Wavescan Hi/Lo/Points/Time |48308.57 144411.43 noo |5
Peakscan Hi/Lo/Points/Time 140209.62 136788.38 |50 8
Start/Stop/PB /Count/Attempts |54 82761 5.48276 5 110 130

Edit the previous pyroxene list, in this example chromium, sodium, potassium are eliminated
from the list by highlighting each element and clicking the Delete from Sample button. If
additional elements are required, recall them at this time (nickel is added in this example).
Manganese is moved to a different spectrometer (by deleting and adding) to balance counting
times.
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After editing, the window appears as below.

Element Setup Database . -4
Element Setup Data From SETUP.MDB Database

Current Sample:

' lU" 3 * olivine setup | |4| 4 | Data Cursor P | 4] II1 Delete from D atabase
l Enter Search
Si ka Spectro 4 TAP (27738.( Element >> Ni |Total Records = 93
Tika Spectro 2 LLIF (68240.1
Al ka Spectio 4 TAP (32464.( =
Fe ka Spectio 5 LLIF (48005, I[I= o ordoc Carted i ) e i mon
Mg ka Spectro 1 TAP (38439, | Spec/Ciystal/2d |5 ILLIF [40267  |0.000058

Ca ka Spectro 3 LPET (3838:

Mn ka Spectro 2 LLIF (52191
Ni ka Spectro 5 LLIF (41166. (bl |Karsten Goemann

0 [(specified)

Sample Name |Pentlandite (Astimex block)
Date - Time {15704/2013 15:35:52
Probe Data File |D:\ProbeD ata\Methods\Routine_calibs_15k¥
Double click Analyzed Element List to -
see Element Setups On/Hi/Lo Pos |41166 142166 |40666

BgdType/Offset i

Adlto Sample g _ ype/Offse |OFF |LIN {1000 |-500

+ S-Hi/Lo/Exponen  [1.056 ] |'I

Delete from Sample Base/Win/Gain/Bias|0_56 14.99 |375 11824

KeV/TO/DT/DIFF |15 |40 {0.000003 1]

Delete All Elements From Sample

Standard Intensity Data

Add To Database >> Std/PeakToBgd {535 |74.82348 |
—————— On/Hi/Lo sec {10 |5 5
e ; . On/Hi/Lo cps |6629.36 |70.04 [107.16
_ Beam/Abs current  [29.64352 0
Stage Position [7124.2 |-23667.2 [126 (1]
# SETUP.MDB (" SETUP2.MDB (MAN)  SETUP3.MDB (Interf.) Import | Expott |

~Wavescan and Peaking Parameters

Wavescan Hi/Lo/Points/Time [57949.42 |55796.58 (100 5
Peakscan Hi/Lo/Points/Time [42142.15 |40173.85 50 8
Start/Stop/PB/Count/Attempts |28.57212 |2.857212 5 10 |30

Click the Close button of the Element Setup Database, returning to the New Sample window.
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Click the OK button in the New Sample window, returning to the Acquire! window.

If different standard choices are required they should be added from the STANDARD.MDB
database at this point. Use the Standard | Add/Remove Standards To/From Run menu in the
main PROBE FOR EPMA log window.

Recalibrate and standardize all new elements and adjust count times, acquisition, and calculation
options to optimize for olivine analysis.

From the Analyze! window, click the Add To Setups button.

*# Analyze! ]ﬂ'ﬂ
Sample List [multi-select) [double-click to see intensity data) .

‘ Kralvie Raw Data Combine Selected 5amples
(" Standards  [St 633 Set 1 Gahrite Brazil USNM145883 (UTASZ . > Combine Analysis Lines From

| " Unknowns |St 609 5Set 1 Plagioclase, Labradorite, USNM11590 List Standard Selected Samples

Calculation Options

St 529 Set 1 Marcasite [&stimes block) Intensities Combine Data Lines Fiom

=
Wavescans |2 5512l 1 Hemalite [Astimex block)

© All Samples |5 660 Set 1 Quartz (UTAS3 block) £ | [T I Pause Between Samples Report Selected Sample-s
i St 570 Set 1 Cr metal [Cameca block) ru . Soit Stat and Data Grids By
L = se All Matrix Correchions i :
Add To St 509 Set 1 Bustamite (Astimex block) . Geological/Atomic Nurmber
SElpe St 607 Set 1 Olivine, San Carlos, USNM111312/44 Disable Selected S amplels]
St B02 Set 2 Clinopyrovene, Delegate (UTAST bloc Enable Selected Sample(s) [~ DoMNot Output To Log
SVESEILpS Un 2 *p > 2 o
Combined Condiions _| Combine the Selected Samples
= = == = inta @ New Sampl
Standard Assignments | Specified Concentrations [ Name/Description | Condit [ Elements/Cations . s
Search For Remave
Al Total Oxygen ors "Shared" Bads  "“Shared" Bads
. Calculated Dxzygen Z-Bar i :
Excess Oxpgen Atomic Weight
Co ] I I ! ! [
1 »
Disable Selected Line(s) | Enable Selected Line(s) I Analyze Selected Line(s) I
Lo [ [ [ [ [ [ I [ -
4 »
Cancel Next

To review the created sample setups, click the Elements/Cations button.

The Analyzed and Specified Elements window opens, click the Save Sample Setup button.
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The Sample Setup Selection window appears
Available Sample Setups list box.

. The olivine sample setup has been added to

‘Sample Setup Selection

Available Sample Setups

Sample Setup Description

13 pyroxene setup
14 olivine setup

[~ Load Sample Setups In Reverse Order
‘When running combined multiple sample setups,
the program will base the first column condition on
the condition specified for the first element on
spectrometer number one

Delete Selection[s) From Sample Setups

Clear Sample Setup Selection(s)

[olivine setup

<< Add To Sample Setups

Un 3 olivine setup

TO = 40, KeVY = 15, Beam = 20, Size = 2
(MagAnal = 2533.). Mode = Analog Spot
[MagDef = 2533, Maglmag = 2533)
Image Shift (X.Y):

-2.00, 3.00

Ti ka Spectro 2 LLIF [68240.0)
Al ka Spectro 4 TAP (32464.0)
Fe ka Spectro 5 LLIF (48085.0)
Mg ka Spectio 1 TAP (38499.0)
Ca ka Spectro 3 LPET (38387.0)
Mn ka Spectro 2 LLIF [52191.0)
Ni ka Spectro 5 LLIF (41166.0)
0 [(specified)

=

Click the OK button of the Sample Setup Selection window returning to the Analyzed and

Specified Elements window.

Click the OK button to go back to the Analyze! window.

Any number of sample setups can be created as described above.

The user now has two calibrated sample setups available to analyze any pyroxene or olivine in

the samples supplied for microprobe analysis.

The olivine setup (last) is currently active

however to recall any other sample setup, follow the steps outlined below.
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Bring forward the Acquire! window. Move to the next unknown analysis spot, in this example
the user wishes to analyze several pyroxene grains.

"g‘ Acquire! E‘Lg

SP1 SP2 SP3 5P4 SP5 X Y A Spectro Progress
| 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP 5-LLIF Faraday
| .00 .00 .00 .00 .00 il
I : : . : " .000000 &

Current Sample: [Un 6 = olivine setup

Start Standard or Unknown Acquisition ,

INormal Acquisition Unknown

/| IData Rows: 0 |Good Data Rows: 0 Start Wavescan | n ?'Oﬂt?ﬂggg 101020:088
px

_ Ng?ul Sample _ PHA | Acquisition Options _ Peaking Options l Magrification — 5
Elements/Cations Peak/Scan Options Special Options Start Peaking Beam Made Analog Spot

Kilovalts 15

Analytical Conditions Count Times Stage Imaging i CF‘“B”‘ 100

. Beam Size 0
Combined Conditions Standard Assignments Locate Move

Click the New Sample button.
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The New Sample window opens. Enter the appropriate text into the New Sample Name and New
Sample Description fields.

New Sample

' — New Sample Type
Cancel
" Standard

f* Unknown

" Wavescan

Add/Remove
Standards

Load Multiple Setup

Mote that a new standard sample element setup is based by
default on the last unknown sample in the run. To chanae the
analyzed elements in a run, either click one of the Load Setup

‘ buttons above or first create a new unknown sample and then
make any necessany changes to the element setup.

. . | . . I
] Load Wavescan From Another Probe Bun |

ew Sample Name
|Pyroxene 52-123 C1-1

- |
Tiption Add <cr> |

-~

-

- To add standards to the standard list below, cancel this dialog,
| then click the Standard | Add Standards to Run menu item from |
the main menu.

‘ 210 Rutile Ti02 P&H (B13) - '
* 310 Fayalite Rockport NMNH 85276 (J15) ‘3

' | 311 Olivine San Carlos NMNH 111312-44 (J14)
334 Gahnite Brazil NMNH 145883 [112)

371 Wollastonite UNE [B5)

509 Bustamite [Astimex block]

524 Hematite [Astimex block]) ¥:

Click the Load Sample Setup button.
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This opens the Sample Setup Selection window.

Select the pyroxene setup, highlighting it allows the operator to view the element list.

'Sample Setup Selection ..

—Available Sample Setups Sample Setup Description
|ppeassne xskup

14 olivine sotup << Add To Sample Setups

Un 2 pyroxene setup

TO = 40, Ke¥ = 15, Beam = 20, Size = 2
[(MagAnal = 2533.), Mode = Analog Spot
(MagDef = 2533. Maglmag = 2533)
Image Shift [(X.Y]:

-2.00, 3.00

Ti ka Spectro 2 LLIF (68240.0)
Al ka Spectrio 4 TAP (32464.0)
Cr ka Spectro 2 LLIF (56851.0)

I~ Load Sample Setups In Reverse Order Fe ka Spectro 5 LLIF (48085.0)
When running combined multiple sample setups, Mn ka Spectro 5 LLIF (52203.0)
the program will base the first column condition on Mg ka Spectio 1 TAP [38493.0)
the condition specified for the first element on Ca ka Spectro 3 LPET (38387.0)
spectiometer number one Na ka Spectro 1 TAP [46352.0)

Delete Selection(s) From Sample Setups

Clear Sample Setup Selection(s) -I Cancel

Click the OK button of the Sample Setup Selection window to load the sample setup.

The program returns to the New Sample window. Click the OK button.
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The Acquire! window reappears.

4 Acquire! @_ﬁ
SP1 Sp2 SP3 SpP4 SP5 X A Spectio Progress
I 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP 5-LLIF Faraday
.00 .00 .00 .00 .00 ok
I . i . " .000000 &
Currert Sample: [Un 1 = Pyroxene $2-123 C1-1 i
[Normal Acquisition Unknown
[Data Rows: 0 |Good Data Rows: 0 Start Wavescan G %“[,00883 ‘[}DZD%SS
pe i]
New Sample PHA Acaquisition Options Peaking Options Magnilication %3
Elements/Cations Peak/Scan Options Special Options Start Peaking Bgarn Mode |Analog Spot
Kilovolts | 15
Analytical Conditions Count Times Stage Imaging Beam C!.:nent l 20
Beam Size | 2
Combined Conditions Standard Assignments Locate Move [—

Double check your spot selection and focus and click the Start Standard or Unknown
Acquisition button to initiate data acquisition.

The availability of multiple sample setups during the course of automated unknown analysis
gives the user tremendous flexibility. Upon activation of the Use Digitized Sample Setups
button in the Automate! window, each unknown analysis may be based on a different sample
setup that was specified when the unknown sample position was digitized. See the User’s Guide
and Reference documentation for more details.
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File Setups

To load any sample setup from a previous probe run file, the file setup option is provided. These
file setups are old Probe database files that contain old sample setups and may or may not
contain standardization count intensity data.

The example below will illustrate how to use the file setup option to easily import two different
(an olivine and a pyroxene) sample setups into the current new probe run. Open a new PROBE
FOR EPMA run and click the New Sample button from the Acquire! window.

(=

*# Acquire!
SP1 SP2 SP3 SP4 SP5 X o Z Spectro Progress
| 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP 5-LLIF Faraday
I .00 .00 .00 .00 .00 1
| . . - X A .000000 @
Current Sample: [Un 6 = olivine setup
. Start Standard or Unknown Acquisition
|Normal Acquisition Unknown i
IData Rows: 0 |Good Data Rows: 0 Start Wavescan G %E'DUUSBS 1010205088
px i]
PHA Acquisition Options Peaking Options Magnification 5533
Elements/Cations Peak/Scan Options Special Options Start Peaking Bgarn Made [{Analog Spot
Kilovolts 15
Analytical Conditions Count Times Stage Imaging Biearn E.unent | 100
Beam Size | 1]
Combined Conditions Standard Assignments Locate Move [7

30




The New Sample window appears. Edit the New Sample Name text box.

‘New Sample
~MNew Sample Type
| Cancel
" Standard
* Unknown Load Element Setups
| " Wavescan
|

Add/Bemove
Standards

Mote that a new standard sample element setup i1z bazed by
default on the last unknown sample in the run. To change the
analyzed elements in a run, either click one of the Load Setup

- buttons above or first create a new unknown sample and then
‘ make any necessary changes to the element setup.

Load Wavescan From &nother Probe Run l

New Sample Name

olivine setup

X
Jescription Add <cr> |

-~

-

B ———

To add standards to the standard list below, cancel this dialog,
then click the Standard | &dd Standards to Run menu item from |
the main menu.

| [ 210 Rutile Ti02 P&H (B13) Al
310 Fayalite Rockport NMNH 85276 (J15) E

311 Olivine San Carlos NMNH 111312-44 (J14) |ﬂ

334 Gahnite Brazil NMNH 145883 (112)

371 Wollastonite UNE (B5)

509 Bustamite [Astimex block])

524 Hematite [Astimex block] g

Click the Load File Setup button.
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The Load File Setup window opens and will list all available PROBE FOR EPMA files that can
be loaded. The initial available Probe Run Files directory pointer is the location specified when
opening a new probe database file earlier. Move to another directory location if necessary. The
last file listed in the available Probe Run Files along with the last entry in the Samples List will
be shown by default.

Load File Setup T T L & T T EEee
~ C:\Probe Software\Data -

I Se:
NCA -
£y Probe Software §
&= Data =
CI _master_setups
J2010 [
J2o0m
]2012
[_:l 2013 -
v Cancel |
Search for Files ‘
Samples List Element List
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Scroll through the available Probe Run Files list and highlight the file to load from. The last
setup will be displayed in the Samples List and Element List text field. Next, select the sample
setup that you wish to load into the new probe run. All of the run parameters and options for that
sample setup will be loaded. The only parameters not loaded are the nominal beam current and
the volatile element assignments since they are unknown sample specific.

Load File Setup

~ C:\Probe Software\D ata\_master_setups

Apatite_setup_15kV.mdb

12/10/2012 06:43:29

Basaltic_glasses_15k¥.mdb 19/1072011 10:00:04
Carbonate setup 15kV.mdb 1070972013 09:39:31

Olivine_pyroxene 15kY¥Y.MDB 10/09/2013 17:24:17
Sulphide_setups_20kV.MDB
Yarious_silicate_setups_15kV.md 0170872013 23:21:31

0670872013 12:40:00

|Elc: _ﬂ

ﬁ C:\
‘2 Probe Software
iy Data

= _master_setups

Karsten Goemann

- Cancel |

Un 3 olivine setup
TO = 40, Ke¥ = 15, Beam = 20, Size = 2
[MagAnal = 2533.). Mode = Analog Spot

Samples List

St 539 Set 1 Rutile (Astimex block) -
St 633 Set 1 Gahnite Brazil USNM145883 (UTAS2 blocl
St 609 Set 1 Plagioclase, Labradorite, USNM1153900 (U
St 529 Set 1 Marcasite [Astimex block)

St 524 Set 1 Hematite [Astimex block)

St 660 Set 1 Quartz (UTAS3 block]) L
St 570 Set 1 Cr metal [Cameca block) [=
St 509 Set 1 Bustamite [Astimex block)

St 607 Set 1 Olivine, San Carlos, USNM111312/444 (U
St 602 Set 2 Clinopyroxene, Delegate (UTAS1 block)

Un 2 * pyroxene setup i~
-

F Search for Files ‘

Element List

Si ka Spectio 4 TAP [27738.(

Ti ka Spectro 2 LLIF (68240.1
Al ka Spectio 4 TAP (32464.(
Fe ka Spectro 5 LLIF [(48085.
Mg ka Spectro 1 TAP [38499.
Ca ka Spectro 3 LPET (3838:
Mn ka Spectio 2 LLIF (52191
Ni ka Spectro 5 LLIF [41166.1
0 [specified)

1
+

Click the OK button to load in this sample setup of interest.
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The NewFileSetupLoadStandardData window appears next, asking whether the user wants the
previous standard intensity data to be loaded as well.

‘ NewFileSetupLoadStandardData @

.' ~ . Do you want to load the standard intensity data from C:\Probe

W Software\Data\_master_setups\Olivine_pyroxene_15kV.MDB (14), if not
already loaded?

Yes No Cancel

Selecting Yes would load the old standard intensity data from the file setup into this new run.
Depending on the stability of your instrument, it may or may not be necessary to re-standardize
some or all of the standards. In this case, the user chooses to load the standard intensity data,
selecting the Yes button.

The NewFileSetupLoadStandardData window appears.

'NewfFileSetu ploadStandardData ﬁ

@R Stendard intensities were loaded from C:\Probe
QW Software\Data\_master_setups\Olivine_pyroxene_15kV.MDB

OK

Click the OK button.
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The New Sample dialog box reappears.

New Sample
~MNew Sample Type - P—
(" Standard e
* Unknown Load Element Setups
" Wavescan Load Sample Setup
| Load File Setup |
A%{;ﬁg':.ﬂ:e Load Multiple Setup

Note that a new standard sample element setup is based by
default on the last unknown sample in the run. To change the
analyzed elements in a run, either click one of the Load Setup
buttons above or first create a new unknown sample and then

' make any necessary changes to the element setup.

l Load Wavescan From Another Probe Run

New Sample Name

|olivine setup '
| New Sample Description Add <cr> |

{
To add standards to the standard list below, cancel this dialog,
| then click the Standard | Add Standards to Run menu item from |
the main menu.

| [210 Rutile Ti02 P&H (B13) Al
| 310 Fayalite Rockport NMNH 85276 (J15) E

| | 311 Olivine San Carlos NMNH 111312-44 (J14) ‘il
334 Gahnite Brazil NMNH 145883 (112)

371 Wollastonite UNE [B5)

509 Bustamite [Astimex block)

524 Hematite [Astimex block) Y

-~

-

Click the OK button to complete the loading of the olivine sample setup from the old probe run.
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The program now returns to the fully active Acquire! window.

¢ Acquire! Lo

SP1 SP2 SP3 SP4 SP5 X ' Z Spectio Progress
| 52750.0 53100.0 53250.0 525950.0 53250.0 300.000 1125.00 310.500

1-TAP 2-LLIF 3-LIF2 4-TAP 5-LLIF Faraday
| .00 .00 .00 .00 .00 1
I : - : : : .000000 -

Current Sample: |Un 6 * olivine setup

Start Standard or Unknown Acquisition i

| |Normal Acquisition Unknown

/| IData Rows: 0 |Good Data Rows: 0 Start Wavescan i %“&UEEE 1,31,]2,3:,333
| px
M New Sample PHA Acquisition Options Peaking Options Magnification 2533
Elements/Cations Peak/Scan Options Special Options Start Peaking Bgam Made Analog Spot
Kilovolts 15
Analytical Conditions Count Times Stage Imaging Beam C!.nent 100
| B - Beam Size 0
Combined Conditions Standard Assignments Locate Move
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Normally the user would check the calibration by running a secondary standard or two to verify
the composition, repeaking and/or collecting standard intensities as required.

The user then opens the Analyze! window to save this olivine setup as a sample setup in this
current probe run.

( a4 Analyze! ] B

Sample List [multi-select) [double-click to see intensity data) 1 i — KRal Combine Selected Samples
" §landardsn Combine Analysis Lines From
& U List Standard g 2 Selected Samples

" Wavescans Intensities Esloyintin Qbtne Combine Data Lines From

Selected Samples

Sort Stat and Data Grids By
Geological/Atomic Number

Al Sales [T [~ Pause Between Samples Report

[~ Use All Matrix Comections

Disable Selected Sample(s)
Enable Selected Sample(s) [~ DoNot Output To Log
Combined Conditions | Count Times | Combine the Salecied Samples
into a New Sample
Standard Assignments | Specified Concentrations | Name/Description | Conditions I Elements/Cations | B i
Search For Remave

=il Total Dxygen Total Weight % "Shared"’ Bgds | "Shared" Bgds
| Calculated Oxygen Z-Bar Boundary Conections
Excess Oxygen Atomic Weight

Co I I I I I I I

Disable Selected Line(s) | Enable Selected Line(s) | Analyze Selected Line(s) |

Copy I [ [ [ [ [ [ [ .

Cancel MNext

Click the Add To Setups button.

If another, previously created sample setup is needed for this current probe run, open the New
Sample window and follow the instructions of the past eight pages.
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Wavescans

Quick Wavescan Acquisition

This feature is useful if an EDS detector is not available or WDS resolution over the entire
spectrometer range is required. The program will move each spectrometer currently assigned to
it’s upper limit and then continuously scan each spectrometer to it’s lower travel limit while

acquiring simultaneous count data. The count time used for the Quick Wavescan Acquisition is

specified in the Count Times dialog box, opened from the Acquire! window. The current
sample setup specifies which spectrometer and reflecting crystal to use. The program uses the
spectrometer calibration of the first acquired element (order = 1) in the sample.

From an open PROBE FOR EPMA run, containing an unknown sample and the appropriate
unknown under the crosshairs, click the Special Options button from the Acquire! window.

4 Acquire! i = ﬁ
SP1 SP2 SP3 SP4 SP5 X ' A Spectro Progress
| 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP 5L-LLIF Faradaz
I .00 .00 .00 .00 .00 il
[ : : . . : .000000 s
Current Sample: [lUn 1 = Quick Wavescan
T Start Standard or Unknown Acquisition
|Normal Acquisition Unknown
Data Rows: 0 |Good Data Rows: D Start Wavescan i %D[,Dnggg 1,]102']%88
pe i]
New Sample PHA Acquisition Options Peaking Options Magrification —
Elements/Cations Peak/Scan Options Start Peaking Beam Made [Analog Spot
—_— Kilovolts | 15
Analgtical Conditions Count Times Stage Imaging Beam Cf""e”l I 10
Beam Size | 1]
Combined Conditions Standard Assignments Locate Move =
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This opens the Volatile Calibration and Quick Wavescan Samples window. Note the default
acquisition option is Normal Acquisition.

Volatile Calibration and Quick Wavescan Samples

Special Sample Acquisition Options |
+ Normal Acquisition: _ ‘

Acquire a normal standard, unknown or wavescan sample.

Cancel

¢~ Self Calibration Time Dependent Intensity [TDI) Acquisition
Acquire a time dependent intensity (TDI) element sample that
uses a calibration curve based on itself. The TDI assignment
will be made automatically. This method will append a new Setups
analysis line for each acquisition on an existing unknown
sample.

| Note: time dependent intensity [TDI) elements must be the
first element acquired on each spectrometer. The acquisition
| order may be modified in the Acquisition Dptions dialog.

Time Dependent Intensity [TDI) Count Time Intervals | 5
|~ Acquire TDI Data on Standard Samples

(" Assigned Calibration Time Dependent Intensity (TDI) Acquisition
Acquire a time dependent intensity [TDI) element sample for use
as a TDI calibration curve for another sample(s). This assignment
is made subsequently in the Standard Assignments dialog in the
Analyze! window. This method will create a new time dependent
intensity calibration sample for each acquisition.

Time Dependent Intensity (TDI1) Sample Name

[Quick Wavescan Time Dependent Intensity [TDI] Assigned Calibr
Time Dependent Intensity [TDI) Count Time Intervals | 5

Stage X Increment [um]) | 4
Stage Y Increment [um) | 6

" Quick Wavescan Acquisition
Quick wavescan samples are created based on the first element on
each spectrometer used in the last unknown sample [or wavescan
sample if present] or a selected sample setup. This method will
create a new quick wavescan sample for each acquisition.

Quick Wavescan Sample Name

|Quick Wavescan

Quick Scan Speed % (.001 - 100) | 10
[~ Use ROM Based Spectrometer Scan
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Select the Quick Wavescan Acquisition dialog button. Enter a Quick Wavescan Sample Name
and Quick Scan Speed into the text fields. The smaller the scan speed percentage the slower the
spectrometer will travel per second and of course each instrument would require different
settings. If ROM scanning is possible on your instrument, you can also check the Use ROM
Based Spectrometer Scan tick box. This will usually make the scan faster, but is limited by the
minimum and maximum speeds the spectrometers are capable of.

‘Volatile Calibration and Quick Wavescan Samples

Special Sample Acquisition Options

" MNommal Acquisition

Acquire a normal standard, unknown or wavescan sample.
Cancel

(" Self Calibration Time Dependent Intensity (TDI) Acquisition
| Acquire a ime dependent intensity (TDI1) element sample that
uses a calibration curve based on itself. The TDI assignment
will be made automatically. This method will append a new Setups
analysis line for each acquisition on an existing unknown
sample.

il |

| Note: time dependent intensity [TDI) elements must be the
first element acquired on each spectrometer. The acquisition
| order may be modified in the Acquisition Options dialog.

Time Dependent Intensity (TDI) Count Time Intervals | 5
I Acquire TDI Data on Standard S ample:

(" Assigned Calibration Time Dependent Intensity (TDI) Acquisition
Acquire a time dependent intensity [TD1) element sample for use
as a TDI calibration curve for another sample(s). This assignment |
is made subsequently in the Standard Assignments dialog in the
Analyze! window. This method will create a new time dependent
intensity calibration sample for each acquisition.

Time Dependent Intensity (TDI1) Sample Name

Il]uick Wavescan Time Dependent Intensity (TDI) Assigned Calibr
Time Dependent Intensity (TDI) Count Time Intervals | 5

Stage X Increment [um) 4
Stage Y Increment [um) 6

¢ Quick Wavescan Acquisition
ick wavescan sampples Weated based on the first element on

each spectrometer used in the last unknown sample [or wavescan

sample if present] or a selected sample setup. This method will

create a new quick wavescan sample for each acquisition.

Quick Wavescan Sample Name
IQuick Wavescan on Unknown Pyroxene

Quick Scan Speed % (.001 - 100)

[~ Use ROM Based Spectrometer Scan

Click the OK button to return to the Acquire! window.
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To initiate the quick wavescan acquisition, click the Start Wavescan button in the Acquire!
window. A new wavescan sample is automatically started using the sample name just supplied.
The spectrometers move to their respective upper or lower limits and proceed with the wavescan.
The Wavescan Acquisition window opens and real time data display is viewable. A completed
five-spectrometer Wavescan Acquisition window is shown below.

r — — = -
“s* Quick Wavescan Acquisition! (click graph to toggle size) . . |. = | & éj
-
000 [ceee ]
3000 Ex=poart O ata
2000 1 Cliphoard
1000 [ Load <ray
[~ Show Grid
21861.9 280395 342171 403948 465724 527500 589276 651052 712829 774605 836381 -
Ig ka TAP, 2 sec per point Rosition
90662.0
40 Angstroms
23.2901
30
Ke¥
2 2 532353
10 Counts
2047.37

0
225612 28669.0 347767 408845 469922 531000 59207.8 £53155 714233 77531.0 836383
Tika LLIF, 2 sec per point

Increment
1000 Reset
200
GO0
400 3
200, Increment

Cl

0
22561.5 28699.2 34836.8 400745 471121 532408 593874 655251 716627 77800.3 83938.0
Caka LPET, 2 sec per point

4000
3000
2000 4
1000

o
22062.0 282396 344172 405948 467724 520501 591277 653053 714829 776605 838381
Sika TAP, 2 sec per point

10

0
225615 28699.2 34836.8 409745 471121 532498 593874 F55251 716627 T7800.3 839380
Fe ka LLIF, 2 sec per point

The size of each graph maybe expanded (not shown) by clicking on the relevant wavescan.

Upon completion of the quick wavescan, the data may be exported via the Export Data button
to an ASCII file or examined in more detail along with KLM marker overlay capabilities from
the Plot! window. Printing of the quick wavescan is possible by selecting the Print option under
the Graph Data window (see next section for a specific example).
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Calibrated Multi-Element Wavescans

Another unique feature of PROBE FOR EPMA is the ability to acquire calibrated multi-element
wavescans. This provides an easy and rapid method to scan all elements in a sample for off-peak
interferences. The example below will illustrate calibrated wavescans on a ten-element pyroxene
sample and the adjustment of off-peak background positions.

Open a new PROBE FOR EPMA run in the usual manner. Confirm motor and crystal positions
as well as setting the beam current to the appropriate value. Click the New Sample button and
create a sample using the elements of interest. Next, re-peak the elements using either manual or
automatic peaking on the appropriate standards. This calibrates the spectrometer motors. And
finally, move to the sample to perform the calibrated wavescan.

From the Acquire! window, click the New Sample button to create a wavescan sample.

s Acquire! i_J_IéJ':'
SP1 SpP2 SP3 SP4 SP5 X i Z Spectro Progress
I 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP b5-LLIF Faraday
I .00 .00 .00 .00 .00 1
[ : - : : : .000000 5
Current Sample: [Un 1 = template for wavescan
: Start Standard or Unknown Acquisition
|Normal Acquisition Unknown
Data Rows: 0 |Good Data Rows: 0 Start Wavescan i %0':',:'0888 HDEDSDSB
px 1] 0
PHA Acquisition Options Peaking Options Magnification 3
Elements/Cations Peak/Scan Options Special Options Start Peaking Beam Mode |Analog_Spot
Kilovolts | 15
Analytical Conditions Count Times Stage Imaging Beam Cynent I 10
Beam Size | 0
Combined Conditions Standard Assignments Locate Move |
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The New Sample window opens. Select the Wavescan check button as the New Sample Type.
Edit the New Sample Name and New Sample Description text fields.

‘New Sample
— MNew Sample Type - I
Cancel
| ¢ Standard S
[ | " Unknown Load Element Setups \

Load Sample Setup

. Load File Setup

Add/Remove

Standards Load Multiple Setup

Mote that a new standard sample element setup is based by
default on the last unknown sample in the run. To change the
analyzed elements in a run, either click one of the Load Setup
buttons above o first create a new unknown sample and then

make any necessary changes to the element setup.

Load Wavescan From Another Probe Run I

“New Sample Name

| |wavescan hedenbergite

Add <cr> |

-~

-

To add standards to the standard list below, cancel this dialog,
then click the Standard | &dd Standards to Run menu item from
the main menu.

509 Bustamite [Astimex block]
524 Hematite [Astimex block) =
529 Marcasite [Astimex block])
570 Cr metal [Cameca block

»

m

607 Olivine, San Carlos, USNM111312/444 (UT
609 Plagioclase. Labradorite, USNM115300 (U1 ~

Click the OK button.
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The program returns to the Acquire! window.

! [E=REE >
"!‘ Acquire! -
SP1 SP2 SP3 SP4 SP5 X Y Z Spectro Progress
| 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP 5-LLIF Faraday
| .00 .00 .00 .00 .00 il

I

Current Sample: fwta 1 * wavescan hedenbergite

.000000

N v Y = , Start Standard or Unknown Acquisition
ormal Wavescan: Step/Count Scan |

Data Rows: 0 |Good Data Rows: 0 Start Wavescan 200,000 1010205033

um 000000
px 0
New Sample _PHA- Acquisition Options Peaking Options Mocraicatin =3
Elements/Cations Peak/Scan Options |)  Special Options Start Peaking Beam Mode Analog Spot
Kilovolts 15
Analytical Conditions Count Times Stage Imaging Beam D.unent 10
Beam Size 0
Combined Conditions Standard Assignments Locate Move

To modify the wavescan range and/or number of data points to be collected, click on the
Peak/Scan Options button in the Acquire! window.
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Select the Wave Scan Limits check button under Display: and click on the appropriate element
row to edit the parameters. The stage may also be moved (incremented) during the acquisition
using the Stage Step During Peakscan/Wavescan or Peaking (X and Y Axis) check box and
Increment Size (microns) text field.

Peak and Scan

Click Element Row to Edit Peak and Scan Parameters

Channel Element Spectro Crystal ‘wave-Hi |[Wave-Lo [Wave-Pts Hi-0ff Lo-OFf

1 Sika 4 TAP 1 [ 5.0 00 03.00 03.0
2 Tika 2 LLIF 692227 67257.3 100 982.703 -982.70
3 Al ka 4 TAP 347776 301504 100 2313.60 -2313.6
4 Cr ka 2 LLIF 57927.6 557744 100 1076.60 -1076.6
5 Fe ka 5 LLIF 49255.7 46914.3 100 1170.70 -1170.7
6 Mn ka 5 LLIF 53326.5 51079.5 100 1123.50 -11235
7 Mg ka 1 TAP 40637.3 36360.7 100 2138.30 -2138.3
8 Ca ka 3 LPET 40084.0 36690.0 100 1697.00 -1697.0
9 Na ka 1 TAP 48300.7 44403.3 100 1948.70 -1948.7
10 K ka 3 LPET 44375.7 41160.3 100 1607.70 -1607.7
< | [}

Display : Spectrometer "Offsets are the difference between the theoritical or predicted peak
- position (from x-ray tables) and the actual or measured peak position. If the spectrometer
peak position has not had a peak center procedure performed then the "Offsets” value —
will usually be close to zero. The calculation iz "Offset = Predicted - Actual

Cancel
~ i
Fesking Fosametors [~ Use ROM Based Spectiometer Scanning
Increment Stage During Peakscan/Wavescan or Peaking (X and Y Axis)
[~ Use Increment During Scanning " Increment ?:'ZE [micrans) Increment Interval (seconds)
[~ Use Increment During Peaking [4 |0 10

If ROM scanning is possible on your instrument (e.g. Cameca SX100), you can also check the
Use ROM Based Spectrometer Scan tick box. This will usually make the scan faster, but is
limited by the minimum and maximum speeds the spectrometers are capable of.
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To adjust the spectrometer start and stop values for an element, click on the corresponding row,
e.g. K Ka...

This opens the Peak and Scan Properties window. Adjust the values as desired:

Peak and Scan Properties -
Enter Peak and Scan Properties For: K ka 3 LPET ]
Cancel
Spectrometer Angstrom - ‘
On Peak | 42768.0 | 3.74243 Enter Positions in
Hi Off Peak | 700.000 | .061241 (¢ Spectrometer Units
Low Off Peak [700.00 (06124 " A&ngstrom Units
Display Positions in
et R 2000 I 174375 (" Absolute Position
WaveScan Low Limit | -1607.7 | - 14065 (¢ Relative Dffset
Wavescan Points |1 00 | 36.4414 perstep i e
wavescan sample is simply there for
cas spectrometer calibration purposes.
' Peakscan Hi Limit ﬁ 250.50 | 1039403 Specifically the spectrometer unit to
Peak Low Limit " i angstrom conversion. However,
onetn et I 1250.5 I -10340 the high and low scan limits may be
Peakscan Points (50 [51.0408 per step arbitrarilly set to any value in the
total spectrometer range.
Peaking/ROM Start Size
- I 36.3038 I 003176 SetWavescan Full Range
Peaking Stop Size | 3.63038 | .000318 Set Wavescan Normal
Minimum P/B |5.00 Move To On Peak
Minimum Peak Counts (cps) |1|]_0
) - Set On Peak To Default
Maximum Peaking Attempts |3|]
Set On Peak To Current

Click the OK button of the Peak and Scan Properties window when done editing.

Then click the OK of Peak and Scan window to close.
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Wavescan count times for each element are adjusted via the Count Times button in the

Acquire! window.

s Acquire! @_ﬁ
. - | —
SP1 SP2 SP3 SP4 SPS X Y A Spectro Progress
| 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP bL-LLIF Faraday
[ .00 .00 .00 .00 .00 il
I : X . .000000 &
Current Sample: 'fa 1 * wavescan hedenbergite il
Start Standard or Unknown Acquisition
|Normal Wavescan: Step/Count Scan
[Data Rows: 0 |Good Data Rows: 0 Start Wavescan | i %“DDUEBS }}a%%gg
P 0 1]
New Sample PHA Acquisition Options Peaking Options Magrification — 5533
Elements/Cations Peak/Scan Options Special Options Start Peaking Beam Mads Analog Spot
Kilovolts 15
Analytical Conditions Count Times Stage Imaging Beam Cf""em 10
Beam Size 1]
Combined Conditions Locate Move I
Count Times
Click Element Row to Edit Count Times
Channel Element |Spectro |Crystal |On-Peak Hi-Peak |Lo-Peak |MaxCoun|Factor [Wave |Peak  |Quick
1 Sika 4 TAP 10.00 5.00 5.00 1000000( 1.00 2.00 8.00 2.00
2 Tika 2 LLIF 10.00 5.00 5.00 1000000(1.00 2.00 8.00 2.00
(13 Al ka 4 TAP 10.00 5.00 5.00 1000000(1.00 2.00 8.00 2.00
4 Cr ka 2 LLIF 10.00 5.00 5.00 1000000( 1.00 2.00 8.00 2.00
|5 Fe ka 5 LLIF 10.00 5.00 5.00 1000000(1.00 2.00 8.00 2.00
6 Mnka |5 LLIF 10.00 5.00 5.00 1000000(1.00 2.00 8.00 2.00
| |7 Mgka |1 TAP 10.00 5.00 5.00 1000000( 1.00 2.00 8.00 2.00
| 8 Caka |3 LPET 10.00 5.00 5.00 1000000(1.00 2.00 8.00 2.00
9 Naka |1 TAP 10.00 5.00 5.00 1000000(1.00 2.00 8.00 2.00
' 10 K ka 3 LPET 10.00 5.00 5.00 1000000( 1.00 2.00 8.00 2.00
| < »
Nominal Beam (nA) 100000 s min | 15 165 (] TT22] (P2
Change the Nominal Beam to modify the Cancel |
normalization constant used for the x-ray Calculated
intensity display. For example, enter 1 [nd) Spectromet
for cps/nd, intensity display. mﬁ;ﬂn; :
Acqustion | Iiigl | Ia] | I3l | [S3]| [F€]
Return To On-Peak Time |4 secs Time m " nmn
Ciystal Flip Time [0 secs I:Iz;siﬁ:;
Set Column (TKCS) Time [10 secs 0 secs Beam

Click on the appropriate element row to open the Count Time Properties dialog box.
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Edit the Wave Scan Time as desired and then click the OK button to close.

‘Count Time Properties - aa—

 Enter Count Time Properties For: Si ka

On-Peak Time Hi Off Peak Time Lo Off Peak Time
[10.00 [5.00 [5.00 Cancel

il

Wave Scan Time

[2.00

Peaking Time Quick Scan Time Maote that the
Peaking Time is
S 12.00 divided by 4 for
ROM peaking
and Pre-Scans.

and off-peak count times for standard and unknown
samples [see below to specify longer count times for unknowns relative to
standards). Enter wavescan time for wavescan samples, quickscan time

for quick wavescans and peaking time for spectrometer peaking. Off-Peak |
MultiPaint background count times are based on the Statistics

cornesponding Hi and Lo Off Peak Times divided by two

- Statistics Based Counting For Predefined Precision Levels

Unknown Maximum Count : [100000000

Use the Unknown Magimum Count to specify a desired statistical significance instead of a
fixed count time. If the total counts acquired exceeds the Unknown Maximum Count the
acquisition will be considered complete.

Background counting time will be automatically calculated based on the ratio of the specified
off-peak counting time to the specified on-peak counting time and the actual elapsed on-peak
counting time.

~ Unknown/Standard Count Time Ratio and Alternating On/0ff Peaks

Unknown Count Time Factor :

{1.00

Use the Unknown Count Time Factor to automatically change the counting time for on, hi and
lo count times for unknown samples relative to standards. For example, if the on-peak time is
10 and the Unknown Count Factor is 2, then the standards will count 10 seconds on-peak
and the unknowns will count 20 seconds on-peak.

The Unknown Count Time Factor is also used for the Alternating On and Off Peak Acquisition
feature [zee the Acquisition Options dialog). With this feature the on-peak and off-peak
positions are alternately acquired for a number of repetitions bazed on the Unknown Count
Time Factor.

Click the OK button to close the Count Times window.
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Click the Start Wavescan button in the Acquire! window to initiate the calibrated multi-
element wavescan. The Wavescan Acquisition window opens. The program will automatically
start acquiring the wavescan ranges selected. If more than one element is assigned to a given
spectrometer, the program will automatically go to the next element’s wavescan range after the
previous wavescan element range is completed. The order of acquisition is defined in the
Acquisition Options window. Below illustrates a wavescan acquisition.

“s' Wavescan Acquisition! (click graph to toggle size) - - I&IEI&J

10000 [ ciose ]
8000 Expoart Data

6000
Clipboard

4000

2000 [ Load Xrap
[~ Show Grid

iy

(e
36381.6 368051 37228.6 376520 380755 38490.0 389225 393460 397604 401929 40616.4

Mg ka TAP, 2 sec per point Position

39152.0

10 Angstroms
10.0577
KeV

2 1.23274

4
2 Counts
0
2

11257.8

672717 674654 G67659.0 678527 680463 082400 684337 686273 68821.0 690146 692083
Tika LLIF, 2 sec per point

Increment
110 Reset
o E%E
70 3
Increment

[

037 370404 37377.0 377137 380503 38387.0 387237 300603 39397.0 397336 400703
Caka LPET, 2 sec per point

3

15000

10000

5000

(o
252405 257400 262395 26739.0 272385 27738.0 282375 28737.0 292365 29736.0 302355
Sika TAP, 2 sec per point

0
469238 47156.0 473883 476205 478528 480850 483172 485495 487817 490140 492462
Fe ka LLIF, 2 sec per point

As the wavescan is acquiring data, the wavescan graph may be viewed in greater detail by
clicking on the graph to toggle/expand the display size.

The Position (spectrometer units), Angstroms, and Counts in any channel may be read by placing

the cursor on the graph. Selecting the Load Xray check box and clicking the graph, loads the
NIST x-ray database.
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After all wavescans have been acquired on the sample, the user would typically inspect off-peak
interferences and background locations by using the Plot! window. Note that if more than 100
points were acquired in a wavescan be sure to highlight all of the “continued” samples associated
with the wavescan.

Select an X-Axis parameter (normally a specific spectrometer) and a Y-Axis parameter (normally
the associated wavescan counts). The number (X) after the element in each List designates the
spectrometer employed to collect the data. Finally, click the Line check button under Graph
Type.

-
ngl ! u_}ﬁ O | .
%" Plot Wavescans! Pa— - —

Wavescan Sample List (multi-select) Output Target

[ Use Manual Selection

‘Wa 1 wavescan enstatite

(+ Plot Data In Graph Window
" Dutput Data to ASCII [text) File (X. Y. [£)...)

—
‘ Sika [4) S ometer

q pec
Cr ka [2) Spectiometer
Fe ka [5) Spectrometer
Mn ka [5) Spectrometer
Mg ka [1) Spectrometer
Ca ka (3) Spectrometer
Na ka (1) Spectrometer
K ka [3) Spectrometer
Si ka [4) Angstroms
Ti ka [2) Angstioms
Al ka (4) Angstroms
Cr ka (2) Angstroms
Fe ka [5) Angstroms
Mn ka [5]) Angstroms
Mg ka [1) Angstroms
Ca ka (3) Angstroms
Na ka (1) Angstroms
K ka (3) Angstroms
Si ka (4] Kilovolts
Ti ka (2] Kilovolts
Al ka (4] Kilovolts
Cr ka [2) Kilovolts
Fe ka [5) Kilovolts

™ Include Deleted Points J=1iF
™ Data Point Labels = e N
[ ASCII File Column Labels [~ 0Off Peak Labels
[~ Force Black and “White Print
[ Nermalize Samples
Y Axis  Graph Type

Mg ka (1) Spectiometer
Ca ka [3) Spectrometer
Na ka [1) Spectrometer
K ka (3) Spectiometer
Si ka (4) Angstioms

Ti ka [2) Angstroms

Al ka [4) Angstroms

Cr ka (2) Angstroms

Fe ka (5) Angstroms
Mn ka [5) Angstroms
Mg ka [1]) Angstroms
Ca ka [3) Angstioms
Na ka (1) Angstroms

K ka (3) Angstroms

Si ka [4) Kilovolts

Ti ka [2] Kilovolts

Al ka [4] Kilovolts

Cr ka (2] Kilovolts

Fe ka (5] Kilovolts

Mn ka [5) Kilovolts

Mg ka [1] Kilovolts

Ca ka (3] Kilovolts

Na ka ool

m

#™Ka (3] Kilovolts ™,
& ‘ Si ka || Wavescan Counts

g

m

Intensity Emror Bars
[~ Plot Eror Bars

n Sigma |-| =
n Spacing |1 =

Click the Output button to graph the wavescan.
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The Plot Graph Data window opens displaying the plotted components. The currently selected
off-peak positions for background measurements are also indicated (green).

clal | */3i0] $10] =

wavescan enstatite

. Plot Graph Data

t4[ B <a| £ [ na +|

MG =

400 _ pres
" Specific Element

-880. g60.
Fe vl

2

" User Selected Lines

300+ Load ¥ray Database |

Maximum Order  Smooth
v «| T4 ~
200+ Graph Dptions

Zoom [click and drag) l
|24536.7, 471.057

TAP cps (2 sec per point)

100 Zoom Full | ClipBoard I

Modify off-peak positions by
clicking Low or High button
and then click on graph

Low | High
0 o ...Iﬂl-..u.: st | Mddisaiio 4 | | Model Background
25240 25730 26220 26710 27200 27690 28180 28670 29160 29650 30140 [~ Mo Peak Markers
s [ Show Date Stamp
Si ka (4) Spectrometer S Bl s

To evaluate potential interferences select a KLM Markers option (Analyzed Elements check
button, for instance) to view the KLM markers or use the Load Xray Database button.
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The Plot Graph Data window open below illustrates this powerful feature and the identification
of the small x-ray peaks (satellite lines) to the high-energy side of the main silicon x-ray peak.

Plot Graph Data » -

o] e 2R | [ e 4| ma[i] 0] B]/| R[@qp| [@[qp| rim || [NENEEEN Conce! |
5 II m KLM Markers
wavescan enstatite  None o m

+ Analyzed Elements
" All Elements
" Specific Element

2~
" User Selected Lines

Load ¥ray Database |
$i Ka1 Maximum Order  Smooth
-] ]
K KA1 11 Graph Options

Zoom (clck and drag) |
| 30845.0, 375.842

Zoom Full | CIianard‘

Modify off-peak positions by
clicking Low or High button
and then click on graph
Low | High {

0 b st i 11} o5l o W Model Background
25240 25730 20220 2071 200 27000 28 28670 30140  No Peak Markers

< Show Date St
Si ka (4) Spectrometer rr: Shﬁﬁ Gidiini"”

400

g800. 800.

300

2001 Ca KA1 I1I

TAP cps (2 sec per point)

100+ Ca Ka2 1 K KAa2 I1

The off-peak positions for background determinations for quantitative samples are adjusted with
the Low and High buttons (located lower right of Plot Graph Data window).

Click and drag the mouse to Z0oom in on any portion of the graph.
This window can also be used to adjust off-peak positions, for example in case of spectral

interferences. For more details, see the section on Wavescan Acquisitions and Off-Peak
Adjustments in the Probe For EPMA User's Guide to Getting Started document.
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Polygon Gridding — Using Surfer Option

Another useful feature of PROBE FOR EPMA is the ability to perform automated polygon
gridded analyses of unknowns. After acquiring the digitized data set, PROBE FOR EPMA can
create a script file (if the SURFER.BAS file option is selected in the Plot! window) for use with
Golden Software SURFER to automatically generate contour, surface and *.GRD concentration
files of your data. These *.GRD files can be imported into the CALCIMAGE application for
viewing in false color or further processing. The images will be quantitatively registered during
the import process so that color represents elemental or oxide concentration.

In this example an unknown and complexly exsolved pyroxene (see image below) will be
gridded and digitized, then run quantitatively. Move to the unknown grain location.
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Click the Digitize button of the Automate! window.

":" Automate! =
 Position List [multi-select) [double-click to see data)—————— ~Automation Actions
. | " Standards Move | stage | |~ Confirm Standard Positions
+ Unknowns o

5 | [ Confirm Unknown Positions
" Wavescans 1@ [~ Confirm Wavescan Positions
" All Samples

. |~ Peak Spectrometers Peaking
. ot |
"'I I_LI [~ Acquire Standard Samples

Select Stds Fiducials | r Acquire Unknown Samples
[~ Acquire Wavescan Samples
Select All | Acquire Standard § I i
— Replicates . [~ Acquire Standard Samples (again)
Go : = =
W Conditions Automation Options
Update Sample Setups ¥ Peak on Assigned Standards
- I~ Use “Quick” Standards
Delete &ll File Setups [~ Use Filament Standby Afterwards
Re-Load Multiple Setups ¥ Use Confirm During Acquisition
[~ Use Beam Deflection For Position
Delete Selected Samples Import from ASCII (*.POS File) r': InStds W Onlnks ¢ On'Wav
uppress AOM Based Backlash
Delete Selected Positions Export Selected Samples [to *.POS) [~ Confirm All Positions In Sample

E_Y Z W Grain & Foius [T Combine Multiple Sample Setups

|7 Use ROM Auto Focus

& New Sample " Every Paint

" Digitized " Interval 5
Standard Points To Acquire K
Automate Confirm Delay [sec) 10
Standard X Increment [um) 4
Re-Standard Y Increment (um) | g

[~ Re-Standard Interval (his] |g

Use Last Unknown Sample
Use Digitized Conditions

Use Digitized Sample Setups
Use Digitized File Setups
Use Digitized Multiple Setups

e e e B0

Run Selected Samples
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The Digitize Sample Positions window opens.

** Digitize Sample Positions BN

~ Sample Type — To create a new unknown position, click the
Unknown Sample Type option, enter a sample name
and click the Create New Unknown or W avescan
button. To create a new standard position, click the
Standard Sample Type option and select a standard
from the Standard List.

Referenced To Fiducial Set: 0, Setup Number: 0 and File Setup:
NONE and Multiple Setups: NONE

Positions | PictureSnap Stage

~ Unknown or Wavescan Position Samples [Name/Description)
Tonkromn somic>

[ Auto Increment
[~ AutoDigiize [T

P

-

~ Standard Compositions Added To Run [select to create new) ——

Add/Remove Standards To/From Run |

I 1 Increment Grain | [~ Use Digitized AutoFocus

MNumber Size
Single Point(s) Shotgun I 12 I 40
Linear Traverse Rectangular Grid
ﬂ Digitize Image I - Polygon Gnid |
-“ Digitize Cluster [of Random Points) |

Select the Unknown check button from the Sample Type choices.

Enter a new sample name in the Unknown or Wavescan Position Samples text field, and click the
Add New Unknown To Position List button.
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A digitized polygon area grid will now be setup on the unknown grain.

Click the Polygon Grid button at the bottom of the Digitize Sample Positions window.

'!‘ Digitize Sample Positions _ @M

-Sample Type — To create a new unknown position, click the
Unknown Sample Type option, enter a sample name
" Standard and click the Create New Unknown or Wavescan
| | & Unknown button. To create a new standard position, click the

Standard Sample Type option and select a standard

| e
Wavescan from the Standard List.

l 15 J
Referenced To Fiducial Set: 0, Setup Number: 0 and File Setup:
1 NONE and Multiple Setups: NONE

Positions PictureSnap Stage

-Unknown or Wavescan Position Samples [Mame/Description) —

ISW-I 23 pyroxene

3d Newi Unkninin To Postlsch Ll:ll [T Auto Increment

[T Auto Digitize [1_

—Standard Compositions Added To Run [select to create new] ——

Add/Remove Standards To/From Run |

I 1 Ihciement Giain | [~ Use Digitized AutoFocus

Mumber Size

. Single Point(s) . Shotgun | 12 40

. Linear Traverse . Rectangular Grid

ﬂ Digitize Image . Polygon Gnd

I Digitize Cluster [of Random Poil
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The Polygon Grid Parameters window opens.

‘Polygon Grid Parameters .
Polygon Grid Stage Coordinate Boundary Points

Row  FHNNNNNNY Z

Cancel

d

Test

Add Polygon Boundary Coordinate .

Remove Last Polygon
Position

Load

ilf

B S —

Plot Polygon Boundary

-

Polygon Grid Z Interpolation Dptions

(" Use Averaged Z Position of Polpgon Boundary Coordinates
(* Use 3D Plane Fit Z Position of Polygon Boundary Coordinates

Grid Stage Step Sizes

X Grid Step Size In Microns | 000000
Y Grid Step Size In Microns | .ono000

X Number Of Points In Grid

Y Number Of Points In Gnd :

Calculate Number Of Points In Polygon > | |

|~ Stagger the Grid Points

Plot Coordinates and Boundary |

The user will outline the perimeter of the grain to be gridded. An easy way to accomplish this is
to image the grain with backscattered electrons, at any magnification, and trace around the grain
boundary. Start in one corner and on a recognizable feature, click the Add Polygon Boundary
Coordinate button and then move linearly toward another feature or edge, clicking the Add
Polygon Boundary Coordinate button to outline this portion of the grain. Continue to trace line
segments around the grain, clicking the Add Polygon Boundary Coordinate button to enclose
another portion of the grain. Eventually, returning to the starting point, completing the
enclosure. If a mistake is made or you simply wish to remove the previous boundary point, click
the Remove Last Polygon Position button.
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In this example, twenty line segments were used to enclose the grain of interest. Each end point
is listed in the Polygon Grid Stage Coordinate Boundary Points text box.

‘Polygon Grid Parameters s ™

~ Polygon Grid Stage Coordinate Boundary Points | '
|

13 15.7076 26.6315 11.2230 -
14 15.6953 266216  11.2424 Cancel |
15 15.6583 26.6062 11.2440 i
16 15.6390 26.5963 11.2450 i
17 15.6214 26.5865 11.2450 i
18 15.6021 26.5696 11.2545 |
19 15.5933 26.5583 11.2550
20 BE . 548 454 I
™ '

Test | |

Load

Add Polygon Boundary Coordinate

Plot Polygon Boundary
—

- Polygon Grid Z Interpolation Options

i

Remove Last Polygon
Position

(" Use Averaged Z Position of Polygon Boundary Coordinates |
(« Use 3D Plane Fit Z Position of Polpgon Boundary Coordinates

—Grid Stage Step Sizes |

X Grid Step Size In Microns [.000000) '
Y Grid Step Size In Microns | 000000 !

X Number Of Points In Grid I
Y Number Of Points In Gnd I

Calculate Mumber Of Points In Polygon > | |

[~ Stagger the Grid Points

Plot Coordinates and Boundary |

Click the Plot Polygon Boundary button to inspect the perimeter just drawn.
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To start over and re-draw the perimeter outline again, click the Close button on the Polygon Plot
window, click the Cancel button of the Polygon Grid Parameters window, and the click the
Polygon Grid button of the Digitize Sample Positions window.

' Polygon Plot e o

i | we| 4| wlEE[o|

| ) i | e

i {
4| 3| 2

/7
vV

aaf

Y Stage

[15.7333
[26.7151

[~ Grd Lines

Copy Ta
ClipBoard

I R T T END N N RS S S Y B A E R
1556 1553 1559 1561 1562 1584 1566 157 1569 1571 1372 Print

X Stage

When satisfied with the outline of the grid, click the Close button of the Polygon Plot window.
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Enter Grid Stage Step Sizes (in microns) for both X and Y.

.Poiygor\ Grid Parameters s

Polygon Gnd Stage Coordinate Boundary Points - '
| i
Y z ~

~@|~No|a mw |- D
£

15.6777 26.7243 11.4300 | | Cancel
15.6689 26.7116 11.4570
15.6513 26.7088 11.5740
15.6355 26.7046 11.4550
15.6179 26.6877 11.2400
15.6109 26.6779 11.4550
15.6162 26.6624 11.4450

15.6460 26.6554 11.2334 ~
»

Test | |
Load | *

Add Polygon Boundary Coordinate

Remove Last Polygon

Plot Polygon Boundary Position

Polygon Grid Z Interpolation Options

" Use Averaged Z Position of Polygon Boundary Coordinates
(« Use 3D Plane Fit Z Position of Polygon Boundary Coordinates

—Gnid Stage Step Sizes |

X Gnd Step Size In Microns
Y Grid Step Size In Microns

X Number Of Points In Grid
Y Number Of Points In Grid |47

| 57
Calculate Number Of Points In Polygon > 12

[~ Stagger the Gnd Points

t

Plot Coordinates and Boundary | *

Click the Calculate Number of Points in Polygon> button to determine how many data points
will be digitized. Readjust the X and Y Grid Step Sizes if necessary. Select a method of Z
determination from the two option buttons under Polygon Grid Z Interpolation Options.
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The DigitizeSaveGrid window appears with the number of points in an ideal rectangular grid.

DigitizeSaveGrid ]

@R 2665 estimated points (assuming a rectangular grid) is a lot of points,
&Y' are you sure that you want to digitize this many points?

Yes | No I

Click the Yes button to calculate the total number of points.

'Polygon Grid Parameters s ™

-~ Polygon Grid Stage Coordinate Boundary Points -I
Row Y zZ

1 15.6777 26.7243 114300 [ | cancel ||
15.6689 26.7116 11.4570
15.6513 26.7088 11.5740 .
15.6355 26.7046 11.4550
15.6179 26.6877 11.2400 .
15.6109 26.6779 11.4550
15.6162 26.6624 11.4450

15.6460 26.6554 11.2334 ~
[ 4

AR N O N

[

Add Polygon Boundary Coordinate

Remove Last Polygon

Plot Polygon Boundary Position

-~ Polygon Grid Z Interpolation Options

" Use Averaged Z Position of Polygon Boundary Coordinates
@ Use 3D Plane Fit Z Position of Polygon Boundary Coordinates

~ Grid Stage Step Sizes -

X Grid Step Size In Microns 10
Y Grid Step Size In Microns 10

‘ X Number Of Paints In Grid T Z—
Y Number Of Points In Grid I;;—

Calculate Number Of Points In Polygon > I 1345

[~ Stagger the Grid Points

Plot Coordinates and Boundary |

Determinate: 6238.47331698943 -
Fit Coeflicients: 10.73798 -6.793252E-02 6.144463E-02

Standard deviation: 5 460768E-03

Specimen ilt in radians:

ThetaX = -6.788028E-02 Theta¥= 6.140597E-02 Theta= =
9.153374E-02

| Specimen tilt in degrees: -
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When the appropriate gridding parameters have been set, click the OK button, closing the
Polygon Grid Parameters window. The DigitizeSaveGrid window re-appears, click the Yes

button.

The program automatically digitizes each of the number of points in the polygon and returns to
the Automate! window.

‘ 'E‘ Automate!

Pasition List (multi-select) [double-click to see data)

(" Standards Un
(* Unknowns
" Wavescans
" All Samples

2|

Select Stds
Select All

Go
Auto Focus

Update

1 Fid 0 SW-123 pyroxene

Delete Al

Re-Load

Delete Selected Samples

Delete Selected Positions

Move | Stage

Digitize

Fiducials I
Replicates |

Conditions

Sample Setups

File Setups

Multiple Setups

Import from ASCII [=.POS File)
Export Selected Samples [to *.PDS)

D
o
k4

16.30942
16.32942
16.34942
15.70940
15.72940
15.74940
15.86941
16.28942
16.30942
10 16.32942
11 16.34942
12 15.68940
13 15.70940

W00 |~ | | =N =

z
26.32230 11.24741
26.32230 11.24605
26.32230 11.24469
26.33230 11.28878
26.33230 11.28742
26.33230 11.28606
26.33230 11.27791
26.33230 11.24938
26.33230 11.24802
26.33230 11.24666
26.33230 11.24530
26.34230 11.29076
26.34230  11.28940

GEQQQOGQQGQQQE

Grain # Focus
1 0
1 0
1 0
1 0
1 0
1 1]
1 0
1 0
1 0
1 0
1 0
1 0
1 0

~

-

Ke¥ =15 Cum= 10 Size= 0 Mag= 2533 Mode = Analog Spot
Maghnal = 2533 Maglmag = 2533 ImagShift = -2, 3

Sample Setup [row] Number
=0

File Setup = NONE

Multiple Setups = NONE

Replicates = 1

~ Automation Actions

[~ Confirm Standard Positions
[~ Confirm Unknown Positions
[~ Confirm Wavescan Positions

[~ Peak Spectrometers Peaking

[~ Acquire Standard Samples

[~ Acquire Unknown Samples

[~ Acquire Wavescan Samples

[~ Acquire Standard Samples [again)

Automation Options

[¥ Peak on Assigned Standards

[T Use "Quick"” Standards

|~ Use Filament Standby Afterwards
|v Use Confirm During Acquisition
I Use Beam Deflection For Position

- O ¥ Onlnks W

™ Suppre i | Backla
|~ Confirm All Positions In Sample
[T Combine Multiple Sample Setups

[~ Use ROM Auto Focus
& Mew Sample " Every Point
" Digitized " Interval 5

Standard Points To Acquire [I]_
Automate Confirm Delay (sec) [T
Standard X Increment (um) [4
Re-Standard Y Increment [um) ,5_'
[~ Re-Standard Interval (hrs) [E—

I Automate Probe Image Browse

Use Last Unknown Sample
Use Digitized Conditions

Use Digitized Sample Setups
Use Digitized File Setups
Use Digitized Multiple Setups

M 1 [ T 160

Run Selected Samples

Click the Plot button in the Automate! dialog box to open the Position Plot window and view
the locations of all of the digitized points in this sample.
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Click the Plot button in the Automate! dialog box to open the Position Plot window and view
the locations of all of the digitized points in this sample. In this example, the 10 micron spacing
creates too many points to be individually visible on this view.

Position Plot

"

ah

| ) | 29 e | 21

||l +| wliz|o|a] /] 2(Q| [N

SW-123 pyroxene

Y Stage

—
—

[~ Grid Lines

Copy To
ClipBoard

I | | I :
1557 1566 1575 1583 1582 1601 16.10 16.19 1627 16.36 1645 Print

X Stage

Zoom Full
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The user may click and drag the mouse to zoom on the plot to expand the scale.

Position Plot ——
| ) et | 9 e 2| 2R | o || | wliEE|olsl /| 2|Q) - |

]
ey i o bl Ll 1A

siutiesttd P\/roxene

L) ?
el
" LT 6
| -+ @ XD 4
‘ CD 26.38— I3 7
—i gas

1 00 [16.3178
BT [26.6672 |

ey [~ Grid Lines
\
! Copy Tao

xn-t -

I ClipBoard
4120 um
R
16.03 16.07 16.11 16.16 1620 1625 1629 1634 16.38 16.42 16.47 Plint

X Stage

. Zoom Full

Click the Close button of the Position Plot window to return to the Automate! dialog box.
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The user should proceed with calibration and standardization of the elements in the probe run
and checking the accuracy of the standardization.

Then, to run the just digitized polygon grid sample from the Automate! window, highlight it in
the Position List. Under the Automation Actions, click the Acquire Unknown Samples check
box. Finally, click the Run Selected Samples button.

‘ '!‘ Automate!

~ Position List [multi-selec

R ———
[ EVLEGE @ UUn 1 Fid D SW-123 tonene
* Unknowns

0 see data)

Move | Stage

i~ Automation Actions

[~ Confirm Standard Positions
[~ Confirm Unknown Positions

" Wavescans Digitize [~ Confirm Wavescan Positions
T
SR R [~ Peak Spectiometers Peaking |
ot
SeleciSigs Fiducials v Acquile Unknown Samples
M!l—- Replicates | [~ Acquire Standard Samples (again)
Go : 2
2o Focus | Conditions Automation Options
Update 5 ample Setups [¥ Peak on Assigned Standards
: T Use "Quick” Standards
Delete &Il File Setups [~ Use Filament Standby Afterwards
Re-Load Multiple Setups [¢ Use Confirm During Acquisition

Delete Selected Samples

Delete Selected Positions

Import from ASCII (=.POS File)
Export Selected Samples (to *.POS)

Y z
16.30942 26.32230 11.24741
16.32942 26.32230 11.24605
16.34942  26.32230 11.24469
15.70940 26.33230 11.28878
15.72940 26.33230 11.28742
15.74940 26.33230 11.28606
15.86941 26.33230 11.27791
16.28942 26.33230 11.24938
16.30942 26.33230 11.24802
16.32942 26.33230 11.24666
16.34942 26.33230 11.24530
12 15.68940 26.34230 11.29076
13 15.70940 26.34230 11.28940 0

-]
E
£

W00 |~ | | = ||| =

10
11

(=D — N — N — N — N — I — N — N — i — O — I — ]

Grain # Focus =«
1 0 [ H
1 0 N
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0 b

[~ Use Beam Deflection For Position
[T OnStds ¥ OnUnks ¥ OnWavs
[~ Suppress ROM Based Backlash

[~ Confirm All Positions In Sample

[~ Combine Multiple Sample Setups

[~ Use ROM Auto Focus
" Mew Sample " Every Point

" Digtized  Interval  [5

b
[10
[y

Re-Standard Y Increment (um) | g
[~ Re-Standard Interval (hrs) |6

[T Automate Piobe Image Browse |

Standard Points To Acquire
Automate Confirm Delay [sec)

Standard X Increment (um)

Ke¥ =15 Cum= 10 Size= 0 Mag= 2533 Mode = Analog Spot
Maghnal = 2533 Maglmag = 2533 ImgShift=-2, 3

Sample Setup [row] Number
=0

Use Last Unknown Sample
Use Digitized Conditions

File Setup = NONE

Use Digitized Sample Setups
Use Digitized File Setups

'y
-
-
s
" Use Digitized Multiple Setups

Multiple Setups = NONE

Replicates = 1

Run Selected Samples
e ——— -
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The AutomateConfirmSelected window opens and the user clicks the Yes button to activate the
acquisition. The acquisition time is now calculated.

' AutomateConfirmSelected: Using Last Unknown Sample

Number of Standard Position Samples: 0 '
Number of Unknown Position Samples: 1
Number of Wavescan Position Samples: 0

Elapsed Time for Last Unknown Acquisition: 66 seconds

Projected Time for All Unknown Acquisitions: 26.46 hours
Total Projected Time for All Acquisitions: 26.46 hours

Are you sure you want to run these automated position samples?

Yes I No | :

Upon completion of the data acquisition, return to the main window and select Output
Standard and Unknown Plots in the Output menu:

“84 Probe for EPMA [C\ProbeData\Doc ion\polygon_gridding MDE] =8
File Edit Standard X-Ray Analytical Window Run |
Acquire! Analyze! Output Standard and Unknown Plots
214G T8 2.19 1.19 2.07 J 4 =
218G 1.28 2,07 72 2.14 Output Automatic Temary Plots
216G 54 1.73 «75 2.63
2176 1.44 1.82 -74 2.92 Save User Specified Format Output (Output only the data types specified by the user)
218G 1.47 2.62 52 2.57 Save C An s O N
2196 83 2.65 30 2.22 BOE Custom Analyns utpit
220G T8 1.76 .86 2.59
»

2216 72 1.72 .58 1.93 e Wayescin Dutput
28203 e .09 1. 36 1,63 Save Images to BMP Files (Output all images via clipboard to save current drawing objects)
223G 1.20 2.97 1.09 2.19
224G 74 2.42 61 2.79 Save Multi-Point Position and Intensity Data (Output multi-point background intensity data and related parameters)
225G 1.16 1.89 1.02 1.73 Tirrie D et =z DI, (O bessd !
226G 1.10 2.06 .87 1.70 Save Time Dependent Intensities (TDI), (Output based on sample names)
227G T8 1.70 .58 2.67 o

All Ti ] fi fill
SoB0 i . o 4. 55 alas Save All EDS Spectra To EMSA (Output all EDS spectra to EMSA format files)
229G 1.21 2,92 1.07 2,42 Save All CL Spectra To EMSA (Output all CL spectra to EMSA format files)
230G .86 2.21 61 2.92 o )
2310 1.09 1.83 55 1.80 Save Trace Element Average Statistics, (Output to single file)
232G 1501 1.71 69 2.32 Save Homogeneity Calculations, (Output te single file)
233G 1.13 2.72 .64 2.10 - &
GG 5 a5 2 ea o Gins Save U, Th, Pb Age Calculations, (Output to single file)
235G 1.19 2.80 59 2.15 Save Hanchar-Montel Geochron Calculations, (Qutput to single file)
236G 62 1.63 61 2.23 :
237G 1.21 1.60 46 1.76 Save CalcZAF Format (Output standard or unknown samples. Process using CalcZAF.exe)
238G il 2.06 1.26 1.358 Save CalcZAF "Standard” Format (Output standard samples. Process using CalcZAF.exe)
239G 1.07 2.72 .74 2.83
240G 1.38 2.21 .50 2.80 Save StrataGem Format (Output k-ratios and thin film models. Process using StrataGem)
241G 1.41 2.01 - 67 2.20 Save Cluster Classification Format (for Calclmage)
242G 1.05 2.55 1.07 2.88
2436 1.33 2.39 1.07 2.08 v Extended Format (Output all elements on a single line to log window)
244G 96 2.28 .98 2.34 Debug Mode (Deb I ind
245G 78 1.86  1.33  2.31 g Made (D2 ot plt o logy ibow )
246G 92 2.59 1.07 2.39 Verbose Mode (Verbose output to log window)
247G 80 1.98 1,10 1.54 Time Stamp Mode (Time stamp output to log window)
248G 1.03 2.19 1.08 2.09 - L -
249G 54 2.88 1.29 2.90 Driver Logging Mode (Driver logging output to .log file)

| 250G 1.11 2.92 1.26 2.64 Log Window Font (Change log window font)
o Save To Disk Log (Save all output to log window to disk file)
Open: Ready View Disk Log (Open log file in text editor)
Open File Viewer (Open text editor with empty file)
Open Link To Excel (Allow Analyze! >>Excel button to export results to Excel)
v Close Link To Excel

66



Select (highlight) the unknown digitized points in the Sample List field. Depending on how
many points were digitised, the data might have more than one row. Click the Minimum Total
check box to skip low points (analyses in holes, etc). Select the 3-D check button under Graph

Type.

Click the Send Data to ASCII File check button. This activates other the output check boxes.
Click the SURFER.BAS File check box. Finally, select "X Stage Coordinates" for X-Axis, "Y
Stage Coordinates" for Y-Axis, and for example all the Oxide Percents for the Z-Axis (multi-

select).
'!‘ Plot! ==
Sample List (multi-select) = Uss Manual Satacton 1 Output Target
" Standards o SRS - (" SandD 8 3
@ Unknowns QLRI APLY. L8 * Send Data to ASCII File (X. Y. (2)...)
" Wavescans AeEre G e vaples

" Digitized
v Acquired Only
Select All
Select Analyze!

A

Y-Anis

[ Include Deleted Paints
[~ DataPoint L S
[~ ASCII File
[~ Force Blach

Z-tis [multi-select)

)

[~ Run Information

Column Labels v SURFER .BAS File ™%

[~ Mormmalize Samples [Y Sets

.

~ Graph Type

Mg Atomic Percents
Ca Atomic Percents
Na Atomic Percents
K Atomic Percents
Si Formula Atoms

Ti Formula Atoms
Al Formula Atoms
Cr Formula Atoms
Fe Formula Atoms
Mn Formula Atoms
Mg Formula Atoms
Ca Formula Atoms
Na Formula Atoms
K Formula Atoms
Elemental Totals
Oxide Totals
Atomic Totals
Formula Totals

Line Numbers

Line HNumbers [relative])
On Beam Current
Ab Beam Current
DateTime

Cu

GEeEU nuws T
‘ X Slae Coordinates

m

ST
LA Stae Coordinates S

Ca Atomic Percents
Na Atomic Percents
K Atomic Percents
Si Formula Atoms
Ti Formula Atoms
Al Formula Atoms
Cr Formula Atoms
Fe Formula Atoms
Mn Formula Atoms
Mg Formula Atoms
Ca Formula Atoms
MNa Formula Atoms
K Formula Atoms
Elemental Totals
Oxide Totals
Atomic Totals
Formula Totals
Line Numbers

Line Numbers [relative)
On Beam Curmrent
Ab Beam Current
DateTime

Elapsed Hours

+ |51 Elemental Percents
Ti Elemental Percents
Al Elemental Percents
Cr Elemental Percents
Fe Elemental Percents
Mn Elemental Percents
Mg Elemental Percents
Ca Elemental Percents
Na Elemental Percents

m

TiD2 Oxide Percents
Al203 DOxide Percents
Cr203 Oxide Percents
FeD DOxide Percents
Mn0D Oxide Percents

MgD Ozxide Percents
CaD Oxide Percents
Na20 Oxide Percents
K20 Oxide Percents

e A Do

Ti Atomic Percents
Al Atomic Percents
Cr Atomic Percents
Fe Atomic Percents

Si02 Oxide Percents

-~

-

M

[~ Average Only

 Intensity Error Bars —

|1 =
n Spacing m

n Sigma

Output

Click the Output button. Calculations happen for all samples.
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The Open File To Save ASCII Data To window opens. Adjust the Save in: location if
required. Enter a File name: in the text field provided.

ssd Open File To Save ASCII Data To — =t
Savein: | J, Data LI - CF E-
Name = Date modified |
\
. _master_setups 29/09/2013 15:44 i-: E
J. 2010 10/09/201317:34 —
1. 2011 10/09/2013 17:35
Je 2012 10/09/2013 17:35
. 2013 29/09/2013 15:49 -

Click the Save button.

The PlotDoFile window opens, click the OK button.

- © e

'PlotDoFile

-
e

e
0! Plot Data Saved to C:\Probe Software\Data\SW-123 pyroxene.dat
| -

Another PlotDoFile window appears.

PlotDoFile — - 4 — (o]

r"fi"\' Surfer .BAS File Saved to C:\Probe Software\Data\SW-123 pyroxene, BAS
‘W Surfer BLN File Saved to C:\Probe Software\Data\SW-123 pyroxene.BLN

(if required)

To automatically create gridded data plots, run Golden Software's
Surfer Scripter.exe application, open the above .BAS file and click the
Run control.

Click the OK button to create these files. They contains OLE code for generating contour and
surface plots of the digitized probe data.
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The BASRunScripter window opens.

[ BASRunScripter el = l—t.s—--

—

rj@l Would you like to run the BAS script in Scripter right now?

Yes I No |

Click Yes to automatically open the created script file in Golden Software Scripter. This requires
the correct location of the Golden Software applications to be specified in the [software] section
of PROBEWIN.INI using the GrapherAppDirectory and SurferAppDirectory keywords. PROBE
FOR EPMA will look for Scripter.exe in the Scripter subdirectories of the Grapher and Surfer
folders.

Alternatively, click No to manually open the .BAS file. Launch Scripter.exe, for example from
the Golden Software Surfer program group in the Start menu.

l Scriptl (script) - Scripter [design] - =S
Fil dit Vi Script Deb Sheet Hel
|a iew  Scrip ebug .p B
New CtrsN P (% » 0 o | Mée| » =B @
New M » :J Proc: |Main j
Open... Ctrl+0
Close
Save Ctrl+S
Save As...
Print Ctrl+P
Print Setup...
Recent File
Exit
Ty
1 s
For Help, press F1 NUM 4

The Open Document window appears.
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Locate the SW-123 pyroxene.BAS file.

g —
Bopen # . w0 W e e -wmp P —l
&“" Computer » Local Disk (C:) » Probe Software » Data » vl‘y” Search Data p|

Organize ¥ New folder = (7]
Yt Favorites Name = Date modified Type Size
Bl Desktop L. _master_setups 29/09/2013 15:44 File folder
18 Downloads L. 2010 10/09/2013 17:34 File folder
%ﬂ Recent Places L. 2011 10/09/2013 17:35 File folder
S 2012 10/09/2013 17:35 File folder
-4 Libraries & 2013 29/09/2013 15:49 File folder
. CalcZAFDATData 22/04/2013 14:11 File folder
& Homegroup . ColumnPCCData 29/07/2011 20:06 File folder
1. Demolmages 26/08/2013 11:47 File folder
1% Computer .. Penepmal2 25/10/2012 16:08 File folder
‘ Local Disk (C:) L. Position Files 17/05/2013 16:52 File folder
L Acronis . SurferData 03/07/2013 17:43 File folder
Ju Docs_Local Iﬁ SW-123 pyroxene.BAS 29/09/2013 15:51 Scripter Document 13 Kﬂl
. Probe Software
. Proaram Files >
File name: SW-123 pyroxene.BAS - I_WinWrap Basic (".wbp;*.BAS;".t ']
[ Open H [ Cancel ]
Click the Open button.
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GS Scripter now details the open SW123.BAS file, of which a portion is illustrated below.

(B SW-123 pyroxene.BAS (script) - Scripter [design]

(=] e

File Edit View Sf.ript Debug Sheet Help
EELUES L am

Ty (w

Y r o0 Berscalae B

Object: |(General)

x| Proc:|(declarations)

=y

W00~ DU PR

[Petion Explicit

Dim SurferApp As Object

Dim SurferWks As Object

Dim SurferDoc As Object

Dim SurferPlot As Object

Dim SurferPageSetup As Object
Dim SurferShapes As Object
Dim SurferMapFrame As Object
Dim SurferAxes As Object

Dim SurferAxis As Object

Dim SurferSelection As Object
Dim SurferText As Object

Dim SurferFontFormat As Object
Dim SurferimageMap As Object
Dim SurferColorMap As Object

2 Sub Main
" This routine is created by Probe for EPMA

Dim Directory As String
Dim File As String

Dim Sample As String
Dim MaxCol As Integer
Dim XLabel As String
Dim YLabel As String

Directory$ = "C:\Probe Software\Data\"
‘Directory$ = CurDirS() & "\"
If Command$() <> ™ Then Directory$ = Command$()

File$S = "SW-123 pyroxene™
Sample$ ="Un 2 SW-123 pyroxene”
XLabel$ = "X Stage Coordinates (um)"

" see if script path was passed as a command line argument

|For Help, press FL

[ m[
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The default output mode of the script file is "TEST", which will only output the plots to the
screen. Scroll down to see more output options and edit as desired. Deactivate (comment out)
lines by inserting a single quotation mark at the beginning of a line. Activate by removing the
single quote.

[@ SW-123 pyroxene.BAS (script) - Scripter [design]

File Edit View Script Debug Sheet Help

BL@E ||

| ee| = 0EE|E W

Obiect: |(General)

~|  Proc: |(declarations)

[GW23 pwronene BAS < 52 A
53}| ' Call output routine
54| Call GridAll{Directory$, File$, Sample$, MaxCol%, XLabel$, YLabel$, ZLabel$())
55
56|} End Sub
57 ]
58 L
595 Sub GridAll(Directory As String, File As String, Sample As String, MaxCol As Integer, XLabel As String, YLabel As String, ZL|~
60]| * This is the routine that actually creates the output. It is appended to text output from PFE to
61| ' create a complete surfer automation module. See XYSCAN2 BAS (Surfer 7) for a complete example
62
63|| Dim OutputType As String
64]| Dim GridMethodType As Integer
65
66 A'I'I'ENTIONI ATTENTION! ATTENTION ATTENTION! ATTENTION! ATTENTION! (Surfer 7.0 or higher version)

G DutpuiTypeS TESI™

gd "OutputType$” variable will determine the output (edit as desired)

70
71}| * The last UNcommented "GndMethodType%" vanable will determine the gnd method (edit as desired)
72|| ‘GndMethodType% = srinverseDistance
73)| GridMethodType% = sriKriging
f 74]| ‘GndMethodType% = sfMinCurvature
" 75)| ‘GridMethodType% = srfShepards
| 76)| 'GridMethodType% = srfNaturalNeighbor
0 77)| 'GridMethodType% = sriearestNeighbor
i 78)| 'GridMethodType% = srfRegression
g 79)| 'GndMethodType% = srfRadialBias
80)| 'GridMethodType% = srfTriangulation
81]| " ATTENTION! ATTENTION! ATTENTION ATTENTION! ATTENTION! ATTENTION!
82
83)| Dim FileData As String
84|| Dim FileBlank As String
85| Dim FileBlank2 As String -
< D B B T - i »
For Help, press F1 | NUM |
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Select the Script | Run menu item to begin the automated plotting.

.SWal.prlmleﬂAS(xnmj - Scripter [design] ‘ v E) ¥

1B+ emlcc B
=] Proc: |(declarations) |

utine
~rectory$, File$, Sample$, MaxCol%, XLabel$, YLabel$, ZLabel$())

End Sub

58 |
59§ Sub GrdAll(Directory As String, File As String, Sample As String, MaxCol As Integer, XLabel As String, YLabel As String, ZLH |
60}| ' This is the routine that actually creates the output. It is appended to text output from PFE ta

61]| * create a complete surfer automation module. See XYSCAN2 BAS (Surfer 7) for a complete example.

63)| Dim OutputType As String
64f| Dim GrdMethedType As Integer

66]| " ATTENTION! ATTENTION! ATTENTION ATTENTION! ATTENTION! ATTENTION! (Surfer 7.0 or higher version)
67]| * The last UNcommented "OutputType$” variable will determine the output (edit as desired)

68|| OutputType$ = TEST"

69)| "OutputTypeS = "PRINT"

71}| " The last UNcommented “GridMethodType%" variable will determine the grid method (edit as desired)
72]| 'GndMethodType% = srfinverseDistance

73)| GridMethodType% = sriKriging

74)| 'GridMethodType% = sriMinCurvature

75)| 'GndMethodType% = srfShepards

76| 'GridMethodType% = srfNaturalNeighbor

77|| 'GridMethodType% = sifNearestNeighbor

78)| ‘GndMethodType% = sriRegression

791 'GridMethodType% = sriRadialBias

80| 'GridMethodType% = srTriangulation

81]| " ATTENTION! ATTENTION! ATTENTION ATTENTION! ATTENTION! ATTENTION!

83|| Dim FileData As String
84]| Dim FileBlank As String
Dim FileBlank2 As String

W
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Basic contour and surface maps will be created. Raw data concentration (*.GRD) files will also
be created; these may be opened in SURFER for further modification and output.

An example of a basic contour map for calcium is shown below. The perimeter of the pyroxene
grain is visible. Regions of higher calcium concentrations appear dark in this view.

SW-123 PYROXENE: CALCIUM CONTQUR MAP

3150+

—{aooo

—{1=00
1.4

—is00
—1i+00
31204 | {izon

—iooo

31004

—&.00

—1+.00
30204

—zZ.m
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The next screen capture illustrates a 3-D surface map for iron in the pyroxene. Here, the image
of iron concentration (vertical scale) has been rotated and tilted slightly.

SW-123 PYROXENE: IRON SURFACE MAP
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Stage Bit Maps and Picture Snap! Feature

Unknown or standard samples loaded into the electron microprobe can present some difficulty to
the user in terms of rapid and precise positioning or the location of small phases or specific areas
of interest to analyze upon a large sample. On most microprobes the user has several options for
searching for analysis or standard locations. An optical image (reflected and/or transmitted light)
and/or a video feed of the same image are usually available, but on some instruments only at
relatively high magnification. Additionally, one can search for the area of interest utilizing the
secondary or backscattered detectors at variable magnifications, but this can be time consuming.
Still the entire sample may not be in one field of view upon observation in the chamber.

Another device employed to aid in feature location and rapid positioning is a gridding device that
holds a sample mounted in a standard holder under a moveable grid system. The rough
coordinates of a region on the sample may be read off to effectively narrow the search for the
analysis position. Some facilities also use standalone digitized light microscopes to program
points into ASCII text files which can be transferred to the microprobe and recoordinated using
fiducials.

In PROBE FOR EPMA, navigation around and exact positioning can also be easily
accomplished using the stage bit map and Picture Snap! features. The Stage Bit Map feature will
be discussed first. The Stage button is located in many locations in PROBE FOR EPMA
programs; such as in the Acquire! window or from any Move Motors and Change Crystals
(Move button) window.

Move Motors and Change Crystals!

Stage Target Positions
/" Remove Faraday Go
X Y A Al

[12395.0 | 27985.1 4" Z Axis Adjust -
Positi
& Increment A Increment gsions @
| 229999 | @7 @ 1.00 Auto Focus
100

Jog Stage | Exchange Sample
[~ Use Stage Backlash Park Stage Update Positions Filament Standby
Free/Clear

Spectrometer Target Positions [Load Element Setups From Acquire Elements/Cations Button)

Go
Spectros

SP1 SP2 SP3 SP4 SP5
[TaP | |LuF ~| [LPET  ~| |TAP | ko] ]
| 384991 | 68239.8 | 38387.0 | 27738.0 | 48084 8 |

Mgka| ©  [Wikal| ©  [Eakal s-ka\"“ Feka\" 6 _|©
| O 1| (O | e | | e |
v Use Spectrometer Backlash Jog Spectrometers | Park Spectrometers |
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Clicking the Stage button opens the Stage Map window. Two different maps are displayed
below.

¥ Stage Map! (double-click to move) | o B S . #¢d Stage Map! (double-click to move) [E="rc

| s
'/‘_—JHnlder Selecliull‘(;a';i ' ;EH older Selection
HO6.wmf - \ HOLTS2+2. wmild
-9122.6 0.8 -4373.8 #0.8
24271.2 CHE2S o 47940.0 ¥1.2
Remove |
Faraday | ?'::'::E; P

Positions -
‘ Positions )
" Mo Samples

" Standard
" Unknown
" Wavescan
{

" No Samples
r | O Standard

" Unknown
" Wavescan
" All Samples

~ All Samples '
Light Mode

L Refl | Tran
On Off

: ( Refl | Tran |
On O
—  Scan Mode @ | el

Light Mode

Spot | Scan Scan Mode
B/C-1| B/C-2 Spot | Scan |

B/C1 | B/C-2

Spot Spot

To select another Holder Selection image, simply select the file from the drop-down list box.
Image files (windows metafiles (*.WMF)) and coordinate limits are specified in the Standards
section of the PROBEWIN.INI file. The entire map maybe reduced or enlarged retaining scale
using the X0.8 or x1.2 buttons or to re-size the Stage Bit Map window simply drag any corner of
the window to the desired size and shape. The minus and plus button (upper left) minimizes the
stage bitmap selection and cursor position display.

The current position is indicated as a small red-purple circle on the map. To move from one
location to another, simply double-click on the spot you wish the stage to travel to. The current
position (X and Y stage coordinates) is displayed above the Remove Faraday/ Insert Faraday
button. Digitized positions of various samples can also be viewed by selecting the appropriate
radio button.

To create stage drawing maps of your standard holders, for instance, use a vector based drawing
program and the exact dimensions of your holders to build dimensionally correct drawings.
These can be exported as windows metafiles and directly loaded into the graphical stage move
feature in PROBE FOR EPMA.
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Each stage map must be calibrated in coordinate space for accurate movement to features on the
map. Typically two diagonally located points near the edge of the map are chosen for
calibration. Initiate the calibration routine by clicking the @ button (upper right) in the Stage

Map window. The MoveStageMapCalibrate window appears.

‘r X -l]

' MoveStageMapCalibrate

f Y \ Do you want to calibrate the current stage bitamp? You will need to
' click on two stage positions that you know the actual stage coordinates

of.

%]

Click the Yes button to open the Calibrate Stage Bit Map Min and Max window for

calibration.

Calibrate Stage Bit Map Min and Max

Calibration Points

Click each "Select” button and click
the StageMap image on a position for
which the actual stage coordinates
are known [coordinates displaved are
calculated from comer positions).

X Y

% Y
G
Select | | Update | | ] 2nd

Calculate | | Min Depending on the polarity of pour stage Save
Corners | | Max  a%es, the min and max may need to be Stagemap
swapped. Calibration

Enter actual stage positions above
[using the "Update' buttons or
entering values manually] based on
the optical stage coordinates.

Edit in the values in the [Standards)
section of your PROBEWIN.IMI file for
the calculated comer values.

Click the top Select button, opening the Stage Select window.

‘ Stage Select

Select a position on the stage map to

calibrate the stage

Click on the unique position on the stage map to identify the stage coordinates.
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These values appear next to the Select button chosen.

Calibrate Stage Bit Map Min and Max

~ Calibration Points

Select | [eraq 333804

Select [

Click each "Select" button and click
the StageMap image on a position for
which the actual stage coordinates
are known [coordinates displayed are
calculated from corner positions).

X Y

Calculate I I

Corners | I

X Y

Update | I [
Update | [ [ Ind

Enter actual stage positions above
[using the "Update" buttons or
entering values manually] based on
the optical stage coordinates.

st

Edit in the values in the [Standards)
section of your PROBEWIN.IMI file for
the calculated comer values.
Depending on the polarity of pour stage
ares, the min and max may need to be
swapped.

Save
Stagemap
Calibration

Next, activate the microprobe imaging and zoom up in magnification to locate the exact spot you
just selected. Either click the Update button or manually enter the stage coordinate information

for the 1% calibration point.

Calibrate Stage Bit Map Min and Max

Calibration Points

Select | [775641.. 338884

Select [

Click each "Select" button and click
the Stagebap image on a position for
which the actual stage coordinates
are known [coordinates displayed are
calculated from comer positions).

b Y

Calculate | |

Corners I |

% Y
2439996 [ 3399989 ¢

Update | | | Ind

Enter actual stage positions above
[using the “"Update"* buttons or
entering values manually) based on
the optical stage coordinates.

Edit in the values in the [Standards)
section of your PROBEWIN.INI file for
the calculated corner values.
Depending on the polarity of your stage
axes, the min and max may need to be
swapped.

Min
Max

Save
Stagemap
Calibration
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Click the lower Select button and repeat the process. Click on the second position on the image.

Activate the imaging and find this exact point and update the position. The Calibrate Stage Bit
Map Min and Max window will appear as below.

Calibrate Stage Bit Map Min and Max

-Calibration Points

« v |
Select
gl | 23885.4, 38801.8 Update |23E|13 |38??8 1st
Select
e |-23785., -35392, Update |-23?‘55 {-35411| 2nd
Click each "Select"” button and click Enter actual stage positions above
the Stagehdap image on a position for [using the "Update" buttons or
which the actual stage coordinates entering values manually) based on
are known [coordinates displayed are the optical stage coordinates.
calculated from cormer positions).
Edit in the values in the [Standards]
% Y section of your PROBEWIN.INI file for
Min the calculated comer values,
Calculate ] Depending on the polarity of your stage | Re-Load
Corners ] b axes, the min and max may need to be IMI
swapped. Values

Click the Calculate Corners button to obtain the correct corner values to calibrate your Stage

Map. Click Save Stagemap Calibration to enter these min and max values are into the
Standards section of the PROBEWIN.INI file.

Calibrate Stage Bit Map Min and Max

Calibration Points

« v |-
Select | [5eay . 33884 Update | [24339.95 3939989 4

Select

| 54,6720, -55.788

Click each "Select' button and click

Update | [24339.91 [3339988 54

Enter actual stage positions above
the StageMap image on a position for [using the "Update'’ buttons or
which the actual stage coordinates entering values manually] based on
are known [coordinates displayed are the optical stage coordinates.
calculated from corner positions).
Edit in the values in the [Standards]
b Y section of your PROBEMWIN.INI file for
: the calculated corner values.
-27470. | 39976.1 Min Depending on the polarity of your stage Slsave '
aves, the min and max may need to be agemap
27524.3 | -40019. Max tspeed Calibration _4

Now this image is calibrated, so the user can easily “drive around” on the image.
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The Picture Snap! feature allows the user to incorporate images of your unknown thin section or
polished mounts into PROBE FOR EPMA to aid in navigation and the digitizing of analysis
locations. Images (BMP, JPEG, GRD) taken with a flatbed scanner or other camera system can
be entered into Picture Snap!, then calibrated and used for analysis.

Picture Snap! dialog can be accessed from the Automate | Digitize Sample Positions window.

'!‘ Digitize Sample Positions = ]ﬂ

|

—Sample Type — To create a new unknown position, click the
1 Unknown Sample Type option, enter a sample name |
" Standard and click the Cieate Mew Unknown or ‘\Wavescan |
= U button. To create a new standard position, click the

Standard Sample Type option and select a standard

o™ :
Wavescan from the Standard List.

Referenced To Fiducial Set: 0. Setup Number: 0 and File Setup: |
NONE and Multiple Setups: NONE

Positions | Stage

Unknown or Wavescan Position Samples (Name/D escription)

{unknown sample

‘ .

| Add New Unknown To Position List I Auto Increment
[~ Auto Digitize ,1_ |

— Standard Compositions Added To Bun [select to create new) ——

509 Bustamite [Astimex block) -
524 Hematite [Astimex block) F|
529 Marcasite [Astimex block) —
539 Rutile [Astimex block)

570 Cr metal [Cameca block) b

Add/Remove Standards To/From Run |

| 1 I e G | [~ Use Digitized AutoFocus

Number Size

Rectangular Grid | !

[ Single Point(s)

@ Linear Traverse

E Digitize Image I : Polygon Grid
‘ % Digitize Cluster [of Random Points)
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Picture Snap! can also be accessed from the STAGE program by selecting the Window |
Display Picture Snap! menu item.

I+ Stage (Stage Control and Automation) E‘M
File Edit Standarutput Help
SP1 SP2 tage Ctrl+S A
38499.1 68239.8 Move Ctrl+M 1999

Welcome to St Analytical Conditions ) v.
H Load Column Cenditions From File
Copyright (c)

Save Column Conditions To File
This software is View Column Conditions File
Karsten Goemann
Probe Software Filament Standby

Turn Detector Bias Voltages Off
Press the F1 key i o get help
o5 e Turn Detector Bias Voltages On 1 key.

e [)ej Reset Current Window Positions To Default

Initializing
Demonstration In Display PictureSnap

Digitize Positions Ctrl+D

Beam Deflection Ctrl+B

Cancel \ Pause A
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The main Picture Snap! window appears. Select the File menu and open the appropriate image
file.

*s* Picture Snap e E@M

Open B Image

Open JPEG Image
Open GIF Image

Import Grid File As Image
Save Image As GRD File

Copy To Clipboard (method 1)
Copy To Clipboard (method 2)

Save As BMP

Save As BMP (with graphics objects)

Print Setup
Print

Exit

4 | -
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The Open File To Input Bitmap Image From window opens.

‘?' Open File To Input Bitmap Image From

Look'n:l 1. Data

Name

. _master_setups

1. 2010

102011
, 2012
. 2013
. CalcZAFDATData
. ColumnPCCData
., Demolmages
. Penepmal2

. SurferData

!
A
)
!
J
)
1. Position Files
| b surferDat
| &%/ CML0367.bmp

~| & @B e E-
Date modified

29/09/2013 15:44
10/09/201317:34
10/09/201317:35
10/09/2013 17:35
29/09/2013 16:08
22/04/2013 14:11
29/07/2011 20:06
26/08/2013 11:47
25/10/201216:08
17/05/2013 16:52
03/07/201317:43

29/09/2013 17:23

Type S
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder

| File foldgr

Eﬁma@g@ge

|

File name:  [CMLO0367 bmp

Files of type:  [Bitmap Image Files (*.BMP)
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The image is displayed in the Picture Snap! window. Select the Window | Calibrate menu.

*#¥ Picture Snap [CAProbe Software\Data\CML0367ompl Pixel X=180,¥=0" T I R —
i Mise
Calibrate Image To Stage Coordinates .

Full Image Picture View
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The Picture Snap Calibration window appears.

Picture Snap Calibration

— Point #1 Calibration

X Pixel Coordinate

Y Pixel Coordinate

X Stage Coordinate
Y Stage Coordinate

Coordinate

Pick Pixel Coordinate on >
Picture 5

—
o

|1 3501.05
|35481.95

Move
To

i
|
' Read Current Stage

— Point #2 Calibration
X Pixel Coordinate
| | Y Pixel Coordinate

I Pick Pixel Coordina
Picture

—
—

’ X Stage Coordinate

Y Stage Coordinate

Read Current Stage
Coordinate

|1 3501.05
|3E48‘|.95

Move
To

+ Two Points
" Thiee Points

To calibrate the picture
select two diagonal
coordinates [for rectanglar
samples) or three points [for
round samples subject to
rotation] on the picture for
which you can accurately
locate the stage positions.
Then click the Calibrate
Picture button,

Calibrate Picture

Image |s NOT Calibrated

Display Calibration
Points

Light Mode
Refl
On

Tran
Off

# and Y Pixel Coordinates
are actually given in
"Twip" units! (1440 twips
per logical inch)

Image calibration is accomplished using a two point method. Click the Point #1 Calibration Pick
Pixel Coordinate on Picture button The Picture Select Point window appears, select the first
unique point on the image.

Picture Select Point

Select a position on the image to calibrate
the picture

Cancel
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The X,Y Pixel Coordinates are entered.

Picture Snap Calibration

Point #1 Calibration -
X Pixel Coordinate |1 ons

. . — + Two Points
Y Pixel Coordinate |1 75  Thieo Points

Pick Pixel Coordinate on

Picture To calibrate the picture

select two diagonal
coordinates [for rectanglar
samples) or three points [for

X Stage Coordinate |1 3501.05 round samples subject to
¥ Stage Coordinate  [3545195 | e yoy con accursily

locate the stage positions.
Read Current Stage
Coordinate -

Then click the Calibrate
Point #2 Calibration

Picture button.

Calibrate Picture

Image |¢ NOT Calibrated
X Pixel Coordinate | Display Calibration

Y Pixel Coordinate I— Points

Pick Pixel Coordinate on — Light Hﬂd_e
Picture Refl | Tran
On | Off

X Stage Coordinate |135|31‘|:|5
# and ' Fixel Coordinates

Y Stage Coordinate (35451 95 are actually given in
“Twip" units! (1440 twips

per logical inch)

Move
To

Read Current Stage
Coordinate

The values shown in the X, Y Stage Coordinates text boxes are the current stage location. Drive
the stage to the same unique location and click the Read Current Stage Coordinate button.
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Repeat these steps for the second calibration point, resulting in the following window.

Picture Snap Calibration

.

| —Point #1 Calibration
X Pixel Coordinate |1 005
. Y Pixel Coordinate |1315

Pick Pixel Coordinate on
Picture

' X Stage Coordinate |.2|345?
Y Stage Coordinate |35595

Read Current Stage Move
' Coordinate To
|
~ Point #2 Calibration
X Pizel Coordinate 29025
Y Pixel Coordinate 9120

Pick Pixel Coordinate on
Picture

X Stage Coordinate

|1 7587
|24983

Y Stage Coordinate

Move
To

Read Current Stage
Coordinate

+ Two Points
" Thiee Points

To calibrate the picture
select two diagonal
coordinates [for rectanglar
samples) or three points [for
round samples subject to
rotation] on the picture for
which you can accurately
locate the stage positions.
Then click the Calibrate
Ficture button.

Calibrate Picture

Image |s NOT Calibrated

Display Calibration
Points

Light Mode
Refl Tran
On Off

# and Y Pizel Coordinates
are actually given in
"Twip" units! (1440 twips
per logical inch)

Click the Calibrate Picture button opening the PictureSnapSaveCalibration window.
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PictureSnapSaveCalibration 1 |

e [
{0' Picture calibration saved to C:\Probe Software\Data\CML0367.ACQ

Click the OK button to save the picture calibration.

The Picture Snap Calibration window now indicates that the Image Is Calibrated.

Picture Snap Calibration

-Point #1 Calibration - -

X Pixel Coordinate [0

Y Pixel Coordinate |-| 215 i I:o P::",tst
ree Points
Pick Pixel Coordinate on To calibrate the picture
Picture select two diagonal
coordinates [for rectanglar
i samples) or three points [for
X Stage Coordinate I-ZU45? round samples subject to
. rotation] on the picture for
¥ Stage Coordinate |35595 which you can accurately

locate the stage positions.
Then click the Calibrate

Rora Picture buttan.

To

Read Current Stage
Coordinate

Calibrate Picture

— Point #2 Calibration - imoge s Calbrated

X Pixel Coordinate W Dieyting & ol rationt
Y Pixel Coordinate W Points
Pick Pixel Coordinate on -Light Mode
Picture __Refl | Tran |
_On | o _

X Stage Coordinate |1 7507
# and" Pixel Coordinates

Y Stage Coordinate 124953 are actually given in
"Twip" units! 1440 bwips

per logical inch)

Move
To

Read Current Stage
Coordinate

Close the Picture Snap Calibration window.
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The operator can digitize analysis locations for later unattended work. Click the Digitize button.

This opens the familiar Digitize Sample Positions window.

'!' Digitize Sample Positions o il
| ~ Sample Type To create a new unknown position, click the
| Unknown Sample Type option, enter a sample name
| | " Standard and click the Create New Unknown or Wavescan
& Unknown button. To create a new standard position, click the
"~ Wavescan Standard Sample Type option and select a standard
from the Standard List.

|t |
| |Referenced To Fiducial Set: 0, Setup Number: 0 and File Setup:
| NONE and Multiple Setups: NONE
I

Positions PictureSnap Stage

-~ Unknown or Wavescan Position Samples [Name/Description) —

|CML 0367 1

| Add New Unk To Position List | | Auto Increment
| [~ Auto Digitize [1—

| — Standard Compositions Added To Run [select to create new] ——

509 Bustamite [Astimex block) -

| | | 524 Hematite (Astimex block) 3
529 Marcasite [Astimex block)

1 539 Rutile [Astimex block)

' 570 Cr metal [Cameca block]) nE

| Add/Remove Standards To/From Run |

1 Increment Grain |— Use Digltlzed AuloFOCu&
Number Size
Single Point(s] “% Shotgun |12 I 40

Linear Traverse Rectangular Grid

|
| =
' H Digitize Image n Polygon Grid

E Digitize Cluster [of Random Points)
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Create a new unknown.

In the Picture Snap! window, double click on the spot for the first analysis point on the just
calibrated image to drive the stage to those coordinates. The location is displayed with a purple
crosshair marker.

*#¥ Picture Snap [C:\Prabe Software\Data\CMLO367.bmp] (double-click to move), Stage X= 194811, Y= 17081.3 5 S S s oo E) e
ias —
File Window Display Misc

L9€0 TND

sasA|eue suaxolAd/auiAlio gg

To now use the calibrated image for position programming, click for example SinglePoint(s) in
the Digitize Sample Positions window to add a single point in this position.

All acquisition locations can be viewed in the Picture Snap! window by selecting the Display |
Digitized Unknown Position Samples menu and acquired via the Automate! window.
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Modal Analysis

Modal analysis is a statement of the composition of a sample expressed in terms of the relative
amounts of phases or minerals present. These volumetric proportions can be estimated from
quantitative measurements made on the specimen by point counting analysis. This quantitative
modal analysis on unknown compositions is based on a defined set of modal phases, selected
from a standard database. Any database of standard compositions may be used to define the
phases.

There are three basic steps involved in the modal analysis routine. This procedure involves
initially the acquisition of a large set of compositional data acquired using either multiple
traverses or large area gridding. It is assumed that this data set is statistically representative of
the sample. In the example illustrated below, a large representative area of a fine-grained
sandstone thin section was gridded and some 324 quantitative analysis points were collected.

The second step involves the creation of an input file to load into STANDARD for the actual
modal analysis calculation. The simplest method of generating this input file is to use the Plot!
window in PROBE FOR EPMA to output a *.DAT file of the elemental or oxide weight percent
compositions to disk.

After data collection has been completed, select Output Standard and Unknown Plots in the
Output menu.
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Highlight the compositional dataset in the Sample List.

Select the first oxide for the X-Axis and the remainder in the Y-Axis (multi-select) range.

Activate the Send Data to ASCII File (X, Y, (Z)...) check button and the ASCII File Column
Labels check box. The labels are required so that the modal analysis routine can identify the
elements in the input file.

The input file can come from any source as long as the element or oxide symbols are in the first
line, enclosed within double quotes, and the data is in weight percent. The weight percent data
can be in any format. Do not include a totals column.

= piot!

Sample List [multi-select)

™ Use Manual Selection

" Standards
" “Wavescans
" Digitized

‘ v Acquired Only
~ Select All
Select Analyze!

Hebis

Un 1 * unknown sample
Un 2 City Hall Thin Section #1

1 ‘- Dutput Target

™ Run Information

Y-duis [multi-select)

[~ Momalize Samples [Y Sets)

[~ Sample Names

I~ SURFER .BAS File
I Off Peak Labels

[ Mormalize ¥ Sets

Graph Type -

Si Elemental Percents
Ti Elemental Percents
Al Elemental Percents
Fe Elemental Percents
Mg Elemental Percents
Ca Elemental Percents
Na Elemental Percents

Si02 Oxi
102 On

dl;. Pe-lce'nts

Al203 Oxide Percents
Fe0 Oxide Percents
Mg0 Ozxide Percents
CaD Oxide Percents
Na20 Oxide Percents
K20 Oxide Percents
Si Atomic Percents

Ti Atomic Percents

Al Atomic Percents
Fe Atomic Percents
Mg Atomic Percents
Ca Atomic Percents
Na Atomic Percents

K Atomic Percents
Si Formula Atoms

»

m

Si Elemental Percents
Ti Elemental Percents
Al Elemental Percents
Fe Elemental Percents
Mg Elemental Percents
Ca Elemental Percents
Na Elemental Percents
K Elemental Percents
Si02 Oxide Percents
TiD2 Oxide Percents
Al203 Dxide Percents
FeO Oxide Percents
Mg0 Oxide Percents
CaD Oxide Percents
Na20 Oxide Percents
K20 Ozxide Percents
Si Atomic Percents

Ti Atomic Percents

Al Atomic Percents

Fe Atomic Percents
Mg Atomic Percents
Ca Atomic Percents
Ma Atomic Percents

K Atomic Percents

Si Formula Atoms

Si Elemental Percents
~— |Ti Elemental Percents
Al Elemental Percents
Fe Elemental Peicents
Mg Elemental Percents
Ca Elemental Percents
Na Elemental Percents

K pImETitERalcents
TiD2 Oxide Percents
Al203 Dxide Percents
FeD Ozxide Percents
Mg0 Ozxide Percents

»

m

CaD Ogxide Percents
Na20 Oxide Percents
K20 Ozxide Percents

Fe Atomic Percents

Mg Atomic Percents

Ca Atomic Percents

Na Atomic Percents

K Atomic Percents
= |Si Formula Atoms

@ i o Ho |

[~ Average Only
[ Minimum Total

Sum> [ag

i~ Intensity Error Bars

[~ Plot Emor Bars

|] - I
h Spacing m

=
ey
-

n Sigma

Cancel = Next

Click the Output button.
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The Open File To Save ASCII Data To window appears. Locate the appropriate directory
under Save in: and type in a File name: in the text field provided.

*#* Open File To Save ASCII Data To g
Savein:| |, Data Ll - e BB~
Name : Date modified e
. Demolmages 26/08/2013 11:47
1. Penepmal?2 25/10/2012 16:08
1. Position Files 05/11/2013 13:22 N
1. SurferData 03/07/201317:43 ‘E
| SW-123 pyroxene.dat 29/09/2013 15:51 -
« | m j r
File name: ICttyHall dat | Save I
Save as type: IASCII Data Files (".DAT) ;I Cancel I
4

Click the Save button.

The PlotDoFile window appears, indicating that the data was saved.

PlotDoFile [

‘\
@ Plot Data Saved to C:\Probe Software\Data\CityHall.dat

Click the OK button.
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The data saved to the *.DAT file may be viewed using an editor such as Notepad. Here a portion
of the CITYHALL.DAT file is displayed.

B

He gt Famat Yew Hep

Fra0 Ot Percents” “NAT0 ool Percents” “Feb) Crde Percerts” *Cal Ovide Percents” A0S Chade Percerts” 5103 Chade Percerts” “MgD Oiche Percerts” TOZ Ot Percirts” -
3212856 084379 057376 434428 3 B5a7E 1172727 001379 018426 b
023560 D00 005260 aopann naniaz? 98047467 (el ] 073651
orasa o] 050260 005228 naoann 47 Ba0S O180EE ooana
015457 Doo0an D35GES 023568 Jooogn 100841032 booogo [2Ead
186080 0000a0 218054 291762 3840241 91151772 124854 00000
005303 000 025585 003560 000000 102 645638 000090 000000
0 00000 084513 040705 115520 83,195809 000000

007942 008343 023802 [ L] 104 154287 el OR3EE]
DEA909 DORSE1 F2067 176842 581872 73 36465 023033 ooante
OES356 DH0ES 075625 148523 500850 1 250412 DA4080 npgga? =
nog2e DogE 002643 e 000000 104 538147 D000a0 000000
UBAOST D000 078260 43218 1.223208 100 B4ET14 Do1021 058012
012381 00a72 000000 000300 41418 105 016345 000000 007082
1.396605 429426 10343257 1419728 15628440 39 647485 1691040 209419
15 718748 23534 015711 1 B20754 16, 185831 AR BEIEIS 174850 S0ARS0
2184575 B40035 2433322 117908 18731405 B4 803748 S4TI06 178404
(56851 B40B71 044086 151371 154820 10 BESHT 285 DA2564
HI56E D05728 arsann BEI520 H 23HETH 0 ADATE 142400 052258
005761 DO0CE 000900 U0E3S oooon 107391512 057068 DagEEs
8E3889 Ba1141 316267 197038 2821450 100 692586 184191 0892582
824219 000000 623511 302535 376020 25882721 00000 148085

B4 01728 324769 107446 1514305 99554527 D89E14 039251

154881 01362 331134 520821 1330437 422 0

opanog Do 0000og 007255 nanann 105 S54987 020756 oozoeT
027604 00 041379 03258 nonann 10 SEB480 om SHTEE
MEaeE? TEABST 11813 J2vaaz 4812269 18.369605 oooan 00000
D98I0 D000 060733 016395 002112 106 276352 DA80ST 00a000
374252 019848 8.543500 454708 2285709 3736157 225787 000000
nD4gsg .DO000a0 015887 004304 000000 106295805 D15336 053281
009000 D00 00000 000300 000000 105473846 000090 000000
0247149 00134 13476 I6E90 B4BTTE 98 S03633 14356 38330
ATE0T DOSET 9303 103545 178137 100 376160 54054 2647
038830 DO MBS 51083 2arEae 67 (87351 MBS [
T3 0750 0320 10 025084 AT AT 35 033642 209004 oo
SIE8E2 9B 54305 ) 1058110 W, 03053 Mngaaz
1389255 TIBETE 18.730335 1823186 5350651 11.786387 285432 035844
0E2419 013559 436762 BBEOZE 170793 533226801 017525 000000
018270 DOBSTS 011465 56160 522753 50575279 00000 D15635
233262 02 444485 1.041039 2560967 52403080 3401 02633
003549 001 17840 018700 006a00 10% 357647 L0000 00000
15300772 45612 63916 127681 17 720588 63 582369 5035 MATRY
1143 DO ED119 003167 nrm 210154 06184
TBET2 aaE 0147 0EAE 4 A5 83453362 08125 oo
51 017 18447 grges Jooogn 34851734 00000 00
T03514 03 26937 520763 21837 93.350365 070843 n4183
81489172 .D000a0 7837607 340207 1B.B15746 51830448 3062872 4832156
035289 0775 095572 234628 311152 3418005 012334 000000
009000 00000 00000 40770 000000 101 952583 D000 33974
ooan DI01E0 A0057E 006a00 100 L0000 70134
038278 Dog0a7 23819 01N 36 DIETIE a6 557487 226 15616
o1z 018542 03526 anpann naooan el 21289
180212 00000 JBaE2 1 IHES Ag9082 99,002083 Doesy: ooy
(256599 AT 93484 JoETEs 5 99,107665 Doo0g EDa3
053181 013174 96307 142536 204400 76857407 D000 021236
000885 000 012333 000300 000000 99854172 .D000a0 023359 =|
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The third and final step involves the setup and running of the modal analysis calculation. The
modal analysis routine is located in STANDARD. Select the Standard | Standard Database
menu to open the Standard application.

| B

_E“ Standard (Compositional Database) — =
File Edit Standard Options Xray Analytical Output Help
— Standards [double-click to see composition data) — 1T Standard Information
% Open Old Standard Database File (eS|
Q Q [ ], « Probe Software » Probe for EPMA v [ 43 ][ Search Probe for EPMA 0
Organize v New folder =~ 0 @
. - *  Name . Date modified Typ 2
W Favorites sight %
Bl Desktop E-;] amcsd.mdb 04/02/2012 08:35 Mig
& Downloads ) boundary.mdb 18/11/2012 06:45 Mic| || Weight
-] Recent Places ] dana.mdb 27/09/2002 08:43 Mic
Welcome El';] dhz.mdb 04/02/201210:23 Mic
CopyrigHh| (& Libraries = B]jeclel.mdb 06/09/200908:24  Mic|-
1) jeolox.mdb 06/09/200908:24  Mic
This softW | & Homegroup ) MANVsOFF-1.MDB 16/06/2008 08:27  Mic
Karsten Gg ) matrix.mdb 19/10/20131127  Mic
Probe Softl im computer &) oremdb 04/02/201210:23  Mic
Press the ﬁ Local Disk (C:) @ PQOSITION.MDB 05/11/201313:23 Mig simply
highlight g% emxmdata (\\moseley) (M:) E‘_] SETUP.MDB 18/04/201317:44 Mic |
2% probedata (\\castaing) (Q:) &) seTuP2.MDB 02/02/201017:48 Mic
R fesemdata (\\ruska) (R:) 2 seTuP2.MDB 16/04/2013 16:06 Mic
@ semdata (\\semsupport) (5:) @ srm.mdb 19/04/2012 03:28 Mic
5# MobileBackups on 'psf' (W:) @_] standard.mdb 20/09/2013 17:58 Mic =
53 BackUp on 'psf' (X:) v < it \ L4
I T NDARD. MDE ~ [~.mDB (".MDB) -
[ Open Iv] [ Cancel ]
ause |

Select (highlight) a standard database that will be used to define the modal phases. Click the
Open button to load this database.
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Select Options | Modal Analysis from the menu.

[ Standard [C:\Probe Software\Probe for EPMA\standard.mdb) [ESREE

File Edit Standard |Options | Xray Analytical Output Help
~ Standards [double-¢ Search (for a standard name string) nformation

210 Rutile TiD2 P Find (a specific element range in all standards)

212 Rhodonite Mn . i

214 Cobalt oxide [ Match (a composition with all standards)

%}g E;‘;;ﬁLg:';dsep Modal Analysis (quantitative phase ID)

220 Yttrium Alumi Interferences (calculate spectral overlaps)

222 Barite BaS504 —_

%gg &E:;““_’t'e g;‘f*ﬂé%&"' (A18) T TotelOwgen [ Total'weight %

illemite —

228 Andradite Glass P&H (B2) = I =

230 Acanthite Ag25 P&H [A4) - | Excess Oxygen Atomic Weight
Copyright (c¢) 1995-2013 John J. Donovan -

This software is registered to :
Karsten Goemann
Probe Software

m

Press the F1 key in any window for context sensitive help. To get help on a menu item
simply highlight with the mouse and hit the Fl1 key.

 Cancel | Pause | 4
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The Modal Analysis window opens. Start by defining an overall Group. Click the New button
under Groups.

'Modal Analysis

— Group Definitions
: Groups Phases Standards

New Add
Delete Delete Remove Start

— Group Options —Phase Options

Minimum Total for Input Minimum Yector \

I I

|~ Do End-Member Calculations
[~ Mormalize Concentrations For Fit " MNone
™ Weight Concentrations For Fit

" Olivine ( Pyroxene
" Feldspar  Garnet

Update Group | Update Phase

—Data Files

Input Data File

[C-\Probe Software\Data\CalcZAFDATData\modal.dat Blpeete

Ouput Data File
|C:\Probe Software\D ata\CalcZAFDATD ata\modal.out

Browse
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The ModalGroupNew window opens. Enter a descriptive name for the group of phases.

'ModalGroupNew = 25 |
Enter a name for the new modal group (for example: OK
Al-Cu Eutectic, Stony Chondrite or Eclogite Metamorphic
Suite) Cancel
I andstone

Click the OK button. Default Group and Phase Options are loaded; these will be discussed and
modified shortly.

Click the New button under Phases.

The ModalPhaseNew window opens. Enter the first modal phase. In this example, the
sandstone is composed of mostly quartz with two minor feldspars; an alkali (sodium-potassium)
phase and a plagioclase phase along with iron oxides and other trace accessory minerals. The
first modal phase is entered into the text field.

‘ ModalPhaseNew ﬂ

Enter a name for the new phase in modal group (for 0K
example: Feldspar or Iron Oxides)S andstone

|Quartz

Click the OK button.
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Select the Add button under Standards, opening the Add Standards to Run window.

'Add Standards to Run

Available Standards in Database [multi-select) Current Standards in Run

524 Hematite [Astimex block) - 537 Quartz [Astimex block]
525 Magnetite [Astimex block]
526 lodyrite [Astimex block)

527 Jadeite [Astimex block]

528 Kaersutite [Astimex block])
529 Marcasite [Astimex block])
530 Molybdenite [Astimex block)
531 Monazite [Astimex block]
532 Obsidian [Astimex block])
533 Olivine [Astimex block])

534 Plagioclase [Astimex block])
535 Pentlandite (Astimex block)

536 Pyrope [Astimex block
53? Quartz A:timex block — ¥
Enta.rStarﬁard To Find: S Add Standard To Run >> 2 | Mumber Of Stds

1 |

- << Remove Standard from Run I Cancel

il

Choose standards to define this modal phase. You can enter a search string into the Enter
Standard To Find field and the software will highlight the first occurrence. Click the Add
Standard To Run >> button to add the standard to this phase.

These are the phase compositions that the program will use to match against the unknown point

analyses. Try to avoid over-determining the phase. For example, when defining a sodium-
potassium feldspar, select the two end-members (albite and microcline).
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The Modal Analysis window would now appear as below.

‘Modal Analysis

— Group Definitions Y
| | Groups Phases Standards

Bl Sandstone Em 537 Quartz [Astimes

[l New . New 1l Add
Delete Delete Remove Start

'~ Group Options - Phase Options

Minimum Total for Input Minimum Vector

| 95 | 4

[~ Do Em:!-lllembel Calclillatlon: )  Olivine o

[v MNormmalize Concentrations For Fit + None C Feldspar (~ Gamet

[v Weight Concentrations For Fit e

Update Group | Update Phase

~Data Files

Input Data File

[C:\Probe Software\D ata\CalcZAFDATD ata\modal.dat Browse

Ouput Data File
|C:\Probe Software\Data\CalcZAFDATD ata\modal.out
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Continue and enter all phases, defining the phase compositions (standards) to match. The Alkali
Feldspar entry is illustrated below.

'Modal Analysis _
- Group Definitions - o

. | Groups Phases Standards

BN S andstone Quartz 656 Microcline (UT/
Plagioclase 730 Albite Amelia C
Alkali Feldspar

|

I New New Add

Delete Delete Remove Start
| Group Options —Phase Options
Minimum Total for Input Minimum Yector

. [«

[ Do End-Member Calculations
[v MNommalize Concentrations For Fit * None
[v Weight Concentrations For Fit

" Olivine ( Pyroxene
" Feldspar  Garnet

Update Group | Update Phase
-Data Files
Input Data File
C:\Probe Software\D ata\CalcZAFDATD ata\modal.dat Browse
Ouput Data File
Browse

|C:\Probe Software\D ata\CalcZAFDATD ata\modal.out
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Once all of the phases have been identified and standards defined for matching, adjust the Group
and Phase Options.

‘Modal Analysis
Group Definitions
Groups Phases Standards _
Quartz 637 limenite, USNM
Plagioclase 638 Magnetite, Min.
Alkali Feldsiar
New New Add
Delete Delete Remove Start
Group Options Phase Options
Minimum Total for Input Minimum Vector

|95 |4

[ Do End-Member Calculations
[v MNommalize Concentrations For Fit * None
[v Weight Concentrations For Fit

" Olivine ( Pyroxene
" Feldspar ¢ Garnet

Update Group | Update Phase

Data Files

Input Data File

C:\Probe Software\Data\CalcZAFDATD ata\modal.dat Browse

Ouput Data File
|C:\Probe Software\Data\CalcZAFDATData\modal.out

The Minimum Total for Input is the rejection sum for the unknown compositions, sums below
this value will not be used in the modal analysis. Typically 90-95% are good cutoffs.

Select the Do End-Member Calculations option and check the appropriate mineral name under
Phase Options to perform end-member calculations as listed.

The Normalize Concentrations For Fit option is used to specify whether the standard and
unknown concentrations (above the just defined minimum input total) should be normalized to

100% before the vector fit is calculated.

The Weight Concentrations For Fit option is used to specify if the element concentrations for the
standards should be weighted, based on the composition of the element in that phase. Select this
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option if the major elements in a phase should have greater influence in determining the vector
fit. Leave unselected, if all concentrations, regardless of their abundance should have equal
weight in the vector fit.

The Minimum Vector number (default is 4.0) is basically the tolerance for the match to a defined
phase. Ifa closer match is desired for one or more phases in the group, decrease the vector value
for that phase. See the User’s Guide and Reference documentation for specific details on the
calculation of this vector.

Finally, under Data Files, select the appropriate Input and Output Data File locations and click
the Start button to initiate the modal analysis calculation on each data point.

’

‘Modal Analysis

Group Definitions

| | Groups Phases Standards
: Sandstone Quartz 637 limenite, USNM
Plagioclase 638 Magnetite, Min.
' Alkali Feldspar
New New Add
Delete Delete Remove
| - |

Group Options

Minimum T otal for Input

E

[~ Do End-Member Calculations
¥ Normmalize Concentrations For Fit
v Weight Concentrations For Fit

Update Group

Data Files

nput Data File

|
—

Phase Options
Minimum VYector

e

" Olivine

=
O Ll " Feldspar

" Pyroxene
" Garnet

Update Phase

|[Z:\the Software\D ata\CityHall.dat

Ouput Data File

)

I[::‘\.Pluhe Software\D ata\CityHall_jmodal.out

Browse

Browse
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After the calculation finishes the ModalStartModal window appears, stating that the output data
has been saved to the specified *.OUT file.

ModalStartModal (]
|

0 Output data saved to C:\Probe Software\Data\CityHall_modal.out

oK

Click this OK button.

The modal analysis data may now be viewed in the log window in STANDARD or simply open
the newly created *.OUT file. The output file contains the vector fit, matched phase, end-
member calculation (if checked), totals column and composition of each line in the input file.
Lines that do not meet the minimum total requirement are excluded from the output, if those
lines are desired either cut and paste the entire output from the main STANDARD log window or
capture the entire output by EARLIER selecting the Output | Save To Disk Log menu.

The results of the modal analysis are also tabulated and summarized. The end summary lists the
total number of analyses, the minimum total for a valid composition, number of valid points that
sum above the minimum sum, the number of matched points and the percentage of points that
were matched.

For each phase, the summary output then lists the phase name, the number of matches for that
phase, the percent of matched points, valid points and total matched points for the matches in
that phase. This is followed by the average end-member (if selected), weight percent sum and
composition for that phase and the standard deviation for each element.
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The last page of the just run output file is displayed below.

Line Vector

..268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

Phase

Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Alkali
Quartz
Quartz
Quartz
Alkali
Quartz
Plagioc
Quartz
Quartz
Quartz
Quartz
Opaques
Quartz
Plagioc

Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz

Plagioc
Quartz
Plagioc

Quartz
Quartz
Quartz
Quartz
Quartz

100.
101.

101.
101.
100.

15.

11.
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18.

18.

18.

35.

36.
36.

11.

35.
35.

17.

100.
101.

100.
100
100.



Results of Modal Analysis

InputFile
OutputFile

Date and Time: 1/24/2011 7:46:51 PM

Group Name : Sandstone

Total Number of Points in File : 324
Valid Number of Points in File : 240
Match Number of Points in File : 237
Minimum Total for Valid Points : 90.00
Percentage of Valid Points : 74.1
Percentage of Match Points : 73.1
Phase #Match %Total %Valid %Match AvgVec
Quartz 190 58.6 79.2 80.2 .09
Sum K20 Na20 FeO Ca0
Average: 99.27 .03 .01 .06 .04
Std Dev: 2.00 .08 .03 .08 .08
Minimum: 90.60 .00 .00 .00 .00
Maximum: 102.77 .89 .34 50 .54
Phase #Match %Total %Valid %Match AvgVec
Plagiocl 20 6.2 8.3 8.4 .05
Sum K20 Na20 FeO Ca0
Average: 99.15 .31 .05 .08 18.73
Std Dev: .78 .34 .07 .10 .47
Minimum: 97.58 .02 .00 .00 17.95
Maximum: 100.25 1.31 .30 .39 19.42
Phase #Match %Total %Valid %Match AvgVec
Alkali F 21 6.5 8.8 8.9 .06
Sum K20 Na20 FeO Ca0
Average: 99.11 13.19 1.83 .07 .22
Std Dev: .61 5.39 4.01 .07 .19
Minimum: 97.60 J11 .02 .00 .01
Maximum: 100.05 15.86 11.65 .32 .71
Phase #Match %Total %VvValid %Match AvgVec
Opaques 6 1.9 2.5 2.5 .16
Sum K20 Na20 FeO Ca0
Average: 91.69 .09 .05 88.86 .18
Std Dev: 1.10 .07 .04 .64 .22
Minimum: 90.33 .01 .02 88.00 .00
Maximum: 93.13 .18 211 89.56 .59

Al203
.10
.21
.00

1.52

Al203
36.01

.28
35.54
36.48

Al203
18.40

18.02
18.85

Al203
-39
.46
.12

1.29

Click the Close button on the Modal Analysis window.

Finish by exiting STANDARD.
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Si02
98.99
2.12
89.53
101.46

Si02
43.90

43.32
4488

Si02
65.33
1.50
63.91
69.24

MgO
.05
.03

.11



Deadtime Calculations

This section describes how to calibrate the deadtime constants for each spectrometer and where
to enter them so that PROBE FOR EPMA will utilize these factors.

Deadtime (7) is defined as the time interval (after arrival of a pulse) when the counting system
does not respond to additional incoming pulses (Reed, 1993). The equation normally used to
correct for deadtime losses is given as:

n!
n= ~ (D
(1—am’)
Where:n is the deadtime corrected count rate in counts per second
n' is the measured count rate in counts per second
T is the deadtime constant in seconds

The time interval when the counting system is dead to additional pulses is defined as m'. The
live time then, is (1-7n"). The true count rate (n) is proportional to the beam current (i) by a
constant factor, designated k. Thus, equation (1) may be rewritten as:

nT’ =k(1-m") (2)

A plot of n'/ i (cps/nA) versus n' (cps) will yield a straight line with slope of (-k7). The intercept
on the n'/i axis will be the constant, K, and thus the deadtime factor (7) may be determined.

A second deadtime correction option is also available in PROBE FOR EPMA. This is a high
precision expression for use with very high count rates (Willis, 1993). This expression differs
from the normal equation only when very high count rates (>50K cps) are achieved. The
precision deadtime expression is:

!

n

1—| m +n" - N
2

n=
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The deadtime correction option and type is selected from the Analysis Calculation Options
window. Click Analytical | Analysis Options menu from the main PROBE FOR EPMA log
window. Click the OK button to confirm the selections.

Analysis Calculation Options

Iv Use Deadtime Correction R
+ Use Normal Deadtime Correction [single term factoriall
~ Use Precision Deadtime Corection [two term factonal for > 50K cps]

m Dirift Correction

¥ Use Automatic D andard Intensities

Quantitative Analysis Options

[v Use Assigned Interference Corrections on Standards and Unknowns
[~ Do Mot Use Matix Correction Term For Full Quant Interference Correction
[~ Do Mot Use Full Quant Interference Comrections (use traditional Gilfrich, et. al ]

[~ Use Assigned or Self Time D. Jent | ity (TDI) C on Unknowns
(o}
8
Cu 10 t [weight intensit
Time Weighted D ata Weight Factor [2—‘
[~ Use Absorption Conrected MAN Continuum Intensities
[~ Use Particle or Thin Film Comrection Parameters
[v Check For Same Peak Positi in Unk and Standard
|v Check For Same PHA Settings in Unknown and Standard

Use Zeio Point For Calibration Curve [off-peak elements only)

Use Conductive Coating C. For Beam Energy Loss
Use Conductive Coating Comrection For X-ray Absorption

<< 71

-

Do Not Use Fast Quantitative Analysis Feature

MAC [mass absorption coefficient) and APF [area peak factor) Options

[~ Use Empirical MAC Values

[~ Use Empirical APF Values
" Use Empiical APF Factors [calculated from elemental compaosition)
(" Use Specified APF Factors (based on a fived compasition)

I” Use Aggregate Intensities for Duplicate Quantitative Elements
|~ Use Blank Calibration Sample Trace Element Accuracy Coneclions
I” Force Negative K-Ratios To Zero in ZAF Calculations

Calculation Options

[~ Calculate Electron and Xray Ranges for Sample Compositions
[~ Use Daygen From Halogens (F. CL. Br and 1) Correction

[~ Use Nth Point Calculation For Off-Peak Intensities [for testing only]
[~ Use Count Dverwrite Intensity Table for Data Calculations
v Force Negative f el To Zero in C

I~ Use Chemical Age Calculation (U. Th. Pb)
[~ Use Savitsky-Golay Smoothing for Integrated Intensities ]?_

I~ UseS dary Boundary Fl C

Formatting Options

I~ Use Automatic Format For Quantitative Results
= Display the Maximum Number of Numerical Digits
¢ Display Only Statistically Sigrificant Number of Mumencal Digits

|v Use Detailed Printout For Data and Analytical Results
[~ Print Analyzed And Specified On Same Line
I~ Display Count Intensities Unnormalized To Time (in Analyze!)

I~ Print Additional MAN Fit and Comrection Parameters To Log Window

Output Options

|~ Display Charge Balance Calculation

Elemental Dutput Sort Order For JUD-2 and HW Custom Output:
*" Use Traditional Geological Sort Order [SI02, TiD2, etc.)
" Use Low To High Atomic Number Sart Order
" Use High To Low Atomic Number Sort Drder

STARTWIN can be used to obtain the x-ray intensities required for the deadtime calculation.
The procedure involves collecting precise beam current and count rate data over a wide range of
beam currents. This data set can then be loaded into the supplied Excel template to
automatically calculate the deadtime factor for your spectrometers. Paul Carpenter has put
together an excellent but slightly more elaborate Excel template, contact Probe Software, Inc. for
further details on obtaining his spreadsheet and related documentation.

To calibrate the deadtime factors for your WDS system use high purity, homogeneous metal
standards. Depending on the microprobe configuration one standard may be employed to collect
data on all spectrometers. Here, a silicon metal standard will be used.

Open the Count Times window and disable both the Use Beam Drift Correction and the

Normalize To Counts Per Second options to allow raw intensity data to be collected. Set an On
Peak Count Time that will give a precise measurement of intensities.

Peak each spectrometer to the x-ray line that will be used (Si Ko on the PET and TAP crystals).
Upon completion of the peak center routine, park the spectrometers on the new peak positions.
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Prior to collecting data, run PHA scans on each spectrometer for Si Ka, check the pulse height
distribution at low and very high beam currents (ideally duplicating the range of beam currents
for the deadtime measurements). At very high count rates (large beam currents), significant
pulse pileup and gain shifts do occur. Fully open your pulse height windows, optimize your gain
settings to see all the signal over the range of beam currents employed.

Data collection and analysis is straightforward. Select Output | Open Link To Excel menu
from the main STARTWIN log window. Collect three replicate intensity measurements and
beam current data. Each time count rate data is acquired, it will automatically be sent to an
Excel spreadsheet along with column labels. Measure the replicate count intensities at ten
different beam currents; ranging from a few nanoamps to several hundred nanoamps.
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Create a count time column, prior to the beam current column in the Excel raw data spreadsheet
and enter the relevant count times (in this example 10 seconds was used). The resulting
spreadsheet may look similar to the one printed below except you may have data from more than
three spectrometers.

Time Beam 1 2 3

10 3.259 22083 79765 19470
10 3.263 22069 79995 19590
10 3.247 21755 80091 19679
10 7.08 42503 154130 37952
10 7.06 42642 154665 38087
10 7.072 42168 154182 38282
10 14.547 83163 293002 74572
10 14.539 83315 292602 74281
10 14.543 82998 293326 74636
10 29.911 162904 547744 147492
10 29.917 164053 549493 147209
10 29.935 163684 548386 147078
10 50.539 266841 838976 240665
10 50.562 266672 837625 240860
10 50.58 267751 837948 240463
10 80.844 409290 1169741 370608
10 80.856 410142 1169175 370821
10 80.933 409098 1168965 370368
10 103.225 507351 1352944 460976
10 103.229 507971 1354039 460353
10 103.235 508408 1352991 460165
10 153.811 709360 1640458 647802
10 153.828 711086 1640015 647158
10 153.871 710654 1641034 648664
10 199.604 873187 1790253 800511
10 199.545 871582 1788206 799268
10 199.402 873093 1788780 799117
10 248.192 1027320 1878180 945455
10 248.884 1027517 1878519 945061
10 248.947 1026681 1878716 945783

Open the DEADTIME CALC.XLS file from the floppy disk supplied. Copy and paste count
times, beam current information and counts for the first spectrometer into the raw data template
starting in cell A26.
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By placing data into this template, the program will automatically calculate the following items:
the average of three replicate time counts, the average of three replicate beam current
measurements, the %RSD on the average beam current, the average of three replicate raw
intensity measurements and the %RSD on the average raw intensity measurement.

Next, the counts per second (x-axis) and the counts per second per nanoamp (y-axis) are
determined. A least squares method is then used to calculate a straight line that best fits your
data. The slope and Y-intercept are reported for a straight line fit to all 10 data pairs and also for
the last 6. The latter being a more precise determination of deadtime.

Below is the calculation portion of the Excel template.

4 Microsoft Excel - DeadTime_Calc.xls
Eﬂ Fle Edit Wew Insert Format Tools Data Window Help Adobe POF

NEHdRSGISQAIVEB LA ~F 9o~ = 4] %] O wox - @ wa

L G &l O & Y | [« = Reply with Changes... End Reviewr, .,
nuxl
A2 - #& Title: PET, Spectrometer 3, SikKa 3/11/99
A | B | ¢ | b | E F G | H | J K

1 |Deadtime Calculations
_ 2 |Title: PET! Spectrometer 3, Sika 3/11/89

3
4 | Time Beam %RSD Counts STDEV %RSD CPS (x) CPSInA (v) DT (usec¢) DT (usec)
5 | 1000 326 026 19580 104 .88 054 1958 601.28 -55.23
6 | 1000 7.07 0.14 38107 165.91 044 3811 538.94 1.77
7 | 1000 14.54 003 74496 188.21 025 7450 512.25 741
8 | 1000 2092 0.04 147260 211.60 0.14 14726 482 16 6.31
-9 | 1000 50.56 004 240663 198.51 0.08 24066 47589 5.10 2 BB
10 10.00 80.88 008 370589 27663 006 37060 45822 4.20 267
11| 1000 103.23 000 460498 424 50 009 46050 4409 386 267
12| 1000 1593.84 ooz B47875 755.63 012 B4787 421.14 346 265
13| 1000 199.52 005 799632 78497 0.10 79963 400.78 327 265
14 1000 248 67 017 845433 361.50 004 84543 38015 317 267

15
_16 |Least Squares Regression for all data points
7 |Slope: -0.0018 Mean DT 429 2 BB
18 |Y-intercept| 542 606 STDEV 1.76 001
19 |Least Squares Regression for last B points (more precise)
20 |Slope: -0.0014
21 |Y-intercept|  508.526 Regression Deadtime  3.44 2.66
27
23
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The following screen capture illustrates the raw data template.

Microsoft Excel - Deadtime_Calc xls

Eﬂ Ele Edit ew Insert Format Tools Data  Window Help  Adobe FOF

DEHROGSRIVE $ DA-J9 -~ -]

W " i R o 5 J 21 = Reply with Changes... End Review..
TEREE
A2 - & Title: PET, Spectrometer 3, 3/11/99, Sika
A | B | ¢ | b | E F G
22
23 |Raw Data Template
24 |Title: PETI,!SpectrDmeter 3, 3M11/99, Sika
25 |Time(sec) Beam(nA) Counts(cts)
26 10 3.299 19470
27 10 3263 19590
23 10 3.247 19679
24 10 7.08 37952
a0 10 7.06 Jana7
31 10 7.072 Jg2g2
32 10 14 547 74572
33 10 14 539 74281
34 10 14.543 74636
35 10 29911 147492
26 10 29917 147209
a7 10 29935 147078
28 10 a0 534 240665
34 10 50.562 240860
40 10 a0.58 240463
41 10 a0.844 370608
42 10 a0.84a6 370821
43 10 a0.933 370363
44 10 103.225 4B0S7E
45 10 103.224 460353
465 10 103.235 460165
47 10 153811 B47302
48 10 163828 B47158
49 10 193.871 F43E64
a0 10 1899 604 200511
51 10 199 545 799268
52 10 189 402 799117
53 10 248 142 345455
o4 10 248 884 Q45061
oh 10 248947 945733
o6
a7
58
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Calculate the deadtime factor for each spectrometer in turn, by overwriting the last column of
count data in the raw data template portion of the Excel spreadsheet. Simply highlight the data
in the Excel linked spreadsheet (from STARTWIN), use the copy function and paste it into the
appropriate column. Edit cells A2 and A24 to update the title of the spreadsheet, for
documentation and printout purposes. Calculations on the new data set will be automatically
updated and output.

The deadtime constants are placed into the SCALERS.DAT file (line 13). Enter a value for each
spectrometer (units of microseconds, as output from the Excel spreadsheet).

Deadtime may not be a constant and probably varies with the line energy of the x-ray being
measured. One way to get around this is to place a pulse stretching circuit before the counter
timer board to ensure that a forced deadtime is used to mask the actual deadtime range of the
spectrometer. A pulse width (from the pulse stretcher) greater than the worse case deadtime
found for the spectrometer is produced. Using this value will lead to a more accurate deadtime
correction at all energies.
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Calculation

Options

Prior to analyzing collected x-ray data, the user may wish to specify various output calculation
options. These choices may be found by clicking the Calculation Options button in the

Analyze! window.

s Analyze!

m@lﬂ

Sample List [multi-select] [double-click to see intensity data)

St 533 Set
St B33 Set
St 609 Set
5t 529 Set
5t 524 Set

 Standards,
" Unknowns
" Wavescans
" All Samples

1 Rutile [Astimex block) -
1 Gahnite Brazil ISNM145883 (UTASZ
1 Plagioclase, Labradorite, USNM1153(

1 Marcasite [Astimex black)

1 Hematite (&stimex block]

Analyze

List Standard
Intensities

-

Raw Data

Calculation Options

-

[T [ Pause Between Samples

Report

Combined Conditions

Select All 5t 660 Set 1 Quartz (UTAS3 block) £ ; :
Add To St 570 et 1 Cr metal (Cameca block) E L;:;‘"IM‘::S&'""::““"‘
Setups St 509 Set 1 Bustamite (Astimex block) Disable Selected Sample(s) |
== St 607 Set 1 Olivine, San Carlos, USHM111312/44 Enable Selected Sample(s)
IR St 502 Set 2 Clinopyroxene, Delegate (UTAS1 blocks

| CountTimes |

Combine Selected Samples
Combine Analysis Lines From
Selected Samples
Combine Data Lines From
Selected Samples

Sort Stat and Data Grids By
Geological/Atomic Number

[~ DoNot Output To Log

Combine the Selected Samples
Standard Assignments | Specified Eoncentlaliontl Name!Descriptinnl Conditions I Elements/Cations I i
Search For Remaove
" Total Oxygen [ TotalWeight% "Shared" Bgds "Shared" Bads
2 Calculated Oxygen Z-Bar B o Correcti
Excess Oxygen Atamic Weight ste Mat
I I I I [ I [
<[l 0
Disable Selected Line(s) | Enable Selected Linefs) | Analyze Selected Linels) |
I | I I 1 [ [ -
(4
“ |_\ 3
Cancel Next
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The Calculation Options window opens.

v,

Calculation Options

—

- Selected Samples

St 602 Set 2 Clinopyroxene, Delegate [UTAST blc

EDS Spectral Data And Calculations
¢ Do Not Use EDS Element Data
" Use EDS Element Data

EDS Quant Method |

Integrated Intensity Data Options -

" DoNaot
&

Sample Conductive Coating [need to explicitly turn on in Analytical | Analysis Options)

Element Density Thickness (&)

[c ~| |21 |200

— Calculations Options

v Display Results As Oxides
[~ iCalculate Atomic Percents;

v Calculate Detection Limits and Sensitivity
[~ Calculate Projected Detection Limits

[~ Calculate Homogeneity Ranges

[~ Calculate Alternate Homogeneity Ranges

[ Calculate Pearson's Linear Correlation Coefficients

[~ Element By Difference (as oxide formula) :

Use Standard menu to specify standard coatings

[¥ Use Unknown Conductive Coating —

(¢ Calculate with Stoichiometric Oxygen
(" Calculate as Elemental

[~ Calculate Chemical Age (U, Th, Pb. Y) _

Use Particle/Film Calculations _

Particle/Thin Film Corrections Cannot Be
Utilized With Alpha Factor Matrix Corrections

= e

I~ Formula By Difference [e.qg. Li2B407) I

[~ Stoichiometry To Calculated Dxygen: | Atoms Of I 'l To 1 Oxygen —
[~ Stoichiometry To Another Element: | Atoms Of I L] To I ;l _

[~ Hydrogen Stoichiometry To Excess Oxygen

Formula and Mineral Calculations

HORatio [ pp (OH=1.H20=2) puHepml

ifi , elc.
¥ Calculate Formula Based On [ Atoms OF ISum vl ﬁ‘:’.;’mﬁ'i’:'s'ifn;’“ii?&ﬁfw

& No Mineral End-Member Calculation
" Olivine (" Feldspar ( Pyroxene
[~ Amphibole (Ague, Auto Normalization)

button

" Garnet [Ca.Mg.Fe.Mn) ( Garnet [ALFe.Cr)
[~ Biotite (Brimhall and Ague, Halog Code)
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Each of the selected options in the above window will be briefly discussed in conjunction with
the data output for a clinopyroxene analysis.

St 602 Set 2 Clinopyroxene, Delegate (UTAS1 block)

TakeOff = 40.0 KiloVolt = 15.0 Beam Current = 20.0 Beam Size = 2
(Magnification (analytical) = 2533), Beam Mode = Analog Spot
(Magnification (default) = 2533, Magnification (imaging) = 2533)
Image Shift (X,Y): -2.00, 3.00
Number of Data Lines: 4 Number of "Good" Data Lines: 4

WARNING- Using Slope-Hi Off-Peak correction for Mn ka
WARNING- Forcing negative interference intensities to zero

Average Total Oxygen: 44_.136 Average Total Weight%: 101.203
Average Calculated Oxygen: 44.131 Average Atomic Number: 12.558
Average Excess Oxygen: .005 Average Atomic Weight: 21.937
Average ZAF lteration: 3.00 Average Quant lterate: 4.00

Oxygen Calculated by Cation Stoichiometry and Included in the Matrix Correction

St 602 Set 2 Clinopyroxene, Delegate (UTAS1 block), Results in Elemental Weight Percents

SPEC: 0

TYPE: CALC

AVER: 44.136

SDEV: .169

ELEM: Si Ti Al Cr Fe Mn Mg Ca Na K

BGDS: MAN MAN MAN MAN MAN MAN MAN MAN MAN MAN

TIME: 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

BEAM: 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00

ELEM: Si Ti Al Cr Fe Mn Mg Ca Na K SUM
34 23.947 .324 2.976 .530 3.601 .069 9.929 15.066 .675 .068 101.433
35 23.972 384 2.963 542  3.783 .071 9.781 15.077 .661 .043 101.536
36 23.779 327 2.945 .501 3.626 .070 9.875 14.864 .655 .035 100.574
37 23.827 .360 3.029 560 3.715 .081 9.791 15.140 .607 .023 101.271

AVER: 23.881 349 2.978 533 3.681 .073 9.844 15.037 .650 .042 101.203

SDEV: .093 .029 .036 .025 .084 .005 .071 .120 .030 .019 434

SERR: .047 .014 .018 .013 .042 .003 .035 .060 .015 .009

%RSD: .39 8.24 1.21 4.71 2.28 7.26 .72 .80 4.55 44 .67

PUBL: 23.840 310 2.910 470 3.120 .060 9.700 15.050 .620 n.a. 99.780

%VAR: (-17) 12.58 2.35 13.44 17.98 21.13 1.48 (-.09) 4.77 —-—

DIFF: (-04) .039 .068 .063 .561 .013 144 (-.01) .030 —-—

STDS: 602 539 609 631 524 509 607 602 730 656

STKF: .1884 5474 1277 .3856 .6539 .1612 .2085 .1386 .0488 .1104

STCT: 93.83 275.50 63.97 194.00 333.06 80.83 104.47 69.64 24.16 55.15

UNKF: .1884 .0029 .0208 .0045 .0309 .0006 .0661 .1387 .0033 .0004

UNCT: 93.82 1.47 10.43 2.27 15.74 .30 33.11 69.66 1.65 .19

UNBG: .99 1.32 .75 1.27 -1.49 1.13 .56 1.71 .55 1.65

ZCOR: 1.2678 1.1975 1.4301 1.1817 1.1910 1.2119 1.4898 1.0844 1.9514 1.0859

KRAW: .9999 .0053 .1631 .0117 .0473 .0037 -3169 1.0002 .0683 .0035

PKBG: 95.58 2.12 14.97 2.78 .00 1.27 60.57 41.74 4.01 1.12

INT%: T
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St 602

SPEC:
TYPE:

AVER:
SDEV:

ELEM:

AVER:
SDEV:
SERR:
%RSD :

PUBL :
%VAR:
DIFF:
STDS:

St 602

SPEC:
TYPE:

AVER:
SDEV:

ELEM:

AVER:
SDEV:
SERR:
%RSD:

St 602

SPEC:
TYPE:

AVER:
SDEV:

ELEM:

AVER:
SDEV:
SERR:
%RSD:

Set

0
CALC

.005
.000

Si02
51.232
51.284
50.871
50.974

51.090
.199
.099

.39

51.002
.17)
.09)

602

~

Set

0
CALC

59.792
.014

Si
18.429
18.452
18.451
18.390

18.431
.029
.015

.16

Set

0
CALC

6.000
.000

Si
-850
.851
.852
.845

RPRPRR

1.849
.003
.001

.16

Ti02
.540
.641
.546
.601

.582
.048
.024
8.24

.517
12.58
.065
539

Ti
.146
.173
.149
.163

.158
.013
.006
8.08

Ti
.015
.017
.015
.016

.016
.001
.001
8.06

Al203
.624
.598
.565
.723

gaoaa

[é)]

.627
.068
.034
1.21

5.498
2.35
.129

609

2 Clinopyroxene,

Al
.384
.374
.379
.433

NNDNDN

N

-393
.027
.014
1.15

2 Clinopyroxene,

Al
.239
.238
.239
.244

.240
.003
.001
1.14

Cr203
774
.792
.732
.819

779
.037
.018
4.71

.687
13.44
.092
631

FeO
632
.867
.664
779

A A AD

.736
.108
.054
2.28

N

4.014
17.98
.722
524

Delegate (UTAS1

Cr
.220
.225
.210
.234

.222
.010
.005
4.49

Fe
.394
.465
.415
.442

RRRR

1.429
.031
.016
2.17

Delegate (UTAS1

Cr
.022
.023
.021
.023

.022
.001
.000
4.48

Fe
.140
.147
.142
.145

.143
.003
.002
2.15

MnO

.090
.091
.091
.104

.094
.007
.003
7.26

077

21.13

016
509

block),

Mn

.027
.028
.028
.032

.029
.002
.001
7.29

block),

Mn

.003
.003
.003
.003

.003
.000
.000
7.28
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MgO
16.465
16.219
16.377
16.236

16.324
2117
.059

.72

16.086
1.48
.239

607

Results

Mg
.829
.700
.855
.732

00 00 0 00

©

.779
.075
.037

.85

Results

.886
.873
.889
.876

.881
.008
.004

.87

21.

(_
(_

in Atomic Percents

00 00 0 00

@

Ca0

.080
.096
.798
.184

.039
.168
.084

.80

058

.09)
.02)

602

Ca

.124
.133
.082
.189

.132
.044
.022

.54

Na20
.910
.891
.883
.818

.876
.040
.020
4.55

.836
4.77
.040

730

Na
.635
.622
.621
572

.612
.027
.014
4.47

2 Clinopyroxene, Delegate (UTAS1 block), Results in Oxide Weight Percents

K20
.082
.052
.043
.028

.051

44.67

K
.037
.024
.020
.013

.023
.010
.005
44.43

Based on 6 Atoms of O

Ca

.816
.816
.811
.822

.816
.004
.002

.53

Na
.064
.062
.062
.057

.061
.003
.001
4.49

K
.004
.002
.002
.001

.002
.001
.001

44.46

SUM

101.
101.
.574
101.

100

101.
.434

99.

433
536

271

203

780

SUM

100.
100.
100.
100.

100.
.000

000
000
000
000

000

SUM

.038
.033
.035
.033

.035
.002



Pyroxene Mineral End-Member Calculations

AVER:
SDEV:

Wo En
44 .3 48.1
44 .4 47.5
44.0 48.3
44 .6 47 .6
44 .3 47.9

2 .4

~N N o~
o~Noon

7.8
.2

Detection limit at 99 % Confidence in Elemental Weight Percent (Single Line):

AVER:
SDEV:
SERR:

Si Ti
.054 .058
.054 .058
.054 .058
.054 .058
.054 .058
.000 .000
.000 .000

Al
.052
.052
.052
.052

.052
.000
.000

Cr

.056
.056
.056
.056

.056
.000
.000

Percent Analytical Relative Error (One

AVER:
SDEV:
SERR:

Detection Limit (t-test) in Elemental Weight Percent

ELEM:
60ci
80ci
90ci
95ci
99ci

Analytical

ELEM:
60ci
80ci
90ci
95ci
99ci

Si Ti
-7 10.4
.7 9.0
.7 10.3
.7 9.5
.7 9.8
.0 .7
.0 .3

Si Ti
-—- .018
-—- .030
-—- .043
- .058
-—- .106
Sensitivity

Si Ti
.068 .010
.114 .017
.164 .025
.222 .034
.408 .062

A

NNDNN
WHWW

N
oo w

(t-test) in

Al
.023
.039
.056
.076
.140

C

O~NO O
OAON0O=

[¢]
= W o

Cr

.016
.026
.037
.051
.093

Elemental Weight Percent (Average of Sample):

Cr

.011
.018
.026
.036
.065

Fe
.000
.000
.000
.000

.000
.000
.000

Sigma, Single Line):

F

[eNoNeoNoN¢)

[eNoNe]

Fe
.061
.101
.146
.197
.362

Mn

.055
.055
.055
.055

.055
.000
.000

w
[ee]
NoO~NMS

N
N b0

Mn

.003
.006
.008
.011
.020

Mn

.001
.001
.002
.002
.004

119

Mg

.047
.047
.047
.047

.047
.000
.000

R RRR
WNWNG

[
OON

Mg

.054
.090
.130
.175
.322

Ca

.060
.060
.060
.060

.060
.000
.000

© OO

[eNeN(]

(Average of Sample):

Ca

.083
.139
.199
.270
-495

Na

.062
.062
.062
.062

.062
.000
.000

NN~

~

Na

.019
.031
.045
.061
.112

Na

.016
.026
.038
.051
.094

-059
.059
.059
.059

.059
.000
.000

o))
o]
Or WKL X

w
w
e ¢

.014
.023
.033
.045
.083

.001
.002
.003
.005
.008



Calculation Options ——

- Selected Samples 1
Cancel
St 602 Set 2 Clinopyroxene, Delegate [UTAS1 blc

~ EDS Spectral Data And Calculations

* Do Not Use EDS Element Data

" Use EDS Element Data _

EDS Quant Method |

Integrated Intensity Data Oplions

C DoN Sl hteck
(" 4

Sample Conductive Coating [need to explicitly turn on in Analytical | Analysis Options)

Element Density Thickness () Use Standard menu to specify standard coatings

Ic ;I |2‘| |2[]ﬂ ¥ Use Unknown Conductive Coating _

v Display Results As Oxides (+ Calculate with Stoichiometric Oxygen

v Calculate Atomic Percents

v Calculate Detection Limits and Sensitivit [~ Calculate Chemical Age (U, Th, Pb, Y) -

alculate Projected Detection Limits

[ CalculSre romememe e Use Particle/Film Calculations  Help
[~ Calculate Alternate Homogeneity Ranges

[ Calculate Pearson's Linear Correlation Coefficients

|~ Element By Difference [as oxide formula) : I -I -
[T Formula By Difference [e.g. Li2B407)

[~ Stoichiometry To Calculated Oxygen: Atoms Of | .I To 1 Oxygen -
[~ Stoichiometry To Another Element: Atoms Of | LI To | L] -

[~ Hydrogen Stoichiometry To Excess Oxygen H:0 Ratio ] 00 [OH=1,H20=2) -

ineral Calculations
[v Calculate Formula Based On ]3_ Atoms Of Iﬂ CiEﬁEe%Oeﬁgfgét?;ﬁs
" No Mineral End-Member Calculation
ivine ( Feldspar (+ P
[ Amphibole [Sg0E: S

Selecting the Display Results As Oxides check box permits the user to display the results of an
analysis in oxide weight percents based on the cation ratios defined for each element in the
Element/Cations dialog window. Results are also, always reported in elemental weight
percents.
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Analyses can also be output as atomic percents if the Calculate Atomic Percents check box is
marked. This calculation is based on the fraction of the atomic weight of each element and is
normalized to a 100% total.

The Calculate with Stoichiometric Oxygen button allows the user to calculate oxygen by
stoichiometry if oxygen is not an analyzed element in the routine. If oxygen is either measured
or calculated by stoichiometry and the Display Results As Oxides check box is selected, then the
program will automatically calculate and report the actual excess or deficit oxygen in the
analysis. This information can be very useful in determining if the selected cation ratios are
correct (iron bearing oxides, for example).

All elements to be calculated by stoichiometry, difference or formula basis must be listed in the
sample setup. Add these elements using the Elements/Cations button in the Analyze! window.
Each must be added as a “not analyzed” element; To do this, click any empty row in the element
list, type in the element symbol and leave the x-ray line blank.

The Formula and Mineral Calculation fields at the bottom of the Calculation Options window
allow the user to compute formulas based on any number of oxygens for oxide runs or any
analyzed or specified element in elemental runs. Further, olivine, feldspar, pyroxene, and two
garnet end-member calculations are written into the software. These formula calculations are
based only on atomic weight and do not consider charge balance and site occupancy. See the
appendix sections in An introduction to The Rock-Forming Minerals by Deer, Howie, and
Zussman (1992) for details on calculating formulas for hydrous phases.

The user may also select the Calculate Detection Limits and Homogeneity check box. The
calculation of the sample detection limits is based on the standard counts, the unknown
background counts, and includes the magnitude of the ZAF correction factor. The calculation is
adapted from Scott et al., (1995). This detection limit calculation is useful in that it can be used
even on inhomogenous samples and can be quoted as the detection limit in weight percent for a
single analysis line with a confidence of 99% (assuming 3 standard deviations).

31, /t
C,, =(ZAH 2100

IS
Where: ZAF is the ZAF correction factor for the sample matrix
Is is the count rate on the analytical (pure element) standard
Ip is the background count rate on the unknown sample
t is the counting time on the unknown sample

After this, a rigorous calculation of the analytical error also for single analysis lines, is performed
based on the peak and background count rates (Scott et al., 1995). The results of the calculation
are displayed after multiplication by a factor of 100 to give a percent analytical error of the net
count rate. This analytical error result can be compared to the percent relative standard deviation
(%RSD) displayed in the analytical calculation. The analytical error calculation is as follows:
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N, N,
tP tB
Where: N is the total peak counts
N is the total background counts
t- is the peak count time
ts is the background count time

A more comprehensive set of calculations for analytical statistics will also be performed. These
statistics are based on equations adapted from Scanning Electron Microscopy and X-Ray
Microanalysis, Second Edition by Goldstein, et al., (1992). All calculations are expressed for
various confidence intervals from 60 to 99% confidence.

The calculations are based on the number of data points acquired in the sample and the measured
standard deviation for each element. This is important because although x-ray counts
theoretically have a standard deviation equal to square root of the mean, the actual standard
deviation is usually larger due to variability of instrument drift, x-ray focusing errors, and x-ray
production. The statistical calculations include:

The range of homogeneity in plus or minus weight percent.

t )Se
Wl-a:ic n'? ﬁ

The level of homogeneity in plus or minus percent of the concentration.

_, (1) (100)

C 2N

The trace elementdetection limit in weight percent.

1/2 (1~
Ng — Ngp n''?

The analytical sensitivity in weight percent.

1/2 1-
277 C(t, ") Sc

AC = C - C' =

Where: C is the concentration to be compared with
C is the actual concentration in weight percent of the sample
Cq is the actual concentration in weight percent of the standard
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is the Student t for a 1-& confidence and n-1 degrees of freedom

n-1
n is the number of data points acquired
Sc s the standard deviation of the measured values
N is the average number of counts on the unknown

N is the continuum background counts on the unknown

Ng s the average number of counts on the standard

Ngg  1s the continuum background counts on the standard
The homogeneity test compares the 99% confidence range of homogeneity value with 1% of the
sample concentration for each element. If the range of homogeneity is less than 1% of the
sample concentration then the sample may be considered to be homogenous within 1%. The
detection limit calculation here is intended only for use with homogenous samples since the
calculation includes the actual standard deviation of the measured counts. This detection limit
can, however, be quoted for the sample average and of course will improve as the number of data
points acquired increases. Note that the homogenous sample detection limit calculation are
ignored for those elements which occur as minor or major concentrations (>1%).

Conversely, the analytical sensitivity calculation is ignored for elements whose concentrations
are present at less than 1%.

Three other calculation options are available to the user: Element By Difference, Stoichiometry
To Calculated Oxygen, and Stoichiometry To Another Element.

When the Element By Difference check box is selected, the user can include an element in the
analysis which is assumed to make up the difference to 100% total to account for their effect on
the other x-ray intensities. This element must be specified in the sample setup. Note this method
causes the calculation to result in a 100% total.

The Stoichiometry To Calculated Oxygen option is often used in the analysis of carbonate or
borate samples in an oxide run or for hydrogen (water, hydroxyl) bearing silicate minerals. This
feature permits the user to analyze just the cations in the sample and have oxygen calculated by
stoichiometry and another specified element (usually C in carbonates and B in borates)
calculated relative to oxygen. In the carbonate scenario (CaCOs), carbon is always in the ratio of
1 to 3 to oxygen. If the user specifies carbon by stoichiometry relative to the stoichiometric
element oxygen at 0.333 (1 divided by 3) the correct amount of both carbon and oxygen will be
incorporated into the ZAF matrix correction and totals without analyzing for either element.

This method should only be used with phases where the ratio to oxygen is both fixed and known.
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Calculation Options

—~Selected S les -
St 337 Set 1 Siderite lvigtut NMNH R2460 (118)

EDS Spectral Data And Calculations

{* Do Not Use EDS Element Data

¢ Use EDS Element Data -

EDS U_u-n’ll Method I

Integrated Intensity Data Options

Sample Conductive Coating [need to explicitly turn on in Analytical | Analysis Options]

Element Density Thickness &) Use Standard menu to specify standard coatings
e ~| 21 {200 [V Use Unknown Conductive Coating JIHEIRN

Calculations Dptions

[v Display Results As Dxides (s Calculate with Stoichiometric Oxygen

[~ Calculate Atomic Percents (" Calculate as Elemental

[~ Calculate Detection Limits and Sensitivity [~ Calculate Chemical Age [U. Th, Pb. Y) -
[~ Calculate Homogeneity Ranges Use Particle/Film Calculations  Help

[~ Calculate Altemate Homogeneity Ranges
[~ Calculate Pearson's Linear Comelation Coefficients

[~ Element By Difference [as oxide formula) : 'l _

T Formul; 2B A7

oms OF m.l To 1 Oxygen -
MomsQf [ ] To [ <] EeEE

[~ Hydrogen Stoichiometry To Excess Oxygen H:0 Ratio op (OH=1,H20=2) -

[v Stoichiometry To Calculated Oxygen: |u,3333

- Formula and Mineral Calculations

[~ Calculate Formula Based On [ AtomsOFf m ﬁfms&??;?n‘;ﬁgf&aﬁs
& No Mineral End-Member Calculation bdor
C Olivine C Feldspar  Pyroxene ( Gamnet [Ca.MgFe.Mn) C Garnet [AlFe.Cr)

[~ Amphibole [Ague, Auto Nommalization) [~ Biotite (Brimhall and Ague, Halog Code)

The following iron carbonate mineral (siderite) output illustrates oxygen calculated by cation
stoichiometry with the element carbon is calculated at 0.333 atoms relative to 1.0 atom of
oxygen.
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St 337 Siderite lvigtut NMNH R2460 (118)

TakeOff = 40.0 KiloVolt = 15.0 Beam Current = 15.0 Beam Size = 10
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 3 Number of "Good" Data Lines: 3

WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: 41.449 Average Total Weight%: 100.042
Average Calculated Oxygen: 41.449 Average Atomic Number: 16.438
Average Excess Oxygen: .000 Average Atomic Weight: 23.164
Average ZAF lteration: 8.00 Average Quant lterate: 2.00

Oxygen Calculated by Cation Stoichiometry and Included in the Matrix Correction
Element C is Calculated .333 Atoms Relative To 1.0 Atom of Oxygen

St 337 Siderite lvigtut NMNH R2460 (118), Results in Elemental Weight Percents

SPEC: C 0

TYPE: STOI CALC

AVER: 10.356 41.449

SDEV: .017 .013

ELEM: Ca Mg Mn Fe

BGDS: LIN LIN LIN LIN

TIME: 20.00 30.00 40.00 40.00

BEAM: 10.34 10.34 10.34 10.34

ELEM: Ca Mg Mn Fe SUM
19 .000 .067 2.235 45.825 99.929
20 .014 .072 2.375 46.005 100.264
21 .013 077 2.323 45.708 99.933

AVER: .009 .072 2.311 45.846 100.042

SDEV: .008 .005 .071 .150 .192

SERR: .004 .003 .041 .086

%RSD : 86.77 6.95 3.06 .33

STDS: 130 131 132 132

STKF: .3826 .0853 .0202 .4131

STCT: 3040.8 1502.9 43.1 955.3

UNKF: .0001 .0003 .0205 4124

UNCT: .2 6.1 43.6  953.6

UNBG: 11.0 11.0 3.0 5.6

ZCOR: .9873 2.0734 1.1296 1.1117

KRAW: .0001 0041 1.0111 .9982

PKBG: 1.03 1.55 16.50 172.56

St 337 Siderite lvigtut NMNH R2460 (118), Results in Oxide Weight Percents

SPEC: Co2 0

TYPE: STOI CALC

AVER: 37.946 .000

SDEV: .062 .000

ELEM: Ca0 MgO MnO FeO  SUM
19 .000 J111 2.886 58.954 99.929
20 .019 119 3.066 59.185 100.264
21 .018 .128 3.000 58.803 99.933

AVER: .012 .119 2.984 58.981 100.042

SDEV: .011 .008 .091 .192 .192

SERR: .006 .005 .053 2111

%RSD : 86.77 6.95 3.06 .33
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Another interesting example demonstrating this feature is nicely documented in the User’s Guide
and Reference manual (see Stoichiometry to Oxygen section). There, several trace metals are
analyzed for in a stoichiometric Al;O3 matrix without measuring aluminum or oxygen, BUT the
correct amount of Al,Os is added to the matrix correction!

The Stoichiometry To Another Element option gives the user another recalculation method
similar to the Stoichiometry To Calculated Oxygen option just discussed. Here, the user may

select any other analyzed or specified element as the stoichiometric basis element.

The example below calculates CO; on the basis of moles of CaO, rather than by stoichiometry to
oxygen.

The setup is shown in the Calculation Options window below.
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Calculation Options

Selected Samples
Cancel
St 338 Set 1 Dolomite Oberdorf NMNH R10057 (J

EDS Spectral Data And Calculations
* Do Not Use EDS Element Data

 Use EDS Element Data -

EDS Quant Method |

Integrated Intensity Data Options
]
C

Sample Conductive Coating [need to explicitly turn on in Analytical | Analysis Options)

Element Density Thickness (&) Use Standard menu to specify standard coatings
le ~| |21 |200 [V Use Unknown Conductive Coating [HEN

Calculations Options

v Display Results As Oxides (¢ Calculate with Stoichiometric Oxygen

[~ Calculate Atomic Percents " Calculate as Elemental

[~ Calculate Detection Limits and Sensitivity [~ Calculate Chemical Age [U. Th, Pb. Y) _
[ Calculate Homogeneity Ranges Use Particle/Film Calculations  Help

[~ Calculate Altemate Homogeneity Ranges
[~ Calculate Pearson's Linear Correlation Coefficients

[~ Element By Difference [as oxide formula) : l '] —
[T Formula By Difference [e.g. Li2B407) |

Formula and Mineral Calculations

[~ Calculate Formula Based On I_ Atoms DF Sum _~ Af:fms&e:iéifa?nz’;ylgf&g;ﬁs
& Mo Mineral End-Member Calculation bigton
¢ Olivine  Feldspar " Pyroxene  Garnet [Ca.Mg.Fe.Mn) C Garmnet [Al.Fe.Cr)

I~ Amphibole [&gue, Auto Normalization) [ Biotite [Brimhall and Ague, Halog Code]

The resulting carbonate output is seen next.

St 338 Dolomite Oberdorf NMNH R10057 (J2)

TakeOff = 40.0 KiloVolt = 15.0 Beam Current = 15.0 Beam Size = 10
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 3 Number of "Good" Data Lines: 3

WARNING- Forcing negative k-ratios to zero
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Average Total Oxygen: 52.237 Average Total Weight%: 100.376

Average Calculated Oxygen: 52.237 Average Atomic Number: 10.882
Average Excess Oxygen: .000 Average Atomic Weight: 18.446
Average ZAF lteration: 3.00 Average Quant lterate: 2.00

Oxygen Calculated by Cation Stoichiometry and Included in the Matrix Correction
Element C is Calculated 2 Atoms Relative To 1.0 Atom of Ca

St 338 Dolomite Oberdorf NMNH R10057 (J2), Results in Elemental Weight Percents

SPEC: C 0

TYPE: RELA CALC

AVER: 13.070 52.237

SDEV: .042 S111

ELEM: Ca Mg Mn Fe

BGDS: LIN LIN LIN LIN

TIME: 20.00 30.00 40.00 40.00

BEAM: 10.34 10-34 10.-34 10.34

ELEM: Ca Mg Mn Fe SUM
16 21.744 13.226 .044 .033 100.210
17 21.881 13.159 .023 030 100.560
18 21.793 13.246 .000 .028 100.356

AVER: 21.806 13.210 .022 .030 100.376

SDEV: .069 .045 .022 .003 .176

SERR: .040 .026 .013 .002

%RSD : .32 .34 98.33 8.66

STDS: 130 131 132 132

STKF: .3826 .0853 .0202 .4131

STCT: 3040.8 1502.9 43.1 955.3

UNKF: .2045 .0847 .0002 .0003

UNCT: 1625.7 1492.4 .3 .6

UNBG: 8.6 9.0 2.1 3.4

ZCOR: 1.0661 1.5597 1.2224 1.2016
KRAW: .5346 -9930 .0070 .0006
PKBG: 189.50 167.57 1.19 1.18

St 338 Dolomite Oberdorf NMNH R10057 (J2), Results in Oxide Weight Percents

SPEC: Cco2 0

TYPE: RELA CALC

AVER: 47.890 .000

SDEV: .152 .000

ELEM: Ca0 MgO MnO FeO  SUM
16 30.425 21.932 .056 .043 100.210
17 30.616 21.822 .030 .038 100.560
18 30.493 21.966 .000 .036 100.356

AVER: 30.511 21.907 .029 .039 100.376

SDEV: .097 .075 .028 .003 .176

SERR: .056 .043 .016 .002

%RSD : .32 .34 98.33 8.66
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Linear Calibration - Curve Method

PROBE FOR EPMA offers a sophisticated calibration curve (multi-standard) method for
correcting x-ray data. It is based on a second order polynomial fit to multiple standard intensity
data. This option has been utilized in special situations such as the analysis of trace carbon in
steels and when a suitable set of well characterized standards are available.

The example outlined below will document this calibration curve method for the specific
analysis of Al, Ti and O in titanium aluminides doped with oxygen. This data and mdb file was
generously supplied from research conducted by Jim Smith at the NASA Glenn Research Center.
These low density, high strength alloys are part of an ongoing study of the transport kinetics of
oxygen in these metals in conjunction with the development of superior alloys for aircraft engine
gas turbine turn blades.

A series of nine titanium-aluminides (varying Ti/Al ratio) were carefully prepared, each doped
with a specific concentration of oxygen, ranging from 0 to 3.21%, thereby bracketing the
expected unknowns range of oxygen concentration. Each standard alloy was analyzed by other
techniques to verify the nominal compositions. The nine standard compositions were then
entered into the STANDARD.MDB database and the positions of each standard digitized in
PROBE FOR EPMA.

Aluminum, titanium and oxygen were peaked on the appropriate standards and count rate data
(five spots each) were acquired on each of the nine standards. The count rate data was then
examined in the Analyze! window to ascertain the precision of the five data points on each
standard, deleting any selected lines as deemed appropriate.
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After standard collection, the user must select the calibration curve approach as the matrix
correction method. From the main PROBE FOR EPMA log window, select Analytical | ZAF,
Phi-Rho-Z, Alpha Factor and Calibration Curve Selections from the menu.

8 probe for EPMA [C:\Probe Software\Data\TiAIO.MDE] [ | B |
File Edit Standard Xray [Analytical| Window Run Output Help |
Acquire! Analysis Options

Welcome to Probe

- Assign MAN Fits
Copyright (c) 19

Clear All MAN Assignments (use default)

This software is reg Use Off Peak Elements For MAN Fit (Use on-peak intensities from elements acquired using off-peak backgrounds)
Sareten: Goeann Use MAN Correction For Off Peak Elements (Calculate MAN backgrounds for elements acquired using off-peak backgrounds)
Probe Software

Empirical MACs

Press the F1 key in »
Empirical APFs

simply highlight wit

T T
Initializing Demonss ZAF, Phi-Rho-Z, Alpha Factor and Calibration Curve Selections
|Demonstration Interf

Create Virtual Standard Intensity
Update Dead Time Constants

Student's "t" Table
CalcZAF Calculations

New: Ready Cancel Pause

The Matrix Correction Methods window opens. Select the Calibration Curve (multi-standard)
button for the Correction Method.

I Matrix Correction Methods

Correction Method -I
" ZAF or Phi-Rho-Z Calculations

Cancel

(" Constant Alpha Factors [single coefficient]
(" Linear Alpha Factors (double coefficient)
" Polynomial Alpha Factors [triple coefficient]

[T Use Empirical Alpha Factors Fenepma alpha factors includes Options
fluorescence by beta lines and
alzo the continuum.

it Ma Aloha Facto
]— e Penepma K-Hatio Limit IBO MACs

@Calibtation Curve [mulli—standardD

OCh

Click the OK button, returning to the main PROBE FOR EPMA log window.
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Next, the user will evaluate each of the three calibration curves. Select Output Standard and
Unknow Plots in the Output menu of the main Probe For EPMA window. Shift-click to select
all nine titanium-aluminide alloy standards to plot. Select Send Data to Plot Window under
Output Target and select a Graph Type. Check the Average Only check box to use the average
value of each standard sample.

Finally, plot O Elemental Percents on the X axis versus O On Peak Counts (P+B) on the Y axis.

= plot!

~Sample List [multi-select)

[~ Use Manual Selection |
(¢ Standards 611 Set 7 Send Data to Plot Window
" Unknowns 612 Set gD o Wk, Y. [2)...)
" Wavescans g}i ge: " Send Data To Printer (separate samples)
(" Digitized £15 Sot =
616 Set [ Include Deleted Paints [— Runnforr
) 617 Set [~ DataPaint Labels [T Sample Names
b jeaed S 618 Set [~ ASCII File Column Labels [~ SURFER .BAS File
 Select All SRt I Force Black and White Print [ Off Peak Label
Select Analpzel [~ Nomalize Samples [Y Sets) [~ Nomalize Y Sets
Kol Y-Axis [multi-select] — Graph Type
Al Elemental Percents » |Al Elemental Percents » |Relative Microns - Y
Erenerigl Perconts 1 |Ti Elemental Percents — |Al Detection Limits !
‘ 0 Elemental Peicents 0 Elemental Percents Ti Detection Limits @
R2020xide Pase ; Al203 Oxide Percents 0 Detection Limits ~ ed-Log
Ti02 Oxide Percents TiD2 Oxide Percents Al Percent Errors 3D [three axes)
0 Dxide Percents 1] Dxide Percents Ti Percent Errors L
Al Atomic Percents =| |Al Atomic Percents = |0 Percent Enrors
Ti Atomic Percents Ti Atomic Percents Al Raw K-Ratios
0 Atomic Percents 0 Atomic Percents Ti Raw K-Ratios - Total
Al Formula Atoms Al Formula Atoms 0 Raw K-Ratios ARG
Ti Formula Atoms Ti Formula Atoms Al On Peak Counts (P+B) Sum > |93
0 Formula Atoms 0 Formula Atoms i
Elemental Totals ~  |Elemental Totals U On Pea 0 P+B - Intensity Error Bars
Oxide Totals Oxide Totals EYNTHE PO DerO—— [ Plot Error Bars
Atomic Totals Atomic Totals Ti Hi Peak Counts
Formula Totals Formula Totals 0 Hi Peak Counts i Iﬁ
Line Numbers Line Numbers Al Lo Peak Counts n Sigma 1 e
Line Numbers (relative) Line Numbers (relative) Ti Lo Peak Counts - n Spacing |1 ,.I
On Beam Curnrent On Beam Current 0 Lo Peak Counts 3 i)
Ab Beam Current Ab Beam Current Al On Counts [P-B) — —
DateTime DateTime Ti On Counts [P-B)
Elapsed Hours Elapsed Hours 0 On Counts [P-B) %
X Stage Coordinates X Stage Coordinates Al Off Counts . —
Y Stage Coordinates Y Stage Coordinates Ti Off Counts .
Z Stage Coordinates ¥ |Z Stage Coordinates ~ |0 Off Counts ¥

Cancel Mext |

Click the Output button.
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All of the selected standards are analyzed and reported in the main PROBE FOR EPMA log
window.

The Plot Graph Data window appears.

i Plot Graph Data .
o] o] ] ec] [ 2] | 3] ] 2| m]zE|0|eB] /| 2]Q et || [N - |
KLM Markers 1
Selected Samples s e I
N R R B P e =
—_ : - : : € User Selected Lines
m : ! ; : : i : // ; : | Load¥iyDalsbsss |
: g-_ .409---4.--.“/\-4.-.. Maximum Order  Smooth
@ A s CRmCh
[ : / I ! ! ' :
= : : q
8 : ; ; : ; i i : : ; :
© ) ! ; I ! ! ) ¢ :
o ' L : ; H ! : : :
o / : : : i : : ; :
5 Bl s o S s Graph Options
: : ‘ ' i : : : Zoom (click and diag) I
ST o A S S T S S s et T 1
' : | : : : : : : : i : Zoom Full | [ ClipBoard
il ! : : 3 ; : : : : : : Modiy off-peak pasitions by
: i ; : ' ' H H ) ' : : clicking Low or High button and
i X : y . H H ] H H H then click on graph
— —tt  —f ) Low | High
-0.3 00 03 0.7 10 13 16 20 23 26 30 33 Model Background
I Mo Peak Matke
O Elemental Percents I~ ShowDate Stamp
[~ Show Gnd Lines

The Show Grid Lines check box has been marked to facilitate reading the percent and count
values.

The user may evaluate the data using the Zoom Full capabilities (click and drag mouse over
region of interest on graph) to expand the scaling. Here, in the center group, two data points
clearly overlap. Placing the mouse cursor over any selected point on the graph returns the x and
y values of that position (read above the Zoom Full button).

When finished, click the OK button to return to the Plot! window to next review the other
calibration curves.
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The output for aluminum is plotted similarly. Select the Al Elemental Percents versus Al On
Peak Counts (P+B), (the counts per second determined on peak) and click the Output button in
the Plot! window. This curve is viewed below.

Plct Graph Data ——
(| 8 | e gt 2R 2| | | ma| | wliE|©|e] 7] 2]Q et || [ conce
 KLM Markers
€ None i
SeleCtEd Samp]es " Analyzed Elements
" All Elements
18000——------- grnsseses parennssen gerasnone presereney premesisen gresneases praseneTe paramenary s 3 € Specific Element
E " User Selected Lines
= ‘A
n-e ; : ‘ : ; : : : j 2 i ad 5 ah |
i : : : ! : ] ! : ] !

5 A R ¥ S Maximum Drder ~ Smooth
| & A -
i n

=
=
: ' : : ak ] ; : ! !
IR e s A oo i L oo prsnenay P s
- ; : . : : ] ; : : i
@
g o
M et i Graph Options
" O : : : : : : : : : : Zoom (click and drag) |
= foopmelcn i laestaunanaeabnanaibnanlamonbaiissibosa s T A A T
il : : 1 : : : : ' . Zoom Full I { ClipBoard |
! : : : : : ] ! ! ] ! Modiy off-peak positions by
b : : ' ' ' ' ; ' ' ' chcking Low or High button and
- : : : : : : : ; ] : then cick on graph
! 10000 —tt Low | High
" 160 166 172 178 184 190 196 202 208 214 220 Mocelibnckgioind
I~ Mo Pesk Marker
[~ Show Date Stamp
Al Elemental Percents o

The graph may be modified by selecting any of the buttons across the top to enter the Graph
Control module.
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Graph Control (see tabs in display below) can be used to edit numerous graph parameters.
Under the Trends tab, for instance, are the curve fitting options. Select Curve Fit under
Statistical Lines and edit the Curve Fit Type and Order options below as required.

‘ Graph Control - ﬂ

About |
Overlay | Error Bar | Background | Legendl Labelsl Systeml
Style | Data | Titles | Ais | 3D | Fonts | Markers | Trends |

— Statistical Lines — Limit Lines -

v All Sets r High

i B
S et Number I'l J Color i
[T Mean E’ v ]
] ire
™ Min/Max |:}:| ‘j ' —

[ SidDey ==p Eil [ ]
[~ BestFit EE’ = Color EE'

¥ Cuvefd FT1~| | I FilQeposte

High Label

1

4

Ki|K

Curve Fit

\ Tupe |Variable-Order Polynomiz v | |
Order |2 Low Label
Granularity L]_‘ _,,I I

oK Cancel | Apply Mow I Help

Click the Apply Now or OK button to see the changes in the Graph Data window.
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The modified Plot Graph Data window returns. Here, a title, different, larger symbols, standard
numbers and the second order polynomial curve have been added to the graph below.

Plot Graph Data

2Bl aa| mla|wl +| wisE|o|@] /] 2(Q) pint || [

KLM Markers )
Aluminum Calibration Curve {r::i.‘".'?...e.m[... )
¢ All Elements

T ket S " Specific Element

2

" User Selected Lines

T T G e

18000

M awirnum Order Smoath

EIRE] Fid

Graph Options
Zoom (click and drag) I
: : : { T8.2547, -365.06 ~
" ; e ; : ; ; ; ; ; ; Zoom Ful | [[Eipbond]
! ! i : : i : i { i Wodiy off-peak. positions by

clicking Low or High button and
then click on graph

10000 ——f— : i : = i 1 I —————————] e |
i P 172 178 184 190 196 202 208 214 220 Model Background
[~ Show Date Stamp
Al Elemental Percents s e

== ==

Al On Peak Counts (P+B)

Upon creating the previous plots, the selected standards were analyzed, each of the nine
standards were reported in the main PROBE FOR EPMA log window along with the second
order polynomial fit parameters.
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The following output displays the log window output for one of these: St 617 Set 5 TiAl-7
standard.

St 617 Set 5 TiAl-7

TakeOff = 52.5 KiloVolt = 15.0 Beam Current = 30.0 Beam Size = 1
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3

Titanium aluminide 3.03 Oxygen

Number of Data Lines: 5 Number of "Good" Data Lines: 5
WARNING- Using Calibration Curve Matrix Corrections

WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: .000 Average Total Weight%: 100.651
Average Calculated Oxygen: .000 Average Atomic Number: 20.177
Average Excess Oxygen: .000 Average Atomic Weight: 40.571

St 617 Set 5 TiAl-7, Results in Elemental Weight Percents

ELEM: Al Ti 0

BGDS: LIN LIN LIN

TIME: 10.00 10.00 10.00

BEAM: 300.00 300.00 300.00

ELEM: Al Ti 0O SuUM
978 15.452 81.618 2.986 100.056
979 15.680 81.966  3.114 100.761
980 15.864 81.880 3.053 100.796
981 15.788 81.957 3.000 100.744
982 15.747 82.245 2.908 100.900

AVER: 15.706 81.933 3.012 100.651

SDEV: .157 .224 .077 .338

SERR: .070 .100 .035

%RSD : 1.00 .27 2.56

PUBL: 15.730 81.240 3.030 100.000

%VAR: -.15 .85 -.59

DIFF: -.024 .693 -.018

UNCT: 13020.8 11807.2 329.4

UNBG: 215.5 29.2 116.0

KRAW: 1.0000 1.0000 1.0000

PKBG: 61.44 406.68 3.84

FIT1: .4671-363.4302 -.5152

FIT2: .0013 .0712 .0098

FIT3: .000000-.000003 .000003

DEV: 2.2 -9 7.1

The coefficients for the second order polynomial are listed last (Fit 1, Fit 2, Fit 3 and Dev). The
three Fit terms represent the intercept, the slope and the second order curvature factor,
respectively. The DEV term represents the total deviation (sum of the residuals) between the
calculated curve and the original data. The smaller the number, the better here. The software
prints a warning line if this correction method is active.

The analysis of unknown samples is straightforward. Create a new sample and collect the x-ray
intensity data on the unknown. Select the Analyze! window and click Analyze.
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An example is printed next.

Un 25 Sample 3-9 LowOx 0-30u 2u increments

TakeOff = 52.5 KiloVolt = 15.0 Beam Current = 30.0 Beam Size = 1
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 16 Number of "Good" Data Lines: 16

WARNING- Using Calibration Curve Matrix Corrections
WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: .000 Average Total Weight%: 99.869
Average Calculated Oxygen: .000 Average Atomic Number: 19.838
Average Excess Oxygen: .000 Average Atomic Weight: 39.903

Un 25 Sample 3-9 LowOx 0-30u 2u increments, Results in Elemental Weight Percents

ELEM: Al Ti 0

BGDS: LIN LIN LIN

TIME: 10.00 10.00 10.00

BEAM: 300.24 300.24 300.24

ELEM: Al Ti 0O SuM
851 21.260 76.350 1.956 99.566
852 21.236 76.469 2.003 99.708
853 21.193 76.689 1.957 99.839
854 21.128 76.174 1.941 99.244
855 21.222 76.599 1.842 99.663
856 21.120 76.425 1.755 99.300
857 21.126 76.494 1.838 99.459
858 21.125 77.135 1.767 100.027
859 21.142 76.686 1.791 99.619
860 21.153 76.835 1.796 99.784
861 21.139 77.248 1.703 100.089
862 21.256 77.439 1.685 100.379
863 21.190 77.360 1.833 100.383
864 21.216 77.503 1.779 100.499
865 21.286 77.127 1.643 100.055
866 21.264 77.541 1.482 100.287

AVER: 21.191 76.880 1.798 99.869

SDEV: .058 .454 .133 .393

SERR: .015 .113 .033

%RSD: .28 .59 7.42

UNCT: 18339.0 11021.6 222.4

UNBG: 218.2 26.6 113.8

KRAW: 1.0000 1.0000 1.0000

PKBG: 85.05 417.09 2.96

FIT1: .4718-363.4019 -.5152

FIT2: .0013 .0712 .0098

FIT3: .000000-.000003 .000003

DEV: 2.2 .9 7.1

The second order polynomial coefficients are always listed last (just above). Elements calculated
by difference or stoichiometry can be calculated along with calibration curve corrected elements.
And if both off-peak and MAN acquired data are present, PROBE FOR EPMA will construct
separate sets of calibration curves and fit a second order polynomial expression that is used in the
iteration procedure to determine the concentration of the element.

The user may elect to run standards after completing unknown sample acquisition and then

correct for any standard intensity drift. From the main PROBE FOR EPMA log window select
Analytical and then choose Analysis Options from the drop-down menu.
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The Analysis Calculation Options window appears, remember to check that the Use Automatic
Drift Correction on Standard Intensities check box is marked.

In some instances, it may be useful to add to the acquired data set a zero point (off-peak elements
only) to improve the polynomial fit. To include a zero point, check the box (prior to analyzing
the standards) labeled Use Zero Point For Calibration Curve (Off-Peak Elements Only). This
choice is also found in the Analysis Calculation Options window.

Analysis Calculation Options

Quantitative Acquisition Options

¥ Use Deadtime Comrection
{* Use Nomal Deadtime Cornrection [single term factonal)
" Use Precision Deadtime Conection [bwo term factorial for > 50K cps)
v
v Use Automatic Drift Correction on Standard Intensities

Quantitative Analysis Options

I~ Use Assigne Standard
[~ Do Mot Uise Matnx Comection Term For Full Quant Interference Carrection

{ Interference Conreclions on and Unknown

self Time Dependent Intensity (TD1) Conections

e Weighted Data for TDI Fit [weight
Weighted Data \Weight Factor 2

orption Comrected MAN Continuum Intensities
Film Comectio

[~ Check For Same Peak Pn:mnm in Unknown and Standard
[~ Check For Same PH 1 nkpown and Standard

[~ Use Conduclive Coati TTectol
[~ Use Conduclive Enaimgl" i

[~ Do Not Use Fast Quantitative Analysis Feature

For X -ray Absoiption

MAC [mass absorption coefficient] and APF [area peak factor) Options

™ Use Empirical MA

I~ Use
(+ Use Empirical APF Factots (calculated from elemental composition]
(" Use Specified FF Factors (based on a fixed compasition]

Empinical APF Val

n Unknowns

ntensities based on elasped time)

Camce

Use Aggregate Intensities for Duplicate Quantitative Elements
Use Blank Calibration Sample Trace Element Accuracy Comections
[Force Negative K-Ratios To Zero in ZAF Calculations!

Calculation Options

Calculate Electron and Xray Ranges for Sample Compositions

Use Dxygen From Halogens (F. CL. Br and 1) Correction

Use Nth Point Calculation For Off-Peak Intensities [for lesting only)
Use Count Overwrite Intensity Table for Data Calculations

Force Megative Interference Intensities To Zero in Cormrections

Use Chemical Age Calculation (U, Th. Pb)
Use Savitsky-Golay Smoothing for Integrated Intensities [2_

Use Secondary Boundary Fl Correction

CHCICE OO0 C10 T

Formatting Options

|~ Use Automatic Format For Quantitative Results
@ Display the Maximum Number of Numerical Digits
€ Display Only Statistically Significant Number of Numerical Digits

[v Use Detailed Printout For Data and Analytical Results
I~ Print Analyzed And Specified On Same Line
I~ Display Count Intensities Unnormalized To Time (in Analyzel)

|~ Print Additional MAN Fit and Conection Parameters To Log Window

Dutput Options
|~ Display Charge Balance Calculation

Elemental Qutput Soit Order For JJD-2 and HW Custom Output:
@ Use Traditional Geological Sort Order (Si02. TiD2, etc.)
" Use Low To High Atomic Number Sort Order
" Use High Ta Low Atomic Number Sort Order
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Time Dependent Intensity (TDI) Corrections

PROBE FOR EPMA gives the user two powerful methods for the correction of time dependent
intensity element effects unknown samples. Each correction option provides a means to
automatically correct data for the time dependent loss of x-ray intensity due to continuous
electron bombardment (heating damage/charge buildup) or carbon contamination that occurs
during normal electron microprobe work. The time dependent intensity element extrapolation
may be applied to any degradation (or enhancement) of the x-ray intensity over time. Elements
most susceptible include sodium, potassium, fluorine, perhaps sulfur and bound water. This
correction is most useful for samples that are too small to utilize a defocused beam and also
allows the operator to run higher than normal sample currents to improve analytical sensitivity.

Two different methods are available for volatile element corrections; the Self Calibration Time
Dependent Intensity (TDI) Acquisition and the Assigned Calibration Time Dependent Intensity
(TDI) Acquisition. Each will be documented.

In the Self Calibration Time Dependent Intensity (TDI) Acquisition method, the program
acquires the on-peak count data for the volatile element during the normal sample acquisition
process for the unknown sample. This method works well when samples to be analyzed have
widely differing compositions as the calibration is determined with every sample acquisition.

Open PROBE FOR EPMA, and proceed through the normal calibration and standardization
routine. Check suitable standards for accuracy, these should not be volatile or beam sensitive.

Move to your first unknown sample. Open the New Sample window from the Acquire! window
and create a new unknown sample. Click the Special Options button.

s Acquire! l = &
SP1 SP2 SP3 SP4 SP5 X Y A Spectio Progress
[ 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP 5-LLIF Faraday
[ .00 .00 .00 .00 .00 1
[ z : . : : .000000 -
Current Sample: [Un 7 = setup
: Start Standard or Unknown Acquisition
|Normal Acquisition Unknown i j
IData Rows: 0 |Good Data Rows: 0 Start Wavescan — %0[?0888 1.]1020%88
p® 0
New Sample PHA Acquisition Options Peaking Options Magnificaton [ 2533
Elements/Cations Peak/Scan Options Start Peaking Bf:am Made |{Analog Spot
—_— Kilovalts 15
Analytical Conditions Count Times Stage Imaging Beam CF”B”l 20
Beam Size ] 5
Combined Conditions Standard Assignments Locate Move O
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The Volatile Calibration and Quick Wavescan Samples window opens. Select the Self
Calibration Time Dependent Intensity (TDI) Acquisition option. The time dependent intensity
element correction is only applied to the first element analyzed for on each spectrometer. Enter a
number into the Volatile Count Time Intervals text field (up to 50 intervals may be used). The
program will use this interval number and the on-peak count time to create a calibration curve.

In this example, Na is counted for 40 seconds on peak and with an interval of 10 entered, the
program will automatically count ten 4 second intervals. Each element listed first on each
spectrometer is treated in this way. The off peak counts are not affected.

Volatile Calibration and Quick Wavescan Samples

Special Sample Acquisition Options ‘
¢ MNormal Acquisition | N |

Acquire a normal standard, unknown or wavescan sample.
¢ Self Calibration Time Dependent Intensity [TDI) Acquisition

\
|
uses a calibration curve based on itselfl. The TDI assignment ‘
will be made automatically. This method will append a new Setups
analysiz line for each acquisition on an existing unknown
sample.

|

| Nate: time dependent intensity [TDI) elements must be the
first element acquired on each spectrometer. The acquisition
order may be modified in the Acquisition Options dialog.

Time Dependent Intensity (TDI) Count Time Inlerval
[~ Acquire TDI Data on Standard Samples

" Assigned Calibration Time Dependent Intensity (TDI) Acquisition ‘
Acquire a time dependent intensity [TD1] element sample for use
as a TDI calibration curve for another sample(s). This assignment ‘
is made subsequently in the Standard Assignments dialog in the
Analyzel window. This method will create a new time dependent
intensity calibration sample for each acquisition.

Time Dependent Intensity ([TDI) Sample HName

Isetup Time Dependent Intensity [TDI) Assigned Calibration
Time Dependent Intensity [TDI) Count Time Intervals | 5

Stage X Increment [um) | 4
Stage Y Increment (um) | 6

" Quick Wavescan Acquisition
Quick wavescan samples are created based on the first element on
each spectrometer used in the last unknown sample [or wavescan
sample if present] or a selected sample setup. This method will
create a new quick wavescan sample for each acquisition.

Quick Wavescan Sample Name

Isetup
Quick Scan Speed % (.001 - 100) |1|]
|- Use ROM Based Spectrometer Scan

Click the OK button to return to the Acquire! window.
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After collecting an unknown sample the user may display the volatile correction from the
Analyze! window. Select a sample and click the Standard Assignments button.

s Analyze!

(= O )

(" Standards
* Unknowns
" Wavescans
" All Samples
Select All
Add To
Setups

Save Setups

~ Sample List [multi-select) [double-click to see intensity data)

Analyze

Un 1 "setup
Un 2 Test Calibration-Rhyolite Glass

 List Standard
Intensities

Raw Data

Combine Selected Samples

Calculation Options

[~ [ Pause Between Samples

[ Use All Matrix Corrections
Disable Selected Sample(s)
Enable Selected Sample(s)

Combined Conditions |

Count Times | Combine the Selected Samples

Standard Assignments . 5 pecified Euncentlaliunsl Namell)estaipﬁnn| Conditions ‘ Elements/Cations |

Combine Analysis Lines From
Selected Samples

Eombinc Data Lines From

Sort Stat and Data Grids By
Geological/Atomic Number

[~ DoNot Output To Log

into a New Sample

Search For Remove

=5 Total Oxygen Total Weight % "“Shared" Bgds | "Shared" Bads | ||
- Calculated D=ygen Z-Bar Bound oftectior
Excess Dxzpgen Atomic Weight e =rial Fil
L
| Co | [ [ | [ |
4 [l »
' Disable Selected Line(s) | Enable Selected Line(s) | Analyze Selected Linefs) |
| Co | | I [ | [ | -
|
L
| |
1 [d ’

Cancel Next |
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The Standard and Interference Assignments window opens.

Standard and Interference Assignments

— Selected Samples

1

Un

3 Glass ¥V-1-1

Cancel

Save Element Setup

Save Sample Setup

Add/Remove Standards

Reload Standard Assignments

.___Remove TDI Correction

1‘2‘3 4‘5‘8

Click Element Row to Edit Standard/Interference/Time Dependent Intensity (TDI) Assignments —

| Channel Element X-Ray Analyzed Standard
1 Si ka Yes 60
2 Ti ka Yes 539
3 Al ka Yes 633
4 Cr ka Yes 631
5 Fe ka Yes 524
6 Mn ka Yes 509
7 Mg ka Yes 607

<s Na ka Yes 730

T — ——ka rer—

[ 0 | No o

Interf-Ele

|Interf-Std

rrre

P

rrrs

P

rrrs

cora

rrrs

0.0,0.0.0
0.0.0.0.0
0.0.0,0.0
0.0,0.0.0
0.0.0.0.0
0.0.0,0.0
0.0,0.0.0
0.0.0.0.0
0.0.0,0.0
0.0.0.0.0
0.0.0.0.0

Select the element row (sodium in this example) to view the TDI calibration data.
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The Assignment Properties window opens and lists all possible TDI element calibration
samples. Three types of fit are possible; Log-Linear, Log -Quadratic, or Log-Log. Click the
Display TDI Fit button:

Azsignment Properties

Enter Standard Assignments for: Na ka

Time Dependent Intensity [TDI) Calibration Aszignment [select unknown sample for assigned TDI calibration]

-I
Cancel

Assigned [Primary) Standard
ka 730 Albite Amolia Court House. USNM 131705 [Oxygon block]

TDI Conection Type [Sell o1 Assigned)

Mo TDI Calibration Conrection NS
& Use TDI "Seli” Calibration Corection

Beth "sisigned” and “se¥" calbeation Time Dependent Intensity
[TDI) slement samples can be acqured See the Special Options
in the Acquire vandow.

[ Use Vitual Standard Intensty C Both "w;'\:'w"ﬂgmbw ‘ri_mlyl‘m!l
- Az ibrati i ations can be assigned
Use TDI “Assigned” Calibration Conection - Time Dependent Intenady (1D1) co'radnmw
Standard Assi for Element: Na ka Un & Rhyolite Unknown for Colibiation Cutve assigned o s vath the "ax: i
I Special Options. "Sel” Tme Dmm mmuylwu [
Intf Elem  Intf Dides Intesference Standard conections ae astigned Lo themselves. Time Dependent
1t 7= = e Intenziy (101 element “zei' calbrations are ucmdnly
I J[ J ‘ J _R'er_-w'e_l assigned to thamselves 31 the time of acquitition. 1
s =l S ]S b | \
3d | =1 =1 =] Remove Display TDI Fit P EnorBas I
|
L | Al Al z] __Remove | cr-‘ Tize Log.Linese (sxponantial) FE
Bk = = e | | :

" Use Log-Log [double-exponential) Fit

The standsid usad for the inteiference comecton must
Mirimum Ovedlop ‘contain & known concentration of the interfering .
Irienaiy elsment and nons of the intsrsied element, nol sy Blank Conection Sample Assignment

F 1 othear inteifening elements
’ Un 2 Test Calibnation-Rhyolite Glass
3 V-1-1

Un 3 Glas:
Un l IDIEIHI!N

™ Check Al Interfesing Elemerts M Ordes

Calculate Interferences v d

Assign a sample 1o be used for 2 "blank” race element
caitection. The blank sample should be & smilar matii o the
uﬁwmﬂucﬂshﬂdhmemwuhmlr:edh

Rk el [ ooogon ~ Remave Hlark -

Un 5 Rhyoble Unknown for Cakbration Curve
Un 6 Unknown Inclusion M-1-1

The Time Dependent Intensity (Self) Fit Plot window opens.

‘Time Dependent Intensity (TDI) (Self) Fit Plot

MR R EEE KR -
Un 3 Glass V-1-1
5.80—
A
T A

p—

(aa]

+

0.

A

——

<T

{ A

— 4 Line 44

@

o

2

5 7.31851

© 2.47199

Z [~ Grid Lines
Copy To
ClipBoard

00 43 86 12917.221.5258 301 34.4 387 43.0 Print

Elapsed Time

 Zoom Full |

The drop in sodium count intensity with time appears to fit an exponential function (Nielson and
Sigurdsson, 1981). A plot of the natural log of the intensity data versus time should yield a
straight line relationship as seen above.
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The extrapolation correction is quantitative in that the correction is based on a self calibration
curve acquired during the run. The correction uses the actual elapsed time for all calculations. It
is applied during the ZAF or Phi-Rho-Z iteration phase of the analysis to correct for changes in
the matrix correction due to the extrapolation correction.

The next example will illustrate the Assigned Calibration Time Dependent Intensity Acquisition
method. Here, small rhyolitic glass inclusions of similar composition will be analyzed.

Start PROBE FOR EPMA in the normal manner. Go through the calibration and standardization
process, then check standards. Save the analysis routine as a sample setup. Next, create a
separate sample setup with a subset of elements to which the TDI correction will be assigned, in
this example silicon and sodium. Note TDI element calibration corrections can only be applied
to elements that are the first element collected by each spectrometer.

Locate the sample to obtain the TDI element correction acquisition upon. This should be either
the unknown sample or a material similar to the unknowns.

Again click the Special Options button in the Acquire! window.

*7* Acquire! oo [
SP1 SpP2 SP3 SP4 SP5 X Y z Spectro Progress
I 52750.0 53100.0 53250.0 52950.0 53250.0 300.000 1125.00 310.500
1-TAP 2-LLIF 3-LIF2 4-TAP 5-LLIF Faraday
| .00 .00 .00 .00 .00 i
| 2 A 2 = . .000000 @
Current Sample: [Un 7 = setup [
: Start Standard or Unknown Acquisition
INormal Acquisition Unknown i
Data Rows: 0 |Good Data Rows: 0 Start Wavescan Yt %Duﬂgggg 1&0205&88
px ] 0
New Sample PHA Acquisition Options Peaking Options M Ay icalion 33
Elements/Cations Peak/Scan Options Start Peaking Bf.am Mode [Analog Spot
N— Kilovolts | 15
Analytical Conditions Count Times Stage Imaging Bearn Eyrlenk I 20
Beam Size | 5
Combined Conditions Standard Assignments Locate Move [7
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The Volatile Calibration and Quick Wavescan Samples window opens. The default
acquisition choice is Normal Acquisition. Click the Setups button in the Volatile Calibration
and Quick Wavescan Samples window.

Volatile Calibration and Quick Wavescan Samples

| Special Sample Acquisition Options 1
\
&+ ‘Normmal Acquisition |

Acquire a normal standard, unknown or wavescan sample.
Cancel
. | (" Self Calibration Time Dependent Intensity [TDI) Acquisition
Acquire a time dependent intensity [TD1) element sample that
uses a calibration curve based on itself. The TDI assignment
will be made automatically. This method will append a new Setups >
analysis line for each acquisition on an existing unknown
sample.

Mote: time dependent intensity [TDI] elements must be the

first element acquired on each spectrometer. The acquisition

order may be modified in the Acquisition Options dialog.
Time Dependent Intensity (TDI) Count Time Intervals | 10
[T Acquire TDI Data on Standard Samples

" Assigned Calibration Time Dependent Intensity [TDI) Acquisition
Acquire a time dependent intensity [TDI] element sample for use
as a TDI calibration curve for another sample(s). This assignment
is made subsequently in the Standard Assignments dialog in the
Analyzel window. This method will create a new time dependent
intensity calibration sample for each acquisition.

Time Dependent Intensity [TDI) Sample Name
|setup Time Dependent Intensity [TDI) Assigned Calibration

Time Dependent Intensity (TDI) Count Time Intervals | 10

Stage X Increment [um) | 4
Stage Y Increment [um) | [

" Quick Wavescan Acquisition
Quick wavescan samples are created based on the first element on
each spectrometer used in the last unknown sample [or wavescan
sample if present) or a selected sample setup. This method will
create a new quick wavescan sample for each acquisition.

Quick Wavescan Sample Name

[Glass V-1-1
Quick Scan Speed % (.001 - 100) | 10
[T Use ROM Based Spectrometer Scan

145



The Sample Setup Selection dialog box opens. Check that the appropriate volatile setup is

active.

‘Sample Setup Selection

e T T T —
Wy O T

~Available Sample Setups

I~ Load Sample Setups In Reverse Order
‘When running combined multiple sample setups,
the program will base the first column condition on
the condition specified for the first element on
spectrometer number one

Delete Selection[s) From Sample Setups

17 TDI Element setup

Clear Sample Setup Selection(s)

Sample Setup Description

[TDI Element setup

<< Add To Sample Setups

IUn 4 TDI Element setup
TO = 40, KeVY = 15, Beam = 20, Size = 5

Ti ka Spectro 2 LLIF (68240.0)
Al ka Spectro 4 TAP (32464.0)
Cr ka Spectro 2 LLIF [56851.0)
Fe ka Spectro 5 LLIF (48085.0)
Mn ka Spectro 5 LLIF [52203.0)
Mg ka Spectro 1 TAP (38499.0)
Ca ka Spectro 3 LPET (38387.0)

Na ka Spectro 1 TAP [46352.0) ot

—

Click the OK button.
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Select the Assigned Calibration Time Dependent Intensity Acquisition method. Enter text into
the Time Dependent Intensity Sample Name field. Edit the TDI Count Time Intervals (number of
steps in the calibration line) and adjust the Stage X and Y Increment (um) values if required,
resulting in the following window.

Volatile Calibration and Quick Wavescan Samples

- Special Sample Acquisition Options
" Nommal Acquisition

Acquire a normal standard, unknown or wavescan sample.

Cancel

(" Self Calibration Time Dependent Intensity (TDI) Acquisition
Acquire a time dependent intensity [TDI1] element sample that
uses a calibration curve based on itself. The TDI assignment
will be made automatically. This method will append a new Setups
analysis line for each acquisition on an existing unknown
sample.

Mote: time dependent intensity [TDI) elements must be the
first element acquired on each spectrometer. The acquisition
order may be modified in the Acquisition Options dialog.

Time Dependent Intensity [TDI) Count Time Intervals | 10
[~ Acquue TDI Data on Standard Samples

—

(¢ Assigned Calibration Time Dependent Intensity (TDI) Acquisition \

as a T DI calibration curve for another sample(s). This assignment
| is made subsequently in the Standard Assignments dialog in the 1
.f!.nalyge! wir_'ndovg. This method will create a new time dependent

| intensit

Time Dependent Intensity [TDI) Sample Name
Rhyolite Unknown for Calibration Curve

| Time Depende ount Time Interval 10
Stage X Increment [um]) 10 I
Stage Y Increment [um) 10 Tl
" Quick Wavescan Acquisition

Ouick wavescan samples are created based on the first element on

each spectrometer used in the last unknown sample [or wavescan

sample if present) or a selected sample setup. This method will

create a new quick wavescan sample for each acquisition.
Quick Wavescan Sample Name
|TDI Element setup
Quick Scan Speed % (.001 - 100) | 10

[~ Use ROM Based Spectiometer Scan
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The TDI element effect will be calibrated precisely on the first unknown sample. One
important assumption is that the TDI element behavior on the calibration sample is similar to all
the unknowns to be analyzed. Therefore, because a consistent TDI correction is used, variation
in composition represents real differences in composition (or volatilization) not precision of the
analyses. Each element in the method (sample setup) will be acquired one element at a time. In
this example, 10 time intervals are specified and the default on-peak count times for silicon and
sodium are 20 and 40 respectively. Thus the calibration curve for each will be composed of 10
spots of 2 and 4 seconds each. The program will acquire each element in the sample (at a fresh
spot) at a new stage position based on the X and Y increments specified to allow the volatile
element effect to be calibrated precisely.

Click the OK button to return to the Acquire! window.

The TDI sample acquisition will start automatically upon clicking the Start Standard or
Unknown Acquisition button, using the sample name entered in the TDI Sample Name field.

"f‘ Acquire! | = ﬁ)
SP1 SpP2 SP3 S5P4 SP5 X b s Z g l
pectro Progress |
I 46352.0 56851.1 42768.1 32464.0 52202.9 360.000 1191.00 310.499
Na Cr-V K Al-V Mn-vV Absorbed
[ .00 1.00 .00 1.00 1o 118) .00
I 715 a 568. 1244. .000000 @

ample:  JUn 5 Rhyolite Unknown for

Start Standard or Unknown Acquisition

300.001 1131.00
um .000000 .0000ODO

ssigned Time Dependent Intensity [TDI) Correction

Start Wavescan

px 0 0
News e PHA Imaging Peaking Options Magnification [ 2533
‘ Beam Mode |Analog Spot
Elements/Calions Peak/Scan Optior Acquisition Option Start Peaking -
Kilovolts | 15
Analytical Conditions Count Times Special Option Besm C!.urent [ =l
Beam Size [ 5
—

The user may now collect unknown data points. REMEMBER to load in the appropriate
sample setup AND under the Special Options button of the Acquire! window, click the Normal
Acquisition button.
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After collecting an unknown sample the user may assign the volatile correction from the
Analyze! window. The volatile element calibration can be assigned to any element in a sample
provided that it was acquired as the FIRST element on that spectrometer.

Click the Standard Assignments button.

Py

“4 Analyze!
Sample List [multi-select) [double-click to see intensity data)
Analyze Raw Data
(" Standards Un 1 *setup
@ Unknowns |Un 2 TestCalibration-Rhyolte Glass List Standard - g
© Wavescans |Un 3 GlassV-11 e Calculation Options
Al Samples Un 4 TDI E_!ement setup -
mp 5 Rhyolite Unknown for Calibration Curve [T I Pause Between Samples Report
Select Al & Unknown Inclusion M-1-1 [il1sa Al Mt Eomactnes
Asde‘:uh; Disable Selected Sample(s)
e P Enable Selected Sample(s)
ave Setups
Combined Conditions | Count Times |

Standard Assignments |_Jbpecified Eonnentrations] NamelDescriplion‘ Conditions I Elements/Cations |

Combine Selected Samples

Combine Analysis Lines From
Selected Samples
Combine Data Lines From
Selected Samples

Soit Stat and Data Grids By
Geological/Atomic Number

[~ DoMNotOutput To Log

Combine the Selected Samples
into a New Sample

Search For Remove
= Total Dxygen [T Total'wWeight % "Shared" Bgds  "Shared" Bods| |,
< Calculated Oxygen Z-Bar Boundary Conectic
Excess Oxygen Atomic Weight ste M
Lo [ [ [ [ [ [ [ [
4 : | »
Disable Selected Line(s) | Enable Selected Line(s) | Analyze Selected Line(s) |
Lo I [ [ [ [ [ [ [ -
T »
Cancel Next
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The Standard and Interference Assignments window opens. To evaluate the correction effect
on Na, click the respective row to view and edit the TDI assignment.

Standard and Interference Assignments

~Selected Samples
Cancel
Un 6 Unknown Inclusion M-1-1 —

Save Element Setup

Save Sample Setup

Add/Remove Standards

Reload Standard Assignments

| 2] a]e]s]s

— Click Element Row to Edit Standard/Interference/Time Dependent Intensity (TDI) Assignments —

| Channel Element X-Ray Analyzed Standard Interf-Ele [Interf-Std
1 Si ka Yes b0 — 0.0.0.0.0
2 Ti ka Yes 539 _— 0.0.0.0.0
3 Al ka Yes 633 0.0.0.0.0
4 Cr ka Yes 631 s 0.0.0.0.0
5 Fe ka Yes 524 0.0.0.0.0
6 Mn ka Yes 509 _— 0.0,0,0,0
7 Mg ka Yes 607 res 0,0.0,0,0
I =z LV — R 0.0.0.0.0
9 Na ka Yes EE— 0.0.0.0.0
[ [T LS s T bk 0.0.0.0.0
i 11 0 | No 0 0.0.0.0.0
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The Assignment Properties window opens and lists all possible volatile element calibration
samples. Select Use TDI "Assigned” Calibration Correction as TDI Correction Type, highlight
the appropriate sample and click the Display TDI Fit button.

Assignment Properties

Enter Standard Assignments for: Na ka

Time Dependent Intensity [TDI) Calibration ﬂx:m-unt [luhu:l unknown zample for anmd TDI cafibration]

Aszsigned [Primary) Standard

| -

TDI Conection Type [Sell o Azsigned)

Beth “sssigned” and “se¥” calleation Time Dependont Intersily

[TDI] lemen samgles can be acquied See the Special Opi
730 Allite Amoia Cout House. USHMI31705 [0xygon block) Cancel  Ma TDI Calitation Conection g nthe Aceie wiow =
[ Use Vitual Standard For Standaed Intensiy Caiculation [ree Analytical menu] 5 : T Both mﬁ%\;ﬂ' and "u'“&’."fm wm-ynm;
[ - “‘M Calibration I elament ¢ ations can be assi Of UnNass
L ee TDITA Compotion Atsgred Time Dependent Intensiy (TDI) co'redu\;ae
Standard i Eloment: Na k inowin v Callbalion ‘assigned to samples acquied with the "assgred” |
- o EwEeE g . Special Opiione. "Sel™ Tame Dependent Inntiy (T01] \
Intf Elem  Intf Dides Intesference Standard conections ae assigned Lo themselves. Time Dependent
= = | = | - Remave Intensiy (T0I) element “zel' calbeations are sulomabicall |
assigned 1o thamsebves  the time of acquitition. [
] =l = =] N hemom |
3rd ,I =R E] Remave I
|
ath | Al Al =] __Remvs | & Use Log-Linear (sxponential) Fit
Sth | il <] __Renowe © Use Log-fuadiatic [hyper-exponential] Fit

" Use Log Log [double-exponential] Fit

The standard used for the inteiference comection must
‘contain & known concentration of the nterferng
element and none of the inberdered element, not sy
other nlerfeing elements

™ Check Al Interfesing Elemerts M Ordes

Calculate Interferences v Z

inirnumn Overap
Intensily

e

Blank Conection 5ample Assignment

Un 2 Test Calibiation-Rhyolite Glass

3 Glass V-1-1

4 TDI Element selup

5 Rhyolite Unknown for Calibration Curve
6 Unknown Inclusion M-1-1

Asagn a cample 10 be used for a "blank lace element

cattection. The blank sample should be 5 simils matiix 1o the
wrknown sample and should have 2 zero o known brace of the
element present

Un
Un
Un
Un

BW Lml [‘oopoop ~ Femove Blank
It % Assignment

The Time Dependent Intensity (Assigned) Fit Plot window opens.

Time Dependent Intensity (TDI) (Assigned) Fit Plot
MEEEEEENEEEEEEE AR |
Un 6 Unknown Inclusion
M-1-1
6.0
- | . 2 6
C o5 ® 7
+ L ] g
a 1 @ g9 10
< st
c
=
- 4
w
Q.
% 54— [25.720
- 1 [3.72459
©
[ GiidLi
Z 52_— nd Lines
Copy To
E S ClipBoard
50 —H—4—+—4—+—t—+—t—+—t+—+—+—+—t—+1+1 Print
0.0 25 50 7.5 100 125150 17.5 20.0 22.5 25.0
Elapsed Time

The drop in sodium count intensity with time appears to fit an exponential function (Nielson and
Sigurdsson, 1981). A plot of the natural log of the intensity data versus time should yield a
straight line relationship as seen above.
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The extrapolation correction is quantitative in that the correction is based on a calibration curve
acquired during the run. The correction uses the actual elapsed time for all calculations. It is
applied during the ZAF or Phi-Rho-Z iteration phase of the analysis to correct for changes in the
matrix correction due to the extrapolation correction.

Along with alkali loss, the operator may notice an increase in count intensity from the non-
mobile elements (such as silicon and aluminum) in the sample. The possible enhancement with
time may be corrected for as well.

Close the Time Dependent Intensity (Assigned) Fit Plot window, returning to the Assignment
Properties window. Click the OK button.

To evaluate the possible enhancement of intensity with time on silicon in the rhyolitic glass,
click on the element row for silicon in the Standard and Interference Assignments window.

Standard and Interference Assignments

Selected Samples - 1
Cancel
Un —_——

6 Unknown Inclusion M-1-1

Save Element Setup

Save Sample Setup

Add/Remove Standards

Reload Standard Assignments

. __Remove TDI Correction

r Click Element Row to Edit Standard/Interference/Time Dependent Intensity [TDI) Assignments

_Chanoel —— Elomonte——-Fray— dard  |Interf-Ele |Interf-Std
1 Si ka Yes il vres 0.0,0.0,0
2 T ¥a Y b sag 0.0,0.0.0
3 Al ka Yes 633 oo 0.0.0.0.0
4 Cr ka Yes 631 — 0.0.0.0.0
5 Fe ka Yes 524 oo 0.0.0.0.0
6 Mn ka Yes 509 sias 0.0,0.0.0
i Mg ka Yes 607 voes 0.,0,0,0.0
8 Ca ka Yes 602 . 0.0.0.0.0
9 Na ka Yes 730 - 0.0.0.0.0
10 K ka Yes 656 — 0.0.0.0.0
11 0 No 0 5553 0.0,0.0.0

152



The Assignment Properties window opens. Again, highlight the appropriate TDI Calibration
Sample Assignment sample and click the Display TDI Fit button.

The Time Dependent Intensity (Assigned) Fit Plot window opens displaying the natural log of
silicon x-ray intensity versus time. The enhancement is evident and maybe corrected for
quantitatively.

Time Dependent Intensity (TDI) (Assigned) Fit Plot
M R ED R EE K -
Un 6 Unknown Inclusion
M-1-1
8.08— o 10
8
|
— g ’//
D gost B
o ;
o ® 4
< 2.~ ®
= 1
‘:ﬁ 8.04——/
0
o 9.89196
5 4.19479
o 802+ [~ Grid Lines
Copy To |
ClipBoard |
8.00 ———+——+——+——+——+—— 41+ Print
00 23 46 69 92 115138161 184 207 23.0
Elapsed Time
e

Return to the Analyze! window by clicking the Close button above.

Click the OK button of the Assignment Properties and the Standard and Interference
Assignments windows, respectively.
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Advanced Interference Corrections

PROBE FOR EPMA permits the user to select a fully quantitative correction for spectral
interferences (Donovan et al., 1993). The user can correct for up to four interfering elements per
channel. The program requires that both the interfered and interfering elements be analyzed for.
Further, an interference calibration standard must be acquired that contains a major concentration
of the interfering element and none of the interfered element nor any other elements that interfere
with the interfered element.

Most interferences between a pair of elements work in one direction. Consider a phase with high
concentrations of manganese in the presence of the iron. Here the Mn Kf3 line interferes with the
Fe Ka analytical line. The reverse situation does not cause a problem, iron does not interfere
with manganese. However, there are some cases where both elements interfere with each other!
These dual interfering elements are extremely difficult to correctly quantify. Fortunately,
PROBE FOR EPMA can handle this situation because it’s quantitative interference correction is
an iterated solution (see Donovan et al., 1993 for details).

The following example (analyzed at U.C. Berkeley by John Donovan) involves the dual
interference of zinc and rhenium in a natural organo-metallic phase. Both lines interfere with
each other (Zn Ka and Re Lat) and both lines are used for quantitative analysis. Other elements
analyzed for are cesium, iron, sulfur, and selenium. Oxygen, nitrogen, carbon and hydrogen are
also in the samples. Each is listed in the Element/Cations window for use in the matrix
correction routine but are not analyzed.

Solving these interferences requires the analyses of both rhenium and zinc and two interference
standards. To correct for the interference on zinc, a standard that contains rhenium but no zinc is
required. Likewise, to handle the interference on rhenium, a standard will be needed that
contains zinc but no rhenium.

The procedure to specify interferences and the correction thereof was documented in the silicate
chapter in the Users Guide to Getting Started manual, cogent details will briefly mentioned here.
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To view the various interference assignments, click the Standard Assignment button in the
Analyze! window. The Standard and Interference Assignments window opens.

‘Standard and Interference Assignments S

Selected Samples |
Cancel
Un 1 *setup  —

Save Element Setup

Save Sample Setup

Add/Remove Standards

Reload Standard Assignments

Remove TDI Correction

Click Element Row to Edit Standard/Interference/Time Dependent Intensity (TDI) Assignments

Channel Element X-Ray Analyzed  [Standard  |Interif-Ele  |Interf-Std
1 Cs la Yes B A 0.0.0.0.0
2 Fe ka Yes 730 . 0.0.0,0.0
3 Zn ka Yes 660 Re.... 575.0,0,0,0
4 Re la Yes 575 Zn.... 660.0.0.0.0
5 S ka Yes 730 Cs.... 834.0.0.0.0
6 Se ka Yes 660 0,0,0,0,0

In John’s routine, Cs La is measured on the standard CsBr, likewise Fe Ka is done on a pyrite
(FeS,) standard and the Se Ko line is measured on the ZnSe standard.

Zinc, rthenium and sulfur require additional discussion.

Highlighting the zinc element row opens the Assignment Properties window for that element.
The user has the option to display all possible interferences based on the current set of analyzed
and interfered elements. Clicking the Calculate Interference button displays these. The
program calculates the interference based on a gaussian peak shape assuming a worst case
scenario of 0.1% of the analyzed element and 100% of each of the other analyzed and possibly
interfering elements.
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As mentioned earlier and seen below, Re La interferes with the Zn Ko on the LIF crystal. To
correct for this overlap, a standard with no zinc present (rhenium metal) is employed for the
calculation. Click the Calculate Interferences button to list known interferences.

Assignment Properties

I P
Entes Standard Assignments for: Zn ka Time Dependent Intensity (TDI] Calibralion Azzignment (select unknown zample for atsigned TDI cakixation)
X-Ray Assigned [Primary) Standard TDI Conection Type [Self or Assigned) @rgh “atsigned” and "self' calbeation 'llsv-e Dw:ﬁm Itsm,v
[T} slement samples canbe ed See the Special Options
ka [6602Zn5e fagnthetiel ] Cancel Mo TDI Cobuaion Comecton | Help s 1 i e
I Use Vitual Standard For Standard Intenshy Caiculation [see Anaktical menu) Uze TD) "Self” Colbeation Corertior Both " u.g: and" :d‘beng::ndui \nmnyrrm:
~ 5 i i elarnent calibrations can be assigned of unassigned her
Use TDI “Assigned” Calibration Conection e Tea D iy (1D1) com ”
Standard foi Elemont: Zn ka asm;pedubc %W;ﬁ‘m.luﬁm.%ﬁ'
pec-ai ptions. "Sel” Tme Dependent Ik
In erference Standard — hions ate asugned Lo themsalves. Time n.;rm
o L || | £ ] e | sy oot oo o
— =] __Remve |
o I T Beme | S T — T
o I | | =t |
Sth | Ll | ;‘ ‘ ﬂ Remave [ al] Fit

The standard used lor the intefference corechon must
contain & known concentration of the interfeing = .
Intensity elamant and noos of the intersred elemend, not any Blank Comection Sample Assignment
other interfering elements

Asnign a sample 1o be used for 2 "blank”’ hiace element
_ 1.43644 angstroms, at an assumed concentration of 1 wt.% - cottection. The blank sample should be a smiar matis Lo the
Inc-rﬁuww by Re SLA®X at 1.42700 ( 35440.6) ( -234.45)

= 3. ﬂmﬂlﬂuﬂmhmamnmbmlrwrdlh
Interference by Re SLAA At 1.42740 ( 35450.5) { -224.51) = 35.22
Interfersnce by Re SLA®IX at 1.42970 ( 33507.6) ( -167.39) = 6.0 =
Interference by Re SLA’ at 1.43030 ( 358622.5) ( -182.49) = 49.7%
Interference by Re SLASY at 1.43050 ( 35527.5) ( =147.52) = s0.6e Blank Level e Dk
Interference by Re LA at 1.43310 ( 35552.1) ( -82.545) =  §110.3% iwt. %1 [-0000OD Assignment
Interfarence by Ra SLAI‘Z at 1.43480 ( 35634.3) ( -40.727) = FEEN

The Assignment Properties window for Re Lo is shown next. Here, Zn Ko interferes with the

Re La x-ray position. To make the quantitative correction the standard ZnSe (with no rhenium)
is used.

oo _—
Enter Standard Assignments for- Re la - Time Dependent Intensity (TDI) Calibration Assignment [selsct unknown sample for assigned TDI calibration)
Element X-Ray Assigned [Primary] Standard TDI Corection Type [Sell or Assigned] Both "sssigned” and “sell” calbration Time Dependent Intensity
- I
[Re <] [ ] [ 575 Rhenium metal -l Cancel I E NaTDle  Help | Uﬂlmﬂsm:cm::m Seelhesmtlplm
I~ Use Vitual Standard For Standsid Interssity Calculation [see Analtical menu) I o Both “assigned” and “sel"” Time Dependant Intencity (TDI)
€ Use TDI "Assigned™ Cabbration Co element calbealions can be asagned ce unassigned here.
Assigned Time Dependent Intensity (TDI) conections are
Intesfesence Standard Assignments for Interfered Element: Re la " &"”"d's',f"}'“s"'h"” n?med' I[l?g]]
pecial Opions "Sell” Time .
Intf Elem  Intf Order Interference Standard | Help conechons are asgned to Tine
i Irensy [TDI) element “sel” calbrat B
st 2o =] I =] [660ZnSe [synthetic) =] __Remove it coleuhions oie MiciEAy
[ [ 7] _ree |
3d | ,:J | _!J I _:,J Remaove Dizplay TDI Fit |
sl sl =l [l = Fancve L :
s o <] e |
ogLog [¢
5 The standard used for the interference comection must
[ Check Allinterforing Elements o o oor Mrmlun[)wdm contain & known Concentiation of the intefeting .
nlendy edement and none of the interfered element. nor Blank Correction Sample Assignment
Assign a sample to be used for a “blank” race element
For Re 1a  LLIF at 1.43290 angstroms, at an assumed concentration of 1 wt.@ - cofrechon. The blank sample should be & simdal mali to the
Intarference by Zn SKA4 at 1,42850 ( 35477.7) ( -109.27) = 6.0 unknown sample 2nd should have a 2er0 of known race of the.
Interference by In SKA3' at 1.42920 ( 35495.1) ( -51.887) = 8992 element present.
Interference by Zn SKA3 at 1.43000 ( 35515.0) ( -72.023) = 93 6%
Interference by Zn SKA at 1.43060 ( 35529.9) ( -57.117) = 96.0%
Interference by Zn KAL at 1.43550 ( 35651.6) [ 64.5742) =  9485.6% lank Level Remove Blank !
Interference by In KA2 At 1.43930 ( 385746.0) ( 158.949) = 3734.6% r-l z Azsignment -
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Finally, the Assignment Properties window fo

r S Ko is displayed. In this unique mineral, Cs

Lp overlaps with S Ka.. Therefore, a cesium standard without sulfur (CsBr) is also required to
complete the spectral interference deconvolution!

Assignment Properties

Enter Standard Assignments for: § ka
Element  X-Rap Assigned [Primary] Standard
5 =] |ka  ll| 730 Pyrite LIC # 21334 >

™ Use Vitual Standard For Standard Intensity Cabculation [see Analytical menu)

[ ]
Cancel I

Intesference Standard Assignments for Interfered Element: 5 ka

Time Dependent Intensity (TD1) Calibration Assignment (select unknown sample for assigned TDI calibration)
TDI Correction Type [Sell or Assigned] Both "assigned” and "sel” catbrabion Time Dependent Intensity
5  Help | [TD) element samples can be scquied See the Special Options
= Mo TDI Calibration Correction dialog in the Acquire vindow,
" Use TDI "Self” Calibration Conection

Both " suy!ad' and "sel” Time Dependant Intensiy (TD1]
I A g sic % i calitalions can be sssigned o unassigned here.
Use TDI “Assigned” Calibration Comection Sloment cl1aicne i be aragnd 1 e e
0 samples acquired with the *

assigned to “assigned” flag in
Special Dp!m "Sel* Tn-e Dmnde« !nm (TDI)
coechons A Dependent

Intf Elem  Intf Ordes Interference Standard _
Tt [ge <] [ +] [634 Cabr (aynthetic) ~] __Remove | ‘"’”‘”,,W"D"’?"”"m‘ﬁ :’ﬂm“d’m““&w*
zndi] ol K| v] __Remow |
w3 =] e Display TDI Fit I EverBors
L] =0 Al =] __Remowe &
Ihedmduwwuﬂefumecwedmm

I Check Al nteferiog Elerments. i MmunUvul’ap

Calculate Interferences I r—"—

interfering

concentration of . .
elemmmd:he rae«uedeuem e any Blank Correction Sample Assignment

Assign a sample 1o be ured for a“blank” race element

corection. The blank sample should be & simdar malrix to the:

unknown sample and should have 2 zero of known tiace of the
element present

Remove Blank
o " | IS

Blank Level
Twt. X1

After setting up the parameters for the analysis session, calibration and standardization was
accomplished, then several tiny and complex organometallic phases were probed for their
chemistry.
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The Analysis Calculation Options window allows the user to enable or disable the interference
correction routine to view its effect on quantitative analysis results. This window is activated
from the Analytical | Analysis Options menu in the main PROBE FOR EPMA log window. If
required, another tick box is available to Force Negative Interference Intensities To Zero in

Corrections:

Analysis Calculation Options

Quantitative Acquisition Options

|v Use Deadtime Correction
% Use Normal Deadtime Conection (single term factarial)
" Use Precision Deadtime Correction (two term tactorial for > S0K cps)

¥ Use Beam Drift Comrection
¥ Use Aut tic Drift C ion on Standard Int

v Use Assigned Interf, C ions on Standards and Unk s
™ Do Not Use Matrix Comection Term For Full Quant Interference Correction
[~ Do Mot Use Full Quant Interference Corrections [use traditional Gilfrich, et. al )

Wy TOT] Corn on Unknowns

-

Time Weighted Dal
Use Absorption Coirected MAN Continuum Intensities
Use Particle or Thin Film Conrection Parameters

Check For Same Peak Positi in Unk and Standard
Check For Same PHA Settings in Unknown and Standard

Use Zero Point For Calibration Curve [off-peak elements only)

Use Conductive Coating Comrection For Beam Eneigy Loss
Use Conduclive Coating Conrection For X-ray Absoiption

CIRCIC T I O

Do Mot Use Fast Quantitative Analysis Feature

MAC [mass absorption coefficient] and APF [area peak factor]) Options

I~ Use Empirical MAC Values

I” Use Empirical APF Values
* Use Empiical APF Factors (calculated from elemental compasition)
" Use Specified APF Factors [based on a fixed composition)

e

[~ Use Agaregate Intensities for Duplicate Quantitative Elements
[~ Use Blank Calibration Sample Trace Element Accuracy Conections
[¢ Force Negative K-Ratios To Zero in ZAF Calculations

Calculation Options

[~ Calculate Electron and Xray Ranges for Sample Compositions
[~ Use Oxygen From Halogens (F, Cl, Br and 1) Comnrection

[~ Use Nth Point Calculation For Off-Peak Intensities (for testing only)

qge STh,
[ Use Savitsky-Golay Smoothing for Integrated Intensities 2~
I Use Secondary Boundary Fi c

Formatting Options

[~ Use Automatic Format For Quantitative Results
& Display the Mawimum Mumber of Numerical Digits
¢~ Display Only Statistically Significant Number of Mumerical Digits

v Use Detailed Printout For Data and Analytical Results
[~ Print Analyzed And Specified On Same Line
[~ Display Count Intensities Unnommalized To Time (in Analypze!)

[~ Print Additional MAN Fit and Conrection Parameters To Log Window

Qutput Options
[ Display Charge Balance Calculation

Elemental Dutput Sort Order For JJD-2 and HW Custom Output:
(& Use Tiaditional Geological Sort Oider (SiD2, TiD2, et )
" Use Low To High Atomic Number Sort Oider
" Use High To Low Atomic Number Sort Order

Data illustrating the power of the PROBE FOR EPMA interference correction routine is shown
below. The results are for a real unknown sample that has some variability and was rather small
to analyze. The following unknown analysis is without any interference corrections.

un 10 Zn-ReSCN gr2

TakeOff = 40.0 KiloVolt = 20.0 Beam Current = 20.0 Beam Size = 0
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 5 Number of "Good" Data Lines: 3
WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: .000 Average Total Weight%: 122.912
Average Calculated Oxygen: .000 Average Atomic Number: 53.080
Average Excess Oxygen: .000 Average Atomic Weight: 54.153
Average ZAF lteration: 4.00 Average Quant lterate: 2.00

Un 10 Zn-ReSCN gr2, Results in Elemental Weight Percents

SPEC: 0 N C H
TYPE: SPEC SPEC SPEC SPEC
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AVER: 1.900 5.000 4.200 .200

SDEV: .000 .000 .000 .000

ELEM: Cs Fe Zn Re S Se

BGDS: LIN LIN LIN LIN LIN LIN

TIME: 10.00 10.00 10.00 10.00 10.00 10.00

BEAM: .20 .20 .20 .20 .20 .20

ELEM: Cs Fe Zn Re S Se SUM
53 .000 .000 19.553 73.669 17.465 .000 121.988
55 .000 .007 20.556 74.517 16.507 .000 122.886
56 .000 .019 19.668 74.715 18.159 .000 123.862

AVER: .000 .009 19.926 74.301 17.377 .000 122.912

SDEV: .000 .010 .549 .556 .830 .000 .937

SERR: .000 .006 .317 .321 479 .000

%RSD: .10 113.30 2.75 .75 4.77 .13

STDS: 834 730 660 575 730 660

STKF: .5978 .4297 .5001 1.0000 4719 .5162

STCT: 627.07 3670.93 3712.94 3672.80 4423.12 1315.94

UNKF: .0000 .0001 .2100 .6516 .0943 .0000

UNCT: -2.69 .33 1559.22 2393.02 884.28 -3.16

UNBG: 11.62 28.03 67.30 61.54 6.57 64.00

ZCOR: 1.2016 .9276 .9487 1.1404 1.8421 1.0254

KRAW: -.0043 .0001 .4199 .6516 .1999 -.0024

PKBG: 77 1.01 24.18 40.00 135.89 .95

un 10 Zn-ReSCN gr2, Results Based on 6 Atoms of re

SPEC: 0 N C H

TYPE: SPEC SPEC SPEC SPEC

AVER: 1.786 5.368 5.258 2.983

SDEV: .013 .040 .039 .022

ELEM: Cs Fe Zn Re S Se SUM
53 .000 .000 4.536 6.000 8.260 .000 34.323
55 .000 .002 4.714 6.000 7.718 .000 33.784
56 .000 .005 4.499 6.000 8.468 .000 34.281

AVER: .000 .002 4.583 6.000 8.149 .000 34.129

SDEV: .000 .003 .115 .000 .387 .000 .300

SERR: .000 .002 .067 .000 .224 .000

%RSD: .77 113.20 2.51 .00 4.75 .79

%RSD: .8 113.2 2.5 .0 4.8 .8

The user immediately realizes that there is a problem since the unknown sums to a total of 123%.
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The following is the same unknown but with the iterated interference software applied.

Un 10 Zn-ReSCN gr2

TakeOff = 40.0 KiloVolt = 20.0 Beam Current = 20.0 Beam Size = 0
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 5 Number of "Good" Data Lines: 3

WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: .000 Average Total Weight%: 101.367
Average Calculated Oxygen: .000 Average Atomic Number: 54.332
Average Excess Oxygen: .000 Average Atomic Weight: 50.124
Average ZAF lteration: 4._.00 Average Quant lterate: 13.00

Un 10 Zn-ReSCN gr2, Results in Elemental Weight Percents

SPEC: 0 N C H

TYPE: SPEC SPEC SPEC SPEC

AVER: 1.900 5.000 4.200 .200

SDEV: .000 .000 .000 .000

ELEM: Cs Fe Zn Re S Se

BGDS: LIN LIN LIN LIN LIN LIN

TIME: 10.00 10.00 10.00 10.00 10.00 10.00

BEAM: .20 .20 .20 .20 .20 .20

ELEM: Cs Fe Zn Re S Se SUM
53 .000 .000 6.237 65.850 17.508 .000 100.895
55 .000 .007 7.365 65.342 16.513 .000 100.527
56 .000 .020 6.100 67.048 18.210 .000 102.678

AVER: .000 .009 6.568 66.080 17.410 .000 101.367

SDEV: .000 .010 .694 .876 .853 .000 1.150

SERR: .000 .006 .401 .506 .492 .000

%RSD: .13 113.29 10.57 1.33 4.90 .03

STDS: 834 730 660 575 730 660

STKF: .5978 .4297 .5001 1.0000 .4719 .5162

STCT: 627.07 3670.93 3712.94 3672.80 4423.12 1315.94

UNKF: .0000 .0001 .0691 .5781 .0943 .0000

UNCT: -2.69 .33 512.67 2123.23 884.28 -3.16

UNBG: 11.62 28.03 67.30 61.54 6.57 64.00

ZCOR: 1.2162 .9395 9511 1.21431 1.8455 1.0235

KRAW: -.0043 .0001 .1381 .5781 .1999 -.0024

PKBG: 77 1.01 8.61 35.59 135.89 .95

INT%: —-—— -——- -67.17 -11.27 ——— ———

un 10 Zn-ReSCN gr2, Results Based on 6 Atoms of re

SPEC: 0 N C H

TYPE: SPEC SPEC SPEC SPEC

AVER: 2.008 6.036 5.913 3.355

SDEV: .026 .080 .078 .044

ELEM: Cs Fe Zn Re S Se SUM
53 .000 .000 1.619 6.000 9.264 .000 34.252
55 .000 .002 1.926 6.000 8.805 .000 34.239
56 -000 .006 1.555 6.000 9.463 .000 34.083

AVER: .000 .003 1.700 6.000 9.177 .000 34.191

SDEV: .000 .003 2199 .000 .337 .000 .094

SERR: .000 .002 2115 .000 .195 .000

%RSD: 1.21 112.34 11.69 .00 3.68 1.30
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The total now is acceptable, slightly over 100%.

Finally to demonstrate with standard samples (of known composition), both rhenium metal and
the ZnSe standard will be reproduced without the benefit of the interference correction.

St 575 Set 1 rhenium metal

TakeOff = 40.0 KiloVolt = 20.0 Beam Current = 20.0 Beam Size = 0
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 5 Number of "Good" Data Lines: 5

WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: .000 Average Total Weight%: 124.489
Average Calculated Oxygen: .000 Average Atomic Number: 67.420
Average Excess Oxygen: .000 Average Atomic Weight: 142.028
Average ZAF lteration: 3.00 Average Quant lterate: 2.00

St 575 Set 1 rhenium metal, Results in Elemental Weight Percents

ELEM: Cs Fe Zn Re S Se

BGDS: LIN LIN LIN LIN LIN LIN

TIME: 10.00 10.00 10.00 10.00 10.00 10.00

BEAM: .20 .20 .20 .20 .20 .20

ELEM: Cs Fe Zn Re S Se SUM
1 .000 .000 21.083 103.240 .022 .000 124.344
2 .161 .005 20.061 102.988 .008 .000 123.223
3 .000 .000 21.644 103.274 .000 .176 125.093
4 .000 .023 21.565 103.834 .000 .156 125.578
5 .000 .000 19.873 104.122 .000 .213 124.207

AVER: .032 .006 20.845 103.492 .006 .109 124.489

SDEV: .072 .010 .833 .469 .009 .102 .902

SERR: .032 .004 .372 .210 .004 .045

%RSD: 223.61 177.20 3.99 .45 159.05 93.18

PUBL: n.a. n.a. n.a. 100.000 n.a. n.a. 100.000

%VAR: .00 .00 .00 3.49 .00 .00

DIFF: .000 .000 .000 3.492 .000 .000

STDS: 834 730 660 575 730 660

STKF: .5978 .4297 .5001 1.0000 .4719 .5162

STCT: 628.01 3665.44 3726.73 3679.31 4367.49 1316.18

UNKF: .0003 .0001 .2405 1.0000 .0000 .0012

UNCT: -.02 -1.11 1792.16 3679.35 -.42 1.76

UNBG: 11.57 41.92 95.49 93.54 8.43 93.41

ZCOR: 1.2008 .8713 .8667 1.0349 2.1623 .9212

KRAW: .0000 -.0003 .4809 1.0000 -.0001 .0013

PKBG: 1.00 .97 19.77 40.37 .95 1.02
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St 660 Set 1 ZnSe (synthetic)

TakeOff = 40.0 KiloVolt = 20.0 Beam Current = 20.0 Beam Size = 0
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 5 Number of "Good" Data Lines: 5

WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: .000 Average Total Weight%: 151.911
Average Calculated Oxygen: .000 Average Atomic Number: 47.924
Average Excess Oxygen: .000 Average Atomic Weight: 92.977
Average ZAF lteration: 3.00 Average Quant lterate: 2.00

St 660 Set 1 ZnSe (synthetic), Results in Elemental Weight Percents

ELEM: Cs Fe Zn Re S Se

BGDS: LIN LIN LIN LIN LIN LIN

TIME: 10.00 10.00 10.00 10.00 10.00 10.00

BEAM: .20 .20 .20 .20 .20 .20

ELEM: Cs Fe Zn Re S Se SUM
6 .000 .000 44.441 55.414 .019 51.417 151.290
7 .000 .014 44.022 56.029 .036 51.668 151.768
8 .000 .000 44.551 56.249 .035 51.099 151.934
9 .000 .015 44.701 56.069 .037 50.975 151.796
10 .000 .000 45.281 56.025 .052 51.409 152.767

AVER: .000 .006 44.599 55.957 .036 51.314 151.911

SDEV: .000 .008 .457 .317 .012 277 .537

SERR: .000 .003 .204 .142 .005 .124

%RSD: .02 137.06 1.02 .57 33.50 .54

PUBL: n.a. n.a. 45.290 n.a. n.a. 54.710 100.000

%VAR: .00 .00 -1.53 .00 .00 -6.21

DIFF: .000 .000 -.691 .000 .000 -3.396

STDS: 834 730 660 575 730 660

STKF: .5978 .4297 .5001 1.0000 .4719 .5162

STCT: 628.01 3665.44 3726.64 3678.98 4367.49 1316.18

UNKF: .0000 .0001 .5002 .5193 .0002 .5162

UNCT: -23.07 -1.38 3726.73 1910.63 1.72 1316.18

UNBG: 29.32 22.96 48.34 47 .66 5.61 47.46

ZCOR: 1.1332 .8826 .8917 1.0775 1.9149 .9940

KRAW: -.0367 -.0004 1.0000 .5193 .0004 1.0000

PKBG: .21 .95 78.18 41.17 1.31 28.85

The rhenium standard displays an apparent rhenium concentration of 103% and a zinc total of an
additional 20%. The ZnSe is even more interesting in that the total is approaching 152% with
44% zinc, 56% rhenium and 51% selenium. The true composition is 45% zinc, and 55%
selenium with no rhenium! The normal matrix correction comes close with respect to both zinc
and selenium abundances but also reports a whopping 56% rhenium concentration.
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Below, both standards are rerun with the interference corrections applied.

St 575 Set 1 rhenium metal

TakeOff = 40.0 KiloVolt = 20.0 Beam Current = 20.0 Beam Size = 0
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 5 Number of "Good" Data Lines: 5

WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: .000 Average Total Weight%: 100.138
Average Calculated Oxygen: .000 Average Atomic Number: 74.736
Average Excess Oxygen: .000 Average Atomic Weight: 184.273
Average ZAF lteration: 2.00 Average Quant lterate: 13.80

St 575 Set 1 rhenium metal, Results in Elemental Weight Percents

ELEM: Cs Fe Zn Re S Se

BGDS: LIN LIN LIN LIN LIN LIN

TIME: 10.00 10.00 10.00 10.00 10.00 10.00

BEAM: .20 .20 .20 .20 .20 .20

ELEM: Cs Fe Zn Re S Se SUM
1 .000 .000 .375 99.332 .023 .000 99.730
2 .164 .005 .000 99.625 .007 .000 99.801
3 .000 .000 1.096 98.532 .000 168 99.796
4 .000 .023 .847 99.364 .000 .149 100.383
5 .000 .000 .000 100.776 .000 .203 100.979

AVER: .033 .006 463 99.526 .006 104 100.138

SDEV: .074 .010 .496 .810 .010 .097 .539

SERR: .033 .004 .222 .362 .004 .043

%RSD: 223.61 177.20 107.02 .81 164.63 93.19

PUBL: n.a. n.a. n.a. 100.000 n.a. n.a. 100.000

%VAR: .00 .00 .00 -.47 .00 .00

DIFF: .000 .000 .000 -.474 .000 .000

STDS: 834 730 660 575 730 660

STKF: .5978 .4297 .5001 1.0000 .4719 .5162

STCT: 628.01 3665.44 3726.73 3679.31 4367.49 1316.18

UNKF: .0003 .0001 .0055 .9942 .0000 .0012

UNCT: -.02 -1.11 10.26 3657.79 -.43 1.76

UNBG: 11.57 41.92 95.49 93.54 8.43 93.41

ZCOR: 1.2302 .8692 .8409 1.0011 2.3003 .8800

KRAW: .0000 -.0003 .0028 .9942 -.0001 .0013

PKBG: 1.00 .97 1.11 40.14 .95 1.02

INT%: -—— --——- -99.57 -.59 -2.86 —-——
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St 660 Set 1 ZnSe (synthetic)

TakeOff = 40.0 KiloVolt = 20.0 Beam Current = 20.0 Beam Size = 0
(Magnification (analytical) = 2000), Beam Mode = Analog Spot
(Magnification (default) = 0, Magnification (imaging) = 40)
Image Shift (X,Y): -2, 3
Number of Data Lines: 5 Number of "Good" Data Lines: 5

WARNING- Forcing negative k-ratios to zero

Average Total Oxygen: .000 Average Total Weight%: 100.261
Average Calculated Oxygen: .000 Average Atomic Number: 32.316
Average Excess Oxygen: .000 Average Atomic Weight: 72.276
Average ZAF lteration: 3.00 Average Quant lterate: 15.00

St 660 Set 1 ZnSe (synthetic), Results in Elemental Weight Percents

ELEM: Cs Fe Zn Re S Se

BGDS: LIN LIN LIN LIN LIN LIN

TIME: 10.00 10.00 10.00 10.00 10.00 10.00

BEAM: .20 .20 .20 .20 .20 .20

ELEM: Cs Fe Zn Re S Se SUM
6 .000 .000 45.121 .000 .017 54.799 99.937
7 .000 .014 44.451 1.080 .032 54.981 100.558
8 .000 .000 45.153 477 .032 54.459 100.120
9 .000 .015 45.415 .000 .033 54.368 99.831
10 .000 .000 46.003 .000 .047 54.807 100.857

AVER: .000 .006 45.229 2311 .032 54.683 100.261

SDEV: .000 .008 .560 477 .011 .258 .434

SERR: .000 .003 .251 .213 .005 .116

%RSD: .05 137.06 1.24 153.10 33.46 .47

PUBL: n.a. n.a. 45.290 n.a. n.a. 54.710 100.000

%VAR: .00 .00 -.14 .00 .00 -.05

DIFF: .000 .000 -.061 .000 .000 -.027

STDS: 834 730 660 575 730 660

STKF: .5978 .4297 .5001 1.0000 .4719 .5162

STCT: 628.01 3665.44 3726.64 3678.98 4367.49 1316.18

UNKF: .0000 .0001 .4995 .0028 .0002 .5162

UNCT: -23.07 -1.38 3721.55 2.34 1.72 1316.18

UNBG: 29.32 22.96 48.34 47 .66 5.61 47.46

ZCOR: 1.0893 .8842 9055 1.1054 1.7229 1.0593

KRAW: -.0367 -.0004 .9986 .0006 .0004 1.0000

PKBG: .21 .95 78.08 1.05 1.31 28.85

INT%: -—— -—— -.14 -99.88 —-—— —-——

Now, the apparent zinc in the rhenium metal standard is gone and the average total sums
correctly near 100%. The ZnSe standard is perfect, matching the published standard composition
for both zinc and selenium, and effectively removing all of the apparent 56% rhenium.
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Light Element Analysis - Empirical APFs

Quantitative analysis of light elements (beryllium to fluorine) is difficult to do correctly with the
electron microprobe. Numerous issues impede the analysis of light elements (see Appendix B in
the User’s Guide and Reference documentation as well as Goldstein et al., 1992 for further
discussion). A few brief comments will be made here, as an introduction to this section.

Typically, for x-ray analysis in this energy range (0.1 to 0.7 keV), a large absorption correction is
necessary. This large correction in conjunction with the fact that the mass absorption
coefficients for the low energy x-rays are very large and not very well known (see Appendix C
of the User’s Guide and Reference documentation) and place a severe demand on the established
ZAF and Phi-Rho-Z models for light element matrix corrections. Some reduction in this large x-
ray absorption factor is possible by analyzing at higher take-off angles and at lower acceleration
voltages. The former aids by shortening the path length for absorption in the sample while the
latter involves a decrease in the electron beam penetration so that x-rays are generated closer to
the surface and can escape to be detected.

Low count rates for these light elements are often found. This is due to the low fluorescent
yields from the Ko x-ray lines and the inefficient nature of WDS counting systems. Count rates
can be increased by increasing the beam current substantially but this may then lead to deadtime
problems for metal lines that interfere with the light element lines of interest. The use of new
layered dispersive element (LDE) synthetic multi-layer crystals with large d-spacings can also
improve light element peak count rates.

There is also a strong possibility of interferences from higher order metal lines such as titanium,
chromium, manganese, iron, nickel, zirconium, niobium, and molybdenum with the light element
lines. These interferences are often severe for minor and trace level measurements. It is critical
to eliminate peak overlaps and understand the background intensity around the light element
peak position in both the sample and standard. The new LDE multi-layer crystals also help here
by strongly suppressing these higher order reflections.

Finally, chemical bonding effects can result in wavelength shifts, increases or decreases in the
relative intensities of various lines and alteration of the shape of the analytical line. These
effects are most significant for the lightest (lowest energy) elements. Polarization phenomena
and crystallographic orientation may also cause variations in peak shape and intensity especially
for boron. Therefore, to measure the intensity of the light elements, one measures the integral
intensity (area) under the characteristic peak rather than just the peak intensity.
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Bastin and Heijligers (1984, 1991) pioneered the area-peak factor (APF) analysis method. The
APF is defined as the ratio between the integral intensity (area) k-ratio from the sample and the
standard and the peak intensity k-ratio from the same sample and the standard. This factor is
only valid for a given compound with respect to a given standard and a specific spectrometer
setup. These integral measurements can be made by scanning the spectrometer in small steps
across the characteristic peak with the wavescan feature in PROBE FOR EPMA. After acquiring
the peak shape profiles for a primary standard and a number of secondary standards and
correcting for the background and removal of interfering peaks, the APF can be calculated as:

I -Ig
APF=-U"_S
I, - L
U S
Where : Iy, is the integrated intensity of the secondary standard
I¢ is the peak intensity of the primary standard
Iy is the peak intensity of the secondary standard
Iy is the integrated intensity of the primary standard

After an APF has been determined, future measurements of that compound can be accomplished
by measuring only the peak intensity in the sample and standard. Then, multiplication of the
peak k-ratio with the appropriate APF will yield the correct integral k-ratio.

PROBE FOR EPMA allows the user to select an APF correction for use in correcting x-ray
intensities for peak shift and shape changes between the standard and the multi-element
unknown. This is critical when the user is analyzing the Ka lines of the light elements (boron,
carbon, nitrogen and oxygen). This correction may also be of use for other elements such as S
Ka that also exhibits peak shift and shape changes when comparing sulfate and sulfide peaks.

The power of this correction will be documented in the analysis of oxygen using several simple
oxide standards. Open a new PROBE FOR EPMA run. Here oxygen Ko will be analyzed using
MgO as the calibration standard. The spectrometer is equipped with a standard P-10 gas flow
counter and a LDE (59.8A) W/Si reflecting crystal. The other two elements to be determined are
magnesium on MgO and silicon on SiO,. Peak the three elements and acquire standard samples
for each.
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Create a new unknown sample and collect data on the SiO; standard. Analyze the sample from

the Analyze! window.

‘!‘ Analyze!
~Sample List [multi-select) (double-click to see intensity data) . = Ronilicia Corsbine Selected Samples
; fllandalds n u -‘d — Combine Analysis Lines From
O kno n i02 std chec 3 Selected S
s W“n ve=:::s L'f' Standard | ¢ 0 ation Options ‘ace arrpies
ntensities Combine Data Lines From
“ AlS le: |
5 Ie;'::: = [T [T Pause Between Samples Report Selected sampl&?
e . - Sort Stat and Data Grids By
Add T [ Use All Matrix Comections Geological/Atomic Number
Setupz Disable Selected Sample(s)
Enable Selected Sample(s) [ DoMot Output To Log
Save Selups

Combined Conditions | Count Times |

Standard Assignments | Specified Eﬂncenllaliunsl NameiDesclipliunl Conditions | Elements/Cations |

=I§Iﬂ

Combine the Selected Samples
into a New Sample

Search For Remaove

Un 25i02 std check A Total Oxygen [T Totalweight % "Shared" Bads | "Shared"' Bads
TO = 40, KeV = 15 Beam= 10, Size = 0 _ | CalculatedOxygen [  Z-Bar
Results in Elemental Weight Percent I Excess Dwygen Alomic Weight
Cof Si Mg 0 [Total [ | [ [ | | |
Average: 46 .00s 50.987 97 989
Std Dev: 3n .00% 302 533
ZAF Corr: 1.1318 1.3928 20346
Std En: 179 005 174 308
%Rel 5D b6 17320 .59 54
Minimum: 46.715 000 50.663 97.378
Maximum: | 47.330 016 51.261 98 365
‘ ¢
Delete Selected Line(s) [ Undelete Selected Line(s) | Analyze Selected Line(s) |
Copy | Si Mg i |Total | [ | | | -
3G 46 .aoo 50.663 97.378
4G 46.946 016 51.261 98.223
5G 47.330 .0o0o0 51.035 98.365

Cancel Next

A low total for the analysis is found. The nominal composition for the SiO; standard is silicon:
46.74 and oxygen: 53.26. Here, the discrepancy in the total rests primarily with the oxygen

concentration. The low oxygen concentration is independent of the matrix correction (and mass
absorption coefficient) and can only be corrected for by using the appropriate APFs.
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Select Analytical | Analysis Options from the main PROBE FOR EPMA log window to open
the Analysis Calculation Options window. Click the Use Empirical APF Values check box to

activate this option.

Analysis Calculation Options

Quantitative Acquisition Options

[v Use Deadtime Conection
@ Wse Normal Deadtime Correction [single term factorial)
 Use Precision Deadtime Conection (two term factorial for > 50K cps)

[¥ Use Beam Drift Comrection
[¢ Use Automatic Drift Correction on Standard Intensities

Quantitative Analysis Dptions

[~ Use Assigned Interf e Ci ions on Standards and Unk
[~ Do Not Use Matnix Comection Term For Full Quant Interference Comection
-

[7 Use Assigned or Self Time D dent Int

(

ity (TD1) C.

on Unknowns

-

Use Ab ion C d MAN C. Intensities
Use Particle or Thin Film Conmection Parameters

Check For Same Peak Positions in Unknown and Standard
Check For Same PHA Settings in Unknown and Standard

Use Zero Point For Calibration Curve [off-peak elements only)

Use Conductive Coating Comection For Beam Energy Loss
Use Conductive Coating Comrection For X-ray Absorption

| e e

Do Not Use Fast Quantitative Analysis Feature

MAC [mass absorption coefficient) and APF [area peak factor) Dptions

pimical MAC Values
v Use Empirical APF Values
(& Use Empirical APF Factors (calculated from elemental composition]
" Use Specified APF Factors (based on a fixed composition)

==

[~ Use Aggiegate Intensilies for Duplicate Quantitative Elements
[~ Use Blank Calibration Sample Trace Element Accuracy Coneclions
|v Force Negative K-Ratios To Zero in ZAF Calculations

Calculation Options

[~ Calculate Electron and Xray Ranges for Sample Compaositions
[~ Use Oxygen From Halogens (F. Cl. Br and 1) Correction

[~ Use Nth Point Calculation For Ofi-Peak Intensities (for testing only)
i ‘Usg Count Dverwrite Intensity Table for Data Calculations
[~ Force Negative Interf I To Zero in Comrections

[T Use Chemical Age Calculation (U, Th. Pb)
[~ Use Savitsky-Golay Smoothing for Integrated Intensities 2~

[~ UseS dary Boundary Fl

Correction

Formatting Oplions

[~ Use Automatic Format For Quantitative Results
¢ Display the Masimum Number of Numencal Digits
" Dizplay Only Statistically Significant Mumber of Numencal Digits

[¥ Use Detailed Printout For Data and Analytical Results
[~ Print Analyzed And Specified On Same Line
[~ Display Count Intensities Unnommalized To Time [in Analyze!)

[~ Print Additional MAN Fit and Conection Parameters To Log Window

Dutput Options
[~ Display Charge Balance Calculation

Elemental Dutput Soit Order For JJD-2 and HW Custom Outpul:
(¢ Lse Traditional Geological Sort Order (Si02, TID2, ete)
" Use Low To High Atomic Mumber Sort Order
" Use High To Low Atomic Number Sort Order

Click the OK button.

Next, select Analytical | Empirical APFs from the main PROBE FOR EPMA log window to
open the Add Empirical APFs (area peak factors) to Run window.

Find the appropriate correction. Two choices are given for oxygen in the presence of SiO,,
Bastin’s value of 1.04440 using Fe,O; as the calibration standard and Donovan’s correction
factor of 1.070 when using MgO as the calibration standard. Although the values seen in the text
field below are relative to Fe,Os, the APF for MgO relative to Fe;Os is also 1.000, which means
that these correction factors apply equally well relative to MgO. Hence, the use of MgO as the

calibration standard.

Click the Add To Run >> button to place the selected empirical APF into the run.
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.Add Empirical APFs (area peak factors) to Run

Available Empirical APF s from C:\Probe Software\Probe for EPMANEMPAPF DAT

Cunent Empirical 4PFs in Run

-02850 A1203/MgO/WSi/59.8, DoN®

1.04440 Si02/Fe203/WSi/53.8, Bastin
1.07000
1.05000

----/Fe203/Wsi/59.8
.

a4
====/Fe203/WSi/59.8
-===/Fe203/WSi/59.8
Ti02/Fe203/WSi/59.8 X

Add To Run >>
Lk i ]
Delete From Run

1.00000
970000
o ka in ti, .979600
The Area Peak Factor [APF] is the ratio of the integrated to peak intensity of the
unknown sample relative to the primary standard for that element. The text
string indicates the reference matenials and analyzing crestal. The first material is
the "unknown" reference, e.g., BAC, the second material is the "standard”
material, e.g., B and the third is the Bragg crystal since the 4PF is also resolution
dependent This dialog allows the user lo select binaiy [lwo components. e.g..
0 Ka in 5i) AFFs for the analyzed elements to comect for peak shape changes

in unknowns of arbitrary compositions containing those elements. For example, if Ié . I;,
one desired to comect for peak shape changes for measuning oxygen in a APF —

vanety of samples containing different amounts of Si, Al and Mo, one would load IP o I'

individual APFs for O Ka in Si02, in A1203 and in MgD. For stuations where a u"s

| limited range of compaosition is being measured and binaty component APFs are
not available, use the "Specified APFs" in the Elemerits/Cations dislog
[4nalyze! window) where a single APF can be specified

o ka in na 1.00000 ----/Fe203/WSi/59.8 a o ka in si, 1.07000 Si02/MgO/WSi/59.8, Donovan
.00000 MgO/Fe203/WSi/59.8
o B S RS i /59 .8, Bastin

Re-Nomalization Factor
1.00000

If using & different primary standard for calculating empirical APF factors than
the reference standard indicated above [usually B, Fe3C, AN or Ma0), enter
the APF for the primary standard here before clicking the "Add To Run"
button. The Re-Nomalization standard is a string indicating the actual
standard used for the primary standard and will be appended to the comment
string for documentation purposes.

Concel |

Re-Nomalization Standard

The APF correction values are defined in the EMPAPF.DAT file in the PROBE FOR EPMA
directory. The file contains some 80 values that may or may not be applicable, depending on the
analyzing crystals and standards available. It is strongly recommended that the user measure the
integral intensities and peak intensities and calculate the APFs for your particular spectrometer
setup. And if necessary, edit the EMPAPR.DAT file using any ASCII text editor such as
NotePad to insert their own measurements. See the User’s Guide and Reference documentation

for editing format and details.

Click the OK button.

Re-analyze the unknown SiO, sample. The total is now closer to 100% and a more reasonable

oxygen concentration is calculated.
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*# Analyze!

Sample List (multi-select) [double-click to see intensity data)

Analyze Raw Data

" Standards
= Unknowns
" Wavescans
" All Samples
Select &l |

Add To
Setups

Un
Un

1 * setup
2 Si02 std check

Save Setups

List Standard
Intensities

Calculation Options

|:||@

Combine Selected Samples

Combine Analysis Lines Fram
Selected Samples

Combine Data Lines From

[T [~ Pause Between Samples
[~ Use All Matrix Comrections
Disable Selected Samplefs)
Enable Selected Samplefs)

Selected Samples

Sort Stat and Data Grids By
Geological/Atomic Number

Report

[~ DoMNot Dutput To Log

Combined Conditions |

Count Times |

Standard Assignment:‘ Specified Concenllalionsl Name!Descriplionl Conditions I Elementsf[:atiuns‘

Combine the Selected Samples
into a New Sample

Search For Remaove

Un 2Si02 std check a| Total Oxygen Total Weight % "Shared"' Bgds | "Shared" Bads
| [TO= 40, KeV = 15 Beam= 10,Size = 0 _ [T CalculstedOxygen [ Z-Bar
Results in Elemental ‘Weight Percent Excess 0igen Alomic Weght
Cop Si Mg o [Total [ | [ | | [
Average: 47 078 005 52 586 99 669
Std Dev: amn RIlE] .Jos 543
ZAF Cormr: 1.1337 1.3980 20170
Std Em: | 180 00s 178 313
%Rel SD: | 66 173.20 59 54
Minimum: | 46.796 .0oo 52.253 99.048
Maximum: | 47.412 016 52.859 100.057
« »
Delete Selected Line([s) | Undelete Selected Line[s) | Analyze Selected Line(s) I
Cop Si Mg 0 [Total \ [ [ | [ -
3G 46.796 .000 52.253 99.048
4G |47.026 .016 52.859 99.901
56 |47.412 .000 52.645 100.057
I—

4 b

Cancel Next

The APF values selected or entered are always measured relative to some standard sample. For
example, if measuring oxygen Ko and using either MgO or Fe,O3 as the primary standard for
oxygen, then any oxygen Ka APF values used must be those measured relative to either MgO or
Fe,0;. For the same reason, if using APF values for a particular light element and the user
decides to re-assign the standard for that element, the APF values for that element must also be
re-normalized to reflect the standard re-assignment.

Thus, it is most efficient to always use the same standard for each light element analyzed.
Typically (in order to utilize the APF values in the supplied EMPAPF.DAT file) these will be:

Oxygen : MgO or Fe,0;
Nitrogen : AIN

Carbon : Fe;C

Boron : B metal

The APF correction in PROBE FOR EPMA will allow the user to enter one or more empirical
APF factors for each emitting element in each run, although they are generally applied to soft x-
ray lines. The APF for each absorber will be summed according to it's weight fraction in the
composition and applied to the emitting element counts during the ZAF or Phi-Rho-Z iteration.
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